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Preface 

. 

. 

Analytical chemistry a t  ORNL is centralized 
within the  Analytical Chemistry Division. Conse- 
quently, the ac t iv i t ies  of t he  Division reflect t o  a 
considerable extent the diversity of t h e  research 
program a t  ORNL. T h e  general mission of the  
Division is t o  provide complete ana ly t ica l  support 
for t hese  programs - research i n  ana ly t ica l  chem- 
istry,  development of new and improved methods for 
ana lys i s ,  and performance of se rv ice  ana lyses .  

T h e  research and development efforts within the  
Division are oriented toward providing the  most su i t -  
ab l e  ana ly t ica l  techniques for the ana lyses  tha t  t he  
Division is called upon to  perform. Efforts a re  be- 
ing  made t o  provide more rapid ana lyses  by us ing  
automated or semiautomated procedures and, where 
feas ib le ,  by using electronic data-acquisition and 
-processing equipment. With small integrated- 
circuit  units becoming ava i lab le  at reasonable  
prices,  i t  will b e  necessary  t o  eva lua te  the  proper 

exploitation of such  equipment in comparison with 
larger time-sharing sys tems and the  processing of 
da t a  by the  cent ra l  computer facil i t ies.  Constant  
attention is given in the serv ice  laboratories t o  as- 
suring a high standard of operation by institution of 
new o r  improved methods of ana lys i s  and the  use of 
more efficient and refined instrumentation. 

T h e  objec t ives  of the major research and develop- 
ment s tud ie s  in the Division continue t o  be  t o  pro- 
vide ana lyses  for t h e  MSRE and for t h e  bioengineer- 
ing  programs. The  effort in analytical  biochemistry 
h a s  increased considerably during the last year, and 
the  staff  h a s  been  strengthened by t h e  acquisit ion 
of s c i en t i s t s  specifically trained in th i s  field. Al- 
though further expansion in analytical  biochemistry 
will probably be  a t  a s lower pace, this work will 
continue to 'be  considered one of the important 
frontiers in analytical  chemistry. 
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PART A. ANALYTICAL RESEARCH 

1. Analytical Instrumentation 

T h e  prototype of t h e  controlled-potential con- 
trolled-current cyc l i c  voltammeter w a s  released to 
the Reactor P ro jec t s  Group for obtaining analytical  
and mechanistic da t a  in molten-salt media. Satis-  
factory resu l t s  were obtained, although interference 
from nearby rf sou rces  caused  difficult ies.  A 
duplicate of t he  instrument w a s  constructed in  the  
Department of Chemistry, University of Tennessee ;  
it i s  performing sa t i s fac tor i ly  in  room-temperature 
experiments with aqueous and nonaqueous solvent 
sys tems.  On t h e  b a s i s  of the  sa t i s fac tory  per- 
formance of t h e  prototype, a third instrument (ORNL 
model Q-2943) was  cons t ruc ted  by the ORNL In- 
strumentation and Controls Division for t h e  Reactor 
Chemistry Division. 

A dual  set-point voltage comparator (ORNL model 
Q-2950) was  des igned .  I t  is needed to ca l ibra te  
accurately the  s c a n  r a t e s  u s e d  in the  controlled- 
potential  controlled-current voltammeter, which 
range from 0.005 to  500 v/sec.  For  th i s  applica- 
tion, t he  comparator cont ro ls  a timer to  measure 
the  time corresponding to a s e t  2-v s c a n  interval. 

lometric titrator is being designed. The'perform- 
ance of the overall  sys tem will  b e  optimized by 
including design of t h e  t i tration cell a s  part  of 
t h i s  project. 

It h a s  been found that a s imple  modification to  
the  circuit  of the  ORNL model 4-2564 high-sensi- 
tivity contr olled-potential coulometric titrator im- 
proves t h e  stabil i ty of t he  instrument and elimi- 
n a t e s  amplifier limiting that o therwise  c a n  occur. 
It is intended to f ie ld  modify f ive  t i trators now in 
u s e  i n  t h e  Division (Analytical  Serv ices  Labora- 
tories). 

Several  additions and  rev is ions  were made to 
the  circuit  of t h e  prototype of the controlled- 

A modular, solid-state,  controlled-potential cou- 

potential  d c  polarograph-voltammeter (ORNL model 
Q-2792) that improve its performance. T h e s e  
changes  have  also been incorporated into two of 
the  Q-2792 instruments tha t  a r e  in u s e  in the  
Division (Analytical Services Laboratories). T h e  
performance of the  improved instrument is being 
tes ted  extensively.  

t he  prec ise  electromechanical control of the drop 
t i m e  (t) of a polarographic D.M.E., and  its per- 
formance w a s  evaluated. T h e  f achieved with 
th i s  appara tus  is independent of sample consti tu- 
en ts ,  capil lary charac te r i s t ics ,  and electrode po- 
tential;  a short  t c a n  b e  obtained with a low flow 
rate of mercury and negligible convec t ive  disturb- 
ance  to t h e  current a t  a D.M.E. T h e  t i s  sub- 
stantially more reproducible than tha t  of a good 
uncontrolled D.M. E. a t  cons tan t  potential. 
additional un i t s  have  been fabricated and checked 
out and a r e  be ing  used  with two of t he  4-2792 
polarographs now in se rv ice  i n  the  Serv ices  L a b  
oratories. 

A s tudy  of t h e  long-term precision a t ta inable  in 
single-cell  first-derivative d c  polarography is under 
way. By control of temperature, drop time, mercury 
head, sparging, and instrument s tab i l i ty ,  a short-  
term S = 0.03% c a n  b e  achieved, but long-term 
S '2 1%. It is planned to inves t iga te  the  utility of 
controlling directly the  average mercury flow ra te  
as a means to improve t h e  long-term precision of 
th i s  polarographic method. 

An ana log  t i m e  integrator w a s  fabricated. It h a s  
been used  by t h e  X-Ray and Spectrochemistry 
Group to  ca l ibra te  a light-beam sp l i t t e r  tha t  will 
be  used  in turn to ca l ibra te  photographic emulsions.  

A current amplifier w a s  built; i t  h a s  a calculated 
maximum error of f0.1%. It is now being used  by 
the Nuclear and  Radiochemistry Group. 

An automatic output sampler was  designed for 
obtaining samples  from the  output of a continuous- 
flow ana lyzer  and for transferring the  samples  to 

An apparatus (ORNL 4-2942) w a s  developed for 

Two 
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filter-paper d i sks .  It is be ing  u s e d  satisfactorily 
by the  Analytical  Biochemistry Group for t he  serni- 
automated determination of transfer r ibonucleic 
ac ids .  

A chapter,  “Remote Pipett ing,” h a s  been pre- 
pared for inclusion in Volume 10 of SERIES I X ,  

ANALYTICAL CHEMISTRY, Progress in Nuclear 
Energy. Instruments and apparatus for pipetting, 
designed spec i f ica l ly  for and presently used  in  
fully enc losed  sh ie lded  hot cells located in  t h i s  
country and in Europe, a r e  described. 

T h e  e lec t ronics  unit  of a model VI flame spec-  
trophotometer h a s  been redesigned to improve its 
performance and reliability; t he  model VI-A instru- 
ment is in  u s e  for remotely controlled determina- 
t ions by the  X-Ray and Spectrochemistry Group. 
The e lec t ronics  uni t s  of two modified model Q-1887 
flame spectrophotometers have  also been redesigned 
(model VI-B) and  a r e  in u s e  by the X-Ray and 
Spectrochemistry Group. A complete model VI-C 
flame spectrophotometer is be ing  designed; i t  will  
be used  by the  Radioisotopes-Radiochemistry 
La bora tory. 

T h e  third and  fourth papers of a s e r i e s  of f ive  on 
controlled-potential differential  d c  polarography 
were published; t h e  fifth w a s  accepted  for publica- 
tion. T h e s e  three  papers  a r e  on the  sub jec t s  of 
comparative and subt rac t ive  polarography. 

be  measured in the inevi tab le  presence  of noise  
depends on the  signal-to-noise ratio, S/N. If t he  
no i se  that accompanies t h e  s igna l  is random and if 
a la rge  number of repeated measurements c a n  b e  
made and summed i n  reg is te r  with r e spec t  t o  the  
s igna l ,  t he  S,/N of t h e  processed  d a t a  is increased  
relative to tha t  of a s ingle  measurement in  propor- 
tion to  t h e  square  root of t h e  number of measure- 
ments. It h a s  been shown that t h e  sens i t iv i ty  of 
measurement with a flame photometer is increased  
subs tan t ia l ly  by u s e  of a signal-averaging computer 1 

to enhance S,’N. Several  other investigations with 
a signal-averaging computer have been planned. 

The  ult imate sens i t iv i ty  with which a s igna l  can 

2. Effects of Radiation on Analyt ical  Methods 

T h e  ef fec ts  of radiation on various analytical  
methods and  reagents were s tud ied  further. New 
methods or conditions to  minimize t h e  de le te r ious  
e f fec ts  of radiation were eva lua ted .  

fluoride was  developed. 
A voltammetric method for m i c r o  amounts of 

I t  is based  on the reaction 

of fluoride with t h e  zirconium-alizarin red S com- 
plex and t h e  anodic reac t ions  of a l izar in  red S a t  
the  rotating pyrolytic-graphite e lec t rode  (R.P. G.E.). 

For  the separa t ion  of fluoride, a rapid disti l la-  
t ion usab le  i n  hot cells was  developed. 
is d is t i l l ed  as fluosil icic ac id ,  which is then 
measured spectrophotometrically as the  a l izar in  
complexone. T h e  chromophore is radiation sens i -  
t ive;  i t s  absorbance dec reases  1% per 1000-rad 
dose  of gamma radiation from 6oCo. 

T h e  uranium thiocyanate complex u s e d  i n  the  
spectrophotometric determination of uranium w a s  
proved t o  be  radiation sens i t i ve .  Optimum condi- 
t ions for u s ing  t h e  method under radiation were 
es tab l i shed .  

Rela t ive  to t h e  Spray and Absorption Technology 
Program of the  Reactor Division, a study w a s  be- 
gun of t he  e f f ec t s  of radiation on various radiation- 
safeguard spray  solutions.  Solutions of thiosulfate 
were investigated.  In this connection, the anodic  
reac t ions  of thiosulfate at t h e  R .P .G .E .  were de- 
termined i n  a n  effort t o  e s t ab l i sh  a highly sens i -  
t ive,  rapid, and se l ec t ive  voltammetric method for 
following the  e f fec t  of gamma radiation on thio- 
sulfate.  Thiosul fa te  h a s  anodic waves  at %+0.8 
and % + l . l  v v s  S.C.E. whose he ights  a r e  propor- 
t ional t o  thiosulfate concentration. T h e  +0.8-v 
wave resu l t s  from t h e  oxidation of th iosu l fa te  t o  
tetrathionate,  t he  + l .  1-v wave from oxidation of 
tetrathionate.  T h e s e  findings ind ica t e  that a volt- 
ammetric method for thiosulfate is feas ib le .  

Fluoride 

It was  found poss ib le  to u s e  radiolytically gen- 
erated reagents  for  homogeneous separa t ions .  With 
chloral  hydrate as a source  of radiolytically pro- 
duced chloride and  ac id ,  s i lver  w a s  precipitated as 
the chloride and barium as t h e  su l fa te .  The  u s e  of 
radiolytic reac t ions  offers a f resh  approach to t h e  
study of nucleation processes .  

In conjunction with Pro jec t  Sa l t  Vault, s t u d i e s  
were made t o  determine the  effects of t he  radia- 
tion from the  rad ioac t ive  w a s t e s  on water and  other 
materials present  i n  natural  s a l t  (NaC1). Hydro- 
chloric a c i d  was  found to  b e  a by-product of the  
s torage  of highly radioactive w a s t e s  in salt forma- 
t ions.  It was  shown that- t h e  hydro lys is  of iron 
chloride i n  sha le ,  which is a n  impurity in natural 
s a l t ,  r e l e a s e s  HC1. Irradiation of so l id  NaCl 
caused  no  measurable r e l ease  of chlorine a t  ele- 
vated temperatures. T h e  r e l ease  of a n  unidentified 
oxidant thought to b e  a n  organic peroxide w a s  ob- 
se rved  a t  t he  demonstration s i t e .  
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3. Analytical Chemistry for Reactor Projects 

. 

T h e  determination of oxide  in highly radioactive 
MSRE fuel samples  was  continued. Oxide con- 
centrations of s eve ra l  samples  from the  second 
ORR molten-salt loop were also determined. T h e  
replacement of the  moisture-monitor cell was  t h e  
first  major maintenance performed s i n c e  the oxide 
equipment was  ins ta l led  in  the hot  cell. A method 
was  developed for t he  determination of U3+  in  
radioactive fuel by hydrogen reduction. Oxidized 
s p e c i e s  in molten fuel s a l t  s amples  a r e  reduced 
by sparg ing  the  samples  with hydrogen. The  r a t e  
of production of H F  is a function of t he  ratio of 
t h e  oxidized to reduced s p e c i e s  in  t h e  melt. A 
computer program was  developed to ca lcu la te  the 

fuel samples  run to  da te  d o  not reflect  t h e  beryl- 
lium additions made t o  reduce the  reactor fuel,  a 

stemming from t h e  radiolytic generation of fluorine 
in  the  fue l  samples .  Th i s  problem will  b e  investi-  
gated further. Also, a method is being developed 
for t h e  remote measurement of ppm concentrations 
of H F  in  helium or hydrogen gas s t reams.  T h e  
e f f ec t s  of BF, on MSRE pump oil were studied. 
Measurements were made of i nc reases  in  hydro- 
carbon concentrations of an  He-BF, g a s  stream 
after contac t  with t h e  oil. A thermal-conductivity 
detector was  used t o  monitor t h e  BF, concentra- 
tion in the  test g a s  stream. Development s tud ie s  
a re  being made on the  design of a g a s  chromato- 
graph to b e  u s e d  for t he  continuous determination 
of sub-ppm and ppm concentrations of permanent- 
g a s  impurit ies and water i n  the helium blanket gas 
of the MSRE. Th i s  problem of ana lyz ing  radio- 
ac t ive  g a s  samples  prompted t h e  des ign  and con- 
struction of a n  all-metal six-way pneumatically 
ac tua ted  diaphragm valve. A helium breakdown- 
voltage detector with a g l a s s  body w a s  designed 
and constructed to permit t h e  observation of t h e  
helium discharge.  Under optimum conditions t h i s  
detector h a s  exhibited a minimum detec tab le  l i m i t  
below 1 ppb of impurity. 

Design work was  continued on the  experimental 
molten-salt t e s t  loop tha t  will  b e  u s e d  to eva lua te  
electrometric, spectrophotometric, and  transpira- 
tion methods for t h e  ana lys i s  of flowing molten- 
salt s t reams.  Measurements of t h e  potentials of 
the  Ni/Ni ” couple in molten fluoride salts have 
indicated tha t  th i s  couple  may b e  usefu l  as a 
reference electrode for fluoride melts.  Controlled- 

- expec ted  H F  y ie lds  for any melt  composition. The  

b fac t  possibly accountable for by a n  interference 

potential, voltammetric, and chronopotentiometric 
s tud ie s  were carried out on the reduction of U(1V) 
in  molten fluoride salts; a new cycl ic  voltammeter 
was  used .  I t  w a s  concluded that t h e  U(1V) + 
U(II1) reduction in molten LiF-BeF,-ZrF,  is a 
reversible one-electron process  but t ha t  adsorption 
phenomena must b e  taken  into account for volt- 
ammetric measurements at f a s t  s c a n  r a t e s  or for 
chronopotentiometric measurements a t  short  
transit ion t imes.  

of highly radioactive materials,  i t  is planned to  
ins ta l l  a spectrophotometric facility having an  
extended opt ica l  path integral  with a hot cell. 
T h e  bas i c  spectrophotometer and a s soc ia t ed  equip- 
ment have b e e n  ordered. Spectrophotometric evi- 
dence  h a s  shown tha t  2 L i F - B e F 2  is compatible 
with SiO, in  a sys tem that conta ins  e x c e s s  S iF ,  
at temperatures u p  to -lOOO°K. T h e  ability to 
contain 2L iF-BeF2  m e l t s  i n  silica cells permitted 
more prec ise  measurement of the  molar absorptivi- 
t i e s  of U(1V) than had been poss ib le  with window- 
less ce l l s .  Studies of t he  solubility of Cr(II1) in 
2LiF-BeF,  a t  550OC were also made in silica 
cells. An investigation of t h e  spec t r a  of U(VI) in  
molten fluoride s a l t s  h a s  been init iated.  T h e  
simultaneous electrochemical generation and spec -  
trophotometric observation of s p e c i e s  in molten 
fluorides w a s  demonstrated experimentally. T h e  
spec t ra  of t h e s e  s p e c i e s  a re  obtained in  the 
vicinity of t he  working electrode and should permit 
the  direct  identification of unusual and perhaps 
uns tab le  so lu te  spec ie s .  T h e  reduction of U(IV) 
and reoxidation of U(II1) h a s  been observed with 
th i s  system. 

In the  production of UO, microspheres by t h e  
Sol-Gel P rocess ,  an important step is t h e  removal 
of carbonaceous impurit ies by treatment with 
steam. A sys t em was  designed and constructed to  
continuously sample and determine the  hydrocarbon 
content of t h e  steam from t e s t s  on t h i s  procedure. 
T h e  sys tem h a s  been used  to monitor the hydro- 
carbon content of s team from the  decarbonation of  
various UO, samples  a s  a function of temperature 
and time, An in-line method was  needed to  moni- 
tor t h e  concentrations of t h e  reagent reduction 
products, BrF  , and Br ,, i n  the  effluent from t h e  
Fluidized-Bed Volatility Pilot Plan t .  Some s u c c e s s  
w a s  realized with a gas chromatographic technique 
by u s e  of a 7-ft Alcoa T-60 alumina column with a 
10% Kel-F loading. Elution t imes  were determined 
for BrF,, BrF,, Br,, and UF,. T h i s  study was  

To permit t he  observation of absorption spec t r a  

. 
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terminated when construction of the Fluidized-Bed 
Volatility P i lo t  P lan t  was  discontinued. 

ana lys i s  of the  gases  generated by in-pile t e s t s  of 
fuel e lements  was  changed to incorporate a quad- 
rupole residual-gas analyzer.  The  substi tution of 
the residual-gas analyzer will  permit t he  measure- 
ment of more  components over greater ranges of 
concentrations and at an acceptab le  ana lys i s  
frequency. T e s t s  of a quadrupole residual-gas 
analyzer in our laboratories indicate tha t  the  in- 
strument will function properly in the  proposed 
application. Therefore, spec i f ica t ions  have been 
written and submitted for bids. I t  will  s t i l l  be  
necessary to  make a separa te  determination of CO. 
A CO infrared analyzer was  ins ta l led  in the gas- 
sampling hood a t  the  ORR and was  calibrated. 
Actual t e s t s  carried out with irradiated g a s e s  from 
an in-pile experiment showed tha t  t h e  instrument 
and CO measurements are not affected by radiation 
a t  the maximum anticipated level.  The  program 
was continued on the  gas  chromatographic determi- 
nation of volati le organic air pollutants tha t  are 
most likely to  form volati le organic iod ides  with , 
fission product iodine. The  resu l t s  of the determi- 
nation of total ,  unsaturated,  and oxygenated hydro- 
carbons a re  tabulated for samples  taken from the,  
secondary containment of each  reactor a t  ORNL, 
the Nuclear Safety P i lo t  P lan t ,  various locations 
external t o  research buildings, and the  Clark Center 
Recreation Park.  Samples from the CVTR in 
Columbia, South Carolina, were a l s o  analyzed. 

The  design of an  analytical  system for the  in-line 

4. Special Research and Development Act iv i t ies  

For g a s  chromatography a new preparative g a s  
chromatograph was  acquired. Work with i t  h a s  con- 
s i s t ed  exclusively of t he  purification of organic 
compounds. The  major factor in obtaining ultrapure 
compounds is the proximity of the elution peaks of 
the impurities to  the  peak of t he  parent compound. 
A modification of the  chromatograph developed a t  
ORNL a l lows  different cu t  points to  b e  se lec ted  on 
each  s i d e  of t he  parent peak and provides the possi- 
bility of producing compounds of 99.99% purity. A 
method was  developed for the  g a s  chromatographic 
determination of ppm concentrations of. sulfur hexa- 
fluoride in methane. The  resu l t s  from triplicate 
samples  show a deviation from the  mean of k5%. 
A pyrolysis-gas-chromatographic technique was  

used to determine t h e  volati le organic subs t ances  
in a mold-release compound and  in aluminum pow- 
der tha t  caused  difficulty for the Metals  and 
Ceramics Division in  extruding aluminum parts by 
a powder metallurgical process.  

Precise, procedures were developed for resolving 
complex mixtures of cons t i tuents  of tRNA by thin- 
layer chromatography on PEI-cellulose.  The  tRNA 
cons t i tuents  in a lka l ine  hydrolysates of E. coli B 
and of y e a s t  were i so la ted  and identified. A 
method was  perfected t o  separa te  and identify the  
mushroom toxins a-, p-, and y-amanitin. Numerous 
samples  of methanol ex t rac ts  of mushrooms and 
mushroom pel le t s  were analyzed as a means t o  
determine the  efficiency of fermentation processes  
for the production of t he  tox ins  in quantity. T h e  
cross-linked dextran Sephadex G-75 Superfine Gel 
was  evaluated for t h e  thin-layer chromatographic 
separation of proteins according t o  molecular 
weight. T h e  few experiments made did not give 
sa t i s fac tory  separa t ions .  

In electroanalytical  s t u d i e s  a vertical-orifice 
rapid Teflon D.M.E. was  shown t o  be  su i tab le  for 
rapidly obtaining reproducible and theoretically 
correct polarograms when the solution polarographed 
contained 0.1 w/v % polyacrylamide t o  suppress  
maxima. Data that justify th i s  conclusion were ob- 
tained for the  T1 + + T1° reference reaction. A 
1 M hydroxylamine hydrochloride so lu t ion  w a s  
found to  be  a su i tab le  supporting medium for t he  
polarographic determination of U(V1) in the  presence  
of Cu(II), because  the  half-wave potentials a r e  
separa ted  by -270 mv. Studies of ion-specific 
e lec t rodes  revealed tha t  an  optimum pH range ex i s t s  
for each  electrode. Different makes of calcium, 
divalent,  fluoride, and nitrate ion-specific elec- 
trodes were evaluated. 

was  put into operation, and many organic and in- 
organic materials were examined with it. 

A nuclear magnetic resonance spectrometer h a s  
been used to  e luc ida te  the chemical  structure and 
configuration of a number of organic compounds as 
a serv ice  t o  severa l  research divisions.  

A variety of spec ia l  work included the  polaro- 
graphic determination of W in W-Re thermocouple 
wire; study of  a rsenazo  as a chromogenic reagent 
for plutonium; development of  fluorometric methods 
for phosphate  with aluminum-motin and tin-flavonol 
sys tems;  sealed-tube dissolution of uranium nitride; 
pyrohydrolysis of  fluoride-containing materials by 

A new Beckman IR-12 infrared spectrophotometer 

j 
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u s e  of quartz or platinum combustion tubes; de- 
termination of periodate, iodate,  and iodide in 
mixtures of t h e  three; density-gradient determina- 
tion of the  density of pyrolytic carbon particles;  
and study of the autodecomposition of bromate in 
ac id  nitrate media. A Cary model 1 4  spectropho- 
tometer is being f i t t ed  with a glove box t o  permit 
spectrophotometric s tud ie s  of highly radioactive 
alpha-emitting- subs tances .  Also, a Leco  Nitrox-6 
Analyzer was  installed in a glove box in  the High- 
Radiation Analytical Fac i l i ty  (HRAF) to  determine 
oxide-to-metal ratios of alpha-emitting metal oxides.  
The  effect of salt content on the  absorbance of 
solutions of tRNA’s was  studied. Two chapters 
are being prepared for inclusion in Volume 10  of 
SERIES I X ,  ANALYTICAL CHEMISTRY, Progress 
in Nuclear Energy. 

5. Analytical Biochemistry 

Analytical a s s i s t ance  to  the  Biology and Chemi- 
cal Technology Divisions was  continued as part 
of the  Macromolecular Separations, Body Flu ids  
Analysis,  and Molecular Anatomy Programs. In the  
ana lys i s  of transfer ribonucleic ac ids  (tRNA’s), the 
optimum conditions for t he  a s s a y  of valine- as well 
as leucine- and phenylalanine-accepting tRNA’s 
were established. Techniques for t h e  isolation of 
aminoacyl synthe tase  enzymes were examined, and 
an improved enzyme preparation of higher purity 
and spec i f ic  activity h a s  been prepared. A s  part 
of a continuing effort t o  improve the  ana lys i s ,  
various d isk  pretreatments were tested.  The  a s say  
procedure h a s  been automated; 40 samples  per hour 
can  be analyzed with precision and accuracy not 
significantly different from those  of manual a s says .  
Studies of the  separation of nucleic ac id  components 
by ligand-exchange chromatography were continued, 
and this technique is now used routinely to  de- 
termine terminal nucleoside,  b a s e  ratio,  and molec- 
ular weight. 

In the Body Flu ids  Analys is  Program, ultraviolet- 
absorbing components i so la ted  from urine by anion 
exchange chromatography a re  being collected for 
characterization by infrared, nuclear magnetic 
resonance, and m a s s  spectrometry. Because  only 
a very small quantity of many of t hese  compounds 
will be available,  other techniques such  as the  
u s e  of 
by gel-permeation chromatography are  a l s o  being 
applied. 

4C-labeled compounds and preconcentration 

In the Molecular Anatomy Program, our main ob- 
jec t ive  is t o  i so la te  and characterize antigen 
activity in virally induced tumors. Gel electro- 
phoresis,  both ana ly t ica l  and  preparative, is used 
extensively.  A new method, .centriphoresis,  in 
which proteins migrate through a density gradient 
in both electrical  and centrifugal f ie lds ,  is now 
being used ,  and antigen activity h a s  been concen- 
trated. The  amino ac id  content of various normal 
t i s sues  and of tumorous t i s sue  was  measured to 
determine whether significant differences ex is t .  
Urine samples  from n’ormal persons and from 
patients with various pathological conditions were 
a l s o  analyzed. At present t h e  resu l t s  of both t h e s e  
s tud ie s  a re  inconclusive.  

T h e  bulk of the  amino acid ana ly t ica l  work is 
now concerned with sequence  ana lys i s  of proteins. 
The  sequence  of the  p chain of mouse hemoglobin 
has  been partially determined. 

6. X-Ray and Optical Spectrochemistry 

Computer subroutines were written to  ca lcu la te  
and to  plot chemical compositions from electron- 
probe data by u s e  of fundamental physical  da t a  
stored on tape.  The  ASTM Committee E-2 “Tenta-  
tive Recommended Prac t ice  in Photographic Pho-  
tometry” was revised completely. A beam split ter  
was designed and tes ted  for u s e  in calibrating 
spectrographic emulsions. T o  facilitate the  chemi- 
cal collection of impurities in bone ash ,  phosphate  
was  removed by e lec t rodia lys i s  through anion- 
permeable membranes; a s i m i l a r  method is being 
used to  prepare ultrapure reagents.  Commercial 
freeze-dried foods a re  being evaluated as poss ib le  
standards for the  interlaboratory-check ana lys i s  
of t i s sue .  The  l i m i t s  of sensit ivity for the de- 
termination of rare-earth e lements  in L iF -BeF  
type nuclear fue l  and of numerous trace elements  
in 23 3U0 ,-Tho were extended by combining pre- . 
concentration procedures with arc spectrographic 
ana lys i s  . 

7. Mass Spectrometry 

Work with the  MS-7 spark-source mass spectro- 
graph increased  30%. Unusual a l loys  and metallic 
samples  made from separated s t ab le  i so topes  were 
analyzed for trace consti tuents.  T h e  spark-source 
technique for the  ana lys i s  of so lu t ions  was  shown 
to be  satisfactory for determining Nb in 231Pa and 
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for studying the  penetration of irradiated graphite 
by cons t i tuents  of MSRE sa l t s .  

A single-magnetic-stage m a s s  spectrometer was  
constructed and put into u s e  for t h e  ana lys i s  of 
organic compounds. A wide variety of samples  of 
m a s s  up to  600 have  been analyzed satisfactorily.  

The  first  ionization potentials of the  lanthanides 
were measured by the  surface-ionization comparison 
technique. 

A mass spectrometric search  w a s  made for neon 
in minerals and in  volcanic g lasses .  T h e  ana lyses  
a re  important in distinguishing between primordial 
and radiogenic components and their  role in the  
origin of the  atmosphere and i t s  relationship to  the  
origin of the  solar system and the  genes is  of ele- 
ments. 

A high-resolution double-focusing mass  spec-  
trometer was assembled and tes ted .  It has  a reso- 
lution of 4000 and accep t s  so l id  and gaseous  in- 
organic samples.  

8. Optical and Electron Microscopy 

Optical and electron microscopy and diffraction 
s tud ie s  were made on a wide variety of materials to 
give research a s s i s t a n c e  in support of numerous 
ORNL and other AEC-sponsored programs con- 
cerned with nuclear technology. Four  typical 
s tud ies  involving fundamental and applied chemis- 
try, metallurgy, and nuclear s a fe ty  are d i scussed  
briefly. 

T h e  examination of highly radioactive materials 
in  the form of prepared par t ic les ,  corrosion products, 
and replica-stripped material h a s  continued at the  
electron microscopy facil i ty in Building 3019. Th i s  
work is il lustrated by an electron micrograph of 
particulate 2 3 8 P u 0  2. 

Several new instruments have  been installed; 
among them are a dark-field device  for t h e  Ph i l ip s  
EM 200 electron microscope and  a precision p l a t e  
developer for electron-microscope plates.  A 
Phi l ips  EM 300 electron microscope h a s  been 
ordered for studying highly radioactive alpha emit- 
ters a t  the  Transuranium Process ing  Plant.  

9. Nuclear and Radiochemical Analyses 

Gamma branching in 95Zr  and c ross  sec t ions  for 
production of l 1  3Sn and  250Bk by neutron capture 
were measured. Alpha decay of t he  new isotope 
1 5 4 H ~  was s tudied ,  and  the  standardization of 

"'Hg was  firmed up  through interlaboratory com- 
par i sons .  A film-recording radiation-event monitor 
for pulsed x and gamma radiation was  developed, 
the u s e  of the  beta-excited isotopic-light-source 
photometer was  extended t o  t h e  ultraviolet  region, 
and a semiconductor x-ray emission spectrometer 
that  h a s  an  isotopic x-ray source  was  investigated.  
The  development of radiation-stimulated light 
sources  continued. Improvements to and computer 

~ applications in ana ly t ica l  a lpha  spectrometry 
were made. 

A number of new fac i l i t i es  have been studied, 
proposed, or commenced; these include a facil i ty 
for activation ana lys i s  with a 2 5 2 C f  source,  a high- 
intensity analytical  cyclotron, an  activation analy- 
sis laboratory at t h e  HFIR,  target assembl ies  and 
pneumatic transfer for photon and fast-neutron 
activation a t  the ORELA, possibil i ty of us ing  the  
86-in. cyclotron as a neutron source ,  and a proto- 
type low-level radiation counting laboratory for 
the Lunar Receiving Laboratory in  Houston. Work 
continued on interactions of 3He par t ic les  with 
se l ec t ed  low-z elements,  and a method t o  ca l cu la t e  
sens i t iv i t ies ,  interferences,  and optimum bombard- 
ment energ ies  was  developed. The  recoil  tech- 
nique w a s  evaluated as an  a id  in activation- 
ana lys i s  nuclide identification. A number of ap- 
plied activation ana lys i s  problems were solved, 
and a chapter on radioactivation was  prepared for 
a handbook. 

A new 1CMev neutron generator facil i ty for de- 
termining oxygen in  a lka l i  metals w a s  completed; 
the older sys tem,  however, h a s  continued t o  be  
used  for some applied problems. Fluorine w a s  
determined in fluorspar ores ,  and a dual-axis 
sample rotator was developed to  a s s i s t  in this and 
other problems tha t  require high precision. De- 
velopment of the leached  fuel e lement  monitor w a s  
completed. 

with technica l  a s s i s t ance ,  quali ty control, and a id  
in i so tope  characterization being supplied.  High- 
energy gamma rays in 233U, 239Pu ,  and' 241Am 
were studied, the  half-l ives of a number of radio- 
nuclides were redetermined, and a radiochemical 
study was  made of the HFIR cooling water. At- 
tempts a re  under way t o  u s e  radioisotopic tagging 
as an a id  in locating s to l en  copper  wire. 

New separation methods reported include: cali- 
fornium from curium and berkelium from cerium by 
extraction chromatography, americium by liquid- 
liquid extraction, berkelium(1V) from cerium(1V) by 

The  Cooperative I so topes  Program continued 

. 

. 
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anion exchange, and  liquid-liquid extraction of 
niobium with TTA. Pure  2 4 5 * 2 4 6 P u  w a s  prepared; 
ev idence  for photofission of iron w a s  reported. A 
method to improve liquid-scintillation counting in 
aqueous sys tems w a s  developed. Water research 
was  broadened to include a s s i s t a n c e  in tes t ing  of 
desalination plants,  ecological investigations of 
local watersheds,  application of t racers  and  ac t i -  
vation ana lys i s  i n  tracing the  flow of rivers and  
streams, and  removal of sodium from ac t iva ted  
samples .  

was  equipped for s p e c i a l  ana ly t ica l  se rv ice ,  a 
number of lanthanide and ac t in ide  P-diketones 
were prepared, controlled-potential coulometric 
titration of americium was  reported, and  the  feasi- 
bility of determining the  formal potential  of t h e  
Bk(II1)-Bk(1V) couple w a s  studied. 

In t h e  transuranium research  program a laboratory 

10. Inorganic Preparations 

Programs of the  preceding year  were continued. 
These included the  preparation of fused  sa l t s ,  
mostly rare-earth-metal ha l ides ,  for t he  Chemistry 
Division; and for t h e  Solid S ta te  Division: the  
preparation of compounds of the  sp ine l  (MgA1 204) 
structure,  the  preparation of GeO g la s ses ,  t he  
production of high-purity KC1, and the  hea t  treat- 
ment of rare-earth-metal alloys.  In conjunction 
with t h i s  latter work, a project w a s  undertaken to 
produce 50 g of t h e  i so tope  I6'Gd in  the metall ic 
form by the  reduction of 16'GdF 

For  the  P h y s i c s  Division a s e r i e s  of a l loys  and 
compounds that contain i so topes  of germanium and 
of n icke l  were prepared. Other misce l laneous  
s ingle  preparations were made for various groups. 

3 : 

11. Organic Preparations 

T h e  Organic Preparations Laboratory, as  in pas t  
years ,  continued to support ORNL research divi- 
s i o n s  through custom syn thes i s  of organic com- 
pounds needed for experimental ac t iv i t ies .  T h e s e  
compounds included paminobenzylamine, hepta- 
decylamine, tri-n-butylbenzylphosphonium chloride, 
tetra-n-butylphosphonium bromide, a, a 'dipiperidyl, 
cesium pe thylbenzenesul fona te ,  and bicyclo- 
[l. l.O]butane. 

Divisions us ing  the  se rv ices  of the  Organic 
Preparations Laboratory were: Analytical  Chemis- 
try, Chemistry, Chemical Technology, and  Metals 
and Ceramics, and  t h e  K-25 Technical Division. 

PART B. SERVICE ANALYSES 

12. Mass Spectrometric Analyses 

T h e  work of the  Mass Spectrometry Service L a b  
oratory increased  25% over  l a s t  year,  an increased  
number of samples  being submitted from the Iso- 
topes  and Reactor Chemistry Divisions. Isotopic 
abundances of samples  from irradiated HFIR com- 
ponents were determined. Purity of compressed 
g a s e s  was  certified. An electron bombardment 
source  that u s e s  a five-sample wheel was  developed 
and t e s t ed  for u s e  with the  12-in. 90' mass  spec -  
trometer. 

analyzed 88% more samples  than l a s t  year,  at t h e  
same t i m e  decreas ing  the  c o s t  per ana lys i s  to 
about half. T h e  i so topic  ana lys i s  of all elements 
from thorium through californium was  done routine- 
ly. Sample types  became increasingly diversified. 

The  Transuranium Mass Spectrometry Laboratory 

13. Emission Spectrochemical Analyses 

The Spectrochemistry Laboratory analyzed about 
13% more samples  than l a s t  year. T race  impurit ies 
were determined in  t h e  s t ab le  i so topes  of 45 ele- 
ments. Also,  a la rge  number of samples  of air, 
water,  meta ls ,  and unusual a l loys  were analyzed. 

14. Process Anolyses 

T h e  P r o c e s s  Analyses  Laboratories performed 
208,523 ana lyses ,  a 65% i nc rease  over the  pas t  
year  with no inc rease  in  personnel. T h e  inc reases  
were samples  received from the Transuranium 
P r o c e s s  and Biochemical Programs. Brief state- 
ments of the  new developments and  work i n  each  
laboratory follow. 

T h e  High-Level Alpha Radiation Laboratory 
determined californium and einsteinium i n  solu- 
t ions  from the Transuranium Process ing  Plant.  
Fluoride was  i so la ted  by pyrohydrolysis and  
measured spectrophotometrically. Isotopic di- 
lution and mass spectrometry were u s e d  to meas- 
ure extremely low leve l s  of plutonium. 

development on a new vacuum-fusion g a s  chro- 
matographic analyzer;  t h e  c o s t  of vacuum-fusion 
ana lyses  w a s  thereby reduced to half. T h e  pre- 
c i s ion  of t h e  determination of tRNA's was  im-  
proved significantly.  New methods were used  to 

The  General Analyses  Laboratory completed t h e  
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a s s i s t  t he  Molten-Salt Reactor and  coated-particle- 
development work. A s s a y s  at the  ppb leve l  were 
made in  water-pollution s tudies .  

T h e  Genera l  Hot-Analyses Laboratory continued 
to supply ana ly t ica l  support  to o ther  ORNL divi- 
s ions .  A glove-box facil i ty was  ins ta l led  and  put 
into service.  T h e  MSRE a n a l y s e s  continued with 
no problems. Some ana ly t ica l  work w a s  done for 
fac i l i t i es  ou ts ide  ORNL. 

In the Radioisotopes-Radiochemistry Laboratory 
most of t h e  work w a s  in  support of t he  programs of 
t h e  Reac tor  and Reactor Chemistry Divisions.  
Some ana lyses  a re  be ing  made on new experimental 
targets from the  86-in. cyclotron. A 4096-channel 
analyzer and a flame photometer were ordered. 

T h e  South Annex of Building 2026 (HRLAL) was  
completed and h a s  been occupied. 

T h e  number of control samples  included in t h e  
S ta t i s t ica l  Quality Control Program decreased  
during t h e  pas t  year  by 14%; t h e  overall  quality of 
the  work improved. 

PART C. ORNL MASTER ANALYTICAL 
MANUAL 

15. ORNL Master Analytical Manual 

The cumulative indexes  to  the ORNL Master 
Analytical  Manual were updated t o  make the in- 
dexes  cumulative for t h e  yea r s  1953 through 1966. 
T h e  updated indexes  a r e  ava i lab le  from the 
Clearinghouse for Federa l  Scientific and Techni- 
cal Information; they a r e  des igna ted  TID-7015' 
(Indexes), Revision 4. 

T h e  ninth supplement t o  the  reprinted form of 
the Manual (TID-7015, Suppl. 9) w a s  i s sued ;  it 
inc ludes  two new methods and  rev is ions  t o  three 
methods. Ten additional methods,  not included in  
Suppl. 8, were written for record only. The  Tab le  
of Contents  to t h e  Manual w a s  revised. 

T h e  need for new methods for t h e  Division w a s  
determined, and  t h e  writing of methods w a s  planned 
accordingly. . 
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Part A. Analytical Research 

T h e  research  program of the  Analytical  Chemistry 
Division is indicative of the diversification of t he  
to ta l  effort i n  ana ly t ica l  chemistry a t  t he  Oak 
Ridge National Laboratory. 

Investigations in  ana ly t ica l  instrumentation, 
nuclear methods of chemical ana lys i s ,  electro- 
analytical  chemistry of the molten s t a t e ,  radiation 
e f f ec t s  on ana ly t ica l  methods, and m a s s  spectrom- 
e t ry  a re  carried out for t he  Phys ica l  Research 
Division of the  Atomic Energy Commission. 
Studies of applications for radioisotopes a re  done 
for t he  AEC Division of Isotopes Development. 

Analytical  research and  development is also be- 
ing  conducted in severa l  a r eas  of biochemistry and 
bioengineering for t he  National Insti tute of General 
Medical Sc iences  of t he  National Insti tutes of 
Health. Programs were continued to provide 
spec i f ic  a s s i s t a n c e  t o  research d iv is ions  and 
projects of t he  Oak Ridge National Laboratory, 
for example, t he  Molten-Salt Reactor Pro jec t  and 
Transuranium P r o c e s s  Program. 

in the  following sec t ions .  
The  progress in  t h e s e  investigations is presented 

1. Analytical Instrumentation 
D. J. F i she r  
R. W. Stelzner 

T h e  prototype of t h e  controlled-potential con- 

trolled-current cyc l ic  voltammeter1r2 was  re leased  
for evaluation in  voltammetry of molten s a l t s  in 
December 1966. A s  a result  of i t s  init ial  applica- 
t ions,  severa l  des ign  changes were made. An 
instrument that incorporates some of the  des ign  
changes  was  constructed in  the  Department of 
Chemistry, University of Tennessee .  

1.1 CONTROLLED-POTENTIAL Because  of t he  exce l len t  performance of the  

1 CYCLIC VOLTAMMETER 4-2943) was constructed by the  Instrumentation 
CONT ROLL ED-CUR RE NT prototype, a third instrument (ORNL model 

and Controls Division for t h e  Reactor Chemistry 
T. R. Mueller H. C. Jones  Division. T h e  maximum current capabili ty of t he  

4-2943 is 500 ma; i t s  performance spec i f ica t ions  
a re  identical  with those  of t he  prototype. It was  
fabricated in  t h e  Standard Nuclear Instrument 
Modules (NIM)3 sys t em (ORNL 4-2800) to facilitate 
its use  as a research  instrument, t o  simplify its 
duplication through the  u s e  of printed circuits,  
and t o  provide for plug-in modules t o  extend i t s  
capabi l i t i es  by t h e  addition of other functions 
(e. g., current integration and current- or potential- 
t ime differentiation). 

Because  the  f a s t  circuitry of the cyc l i c  voltam- 
meter requires wide amplifier bandwidth, consider- 
ab le  difficulty h a s  been experienced in  attempts , 

to eliminate t h e  spur ious  response  triggered by 

3L. Costrell,  “Standard Nuclear Instrument Modules,” 
TID-20893 (Rev.), January 1966. 

‘T. R. Mueller andIH. C. Jones,  “Controlled- 
Potential  and Controlled-Current Cyclic Voltam- 
meter,” Anal.  Chem. Div. Ann. Progr. Rept. Oct. 3 1 ,  
1966, ORNL-4039, p. 1. 

2T. R. Mueller, “Controlled-Potential and Controlled- 
Current Cyclic Voltammeter,” presented a t  the Ana- 
lytical  Chemistry Instrument Demonstration Conference, 
An Industrial Cooperation Conference, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., Oct. 16-17, 
1967. 

1 
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noise  pickup a t  the  cell. Much of t h e  noise  w a s  
traceable to modulated rf s igna l s  produced in  
adjacent laboratories. Accordingly, da ta  collec- 
tion was  restricted to  periods when these  noise  
sou rces  were not i n  operation. Radio-frequency 
shielding of the  cell h a s  been recommended. 

With some cells i t  is difficult t o  s tab i l ize  the  
potentiostat. It is hoped tha t  current investiga- 
t ions  will  reveal whether the cell configuration or 
external no ise  pickup is the primary cause  of 
instabil i ty . 

In sp i t e  of these  annoyances ,  the prototype and 
the  second instrument have  been used  successfu l ly  
t o  obtain both ana ly t ica l  and mechanistic d a t a  in 
molten-salt media. T h e  resu l t s  of these  s tud ie s  
wi l l  be published elsewhere.  T h e  second instru- 
ment h a s  also performed satisfactorily in room- 
temperature experiments made a t  the University 
of Tennessee  with aqueous and nonaqueous sol- 
vent systems. 

undergo further minor changes ,  the bas i c  instru- 
ment is a useful research  tool. A manuscript that  
descr ibes  the  voltammeter is being prepared for 
publication. A check-out and t e s t  procedure that 
expla ins  the  operation of the  instrument and indi- 
c a t e s  t he  adjustments and calibration required 
when it is put in to  u s e  was  written. T h i s  procedure 
c a n  also b e  used  i n  serv ic ing  and routinely check- 
ing the  instrument. 

Although the voltammeter undoubtedly will 

1.2 DUAL SET-POINT VOLTAGE COMPARATOR 
(ORNL MODEL Q-2950) 

T. R. Mueller 

Generally when counter t imers a re  d c  coupled an  
error of about k0.376 may b e  introduced i n  t h e  
“time interval” mode. T h e  error a r i s e s  from 
drift  i n  the  gating l eve l s  of t he  ‘ ( s ta r t”  and “stop” 
inputs. Calibration of l inear voltage ramps in t h e  
controlled-potential controlled-current cyc l i c  volt- 
ammeter (Sect. 1.1) required that the  timing error 
b e  no greater than kO.O5% for ra tes  of rise in t h e  
range 0.005 t o  500 v/sec.  

4G. Mamantov, Consultant; Associate Professor of 
Chemistry, University of Tennessee ,  Knoxville; personal 
communication to  T. R. Mueller, Aug. 16, 1967. 

To achieve  accura te  timing, a low-drift com- 
parator was  developed tha t  h a s  a n  operational 
amplifier i n  t h e  input s tage .  When operated from 
a power supply with *0.01% regulation, t h i s  de- 
v i ce  s e n s e s  the  input voltage with a maximum 
error of kO.1 mv. 

Two s e t  points a r e  obtained by electronically 
switching the  reference voltage. When the low- 
voltage s e t  point is reached, output and trigger 
pu l se s  a r e  generated. T h e  output pu lse  s t a r t s  a 
timer. T h e  trigger pu l se  changes t h e  s t a t e  of a 
b is tab le  rnultivibrator t o  es tab l i sh  the  high-voltage 
s e t  point. When t h e  input voltage r eaches  the  high- 
voltage s e t  point, output and trigger pu l se s  a r e  
again generated. T h e  output pu lse  s t o p s  the  timer. 
The trigger pu lse  r e s e t s  the multivibrator and thus  
rees tab l i shes  the  low-voltage s e t  point. 

T h e  accuracy of t h e  vol tages  of the  s e t  points 
w a s  ensured  in  the following way. Direct-current 
voltages were applied to the  input, and the ap- 
pearances  of the output p u l s e s  were observed. 
Voltage ramps with ra tes  of r i s e  between 0.1 and 
10 v/min, calibrated by independent absolu te  
methods, were then presented t o  the  comparator. 
Ra te s  of r i s e  ca lcu la ted  from time in te rva ls  ob- 
tained with the comparator agreed with the known 
va lues  t o  within *0.01% for a 2-v interval. Meas- 
urements on  the  500-v/sec ramp in the  cyc l ic  
voltammeter indicated a relative standard devia- 
tion (S) <O. 1%, whereas  previous measurements 
that  used t h e  gating c i rcu i t s  i n  severa l  time- 
interval meters showed S >0.3%. Additional 
charac te r i s t ics  of the  comparator a re  given below. 

Input 

Set-point interval: 2 k 0.5 v; can  be changed t o  20 v 
without change in other specifica- 
t ions  

Set-point drift at  25OC: 

Rate of r i s e  of ramp: dc  t o  20,000 v / sec  

< O . l  mv; 10  pv short  term 

Output Pulse 

Amplitude: - 13 v 

R i se  time (90%): <0.2 p e c  

Duration: 1 0  psec ;  can be shortened i f  required 

Power 

+15 v dc at 90  ma; -15 v dc  a t  6 ma 
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1.3 SOLI D-ST AT E CONT ROLL ED - POT E NTI A L 
COULOMETRIC TITRATOR 

H. C. Jones  T. R. Mueller 

T h e  des ign  of t he  solid-state controlled-potential 
coulometric titrator5 is being modified to allow 
t h e  u s e  of modular construction techniques (NIM).3 
It is expec ted  that t h e  u s e  of four modules in  t h e  
construction of th i s  instrument will minimize the  
downtime required for servicing by permitting 
direct  substi tution of modules. The  design of 
cells currently used  with our coulometric t i trators 
is being reevaluated t o  optimize overall  performance. 

1.4 MODIFICATIONS TO THE HIGH- 
SENSITIVITY CONTROLLED-POTENTIAL 

COULOMETRIC TITRATOR 
(ORNL MODEL Q-2564) 

T. R. Mueller H. C. Jones  

W e  reported previously6 tha t  the design of the  
model Q-2564 high-sensitivity controlled-potential 
coulometric titrator 
titration errors which resuIt from overload or 
instabil i ty of the potentiostat  and that the per- 
formance of t h e  modified instrument w a s  to  be  
evaluated. One instrument w a s  modified. I t s  
performance indicated that a modification less 
extens ive  than tha t  originally planned should be  
adequate.  Accordingly, t he  simple modification 
w a s  made i n  a second instrument, which was  then 
tes ted  extensively with electroanalytical  cells in 
use  in  severa l  of t he  Analytical  Serv ices  Lab- 
oratories. Both mercury-pool and platinum-gauze 
working e lec t rodes ,  as well  as  cells of different 
geometries, were used. P. S. Gouge,' R. Burns,' 
and J. R. Stokely" a s s i s t e d  with the testing. 

was  being changed to  eliminate 

'H. C. Jones,  "Solid-State Controlled-Potential 
Coulometric Titrator," Anal. Chem. D i v .  Ann. Progr. 
Rept.  Oct. 31, 1966, ORNL-4039, p. 1. 

6T. R. Mueller and H. C. Jones,  "Modifications to  
the ORNL Model 4-2564 High-Sensitivity Controlled- 
Potent ia l  Coulometric Titrator," Anal. Chem. Div .  
Ann, Progr. Rept.  Oct. 31, 1966, ORNL-4039; p. 7. 

Sensitivity Controlled-Potential Coulometric Titra- 
tor," Anal. Chem. 37, 680 (1965). 

'General Analyses Laboratory. 
'General Hot-Analyses Laboratory. 
"Methodology Group. 

'H. C. Jones,  W. D. Shults, and J. M. Dale, "High- 

Both instruments were s t ab le ,  the  titration times 
were not materially lengthened, and errors due  to 
amplifier limiting were eliminated. T h e  four other 
instruments of th i s  type  i n  u s e  in  t h e  Division will 
b e  modified in  t h e  simpler way. 

1.5 CONTROLLED-POTENTIAL DC 
POLAROGRA PH-VO LTAMMET E R 

(ORNL MODEL 4-2792) 

W. L. Belew 
H. C. Jones  
T. R. Mueller 

D. J. F isher  
M. T. Kelley 
R. W. Stelzner 

The  circuit of t he  ORNL model 4-2792 controlled- 
potential  d c  polarograph-voltammeter' ',' * was  re- 
v i sed  t o  incorporate recently available superior 
components and t o  make changes proved des i rab le  
by operational experience.  T h e  following changes  
or additions were made in  the prototype instrument: 

1. T h e  current amplifier w a s  changed from Phil- 
brick Researches ,  Inc., type SP656 to  type 
SP2BU to dec rease  flicker no ise  and recovery 
time. 

2. T h e  potential-control amplifier was  changed 
from type SP656 t o  type  EP45ALU to  dec rease  
recovery t i m i  after a n  overload in the po- 
tentiostat  circuit. 

3. T h e  amplifiers i n  the  filter c i r cu i t s  were 
changed from type  EP85AU to type  EP25AU 
to reduce no i se  level.  

4. T h e  operational amplifiers i n  all derivative 
and inverter c i r cu i t s  were changed from type 
P35A t o  type  EP25AU t o  eliminate tedious 
trimming s t e p s  in  the check-out procedure. 

5. A potential-correction circuit  was  added for 
t he  input t o  the X ax i s  of the  X-Y recorder t o  
produce polarograms having accura te  E 
values  for the  regular, first-, and second- 
derivative modes a t  all ava i lab le  s c a n  rates.  
F igure  1.1 i l lus t ra tes  t h e  effect  of th i s  cor- 
rection circuit  for first-derivative polarograms. 

' / 2  

"W. L. Belew, T. R. Mueller, and H. C. Jones,  
"Controlled-Potential DC Polarograph-Voltammeter, 
ORNL Model 4-2792,'' Anal. Chem. D i v .  Ann. Progr. 
Rept. Nov.  15, 1965, ORNL-3889, pp. 4-6. 

I2D. J. Fisher ,  M. T. Kelley, H. C. Jones,  R. W. 
Stelzner, and W. C. Belew, "Controlled-Potential 
DC Polarograph-Voltammeter. Design and Evalua- 
tion," Anal. Chem. Div .  Ann. Progr. Rept.  Nov.  15, 
1964, ORNL-3750, p. 3. 

. 
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Fig. 1.1. First-Derivative Polorograms o f  5 x l o b 4  M CdZi With and Without Potentiol  Correction on the X Axis  

of the Recorder. 

6 .  

7. 

8. 

A diode was  p laced  ac ross  the Y input of t h e  
X-Y recorder t o  prevent Y servo-amplifier 
overload in the recording of a first-derivative 
polarogram. 
T h e  capac i tors  in the  first- and second- 
derivative computing c i rcu i t s  were changed 
to  a type of higher quality (polystyrene) to 
increase  the precision and accuracy of t h e s e  
circuits.  
Components affecting the  frequency response 
in  the  first-derivative circuit  were returned to 
their original ca lcu la ted  values,  because  a 
superior fi l tering system h a s  now been in- 
stalled.’ 

I3R.  W. Stelzner, W. L. Belew, D. J. Fisher, and 
M. T. Kelley, “Improved Averaging Filters for 
Polarographic Instrumentation,” Anal. Chern. Div. 
Ann. Progr. Rept, Oct. 31, 1966, ORNL-4039, P. 3. 

9. 

10. 

11. 

12. 

13. 

T h e  initial-potential control was calibrated 
for greater convenience in  operation. 
A derivative-offset circuit with a range of 0 
to 10 v was  added for high-sensitivity polar- 
ographic worG. 

Reed relay c i r cu i t s  with high leakage  res i s t -  
ance  were added to t h e  s c a n  generator t o  
minimize drift. 
A cell-potential  indicator i n  t h e  form of an  
external voltmeter w a s  added to assist the  
operator. 
Buffer r e s i s to r s  (10 ohms each)  were placed 
in both the  X and Y inputs of t h e  recorder to 
isolate circuit  capacitance.  

Exis t ing  drawings were revised to include t h e s e  
changes  (ORNL Dwgs. Q-2792-R3). L ine  drawings 
of both the block diagram (ORNL Dwg. 67-3063A) 

. 
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Fig. 1.2. Reproducibility of Three Types of Readout for the ORNL Model Q-2792 Controlled-Potential DC 
Polarogroph-Voltammeter: Regul or, First-Derivative, and Second-Derivotive. ., 

and of the complete circuit  diagram (ORNL Dwg. 
68-6567R) were prepared for u s e  in  a publication. 

Arrangements were made with t h e  ORNL Instru- 
mentation and Controls Division for field modifi- 
ca t ion  of t h e  ser ia l  Nos. RO-0002 and RO-0003 
instruments t o  bring them up  to d a t e  with t h e  cur- 
rent Q-2792-R3 drawings. 

Extens ive  t e s t ing  of the  rev ised  prototype 
instrument to  determine whether i t  adheres t o  
specifications under simulated and ac tua l  electro- 
chemical cell conditions h a s  been under way for 
severa l  months. T h i s  s tudy  h a s  been fac i l i t a ted  
by preliminary des ign  work on a simulated polar- 
ographic cell. F igure  1.2 i l lus t ra tes  the  repro- 
ducibility of the  three  types  of readout obtained 
with the  4-2792 polarograph-voltammeter: regular, 
first-derivative, and second-derivative d c  polaro- 
grams for 5 x M Cd2’ solution. In e a c h  c a s e ,  

three replicate polarograms a re  superimposed by 
the  X-Y recorder. 

T h e  4-2792 instrument h a s  been described 
orally; 14- 
instrument is being written. In addition several  

also, a journal a r t ic le  about t he  

~ ~ 

14M. T. Kelley, “Electroanalytical  Research at  Oak 
Ridge National Laboratory, ” presented at  a seminar 
a t  Rudjer Bos\kovid Institute, Zagreb, Yugoslavia, 
Sept. 11, 1967. 

DC Polarograph and a Precision Drop-Time Control- 
ler,” presented at  the Eleventh Conference on Analyti- 
ca l  Chemistry in  Nuclear Technology, Gatlinburg, 
Tenn., Oct. 10-12, 1967. 

16W. L. Belew, “Controlled-Potential DC Polaro- 
graph-Voltammeter (4-2792);’ presented a t  the Analyti- 
c a1 Chemistry Instiume nt Demonstration Conference, 
An Industrial Cooperation Conference, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., Oct. 16-17, 
1967. 

15 W. L. Belew, “A Solid-state, Controlled-Potential 



papers have  been published’ ’-“ that report work 
done with th i s  instrument. 
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1.6 APPARATUS FOR PRECISE CONTROL OF 

ELECTRODE (D.M. E . )  (ORNL MODEL 
4-2942) 

DROP TIME OF A DROPPING-MERCURY 

W. L. Belew 
D. J. F isher  

H. C. Jones  
M. T. Kelley 

An apparatus  for the precise  electromechanical 
control of the drop t ime  (t) of a dropping-mercury 
electrode (D.M. E.) w a s  developed and evaluated. 
The  apparatus s implif ies  the  procedure for using a 
D.M.E., because  the t obtained is not a function 
of sample const i tuents ,  capi l lary character is t ics ,  
or e lectrode potential. Also, the apparatus per- 

1 , 2 2  

mits the select ion of a short  constant  t (a particular 
advantage for first-derivative d c  polarography) a t  
a low flow ra te  of mercury, which conditions a re  
conducive t o  diffusion-controlled m a s s  transport. 

Figure 1.3 is a photograph of the apparatus. 
T h e  capillary is held in  the  clamp on the pivot 
arm directly above the Teflon cap of t h e  cell. The  
pivot arm is mounted i n  such a way that  it is free 
to move only in a horizontal  plane with respect to 
the cell cap.  T h e  two relay coils a re  used to  
ac tua te  the pivot arm and are  posit ioned to allow 
0.004 in. f ree  movement of pivot arm between rub- 

”H. E. Zittel  and F. J. Miller, “Anodic Reactions 
of the Halides in  Dimethyl Sulfoxide at the Pyrolytic 
Graphite Electrode,” Anal. Chim. Acta 37(2), 141 (1967). 
“H. E. Zi t te l  and T. M. Florence, “Voltammetric 

and Spectrophotometric Study of the Zirconium-Alizarin 
Red S Complex,’’ Anal. Chem. 39, 320 (1967). 

”H. E. Zittel  and T. M. Florence, “Voltammetric 
Method for Determination of Zirconium,” Anal. Chem. 
39, 355 (1967). 

Iodine System in Aqueous Medium at  the Pyrolytic 
Graphite Electrode,” 1. Electroanal. Chem. 11, 85  
( 1966). 

’ lW. L. Belew and H. C. Jones,  “Apparatus for 
Prec ise  Control of the Drop T i m e  of the Dropping- 
Mercury Electrode (D.M.E.) in Polarography,” Anal. 
Chem. Div. Ann. Progr. Rept. Oct. 31,  1966, ORNL- 
4039, p. 2. 

ler ,” presented a t  the Analytical Chemistry Instru- 
ment Demonstration Conference, An Industrial Co- 
operation Conference, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., Oct. 16-17, 1967. 

’OF. J. Miller and H. E. Zittel ,  “Voltammetry of the 

‘W. L. Belew, “Polarographic Drop Time Control- 

Fig. 1.3. ORNL Model 0-2942 Polarographic 
Time Controller. 

ber s tops.  T h e  relay coils are  energized a1 
to  c a u s e  movement of t h e  pivot arm from sic., Lv 

s i d e  between the s tops.  In operation, t h e  capil-  
lary is suddenly displaced in  one direction to shear  
the  mercury drop, held in  that  posit ion for a fixed 
period of t ime,  and then displaced in the opposi te  
direction to shear  t h e  next drop from the capillary. 
T h i s  method of operation controls  t h e  capi l lary 
movement at all times and resul ts  in  the least 
amount of capillary vibrations and ce l lcur ren t  
disturbance. T h e  timing circuit used to fix t h e  
drop t i m e  is essent ia l ly  a GE hybrid timing cir- 
c ~ i t . ’ ~  A unijunction t ransis tor  circuit is used as 
the timing element to  ac t iva te  a flip-flop circuit 
each  t ime  the unijunction t ransis tor  fires. Sil icon 
controlled rectifiers a re  used as swi tches  to  con- 
trol the  voItage to the  relay coils. 

T h e  maximum precis ion tha t  could b e  expected 
from the completed drop-time controller was  de- 
termined by measuring the reproducibility of the  
timing circuit. T h e  short-term = < 10 min reproduci- 

23d6Hybrid Square Wave Multivibrator” and “Flip- 
Flop  and DC Latching Relay,” General Electr ic  
Silicon Controlled Rectifier Manual, pp. 52-53 and 
96-97, respectively,  2d ed., General Electric Co., 
New York, 1961. 

. 
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Table  1.1. Comporison of Drop-Time Precision of Free-Fal l ing vs  Controlled-Drop-Time 

Dropping-Mercury Electrodes 

Free-Fall  Controlled 

t S t S 
Type of Potential  

D.M.E. Orifice (v v s  S.C.E.) 
(set) (70) (set) (so) 

Horizontal 0 5.2002 0.25 0.5005 0.007 

- 1.0 5.3587 0.33 0.5005 0.005 

- 1.5 4.323 0.19 0.5005 0.008 

- 2.0 2.6563 0.34 0.5006 0.008 

Vertical 0 1.2515 0.27 0.5005 0.008 
- 1.0 1.2821 0.18 0.5005 0.007 

- 1.5 1.0153 0.46 0.5005 0.010 

- 2.0 0.6631 1.40 0.5004 0.03 3 

bility of t was  <0.01% in  all cases. For da ta  col- 

produced t o  S = 0.03%. Thus ,  for any one s e r i e s  
of polarograms the t ’s  should b e  reproducible to < better than S = 0.01%; for extended periods S = 

0.03% c a n  b e  expected. 
To determine whether u s e  of the drop-time con- 

troller i nc reases  t h e  reproducibility of t ,  individual 
drop t imes were measured with a seven-place 
electronic counter. Measurements were made of 
t h e  S of both the controlled t and the  free-fall t 
with vertical- and horizontal-orifice capi l la r ies ;  
Tab le  1.1 gives  t h e  data.  T h e  da ta  show that u s e  
of the  drop-time controller significantly inc reases  
the  reproducibility of t and that a cons tan t  and 
prec ise  t c a n  b e  obtained a t  any  potential from 
0 to  - 2.0 v. 

Oscil loscopic current-time curves  obtained a t  
- 0.8 v with 5 x 
that  no problems caused  by stirring or vibration 
occur when t >= 0.25 sec. 

T h e  prototype apparatus h a s  been in use  for t en  
months and h a s  proved to  b e  re l iab le  and precise;  
it h a s  not required adjustment during th i s  period. 
Both vertical- and horizontal-orifice capi l la r ies  
can  b e  used  with t h e  device.  In the  replacement 
of cap i l l a r i e s  no adjustment of the  apparatus is 
required. Mechanical and e lec t r ica l  drawings for 
t he  construction of the  polarographic drop-time 
controller have been completed. T w o  units, 
designated model 4-2942, were fabricated. T h e s e  
have  been put into u s e  i n  conjunction with two of 
the  4-2792 polarographs now in the Analytical 
Services Laboratories.  

. l ec ted  over a period of 20 days ,  t he  t ’s  were re- 

M Cd2’ in 1 M KC1 indica te  

1.7 INVESTIGATION OF PRECISION 
ATTAINABLE IN SINGLE-CELL 

FI RST-DERIVATIVE DC 
POLAROGRAPHY 

W. L. Belew D. J. F isher  
M. T. Kelley 

E. S. WolfeZ4 
R. W. Stelzner 

Of the  various polarographic methods, compara- 
t i ve  methods a r e  the  most prec ise  but least simple. 
A simpler high-precision method would be more 
useful i n  ana lyz ing  samples.  Such a method is 
being developed. 

T h e  S of wave he ights  of diffusion-controlled 
polarograms of replicate solutions obtained in 
regular dc  polarography h a s  been a s s e s s e d  typi- 
cally as 1 t o  2%.25 ,26  An S of 0.5% h a s  been ob- 
tained for regular and 0.6% for first-derivative d c  
polarography. ’ By comparative, dual-cell,  fast- 
linear-scan polarography, subs t ances  i n  millimolar 
concentration have  been determined with S = 

0.1%.26,28 In t h e  one- and the  t w o c e l l  compara- 

240RNL Graduate Program Research Associate from 

2 5  
University of North Carolina, Chapel Hill. 

J. K. Taylor, “Polarography as  an Analytical 
Tool,” J .  Assoc .  Offic. Agr. Chemists 47, 21 (1964). 

26H. I. Shalgosky and J. Watling, “High Prec is ion  
Comparative Polarography,” Anal. Chim. Acta 26, 66 
(1962). 

”D. J. Fisher,  W. L. Belew. and M. T. Kelley, 
“Recent Developments in D.C. Polarography,” pp. 89- 
134 in vol. 1 of Polarography 1964, ed. by G. J. Hills, 
Macmillan, London, 1966. 

28H. M. Davis, “Komparative Polarographie hoher 
Prazision,” Chem. Ingr.-Tech. 37, 715 (1965). 
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t ive  methods29 (Sect. 1.13.a) with the  controlled- 
potential  differential d c  polarograph, residual-  
current corrections t o  diffusion-current (id) values  
were made by subt rac t ing  averaged if values  in 
measuring millimolar concentrations;  S = 0.1% w a s  
obtained by both methods. Our one-cell compara- 
t ive  method h a s  the  advantage that i t  is eas i e r  t o  
maintain constancy of t h e  charac te r i s t ics  of one  
capillary electrode and of a n  e lec t r ic  current than  
to maintain constancy (or matching) of t h e  charac- 
t e r i s t i c s  of two capi l la ry  electrodes.  The  s lope  
of the  res idua l  current v s  E curve is more reproduc- 
ible than the magnitude of the  residual current. 
Hence, it was  dec ided  to determine with what 
precision concentration measurements can  b e  made 
by single-cell  first-derivative d c  polarography. 

In th i s  investigation, peak he ights  of derivative 
polarograms of samples  a re  measured relative to 
those  of polarograms of s imi la r  s tandards  in order 
t o  obtain concentration va lues  for t h e  samples.  
Therefore, t o  perform a s ing le  polarographic 
ana lys i s  with S =< 0.1%, a n  empirical proportionality 
calibration factor determined with a standard ju s t  
prior t o  measuring polarograms of a sample  must 
have  a t  least th i s  good a precision. Also,  t h e  S 
of factors determined over a period of time long 
enough to e s t ab l i sh  a factor and to measure 
polarograms of a sample  must b e  0.1% or less. 
However, we be l ieve  that, t o  readily and reliably 
determine sample concentrations with S = 0.1%, 
i t  is necessary  to  control experimental conditions 
within l imits such  that t h i s  precision c a n  b e  ob- 
tained for measurements made over a longer term 
(a reasonable work period) of a t  l e a s t  severa l  
hours. That  i s ,  conditions must be controlled 
well enough so that measurement; of polarograms 
of replicates of a standard placed i n  the cell in  
success ion  over a period of seve ra l  hours have  
S 5 0.1%. With well-performing polarographic 
instrumentation, j u s t  a s  the  sens i t iv i ty  with which 
concentration can  b e  determined depends on t h e  
signal-to-noise ratio of t he  D.M.E. i t se l f2’  and 
is not limited by instrument performance, so  t h e  
precision with which concentration c a n  be  de- 
termined depends on t h e  behavior of the  D.M.E. 
i tself .  T h e  experimental conditions that must b e  
controlled include temperature, average mercury 
flow rate (E), D.M.E. drop time ( t ) ,  sparging, and 

- 
- 

’ 

< 

29W. D. Shults, D. J. Fisher,  and W. B. Schaap, 
“Controlled-Potential Differential DC Polarography. 
Comparative Polarography,” Anal. Chem. 39, 1379 
(1967). 

I 

instrument stabil i ty.  Also,  polarographic maxima 
should be  absent.  

In work that h a s  been done, temperature was  
controlled3’ t o  *0.005°C, t was  controlled a t  v2 
sec (S = 0.03%) (Sect. 1.6), the  mercury head (h)  
was  maintained a t  a high cons tan t  va lue  by manual 
adjustment, and instrumentation was  provided tha t  
enables  measurement of first-derivative peak 
he ights  with high precision. With t h i s  degree of 
control, over a short  term (seven peak heights ob- 
tained and measured in success ion) ,  S = 0.03%. 
However, over  a long term (severa l  hours) S 1%. 
It w a s  found that maintaining h at a cons tan t  high 
value did not result  i n  controlling iii t o  t he  required 
precision. T h e  value of E also depends on t h e  
back pressure,  which is a function of t he  inter- 
facial tens ion  a t  t he  sur face  of the  mercury drop. 
It is planned t o  inves t iga te  the utility of directly 
controlling iii as  a means for improving the  long- 
term precision of t h i s  polarographic method. 

1.8 TIME INTEGRATOR ATTACHMENT 

H. C. Jones  

A self-powered ana log  time integrator was  fab- 
ricated that u s e s  a Philbrick Resea rches ,  Inc., 
SP656 chopper-stabilized operational amplifier. 
T h e  integrator opera tes  from a n  input voltage 
source  and produces a n  output voltage that is 
proportional t o  the  t ime integral of the  input 
voltage. T h e  input impedance of t he  integrator is 
a t  least 1 megohm. T h e  integrator is intended for 
operation with input s igna l s  that range from about 
+ 2  mv t o  *20 v with a maximum integral  error of 
about *0.1%. An input a t tenuator  that  h a s  f ive  
ranges is provided for varying the  sens i t iv i ty  of 
t he  integrator. T h e  integrator h a s  been used by 
the  X-Ray and  Spectrochemistry Group to ca l ibra te  
a light-beam sp l i t t e r  that  will  b e  used in  turn to 
calibrate photographic emulsions.  

1.9 CURRENT AMPLIFIER 

H. C. J o n e s  T. R. Mueller 

A self-powered current amplifier w a s  fabricated 
tha t  u s e s  a Philbrick Researches ,  Inc., P25AU 

30T. R. Mueller, “Arbitrary-Set, Proportional Tem- 
perature Controller,” Anal. Chern. 37, 172 (1965). 

. 
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Fig. 1.4. Output Sampler ond AutoAnalyzer Pump. 

operational amplifier. T h e  current amplifier h a s  
variable gain and will produce an output of t l 0  v 
for currents that range from about *S x 
*670 x amp with a calculated maximum out- 
put error of about +0.1%. Variable zero-offset 
current up to k150 x amp is provided. T h e  
amplifier is now being used by the Nuclear and 
Radiochemistry Group. 

t o  

1.10 INSTRUMENTATION FOR ANALYTICAL 
BIOCHEMISTRY 

W. L. Maddox 

A prototype sampler w a s  completed that is used 
with the  Technicon AutoAnalyzer3' in  a semi -  
automated f i l ter-paperdisk technique for determin- 
ing transfer r ibonucleic acids .  L a t e  in  1966 the 
sampler w a s  turned over to  the  Analytical  Bio- 
chemistry Group for evaluation. A description of 
the procedures used and the resu l t s  of their tests 
are  given in Sect.  5.1.e. 

31Trademark of Technicon Corp., Ardsley, N.Y. 
10502. 

Figure 1.4 shows  t h e  AutoAnalyzer 1 
pump with the output sampler attached 
ing  a sample onto a filter-paper disk.  
output t i p  is not displaced as shown, it 
contact with a vacuum aspirator, which 
removes the liquid as it emerges. To t h  
the figure is the flow-cell photometer, w 
together with a meter-relay (not shown), 
sampler 's  automatic operation. At the 1 
the  holder on which the  filter-paper disk 
mounted. 

AutoAnalyzer input sampler by u s e  of a dye  
(Amaranth Red) in  the  rinsing solution that is 
picked up between samples;  barren zones of the 
stream at the output a r e  then red, and the sample- 
rich zones  are  color less ,  or nearly so, although a 
steady state is never reached. The transmittance 
of the output stream is observed by the photometer 
(a Welch model 1 Densichron), whose output is the  
s igna l  t o  the meter-relay. An operating point for 
the meter-relay may be s e t  for e i ther  increase or 
decrease  of color in  the  stream; once  the meter- 
relay contac ts  have been made, they will hold 

T h e  output sampler is synchronized with the 



until one  sampling sequence  is completed. The  
sampler is bas ica l ly  a n  assemblage of cams and 
motors which, o n  command (relay c los ing  in the  
photometric circuit), moves the output t ip  into 
contact with a filter-paper d i sk  for a few seconds ,  
withdraws the  t ip,  moves the d isk  receiver forward 
one  posit ion,  cu t s  i t se l f  off, and wai t s  for t h e  next 
command. 

Papers3’ , 3 3  tha t  descr ibe  t h i s  apparatus have  
been presented; another is being submitted for 
p ~ b l i c a t i o n . ~  

1.11 REMOTE PIPETTING 

W. L. Maddox 

A chapter  t i t led “Remote P i ~ e t t i n g ” ~ ~  was  pre- 
pared for inclusion in the  forthcoming book Vol. 
10, Remote Analys is  of Radioac t ive  Materials, 
SERIES IX, ANALYTICAL CHEMISTRY, of Prog- 
ress in Nuclear Energy. T h e  presentation c o n s i s t s  
mostly of descriptions of instruments and apparatus 
designed spec i f ica l ly  for and presently used  in 
fully enc losed  shielded hot cells loca ted  in t h i s  

’ country and in  Europe. 

1.12 MODEL VI FLAME 
SPECTROPHOTOMETERS 

R. W. Stelzner M. T. Kelley 
H. C. Jones  

T h e  e lec t ronics  unit of a model VI flame 
spectrophotometer (located i n  Building 3019) that 
had been used  by the X-Ray and Spectrochem- 

32W. L. Maddox and M. T. Kelley, “An Output 
Sampler for the Technicon AutoAnalyzer,” 21st Inter- 
national Congress  of the International Union of Pure  
and Applied Chemistry, Prague, Czechoslovakia,  
Sept. 4-10, 1967, 

33G. Goldstein, W. L. Maddox, and I. B. Rubin, 
“A Semi-Automated Fi l te r  Paper Disk Technique for 
the  Determination of Transfer Ribonucleic Acid, ’’ 
1967 Technicon Symposium on Automation in Analyti- 
c a l  Chemistry, New York, Oct. 2-4, 1967. 

34W. L. Maddox and M. T. Kelley, “An Automatic 
Sampler for Obtaining Discrete Samples from the  Out- 
put of a Continuous-Flow Analyzer,” to  b e  submitted 
t o  Chemical Instrumentation. 

in vol. 10, Remote Analys is  of Radioactive Materials, 
Of S E R I E S  I X ,  A N A L Y T I C A L  C H E M I S T R Y ,  ed. by H. 
A. Elion and D. C. Stewart, i n  Progress in Nuclear 
Energy, Pergamon, New York. 

35W. L. Maddox, “Remote Pipetting,” to be included 
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istry Group was  redesigned t o  improve its per- 
formance and reliability. T h e  modified high- 
impedance Brown amplifier sys tem was  replaced 
by a modern so l id-s ta te  operational amplifier and 
a so l id-s ta te  power supply.  A multiplier-phototube 
s igna l  current of 1 n a  produces a stabil ized out- 
put voltage of 5 v and a full-scale deflection on 
the  chart  recorder. T h e  new photometer (designated 
model VI-A) I s  used  for the  remotely controlled 
determination of lithium for the  MSRE and TRU 
programs. 

in u s e  in Building 4500s (X-Ray and Spectro- 
chemistry Group) have  also been upgraded with 
solid-state amplifiers and power suppl ies  (model 

Two modified Q-1887 flame spectrophotometers 

VI-B). 
A complete model VI-C flame spectrophotometer 

(burner, op t ics ,  monochromator, and electronics 
units)  is being des igned  to b e  ins ta l led  in Build- 
ing 3026 t o  replace a n  obsole te  ORNL model 
Q-1457 system. T h e  new unit, when fabricated 
and assembled, will b e  used  by. the Radioisotopes- 
Radiochemistry Laboratory for the ana lys i s  of 
radioactive materials. 

1.1 3 CON T RO LLED - POT ENTIA L 
DIFFERENTIAL DC POLAROGRAPHY 

W. D. Shults D. J. F isher  
W. B. S ~ h a a p ~ ~  

1.13. a Comparative Polarography 4 

. 

. 

Two papers  that  descr ibe  our work in compara- 
t ive  polarography have been published. ’ s 3  

abs t rac t  of the  first  paper,” which t rea ts  of t h e  
technique i tself ,  follows: 

T h e  

“comparative polarography is a differential polaro- 
graphic technique that involves the measurement of 
the small difference between two diffusion currents,  
one due to the electroactive spec ie s  of interest  in 
the unknown solution and one due to the same electro- 
active spec ie s  (present i n  accurately known concen- 
tration) in a similar reference solution. Th i s  compara- 

36Ph.D. Thes i s  Adviser; Professor’of Chemistry, 
Indiana University, Bloomington. 

3 7 W .  D. Shults and W. B. Schaap, “Controlled- 
Potential  Differential DC Polarography. Determinate 
and Statist ical  Errors in Comparative Polarography, 
Theory and Experiment,” Anal. Chern. 39,  1384 (1967). 



. 

. 

. tive technique provides analytical  resu l t s  with accuracy 
and precision of 0.1% when cathode ray differential 
polarographic instrumentation is used in conjunction 
with two polarographic cells having synchronized 
dropping-mercury electrodes.  The present paper gives 
the resu l t s  of our study of the  comparative technique 
with our controlled-potential differential dc polarograph 
that does  not require the  use  of synchronized dropping- 
mercury electrodes.  
comparative technique and we have developed and 
evaluated a single-cell comparative technique. Using 
either of these  dc comparative techniques, we  obtain 
analytical  results with accuracy and  precision of 0.1% 
under optimum experimental conditions.” 

W e  have cvaluated the dual-cell 

T h e  second paper3 ’ d i s c u s s e s  the development 
and experimental verification of the  theory of de- 
terminate and s t a t i s t i ca l  errors in comparative 
polarography; the  abs t rac t  follows: 

“Expressions for the determinate error and the s ta t i s t i -  
c a l  error assoc ia ted  with comparative polarographic 
determinations are derived, and theoretically pre- 
dicted errors are compared with experimentally ob- 
served errors. An equation for the optimum compensa- 
tion fraction, f = C,/C,, is a l so  suggested; i t  may be  
used as a guide in the design of comparative polaro- 
graphic procedures.” 

1.13.b Subtractive Polarography 

A paper that descr ibes  our work in subtractive 
polarography h a s  been accepted for publication; 
t he  abstract .  follows: 

“Subtractive polarography is a differential polarographic 
technique that allows the measurement of wanted s igna ls  
in the presence of unwanted signals.  The  technique 

requires two polarographic cells, with D.M.E.’s operated 
a t  the  same potential. The ‘unknown’ solution is 

placed in  one cell and gives r i s e  to the to ta l  current. 
The  solution in the  second cell contains those com- 
ponents of the ‘unknown’ solution that give r i se  to 
the unwanted portion of the to ta l  signal.  Measurement 

of the  difference between the  polarographic currents a t  
the electrodes in  the two solutions thus yields the 
wanted portion of the total  signal.  Th i s  technique h a s  

38W. D. Shults, D. J. Fisher,  and W. B. Schaap, 
“Controlled-Potential Differential DC Polarography. 
V. Subtractive Polarography,” accepted for publica- 
tion in Chemical Instrumentation. 
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been evaluated with a controlled-potential differential 
d c  polarograph that uti l izes dropping-mercury electrodes 
having uncontrolled drop t imes,  and the results are 
presented in this paper. The  resu l t s  indicate that 
subtractive polarography affords improved sensit ivity,  
selectivity,  and resolution over that of conventional dc 
polarography, and an improvement in resolution over that 
of derivative polarography. An additional improvement in 
resolution can  b e  achieved by means of derivative sub- 
tractive polarography.” ’ 

1.14 ENHANCEMENT O F  FLAME-PHOTOMETRIC 
SENSITIVITY BY INCREASING SIGNAL-TO- 

NOISE RATIO ( S / N )  WITH A SIGNAL- 
AVERAGING COMPUTER 

D. J. F isher  H. C. Jones  
R. W. Stelzner 

Signals of interest  a r e  inevitably accompanied by 
noise. T h e  signal-to-noise ratio ( S / N )  es t ab l i shes  
the  ultimate sens i t iv i ty  with which S c a n  b e  meas- 
ured. A procedure for obtaining an  instrument 
sys tem with which high-sensitivity measurements 
c a n  b e  made cons i s t s  in: (1) designing the ana- 
lytical  procedure and the  sys tem components to 
maximize S and to  minimize N and thus  to  optimize 
S / N ,  and (2) processing the  system voltage that 
h a s  an  optimized S / N  in such  a way as  t o  obtain, 
for f inal  readout,  a processed  voltage having a 
higher S / N .  If t he  N that  accompanies S is random 
and if a large number of repeated measurements 
can  b e  made and summed in reg is te r  with respec t  
to S, then the S / N  of the processed  da ta  is in- 
c reased  relative to  that of a s ing le  measurement 
in  proportion t o  the  square  root of the number of 
measurements. T h e  signal-averaging computer is 
an instrument designed for th i s  purpose. 

If a subs tan t ia l  part of N that  accompanies S in 
flame photometry i s  random, then the  sens i t iv i ty  of 
measurement of flame photometry should b e  in- 
c reased  by use  of a signal-averaging computer. 
T h e  ORNL model VI1 flame spectrophotometer was  
designed with beam chopping and with narrow-band 
tuned a m p l i f i c a t e  t o  optimize S / N .  A trigger 
circuit  h a s  now been built s o  that i t  i s  possible to  
use  th i s  instrument with a signal-averaging com- 
puter to determine whether a subs tan t ia l  portion of 
N ,  a t  high measuring sens i t iv i ty ,  can  b e  averaged 
out by th i s  means. We have  demonstrated tha t  
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the  sensit ivity of measurement with a well-designed 
flame spectrophotometer is increased  substantially . 

by u s e  of a signal-averaging computer. 

A paper is in preparation tha t  descr ibes  t h i s  work. 
Several  other investigations with a signal-averag- 
ing computer have been planned. 

’ 

2. Effects of Radiation on Analytical Methods 

Hisash i  Kubota H. E. Z i t t e l  

2.1 VOLTAMMETRIC METHOD FOR FLUORIDE 

H. E .  Z i t t e l  T. M. F lorence’  

Of the  procedures used  currently to  es t imate  
micro amounts of fluoride, most a r e  colorimetric and 
a re  affected detrimentally by radiation. Generally 
an  organometallic complex is bleached by formation 
of a stronger metal-fluoride complex. Fluoride is 
often determined in th i s  way by i t s  bleaching of 
the zirconium-alizarin red S (Zr-ARS) complex. 
Both ARS and Zr-ARS exhib i t  anodic reactions at 
the rotating pyrolytic-graphite e lec t rode  (R.P.G.E.).  
A voltammetric method for micro amounts of fluoride 
based on t h e  anodic reaction of ARS a t  t h e  R.P.G.E. 
was  developed; t he  procedure is s imple  and rapid. 
The  amount of free ARS liberated by fluoride from a 
Zr-ARS complex, is measured at +0.7 v v s  S.C.E. 
As  l i t t l e  as 20 ppb of fluoride c a n  be  determined 
with good accuracy  and precision. Of the  common 
ions ,  only interferes at t he  l eve l s  of con- 
centration studied. An ar t ic le  on t h i s  work w a s  
accepted  for publication. 

solutions.  When s t annous  chloride is present,  the  
absorbance  of uranium thiocyanate dec reases  with 
increas ing  radiation d o s e  unt i l  radiolytically 
formed elemental  sulfur appears  and  c a u s e s  a n  
apparent i nc rease  in the  absorbance. In t h e  a b s e n c e .  
of s tannous  chloride,  t h e  turbidity caused  by t h e  
sulfur i nc reases  the  absorbance  over t he  whole d o s e  ’ 
range studied. T h e s e  e f f ec t s  a r e  more seve re  for 
acetone-water than for water solution. 

the spectrophotometric thiocyanate method for 
uranium is highly suscep t ib l e  t o  radiation-caused 
error, but that ,  under optimum conditions,  reason- 
ab le  l eve l s  of radiation c a u s e  little or n o  error. 
T h e  conditions are: (1) low uranium concentration, 
preferably <lo ppm; (2) water rather than  acetone- 
water medium; (3) presence  of s tannous  chloride as 
a protective agent; and  (4) maximum radiation d o s e  
of -3  x l o 4  r in water medium and “1 x l o 4  r i n  
acetone-water medium. Radiation d o s e s  above 
t h e s e  l eve l s  introduce appreciable posit ive o r  
nega t ive  error depending on  the  d o s e  level.  

An ar t ic le  on this work is to b e  published. 

T h e  experimental r e su l t s  of t h i s  s tudy  show tha t  

‘Alien Gues t  from Australian Atomic Energy Commis- 

’H. E. Zi t te l  and T. M. Florence.  “Voltammetric and 
sion, Sutherland, New South Wales, Australia. 

2.2 EFFECTS OF GAMMA RADIATION IN THE 
Spectrophotometric Study of the  Zirconium-Alizarin Red 
S Complex,” Anal.  Chern. 39, 3 2 0  (1967). 

3H. E. Zi t te l  and T. M. Florence.  “A Voltammetric 

SPECTROPHOTOMETRIC DETERMINATION 
OF URANIUM AS THIOCYANATE COMPLEX 

Method for Fluoride,” Anal.  Chirn. Ac ta  (in press).  

Box 8361, South Charleston, W.Va. 

Radiation on Spectrophotometric Determination of 
Uranium as Thiocyanate Complex,” Anal.  Chirn. Acta  
(in press). 

4Chemicals Division, Union Carbide Corporation, P.O. 

’H. E. Zi t te l  and L. E. Scroggie, “Effec ts  of Gamma 

H. E. Zi t te l  LUCY E. ~ c r o g g i e ~  

Gamma radiation h a s  an  adve r se  e f fec t  in the  
spectrophotometric determination of uranium as the  
thiocyanate complex in  water and i n  acetone-water 
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2.3 ANODIC REACTIONS OF THIOSULFATE AT 
THE ROTATING PYROLYTIC-GRAPHITE 

E LECTRODE (R. P .G.E .) 

H. E. Zi t te l  

In t he  study of the  e f f ec t s  of gamma radiation on 
thiosulfate,  a way to follow the  radiation damage 
to d i lu te  so lu t ions  of t h i s  reagent w a s  required. 
The  available methods such  as ultraviolet spectro- 
photometry and reaction with I ,  a r e  not suffi- 
ciently sens i t ive ,  rapid, and se l ec t ive .  Since 
voltammetry a s  a general method h a s  these  fea- 
tures,  the  anodic behavior of thiosulfate a t  the  
rotating pyrolytic-graphite electrode (R.P.  G.E. )  
was  determined. Thiosulfate was  found to  exhibit  
anodic waves a t  "+0.8 v and "+1.1 v v s  S.C.E. in 
media of pH from 1 t o  10. Neither wave is affected 
significantly by change in  pH or in thiosulfate con- 
centration. T h e  wave at "+0.8 v is attributed to 
the  oxidation of thiosulfate t o  tetrathionate. T h e  
wave a t  "+1.1 v is attributed t o  t h e  oxidation of 
tetrathionate,  because  voltammetry of tetrathionate 
a lone  gave  a n  anodic wave at "+1.1 v v s  S.C.E. 
Each  wave is highly irreversible,  and its height is 
proportional t o  thiosulfate concentration. Neither 
su l f i te  nor su l f ide  interferes;  therefore, a voltam- 
metric method for thiosulfate tha t  is both rapid and 
spec i f ic  s eems  feas ib le .  

2.4 RADIOLYSIS OF RADIATION-SAFEGUARD 
SPRAY SOLUTIONS 

H. E .  Z i t t e l  J .  R .  Lund 

T h e  study in  progress of the  e f f ec t s  of radiation 
on radiation-safeguard spray so lu t ions  is related to 
the Spray and Absorption Technology Program of 
the  Reactor Division. A variety of proposed safe- 
guard so lu t ions  such  a s  aqueous solutions of boric 
ac id  with and without added b a s e  and ac id  and 
a lka l ine  solutions of thiosulfate a r e  being evalu- 
a ted .  T e s t  portions of the  so lu t ions  a r e  given 
total  d o s e s  of 5 x l o 5  to  5 x l o 7  r of 6oCo gamma 
radiation. The  changes  in pH and i n  iodine equiv- 
a l ence  of the  irradiated so lu t ions  and t h e  amounts 
of radiolytic H ,  evolved in the  samples  a re  meas- 
ured as functions of total radiation dose .  T h e  
e f fec ts  of other variables such  as temperature and  
pressure on the  radiolytic behavior of these  solu- 
t ions a re  now being determined. 

2.5 RAPID DISTILLATION SEPARATION 
OF FLUORIDE 

Hisashi  Kubota 

A rapid disti l lat ion separation of fluoride tha t  
c a n  b e  used  in  hot cells was  developed. T h e  
separation and the  subsequent  ana ly t ica l  procedure 
were planned to  simplify fluoride determination in  
a hot cell and to  give accura te  and reproducible 
resu l t s .  

as fluosil icic ac id .  T h e  s t i l l  head i s  a Kjeldahl 
t rap  covered with a s b e s t o s  and provided with 
Nichrome heating wire. T h e  vapor from a 1:l 
H ,SO, solution transports t h e  fluoride; n o  external 
air  or vapor stream is used. 

T h e  fluoride is determined as t h e  alizarin com- 
plexone;6 La(II1) is used  in p lace  of Ce(II1). 
Alizarin to le ra tes  su l f a t e  up  to a certain point. A s  
a result ,  the  disti l lat ion temperature and d is t i l l a te  
volume must b e  kept within spec i f ied  ranges to 
ensu re  tha t  t h e  su l f a t e  content is acceptable.  Sul- 
f a t e  causes -5% dec rease  in  the  absorbance of 
the chromophore under t h e  conditions used. A 
s ingle  disti l lat ion requires about 15 min. When 
present i n  the maximum amount tha t  c a n  b e  con- 
tained in  1 ml of solution, silica is t h e  only sub- 
s t ance  that will  interfere. T h e  relative standard 
deviations (S) of resu l t s  from severa l  ana lys t s  are: 

Fluoride is dis t i l l ed  under controlled conditions 

- 

Fluoride Qg) s (a) 
5 12 

10 4.7 

15 2.2 
20 2.1 
2 5  1.3 

T h e  procedure c a n  be  s c a l e d  down to  determine 
1 t o  5 pg  of fluoride, a range for which the  repro- 
ducibility of fluoride determinations is generally 
poor. T h e  S's of resu l t s  by the procedure so modi- 
f ied were 14% a t  1 pg, 10% a t  2 . 5  pg, and 4% a t  

The  principle of th i s  separa t ion  can  also be  
uti l ized to separa te  larger amounts of fluoride. 
For example, 500 pg  c a n  be separa ted  in a d is t i l l ed  
volume of 20 m l  with recovery of 795%. 

5 CLg. 

6S. S. Yamamura, M. A. Wade, and J. H. Sikes, "Direct 
Spectrophotometric Fluoride Determination," Anal. 
Chem. 34, 1308 (1962). 



Since  th i s  ana lys i s  w a s  des igned  to b e  used  in 
a hot ce l l ,  the  e f fec t  of radiation in t h e  course  of 
the  spectrophotometric procedure was  studied. A 
1% dec rease  in  absorbance  occurs  per 1000 rads  of 
absorbed dose ;  t h i s  rate of bleaching is linea; up 
t o  d o s e s  a s  la rge  as 50,000 rads ,  which radiation 
stabil i ty is considered to b e  sufficient.  

2.6 STUDIES RELATED TO PROJECT 
SALT VAULT 

Hisashi  Kubota J. R. Lund 

Pro jec t  Salt  Vault  is a demonstration to show 
the feasibil i ty of s tor ing  highly radioactive solidi-  
fied was te s  in  natural s a l t  (NaC1) formations. 
T h i s  demonstration h a s  been under way a t  a n  old 
salt mine in Lyons,  Kansas ,  for s eve ra l  years .  
Spent fuel e lements  were canned ,  placed in  ho le s  
dug in the  mine floor, and allowed to cool there.  
Since the  radioactivity of t h e s e  fuel elements w a s  
somewhat lower than  that anticipated for ac tua l  
d i sposa l  material, supplementary hea t  was  sup- 
plied. 

Tests over t h e  p a s t  yea r s  indicated that water 
stored in  cavi t ies  within the  s a l t  can  b e  re leased  
by thermal e f f ec t s  and t h u s  c rea t e  corrosion prob- 
l e m s .  The  s a l t  from the  Lyons  mine w a s  found to 
sha t te r  and t o  r e l ease  its moisture a t  a temperature 
sl ightly above  250OC. 
ca ted  tha t  water also c a n  b e  re leased  by migration 
to the  warmer s i d e  of a cavity.  Recently,  t h e  
amounts of water involved have been a factor of 
2 higher than the  water conten ts  previously de- 
termined. As  a result ,  t he  moisture determinations 
were repeated in  t e s t s  i n  which the  hea t ing  w a s  
continued up t o  600OC. Apparently, a considerable 
amount of water is s t i l l  trapped after t h e  in i t ia l  
large re lease  at 250 to  3OO0C, and the  salt is rid 
of t h i s  water only after it is hea ted  above  500OC. 
Samples taken along a ver t ica l  profile showed 
various moisture conten ts ,  which reflect  t he  dif- 
fe rences  in deposit ion conditions a t  different 
geologic periods. 

Other s tud ie s  have indi- 

~ 

7H. Kubota, “Thermal Stability of Natural Salt,” Anal. 
Chem. Div. Ann. Progr. Rept. Nov. 15, 1963, ORNL- 
3537, p. 46. 

‘R. L. Bradshaw, Health Phys ic s  Division, “Report 
on Joint Studies on Migration of Negative Crystals in 
Salt,” personal communication to  Florentino Sanchez, 
ORAU Student Trainee from St. Edward’s University, 
Austin. Tex.  
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T h e  demonstration ho le s  were rigged with a i r  
l i nes  whose outflows were continually monitored 
for poss ib l e  harmful products. Hydrochloric ac id  
appeared unexpectedly. A close s tudy  of the  en- 
vironment indicated tha t  sha l e ,  present a s  an  i m -  
purity in  natural  s a l t ,  could b e  t h e  culprit.  Sam- 
p l e s  of s h a l e  from the  Lyons mine were heated in 
a tube  furnace while a stream of moist  a i r  w a s  
pas sed  over them. T h e  effluent a i r  contained hy- 
drochloric ac id  produced by hydrolysis of iron 
chloride. Under the conditions of the  measure- 
ments, the  amount of ac id  r e l eased  was  1 to 
5 meq/hr per gram of sha le .  T h e  ra te  of r e l ease  is 
controlled by fac tors  such  as temperature, state of 
subdivision and  iron content of t h e  sha le ,  and 
humidity. Thus ,  i n  t h i s  mode of d i sposa l  t h e  pro- 
duction of a corrosive compound is poss ib le .  

Irradiation of so l id  NaCl gave  no  measurable 
r e l ease  of chlorine, .particularly a t  e leva ted  tem- 
peratures.  T h e  effluent a i r  from t h e  demonstra- 
t ion ho le s  was  analyzed periodically with a n  MSA- 
type  chlorine detector to check  the  validity of the  
experimental  resu l t s .  No chlorine w a s  de tec ted  at 
the  in i t ia l  s t a g e s  of t he  demonstration. When the  
temperature was  ra i sed  in compliance with one  
phase  of the  experimental plan, t h e  detector be- 
came discolored and ind ica ted  t h e  r e l e a s e  of 0.1 to 
1.2 ppm of chlorine. T h e  impurity in  the  effluent 
air  w a s  concentrated in  a co ld  t rap  and w a s  ana- 
lyzed by gas  chromatography. T h e  resu l t s  indi- 
ca ted  t h e  absence  of ch lor ine  but t he  presence  of 
a n  organic compound. T h i s  fraction w a s  co l lec ted  
and analyzed by m a s s  spectrometry. Several  frag- 
ments with m a s s  numbers in  the for t ies  were de- 
tected.  It is believed tha t  t h i s  unidentified ma- 
terial  was  an  organic peroxide formed and r e l eased  
from organic impurit ies i n  the  s a l t .  T h e  threshold 
temperature for its r e l ease  is about  18OOC. 

- 

2.7 APPLICATIONS OF RADIOLYTICALLY -’ 
GENERATED REAGENTS IN 
ANALYTICAL CHEMISTRY 

Hisash i  Kubota 

’H. Kubota, “Effect of Radiation on Sodium Chloride,” 
Anal.  Chem. Div. Ann. Progr. Rept. Nov. 15,  1963, 
ORNL-3537, p. 45.  

T h e  homogeneous occurrence of radiolytic reac- 
t ions  ind ica tes  t h e  poss ib i l i ty  of us ing  radiolyti- 
cally produced reagents  for homogeneous separa- 
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tions.  An example of a homogeneously produced 
reagent is the hydrochloric ac id  re leased  by the  
radiolysis of chloral  hydrate. Studies were made 
in which either t h e  chloride or t h e  ac id  component 
was  used  to e f fec t  homogeneous precipitations. 

An aliquot of a s tandard  solution of Ag' was  
placed in a beaker and w a s  made 0 .01  M in chloral 
hydrate and slightly ac id  with nitric ac id .  T h e  
result ing solution was  exposed t o  gamma radiation 
from 6oCo. A grainy precipitate formed that w a s  
dense  and e a s y  to filter. T h e  precipitate was  of 
better quality (eas ie r  t o  filter and quantitatively 
recoverable) when the dose  ra te  w a s  low. 

Sulfate was  complexed with ethylenediamine- 
te t raace t ic  ac id  (EDTA) in  a medium made bas i c  
with sodium hydroxide. After t h e  addition of 

Silver was  precipitated as t h e  chloride a s  follows. 

chloral  hydrate, t he  solution w a s  irradiated. T h e  
large d o s e s  required t o  re lease  sufficient ac id  to 
precipitate BaSO, also decomposed the  EDTA. 
T h e  decomposition products colored the  solution 
and the  precipitate a dirty brown. T h e  precipitate 
attained cons tan t  weight a t  a n  ignition tempera- 
ture of 55OoC, which is considerably lower than 
900°C, the ignition temperature recommended for 
BaSO, precipitated by conventional methods. 

the  study of nucleation processes .  I t  is particu- 
larly advantageous in that the  r a t e  of reagent gen- 
eration can  b e  readily controlled by control of t h e  
d o s e  rate. A s  the  second example given above 
ind ica tes ,  t h i s  technique is complicated by the  
poss ib le  degradation of some of the  solution com- 
ponents,  particularly organic compounds. 

U s e  of radiolytic reactions is a fresh approach to 

3. Analytical Chemistry for Reactor Proiects 

A. S. Meyer 
J. M. Dale  

3.1 MOLTEN-SALT REACTOR EXPERIMENT 

3.1.a Determination of Oxide in MSRE Salts 

R. F. Apple J. M. Dale  

T h e  r e su l t s  of the'determinations of oxide in 
radioactive MSRE s a l t  samples  for t he  period 
October 1966 to  July 1967 a r e  summarized below: 

Oxide Concentration 

(PPm)  
Sample 

FP-8-7 (fuel) 
FP-9-2 (fuel) 
FP-11-28 (fuel) 
FP-12-4 (flush) 

FP-12-18 (fuel) 

44 
44 
58 
41 

57 

During the last week of December 1966 the  mois- 
ture-monitor cell in  the  oxide apparatus became 
.inoperative. Because  other experiments were 
being performed in  the  same hot  cell, the  moisture- 

monitor cell w a s  not replaced until March 1967. 
T h e  insens i t ive  cell showed superficial  ev idence  
of radiation damage; the  potting compound used  to  
seal the  tube that conta ins  the  sp i ra l  e lec t rodes  
in a s t a in l e s s  steel housing had shrunk and 
cracked. Measurements of t he  flow revealed tha t  
substantially all the  flow w a s  still pass ing  through 
the e lec t ro lys i s  tube; therefore, the  damage to t h e  
potting compound could not have  caused  the  cell 
failure. Electrical-resistance measurements indi- 
ca ted  that the failure was  caused  by either removal 
or some alteration of t h e  P,O, electrolyte film. 

T h e  replacement of t he  moisture-monitor cell w a s  
the  f i r s t  major maintenance required for the  hot-cell 
apparatus s i n c e  i t s  installation in  February 1966. 
The  cell had been in operation for severa l  additional 
months during laboratory t e s t s  of t he  apparatus. 
Th i s  one-year operation represents a reasonable 
se rv i ce  life for a moisture-monitor cell, even 
under normal operating conditions in a nonradio- 
ac t ive  environment. 

While the  hot-cell equipment was  inoperable, the  
oxide development apparatus in  Building 4500s was  
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Table  3.1. Oxide Concentrations of Fuel  and Solvent Salt Samples 

from the Second ORR Molten-Salt Loop 

Sample Condition of Salt Sample Weight Oxide Concentration 

Designation a s  Received ( 9) ( P e d  

9-2966 P e l l e t s  10.4 
10- 17-66 P e l l e t s  10.1 

11-21-66 Crushed 18.8 

F-194 Crushed 18.4 
Solvent s a l t  Fused  into ladle 48.4 

batch No. 2 
Solvent s a l t  Fused  into ladle 13.1 

batch No. 17 

200 
220 
420 
820 
115 

520 

reactivated. Several samples  of nonradioactive 
fuel and solvent s a l t  from the  second ORR molten- 
s a l t  loop were analyzed for oxide; Tab le  3.1 sum- 
marizes the  results.  Probably the  high oxide 
contents of the third and fourth samples  were due 
in part to contaminants acquired during the brief 
exposure when the  crushed samples  were trans- 
ferred to the  hydrofluorinator. T h e  high oxide 
content of sample No. 17 compared with tha t  of 
sample No. 2 represents the oxide picked up when 
the flush s a l t  was  circulated in the  loop. 

Two samples  of radioactive fuel (IPSL-19 and 
IPSL-24) submitted from In-Pile Salt Loop 2 con- 
tained 265 and 240 ppm of oxide respectively.  
Sample IPSL-24 was  stored under helium a t  2OOOC 
from the  t i m e  of sampling to ana lys i s  (-six months). 

3 . l . b  Determination of Uranium(ll1) 
in  Radioactive MSRE Fuel  

by a Hydrogen-Reduction Method 

J. M. Dale  R. F. Apple 
A. S. Meyer 

A proposed explanation of t he  unexpected 
distribution of certain f i ss ion  products in the  
MSRE sys tem is tha t  t he  fuel had become suf- 
ficiently oxidizing to produce significant partial 
p ressures  of volati le f i s s ion  product fluorides 
such  as MoF,, TeF,, and RuF,, which then 
migrated into the  graphite and the  blanket gas.  
Because  prevention of the  accumulation of fis- 
s ion  products in graphite is vitally important to 
the satisfactory operation of breeder reactors,  a 

method to determine U3 +/U4’ ratios in the  radio- 
ac t ive  fuel samples  was  needed. 

T h e  possibil i ty tha t  major fractions of the  iron 
and nickel i n  the  fuel a re  present as colloidal 
metal particles ’ precluded any adaptation of the  
hydrogen-evolution method for U3 ’, because  t h e s e  
components would also yield hydrogen on ac id  
dissolution. An alternate,  sugges ted  by C. F. 
Baes,’  is a transpiration method in which a 
sample of the  molten fuel is sparged with 
hydrogen to  reduce oxidized s p e c i e s  according 
to the  reaction 

n - m  
MFn +? H, -+ MFm + (n - m)HF , 

in which MFn may be  UF,, NiF, ,  FeF,, CrF, ,  or 
UF, in order of their observed reduction potentials.  
The  rate of production of H F  is a function of the  
ratio of oxidized to reduced s p e c i e s  in .the melt. 

Some components of the  oxide appara tus3  were 
adapted for t he  transpiration measurement on radio- 
ac t ive  fuel samples .  T h e  in le t  of the  hydrogenator 
is connected to  sources  of thoroughly dried hydrogen 
and helium, and the  out le t  is connected to a hea ted  
manifold fi t ted with s i x  liquid-nitrogen-cooled N a F  
traps.  T h i s  arrangement permits the  separa te  col- , 

lection of the H F  from four s u c c e s s i v e  reduction 

‘“Voltammetric Determination of Ionic Iron and 
Nickel in Molten MSRE Fuel ,”  MSR Program Semiann. 
Pro&. Rept.  Feb .  28, 1966, ORNL-3936, p. 162. 

’Reactor Chemistry Division. 
’“Determination of Oxide in MSRE Fuel ,”  MSR 

Program Semiann. Pro&. Rept.  Feb. 28, 1966, ORNL- 
3936, p. 154. 



s t e p s  with hydrogen and from two blank spargings 
with helium on the  same  50-g fuel sample.  When 
the  transpiration run is completed, t he  traps a re  
disconnected from t h e  manifold and removed from 
the  hot cell for desorption and titration of the  col- 
lected HF.  

The resu l t s  of t h e s e  t i trations a re  interpreted in 
terms of U3+  concentrations in the  samples  by 
comparing the H F  y ie lds  for the  reduction s t e p s  
with those  ca lcu la ted  for hypothetical  s a l t  com- 
posit ions.  If U 4  + is the  only reducible s p e c i e s  
in t h e  melt, a derivation based  on a material 
balance and the  hydrogen-reduction equilibrium 
yie lds  the  following rather s imple  relationship for 
U3+  as a function of hydrogen exposure: 

U 
U In (u - u3+) - U 3 + =  B t  , (3.1) 

. 
i n  which 

u = concentration of to ta l  uranium, mole 

u3 + = concentration of u3 +, mole fractions,  

fractions,  

t = reduction time from “0” U 3 +  concentra- 
tion, min, 

KPh/Z2 V G  
B =  

SRT ’ 

where 

U 3 + P H F  
K =  , a t m ’ ” ,  

u4 + P A T  

= partial  pressure of H,, atm, 

P,, = partial  pressure of H F ,  a t m ,  
p H  2 

V = sparge  flow, liters/min, 
G 

S = quantity of fuel sample ,  total moles of 

R = gas  cons tan t ,  liter-atm O K - ’  mole-’ , 
T = temperature at which the  sparge  flow is 

all components, 

measured, OK. 

When corrosion products (Mj’ +) are present,  the  
relationship a s sumes  a different form as each  
corrosion-product ion success ive ly  undergoes 
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reduction to the  metal: 

U - a n U  
a n U - u 3 + t u 1 n  

+ 4 L; - (- - F-= B t n ,  (3.2) 
- an 

i 

M ? + =  concentration at t, = 0 of the  j t h  corrosion 
J 

product in order of reduction, mole frac- 
tion, 

corrosion product s t a r t s  to the  ins tan t  
reduction of the (nth + 1) corrosion product 
s t a r t s ,  min, 

tn = time from the  ins tan t  reduction of t he  n th  

T h e  yield of H F  from any reduction s t e p  is 
ca lcu la ted  from the  in i t ia l  and final concentra- 
t ions of U 3 +  and corrosion products as  follows: 

yield of HF ,  micromoles = [ (U;’ - Ut’) 

1 = n  

+ 2 ’i* [ (Mj’+)i  - (Mf +)J ) s x 106 . (3.3) 
j = 1  ’ 

T h e  relationship of Eqs .  (3.1) and (3.2) is 
il lustrated in Fig.  3.1, in which the  yield of H F  
is plotted as a function of B t  for an oxidized fuel 
assumed to contain U 4 +  and Fez+ in concentrations 
approximating the  elemental  ana lyses  of the  MSRE 
fuel. On a logarithmic plot t he  H F  yield follows a 
near-linear relationship [Eq. (3. l)] derived for a n  
iron-free m e l t  until a c r i t i ca l  u3+/u4+ ratio is 
reached and reduction of Fez+ s tar t s .  T h e  reduction 
of Fez+ then predominates, with the  rate of change 
of U 3 +  decreased  in  accordance with Eq. (3.2) 
until e s sen t i a l ly  all the  iron is reduced and the  
H F  yield approaches tha t  derived from U 4 +  
reduction alone. 
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Fig. 3.1. Calculated Yields of HF from the Hydrogenation of a 50-9 MSRE Fuel  Sample at 1000°K. 

. 

Fig. 3.2. Calculated and Observed Yields of H F  from 
MSRE Fuel Sample FP-9-4. 

Figure  3.2 is a plot of hydrogen fluoride y ie lds  
from the  f i r s t  sample (FP-9-4) and from various 
hypothetical init ial  fuel compositions. T h e  four 
reduction s t e p s  were se l ec t ed  on the  cri teria that  
the  f i r s t  two s t e p s  at 496OC would reduce a t  l e a s t  
99.9% of the  Fez' and N i 2 +  without materially 
affecting the  U 3 +  concentration and tha t  the l a s t  
two s t e p s  at 596OC would reduce U4' without 
reducing Cr2  '. T h e  H F  y ie lds  from the  latter 
reductions thus  indicate the  "oxidation s ta te"  of 
the fuel. Broken l i nes  connect  calculated yield 
points, and a so l id  l ine  connec ts  the experimentally 
measured y ie lds  of H F  from the  sample.  T h e  
relatively low y ie lds  of H F  in  the  f i r s t  two s t e p s  
are in agreement with earlier experimental 
evidence '  tha t  only small  fractions of the iron 
and nickel were present in the  ionic s t a t e .  T h e  
high y ie lds  in the last two s t e p s  indicate that t he  
fuel was  in an oxidizing or near-oxidizing condi- 
tion. On the  b a s i s  of the  H F  yield of s t e p  I11 
(Fig. 3.2) and in consideration of estimated experi- 
mental errors, a ratio of u~+/u of 0.000 to  0.001 
was assigned. 

the calculation of H F  y ie lds  expected for any 
A computer program was  developed that permits 

IN IT IAL  
CONDITION 

(%U3+, %Fez+) 
=ALT, 1.22 moles 

\ 
\ 

STEP DESIGNATION (sparge time, min ; melt temperature, "C 1 
H2 Flow, 200cc/min at 27"C, tatm 

preselected reduction s t e p s  on any melt composi- 
tion. By u s e  of the present fuel composition and 
the experimental conditions of the  transpiration 
experiment as input da t a  to  the  program, H F  y ie lds  
were ca lcu la ted  for various in i t ia l  concentrations 
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Table 3.2. 

Integrated U3' by Bumup Be 

U3+/U Ratios in MSRE Fuel Salt 

U3+/U by U3+/U by Analysis (%) 

Step III" Step IV" Added Calculations Sample No. Power Oxidation 

(Mwhr) ( 4  ( 4  

FP-9-4 
FP-10-25 

FP-11-5 
FP-11-13 
FP-11-32 
FP-11-38 
FP-11-49 
FP-12-6 

FP-12-11 
FP-12-21 

10,978 
16,450 

17,743 
20,386 
25,510 
27,065 
30,000 
32,450 

. 33,095 
35,649 

1.87 
0.93 
0.40 
0.26 
0.88 
0.26 
0.50 
0.40 

0.10 
0.50 

:Calculated by W. R. Grimes.' 
See  Fig. 3.2. 

of u3 +. Concentrations of u3 + in samples  were 
determined by comparing1 the experimental with 
the  calculated H F  yields.  Tab le  3.2 shows the  
U3' resu l t s  obtained from the H F  yie lds  of the  
third and fourth reduction s t e p s  of t he  ana lyses  
compared with expected va lues  calculated by 
W. R. Grimes.' For the  calculation of the resu l t s  
it was  assumed that: 0.16% of the  uranium in 
the fuel was  originally present as U3'; the in- 
crease in chromium concentration from 38 to 65 
ppm, which occurred before the  f i r s t  sample was  
taken, resulted in the  reduction of U4 ' to  U3+; 
each  f i ss ion  event  resu l t s  in the  oxidation of 0.8 
atom of U +; and there have been no other l o s s e s  

No resu l t s  are l i s ted  for samples  FP-11-38 and 
FP-11-49. Although t h e s e  s a m p l e s  were run in  
the normal manner, a total of over 2000 micromoles 
of H F  was  evolved for the  four hydrogen-reduction 
s t e p s  for each  sample compared with about 55 
micromoles for t he  previous runs. Since th i s  in- 
c r ease  in HF  yield coincided with an  increase  in  
radioactivity in the traps used  to  collect the  HF, 
it appeared likely tha t  the increase  in  sample 
radioactivity during the  extended period of reactor 
operation might b e  responsible.  If t he  induction 
period for the  radiolytic generation of fluorine 
were shortened due to the increase  in radioactivity 
of t he  sample, the  fluorine evolved during the  
loading of the  sample could reac t  with the  inner 
walls of the  Monel hydrogenation vesse l .  T h e  
copper fluoride and nickel fluoride formed would 

of u3+. 

0.31 0 
3.61 0.58 0.35 

0.54 0.37 
2.59 0.77 0.37 

0.69 0.33 
0.66 

1.86 0.80 
0.76 0.42 

3.95 1.14 0.38 
4.44 1.54 0.39 

0.1 
0.45 
0.37 
0.42 
0.34 

0.37 
1.2 
0.50 

be  reduced subsequent ly  during the  hydrogenation 
s t e p s  to produce HF. 

T h i s  hypothesis  appears to be  supported by the  
resu l t s  of the  following experiment. One of the  
samples  tha t  produced the high HF  yie lds  w a s  
allowed t o  s tand  in  the hydrogenator at room tem- 
perature for about a week. T h e  sample  was then 
subjected to  additional hydrogenation s t eps ,  and 
HF  was  produced in quantit ies comparable with 
those  obtained in the  original runs. After s tanding  
severa l  more days  at room temperature, t he  sample 
was removed from the  hydrogenator. Smaller but 
significant quantit ies of H F  were obtained when 
the  empty hydrogenator was  subjected t o  the  high- 
temperature hydrogenation procedure. 

T h e  l a s t  three samples  (FP-12-6, FP-12-11, and 
FP-12-21) were taken after a relatively brief period 
of reactor operation following a lengthy reactor 
shutdown period. None of these  ana lyses  produced 
the  excess ive ly  high H F  y ie lds  that were observed 
for  t he  previous two samples.  T h e s e  resu l t s  appear 
to be  further confirmation that the excess ive  H F  
yields were caused  by a buildup in sample radio- 
activity with extended reactor operation. 

Since the  f i r s t  addition of beryllium to the  fuel,  
all t he  determinations of U3' not obviously affected 
by radioactivity have been in the  range 0.33 t o  
0.50% (the one resu l t  of sample FP-12-11 could b e  
explained by a leaky valve) and do not reflect the  
beryllium additions in the  periods between t h e  
samplings. T h i s  discrepancy could be accounted 
for by the evolution of fluorine in much sma1,ler 
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quantit ies than appeared t o  be  the  c a s e  in samples  
11-38 and 11-39. If th i s  is true, the  only permanent 
solution would be to maintain the  samples  at 2OOOC 
during the time of transfer to  the  hot cell for 
analysis.  However, an apparatus is now being 
designed that will  permit the hydrogenation of 
synthe t ic  fuel s amples  under carefully controlled 
conditions. T h i s  experiment should provide a check  
of the  validity of the  transpiration method and 
indicate further whether or not fluorine evolution 
is a real  problem. 

Also, a method is being developed for the  remote 
measurement of ppm concentrations of H F  in helium 
and in hydrogen gas  streams. T h e  technique is 
primarily for application t o  the  U3 ’ transpiration 
experiment but, if success fu l ,  should a l s o  be  
applicable to  the  determination of H F  in MSRE off-  
gas. The  method is based  on the  collection of H F  
on a s m a l l  N a F  trap that is held at 7OoC to prevent 
the adsorption of water. The  collection of H F  is 
followed by i t s  desorption a t  a higher temperature 
to  give a concentrated pulse  of H F  tha t  can  b e  
measured by thermal conductivity. 

A components tes t ing  facil i ty h a s  been set up 
that includes a dilution sys tem to produce H F  
“standards” of concentration as low as 20  ppm, 
a thermostated trap with se l f - res i s tance  heating 
for fast heat-up, and a thermal-conductivity cell 
with nickel filaments. Init ial  t e s t s  have  revealed 
that the  thermal-conductivity cell now being used 
is too sens i t i ve  to  perturbations in  the  carrier 
flow and tha t  the  l a s t  traces of H F  are  desorbed 
too slowly from commerc ia l  pelletized N a F .  The 
use  of thermal-conductivity cells of different 
geometry and having better flow-control va lves  is 
expected to eliminate the  f i r s t  of t hese  problems. 
The  second problem will  require further development 
s tud ies  to  determine whether the s low desorption 
rate represents an inherent property of the  NaF or 
is a result  of impurities in the  NaF.  Other trapping 
materials will a l s o  b e  investigated.  

be  used  in t h e  remote HF-measuring system. T h e  
valve incorporates two valving sys t ems  in  the  same 
metal body and will provide for the  s imultaneous 
adsorption and desorption of H F  from alternate 
traps. T h i s  arrangement will el iminate any dead  
legs  in  the  H F  trapping sys tem and will permit 
the measurement of incremental quantit ies of H F  
evolved from one  hydrogenation s t e p  in  the  U3 ’ 
transpiration experiment. 

A spec ia l  Monel valve h a s  been  made and will  
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One additional s t e p  is be ing  taken with regard 
to the  computer program used for da t a  ana lys i s .  
Because  of equilibrium sh i f t s  of oxidized and 
reduced s p e c i e s  in  the  molten fuel salt with t em-  
perature changes,  t he  s ta r t ing  U3+ concentration 
in the  ana lys i s  sample at the  temperature of t he  
init ial  hydrogenation s t e p s  will  necessar i ly  b e  
different from the  U3’ concentration in  the  fuel 
in the  reactor. T h e  computer program is presently 
being modified t o  take  th i s  difference in to  account. 

3. l . c  Analysis of Off-Gas from Tests 
of Compatibility of MSRE Pum$‘Oil with BF, 

C. M. Boyd 

A total-hydrocarbon detector and a thermal- 
conductivity detector were used  to determine 
hydrocarbons and B F ,  in the  gas  from tests on the  
effects of B F ,  on MSRE pump o i l  (Gulf Spin 35). 
A gas-sampling manifold permits measurement of 
i nc reases  in hydrocarbon concentration of an He- 
B F ,  g a s  stream after contact with t h e  oil. A 
parallel  s t ream of helium through a separa te  oil  
reservoir is a reference. T h e  hydrocarbon analyzer 
was modified by the  addition of a sampling pump, 
which draws in the gas  at near atmospheric pres- 
sure ,  compresses  i t ,  and p a s s e s  it through the  
analyzer. T h e  portions of the  t e s t  g a s  t o  be  
analyzed are f i r s t  pas sed  through a sa tura ted  
solution of K F  t o  remove the  B F ,  and thereby 
to  protect the  pump and other components of the  
analyzer. T h i s  solution h a s  a low vapor pressure  
of water, which prevents t he  condensat ion of water 
in the  analyzer.  In the  first  t e s t s ,  with the  B F ,  
concentration at the 2000-ppm leve l  and the  tem-  
perature of the  oil at 150°F,  t h e  hydrocarbon con- 
centration in the  off-gas was  less than 50  ppm. 

T h e  thermal-conductivity detector was  used to 
monitor the  B F ,  concentration in a t e s t  gas  
produced by mixing flows of pure B F ,  and helium. 
The  detector and flow capillary were calibrated by 
pass ing  a known volume of the  g a s  mixture through 
the detector and then through a trap tha t  contained 
a dilute solution of NaOH. T h e  solution was  
analyzed for boron and fluoride, and the  B F ,  con- 
centration of the  g a s  was  then calculated.  With 
th i s  detector,  changes  in B F ,  concentration of 
*lo ppm can  b e  measured. 

. 
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Development of a Gas Chromatograph 
Analysis of  the MSRE Blanket Gas 

C. M. Boyd A. S. Meyer 

A gas  chromatograph is being developed for the  
continuous determination of permanent-gas impurities 
and water in the  helium blanket gas  of the  MSRE. 
The  chromatograph will require two columns to  
separa te  the components desired.  Tests have  shown 
that a parallel-column system composed of a 5A 
molecular-sieve column and a Porapak S column 
should be  practical. T h e  H,, 0,, N,,  CH,, and 
CO are separated on the molecular-sieve column, 
and the  H,O and CO, are separated on  the Porapak 
column. The  chromatograph will have  sepa ra t e  
compartments, e a c h  controlled at a different t em-  
perature. The  sample valve,  columns, .and detectors 
may a l s o  require different temperatures for optimum 
operation. 

T h e  necess i ty  to  determine impurities at sub- 
ppm and ppm concentrations calls for the  u s e  of 
two types  of sys t ems  or detectors.  A helium- 
breakdown detector c a n  be  operated e i ther  in the  
high- and low-sensitivity modes or in the  high- 
sensit ivity mode in conjunction with a thermal- 
conductivity detector. 

T h e  chromatograph that is used to analyze the 
reactor off-gas will b e  subjec ted  t o  radiation from 
samples  whose radioactivity is at the  10-curie/cc 
level. T h i s  condition precludes the  u s e  of organic 
construction materials. An all-metal sampling 
valve and a detector unaffected by th i s  radiation 
are necessary .  The  organic Porapak column can- 
not be  used at th i s  leve l  of radiation; therefore, 
the determination of H,O in t hese  samples  will  
not be  possible.  A s i l ica-ge l  column will b e  used 
to  resolve CO,. 

transmittal of gas  samples  tha t  contain ppm leve ls  
of H,O from the  source  t o  the  detector require the  
use  of a heated all-metal sampling valve. Such 
a valve was  designed and constructed; it is s i m i l a r  
to  t he  conventional Phi l l ips  pneumatically actuated 
six-way diaphragm valve (Fig.  3.3). The  Teflon 
diaphragm was  replaced by a 1-mil-thick Inconel 
diaphragm, which contac ts  and seals the  redesigned 
entry orifices (Fig. 3.4). With th i s  metal diaphragm 
a space r  is required to permit the  flow of gas  with- 
out excess ive  back pressure.  Spacers  made from 
2-mil-thick gold were needed to give a leak-tight 
seal between the  diaphragm and the  valve faces. 

T h e  problem of radioactive samples  and the  

The  gold was  annealed at 150O0F and, after ins ta l -  
lation in the  valve,  was  subjected t o  32,000-lb 
pressure.  P res su re  maintained by the  assembly 
screws  was  sufficient for retaining th i s  seal. 

Helium-ionization-type detectors are sens i t ive  
to  sub-ppm leve l s  of permanent gases .  A helium 
breakdown-voltage detector w a s  used on the MTR 
Capsule  T e s t  Fac i l i ty  (Test 47-6)., It  was not 
affected by the radiation f rom the  g a s  samples,  
possibly because  relatively high current leve ls  
(microamperes) are used with it.  A constant-  
current power supply is used with th i s  detector. 
A decrease  in breakdown voltage, rather than an 
increase  in ionization current, ind ica tes  an in- 
c r ease  in the  e lec t r ica l  conductivity of the  gas.  
The  breakdown voltage of pure helium w a s  about 
500 v and was  decreased  -50 v by impurity of 
1-ppm concentration. The  minimum detec tab le  
l imi t  is controlled primarily by the  noise  leve l  
but under optimum conditions is t l  ppb. 

In previous attempts to improve the stabil i ty 
of the detector discharge,  e lec t rodes  of various 
radii were used ,  the  anode and dathode being in 
a concentric arrangement. In th i s  early model of 
the detector, which was  contained ins ide  a Swagelok 
tube fitting, it was  impossible to  observe the 
helium discharge.  A t e s t  detector was  therefore 
constructed tha t  h a s  a g l a s s  body with Kovar-seal 
tube connect ions through which the  e lec t rodes  a re  
mounted. The  t i p s  of these  electrodes (Fig. 3.5) 
are removable, which allows the  tes t ing  of elec- 
trodes of various shapes  and spacings.  The  
effects on the helium discharge can  b e  observed 
through the  g lass .  Tests with th i s  detector indi- 
cate that a minimum noise leve l  is obtained with 
a smooth glow discharge on the  anode probe. 
Maximum sens i t iv i ty  d ic ta tes  the  use  of very 
pure helium carr ier  gas ,  but an excess ive ly  high 
purity a l s o  c a u s e s  sparking or arcing in the  helium 
discharge. T h e  addition of mercury vapor by the 
presence of a small source  of the  metal in the  t ip  
of the  anode s tab i l ized  the  discharge.  The  more 
practical solution of adding a contaminant by a 
controllable g a s  flow is being tes ted .  T h i s  ap- 
proach is a l s o  a poss ib le  method for adding larger 
amounts of contaminant t o  allow the detector to 
operate in the less sens i t ive  mode i f  i t  should 
ever b e  necessary  to  determine high leve ls  of 
impurities in the  blanket-gas samples.  

4ctReactor Off-Gas Analysis," MSR Program Semiann. 
Progr. Rept.  July 31,  1964, ORNL-3708, p. 328. 
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3.2 ANALYTICAL METHODS FOR THE IN-LINE 
ANALYSIS OF MOLTEN FLUORIDE SALTS 

3.2.a In-Line Test Facility 

J. M. Dale  R. F. Apple 
A. S. Meyer 

Design work h a s  been continuing with the as- 
s i s t ance  of J. H. Evans '  on the  experimental 
molten-salt test loop that will  be  used  to  eva lua te  
electrometric, spectrophotometric, and transpiration 

'Equipment Design Section, General Engineering 
Division. 

methods for the  ana lys i s  of flowing molten-salt 
streams. 
as capi l la r ies ,  orifices,  and f reeze  valves will 
a l s o  be tested.  Figure 3.6 is a schematic  flow 
diagram of the  proposed t e s t  loop. T h e  first  
drafts of t h e  engineering drawings have  been 
completed; it is planned to soon s t a r t  construction 
of the various components of the system. 

T h e  operation of flow equipment such  

3.2.b Electromotive Force (EMF) Measurements 
on the Nickel-Nickel(l1) Couple 

in Molten Fluorides 

H. W. Jenkins '  D. L. Manning 
Gleb Mamantov' 

Potentiometric measurements on concentration- 
type cells were conducted to  eva lua te  the useful- 
n e s s  of the  Ni-Ni2+ couple as a reference electrode 
for fluoride me l t s .  T h e  experiments were  conducted 
in a small vacuum dry box (24 in. long, 20 in. deep, 
15 in. high) outfitted with a furnace, vacuum and 
controlled-atmosphere fac i l i t i es ,  and a moisture 
monitor. T h e  me l t  (-400 ml)  is contained in a 
graphite cell. T h e  inner-electrode compartment 
cons i s t s  of a nickel electrode in contact with a 
m e l t  of fixed N i 2 +  concentration contained in a 
thin-walled boron nitride thimble. From the  
equation 

RT 'Nil 

A E = -  1% x- 
2.3nF N i 2  

(3.4) 

and f rom plots of A E  v s  log X N i 2 ,  it was  demon- 

strated tha t  the  Ni-Ni2 + couple  exhibits Nernstian 
behavior a t  500OC. Experiments were conducted 
in which the  N i 2 +  concentration (XNi ) was varied 

from about lo-' to  l o d 3  mole fraction in molten 
LiF-BeF2-ZrF,  (65.6-29.4-5.0 mole %) and a l s o  in  
molten LiF-NaF-KF (46.5-11.5-42.0 mole %). From 
the standpoint of Nernstian reversibility, therefore, 

2 

6R. F. Apple, J. M. Dale, A. S. Meyer, and J. P. 
Young, "Analytical Methods for the In-Line Analysis 
of Molten Fluoride Salts," Anal.  Chem. Div. Ann. 
Progr. Rept.  Oct. 31, 1966, ORNL-4039, p. 18. 

'ORAU Graduate Fellow from the University of 
Tennessee ,  Knoxville. 

'Consultant; Assoc ia te  Professor of Chemistry, 
University of Tennessee ,  Knoxville. 
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Fig. 3.6. Schematic Flaw Diagram of an Experimental Malten-Salt Test Loop. 

3.2.c Electroreduction of Uranium(1V) 
in Molten L i F - B e F , - Z r F ,  a t  Fast  Scan Rates 

and Short Transition Times 

the Ni-Ni2 ’ couple  appears to b e  a good choice  for 
a reference electrode for molten-fluoride environ- 
ments. 

encouraging. For  a run in molten. LiF-NaF-KF,  D. L. Manning Gleb Mamantov’ 
the e m f  was  constanti to  within +2 mv over a two- 
week period. T h e s e  s tud ie s  are continuing, and 
s tud ie s  of the  s tab i l i ty  over longer periods are 
planned. 

So far the resu l t s  of s tab i l i ty  s tud ie s  a re  

Controlled-potential voltammetric and chrono- 
potentiometric s tud ie s  were carried out  on the  
reduction of U(1V) in molten LiF-BeF 2-ZrF, 



25 

(65.6-29.4-5.0 m o l e  So). T h e  controlled-potential 
controlled-current cycl ic  voltammeter used w a s  
constructed by T. R. Mueller.9 In the  controlled- 
potential  mode, s c a n  rates from 0.005 to 500 v/sec  
are avai lable ,  and cell currents as large a s  100 
m a  can  b e  measured. In the control ledcurrent  
mode, currents in the  range from a. few microamperes 
to  100 m a  can  be passed  through the  cell. T h e  
built-in t i m e  b a s e  permits transit ion t i m e s  from 4 
m s e c  to 400 sec to be measured. T h e  instrument 
can  also be operated in a potential-step mode for 
chronoamperometric experiments. Readout of the 
curves  is accomplished with a Tektronix type 
549 s torage osci l loscope.  

In molten LiF-BeF,-ZrF, a t  500°C, the 
U(1V) -t U(II1) reduction occurs  a t  about - 1.2 
v v s  a platinum quasi-reference electrode. At 
s c a n  rates from -0.02 to  -1 v/sec ,  the peak 
current (i ) obeys the Randles-Sevcik equation, 
that is, the peak current is proportional t o  the 
concentration of U(1V) and a l s o  to  t h e  square root 
of the  rate  of voltage s c a n  (v1l2) .  T h e  diffusion 
coefficient for U(IV) at soooc is -2 x 
cm2/sec. At  faster s c a n  rates ,  however, the ip 
v s  v l / ’  plots  frequently exhibit  upward curva- 
ture, particularly at platinum and platinum-rhodium 
indicator e lectrodes.  I t  appears  that this  devia- 
tion from the Randles-Sevcik equation is caused,  
in part, by adsorption of U(1V) on the  surface of 
the electrode. Correction for the adsorption was 
made by plott ing i /vl”. T h e  s lope  reflects 
adsorption effects ,  and the intercept contains  the  
Faradaic  term. T h e  diffusion coefficient calculated 
from the intercept was in  good agreement with the 
value from the  linear i v s  v l / ’  plots. 

In chronopotentiometry, adsorption of reactant  
c a u s e s  the  i 0T1”  product, where i o  = current 
density,  amp/cm ’, t o  increase  as transit ion 
t i m e  T decreases;  t h i s  effect was observed for 
U(IV) at short  transit ion times ( < l o 0  msec). In 
general ,  the  potential-time t races  were not a s  
well  defined as the voltammograms; however, 
reasonably precise  transit ion t i m e s  could be 
establ ished.  Approximate corrections for adsorp- 
tion were made according t o  the  method of 
Tatwawadi and Bard. T h e  diffusion coefficient 

P 

P 

P 

’ h a l y t i c a l  Instrumentation Group. 

‘OS. V. Tatwawadi and A. J. Bard, “Chronopotentio- 
metric Measurement of Adsorption. Riboflavin on a 
Mercury Electrode,” Anal. Chem. 36, 2 (1964). 

calculated from chronopotentiometric da ta  w a s  in  
agreement with the  voltammetric value. 

It is concluded that  the U(1V) -t U(II1) reduction 
in molten LiF-BeF,-ZrF, is a reversible one- 
electron process .  However, for the  ana lyses  of 
voltammograms at f a s t  ra tes  of voltage scan or 
of potential-time curves at short  transit ion t imes ,  
adsorption phenomena could be pronounced and 
must b e  taken into account. 

3.2.d Spectrophotometric Studies 
of Mo I t en- Sal t Sy st ems 

J. P. Young 

Spectrophotometer for Hot-Cell  Use. - It  is 
planned to ins ta l l  a spectrophotometer having an  
extended opt ical  path that  is integral with a hot 
cell. T h e  path will project into and out of the  
cell so that  absorption spec t ra  of extremely radio- 
act ive materials c a n  be obtained routinely. T h e  
facility will be s i m i l a r  to tha t  proposed for the 
continuous spectrophotometric determination of 
U(II1) in  the circulat ing fue l  salt of a Molten-Salt 
Breeder Reactor.  l 1  It will b e  possible  to  u s e  both 
windowed and windowless cells. Experience 
gained with th i s  faci l i ty  will be applicable to  the  
reactor instal la t ion.  T h e  arrangement of the com- 
ponents to  provide the extended path is being 
determined. Equipment and engineering funds have 
been approved for the  design, purchase,  and instal-  
lation of all components in  the  cell facility. T h e  
bas ic  spectrophotometer (Cary model 14H) h a s  been 
ordered. 

Molten Fluoride Salts. - T h e  spectra  of U(II1) and 
U(1V) in  molten 2L iF-BeF2 ,  L iF -BeF  ,-ZrF,, and 
LiF-NaF-KF were obtained a t  temperatures up to  
54OOC over the  wavelength range 200 to  2400 nm. 
From a comparison of t h e s e  spec t ra  with those  
obtained in other molten-salt sys t ems  and in  
aqueous sys tems,  the coordination number of the 
uranium s p e c i e s  in  the molten-fluoride media 
studied is thought t o  b e  8 or 9. It  was not pos- 
s i b l e  to obtain chemically a solution of U(II1) free 
of U(1V). Under the experimental conditions 
s tudied,  U(1II) reacts with alkali-metal f luorides 

Spectra of Uranium(ll1) and Uranium(lV) in 

““Spectrophotometric Studies of MoltenSalt Reactor 
Fuels ,”  MSR Program Semiann. Progr. Rept.  Aug. 31 ,  
1965, ORNL-3872, p. 145. 
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to form small amounts of a lka l i  metals. A paper 
on th i s  work w a s  published. ’ 

Compatibility of Silicon Dioxide with Molten 
Fluoride Salts. - C. F. Baes ,  Jr . ,13 pointed out  
that, according to  the  thermodynamics of chemical  
reactions,  molten fluoride salts such  as 2LiF-BeF2 
should be  compatible with SiO, in  a s t a t i c  sys tem 
that contains e x c e s s  SiF, at temperatures up to 
-lOOO°K. In collaboration with C. F. Baes ,  Jr., 
and C. E. Bamberger, ’ experimental da t a  were 
obtained tha t  support t h i s  postulate.  Such 
variables as m e l t  composition and temperature 
affect t he  equilibrium products. Dissolved 0,- 
and SiF ,  probably are involved in  t h e  overall 
reaction with SiO, and can  reac t  with components 
in the  melt. 

From the  constancy of the  absorbance of U(1V) 
at 640  and 1090 nm, the  U(IV) concentrations of 
m e l t s  held in  SiO, containers under S iF ,  pressure 
a t  400 mm remained constant,  within experimental 
error, for at least 4 8  hr. During longer periods 
(up to one week) the  net absorbance of U(IV) did 
not change,  but the SiO, container became etched 
and thus  caused  a sh i f t  in the  absorbance of the  
blank. Since UO, is more insoluble in molten 
2LiF-BeF2 than is BeO, U(1V) was  used  as a n  
“internal indicator” to measure any increase  in 
0,- concentration. T h e  fact tha t  the  U(1V) con- 
centration did not dec rease  infers tha t  the m e l t  
did not react with the  container.  T h e  c a u s e  of 
the etching of the  container is not completely 
understood but may b e  the  reaction of gaseous  
or dissolved SiF ,  with SiO, to promote devitrifica- 
tion. T h e  abil i ty to contain LiF-BeF,  melts in 
silica cells h a s  permitted the  molar absorptivit ies 
( E ’ S )  of U(1V) to b e  calculated more precisely. 
The  E ’ S  of U(1V) in molten 2LiF-BeF2 at 55OOC 
are reported to  be  - 7 and - 14  l i te rs  mole- ’ 
cm-’ a t  640  and 1090 nm respectively.  T h e s e  
values a re  based on the  spec t r a  of melts contained 
in windowless  cells. From measurements i n  
silica cells of known path length, t he  E of U(1V) 
is 7.3 k 0.3 and 14.4 k 0.5 l i te rs  mole-’ c m - ’  
a t  640 and 1090 nm respectively in molten 2LiF- 
BeF ,  at 56OOC. T h e  similarity of t he  windowless- 
and windowed-cell da t a  is evident;  the  improved 
precision of the  la t te r  va lues  is to b e  expected. 

‘,J. P.  Young, “Spectra of Uranium(1V) and Ura- 
nium(II1) in Molten Fluorlde Solvents,” Znorg. Chem. 6, 
1486 (1967). 

13Reactor Chemistry Division. 

Table 3.3. .Effect of Temperature on the E ’ s  

of U(IV) in Molten 2LiF-BeFp 

Temperature E (l iters mole-’ cm-’1 

(OC) At 6 4 0  nm At 1090 nm 

498 8.0 16.4 
560 7 . 3  14.4 
650  6.2 13.8 
698  5.7 12.9 

Also, t he  effect of temperature on the  E of 
U(IV) at seve ra l  wavelengths  in 2L iF-BeF2  was  
studied in  silica cells; Tab le  3.3 gives  the  resu l t s .  

Lithium Fluoride-Beryllium Fluoride. - In further 
work with C. E. Bamberger, ’ it was  demonstrated 
spectrophotometrically that t he  solubili ty of Cr(II1) 
in 2LiF-BeF , a t  550°C is relatively high (> 0.4 
mole ’3%). T h e  m e l t s  were contained in silica cells. 
The  E of Cr(II1) at 690 nm was  ca lcu la ted  to b e  
6.6 l i te rs  mole-’ cm-’ .  P e a k s  a l s o  occur a t  442 
and 302 nm; the  E’S of Cr(II1) a t  t hese  wavelengths  
are - 10 liters mole- ’ cm-  ’. 
Lithium Fluoride-Beryllium Fluoride. - A study 
of t he  spectrum of U(V1) in  molten fluoride salts 
was begun in collaboration with G. I. Cathers,  l 4  

who furnished the  so lu te  Na,UF,. It should be  
poss ib le  to  determine the solubili ty of U(V1) in 
such  solutions.  T h e  container material  for molten- 
s a l t  so lu t ions  of U(V1) must b e  inert  to oxidation. 
Sil ica is unsatisfactory,  because  the  spectrum of 
Na ,UF , tha t  was  d isso lved  in  2LiF-BeF , under 
S iF ,  overpressure in a silica cell is ident ica l  
with tha t  of UO,F, d i sso lved  under similar 
conditions. Apparently, the melt contained enough 
oxide t o  c a u s e  the  formation of UO, +. At 550°C 
the d isso lved  s p e c i e s  exhibited an  absorption peak 
a t  419 nm and the  foot of a strong absorption peak 
in the ultraviolet  region tha t  had a shoulder at 310  
nm. T h e  spectrum generally corresponds very well 
to  tha t  reported for UO , + in aqueous HClO,. ’ 9 ’ 

Spectral Studies of Chromium(ll1) in  Molten 

Spectral Studies of Uranium(V1) in  Molten 

‘,Chemical Technology Division. 
15J. T. Be l l  and R. E. Biggers,  “The Absorption 

Spectrum of the Uranyl Ion in Perchlorate Media: Part . 
II. The Ef fec t s  of Hydrolysis on the Resolved Spectral 
Bands,” J .  Mol. Spectry. 22, 262 (1967). 

16J. T. Bel l  and R. E. Biggers,  “The Absorption 
Spectrum of the Uranyl Ion in Perchlorate Media. Part 
III. Resolution of the Ultraviolet Band Structure,” 
submitted for publication in the Journal of Molecular 
Spectroscopy. 

. 
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Si mu I taneou s E lectrochem i cal Generation and 
Spectrophotometric Study of Solutes in%Molten 
Fluoride Salts. - In collaboration with F. L. 
Whiting' 
which so lu te  spec ie s  of in te res t  a re  generated 
electrochemically in a molten salt while t he  
spec t ra  of the  spec ie s  in the  vicinity of the  
electrode are obtained simultaneously. Such 
s tud ie s  will  be  confined to  fluoride melts. T h e  
technique should permit the formation and d i rec t  
identification of unusual  and perhaps unstable 

and G. Mamantov,' work was  begun in 

so lu te  spec ies .  T h e  novel feature of th i s  electro- 
optical  study is the  abil i ty t o  observe only t h e  
region adjacent to  the  generating electrode. 

To demonstrate the  technique, U(II1) was  
generated and observed spectrally in molten LiF- 
BeF,-ZrF, tha t  contained U(1V). In a modified 
captive-liquid cell ' * equipped with a three-wire 
electrode system, a solution of 2 wt % U(1V) in 
molten LiF-BeF ,-ZrF at 54OOC was  maintained 
at a potential sufficient to c a u s e  the  reduction o f .  
U(1V) to U(II1) at a working electrode of 0.1-cm' 
area. About 0.75 microequivalent of U(II1) was  
generated; it was  poss ib le  t o  observe spectro- 
photometrically as l i t t l e  as 0.4 microequivalent of 
U(II1). By spec t ra l  observation a t  360 nm during 
intermittent e lec t ro lys i s ,  t he  formation, diffusion, 
and reoxidation of U(II1) could b e  followed 
readily. A note on th i s  work was  published. l 9  

Apparatus was  designed tha t  permits further 
s tud ie s  in either windowless or silica cells in  , 
which the  light beam is masked to  an area slightly 
larger than the  generating electrode. Under the  
experimental conditions used ,  large cathodic 
currents result  when SiF,  at atmospheric pressure 
is present over the  mel t .  T h e  presence  of SiF,  
does  not affect anodic voltammograms. T h e  reason 
for t h i s  behavior is not understood. However, 
s i n c e  SiF,  is a product of the  reaction of fluoride 
salts with SiO,, t hese  resu l t s  indicate that silica 
containers are useful for the  generation and spec-  
tral s tudy  of only oxidized so lu te  spec ie s .  

3.3 FUEL PROCESSING 

3.3.a Determination of Hydrocarbon 
Content of Steam 

C. M. Boyd 

In the production of UO, microspheres by the  
Sol-Gel P rocess ,  an  important s t e p  is the removal 

of carbonaceous impurities by treatment with 
steam. T h e  Reactor Chemistry Division desired a 
method for the continuous determination of the  
hydrocarbon content of the steam from t e s t s  on th i s  
procedure. A dilution system was  designed and 
constructed for sampling th i s  steam and pass ing  
it through a Beckman model 109 total hydrocarbon 
analyzer. T h i s  analyzer, which conta ins  a flame- 
ionization detector, h a s  a maximum full-scale 
sensit ivity of 1 k 0.1 ppm. At th i s  sens i t iv i ty  the  
output s igna l  w a s  attenuated so  tha t  a 2000-ppm 
CH4 standard could be  used directly for calibra- 
tion. Since the  steam will b e  at atmospheric pres- 
sure,  i t  must be  drawn into the analyzer and com- 
pressed by a sampling pump. To prevent condensa- 
tion of the  steam, the  system of va lves  and flow 
capi l la r ies  was  maintained a t  110OC. It was  pos- 
s ib l e  t o  take a s team sample at a known flow and 
to dilute it 20- or 50-fold with air  to  obtain a s a m -  
ple tha t  was  unsaturated with water vapor at room 
temperature. Provisions were made for checking 
th i s  dilution by the  addition of a more concentrated 
CH, standard to the  steam; t e s t s  indicated tha t  a 
dilution error as smal l  as k5% was  possible.  T h i s  
technique of adding a standard to  the s team before 
dilution permits the  calculation of to ta l  evolved 
hydrocarbons rather than hydrocarbon concentration 
only. The  system h a s  been used to monitor the  
hydrocarbon content of s team from the  decarbona- 
tion of various UO, samples  as a function of t e m -  
perature and time. 

3.3.b In-L ine Analysis of the Components 
of Gases from the Fluidized-Bed 

Volati l i ty P i lo t  P lant  

W. F. P e e d 2 '  D. R .  Anderson21 
A. S. Meyer 

An interhalogen process had been chosen  for t h e  
se lec t ive  volati l ization of uranium from plutonium 

"IStudent Guest  from the  Department of Chemistry, 
University of Tennessee,  Knoxville. 

"J. P. Young, "Windowless Spectrophotometric 
Cell  for U s e  with Corrosive Liquids," Anal.  Chem. 
36, 390 (1964). 

"J. P. Young, G. Mamantov, and F. L. Whiting, 
"Simultaneous Voltammetric Generation of U(II1) and 
Spectrophotometric Observation of the U(II1)-U(1V) 
System in Molten Lithium Fluoride-Beryllium Fluoride- 
Zirconium Fluoride," J. P h y s .  Chem. 71, 782 (1967). 

"On loan from Thermonuclear Division. 
'ORAU Student Trainee from Elizabethtown College,  

Elizabethtown, Pa. 

. 
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in the  Fluidized-Bed Volatility Process .  T h e  
uranium, d ispersed  in a fluidized alumina bed as 
U,O,, is converted to  volati le UF, by treatment 
with BrF,  a t  450OC. Subsequently the  plutonium 
is volatilized by treatment with fluorine. Since 
the  BrF,  was  t o  be  regenerated and recycled, an 
in-line method was  needed to  monitor the  concen- 
tration of reagent reduction products, BrF ,  and 
Brz,  in the effluent from the fluidized-bed reactor. 
Th i s  s t ream would a l s o  be  expected to  contain 
CF, ,  SF,, HF ,  COF,, reagent contaminants, and 
volati le f i s s ion  products such  as MoF,. 

A general survey of the phys ica l  properties of 
these  s t ream components indicated that,  except  for 
the spectrophotometric measurement of Br *, no 
direct  determinations would b e  practical  without 
preliminary separations.  Therefore, gas  chro- 
matography was se lec ted .  A Greenbrier laboratory 
chromatograph was  used tha t  had been modified by 
the installation of a Teflon-plug sampling valve,  a 
Gow-Mac gas-density detector,  and a heated flow 
system t o  permit t he  u s e  of Freon-114 (1,2- 
dichlorotetrafluoroethane) as a carrier. Freon-1 14  
was se l ec t ed  to suppress  the  s igna l  of the  major 
component, BrF  ,, by virtue of their comparable 
dens i t ies .  A sys tem was  constructed for the  
preparation of calibration s tandards  by sa tura t ing  
helium with each  of t he  interhalogen compounds 
and UF,. 

Screening tests of column packing materials were 
run with relatively s m a l l  columns (7-ft by ‘/,-in.-OD 
nickel tubing) to more rapidly obtain results.  In 
all c a s e s  Kel-F-10 o i l  was  used as a subs t ra te  at 
loadings from 5 to 50% and at temperatures of 55 
and 80OC. Columns packed with Teflon-6 a s  sup- 
port material exhibited excess ive  tail ing,  particularly 
for the UF, peaks,  apparently as a resu l t  of absorp- 
tion of the so lu te  by the  support. It was  calculated 
that large columns (about 20  ft by 2 in.) would b e  
required and tha t  ana lys i s  t i m e  would exceed 1 hr, 
a period unacceptable  for process  ana lys i s .  

Since alumina is not attacked rapidly by t h e  
halogenating reagent even  at pilot-plant tempera- 
tures,  at tempts were made to  u s e  alumina a s  a 
support material. With Alcoa T-60 alumina, a 
moderately high-fired material used in  the  fluidized- 
bed reactor, the  tail ing was  reduced substantially,  
and, surprisingly, relatively brief interhalogen 
pretreatments were required for column condition- 
ing. With a 10% Kel-F loading, which was  the  
most favorable concentration, elution t i m e s  (min) 
from a 7-ft column at 80°C and a carrier flow of 

10 ml/min were: BrF, ,  6.5; BrF,, 9.5; Br,, 9.5; 
and UF,, 12.5. No  d iscern ib le  resolution between 
Br, and BrF,  was  obtained under any of the  con- 
dit ions tested.  Attempts to u s e  various grades of 
activated alumina were unsuccessfu l ,  because  
the  interhalogens and uranium were not eluted even  
after repeated treatments with ClF, .  

Theoretically i t  is poss ib le  t o  completely sup- 
press  t he  s igna l  from BrF,  by using a mixed car- 
rier of accurately matching dens i ty  and thus  to 
permit t he  desired measurement of Br, i n  the  
presence of BrF,. Mixtures of Freon-114 and 
Freon-318 (octafluorocyclobutane) would b e  
suitable.  

Although complete resolution was  not demon- 
s t ra ted  in  t h i s  study, extrapolations indicate tha t  
it might be  poss ib le  t o  obtain sa t i s fac tory  ana lyses  
within an acceptab le  period (15 to  20  min) by 
using 20-ft columns packed with alumina-supported 
Kel-F oil and operated above 100OC. T h i s  study 
was  terminated when construction of the  Fluidized- 
Bed Volatility Pilot P lan t  was  discontinued. 

3.4 NUCLEAR SAFETY 

3.4.a Analysis of Purge Gas from In-Pile Tests 
of Reactor Fuel Elements 

W. F. P e e d z 0  R. F. Apple 
A. S. Meyer 

T h e  des ign  of an analytical  sys tem” for t he  in- 
l ine ana lys i s  of the  gases  generated by in-pile. 
tests of fuel e lements  h a s  been changed to in- 
corporate a residual-gas analyzer (RGA). T h e  
Analytical Chemistry Division is as s i s t i ng  the  
Reactor Chemistry Division in the  des ign  of an 
RGA sys tem and in  the procurement of components. 
T h e  subs t ances  to be  determined include H,, 0,, 
N,, H,O, CO,, inert gases ,  f i s s ion  products, and 
other poss ib le  components, such  as organoiodine 
compounds, tha t  are produced when fuel-element 
specimens are purged in-pile with moist inert  
gases  or with dry or moist air. Requirements for 
frequency of ana lyses  will  vary from severa l  per 
minute for a 5-min meltdown experiment to only 
occas iona l  ana lyses  during s teady-s ta te  exposure 
of graphite-matrix GCR-type elements  to an  

22R. F. Apple and A. S. Meyer, “Analysis  of Purge 
Gas from In-Pile Meltdown Experiments,” Anal.  Chem. 
Div. Ann. Pro&. Rept. Oct. 31, 1966, ORNL-4039, 
p. 24. 

. 
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atmosphere of moist helium. Concentrations will  
range from low-ppm to  percentages. 

originally planned combination of different analytical  
transducers,  each  of which responds continuously 
to a s ingle  component of the sample. T h e  subs t i -  
tution of the  RGA will  permit the  measurement of 
more components over greater ranges of concen- 
trations and a t  an acceptab le  ana lys i s  frequency. 
It will  be  necessary  to make a separa te  determina- 
tion of CO with a process infrared analyzer 
(Beckman model 315), because  the  parent peaks  
of CO and N, a re  not resolved in mass  spectra.  

T h e  infrared analyzer h a s  been  ins ta l led  in the  
gas-sampling hood at the  ORR. Absorption cells 
and detector units have  been calibrated to  provide 
full-scale responses  in  the  range 250 ppm to 25% 
CO. A gas-sampling technique was developed 
to transfer samples  from a simulated reactor con- 
tainment ves se l  at reduced pressure to the  
analyzer, and then t o  compress the sample to  
atmospheric pressure for absorption measurements. 
T h i s  technique was  used to  determine gas  mixing 
ra tes  for in-pile meltdown experiments. When CO 
was  injected in to  air at 100°C to simulate an air  
burnup t e s t ,  the  concentrations were within 1% 
of those  calculated for instantaneous mixing, even  
when the  injection ra te  was  reduced to one-half the  
designed flow. Similar resu l t s  were obtained for 
injections into unheated air. When in jec t ions  were 
made in to  unheated argon, however, t he  injected 
gas  stratif ied with the  upper layer enriched in CO. 
Mixing occurred within a 5-min interval after one of 
the hea ters  had been turned on. Actual  tests car- 
ried out with irradiated gases  from a n  in-pile ex- 
periment showed tha t  the instrument is not affected 
by radiation. T h e  manifold in the  lead-shielded 
gas-sampling hood at the  ORR was  modified so tha t  
the  absorption cell of the analyzer c a n  b e  evacuated 
and connected either to the reactor containment 
ves se l  or to an  evacuable  2-liter container. With 
th i s  arrangement a calibrating mixture of radioactive 
ves se l  gas  and CO was  prepared and transferred 
to the  infrared cell. A comparison of these  resu l t s  
with those  previously obtained for CO in  nonradio- 
ac t ive  gas  showed tha t  the measurement of CO is 
not affected by radiation at the  maximum anticipated 
level. 

T h e  analyzer h a s  a l so  been used throughout two 
GCR-type experiments of about one-week duration 

In th i s  application the  RGA will  replace the  

each  to  record CO concentrations in the  range 1000 
to 2000 ppm. 

To adapt the  RGA t o  the  continuous monitoring 
of the  purge gas ,  a s m a l l  fraction of t he  effluent 
stream will b e  bled at about 1 to 10 torrs into an 
intermediate-pressure system located in a shielded 
hood at the  ORR. By way of a capillary, a con- 
tinuous sample will b e  withdrawn from the  inter- 
mediate-pressure sys tem and injected into the  
ionizer sec t ion  of the RGA, which is t o  be  located 
in an  oven outs ide  the  hood. Since the  pressure 
in the  analyzer will  b e  of t he  order of torr, 
no hazardous quantity of radioactive gases  will 
be present ou ts ide  the  shielded area. The  vacuum 
system, which includes a mechanical pump for t he  
intermediate-pressure region, a differential ion 
pump for the  RGA, and severa l  isolation valves,  
will b e  completely contained within the  sampling 
hood. 

Criteria considered in  the  se lec t ion  of the com-  
ponents of an RGA system included compactness  
of the  vacuum sys tem with fail-safe interlocks to  
prevent t h e  buildup of activity during a power 
failure and an  RGA of adequate  sens i t iv i ty ,  
resolution, and stabil i ty.  

A quadrupole RGA was  borrowed from the  Ultek 
Division of the  Perkin-Elmer Corporation and was  
tes ted  in  our laboratories on an  approximate mock- 
up of the  proposed gas-inlet system. Although it 
was  not poss ib le  to  obtain sens i t iv i t ies  below 100 
ppm because  of an inadequate  pumping system and 
severe  contamination of the  instrument (a demon- 
strator), t he  equipment proved remarkably s t a b l e  
and reproducible. Also, t he  sens i t iv i ty  improved 
throughout t he  limited period of t hese  tests as 
s t e p s  were taken to  reduce the  background from 
adsorbed gases .  It appears that  the RGA will 
function in th i s  application within the  specified 
1-ppm sens i t iv i ty .  It is anticipated tha t  by u s e  of 
a picoammeter and a two-pen recorder, both of 
which a re  available commercially, the  operation 
of the  RGA can  be  centralized in the  control room 
rather than operated remotely on the  reactor 
balcony. By su i tab le  choice of electrometer out- 
put and recorder sensit ivity,  a dynamic range in 
recording of more than 1000 c a n  b e  achieved with- 
out changing the  sens i t iv i ty  of the  picoammeter. 

Specifications for the  components of t h i s  system 
have, therefore, been written and submitted for 
bids. 
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3.4. b Gas Chromatographic Determination 
of Volat i le  Air Pollutants 

A. D. Horton A. S. Meyer 

In the vicinity of ORNL, samples  of a i r  were 
from the secondary containment of collected 

each  reactor, the  Nuclear Safety Pilot Plant ,  various 
locations external to research buildings,  and the 
Clark Center Recreat ion Park.  

Samples of air  and of charcoal  were received 
from the  blower inlet  and the primary containment 
of the CVTR in Columbia, South Carolina. T h e s e  
samples  were taken by employees of the Phi l l ips  
Petroleum Company, who followed ORNL analyt ical  
chemistry procedures and used equipment that was  
developed, fabricated,  and pretested by th i s  lab- 
oratory. T h e  cooperative program with Phi l l ips  
is expected to continue at an  accelerated pace  
during the coming year. Several  reactor-containment 
systems in  different loca l i t i es  are  to  b e  sampled. 

Analysis  of the volat i le  hydrocarbons in  t h e s e  
samples  by gas chromatography g ives  the  concen- 
tration of cer ta in  classes of organic compounds, 

namely unsaturated and/or oxygenated compounds 
that a r e  most likely to  form volat i le  organic iodides  
with f i ss ion  product iodine. T h e s e  volatile iodides  
are  very difficult to  remove from reactor-containment 
air. 

Volat i le  organic compounds from 2.5 l i t e rs  of a i r  
were trapped, 2 3  and the conten ts  of the  trap were 
swept  onto a 9-ft by ?,-in. column tha t  contained 
20 wt % s i l icone  550 on 60- to 80-mesh Afiakrom 
ABS. Total hydrocarbons were determined by u s e  
of the flame-ionization detector .  Unsaturated 
hydrocarbons were determined on the s a m e  column 
by subtract ing from t h e  total  hydrocarbons the  
hydrocarbons that pas sed  through a mercuric 
perchlorate olefin absorber. Oxygenated hydro- 
carbons were determined, a l s o  on the  s i l i cone  
550 column, by subtract ing the hydrocarbons that  

23A. D. Horton, “Determination of Organic Pollutants 
in Air,” Anal.  Chern. Div.  Ann. Progr. Rept.  Oct. 31, 
1966, ORNL-4039, p. 24. 

24R. L. Martin, “Determination of Hydrocarbon Types  
in Gasoline by Gas Chromatography,” Anal.  Chern. 
34, 896 (1962). 

Table 3.4. Results of Gas Chromotogrophic Determination 

of Volot i le  Organic Air Pol lutants 

, Hydrocarbon Concentration a s  CH, Equivalenta (vol ppm) Location 
of Sample Total Total Unsaturated Total Oxygenated 

Outside entrance 2.782 2.548 b 

to W corridor, 
Bldg. 4500s  

E loading dock, 1.760 1.613 b 

NSPP 10.690 10.380 9.650 
ORR 7.500 7.140 7.400 
MSRE 5.500 5.150 2.900 
BSR 1.247 1.185 0.749 

Bldg. 4500s  

HFIR 0.330 0.230 0.100 

HPRR 0.213 0.146 0.067 

Clark Center 0.188 0.139 0.087 

Recreation 
Park 

CVTR, Columbia, S.C. 
Primary containment 54.300 47.900 37.300 

Blower inlet  22.900 2.900 C 

aMinimum detectable,  1 ppm. 
bProcedure not available when this sample was  taken. 
‘Insufficient sample. 
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Table 3.5. Identifiable Volatile Organic Air Pollutants 

\ 
Pollutant  Concentration a s  CH, Equivalent (vol ppb) 

W E Loading CVTR 
Primary Blower Poilu tan t a Corridor, Dock, NSPP ORR MSRE BSR HFIR H P R R ~  ‘larkcenter 

Inlet Recreation Park Containment Bldg. 4500s Bldg. 4500s 

MethaneC 230 2 10 47 20 42 56 39 45 36 1 9 

Ethylene 1 70 3 3 2 3 2 < 1  <1 14 2 
Ethane 21  11 3 2 4 7 2 1 1 14 

Propane (1 1 1 1 4 3 2 1 1 9 6 
Propylene 7 12 <1 1 140 
Isobutane 1 1 2 
n-Bu tane 3 7 3 7 4 1 17 1 1 9 
Butene-1 8 9 
Isobutylene + c i s -  w 

w 

butene-2 
Isopen tane 
n-Pentane 4 
2-Ethylbutene-1 , 

Pen  tene- 1 5 90 
Pentene-2 

(c i s  and trans) 62 190 
+Hexane 18 100 
Hexene-1 160 66 
n-Heptane 14 50 

4 7 2 
1 1 2 

3 
7 

16 6 3 

2 10 

1 14 
2 6 

12 

3 23 2 

8 

1 
<1  

4 

210 
3 

110 2 

2900 3 

3000 770 
~ 

Total  526 815 88 -61 6 3  85  118 -51 cu 46 6398 815 

acornpounds l is ted in order of elution from the column. 
bNo personnel in building - reactor had not operated for three weeks. 
‘Methane is not completely trapped by liquid nitrogen. 
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Table 3.6. Total Hydrocarbons in Charcoal Traps o f  the CVTR 

Cn Paraffins Hydrocarbon Content (wt SO) . 

Blower Inleta Primary Containment May Pack of 
Corresponding 

Boiling 
Range TOP Middle Bottom TOP Middle Bottom 

Run la  Run 2‘ Single 
Fi l ter  

0.18 

0.85 

0.72 

0.81 

0.73 

0.17 

0.03 

0.02 

0.04 

0.45 

0.05 

<0.001 

0.02 

0.005 

0.002 

0.001 

0.11 0.90 

0.02 0.14 

0.002 0.32 

<0.001 0.70 

0.04 1.66 

4.09 

1.41 

0.34 

0.17 0.14 

<O. 16 1.00 

0.42 2.04 

3.41 0.77 

0.67 0.02 

0.05 0.01 

0.73 0.02 

0.10 

0.56 

0.81 

0.67 

0.51 

0.10 

0.02 

0.02 

Total  3.51 0.57 0.17 9.56 7.61 4.00 2.79 

eTrap on stream 100 hr; ra te  of flow, 60  ft3/hr. 
‘Trap on stream 1500 hr; rate of flow 6 0  f t3/hr .  

passed through a 1% solut ion of NaHSO 
total hydrocarbons. Identifiable hydrocarbons 
were determined by u s e  of an 8-ft by $-in. column 
that contained 3 wt % squalane  on 30- to 60-mesh 
medium-activity silica gel. 

ple  by heat ing it to 4OOOC in the  Honaker-Horton 
pyrolyzer’ and sweeping the volat i le  components 
onto t h e  s i l i cone  550 column. Total hydrocarbons 
in  each of the boiling ranges tha t  correspond to 
the boiling points of t h e  normal paraffins were 
determined. 

Tab le  3.4 lists the  resu l t s  of the determinations 
of total, unsaturated,  and oxygenated hydrocarbons; 
identifiable hydrocarbons are l i s ted  in  Tab le  3.5. 
Resul t s  for t h e  volat i le  organic compounds in  the  
charcoal  t raps  are  shown i n  T a b l e  3.6. 

from 

Hydrocarbons were expelled from a’ charcoal  sam- 

25C. F. El l is ,  R. F. Kendall, and B. H. Eccleston, 
“Identification of Some Oxygenates in Automobile 
Exhausts  by Combined Gas Liquid Chromatography 
and Infrared Techniques,” Anal. Chem. 37, 511 (1965). 

26C. B. Honaker and A. D. Horton, “A Simple 
Pyrolyzer for U s e  with Gas Chromatography,” J. Gas 
Chromatog. 3, 396 (1965). 

T h e  extent  of contamination of a i r  and of char- 
coal by volat i le  organic compounds depends on the  
environment; t h e  amount wil l  vary from day to  day 
or even from hour to hour. A major factor is the  
number of internal-combustion engines  operating 
in the  vicinity. Open c a n s  of solvent ;  fresh paint; 
the densi ty  of human population; the number and 
intensity of hea t  sources  adjacent  t o  volat i le  or 
e a s i l y  decomposed organic compounds; the  u s e  
of pumps, compressors,  or other oil-filled equip- 
ment; tobacco smoke - all t h e s e  and many unnamed 
sources  contribute to the contamination of t h e  
containment air. T h e  newer buildings,  in  general ,  
are less contaminated than the older ones.  In the 
case of outdoor samples,  t h e  concentration of con- 
taminants is directly proportional to  the  densi ty  of 
automobiles operating in t h e  immediate vicinity of 
the sampling point. Of the samples  taken, tha t  
from the  Clark Center Recreat ion Park contained 
organic contaminants in  lowest  concentration. 
T h i s  sample was  taken as a control and was col- 
lected at  t h e  extreme wes t  end of the park in the 
winter season .  
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4. Special Research and Development Activities 

P. F. Thomason 
W. D. Shults 

A. S. Meyer 
J. M. Dale  

4’.1 CHROMATOGRAPHY 

4.1 .a Gas Chromatography 

Preparative Gas Chromatography (A. D. Horton). 
- A preparative gas  chromatograph manufactured 
by Varian-Aerograph h a s  been in a lmost  contin- 
uous operation s i n c e  February 1967. T h e  work 
with it has  cons is ted  exclusively of the  purifica- 
tion of organic compounds. Benzene,  n-pentane, 
n-hexane, n-heptane, dichloromethane, carbon 
tetrachloride, chloroform, 2-ethylnaphthalene, and 
anil ine have been purified to  > 99.99 mole %. 
Lesser purity (mole %) was  achieved for l-chloro- 
propane (99.96), 1-chloronaphthalene (99,97), n- 
hexylnaphthalene (99.60), and 1,2-dimethylnaph- 
thalene (99.00). The  purity of the reagents sub- 
mitted varied from about 30 to  99.95 mole %; i t  
was a lways  enhapced after the  chromatography. 

The  major factor in obtaining ultrapure com- 
pounds is not the  original purity of t he  compound 
but the proximity of the elution peaks of impuri- 
ties to that of the  parent compound. Figure 4.1 
i l lustrates both the typical problems tha t  make i t  
difficult t o  co l lec t  ultrapure compounds and a 
partial remedy for some of t hese  problems. Ac- 

I A  B 

I \  

cording t o  the manufacturer’s specifications,  the  
turntable tha t  posit ions the sample-collecting 
bottles under the  ex i t  t ip  of the  column is ac- 
tuated by a micro swi tch  a t tached  to  the recorder 
scale. The  micro swi tch  is actuated by the 
pointer a t tached  to the pen carriage. The  down- 
scale contact with the swi tch  returns the bottle 
to a s tandby position. Thus,  as shown in  Fig. 
4.1 A ,  the “cut”  must b e  made in the  same posi- 
tion on both the  leading and tail ing s i d e s  of the 
peak. 

A two-switch arrangement (Fig.  4.1 B )  was  de- 
veloped a t  ORNL. I t  al lows different cu t  points 
to b e  se lec ted  on each  s i d e  of the peak or two 
cuts  on e i ther  s i d e  of t h e  peak. This  arrange- 
ment h a s  Rsu l t ed  in a n  improvement of severa l  
percent in the purity achieved for some compounds 
and makes poss ib le  the purification of compounds 
to 99.99% purity (Fig.  4.1 C). Under the worst  
conditions, only -10% of the compound injected 
into the chromatograph will be  collected a s  pure 
compound. 

Gas Chromatographic Determination of Sulfur 
Hexafluoride in Methane (A. D. Horton). - T h e  
s i z e  of the  su l fur  hexafluoride molecule is such  
that it cannot p a s s  into a 5-A molecular s i eve .  

ORNL- DWG. 67- I2645 C 

( Both Switches 
Actuated b y  
U psca le 
Pen Travel ) 

CUT POINT NO. I 

CUT POINT NO. l +  
(Switch Actuated 
O n l y  by Upscale 
P e n  Travel ) 

CONTAMINATION 

CONVENTIONAL ARRANGEMENT TWO- SWITCH ARRANGEMENT THEORETICAL TWO-SWITCH ARRANGEMENT 

Fig. 4.1. Preparative Chromatogram of 1,2-Dimethylnaphthalene ( A  and €3) and Theoret ical  Chromatogram (C) 
That  I l lustrate the Advantages of the Two-Switch Arrangement for Fraction Collection. 
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Therefore, i t  evolves from the gas chromatographic 
column before hydrogen. T h i s  property makes pos- 
s i b l e  t he  determination of as l i t t l e  as 5 ppm of 
SF, in large quantit ies of a i r ,  methane, or other 
gases  except  neon. The  thermal-conductivity de- 
tector was  used  t o  ana lyze  three different s amples  
of SF,-CH, mixtures for D. R. Nelson.’ The  
samples  were analyzed in tr iplicate with a de- 
viation from the  mean of +5%; their SF,  conten ts  
were 14.4, 17.0, and  20.6 ppm. 

Application of Gas Chromatography to Problems 
in Powder Metallurgy (A. D. Horton). - M .  M. 
Martin’ reported difficulty in extruding aluminum 

Table  4.1. Vo la t i le  Organic Compounds Obtained 

from the Pyrolysis of F i s k  No. 604 Mold 

Release and 5-51 Aluminum Powder 

Amount Obtained (wt ppm) 

Compounda F i s k  No. 604 S-51 Aluminum 
(436°C)b (600OC) 

Methane 
Ethane 
Ethylene 
Propane 
Propylene 
Isobutane 
*Butane 
Butene-1 
Isobutylene + 

cis-butene-2 . 
Isopentane 
*Pentane 
Pentene-1 
2-Methylbutene-1 
*Hexane 
Hexene-1 
Hexene-2 
Hexene-3 
3-Methylpentene-1 
2-Ethylbutene-1 
*Heptane 
*Octane + 

heptene-1 
Heptene-2 % 

Tota l  

2 
2 

19  

3 
89  

215 

11 
44 

111 

85  
2 46 

96 
80 

296 
152 
217 

250 
160 
460 

80 

3 
300 

2 

2 
130 

10 
30 
50 
60 
10  

50 

140 

5 

1668 1742 

acornpounds l i s ted  in order of elution from the column. 
bpyrolysis temperature. 

parts by powder metallurgical p rocesses ,  because  
gases  freed from the mold-release compound or 
from the aluminum powder i t se l f  caused  the ex- 
trusion t o  swel l .  Samples of the  aluminum ex- 
trusion powder and of a mold-release compound 
(Fisk  No. 604) were pyrolyzed in the  Honaker- 
Horton pyrolyzer3 at the temperature used  in the 
extrusion process .  Organic volati les evolved 
from a silica gel-squalane column were determined 
by u s e  of the hydrogen flame-ionization detector; 
Tab le  4.1 g ives  the  results.  T h e s e  materials are 
still being used  in the ex t rus ion  process ,  but the  
technique h a s  been altered t o  prevent occlusion 
of the  gses by the aluminum powder. 

’ 

4.1 .b  Thin-Layer Chromatography 

Thin-Layer Chromatography of Constituents of 
Transfer Ribonucleic Acid  (tRNA) (Helen P. 
Raaen,  F rances  E. Kraus4). - Procedures  were  
developed for resolving complex mixtures of con- 
s t i t uen t s  of tRNA by thin-layer chromatography on 
freshly prepared 500-p-thick layers of polyethyl- 
eneimine (PE1)-cellulose MN-300. The  proce- 
dures a r e  adapta t ions  of those  descr ibed by the 
R a n d e r a t h ~ . ’ - ~  T h e  ef fec t iveness  of the sep-  
arations was  demonstrated by i so la t ing  (with 
three exceptions) the individual components of 
a mixture tha t  contained 10 nuc leobases ,  10  
nuc leos ides ,  and  1 2  nucleotides.  On one  chro- 
matofilm, nucleobases  and  nuc leos ides  are re-. 
so lved  by two-dimensional development, f i r s t  
with water  and then with n-butanol-methanol- 
water-NH40Hconc (60:20:20: 1 ,  v/v); on another,  
nucleotides are separa ted  by sequent ia l  develop- 

‘Health Phys ic s  Division. 
‘Metals and Ceramics Division. 
3C.  B. Honaker and A. D. Horton, “A Simple Pyro- 

lyzer for Use  with Gas  Chromatography,” J .  Gas Chro- 
matog. 3, 396 (1965). 

Nazareth, Ky. 

Complex Nucleotide Mixtures by Two-dimensional 
Anion-exchange Thin-layer Chromatography,” J .  
Chromatog. 16, 126 (1964). 

Nucleic Acid B a s e s  on Cel lu lose  Layers,“ Nature 
205, 908 (1965). 

’K. Randerath and E. Randerath, “Ion-exchange 
Thin-layer Chromatography. XV. Preparation, Proper- 
ties a n d  Applications of Paper-l ike PEI-Cellulose 
Sheets,” J. Chromatog. 22, 110 (1966). 

,ORAU Student Tra inee  from Nazareth College, 

’E. Ra’nderath and  K. Randerath, “Resolution of 

,K. Randerath, “Two-dimensional Separation of 
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ment in the first  direction with 0.2, 1.0, and  
1.6 M LiC1, washing with methanol, and then 
sequential  development in the  second direction 
with 0.5, 2.0, and  4 M’ HCOOH-HCOONa buffer 
of pH 3.4. T h e  work included the evaluation of 
seve ra l  developing so lven t s  and the comparison 
of freshly prepared adsorbent layers  of ce l lu lose  

’ MN-300 and  of PEI-cellulose MN-300 with com- 
mercially ava i lab le  layers of the  same types.  

The  method w a s  used  to isolate and  identify the  
tRNA cons t i tuents  in the a lka l ine  hydrolysates of 
E .  coli B and of y e a s t  and in a n  e lua t e  fraction 
from a n  E .  coli B solution separa ted  on a 
Sephadex-100 column. A journal a r t i c l e  h a s  been 
prepared to be  submitted for publication. Also,  
the de ta i l s  of the  separa t ion  procedures a r e  re- 
corded as a method’ for inclusion in  the  ORNL 
Master Analytical  Manual. 

‘Thin-Layer Chromatography of Amanita Toxins 
(Helen P. Raaen). - Amanita toxins a r e  poly- 
peptides that contain unusual amino ac ids .  The  

,c rys ta l l ine  structure of t hese  high-molecular-weight 
compounds is of in te res t  t o  C. K. Johnson of t he  
Chemistry Division. T h e s e  deadly toxins a r e  
present in cer ta in  s p e c i e s  of mushrooms, for ex- 
ample, Amanita phalloides and  Galerina margi- 
nata.  Sullivan, Brady, and Tylerg  have  published 
a method to sepa ra t e  a- and  p-amanitin by thin- 
layer  chromatography on s i l i c a  ge l  adsorbent and  
to identify them by the  charac te r i s t ic  violet  color 
of their complexes with trans-cinnamaldehyde on 
exposure to HC1 vapor. T h e  method w a s  modified 
somewhat to give sharper bands  and  better resolu- 
tion of the  amanitins. The  improvement w a s  
achieved by the  u s e  of shaped  l aye r s  of adsorbent 
and overrun of the  development. It w a s  found tha t  
freshly prepared chromatoplates give much m o r e  
satisfactory resu l t s  than d o  three commercially 
available plates.  Some 130 samples  were ana lyzed  
by the  improved method. T h e  resu l t s  were used  to 
determine the e f fec t iveness  of the  fermentation 
runs be ing  made by the  Biology Division to  pre- 
pare the  pure crystall ine amanitin toxins in  quan- 
tity. T h e  improved thin-layer chromatographic 

‘Helen P. Raaen, “Separation of Complex Mix- 
tures of Nucleic Acid Bases ,  Nucleosides,  and Nu- 
cleotides by Two-Dimensional Thin-Layer Chromatog-, 
raphy o n  Polyethyleneimine-Cellulose,” Method No. 
1 00703 (10-1-67), ORNL-Master Analytical Manual; 
TID-7015, suppl. 10 (to be published). 

“Identification of a- and &Amanitin by Thin-Layer 
Chromatography,” J. Pharm. Sc i .  54(6), 921 (1965). 

’G. Sullivan, L. R. Brad and V. E. Tyler, Jr., 

method w a s  written for inclusion in the  ORNL 
Master Analy t ica l  Manual. 

Thin-Layer Chromatography of Proteins on 
’Sephadex G-75 Superfine Gel (Frances  E. Kraus, 
Helen P. Raaen).  - Limited experiments were 
made to eva lua te  thin layers of Sephadex gel for 
the chromatographic separation of proteins ac- 
cording t o  molecular weight. Eleven proteins 
(molecular-weight range, 12,400 to  69,000) were 
chromatographed individually and a s  a mixture on 
500-p-thick layers  of Sephadex G75 Superfine. 
The  procedure of Johansson and Rymo’ ’ was  fol- 
lowed; the  developer w a s  0:02 M Na,PO,-0.2 M 
NaCl of pH 7.0. Satisfactory resolution of the  
protein mixture w a s  not achieved under the  ex- 
perimental conditions used. 

4.2 ELECTROANALYTICAL CHEMISTRY 

4.2.0 Polarographic Studies with the Teflon 
Dropp i ng-Mercury Electrode (D.M. E .) 

Helen P. Raaen 

Evaluation of Vertical-Orifice Rapid Teflon 
D.M.E.’s for Obtaining Fundamental Polarographic 
Data. - In the  continued evaluation of vertical- 
orifice rapid Teflon D.M.E.’s,’’ a D.M.E. w a s  
used  that c o n s i s t s  of a 72-p-diam Teflon segment  
and a 70-p-diam, 98-mm-long glass-capillary seg -  
ment. T h e  reference reaction s tudied  w a s  T1’ - 
T1° in 0.1 M KC1-1 mM HC1-0.1 w/v % polyacryl- 
amide. T h e  resu l t s  show tha t  0 .1  w/v % poly- 
acrylamide adequately suppres ses  the  maxima tha t  
occur on polarograms obtained with th i s  D.M.E. 
When polyacrylamide i s  used, the D.M.E. is su i t -  
ab l e  for rapidly obtaining reproducible and theo- 
retically correct polarograms. The  da ta  for the  
T1’ --t T1° reference reaction tha t  justify this con- 
clusion are: 

1. T h e  average  of five measured E,  ,’ values  
(-0.458 to  -0.460 v) is -0.459 v v s  S.C.E.; 
the accepted  value is -0.460 v. 

I 
“Helen P .  Raaen, “Separation of Amanita Toxins 

by Thin-Layer Chromatography on Silica-Gel G Chro- 
matoplates,” Method No. 1 00702 (8-23-67), ORNL 
Master Analytical Manual; a method for record only. 

Filtration,” Acta Chem. Scand. 16(8), 2067 (1962). 

Rapid Teflon D.M.E.’s for Obtaining Fundamental 
Polarographic Data,” Anal. Chem. Div. Ann. Progr. 
Rept. Oct. 31,  1966,  ORNL-4039, p. 28. 

“B.  G. Johansson and L.  Rymo, “Thin-Layer Gel 

2Helen P. Raaen, “Evaluation of Vertical-Orifice, 
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2. T h e  known electron change for t he  reaction 
(n = 1) is obtained both from measurement of 
peak width of the  first-derivative peak recorded 
at the s low s c a n  rate 0.3 v/min (0.95) and  from 
agreement between the  measured value for t h e  
s lope  of t h e  log [;/(;, - i>] v s  potential  plot  
(0.061) and  the  theoretical value (0.059). 

3. The  known reversibility of t h e  reaction is 
shown by the  f ac t s  tha t  the  value for l og  
[i / ( i ,  - i)] is zero  a t  t h e  measured El/,, the  
theoretical  value is obtained for the  s l o p e  of 
the log  [>;, - $1 vs  potential  plot, and the  
average-current first-derivative peak recorded 
a t  0.3 v/min is symmetrical. 

4. T h e  value for ;,/h'/' remains cons tan t  (0.591 
to 0.596 pa/crn1/2) over a wide range of h (69 
to 118 cm). 

_ _  - 

5. T h e  value for I ,  remains cons tan t  [3.03 to  3.15 
' pa (millimoles/liter)- '  (mg2'3/sec'/2)- 'I over 

a wide range of h (69 to  118 cm). 

dt)max relationships a r e  l inear up to [Tl'? = 
1 mM; data  were not recorded at higher [Tl']. 

6. Both the [Tl'] v s  7, and the  [Tl'] v s  ( d r  / 

A journal a r t ic le  t ha t  desc r ibes  t h i s  work is 
being prepared for publication. 

4.2.b Controlled-Potential Coulometric 
Determination of Ura.nium(VI) i n  the Presence 

of Copper( I I) 

Karen E. P a s h m a n 1 3  W. D. S h u l t s  

Samples that contain U(V1) and Cu(I1) a r e  pres- 
ently ana lyzed  coulometrically by a n  indirect pro- 
cedure. Both Cu(I1) and U(V1) a r e  reduced cou- 
lometrically; then copper is reoxidized, and  U(V1) 
is determined by the  difference in amount of 
charge in t he  reduction and reoxidation electrol- 
yses. '  Ideally,  uranium should  b e  determined by 
a d i rec t  procedure. We s tudied  a number of media, 
polarographically and coulometrically, i n  a n  a t -  
tempt to find conditions that allow the d i rec t  de- 
termination of U(V1) in the  presence  of Cu(I1). 
Citrate, ace t a t e ,  and  ascorb ic  ac id  media of 

' 30RAU Student Tra inee  from McMurray College, 

14W. D. Shults and  P. F. Thomason, "Controlled- 
Abilene, Tex. 

Potential  Coulometric Determination of Copper and 
Uranium," Anal.  Chem. 31, 492 (1959). 

various concentrations and  pH's were unsuitable,  
but hydroxylamine su l f a t e  proved to b e  a promising 
supporting electrolyte.  In 1 M (NH,OH), H,S04 
the  half-wave potentials of Cu(I1) and  U(V1) differ 
by -., 270 mv; therefore, Cu(I1) c a n  be  reduced 
(-0.05 v. v s  S.C.E.), and then the  U(V1) c a n  b e  
reduced (at - 0.30 v v s  S.C.E.). T h i s  medium 
should b e  useful also for determining U(V1) in the  
presence  of other ions tha t  a r e  reduced chemically 
by hydroxylamine, for example, Cr(VI), Fe(III), 
Pu(IV), and Pu(V1). Resu l t s  a r e  comparable with 
those  obtained when U(V1) is determined directly 
in su l fur ic  ac id  medium. 

4.2.c Evaluation of the Performance of 
Ion-Selective Electrodes 

W. D. Shul t s  A. F. Roemer, Jr.15 
Susan S. Potterton'  

Our s tud ie s  of t h e  performance of various ion- 
s e l ec t ive  e lec t rodes  have continued. In  addition 
to the  e lec t rodes  mentioned in the  l a s t  annual re- 
port, ' ' w e  have  tested the  Corning and  the  Orion 
calcium ac t iv i ty  e lec t rodes  and the  Orion divalent 
ion, fluoride ac t iv i ty ,  and n i t ra te  ac t iv i ty  elec- 
trodes. We have purchased a n  Orion su l f ide  e l ec -  
trode for future evaluation. In general ,  a l l  t h e s e  
e lec t rodes  respond in a Nernstian fashion t o  ac- 
tivit ies of the i r  particular i ons  in t h e  pIon range 
1 to 4. More dilute so lu t ions  c a n  b e  measured with 
su i tab le  calibration, but the  e lec t rode  response  
curve is not l inear  and  the  response i tself  is 
rather sluggish.  Invariably, there is a n  optimum 
pH range for e a c h  electrode. 

t es ted  more thoroughly than the  others. Such 
factors as working range, accuracy, precision, 
response time, memory ef fec ts ,  interferences,  
effect  of temperature, type of reference e lec t rode ,  
and mode of operation were s tud ied .  T h e s e  elec- 
trodes c a n  be  used  t o  measure ac t iv i t i e s  a t  t h e  
lo-'  M l eve l  with a n  error of k l %  and re la t ive  
standard deviation of -1%; a t  lo-' M the error 

T h e  fluoride and  nitrate e lec t rodes  have  been 

"Retired. 
' 60RAU Student Tra inee  from Randolph-Macon 

Woman's College, Lynchburg, Va. 
17P. F. Thomason, W. D. Shults, and J. A. Bell, 

"Studies of Specific-Ion Electrodes," Anal.  Chem. 
Div. Ann. Progr. Rept.  Oct. 31,  1966, ORNL-4039, 
p. 31. 
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is about *5% and the  relative s tandard  deviation 
is -3%. Their response times and  memory ef fec ts  
a r e  s imi la r  t o  those  of a g l a s s  pH electrode. 
Sleeve-type reference electrodes a r e  preferable to 
fiber-tipped electrodes.  The  optimum mode of op- 
eration is the  “two-standard” technique in which. 
the instrument i s  calibrated with s tandards  of com- 
position similar to that of the  unknown but con- 
centrations both greater and less than tha t  of the  
unknown. Hence, measurements c a n  be  made with 
about the  same facility as a conventional pH meas- 
urement, and resu l t s  a re  comparable with those  ob- 
tained by colorimetric procedures. T h e  major d i s -  
advantage of the  nitrate electrode is t h e  necess i ty  
to reassemble it every two to  three weeks ;  i t  in- 
corporates a liquid ion exchange type  of membrane. 
A manuscript tha t  descr ibes  our experience with 
the nitrate electrode has  been prepared for publi- 
cation.’ 

4.3 SPECTROMETRY 

4.3.a Infrared Spectrometry 

M. M. Murray 

T h e  acquisit ion of a Beckman IR-12 spectro- 
photometer h a s  increased t h e  capabi l i t i es  of the  
infrared laboratory. The  new instrument h a s  a n  ex- 
tended range of 200 to 4000 cm-’  (50 to 2.5 p); 
that  of t he  previous instrument was  600 to 4000 
cm-’ (16.6 to 2.5 p). I t  is a four-grating instru- 
ment that  uses. long-pass fi l ters t o  e l imina te  sub-  
ordinate orders and h a s  t h e  high resolution that is 
charac te r i s t ic  of grating instruments. 

T h e  instrument is equipped with a n  ordinate- 

paratus for supply ing  the  instrument with dry a i r ,  
thus eliminating interference from atmospheric 
water vapor a n d  poss ib le  damage t o  the  CsI  ther- 
mocouple window; a micro d i e  capable  of making 
1- by 5-mm a lka l i  ha l ide  pe l le t s ;  a 12-mm-diam d i e  
for making a lka l i  halide d i sks  of tha t  diameter; a 
hydraulic p re s s  for u s e  with the dies;  a mirror-type 
b e a m  condenser  for examining micro samples  in  the  
long-wavelength end  of the  spec t ra l  range; an  at-  
tenuated total  reflectance unit  for examining in- 
frared-opaque l iquids,  films, or semisolids;  
minimum- and micro-volume gas  ce l l s ;  polyethylene 
cells for liquids; and a programmed pyrolyzer pro- 
vided with a cell for trapping gaseous pyrolysis 
products and  with a condenser attachment for trap- 
ping l iquid pyrolysis products. All th i s  equipment 
a long  with tha t  a l ready  ex is ten t  in t h e  laboratory 
provides considerable versati l i ty and permits t he  
examination of nearly all types of samples  capable  
of being examined by infrared methods. 

A wide variety of organic and  inorganic samples  
was examined by infrared spectrometry. Most 
s tud ie s  involved the  detection or identification, or 
both, of impurities in commercial products and  in 
compounds synthes ized  a t  ORNL; identification of 
commercial products; characterization of organic 
compounds; determination of impurities; or iden- 
tification of structural  changes  in both organic 
and inorganic materials caused  by irradiation, 
chemical reaction, or thermal effects.  

were examined for structure and  purity (Table  
4.2). Materials produced by irradiation, chemical 
reaction, or other p rocesses  were identified; a 
summary of t h e  resu l t s  follows. Irradiation of tall 

Frac t ions  from compounds synthes ized  at ORNL 

Table 4.2. Compounds Synthesized a t  ORNL That scale expander and a tracking-accuracy control 
(T.A.C.). T h e  scale expander permits the  expan- 
sion of any  absorb ing  band of 5% transmittance or 
greater to full  scale. T h e  T.A.C. has two func- 
tions for u se  in  increas ing  definition. Whenever 
a s igna l  is generated, t he  f i r s t  automatically nar- , Didodecylnaphthalene a,-a’-Dipiperidyl 

rows the s l i t s ,  and  the  second automatically re- 
duces  the  scann ing  rate. Both functions a r e  
triggered by a n y  s igna l  of magnitude greater than 
that of the  background noise.  

Other attachments and  ancil lary equipment ob- 
tained with t h e  instrument include a purging ap- 

W e r e  Examined by Infrared Spectroscopy 

Bicyclobutane pqminobenzylamine 

Heptyldecylamine 

Didodecylnaphthalenesulfonic LiFe508 (ordered) 

Pheny lneotridecanoate 

acid 
’ 

Hydrobromide of diethyl- L i F e S 0 8  (disordered) 

guanidinodiaceta te  

F*O pEthylbenzenesulfonic acid 

Bromo-3-chlorocyclobutane 
“Susan S. Potterton and W. D. Shults, “An 

Evaluation of the Nitrate-Selective Electrode,” Anal.  
Letters 1 ,  in press (1967). 
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oil ( a  by-product of paper production) produces CO, 
CO,, H,S, and C,H,; treatment of aqueous KOH 
with F, produces F,O; and  carburization of sol- 
gel fue ls  produces a mixture of polynuclear hydro- 
carbons as a by-product. Commercial products were 
examined for impurities, water,  radiation effects,  or 
s igns  of oxidation. Spectra were obtained for 
Irtrans 1-6 (proprietary name for infrared window 
materials), powdered a n d  fused  silicas, phenol- 
aldehyde r e s ins ,  MgO, lubricating o i l s ,  pentaphenyl- 
trimethyltrisiloxane, NaBF,, hydrolyzed e s t e r s ,  
powdered aluminum, and  Teflon. Biological ma- 
terials for which infrared spec t r a  were taken in- 
cluded RNA, water-soluble fractions of humic 
acid,  nuc le ic  a c i d s ,  hymatomelanic ac id ,  humic 
acid,  fulvic ac id ,  and fractions from a gel-filtra- 
tion column. Other ana lyzed  materials tha t  a r e  in 
use  or produced a t  ORNL included MoF,, SiF,, 
residue from the  ignition of graphite-coated sol-gel 
fuel, and  a solution from a n  Orion calcium-ion 
electrode. 

Future work inc ludes  a s tudy ,  in cooperation 
with L. C. Brown,’ of the  production of C10,- 
from C10,- by irradiation and t h e  poss ib le  pro- 
duction of SiF,Cl, i n  the s o l i d  s ta te .  

4.3.b Nuclear Magnetic Resonance Spectrometry 

J. R. Lund 

Nuclear magnetic resonance spectrometry is a 
convenient nondestructive way to e luc ida te  chem- 
ical structure and  configuration - espec ia l ly  of 
organic compounds, to determine quantitatively 
components of some mixtures, and to es t imate  the  
ratios of protons in liquid or  so luble  organic com- 
pounds tha t  absorb  in  different regions of the  
spectrum. For recording spec t ra ,  t he  Varian A-60 
and DP-60 spectrometers a r e  ava i lab le  to t h e  
Analytical  Chemistry Division, which also offers 
the  s e r v i c e  of spec t r a  interpretation. T h e  A-60 

, operates in the  range + 1000 to  - 2000 c p s  from 
an  arbitrary zero  where most organic resonances  
occur. It h a s   an integrator circuit  for counting 
protons and a homonuclear s p i n  decoupler to help 
simplify complex spec t ra .  T h e  DP-60 is usab le  
over a considerably wider range and  h a s  provision 
for observing fluorine resonances.  

‘’Chemistry Division. 

Over 160 spec t ra  were recorded of a variety of 
compounds tha t  resulted from s tud ie s  in progress 
in many groups. Two  groups of the Reactor Chem- 
istry Division used gas  chromatography to  i so l a t e  
products from organic compounds tha t  had been 
exposed as mixtures to  radiation. As  part  of t h e  
Organic Synthes is  with Isotopic Sources Program, 
the  products obtained from irradiation of a mixture 
of tetrahydrofuran and cyc lohexene  were studied. 
Although t h e  spec t r a  of all t h e s e  fractions indi- 
ca ted  incomplete separa t ion  of t he  reaction prod- 
uc ts ,  i t  was  poss ib le  to determine the  ratios of 
the types  of protons (aliphatic,  olefinic,  aromatic) 
present in e a c h  fraction. From a n  ana lys i s  of t h e  
spec t r a ,  together with molecular-weight, elemental ,  
and infrared a n a l y s e s ,  it was  poss ib l e  to  pos tu la te  
likely configurations for the  products. T h e  Ef fec t s  
of Radiation on Materials Group i so la ted  15 frac- 
t ions from an  irradiated mixture of naphthalene and 
n-hexane; t hese  fractions were sub jec t ed  to a n  in- 
tensive spec t roscopic  study. Although only 1 t o  
5 mg of material  was  ava i lab le ,  the  spectrum w a s  
recorded in a 2 5 ~ 1  sample  holder, and  t h e  sample  
was recovered and  passed  on for u se  in  obtaining 
the ultraviolet ,  infrared, and  mass spec t r a  of t h e s e  
products. Interpretation and  correlation of t h e s e  
spec t ra  revealed tha t  ethyl-, n-propyl-, isopropyl-, 
sec-butyl-, n-hexyl-, and four different branched- 
chain hexylnaphthalenes had been i so la ted .  T h e s e  
alkyl isomers were posit ioned a lpha  and/or beta 
on the  naphthalene ring; in addition three  partially 
sa tura ted  compounds, 1 , l - ,  1,2-, and 2,2-dihexyl- 
dihydronaphthalene were identified. 

vision inc lude  those  of t h e  opt ica l  and  posit ion 
isomers of glutathione, a naturally occuring tri- 
peptide tha t  seems to  a r r e s t  t he  e f f ec t s  of irra- 
diation in mice. T h e  syn thes i s  of t h e s e  isomers 
requires a 22-step procedure involving t h e  “block- 
ing” and “unblocking” of reactive groups (-NH,, 
-SH, -COOH) in order to produce the  des i red  com- 
pound. T h e  spectrum of s e v e r a l  glutathione prod- 
ucts compared favorably with t h e  spec t r a  of the 
purest  commercially ava i lab le  glutathione; how- 
ever, spec t r a  of t he  isoglutathione products showed 
that s igni f icant  quant i t ies  of impurity remained in 
the preparations.  In connection with t h e  s tudy  of 
gramicidin A (a linear N-acylated pentadecapeptide 
ethanolamide), spec t ra  were recorded of crude and  
refined gramicidin A, miodobenzoylgramicidin A, 
tryptophan, and desformylgramicidin A-HI salt. 

Spectra recorded for members of t h e  Biology Di- 



Of particular in te res t  in t h e s e  s t u d i e s  was  the  fate 
of the terminal protons (alcoholic or formyl) in the  
gramicidin A molecule on substi tution of t h e  other 
groups. 

T h e  products from the s t e p s  of t he  syn thes i s  of 
didodecylnaphthalenesulfonic ac id  by  members of 
the Chemical Technology Division were  examined. 
The  spec t ra  were  used t o  confirm that 2-lauroyl- 
naphthalene, 2-dodecylnaphthalene, 2-dodecyl-6- 
lauroylnaphthalene, and 2,6-didodecylnaphthalene 
had been prepared. The  orientations of the  sub-  
s t i tu ten ts  in the  final product, 2,6-didodecyl- . 

naphthalene-1-sulfonic ac id ,  were deduced from 
the spectra.  

for m e m b e r s  of various groups for t h e  purposes  of 
identification or comparison. Among these  were  
phenolic resins,  t a l l  oil ,  a s i l icon  pump oil, di- 
octyl phthalate, glycerolthioether, and a variety of 
sa tura ted  a l ipha t ic  hydrocarbons. 

The  spec t ra  of numerous materials were  recorded 

. 

2oP. E. Doherty, Prec i se  Determination o f  Oxygen 
in Ref rac t i ve  Oxides b y  Inert Gas  Fusion-Gas Chro- 
matography, DP-1115 (July 1967). 

4.4 NEW AND MODIFIED CHEMICAL METHODS 

4.4.a Precise Determination of Oxygen in  
Metals and Mixed Metal Oxides 

Gerald Goldberg 

A rapid direct method was  needed t o  determine 
oxygen at various concentrations in metals and in 
mixed metal oxides.  From experience t h e  inert-gas- 
fusion separation method was  se l ec t ed  in cornbina- 
tion with a gas  chromatographic estimation of t he  
evolved carbon monoxide for increased  precision 
and accuracy. In the inert-gas-fusion method, the  
sample is normally dissolved in a molten-metal 
bath contained in a n  induction-heated graphite 
crucible. The  oxygen of t he  oxide, in contac t  with 
the carbon, is reduced to carbon monoxide. T h e ,  
carbon monoxide is then transferred with an inert  
carrier gas  t o  some su i tab le  ana ly t ica l  apparatus.  
The se lec t ion  was  further prompted by the  fac t  
that the  apparatus can  be adapted t o  the  handl ing 
of alpha-emitting samples  within a glove box as 
is done a t  t he  Savannah River Laboratory.20 

/ 
For our work a Leco  induction furnace was used  

in conjunction with a L e c o  Nitrox-6 Analyzer (Lab- 
oratory Equipment Corporation, St. Joseph ,  Mich- 
igan). With the  Nitrox-6 Analyzer t he  carbon 
monoxide and nitrogen are  s tored  in a cold trap 
until evolution i s  complete. The  gases  a r e  then 
separated chromatographically and a r e  passed  
through a thermal-conductivity detector. The  de- 
tector output is fed t o  an  integrator,, which trans- 
la tes  the volume of g a s  into total  counts.  T h e s e  
counts are plotted on a calibration curve. An 
ana lys i s  for both oxygen and nitrogen can  b e  com- 
pleted in about 15 min. Samples that contain 5 p g  
to 5 mg of oxygen and less nitrogen can  be ana- 
lyzed by u s e  of the attenuator on the  Nitrox unit. 
Calibration curves a re  plotted for each  attenuation. 

For alpha-emitting samples,  the furnace sec t ion  
was removed from the  rf generator and w a s  mounted 
in a metal  glove box of spec ia l  design. The  box 
is partitioned to  protect an ana ly t ica l  ba lance  from 
the hea t  radiated by the fusion system. A door in 
the partition fac i l i t a tes  the transfer of samples  
between compartments. The  l eads  from t h e  work 
coil to  the  power supply pass  through bulkhead 
fittings located in a Teflon window a t  t h e  back of 
the glove box. The  cooling-water- and gas-transfer 
l ines  a l s o  connect  to  the furnace through th i s  
window. A sens ing  device  was  ins ta l led  in the  
box tha t  will  automatically cut off t he  water  and 
power suppl ies  i f  a rupture develops in the  water  
line within the  box. 

Series of b lanks  and oxygen s tandards  were 
analyzed prior t o  installation of the furnace in 
the glove box. Leco  tin capsules  and  s tandards  
were used. T h e  c ruc ib les  were baked at 2450OC. 
The  samples  were analyzed at 20OO0C, at which 
temperature t h e  blanks were most reproducible. 
Some 70 blanks and  standards were run by use  of 
the s a m e  crucible with no difficulty. Samples of 
NBS U,O, and T h o ,  were also analyzed for oxy- 
gen with a n  error no greater than *1%. The ac- 
curacy remained the same for the standards after 
the furnace was  installed in the glove box. 

An attempt t o  u s e  acetanil ide as a standard for 
nitrogen was  unsuccessful.  However, a n  average 
deviation of < 1% between integrator counts was  
found from the  ignition of samples  of uranium 
nitride. The  accuracy of t h e s e  nitrogen results 
will be es tab l i shed  after standard curves are de- 
veloped with Leco nitrogen standards.  
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4.4.b Analysis of Tungsten-Rhenium 
Thermocouple Wire 

P. F. Thomason 

The  W:Re ratio in a W-Re alloy determines the  
charac te r i s t ics  of i t s  u s e  as a thermocouple ma- 
terial. Dissolution of th i s  alloy by Na,O, fusion 
in n icke l  c ruc ib les  is not feas ib le ,  because  the  
crucible also d i s so lves  and thus  contaminates t h e  
melt .  I t  was  found that boil ing 30% H,O, a t t a c k s  
the W-Re wire. On evaporation of t h e  mixture to  
dryness  in  a Pyrex beaker a f te r  s eve ra l  addi t ions  
of 30% H,O,, a residue of tungsten oxides  and  
rhenium oxides remains. T h e  res idue  is very 
so luble  in -20% KOH solution. T h e  resu l t ing  
solution can  b e  diluted to a given volume with 
2 M KOH. Aliquots of t h i s  solution c a n  be di- 
luted with concentrated H,PO, and then diluted 
further to a known volume with d is t i l l ed  water t o  
give a solution that conta ins  tungsten in proper 
concentration for polarographic determination. 

T h e  most su i t ab le  supporting medium for t he  
polarographic determination of tungsten in W-Re 
thermocouple wire  appears  t o  b e  42  vol % H 3 P 0 4  
(-4.5 M) as  proposed by Meites.,’ T h e  El,’ of 
the  W(VI) 
-0.59 v vs  S.C.E. T h e  id v s  C curve  is linear 
for W concentrations from 18 to 180 pg/ml (id = 

0.08 to 0.80 pa for t = 5 sec). T h e  W-H,P04 
solution is s t a b l e  for at least 4 hr. 

by the  a-furildioxime method. 

W(V) reduction in this medium is 

Rhenium was  determined spectrophotometrically 

4.4. c Spectrophotometric Determination 
of P I u ton i urn 

J. C.  Guyon” , W.’D. Shults 

T h e  reaction between a r senazo  (2-0-arseno- 
phenylaz~l,8-dihydroxy-3,6-naphthalenedisul- 
fonic ac id)  and plutonium h a s  been used  to de- 
termine Pu(1V) in  weakly ac id  media. Waterbury’ 

‘lL. Meites, ed., Handbook of Analytical  Chemistry, 
pp. 5-87, McGraw-Hill, New York, 1963. 

‘,ORAU Research Participant; Assoc ia te  Professor 
of Chemistry, University of Missouri, Columbia. 

23G. R. Waterbury and J. Dahlby, unpublished data 
cited in C. F. M e t z  and  G. R. Waterbury, “The Trans- 
uranium Actinide Elements,” p. 309 in vol. 9 of 
Treatise on Analytical  Chemistry, Pa r t  I I ,  ed. by I. M. 
Kolthoff and  P. J. Elving, Interscience,  New York, 
1962. 

has  mentioned tha t  Pu(II1) and  Pu(V1) also reac t  
with the reagent in less a c i d  media. An investi- 
gation w a s  undertaken t o  adapt  t h e  sys t em t o  the 
determination of to ta l  plutonium and t o  consider 
the possibil i ty of developing a method for t h e  de- 
termination of the  concentrations of t h e  plutonium 
ions in  the i r  individual oxidation s t a t e s  in the  
presence  of one another. 

capable  of measuring to ta l  plutonium as Pu(1V) 
in t h e  range 0.5 t o  10 ppm. T h e  sys t em is sens i -  
tive ( e5 75 = 25,900) and  fairly se l ec t ive .  Condi- 
tions somewhat different from t h o s e  of Ockenden’ 
were found to b e  optimal. T h e  1:l complex forms 
rapidly in ac id  solution and  is s t a b l e  for s eve ra l  
hours. 

Preliminary s t u d i e s  of the  complexes of Pu(1II) 
and Pu(V1) with a r senazo  ind ica te  tha t  procedures 
for oxidation-state determinations may be feas ib le ;  
however, further work will  b e  required. 

T h e  resu l t s  of t h e s e  inves t iga t ions  a r e  being re- 
ported in  a technica l  memorandum.’ 

The  arsenazo-Pu(1V) reaction was  shown to b e  

4.4.d Fluorometric Determination of Phosphate 

J. C. Guyon,’ W .  D. Shults 

T h e  approach used  in  th i s  research involved t h e  
premise tha t ,  if a metal ion forms a fluorescent 
che la te  and  also forms a complex ion with phos- 
phate,  t he  phosphate  should inhibit  t h e  formation 
of the fluorescent spec ie s .  T h e  in tens i ty  of t h e  
fluorescence should  dec rease  with increas ing  , 

phosphate concentration, thus  making the  deter- 
mination of phosphate  poss ib le .  T h e  aluminum- 
morinZ6 sys tem was  shown t o  b e  sa t i s fac tory  for 
the  determination of 20 ppb to 1 ppm phosphate 
and  the  tin-flavonol’ system for measurin“g 40 
to 200 ppm phosphate. For e a c h  sys t em t h e  ef- 
fects of time, interferences,  a n d  concentrations 

I 

24D. W. Ockenden, Complexes of Plutonium(IV) with 
Phenyl-Arsonic Ac id  Derivatives,  IGO-RW-2 (Feb. 1, 
1956). 

J. C. Guyon and W. D. Shults,  Spectrophotometric 2 5  

Determination of Tota l  Plutonium: Observations on the  
Reac t ions  Between Arsenazo  a n d  Pu(III), Pu(IV), a n d  
Pu(VI), ORNL-TM report i n  preparation. 

terminations of T races  of Fluoride,” Anal. Chem. 24, 
862 (1952). 
27C. E. Coyle and C. E. White, “Fluorometric De- 

termination of T i n  with Flavonol,” ,Anal. Chem. 29, 
1486 (1957). 

26H. H. Willard and  C. A. Horton, “Fluorometric De- 

. 
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of various reagents  were s tud ied ,  and a recom- 
mended ana ly t ica l  procedure w a s  prepared. T h e  
methods have  been used  to determine trace quan- 
t i t ies of phosphate in water. T h e  resu l t s  of t h i s  
work were presented orally;” a paper is being 
prepared for open-literature publication. 

4.4.e Sealed-Tube Dissolutions 

D. C. Canada 

A sea led- tube  technique‘ h a s  proved useful 
for d i sso lv ing  certain subs t ances  tha t  a r e  dif- 
ficulty so luble  or a r e  being analyzed for t race  
impurities or for a consti tuent tha t  is evolved 
on dissolution. By th is  technique, nitrogen in 
UNx w a s  determined accurately.  Also,  high- 
purity c rys ta l l ine  MgO was  ana lyzed  for t race  
impurities. T h e s e  materials were dis’solved a t  
13OOC without t h e  u s e  of a n  overpressure on t h e  
s e a l e d  tubes.  

4.4.f Separation and Determination of Fluoride 

D. A .  Costanzo 

T h e  pyrohydrolysis method for t h e  separa t ion  of 
microgram amounts of fluoride from TRU disso lver  
solutions w a s  
t e s t  portion of the  sample  i s  t aken  to  dryness  i n  a 
combustion boa t  (P t ,  Ni, or porcelain). To prevent 
l o s s  of fluoride during t h e  evaporation, the sample 
is neutralized with b a s e  and t h e  fluoride is com- 
plexed with aluminum nitrate.  The  flux (Na,WO,- 
WO, or U,O,) is then added, and  the sample is 
pyrolyzed at 1000°C for  30 min  in  a combustion 
tube (quartz,  nickel,  or platinum). T h e  vola t i le  
fluoride is col lec ted  i n  a dilute solution of NaOH. 

In th i s  method a 

”J. C. Guyon and W. D. Shults, “The Fluorometric 
Determination of the Phosphate Ion,” presented a t  t he  
Eleventh Conference on Analytical Chemistry in Nu- 
clear Technology, Gatlinburg, Tenn., Oct. 10-12, 
1967. 

solution Method with Applications to Plutonium-Con- 
taining Materials, LA-3554 (Nov. 30, 1966). 

,OD. A. Costanzo, “Separation and  Spectrophoto- 
metric Determlnation of Fluoride,” Anal. Chem. Div. 
Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039, p. 36. 

Salts, Micro Pyrohydrolysis Method,” Method NOS. 
1 212890 and 9 00712890 (9-20-56), ORNL Master 
Analytical Manual; TID-7015, sects. 1 and  9. 

“C. F. M e t z  and  G. R. Waterbury, Sealed-Tube Dis- 
’ 

31 J. H. Edgerton, “Fluoride in Mixtures of Fluoride 

T h e  i so la ted  fluoride is then determined spectro- 
photometrically by the  Zr-SPADNS bleaching 
method., ’ Satisfactory separation of fluoride 
(0 to 30 pg) w a s  obtained by u s e  of a quartz- or  
platinum-lined nickel combustion tube. Very poor 
recovery of fluoride w a s  obtained with the  n icke l  
combustion tube  and  nickel boa ts  because  of t h e  
reaction of fluoride with nickel and the retention 
of fluoride on the  nickel surfaces.  

Fo r  u s e  in remotely controlled operations a 
platinum-lined nickel tube, platinum combustion 
boats,  and pyrohydrolyzer apparatus were designed 
and fabricated. As a flux, U,O, was se l ec t ed  
rather than the Na,WO,-WO, mixture because of 
the ease with which the  spen t  flux c a n  b e  handled 
and removed from t h e  combustion boats.  

4.4.9 Determination of Periodate, Iodate, 
and Iodide in Mixtures of the Three Species 

D. C. Canada : 

In connection with the  Fluidized-Bed Volatility 
P rocess  periodate, iodate, a n d  iodide were deter- 
mined in mixtures of the  three  s p e c i e s .  In t h e  
process  t h e  pas sage  of fluorine gas through a 
KOH-KI solution oxid izes  the  I- to IO,- and  
IO,-. T h e  IO,- is ti trated with a rsen ious  ac id  
a t  pH -8 in bicarbonate buffer solution; IO,- p lus  
IO4- a r e  t i trated in ac id  solution with a standard 
solution of sodium thiosulfate. Total iodine is 
found by reducing 10,- and IO4- to I -  with so l id  
sodium arseni te  and t i trating the  resultant solution 
with a standard solution of s i lver  nitrate. 

, 4.4.h Spectrophotometric Determination of 
Molybdenum and Tungsten 

P. F. Thomason 

A spectrophotometric method for t h e  determina- 
tion of molybdenum was  required in the  analytical  
s e rv i ce  work for t he  Transuranium Process ing  

,‘H. W. Wharton, “Isolation and Determination of 
Microgram Amounts of Fluoride in Materials Contain- 
ing Calcium and Orthophosphate,” Anal. Chem. 34, 
1296 (1962). 
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Plant.  T h e  method of Nelson and Waterbury,33 in  
which dithiol is the chromogenic reagent for both 
molybdenum and tungsten, w a s  evaluated. 

dithiol complex is ext rac tab le  in to  pentyl ace t a t e  
from 5 t o  6 M HC1, whereas  the  W(V)-dithiol com- 
plex is extractable from 9 to  11 M HC1. The  ab- 
sorbance of t he  molybdenum complex in pentyl 
ace ta te  is measured at  685 nm, the Beer’s law 
relationship is obeyed, and the  molar absorptivity 
( E )  is 24,000. T h e  absorbance of t h e  tungsten 
complex in pentyl acetate is measured a t  640 nm, 
Beer’s law is obeyed, and E is 23,200. A re’sume‘ 
of the method and its evaluation was  forwarded to 
J. H. Cooper34 for poss ib le  u s e  in the  ana lys i s  
of TRU process  solutions.  

T h e  method is based  on t h e  fact tha t  t he  Mo(V1)- 

4.5 NEW AND MODIFIED PHYSICAL METHODS 

4.5.0 Density Gradient Applications 

D. C. Canada 

The  density-gradient technique, has  been used  
in severa l  applications,  one of which is the  s tudy  
of t he  effect of radiation on t h e  density of pyro- 
lytic carbon particles.  Minute differences in 
density (k0.0002 g/cc) tha t  a r e  effects of radia- 
tion can  b e  measure,d by comparing two particles 
before and after irradiation. 

4.6 OTHER ACTIVITIES 

4.6.0 Autodecomposition of Bromate in Acid 
Nitrate Media 

D. A. Costanzo 

For  the Chemical Technology Division, s tud ie s  
were undertaken of the  autodecomposition of bro- 
mate in  so lu t ions  under conditions representative 
of t hose  to  b e  encountered in the  proposed BERLEX 

phase  of transuranium element processing. Berke- 
lium(II1) is oxidized to  Bk(1V) with bromate in 6 to 
8 M KNO,. T h e  Bk(1V) is separa ted  from the  tri- 
valent ac t in ide  e lements  by  se l ec t ive  extraction 
into a decane  solution of di-2-ethylhexylphos- 
phoric ac id .  If the extraction is not done  within a 
few hours a f te r  the bromate reagent is prepared, 
autodecomposition of bromate occurs,  and the 
berkelium is not separated.  

T h e  e f fec t  of temperature on the  r a t e  of de- 
composition of bromate in t h e  reagent 0.2 M 
KBr0,-2 M LiN0,-8 M HNO, was  studied; the  
Iesllts follow: 

Temperature (OC) Ha l f -T ime (hr)8 

25 10 

35 1 3 
50 0.6 

eThe time a t  which the concentration of bro- 
mate is 50% of the  init ial  concentration. 

Also, t he  effect of nitric ac id  concentration o n  
the rate of decomposition of bromate in t h e  re- 
agent  0.2 M KBr0,-2 M LiNO, was  determined; 
the resu l t s  are: 

HN03 Concentration (M) Hal f -T ime (hr) 

100 
26.5 
10.5 
3 

Two’ experiments were carried out  to  determine 
the effect of elemental  bromine on the  ra te  of de- 
composition of bromate and  t o  follow t h e  concen- 
tration of hydrogen ion. For t h e  reagent 0.2 M 
KBr0,-8 M HN0,-0.035 M Br,, 50% of t h e  bro- 
mate h a s  been  consumed af te r  17.5 hr  compared 
with 27.5 hr for the  reagent 0.2 M KBr03-8 M 
HNO; (init ial  concentration of Br, equal  to zero). 
In the  la t te r  experiments t he  concentration of hy- 
drogen ions  w a s  observed to  remain cons tan t  
throughout t h e  course  of t h e  decomposition re- 

~ 

B. Nelson and  G. R. Waterbury, “Spectro- 
photometric Determination of Microgram Quantit ies 
of Molybdenum and Tungsten in  Plutonium Using 
Dithiol,” Analytical  Chemistry in Nuclear Reac tor  
Technology, Fifth Conference, Gatlinburg, Term., 

action. 

reagent 0.2 M KBr0,-2 M LiN0,-8 M HNO,, the 
activation energy for t h e  decomposition of bromate 
is 15.6 kcal/mole; (2) for each  10°C r i se  in tem- 
perature, t he  rate of decomposition of bromate in- 
c r eases  by a factor of 3.3; (3) for t he  reagent 

The  da ta  ind ica te  the following: (1) For  the  

Oct. 10-12, 1961, TID-7629, pp. 62-68. 
34High-Level Alpha Radiation Laboratory. 
35D. C .  Canada and W. R. Laing, “ U s e  of a Density 

Gradient Column to  Measure the Density of Micro- 
spheres,” Anal. Chem. 39, 691 (1967). 
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0.2 M KBrO,-2 M LiNO,, the decomposition half- 
t ime  for bromate is inversely dependent on the 
4.3 power of the  ni t r ic  acid concentration; and 
(4) t h e  autodecomposition reaction is ca ta lyzed  
by hydrogen ion and elemental  bromine. 

in s t rong  ni t r ic  a c i d  solution is ini t ia ted by the  
formation of oxides  of nitrogen, which a re  pro- 
duced by thermal or photochemical decomposition 
of nitric acid.  

A method w a s  developed to  determine bromate 
in solut ions that  contain elemental  bromine. In 
this method, the elemental  bromine is destroyed 
by reaction with ammonium bicarbonate. T h e  bro- 
mate is then determined by iodometric titration. 

It is thought that t h e  decomposition of bromate 

4.6.b Glove Box for Absorption 
Spectrophotometry of Alpha-Emitting Materials 

D. A. Costanzo 

A glove box and absofption-cell compartment 
were designed36 for u s e  with the Cary  model 14 
spectrophotometer; they wil l  permit measurements 
on highly radioactive alpha-emitting solut ions.  
T h e  unique feature of t h e  design is tha t  t h e  a b  
sorption cell which contains  t h e  radioactive 
sample solut ion is posit ioned in  a metal com- 
partment provided with quartz windows and is 
at tached to t h e  glove box by a polyurethane bel- 
lows (Fig.  4.2). Complete containment is main- 
tained within t h e  cell compartment and  glove box. 

Fig. 4.2. Glove Box for Absorption Spectrophotometry 
of Alpha-Emitting Materials. 

The cell compartment is lowered and posit ioned 
within the cell compartment of the  spectrophotom- 
eter. 

4.6.c Salt Effect  in  the Measurement of Optical 
Density of Transfer Ribonucleic Acids 

D. C. Canada 

Purification of certain transfer ribonucleic a c i d s  
(tRNA’s) requires fractionation on ion exchange 
resin columns. The  concentration of tRNA in the 
effluent is determined from the opt ical  density of 
the solut ion at 260 nm. Variation in  the salt con- 
centration of t h e  solut ions appeared t o  c a u s e  cor- 
responding variation in opt ical  density.  This  pos- 
sibility w a s  s tudied with phenylalanine-accepting 
tRNA. 

accept ing tRNA of 11.30 ODU3 was passed  
through P-I1 Bio-Gel to remove salts. The  effluent 
solution was  used to  make standard addi t ions to  
process so lu t ions  that contained s a l t s  in  the ex- 
pected concentrations.  The  resul ts  indicate  that, 
for t h e  so lu t ions  s tudied,  opt ical  densi ty  measure- 
ments a r e  sui table  for monitoring the  fractionation 
process .  

A solut ion of relatively pure phenylalanine- 

4.6.d Preparation of Chapters for Progress in  
Nuclear Energy 

Two chapters  a r e  being contributed for inclusion 
in Vol. 10, Remote Analysis  of Radioactive Mate- 
rials, of S E R I E S  IX, A N A L Y T I C A L  CHEMISTRY, 
in Progress in Nuclear Energy. 

Application of Electrochemical Techniques to  
Remote Analysis (W. D. Shults). - A chapter 
titled “ T h e  Application of Electrochemical Tech- 
niques to Remote Analysis”  was prepared for in- 
clusion in Volume 1 0 . ~ ~  

360RNL Drawings Nos. EL-001-D, EL-002-D, and 

3 7 0 n e  optical density unit (ODU) is the total ab- 
sorbance of 1.0 ml of solution of optical density 
1.00 measured a t  260 nm in  a c e l l  of 1-cm light path 
with disti l led water a s  the solvent; ODU = OD X 
volume. 
38W. D. Shults, “The Application of Electrochem- 

ical Techniques to Remote Analysis,” to b e  included 
in vol. 10, Remote Analysis of Radioactive Materials, 
of SERIES IX, ANALYTICAL CHEMISTRY, ed. by 
H. A. Elion and D. C. Stewart, in Progress in Nuclear 
Energy, Pergamon Press, New York. 

EL-003-D. 
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Remote-Controlled Titrimetry (P. F. Thomason). 
- A chapter  t i t l ed  “Remote-Controlled Titrimetry” 
is beine DreDared for inclusion in  Volume 

39P. F. Thomason, “Remote-Controlled Titrimetry,” 
to be included in vel. 
act ive Materials, of SERIES IX. ANALYTICAL CHEM- 

Remote Analysis of Radio- 

5. 

ISTRY, ed. by H. A. El ion and.D. C. Stewart, i n  Prog- 
ress in Nuclear Energy, Pergamon Pres s ,  New York. 

Analytical Biochemistry 

Gerald Goldstein 

5.1 MACROMOLECULAR SEPARATIONS 
PROGRAM 

5.1 .a Determination of Leucine- and Phenyl- 
alanine-Accepting Transfer Ribonucleic 

Acids (tRNAIeU and tRNAPhe) 

I .  B. Rubin A. D. Kelmers’ 
Gerald Goldstein 

T h e  optimum conditions for t he  quantitative de- 
terminations of picomole amounts of leucine- and 
phenylalanine-accepting tRNA’s were es tab l i shed .  
The  e f fec ts  of various fac tors  on  these  determina- 
t ions a re  d i scussed  in a published paper. 

5.1 .b Determination of Valine-Accepting Transfer 
Ribonucleic Acid (tRNAva’) 

D. W. Hatcher 

Par t ia l ly  purified valine-accepting transfer ribo- 
nucleic ac id  w a s  recently made ava i lab le  for study, 
and t h e  optimum conditions for its determination 
were es tab l i shed .  T h e  general  t echniques  u s e d  in 
th i s  type study a n d  t h e  resu l t s  of a preliminary 
study on th i s  particular tRNA have been described 
by R ~ b i n . ~ , ~  

Chemical Technology Division. 
I. B. Rubin, A. D. Kelmers, and G. Goldstein, “The 

1 

2 

Determination of Transfer Ribonucleic Acid by Amino- 
acylation. I. Leucine and  Phenylalanine Transfer 
Ribonucleic Acid from E. coli  B,” Anal.  Biochem. 20, 
533 (1967). 

31. B. Rubin, “Studies on the  Phenylalanyl Transfer 
Ribonucleic Acid (tRNA) System,” Anal.  Chem. Div. 
Ann. Progr. Rept .  Nov. 1 5 ,  1965, ORNL-3889, p. 33. 

41. B. Rubin, “Determination of Valyl- and Alanyl- 
Transfer Ribonucleic Acids (tRNA),” Anal.  Chem. Div. 
Ann. Progr. Rept .  Oct.  3 1 ,  1966, ORNL-4039, p. 38. 

T h e  following condi t ions  were found t o  be  
necessary  for charging of tRNA with valine: 

PH 7.5 ko.5 

Buffer 0.1 M Bicine 
(N, N-bis[2-hydroxyethyl]glycine) 

A T P  0.0005 k 0.0002 M 

K+ 0.002 to 0.02 M 

Mg2+ >0.0025 M (0.25 M h a s  no adverse 
effect) 

ATP:Kt:Mg2+ 1:4:10 mole ratio (for maximum 
charging) 

Na’ <0.02 M 

V a l i n e - ’ 4 ~  7.5 X lo-’ mole per ODU5 of tRNA 

The  charging is complete within 10 min at  37OC, 
5 x lo-’’ mole of va l ine  being incorporated per 
ODU of partially purified valine-tRNA. 
of addition of reagents  h a s  no ef fec t  on charging. 

Under t h e s e  condi t ions  and a 20-min incubation 
time, a threefold inc rease  in  charging is realized 
over t ha t  obtained under t h e  condi t ions  recommended 
in the  preliminary study. 

T h e  order 

5.1 .c Preparation of Aminoacyl-Transfer 
Ribonucleic Acid (tRNA) Synthetases 

from E. col i  B 

I. B. Rubin 

Several  procedures for t h e  preparation of solu- 
t ions of mixed aminoacyl-tRNA syn the ta ses  were 

’One optical  density unit  (ODU) is the  to ta l  absorb- 
ance of 1.0 ml of solution of optical  densi ty  1.00 meas- 
ured a t  260 nm i n  a cell of 1-cm light path with d is -  
t i l led water a s  the solvent;  ODU = OD X volume. 

. 
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Table  5.1. Comparison of Specific Act iv i t ies  of 

Aminoacyl-tRNA Synthetase Enzyme 

Specific Activity 
(unitsa per milligram of protein) Amino 

Acid 
P e a k  I P e a k  I1 E n z  L-11 

Arg 
H i s  
I le 
L e u  

LY s 

Met , 

P h e  
Ser  

Tyr 
Va 1 

0.3 
<0.01 

3.5 
0.01 

< 0.01 
2.1 
2.0 

<0.01 

2.1 
0.1 

7.5 
0.4 
0.2 
3.2 
0.8 

< 0.01 
0.1 
1.2 
0.2 
3.8 

0.7 
0.05 

0.2 
0.3 
0.2 

<0.01 

1.6 
0.3 
0.2 \ 

0.4 

unit  = 1 nanomole of tRNA charged per minute 
a t  3 7 ’ ~ .  

bEnzyme used  by General -Analyses Laboratory. 

s tud ied  quantitatively to e s t ab l i sh  a standard 
method of processing E. coli B cells t o  obtain 
t h e s e  enzymes. T h e  enzymes a re  c r i t i ca l  factors 
i n  the determination of spec i f i c  tRNA’s. A com- 
bination of t h e  procedures descr ibed  by Kelmers, 
Novelli,  and Stulberg’ and by Muench and Berg,’ 
after modification, gave the most cons is ten t  
product. T h e  result ing procedure is, in brief, a s  
follows. T h e  ly sa t e  from fresh E. coli B cells is 
centrifuged, and the  supernatant liquid is diluted to 
a protein concentration of 10 mg/ml. T h e  nuc le ic  
a c i d s  a re  then separa ted  by precipitation with 
streptomycin su l fa te .  T h e  superna tan t  liquid from 
the  precipitation is dialyzed, and  the  protein is 
precipitated from i t  with ammonium sul fa te  (75% of 
saturation). T h e  precipitate is d isso lved  and is 
chromatographed on a DEAE-cellulose column. A 
s t epwise  elution with a phosphate buffer y ie lds  two  
d is t inc t  ,protein fractions. T h e s e  final products 
contain l e s s  than 1% of t h e  original nuc le ic  ac ids ;  

6 J. C. White, C. A. Horton, and I .  B. Rubin, “Analyti- 
cal Biochemistry,” Anal.  Chem. Div. Ann. Progr. Rept.  
Nov. 15, 1964, ORNL-3750, p. 29. 

’A. D. Kelmers, G. D. Novelli, and M. P. Stulberg, 
“Separation of Transfer Ribonucleic Acids  by Reverse 
Phase  Chromatography,” J .  &of. Chern. 240, 3979 (1965). 
‘K. H. Muench and P. Berg, “Preparation of Aminoacyl 

Ribonucleic Acid Synthetases from Escherichia  coli,” i n  
Procedures in Nucleic  A c i d  Research,  ed. by G. L. 
Cantoni and D. R. Davies, pp. 375-83, Harper and Row, 
New York, 1966. 

however, apparently some ribonuclease does  
accompany the  syn the ta ses .  Synthetase ac t iv i t ies  
a re  divided between the two protein fractions. 
Table  5.1 shows t h e  distribution of the enzymes 
between t h e  fractions corresponding t o  t h e  two 
elution peaks  and a comparison of the i r  spec i f i c  
ac t iv i t ies  with tha t  of a n  enzyme preparation 
currently in routine use .  Specific ac t iv i t ies  for 
the other amino ac ids  a r e  too  low for the i r  quanti- 
t a t ive  measurement. 

‘ 5.1 .d Miscellaneous Studies on the Analysis of 
Transfer Ribonucleic Acid (tRNA) 

I. B. Rubin 

Studies to  eva lua te  the  various s t e p s  of t he  pro- 
cedure for t he  a s s a y  of tRNA have continued. 
Pretreatment of t h e  paper d i s k s  by soaking  them in 
tr ichloroacetic ac id  (TCA) led t o  apparently higher 
count ra tes ,  but t h i s  increase  w a s  found to be due  
to precipitation of the  aminoacylated tRNA on the  
sur face  of t he  paper d isk  ins tead  of distribution 
within the  disk.  Pretreatment of t h e  paper d i s k s  
with the  respec t ive  “cold” amino ac id  had no 
effect .  Drying time of the  paper d isk ,  once  t h e  
aliquot had dried for 30 s e c ,  had no ef fec t  on  the  
resu l t s  whether t h e  d isk  w a s  dried for as  long as 
30 min with a hot-air blower or 90 min a t  ambient 
temperature. Reduction of t he  volume of the a s s a y  
solution from 0.5 to 0.25 m l  had no deleterious 
effects and allowed a 50% saving  of 14C-labeled 
amino ac ids .  Exposure of the  scinti l lat ion v i a l s  
and fluid to room fluorescent l ight for 5 hr did not 
change t h e  average background count r a t e  or t he  
precision of t h i s  count rate,  whereas repeated 
usage  of t h e  v i a l s  and scinti l lator,  up to five times, 
increased  t h e  background count  rate by only 
severa l  counts per minute and did not change t h e  
precision of th i s  count rate. A number of washing 
procedures, which varied from the eight-step pro- 
cedure recommended by Bollum ’ to a three-step 
procedure, were tes ted  and- compared with the  
usua l  washing procedure; they did not change the  
results.  Methanol or isopropanol can  be  sub- 
s t i tu ted  for ethanol, and  3 vol % hydrochloric or 

’F. J. Bollum, “Fi l ter  Paper  Disk Techniques for 
Assaying Radioactive Macromolecules,” in Procedures 
in Nucleic  A c i d  Research, ed. by G. L. Cantoni and 
D. R. Davies,  pp. 296-300, Harper and Row, New York, 
1966. 
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perchloric ac id  c a n  b e  subs t i tu ted  for  TCA. How- 
ever,  blank d i s k s  processed  a long  with s e r i e s  of 
sample d i sks  were found to  have  picked up an  
average of 2 5  counts/min above  background. T h e s e  
t e s t s  on various a s p e c t s  of t h e  a s s a y  procedure for 
tRNA will  continue. 

5.1 .e Automated Determination of Transfer 
Ribonucleic Acids (tRNA’s) 

Gerald Goldstein W. L. Maddox 
I .  B. Rubin 

T h e  filter-paper-disk procedure for the determina- 
tion of tRNAZ w a s  automated successfu l ly .  Tech-  
nicon AutoAnalyzer components were purchased 
tha t  withdraw a sample ,  mix it with reagent and 
enzyme, and incubate t h e  mixture at 37OC. T h e  
flowing stream then p a s s e s  through a debubbler and 
a flow-cell colorimeter and back  through the  pro- 
portioning pump t o  a stream sampler.  A diagram of 
the  output mechanism is shown in Fig.  5.1. De- 
ta i l s  of the  stream-sampling mechanism a re  given 
in Sect. 1.10. A dye is disso lved  in  t h s  sampler 
wash water; t h e  appearance of t h e  dye  a t  t he  
colorimeter ac t iva t e s  t he  output sampler,  which 
delivers a fixed volume of so lu t ion  t o  t h e  filter- 
paper disk.  

4C-labeled 
aminoacylated tRNA in  the  s t ream with the  trans- 
mittance reading from the  flow cell (Fig. 5.2) 
shows tha t ,  in the  l a s t  20-sec period before the  
appearance of t he  dye, t he  amount of aminoacylated 
tRNA delivered t o  the  d i sk  is reproducible and 
that t h e  count ra te  is almost t h e  same as tha t  of a 
similar volume taken i n  manual a s s a y s .  In routine 
use ,  t he  automated method compares  favorably both 
in precision and accuracy with t h e  manual method 
(Table  5.2). 

Correlation of t h e  concentration of 

A p’aper t ha t  descr ibed  t h i s  instrument w a s  
presented. ’ 

‘OG. Goldstein, W .  L. Maddox, and I. B. Rubin, “A 
Semi-Automated Filter Paper Disk Technique for the 
Determination of Transfer Ribonucleic Acid,” pre- . 
sented at the Technicon Symposium, Automation in 
Analytical Chemistry, New York, Oct. 2-4. 1967. 

ORNL- W G  67- ,620 

w P E n  
I LEVEL 

TO SAMPLERE a073 DYE 
WASH RECEPTACLE‘ 

-WASTE 

\ .  L L  ____ 4-b - - - - 1 
OUTPUT SAMPLER 
I PAPER DISKS) CONTROUER I 
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Fig. 5.2. 
Concentration of Aminoacylated tRNA. 

Tab le  5.2. Comparison of AutoAnalyzer with Manual-Assay Results 

Results  Amino Number of 
Acid Au toAnalyzer Counts per Minute Standard Deviation (SO) , 

AutoAnalyzer Manual AutoAnalyzer Manual Charged Replicatesa 

Phe 

Tyr 
Va 1 
.Leu 

4 6  

64 
5 0  
4 6  

708  7 57 

547 481 
958 1138 

1468 1633 

4 
, 4  

5 
4 

*Number of replicates for manual a s s a y  = 3 .  

1. 
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5.1 .f Ligand-Exchange Chromatography of 
Nucleotides, Nucleosides, and 

Nucleic Acid  Bases 

Gerald Goldstein 

Ligand-exchange chromatography with a copper- 
loaded che la t ing  res in  (Chelex 100) is a useful 
technique for t h e  rapid separation of nucleic ac id  
components. Nucleotides a r e  not retained on the  
column and a re  eluted with water. Slightly bas i c  
nuc leos ides  and b a s e s  a r e  retained only weakly 
and c a n  be  resolved by elution with water; the more 
bas i c  nucleosides c a n  be separa ted  by elution 
with 1 M NH,OH. Nucleic ac id  b a s e s  a r e  retained 
more strongly than nuc leos ides  but c a n  be  e lu ted  
and separa ted  with 2.5 M NH,OH. A paper tha t  
descr ibes  th i s  work h a s  been published. 

* .  
5.1 .g Terminal Nucleoside Assay of Ribonucleic 

Acid by Ligand-Exchange Chromatography 

C.  A. Burtis Gerald Goldstein 

T h e  recent development a t  the  Oak Ridge National 
Laboratory of methods for t h e  separation of individ- 
ua l  tRNA’s by reversed-phase chromatography h a s  
necess i ta ted  a rapid micro method for the  determi- 
nation o f t h e  purity of tRNA. 
sis of tRNA yie lds  a mixture of 2 ’- and 3 h u c l e o -  
t i des  of the  internal b a s e s  and a nucleoside derived 
so le ly  from the  5 ’-linked terminus. Enzymatic de- 
phosphorylation prior to a lka l ine  hydrolysis a l lows  
the a s s a y  of nuc leos ides  having primary phos- 

Alkaline hydroly- 

pha te  res idues  in  the  2 
nal nucleoside.  

To quantitatively sepa ra t e  t h e  nuc leos ides  from 
the nuc leo t ides  in  a n  a lka l ine  hydrolysate of tRNA, 
ligand-exchange chromatography was  employed 
(Sect. 5.1.f). An aliquot of t h e  neutralized tRNA 
hydrolysate was  eluted from a copper-loaded 
che la t ing  column (0.9 by 50 cm) with 1 M NH,OH. 
The  column effluent w a s  monitored a t  260 nm. A 
log-to-linear converter, which permits absorbance 
t o  b e  recorded linearly, and a scale expander 
were added” s o  that at maximum sensit ivity a 
full-scale deflection on the  recorder corresponded 
to 0.10 ODU. 
integrated,  and nucleoside concentration was  ca l -  
cu la ted  from calibration fac tors  derived from the  
ana lys i s  of standard‘ so lu t ions  of t h e  nucleoside.  
The  resultant end-group va lues  were then com- 
pared with the biological a s s a y  (aminoacylation) 
as a measure of purity (Table  5.3). To demonstrate 
the  feasibil i ty of a s say ing  for nuc leos ides  other 
than adenosine,  homopolymers of RNA were 
a s sayed  for terminal nuc leos ides  after prior en- 
zymatic removal of terminal phosphate (Table  5.4). 

T h e  versati l i ty of the  method was  further demon- 
s t ra ted  by end-group a s s a y  of commercial y e a s t  
tRNA, which is known to have terminal nuc leos ides  
other than adenos ine  (Table  5.5). 

or 3 ’-position of the  termi- 

T h e  nucleoside-peak a rea  w a s  

’ 

1 1  G. Goldstein, “ Ligand-Exchange Chromatography of 
Nucleotides, Nucleosides,  and Nucleic Acid Bases ,”  
Anal. Biochem. 20, 477 (1967). 

J. T. Hutton, “Multipoint Recorder Programmable 
Range Converter,” Instrxnentation and  Controls Div. 
Ann. Progr. Rept .  Sept.  1, 1966, ORNL-4091, p. 110. 

1 2  

Table  5.3. Purity Estimation of tRNA 

Adenosine 
tRNA Source End Group Aminoacylation Puritya 

(picomoles /ODU ’) (picomoles/ODU5) (70) 

Partially purified 
methionine 

Partially purified 
phenylalanine 

Purified leucine 

990 (+2%) Methionine 820 (f5%) 83 
All others 140  (55%) 

1330 (f270) Phenylalanine 880 (f5%) 
All  others 150 (*5%) 

1270 (*2%) Leucine 1200 (*5%) 
All  others 60 (55%) 

66 

95 

Purified phenylalanine 1350 (*3%) Phenylalanine 1340 (*5%) 99 

All  others <10 

aCalculated by dividing aminoacylation by  terminal adenosine. 
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Tab le  5.4. End-Group Assay of Homopolymers of R i b a n u c l e i i  Ac id  

Amount with Indicated Type of 
3 5 ’-Linked Terminus Number of 

Homopolymer Determinations (picomole s/ODU) 

N N 
---P P ---P 

Polyadenylic acid 4 ’  780 (*4%) 0 
Polycytidylic acid 4 1670 (15%) 0 
Polyguanylic acid 3 850 (&Sa)  0 
Polyuridylic acid 3 790 (&Yo) 0 

T a b l e  5.5. End-Group Assay of Yeast  t R N A  

End Groupsa 
(picomoles/ODU) 

Nucleoside 
N 

---P N ---P P 

Adenosine 580 (f4’74) 170 (f5%) 
Cytidine 270 (54%) 930 (*5%) 

Tota l  end groups 1950 (*4%) 

aIn e a c h  c a s e  three determinations were made. 

Routine adenosine a s s a y s  c a n  b e  done  in.60 to 
7 0  min on a 50- by 0.9-cm column; cytidine, 
guanosine, and uridine a s s a y s  in about 120  min on 
a 100- by 0.9-cm column. T h e  method is sens i t i ve ,  
s ince  t h e  terminal nucleoside conten t  of a tRNA 
sample of 1 0  ODU (equivalent t o  3 to 4 pg of adeno- 
s ine)  may be a s sayed  with a relative standard 
error of +3 to +6%. 

and a manuscript was  submitted for publication. 
A paper on th i s  work will b e  presented orally, ’ 

5.1 .h Base-Ratio Determination of RNA by 
Ligand- Exchange Chromatography 

C. A. Burtis 

Earlier methods for base-ratio determination of 
nucleic ac ids  have involved a lka l ine  hydrolysis 

13C. A. Burtis and G. Goldstein, I6Assay of 3’-Termi- 
nal Nucleosides  of Transfer Ribonucleic Acids by 
Ligand-Exchange Chromatography,’’ presented a t  South- 
eastern Regional Meeting, American Chemical Society, 
Atlanta, Ga., Nov. 1-3, 1967. 

14C. A. Burtis and G. Goldstein, “Terminal Nucleo- 
s ide  Assay  of Ribonucleic Acid by Ligand-Exchange 
Chromatography,” submitted to Analytical  Biochemistry. 

followed by separation of t h e  resultant nucleotides 
by chromatography or e lec t rophores i s  and then 
determination of nucleotide concentration by ultra- 
violet spectrophotometry. Disadvantages  of t h e s e  
methods include poss ib le  degradation of the N-bases  
by the  a lka l ine  hydrolysis and the  long t i m e  re- 
quired for chromatographic separation. A method 
h a s  been developed whereby RNA is hydrolyzed to 
5 ‘nucleotides by venom phosphodiesterase and t h e  
5 ’nucleotides are subsequent ly  dephosphorylated 
to nucleos ides  by alkaline phosphatase.  T h e  re- 
su l t ing  nuc leos ides  a r e  separa ted  and quantitative- 
ly determined by ligand-exchange chromatography 
as described for end-group a s s a y  (Sect. 5.1.g). 
Samples of RNA were analyzed in duplicate,  a n d -  
the  resu l t s  were compared wi th  va lues  derived from 
a widely used  cation exchange chromatographic 
method’ 

T o  further compare the  two methods, homopoly- 
m e r s  of RNA were analyzed by each  method, and  
the resu l t s  were compared with t h e  resu l t s  of 
phosphate  ana lyses  after enzymatic  dephosphoryla- 
tion (Table  5.7). T h e  resu l t s  of t he  phosphate  
ana lyses  agree  with the  b a s e  composi t ions de- 
termined by ligand-exchange chromatography, but 
the ion exchange method gave  high resu l t s  for 
uridylic ac id  and low re su l t s  for adenylic and 
cytidylic ac ids .  T h e  ligand-exchange method is 
advantageous in  tha t  the chromatographic time is 
relatively fast (1 to 2 hr) and t h e  enzymatic  hy- 
drolysis reaction is relatively mild. In addition 
very l i t t l e  sample is required (0.05 to  1 . 0  mg), and 
1 2  to  53% re la t ive  standard error may be expected. 

for b a s e  composition (Table  5.6). 

”S .  Katz and D. C. Comb, “A New Method for t he  
Determination of the B a s e  Composition of Ribonucleic 
Acid,” J .  Biol. Chem. 238, 3065 (1963). 

. 



Table  5.6. Bose Composi*ion o f  t R N A  

. 

Separation Mole Percenta 
tRNA Source 

Method Adenosine Cy tidine Guanosine Uridine 

Yeast Ion exchange 
Ligand exchange 

16.7 
19.5 

21.5 
24.0 

32.7 
33.9 

29.1 
22.7 

E. col i  B 

Crude Ion exchange 
Ligand exchange 

Partially purified tRNAPhe Ion exchange 
Ligand exchange 

Purified tRNAPhe Ion exchange 
Ligand exchange 

17.0 
18.4 

16.6 
20.4 

16.3 
21.4 

26.2 
28.8 

26.1 
27.4 

26.3 
29.5 

32.9 
33.9 

32.2 
33.9 

32.2 
31.7 

23.9 
18.9 

25.0 
18.5 

25.3 
17.4 

aEach sample was  analyzed in duplicate by each method. 

Table  5.7. Base  and Phosphote Composition of RNA Homopolymers 

RNA . 

Homopolymer 

Composition (micromoles/ODU) 

B a s e  

Ion Exchange Ligand Exchange 
Phosphate 

Polyadenylic acid, (AMP)" 
Polycytidylic acid, (CMP), 
Polyuridylic acid, (UMP)n 

0.098 
0.162 
0.124 

0.104 
0.185 
0.103 

0.103 
0.179 
0.104 I 

5.1 .i Determination of Molecular Weights of RNA 
Homopolymers by Ligand-Exchange 

Chromatography 

C. A. Burt i s  

Fo r  molecular-weight determination of RNA homo- 
polymers the  terminal nuc leos ides  and  t h e  b a s e  
composition of each  homopolymer were determined 
by ligand-exchange chromatography. Homopolymers 
of RNA were purchased from Miles Laboratories,  
Elkhart, Indiana. Since t h e  homopolymers terminate 
in 3 '-phosphates, the phosphates were enzymati- 
cally removed before end-group a s s a y .  \ T h e  number 
of nuc leos ides  per homopolymer molecule w a s  then 
ca lcu la ted  by dividing t h e  quantity of nuc leos ides  

per ODU by the  quantity of terminal nuc leos ides  
per ODU. T h e  molecular weight of the homopolymer 
can  then b e  ca lcu la ted  by multiplying t h e  number 
of nuc leo t ides  per cha in  by the  molecular weight of 
the  polymer's monomeric nucleotide.  Tab le  5.8 
g ives  the  results.  

adenylic and polycytidylic a c i d s  agree  well  with 
those  determined by spectrometric measurements. 
T h e  observed error with polyuridylic ac id  was not 
unexpected, s i n c e  end-group a s s a y ,  when the  
terminal nuc leos ide  is uridine, requires a rechroma- 
tography s t ep ,  which would introduce an error in to  
the procedure. It is hoped tha t  t h e  method will 
prove applicable to natural  RNA. 

.The molecular weights determined for poly- 
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T a b l e  5.8. Results of Determination of Molecular Weight of 

RNA ,Homopolymers by Ligand-Exchange Chromatography 

Nucleoside Nucleosides  
E n d  Groups Concentration per Polymer 

Terminal 
Molecular 

Weight 
Polyribonucleic 

Acid Molecule (picomoles/ODU) . (picomoles/ODU) 

Polyadenylic acid,  (AMP)n 
Ligand exchange 
Miles 

Polycytidylic acid, (CMP)n 
Ligand exchange 
Miles , 

Polyuridylic acid,  (UMP)n 
Ligand exchange 
Miles 

7.8 x IO2 9.89 x io4 127 48,500 

, 12 0-1 50 .48,000a 

1.77 x i o 3  2.02 x io5 113 36,500 

12 0-1 50 34,200a 

7.5 x l o 2  9.89 l o 4  131 42,500 
120-150 35,4OOa 

aMolecular weight determined from ultraviolet  spectra  and extinction coefficients supplied by Miles Laboratories,  
Elkhart ,  Ind. 

5.2 BODY FLUIDS ANALYSIS PROGRAM 4.5 ORNL-DWG. 67-42646 
I I I 

5.2.0 Automatic High-Resolution Analysis of Urine 
for Ultraviolet-Absorbing Constituents 

C. D. Scott’ J .  E. Attrill 
N. G. Anderson16 

A high-pressure high-resolution nucleotide 
analyzer was  adapted for t h e  separa t ion  of t h e  
ultraviolet-absorbing cons t i tuents  of urine. More 
than 100 chromatographic peaks  were resolved. 
Significant differences were de tec ted  among the  
chromatograms of the  urine of normal, leukemic, 
and schizophrenic subjec ts .  A report of th i s  work 
h a s  been published. l 7  

, 

5.2.b Froctionotion of Urine by Gel- 
Permeation Chromatography 

C. A. Bur t i s  

A 2.5- by 100-cm jacketed Sephadex column with 
upward-flow adapters  w a s  packed with Sephadex 
G-10 and was  equilibrated with water a t  37OC. A 

6Biology Division. 
”C. D. Scott, J. E. Attrill,  and N. G. Anderson, 

“Automatic, High-Resolution Analysis  of Urine for I t s  
Ultraviolet-Absorbing Consti tuents,” Proc.  SOC. E x p t f .  
Biol. Med. 125, 181 (1967). 

FRACTION NUMBER 

Fig.  5.3. Chromatogram T h a t  Shows the Separation of 

U,rinory Components by Gel-Permeation Chromatography. 

1-ml  urine sample that had ,been s te r i l i zed  by 
membrane filtration w a s  placed on t h e  column by 
way of a Chromatronix sample valve.  T h e  sample  
was  then e lu ted  with water (1.92 ml/min), and t h e  
column effluent was  monitored a t  260 nm by a 
spectrophotometer and  recorder. Effluent f rac t ions  
of 7.5 ml were co l lec ted  for l a t e r  a s say .  Six ultra- 
violet absorbancy peaks  were observed  (F ig .  5.3) 
and were analyzed for various components; Tab le  
5.9 g ives  t h e  resu l t s .  
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Table  5.9. Components Separated from Ur ine by 

Ge I - Perme a t  i on C h rom atog ra  ph y 

Peak No. Components Found 

I Ninhydrin-positive 
t i  I1 . Inorganic phosphate, Na , K 

I 111 Ninhydrin-positive, Na’, K +  

IV Ninhydrin-positive, uric acid, pentoses,  

hexoses ,  chlorides, Na’, K +  

V Ninhydrin-positive, urea 

VI Poss ib ly  N bases  (low 280/260 ratio) 

T e s t s  for phenols and a lcohols  were negative 
because of the  insensit ivity of t h e  detection 
methods. I t  w a s  concluded t h a t  preparative gel 
chromatography may prove usefu l  for prior fractiona- 
tion of urine whereby the  resu l tan t  pooled fractions 
may b e  further separa ted  by ion exchange chroma- 
tography or other techniques.  

5.2 .c ldent i fi  cation of Chromatograph ica I I y 
Separated Urinary Constituents 

C. A. Burtis 

T h e  u s e  of a modified Anderson automatic nu- 
c leo t ide  analyzer for t h e  ana lys i s  of human urine 
h a s  been developed to a point where 125  peaks  a r e  
resolved in 44 hr. Identification of t h e  components 
corresponding to the  1 2 5  peaks  h a s  been difficult, 
s i n c e  the  peaks  represent microgram quantit ies of 
components that  a r e  present  i n  a relatively l a rge  
quantity of ace t a t e  buffer. I t  is planned to collect 
fractions from urine runs a n d  t o  sepa ra t e  the  
urinary consti tuents from t h e  buffer solution by 
electrophoresis or by gel-permeation or thin-layer 
chromatography. T h e  i so la ted  compound will then 
be  purified further and submitted for nuclear mag- 
ne t i c  resonance and m a s s  spectrometric ana lys i s .  

flowing sys tem was  procured, and  seve ra l  4C- 
l abe led  urinary compounds were purchased. By 
spiking a urine run with a 14C compound and com- 
paring the  resultant radiochromatogram with t h e  
posit ions of t he  ultraviolet  chromatographic peaks  
from the  nucleotide analyzer,  possibly compounds 
present i n  small amounts may also b e  identified. 

In addition, a monitoring sys tem for a radioactive 

5.3 MOLECULAR ANATOMY PROGRAM 

5.3.a Electrophoresis of Proteins 

A. L. Travaglini  

Electrophoresis is the  movement of i ons  in solu- 
tion under the  influence of a n  e l ec t r i c  field. I t  is 
frequently u s e d  to  sepa ra t e  proteins.  T h e  t e s t  
solution is supported in a more or less inert  ma- 
terial  s u c h  as paper, ce l lu lose  ace ta te ,  s ta rch  gel,  
agar gel,  o r  polyacrylamide gel. Polyacrylamide 
gel h a s  t h e  advantages  of being inert, transparent, 
mechanically strong, and thermostable; a l so ,  i t  c a n  
be  prepared to  have  any of a la rge  range of pore 
s i z e s .  Thus,  proteins similar in charge  but dif- 
fering in  size c a n  be  separa ted  by a molecular- 
s iev ing  effect .  D i sc  electrophoresis as descr ibed  
by Ornstein 
number of components in protein samples .  

A current of 3 t o  4 ma is used  for each  tube; a 
run requires 1 hr. After t h e  run t h e  gels a re  
s ta ined  in  Buffalo Blue Black dye to fix t h e  ‘pro- 
t e ins  on the  gel and to  dye  t h e  protein bands. Ex- 
cess dye  is removed from the  gel by electrophore- 
s i s .  F igure  5 .4  is a diagram of the appara tus  cur- 
rently be ing  u s e d  for gel-disc electrophoresis and  
destaining; Fig. 5.5 shows  s t a ined  protein bands 
in a gel s l a b  and  in a d i sc ;  each  band is a different 
protein from hamster serum. 

Future  work will  involve identifying some of t h e  
proteins. 

h a s  been used  to  determine the  

5.3.b Preparative Gel Electrophoresis 
of Proteins 

A. L. Travaglini 

Gel s l a b s  (6 x 9 x ’; in.) a r e  used  to sepa ra t e  
large quant i t ies  (200 to 300 mg) of protein. When a 
run is completed, an  e d g e  slice of ge l  is taken. 
The  remainder of the  s l a b  is frozen to -6OOC to 
minimize diffusion of the  protein bands.  The  edge  
slice is s ta ined ,  and t h e  posit ions of the  protein 
bands  a re  determined. T h e  main s l a b  is then cu t  
i n  sec t ions ,  each  containing one  band. Each 
sec t ion  is mashed in  a smal l  volume of buffer 
solution, and t h e  protein d i f fuses  into the  buffer, 
from which i t  c a n  b e  recovered. 

“L. Omstein, “Disc  Electrophoresis - I. Background 
and Theory,” Ann. N . Y .  Acad. Sc i .  121, 321 (1964). 
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Fig. 5.7. Concentration of Antibody Activity by 
Centriphoresis. 

Figure  5.7 shows how antibody in serum is con- 
centrated by centriphoresis.  T h e  goal of t h e  work 
is to isolate milligram quant i t ies  of antibody and 
antigen. 

5.3.d Amino Acid Analyses 

J. E. Attrill 

In an  attempt to determine t h e  pattern of free and 
bound amino a c i d s  in mammalian t i s s u e s ,  ana lyses  
were made on  various t i s s u e s  from hamsters.  
Samples of brain, heart ,  lung, and tumorous ma- 
terial  were analyzed for f ree  and bound amino 
ac ids .  T h e  tumorous material  came from tumors 
originally caused  by the injection of a n  adeno 31 
type v i rus  beneath t h e  sk in  of a hamster. T h i s  is 
a virus a s soc ia t ed  with humans infected with the  
common cold.  Although thought to b e  harmless to 
man, when injected under t h e  sk in  of a hamster 

this virus c a u s e s  a la rge  tumor tha t  continues to 
grow and  eventually c a u s e s  the  dea th  of the animal. 
Another group at the  laboratory h a s  reported the  
deficiency of t h e  amino ac id  arginine in  these  
tumorous t i s sues .  However, an  attempt to verify 
their resu l t s  was  unsuccessfu l ,  mainly because  
arginine ex is ted  in such  small  quant i t ies  i n  all 
t h e  above  t i s s u e s  tha t  no  clear-cut difference w a s  
es tab l i shed .  

amino ac ids .  Most of t h e s e  samples  were from 
pa t ien ts  of the  ORAU Medical Division. It w a s  of 
in te res t  to determine whether any major composi- 
tion differences e x i s t  between t h e  urine of normal 
persons and  tha t  of cance r  o r  mental  patients.  
Since many variables contribute to t h e  chemical 
content of urine (e.g., water intake,  diet ,  exercise),  
no immediate conclus ions  were drawn from t h e s e  
tes t s .  However, the  resu l t s  were given to t h e  
National Ins t i tu tes  of Health and to the  ORAU 
Medical Division for study and interpretation. 

Several samples  of human urine were ana lyzed  for 

5.4 AMINO-ACID SEQUENCE ANALYSIS 

J .  E. Attrill R. A. Popp16 

An important a s p e c t  in the  ana lys i s  of amino 
ac ids  h a s  been the  determination of t he  amino- 
ac id  sequence of t h e  peptides re leased  by enzy- 
matic hydrolysis of t h e  p chain  of hemoglobin from 
the  C57B1 type  of laboratory control mouse. Hemo- 
globin is a protein composed of heme prosthetic 
groups unite’d with polypeptide cha ins .  T h e s e  
peptide cha ins  appear t o  be  homologous for all 
mammalian hemoglobinsz0 and usually occur in 
two forms ca l led  a a n d  p chains .  T h e  structure of 
these cha ins  is genetically controlled and differs 
among mammals. Certain anemias  have been 
definitely traced to the  substi tution of a s ingle  
amino ac id  a t  various posit ions in  one  of t h e s e  
cha ins .  I t  h a s  thus  become important not only to 
determine t h e  sequence  of t h e  amino ac ids ,  but 
also to determine which subs t i tu t ions  may occur 
without interfering with the function of hemoglobin - 
its capac i ty  to transport oxygen throughout the  body. 

2oM. F. Perutz, M. G. Rossmann, A. F. Cullis,  H .  
Muirhead, G. Will, and A. C. T. North, “Structure of 
Haemoglobin - a Three-Dimensiona 1 Fourier Synthesis 

a t  5.5-R. Resolution, Obtained by X-Ray Analysis ,”  
Nature 185, 416 (1960). 

. 



Work is now being done to complete t h e  study on 
the P-chain sequence ;  the  amino ac id  sequence  in 
the  a c h a i n  of the  hemoglobin of t h i s  s t ra in  of 
mouse h a s  already been determined. 21 T h e  red 
c e l l s  a r e  separa ted  from t h e  whole blood by cen- 
trifugation and a re  lysed in  water to obtain t h e  
f ree  hemoglobin. T h e  a a n d  p chains  of the  hemo- 
globin a re  separa ted  on an IRC-50 cation exchange 
column. T h e  P-chain protein is col lec ted  and 
sp l i t  in to  15 smaller peptide fractions by enzy- 
matic digestion with trypsin. T h e s e  fractions a r e  
separated by means of both anion and cation ex -  
change resins.  Each individual fraction is then 
hydrolyzed, and the  amino ac id  content is de- 
termined to obtain the  integral  ratio of amino 
ac ids .  T h e  larger pept ides  a re  also treated with 
pepsin,  papain, or chymotrypsin to obtain smal le r  
fragments. By means of t he  Edman degradation 
method, 2 2 - 2 4  the N-terminal amino ac id  is s p l i t  
off and is identified. Knowledge of where t h e s e  
enzymatic s p l i t s  occur and  previous information 
from t h e  a chain and other hemoglobin s tud ie s  have 
led to  a proposed sequence model shown in  Tab le  
5.10. Changes in t h i s  model a r e  made as new in- 
formation is obtained. Other methods of ana lys i s  
such  as  starch-gel e lec t rophores i s  and paper 
chromatography a r e  u s e d  in the identification, 
separation, and checks  of the  purity of t h e s e  com- 
pounds. 
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‘R. A. Popp, “The  Separation and Amino Acid Com- 
position of the Tryptic Pept ides  of the  a Chain of Hemo- 
globin from C57B1 Mice,” J. Biol.  Chem. 240, 2863 
(1965). 

”P. Edman, “Preparation of Phenyl  Thiohydantoins 
from Some Natural  Amino Acids,” Acta  Chem. Scand. 4, 
277 (1950). 

Acid Sequence in  Pept ides ,”  Acta  Chem. Scand. 4, 
283 (1950). 

C. H. W. Hirs,  S. Moore, and W. H. Stein,  “The  
Sequence of Amino Acid Residues in  Performic Acid- 
Oxidized Ribonuclease,” J .  Biol. Chem. 235, 633 (1960). 

23P. Edman, “Method for Determination of the Amino 

2 4  

Table  5.10.’ Possible Amino-Acid Sequence of the 

,B Chain of C57BI Mouse Hemoglobin 

Peptide Sequence 
~ _ _ _ _ _ _ _  ~ ~ ~ 

PT-1 

P T-2 

Val, His, Leu, Thr, Asp, Glu, Ala, L y s  

Ser, Ala, Val, Gly, Ala, Leu, Tyr,  Gly, 

LY s 

PT-3 Val, Asn, Val, Asp, Glu, Ala,  Gly, Gly, 
Glu, Ala, Leu, Gly, Arg 

PT-4 Leu, Leu, Val, Val, Tyr, Pro, Tyr, Thr,  
Glu, Arg ‘ 

PT-5 Tyr, Phe ,  Ser,  Ser,  Phe ,  Gly, Asp, Leu,  
Ser, Ser, Ala, Asp, Ala, Ile, Met, Gly, 
Asn, Ala, L y s  

PT-6 Val, L y s  

PT-7 Ala, His,  Gly, L y s  

PT-8 LY s 

PT-9 \Val, I le,  Asn, Ala, Phe ,  Ser, Asp, Glu, 
Leu,  Thr, His ,  Leu,  Asp, A m ,  Leu,  L y s  

PT-10 Gly, Ser, Phe, Ala,  Thr, Leu,  Ser, Glu, 

Leu,  His ,  Cys ,  Asp, ’Lys 

PT-11 Leu,  His ,  Val, Asp, Pro,  Glu, Asn, Phe ,  

, Arg 

PT-12 Leu,  Leu,  Gly, Asn, Val, Leu,  Val, Ile, 
Gly, Leu,  Met, H i s ,  H i s ,  Ile;.Gly, L y s  . 

PT-13 Asp, Phe ,  T h r ,  Pro, Ala,  Ala, Gly, Ala,  
Ala, Phe ,  Glu, L y s  

PT-14 Val, Val, Ala, Gly, Val, Ala,  Ala,  Ala, 
Leu,  Ala,  His ,  L y s  

PT-15 Tyr, H i s  

. 
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6. X-Ray and Optical Spectrochemistry 

Practices for Photographic Photometry 
in Spectrochemical Analysis” 

The ASTM “Tenta t ive  Recommended P rac t i ces  
for Photographic’ Photometry in  Spectrochemical 
Analysis”’ was  revised. Sec t ions  were added on  
the d iagnos is  of difficult ies from the  appearance  of 

Cyrus Feldman 

6.1 X-RAY SPECTROSCOPY 

H. W. Dunn 

A subroutine w a s  written t o  plot relative inten- 
sities and chemical percentages ca lcu la ted  from 
pure s tandards ;  relative in tens i t ies  or factors ob- 
tained by t h e  XRA-E2 code; and chemical percent- 
ages  ca lcu la ted  from pure s tandards ,  absorption 
coefficients,  and f luorescence  exc i ta t ion  poten- 
tials by t h e  electron probe code  EP-2 (a highly 
modified form of a code  written by J. D. Brown’). 
Th i s  plotting subroutine (DATAPLOT) ca lcu la tes  
a leas t - squares  f i t  and draws t h e  corresponding 
curve, weighting individual points differently if 
desired.  Code EP-2, a successo r  to EP-1, now 
obtains and/or ca l cu la t e s  any  necessary  param- 
e t e r s  from fundamental da t a  s tored  on tape.  I t  
makes absorption and f luorescence  corrections by 
severa l  methods and u s e s  the  most cons is ten t  one 
in  calculating chemical concentrations.  I t  prints 
out resu l t s  i n  final form for reporting, thus  sav ing  
time and  eliminating transcription errors. Stand- 
a rds  of wide composition range a r e  being prepared 
to t e s t  t he  accuracy of EP-2. 

6.2 PHOTOGRAP HI C PHOTOMETRY 

the  Seidel-fun’ction preliminary curve and on the  
external and  internal ilIumination of the  spectro- 
graph. The  sec t ions  on the  s tep-sec tor ,  two-line, 
and line-group methods were omitted; only the  two- 
s t e p  method was  retained. 

6.2.b Beam Splitter for Use in  Emulsion 
Cali bration 

The methods most commonly used  to ca l ibra te  
spectrographic emulsions require a light beam of 
uniform intensity in  the vertical  direction where it 
encounters the s tepping  device  (filter, s tep-sec tor ,  
e tc . )  so  that the intensity ratio of beams emerging 
from t h i s  device  wi l l  be known. However, the  de- 
s i red  degree  of uniformity (* -1%) is difficult to 
achieve  over  t he  necessary  ranges of height (5-10 
mm) and of wavelength (e.g., 2000-4500 A). There- 
fore, a way was  sought  to produce a pair of light 
beams of known intensity ratio (preferably -3:2 a t  
all wavelengths) without first  having to  produce an 
illuminating beam of good vertical  uniformity. 

A beam sp l i t t e r  of the partially transparent mirror 
type appeared to offer a way to  do  th i s .  Since 
su i tab le  dev ices  a re  not ava i lab le  commercially, an  
ad jus tab le  beam sp l i t t e r  with eas i ly  replaceable 
optical  par t s  was  built for developmental work 
(Fig. 6.1). When the  incident beam s t r ikes  the par- 

Cyrus Feldman tially transparent (or beam-splitting) mirror, part  of 

ORN L- DWG. 67-12650 6.2.0 Revision of ASTM “Tentative Recommended 

‘J. D. Brown, A Computer Program for Electron Probe 
Microanalysis, U.S. Bureau of Mines Report RI-6648 
(1965). 
‘C. Feldman, “Tentative Recommended Practices for 

Photographic Photometry in  Spectrochemical Analysis 
(E-ll6-56T),” pp. 12-25 in Methods for Emission Spec- 
trochemical Analysis,  4th ed . ,  American Society for 
Testing Materials, Philadelphia, Pa . ,  1964. 

TOTALLY 
REFLECT1 NG 

T R AN SPAR ENT 

Fig. 6.1. Schematic Diogrom of.Beom Splitter f o r  U s e  

in Calibrating Spectrographic Emulsions. 
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. 
the flux (e.g., 30%) is reflected onto the totally re- 
f lecting mirror and into the  spectrograph. A s  t he  
remainder of the  flux p a s s e s  through the  beam- 
spli t t ing mirror, about two-thirds is absorbed by the  
coating on the  mirror, and the  r e s t  (e.g., 20% of the  
origina1,flux) emerges a lmost  undeviated.  In th i s  
example, the intensity ratio of the  two emergent 
beams would thus  b e  30:20 o r  3:2. 

mittance, reflectance,  and reflectance/transmit- 
t ance  ratio from 2400 t o  4400 A. 

T h i s  device  will  now b e  used  to  ca l ibra te  spec-  
trographic films under working conditions. Other 
beam-splitter constructions (e. g., prismatic beam 
sp l i t t e rs  and an  inclined reflecting light chopper to 
replace the  beam-splitting mirror) a r e  also being 
considered. 

T h e  va lue  of th i s  ratio at a given wavelength de- 
pends on  the  dens i ty  and reflectivity of the coa t ing  
on the  beam-splitting mirror, which in  turn depend 
on the  coa t ing  material  and preparative technique. 
If it is assumed tha t  the upper mirror g ives  e s sen -  
t ially to ta l  reflection a t  all wavelengths,  as is the  
case for aluminum, the wavelength dependence of 
the reflectance/transmittance (or beam-intensity) 
ratio (ideally, a horizontal  line) depends primarily 
on t h e  coa t ing  material. Several coating materials 
(Ag, P t ,  Al, Rh) were t e s t ed  a t  the  20% transmit- 
tance leve l  by measuring separa te ly  the  spec t ra l  
transmittance and re f lec tance  curves  and then cal- 
culating the  reflectance/transmittance ratio at each  
wavelength. Of the  e lements  tes ted ,  rhodium gave 
the f l a t t e s t  reflectance/transmittance v s  wave- 
length curve. F igure  6.2 shows  i t s  spec t ra l  trans- 

ORNL- DWG. 67- (2651 
I I I I I I '  

6.3 SPECTROGRAPHIC ANALYSIS 
OF TISSUE ASH 

Cyrus  Feldman F. S. Jones  

6.3.a Chemical Preconcentration of Trace 
Elements in Bone Ash 

T h e  concentrations of most t r ace  e lements  i n  
bone a s h  a re  too low for their  d i rec t  spectrographic 
detection. U s e  of the  Mitchell-Scott procedure3 
was  attempted to co l l ec t  quant i t ies  sufficient for 
detection, but high reagent b lanks  and coprecipita- 
tion of calcium phosphate made th i s  impractical. 
Also,  the  procedure w a s  ineffective for some t race  
elements.  

Circumvention of t he  coprecipitation problem by 
extracting the  t r ace  e lements  from solutions of . 
bone a s h  w a s  s u c c e s s f u l  for only a few elements.  
Again, the  p re sence  of phosphate  hampered other- 
w i se  success fu l  ex  tractions.  

I t  w a s  therefore dec ided  that t he  development of 
a general co l lec t ion  procedure would b e  greatly fa- 
c i l i t a ted  by f i r s t  el iminating phosphate from the  
sample.  E lec t rodia lys i s  through anion-permeable 
resin membranes appeared to b e s t  s u i t  the  purpose. 
Th i s  approach would permit t he  handling of large 
samples  without a commensurate inc rease  i n  con- 

TRANSMITTANCE 

I I I I I I 
2500 3000 3500 4000 4500 5000 5500 

WAVELENGTH, A 

Fig. 6.2. Spectral Characteristics of Rhodium Beam-< 

Splitting Mirror. 

tamination. Although other an ions  b e s i d e s  phos- 
phate would b e  removed, few of t hese  a r e  of in- 
te res t  in the  present  case. 

A three-compartment cell w a s  prepared; the  
sample  (a s l igh t ly  ac id  solution of natural or syn- 
thetic bone a sh )  w a s  p laced  in t h e  center  compart- 

3R. L. Mitchell, The Spectrographic Analysis  of Soils ,  
Plants and Related Materials, with Addendum, Common- 
wealth Bureau of Soil Science Technical Communication 
No. 44 of the Commonwealth Bureau of Soil Science, 
Harpenden, England; Commonwealth Agricultural 
Bureaux, Farnham Royal, Buckinghamshire, England 
(1964). 
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Table  6.1. Removal of Phosphate from Calcium Phosphate Solution by Electrodialysis 

Through Anion Exchange Membrane 

Time to  Reduce 
by Half Remarks Voltage Current 

(V) (ma) (min) 

10 140-70 820 All compartments stirred 

10  135-88 

23 365-160 

23 410-60 

23 650 

500 

320 

270 

80 

Center compartment not stirred 

20 vol % HCOOH in  anode compartment 

20 vol % HCOOH in  anode compartment; 
center compartment hea ted  to 65-70°C 

t 

ment. To avoid migration of ca t ions  through a ‘ 
cation-permeable membrane and their subsequent  

chamber were made of anion-permeable (i.e., cation- 
impermeable) resin membrane. T h e  ac id  used  had 
to b e  strong enough to  d i s so lve  the  bone a s h  ye t  
weak enough t o  l eave  most of the  phosphate as  an 
anion (e.g., H , P 0 4 - )  rather than as neutral H 3 P 0 4 .  
The an ions  of the so lvent  ac id  also had to have  a 
relatively low affinity for t he  anionic res in ;  the 
acid i t se l f  had to b e  eas i ly  purified and eas i ly  
eliminated from the  so lu t ion  after processing. 
Formic ac id  fulfi l ls  t h e s e  requirements and was  
chosen. Elec t rodia lys i s  w a s  carried out a t  -20 v 
and 600-700 ma.  

Experiments done with 32P tracer showed that 
the concentration of phosphorus in the center cell 
decreased  almost exponentially with time. Tab le  
6.1 gives typical resu l t s .  Un les s  otherwise noted, 
the  sample was  prepared by dissolving 1 g of 
Ca3(P04) ,  in 5 ml of 90% HCOOH and adjusting 
the pH to 3. The  anode  compartment was  filled 
with 10% HCOOH, and the  ca thode  compartment 
with 1 M NaOH. Under t h e s e  conditions <4% of 
the original phosphate remained after 6 hr. T h i s  
efficiency permits u s e  of the  Mitchell-Scott pro- 
cedure and makes poss ib l e  improvement of i t  for 
collecting manganese and chromium. T h i s  proce- 
dure will now b e  applied to  bone a s h  and  tested for 
recovering t r ace  elements.  

. deposition on the  cathode, both wa l l s  of the  center 

J 

6.3.b Purif ication of Water and Other Reagents 

Since water and  other reagents contribute a la rge  
fraction of the  trace-element blank encountered in  

the  procedure for the chemical collection of t race  
elements,  experiments were undertaken to  purify 
water by e lec t rodia lys i s  through anion- and cation- 
permeable membranes. T h e  first  resu l t s  obtained 
with 64Cu tracer ind ica te  tha t  t h i s  element can  b e  
effectively removed from water i n  th i s  way. Ex- 
periments a r e  continuing on other contaminants and 
reagents 1 

6.3.c U s e  of Commercial Freeze-Dried Food 
as  Tissue Standard 

If a large amount of a homogeneous t i s sue  
standard could b e  conveniently prepared, stored, 
subdivided, and sh ipped ,  interlaboratory compara- 
t ive a n a l y s e s  could be  made tha t  would include the 
ash ing  procedure as  well  as the  determinations of 
components. Commercially available freeze-dried 
foods, espec ia l ly  meat, appear to b e  poss ib le  
s tandards .  Therefore, work was  begun to check  
the  suitabil i ty of Kraft freeze-dried chicken for 
th i s  use .  Preliminary resu l t s  ind ica te  that the 
chicken c a n  b e  pulverized and blended satisfac- 
torily by means of a hammer mil l .4  However, s te r i -  
lization of t he  blended product s eems  to b e  neces-  
sa ry  to ensu re  adequate  she l f  l ife and to facil i tate 
shipping. 

4F. S. Jones,  “Tissue  Analysis,” Anal.  Chem. Div 
Ann. Progr. Rept.  Nov. 15, 1965, ORNL-3889, p. 38. 
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Table 6.2. Limits of Detect ion for the Spectrographic Determination of Rare-Earth Elements, 

Bo, Sr; and U in L i F - B e F 2  Mixtures 

Limit of Detection 

Element Micrograms per Gram of Sample Absolute (pg) 

Without Preconcentration With PreconcentrationB 

C e  

Nd, Sm 

Dy, Pr ,  Tb, Tm 

E u  

Er, Gd, Lu, Y, Yb 

Ba 

Sr 

U 

200 

50 

20 

5 

2 

4 

1 

2 30 

2 

0.5 

0.2 

0.05 

0.02 

0.4 

0.1 

0.04 

0.01 

0.004 

0.008 

0.002 

0.5 

al-g sample.  

6.4 PRECONCENTRATION O F  TRACE 
ELEMENTS IN T H E  SPECTROCHEMICAL 

ANALYSIS O F  NUCLEAR FUELS 

Anna M. Yoakum Cyrus Feldman 

6.4.a Determination of Traces of Rare-Earth 
Elements, Barium, Strontium, and Uranium 

i n  LiF-BeF2-Type Nuclear Fuels 

With u s e  of spec ia l ly  synthes ized  s tandards  and 
the argon-atmosphere modification of the  Kroonen- 
Vader Li2C03-graphi te  b a s e  technique,’ rare-earth 
elements,  Ba ,  Sr, and U were determined to  the  
limits given in Tab le  6.2. The  sens i t iv i t ies  ob- 
tained by direct  ana lys i s  of sample material 
(column 2) c a n  be  improved by chemical preconcen- 
tration of impurit ies (column 3). Since most of 
these  t race  e lements  a r e  rarely encountered in  the  
blank, the sens i t i v i t i e s  c a n  probably b e  increased  
by increas ing  the  sample  s i z e .  

collecting rare-earth e lements  from large samples  
includes fusion with ammonium bisulfate6 to  elimi- 

The  chemical. preconcentration procedure used  for 

’5 .  Kroonenand D. Vader, L ine  Interference in Emis-  
sion Spectrographic Analysis,  Elsevier ,  New York,’ 1963. 

6C. Feldman, “Ammonium Bisulfate  Fusion. Applica- 
tion to  Trace  Analysis  by Spectrochemical and Other 
Techniques,” Anal.  Chem. 32, 1727 (1960). 

na te  fluoride and thus  to  convert  t h e  melt to a 
soluble mixture of su l fa tes .  T h i s  melt w a s  d is -  
solved and  t rea ted  with lanthanum carrier and then 
with NH,F and H F .  T h e  combined fluorides im- 
mediately and quantitatively precipitated the  t race  
elements;  H F  alone reacted much more slowly, al-  
though also quantitatively.  The e f fec t iveness  of 
this procedure for co l lec t ing  t r aces  of barium, 
strontium, and uranium is be ing  checked .  

6.4.b Determination of Trace Impurities in 233U02 
Mixtures by Tributyl Phosphate (TBP) Extraction 

and Solution-Residue Arc Method 

In response  to a reques t  for determinations of 
t race  impurities i n  233U0, -Th02  mixtures at sen-  
si t ivity l eve l s  below the  limits a t ta inable  by the  
carrier-disti l lat ion technique, .an attempt was  made 
to perform t h i s  ana lys i s  by d isso lv ing  the  mixture 
in HNO,, extracting the 2 3 3 U  and T h  (in a glove 
box)‘into 40% TBP i n  n-hexane, evaporating the  
aqueous p h a s e  to dryness  onto graphite powder, 
and. arcing t h e  residue. 

The  main ques t ions  to b e  answered before per- 
forming s u c h  a n  ana lys i s  are: 

1. Are the 233U and Th completely extracted? 
Since the  aqueous‘layer is to be evaporated to  a 
residue, even  sma l l  amounts of uranium or thorium, 

, 

. 

. 
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if still present,  would ser ious ly  interfere with t h e  
spectrographic determination of t race  elements.  
After f ive  extractions of a 4-g sample  of 233U0 - 
Tho ,  from 10 M HNO, with 40% TBP, no alpha 
radioactivity due  t o  thorium or uranium could b e  
detected,  nor could t h e s e  e lements  be  detected 
spectrographically (sensit ivity l imits 0.02 and 
0.6 pg  respectively). 

2. What is the degree of contamination by re- 
agents ,  glassware,  a n d  environmental dus t?  Com- 
p le te  p rocess  blanks were run us ing  quartz-dis- 
tilled HNO,, deionized water, quartz laboratory 
ware when poss ib le ,  and acid-soaked borosil icate 
ware when unavoidable. 'All operations up to the 
extraction of the  2 3 3 U  and T h  were conducted in  a 
glove box, as  descr ibed  above. Table  6.3 shows 
the  to ta l  blanks.  

3. How should  s tandards  b e  prepared? Impurities 
i n  samples  may occur either in so l id  solution in  the  
sample l a t t i ce s ,  as d i sc re t e  (and possibly insol- 
uble) particles,  o r  i n  both ways.  When the  sample 
is processed  as  above, good recovery would be  ex -  
pected for d i sso lved  impurities, but particles that  
r e s i s t  dissolution might b e  lost at liquid-liquid 
interfaces or on the  wal l s  of containers.  

In t h e  present  procedure the  importance of the  
degree of dissemination of t he  impurities was  
tes ted  by analyzing a T h o ,  standard prepared by 
grinding known amounts of so l id  impurities with 
pure T h o , .  Recoveries were sa t i s fac tory  for all 
t race  elements except  aluminum (40% recovery) and 
s i l icon  (10% recovery). A second portion of th i s  
standard was  then treated with so luble  forms of 
aluminum and s i l i con  and analyzed by the  above 
procedures. Recovery of the  so luble  additions w a s  
complete. T h e s e  experiments indicated that finely 
divided impurities a r e  usua l ly  recovered in th i s  
procedure but tha t  highly refractory particles,  such  

2 

Table  6.3. Mognitude of Blanks for the Determination 

of Trace Impurities in 233U02 Mixtures by TBP 
Extraction and the Solution-Residue Arc Method 

Blank 

Absolute (pg) Concentrational (pg/g)" 
Element 

Na 
Zn 

K 
Ca 
F e  
AI 
Si 

Mg 
c u  
Ba 
Cd 
Cr 
Ni 
Pb 
Sn 
Ti - 
Mn 
Mo 
Zr 
Sr 

Ag 

>21 

21 

<6 
2 

0.6 

0.6 

0.6 

0.3 

0.2 

0.1 
0.07 

0.06 

0.06 

<0.03 

<0.03 

0.02 

0.02 

0.02 

0.006 

0.006 

0.002 

>5 

5 

<1.5 
. 0.5 

0.15 

0.15 

0.15 

0.075 

0.05 

0.025 

0.018 

0.015 

0.015 
<0.0075 

(0.0075 

0.005 

0.005 

0.005 

0.0015 

0.0015 

0.0005 

__ 

aCalculated for a 4-g sample. 

as A1,03 and SiO,, may b e  los t .  Thus ,  the  m.ost 
reliable way to prepare s tandards  is to s imula te  
the preparative history of the  samples .  

4.  Are a n y  trace elements l o s t  by extraction? 
Th i s  question is now under investigation. 

7. Mass Spectrometry 

7.1 SPARK-SOURCE MASS SPECTROMETRY b a s e  a l loys  to  b e  analyzed for  t race  e lements  with 
emphasis on  their boron content. Twelve metall ic 
samples  made from separa ted  s t a b l e  i so topes  
(26Mg, "Fe, "Zr, IsoSm, Is6Gd, 164Dy, I6'Er, 
'900~, Ig6P t )  were checked for poss ib le  contami- 

included very pure Ni, Cr, and W from different 

J .  R.  Si tes  J .  A. Carter 

T h e  u s e  of t he  MS-7 spark-source mass spectro- 
graph increased 30% over t h e  previous year. About nants  introduced during production. Other s amples  
a third of the  samples  be ing  received a r e  Ni-Cr-Fe 
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vendors; t en  rare-earth e lements  in the  form of 
metal, oxide, or s a l t ;  and  Be ,  Bi,  Pd ,  T h ,  T1, U P ,  
US, and U,N,. 

Several unusual a l loys  (Nb-Ta, Nb-U, W-Re, 
Ta-Hf-W, V-Ti) were analyzed for minor constitu- 

Table  7.1. Elements in W-25%Re Wire 

Identity 
Concent ration 

(ppm) 
~~ 

Mass 188 (Os?) 1100 

Mass 189 (Os?) 0.5 
Ira 6 
Mo 2 00 
Th . 2  

aApproximate relative isotopic abundances of the Ir 
"'Ir, 30%; "'Ir, 10%; lg31r, 60%. isotopes: 

Table  7.2. Distribution of Radioactivity in  Source 

Radioactivity Present  

(%) 
Source Par t  

F i r s t  s l i t  
Electrode clamps 
Shield 
Insulators 
Kidney plate 
Window 
Walls of source 
2 d  s l i t  

3d s l i t  
P la te  

90.0 
7.5 
1.7 
0.4 
0.2 
0.1 
0.1 
n i l  
nil  
ni 1 

Table  7.3. Results of Spark-Source Mass Spectrographic 

Determination of Niobium in  Niobium-Spiked Uranium 

and in Purif ied 231Paa  

Sample Niobium (wt SO) 

Identity Number Added Found 

U 1 2.0 '  1.9 

U 2 . 0.60 0.52 
U 3 0.20 0.27 

' , l p a  1 c0.05 

ents .  Of particular i n t e re s t  is t h e  amount of osmium 
that grows in to  irradiated W-25%Re thermocouple 
wire. For  t h e  spark-source ana lys i s  two 5'-in.-long 
p i eces  of 0.020-in.-diam thermocouple wire were 
mounted on gold wire; T a b l e  7.1 shows  t h e  resu l t s .  
T h i s  direct  ana lys i s  s a v e d  many man-hours of 
difficult ana ly t ica l  separa t ions .  T a b l e  7.2 shows  
the  distribution of t h e  radioactivity of t h e  residual 
material from t h e  spark ing  of t h e  W-25%Re wires. 

T h e  ana lys i s  of nonradioactive so lu t ions  by 
spark-source techniques  w a s  demonstrated pre- 
viously. T h i s  technique h a s  now been applied to 
the ana lys i s  of small samples  of radioactive ma- 
terials.  To eva lua te  t h e  technique  for determining 
niobium in  2 3  'Pa ( t ,  , , = 3.2  x 10 years), a s e r i e s  
of niobium-spiked uranium samples  were analyzed. 
Exactly 2 pg of uranium, which corresponds to t h e  
maximum amount of 231Pa that t h e  Heal th  P h y s i c s  
Division a l lows  to  be handled, w a s  evaporated on  
gold e lec t rodes  for  t h e  ana lys i s .  In t h e  trans- 
uranium program i t  was  des i red  t o  b e  a b l e  to de tec t  
as little as 0.5 wt % Nb in 231Pa. Tab le  7.3 g ives  
the  resu l t s  for t h e  niobium-spiked uranium samples  
and a purified sample of ' 'Pa .  T h i s  spark-source 
technique for so lu t ions  h a s  also been used  to 
study the  mechanism whereby cons t i tuents  of MSRE 
salts penetrate irradiated graphite. 

Significant modifications were made to  improve 
the e lec t ronics  of t h e  MS-7 m a s s  spectrograph. An 
eas i ly  a c c e s s i b l e  arrangement for t h e  reference 
battery of the  magnet supply w a s  added. Simple 
c i rcu i t s  that  permit t h e  s t ab i l i t i e s  of the  magnet 
and high-voltage supp l i e s  to b e  checked to one  part  
in 50,000 were added. Noise-free so l id-s ta te  rec- 
t if iers were also added. - 

7.2 LOW-RESOLUTION MASS SPECTROMETRY 
OF ORGANIC COMPOUNDS 

W. T. Rainey W. H. Chr is t ie  
H. S. McKown 

During the p a s t  year  a single-magnetic-stage 
mass  spectrbmeter was  cons t ruc ted  and put into 
se rv ice  for the ana lys i s  of organic compounds. 
The  instrument (Fig. 7.1) u s e s  a 12-in.-radius 90° 
magnet with an  electron bombardment source  and 

1 J. R. S i tes  and J. A. Carter, "Spark-Source Mass 
Spectrometry," Anal.  Chem. D i v .  Ann.  Progr. Rept.  
Oct. 3 1 ,  1966, ORNL-4039, p. 47. aIndium used  a s  internal standard. 
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Table  7.4. F i rs t  Ionization Potent 

the Lanthanides 

Fig. 7.1. Low-Resolution Mass Spectrometer for 

Analysis o f  Organic Compounds. 

electron multiplier detector. T h e  output is pre- 
sented in  char t  form by a six-pen oscil lograph, one 
pen being used as ion-current monitor and m a s s  
marker. 

Sample-input systems a r e  capable  of handling 
gases ,  volat i le  liquids, and s o l i d s .  Reasonably 
volat i le  l iquids  in milligram quant i t ies  can  be ex- 
panded into a reservoir contained in  a thermostati- 
cally controlled oven and bled into the  source 
through a variable leak. Sol ids  and l iquids  in  
microgram quantity can  be introduced into the 
source by a direct-inlet probe. Samples that  a r e  
contained i n  melting-point cap i l la r ies  can b e  
cooled to liquid-nitrogen temperature or heated to 
35OOC g h i l e  they a re  in  the  evacuated source can.  

A wide variety of samples  have been analyzed 
with sat isfactory resul ts .  T h e  resolution of t h e  
instrument accommodates samples  of m a s s  up to 
600 provided they are  sufficiently volatile. Several 
s e r i e s  of alkyl-substi tuted aromatic hydrocarbons, 
organic phosphate es te rs ,  polynuclear hydrocarbons, 
amines ,  alcohols,  and ketones have  been s tudied 
to date .  

7.3 SURFACE IONIZATION STUDIES 

G. R. Hertel  

7.3.0 Ionization Potential Measurements by 
Surface Ionization 

T h e  surface-ionization comparison technique2 l 3  

was u s e d  to measure the f i r s t  ionization potentials 

~ 

Ionization Po 

(ev)  Element 

La 5.55 * 0 
Ce 5.54 f 0.06 
Pr 5.40 f 0.05 
Nd 5.49 f 0.05 
Pm (5.55 estd)  
Sm 5.61 f 0.05 
Eu 5.64 f 0.05 
Gd 6.16 * 0.05 
Tb 5.89 f 0.04 
DY 5.82 * 0.03 
Ho 5.89 f 0.03 
Er 5.95 5 0.03 
Tm 6.03 f 0.04 
Y b  6.04 * 0.04 
Lu 5.32 * 0.05 

of t h e  lanthanides.  By u s e  of mixtures of various 
lanthanide fluorides, the  ion in tens i t ies  of the  
singly charged lanthanide ions  could be measured 
under ident ical  experimental conditions and could 
be compared directly. From the  relat ive changes  
in  in tens i t ies  with temperature, the differences in  
the ionization potentials among all t h e  lanthanides 
except  promethium were determined. Comparison 
with a reference element (silver) made possible  the 
calculation of the  ionization potent ia ls  of t h e  lan- 
thanides (Table  7.4). The  value for promethium is 
an  estimate based  on the  ca lcu la ted  va lues  for the 
other elements.  

Further de ta i l s  of th i s  work and a comparison of 
all known previously reported va lues  a re  included 
in  a forthcoming publication. 

21. N. Bakulina and N. I. Ionov, “Determination of 
the Ionization Potential of Uranium bv a Surface Ioniza- 
tion-Method,” Soviet Phys.  J E T P  (English Transl.) 
36(9), 709 (1959). 

G. R. Hertel, “Surface Ionization 11. The First Ioni- 3 

zation Potential of Uranium,” J .  Chern. Phys .  47, 335 
(1967). 

4G. R. Hertel, “Surface Ionization 111. The First 
Ionization Potentials of the Lanthanides,” accepted 
for publication in the Journal of Chemical Phys ic s .  
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7.4 MASS SPECTROMETRIC SEARCH FOR 
NEON IN MINERALS AND IN 

VOLCANIC GLASSES 

L. c .  ~ ~ 1 1 5  

Several minerals and volcanic g l a s s e s  were 
~ 

heated a t  1800OC i n  vacuo, and t h e  evolved g a s e s  
were examined mass spectroscopically for He ,  Ne, 
and Ar, with t h e  main emphasis  on Ne. Spodumene 
was examined to determine whether t h e  '*O(a,n)- 
"Ne reaction, which w a s  sugges ted  by Aldrich 
and Nier6 as a neutron source  for the  reaction 
6Li (n ,a )  3He, would produce de tec tab le  amounts of 
neon i n  th i s  lithium mineral. Several fluorine- 
containing minerals, namely, lepidolite,  amblygo- 
nite, and fluorite (with embedded uraninite), were 

studied to see if the  reaction '9F(a ,n)22Na + 
"Ne would be  detectable.  Pumice,  pearli te,  and 
obsidian were also studied. No conclus ive  ev idence  
was  obtained for the  ex is tence  of neon in  t h e s e  ma- 
terials.  T h e  extraction, purification, and m a s s  
s p e c t r o m  t r ic  sys t ems  used  i n  th i s  study allow 
detection of a t  l e a s t  5 x 
Since 1 Y 

t o  da t e  t h e  la rges t  reported amount of neon in 
c rys ta l  samples ,  ex tens ive  changes  need to b e  
made. T h i s  work ind ica tes  t ha t  the  gas-liberation 
and purification sys tem needs  to b e  modified ex- 
tensively to inc rease  t h e  sens i t iv i ty  by a factor of 
10 t o  100. A sens i t i ve  s t a t i c  m a s s  spectrometer 
that  offers a gain in  sens i t iv i ty  of a t  l e a s t  1000 
over dynamic instruments should b e  used .  I t  is 

( P + )  

cm3 (STP) of neon. 
cm3  (STP) per gram of sample is 

50RAU Research Participant;  Ass i s t an t  Professor of 

6L. T. Aldrich and A. 0. Nier, "The Occurrence of 
Chemistry, Vanderbilt University, Nashville,  Tenn. 

He3 in  Natural Sources of Helium," Phys. Rev.  74, 
1590 (1948). 

recommended tha t  helium-containing fluorine 
minerals (e.g., f luorite with uraninite) b e  s tud ied  
c lose ly  to eva lua te  "Ne/ "Ne and  "Ne/"Ne 
ratios. Also,  quartz and muscovite samples  tha t  
have  the  h ighes t  l80 contents  should b e  analyzed 
for neon i so topes .  Such a n a l y s e s  a re  currently, 
important in'understanding the  distinction between 
primordial and radiogenic components and their 
role in the origin of our atmosphere and its relation- 
sh ip  to  the  origin of the  so la r  sys tem and  the  
genes is  of elements.  

7.5 DOUBLE - F OCU SI NG MASS S P ECTROME T E R 

W. T .  Rainey W.  H. Chr is t ie  
H. S. McKown 

A high-resolution double-focusing mass spec -  
trometer was  assembled and is being tes ted .  T h i s  
type of mass spectrometer c o n s i s t s  of an  electrc- 
s t a t i c  deflection sec tor  tha t  is followed by a mag- 
ne t ic  deflection sec tor ;  low-resolution instruments 
have only a magnetic s t age .  T h i s  additional elec- 
t ros ta t ic  s t age  reduces  aberrations caused  by the  
spread  of energy and of direction of t he  ions  gen- 
erated in the  source.  At present  a resolution of 
4000 h a s  been attained. T h i s  means tha t  two 
peaks  of equal height which differ i n  mass by o n e  
part in 4000 can  be  resolved to the  ex ten t  tha t  t h e  
height of the  valley between them is only 0.1% of 
the peak height. 

T h e  source  accep t s  so l id  and gaseous  samples .  
The  detection system u s e s  ion-pulse counting. 
With the  ex is t ing  instrumentation, only inorganic 
samples  c a n  be  accepted ,  because  a spectrum of 
only four or five m a s s  uni t s  c a n  b e  observed a t  one  
time. Instrumentation for t h e  long  m a s s  s c a n s  re- 
quired for organic materials is being developed. 

. 
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8. Optical and Electron Microscopy 

T. E. Willmarth 
H. W. Wright T. G. Harmon 

I -  

8.1 RESEARCH ASSISTANCE IN ELECTRON 
MICROSCOPY AND ELECTRON 

DIFFRACTION 

Electron microscopy and electron diffraction have  
continued in  u s e  as invest igat ive tools in  a wide 
range of fundamental and applied research of interest  
to the  senior  research s taff  of ORNL and other Union 
Carbide establ ishments  in  Oak Ridge. 

8.1.0 Surface Chemistry Studies. Adsorption 
of Water on Porous and Nonporous Samples 

of Thorium Oxide' 

Electron micrographs were made of samples  of tho- 
rium oxide prepared by thermal decomposition and by 

P E M -  200-7230 

Fig, 8.1. Electron Micrograph That  Shows Tho2 
Crystals as  Chemically Thinned i n  Hot H2S04. 

acid digestion of thorium oxalate.  The  par t ic le  and 
crystal  dimensions so determined correlated well  with 
those  determined by other  means. In crystal  models 
proposed to explain the  difference in  water adsorp- 
tion between the two preparations,  the  most predom- 
inantly exposed crys ta l  f a c e  is (100) for the thorium 
oxide prepared from the  oxalate  and (111) for the  
material  prepared by acid digestion. In support of 
the model, electron diffraction s tudies  of relatively 
large s ingle  c rys ta l s  similar to those formed by acid 
digestion indicated tha t  for -80% of the c rys ta l s  t h e  
plane of the  exposed faces  w a s  (lll), that  of the  re- 
mainder of the crystals being (100). Figure 8.1 shows 
the nature of the preparation used for the  electron 
diffraction s tudies .  The  opaque objec ts  a re  surface 
c rys ta l s  of thorium oxide thinned in  hot sulfuric acid 
after a vaporized film of carbon h a s  been deposited 
on them. The  underlying gray s t ructure  is a replica 
of the agglomerate surface.  Each crystal  mass was 
isolated for transmission electron diffraction by 
means of a 10-c( aperture, which gave an  effect ive 
se lec ted  area of -0.9 p. 

8.1.b Dispersion Hardening Studies. Controlled 
Oxide Precipitation in Flake Aluminum 

and Aluminum Alloys 

Electron micrographs were made of atomized alu- 
minum and aluminum a l loys  that  had been ball-milled 
in a high-energy bal l  m i l l  in  the  presence of one  of 
severa l  oxides  dispersed in  petroleum ether  with 
s tear ic  ac id  as  surfactant.  The  micrographs indi- 
cated that  the  oxide par t ic les  were pressed in to  and 
retained in  or  on the  metal surface.  Masses of such  
flakes c a n  be vacuum-annealed, cold-pressed, and 
hot-extruded to form bars  or  s h e e t s  of aluminum or 
aluminum a l loys  tha t  contain homogeneous disper- 
s ions  of the included oxide. Figure 8.2 shows 
MgO and u-Al2(OOH), (boehmite) retained in  or on 
the sur face  of the metal flakes. 

'H. F. Hofmes. E. L. Fuller, Jr., and C. H. Secoy, 
"Gravimetric Adsorption Studies of Thorium Oxide. 
III. Adsorption of Water on Porous and Non-Porous 
Samples," submitted to the Journal of Physical  
Chemistry. 
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Fig. 8.3. Electron Micrographs of Erbium Hydroxide 

Sols. A ,  aged 5 min at 25OC; B, aged 5 days at, 55'C; 
C, aged 19 days 9 hr at  25'C. 

8.1.d Nuclear Safety. Retention of Radioactive 
Iodides by Impregnated Charcoals 

As part of a program to determine the  abil i ty of 
impregnated charcoal to capture and retain radio- 
act ive methyl iodide-131, act ivated charcoal w a s  
impregnated with a solution of s i lve r  salt that  w a s  
reduced to metallic s i lve r  within the  pores of t h e  
charcoal. Electron microscopy and  electron dif- 
fraction were used  to determine t h e  physical ap- 
pearance of t h e  metallic silver,  its location within 
the charcoa l  matrix, and whether t h e  s i l ve r  salt 
had been completely reduced. Electron microscopy 
of sec t ions  of the impregnated charcoa l  prepared 
by ultratoming with a n  LKB microtome showed that  
the metallic s i lve r  was  present in the form of small 
spheres  l ining t h e  pores of t h e  charcoa l  (Fig. 8.4). 
Electron diffraction indicated t h e  presence  of only 
metallic s i lver  and carbon. 

. 
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PEM-LOO- 6698 

Fig. 8.4. Pore Wall of Activated Charcoal That Shows 
Deposit  of Metal l ic  Silver. 

8.1.e Other Research Assistance 

Other research a s s i s t a n c e  in the form of optical  
and electron microscopy and electron diffraction 
was  given relative t o  the  following work: thoria 
fuel-cycle s tud ie s ;  anodically deposited coa t ings  
for t he  "moon box"; sol id-s ta te  sur face  s tud ie s  of 
metals; ferrous-ferric molybdate corrosion inhibi- 
tors; solubili ty of Fe at elevated temperatures; 
removal of iodide from LiF-BeF, melts; develop- 
ment of fuel elements,  p ressable  BN, and radio- 
act ive sources  for radiographic work; and evalua- 
tion of SAP materials,  a low-pressure impactor for 
particle collection, and a contained sys tem for 
f iss ion product simulation. 

8.2 ELECTRON MICROSCOPY OF 
RADIOACTIVE MATE RIALS 

The  abili ty to successfu l ly  examine, photographi- 
cally record, identify, and interpret t h e  nature of 
highly radioactive materials has  continued to be  
demonstrated at the facil i ty for electron microscopy 

Fig. 8.5. Part ic les of Highly Rodioactive 2 3 8 P u 0 2  

from Mound Loborotary. 

of highly radioactive materials,  located in  Building 
3019. For example, samples  of 238Pu02 from the  
Mound Laboratory were prepared, observed, and 
recorded photographically with no appreciable con- 
tamination of t h e  electron microscope and no dif-  
f icult ies (Fig. 8.5). The  electron-di"---"-- 
nique was  demonstrated to be  suffici 
to identify radioactive corrosion and 
ucts  on the sur faces  of short-cooled 
elements and of graphite exposed in  
With numerous samples ,  t h e  magnific 
resolution of the Ph i l ip s  EM 100 ele 
scope  now be ing  used  for t h i s  work 1 

enough to provide the required inforn 
microscope now on order (Sect. 8.3) 
th i s  need. 

8.3 INSTRUMENTATIC 

d microscopy 
. _ _ _  A beam-tilting device  for dark-fie11 

was  added to t h e  Ph i l ip s  EM 200 elecrron micro- 
scope. With th i s  accessory  one may go from bright 
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field t o  dark field by means of a s ing le  switch.  
The beam can  be  deflected in either of two or- 
thogonal directions t o  about 6 O ,  so tha t  any dif- 
fraction spot  can  be brought out to  about t h e  eighth 
order onto t h e  optic a x i s  of the  objective lens.  T h e  
device is espec ia l ly  useful in the  study of d i s -  
locations and s tacking  faults in thinned metals 
and in the resolving of subcrystall i tes in platelet ,  
tube-, and needle-shaped crystals.  

T o  ensure  uniform resu l t s  i n  the  photographic de- 
velopment of electron-micrograph plates,  a nitrogen- 
bubble-agitation sys tem was installed.  Th i s  device  

makes possible temperature control t o  fO.S°F and 5 

contains a built-in plate dryer and viewer. 

ordered; it is to  be  installed in  the  Transuranium 
Process ing  Plan t .  It will  be used exclusively for 
the study of radioactive materials, espec ia l ly  the  
highly radioactive alpha emi t t e r s  such  a s  americium 
and curium. To ensure  the proper observation and 
recording of sequent ia l  events that  may take p lace  
while such  materials a r e  under observation, t he  
microscope is being equipped with a n  image- 
intensifying TV monitor and a video readout. 

A Phi l ips  EM 300 electron microscope was  

9. Nuclear and Radiochemical Analyses 

9.1 NUCLEAR PROPERTIES OF 
RADlON UC LID ES 

9 .1 .a  New Nuclear Data 

J. F. Emery 

95Zr. - T h e  number of gamma rays per dis-  
integration of ” Z i  (ref. 1) was  redetermined on a 
freshly separa ted  95Zr  source by u s e  of two 
Ge(Li) de tec tors  and an  NaI(T1) detector. After 
*90 hr a second separation was  made t o  obtain 
the  95mNb that had grown in. T h i s  95mNb was  
measured to  determine the branching of ”Zr t o  
95mNb. Tab le  9.1 summarizes the results.  

of the 757- t o  the  726-kev gamma ray, 1.25, agrees  
with the value 1.28 reported by Tsa le tka  and 
Vrzal.2 Also, the  value 1.35 x lo-’ for t he  
branching of 95Zr t o  95mNb agrees with t h e  va lue  
1.4 x lo-’ reported by Hudgens and L y ~ n . ~  

The  value obtained for the ratio of the in tens i t ies  

‘K. Way, “Nuclear Data Sheets ,”  NRC 60-5-119, 
A = 95, Natl. Acad. Sci.-Natl. Res .  Council, Wash- 
ington, D.C. 

R. Tsa le tka  and Y. Vrzal, “Measurement of ”2, 
and 95Nb Mixture by Ge(Li) Detectors,” Nucl. Sci.  
Abstr .  20, 36170 (1966). 

J. E. Hudgens, Jr., and W. S. Lyon, “Radiation 
from Columbium 95,” P h y s .  Rev. 7 5 ,  206 (1949). 

2 

3 

W. S. Lyon 
H. H. Ross 

’ ’ *Sn. - T h e  thermal-neutron c r o s s  sec t ion  for 
the  reaction ’ “Sn(n,y)’ 13Sn was determined. 
Irradiations were made in the ORR pneumatic tube 
( + t h  = 5 x 1013 neutrons cm-’ sec- ’; +r = 1.5 x 

1 0 l 2  neutrons cm-’ sec-’) and in the D,O tank 
of the  BSR ( + t h  = 1.2 x 10” neutrons cm-’ sec- ’ ;  + = 4 x lo8 neutrons sec-’) .  The thermal- 
neutron c r o s s  sec t ion  found is 0.65 barn; the 
resonance integral  is 24 barns. T h e  reaction 
197Au(n ,y ) ’98A~ was  used for neutron-flux de- 
terminations; the  va lues  98  and 1558 barns were 
used for the  thermal-neutron and resonance c r o s s  
sec t ions  of gold for , th i s  reaction. 

249Bk.  - A gamma-ray spectrum of an  “1-pg 
2 4 9 B k 0 2  source  was obtained wi th  a Ge(Li) 
spectrometer. Gamma rays from the growth of 
249Cf were observed. T h e  gamma-ray energies 
are 108, 122, 254, 333, and 387 kev; those l i s ted  
in the literature are 260, 340, and 390 kev. 

The 2 4 9 B k 0 2  was  irradiated for 20 min in a 
thermal-neutron flux of 5 x 1013 neutrons cm-’  
sec- ’. The  effective activation cross sec t ion  
w a s  210 barns. T h e  gamma-ray emission of 250Bk  
consisted of a pair of approximately equal-intensity 
gamma rays  of 991 and 1034 kev energy. 

ana lys i s  for 2 4 9 B k  is about lo-’’ g. 

cv 

The  lower limit of detection of activation 
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I 
Table  9.1. Gamma-Ray Intensities in 95Z1 

Number of Gamma Rays  per Disintegration 
E (kev) 

Y 40-cc Ge(Li) 6-cc Ge(Li) NaI(T1) 

726 0.441 0.4 34 

75 7 0.548 0.548 

726 i 757 

(Fraction to  95mNb) 

0.989 0.982 0.987 

1.35 x lo-’ 

9.1.b Alpha Decay of Holmium Nuclei:  
New Isotope, 154H0 

T. H. Handley R. L.  Hahn4 
K. S. Toth5 

Neutron-deficient holmium iso topes  were produced 
by ‘Dy(p,xn) reactions. Chemical separa t ions  
verified that t he  products were holmium nuclei; 
excitation-function determinations served t o  as- 
s ign  mass numbers to  them. A new isotope, 
154H0, w a s  found; i t  emits a lpha  par t ic les  of 
3.91 +_ 0.02 Mev and h a s  a half-life of 11.8 ? 1.0 
min. A search  w a s  made for a n  alpha-decay 
transit ion from ”’Ho, but none w a s  observed. 
T h e  radionuclides, l 5  ’Ho and 1 5 3 H 0 ,  already 
known to ex is t ,  were found to  have the  following 
respec t ive  a lpha  energ ies  and half-lives: 4.37 k 
0.02 MeV, 2.7 f 0.2 min; 3.97 k 0.02 M e V ,  9.3 t 
0.5 min. For lS3H0,  the  alpha-decay to  electron- 
capture ratio was  measured to b e  (1.2 +_ 0.7) x 

from a comparison with semiempirical 
es t imates  of alpha-decay ra tes ,  it was  concluded 
tha t  t h e  a lpha  transit ion of 1 5 3 H ~  is not hindered. 
T h e  resu l t s  of th i s  work were submitted for pub- 
lication. ‘ 

9. l .c  Nuclear Spectroscopy of 
Neutron- Deficient Radionuclides 

T. H. Handley Ben Harmatz’ 

T h e  sys temat ic  study of neutron-deficient 
radionuclides h a s  continued. T h e  radionuclides 

Chemistry Division. 4 

’Electrnnuc lear Division 

6R. L. Hahn, K. S. Toth,  and T. H. Handley, “Alpha 
Decay of Holmium Nuclei; New Isotope, 154H0,” a c -  
cepted for publication in The Phys ica l  Review. 

a r e  produced by proton or alpha bombardment in 
the  ORIC. Following chemical separa t ions ,  
sou rces  a re  prepared for study by u s e  of permanent- 
magnet spectrographs and gamma-scintillation 
spectrometers. During recent months 73Ta and 
l S 5 O s  have been studied. Present  work ex tends  
earlier work7 done with weaker sources  of ‘73Ta 
and ’’ Os; it is now poss ib le  to put together 
more complete decay  schemes  of t h e s e  nuclides. 
A number of poss ib l e  exc i ted  s t a t e s  are proposed. 
T h e  resu l t s  of t h i s  work will  be  published 
eventually in the  open literature. 

9.1.d Standardization of 19’H9 

J. S. Eldridge 

The  r e su l t s  of the  ana lyses  of t h e  interlab- 
oratory comparison samples  of 
by ORNL in 1966,’ were reported a t  a n  IAEA 
symposium. They aroused sufficient concern 
among many users  and suppl ie rs  of t h i s  medically 
important radionuclide to justify a second inter- 
laboratory comparison. Samples were prepared 
and distributed by B. J. Jackson.” Resul t s  
were collected and were reported on an anonymous 
b a s i s  a t  ORNL. Par t ic ipants  were the  laboratories 

7Hg, distributed 

7B. Harmatz, T. H. Handley, and J. W. Mihelich, 
“Nuclear Spectroscopy of Neutron-Deficient Lu, T a ,  
and Re  Isotopes,” Phys.  Rev. 119, 1345 (1960). 

Chem. Div. Ann. Progr. Rept .  Oct. 31’, 1966, ORNL- 
4039, p. 62. 

’J. S. Eldridge, “Standardization of Mercury-197,” 
pp. 313-322 in Standardization of Radionuclides (Pro- 
ceedings of the Symposium on Standardization of Radio- 
nuclides held by the Atomic Energy Agency a t  Vienna, 
October, 1966), MEA,  Vienna, 1965. 

“Commercial Products Branch, Atomic Energy of 
Canada, Ltd., Ottawa, Ontario. 

J. S. Eldridge, “Standardization of 197Hg,” Anal. 8 

. 
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who took part in t he  original intercomparison p lus  
two additional laboratories. 

Whereas the original intercomparison showed 
an interlaboratory standard deviation of 16% and 
a range of va lues  differing by a factor of 2.0, t h e  
second intercomparison gave  better resu l t s  - 
standard deviation, 6.8%; range difference lowered 
to  a factor of 1.3. 

T h e  marked improvement of resu l t s  for inter- 
laboratory comparison of " 7Hg a t t e s t s  to t h e  
value of such  intercomparisons for radionuclide 
standardizations in  those  cases where absolu te  
standardizations a re  not poss ib le  or primary 
s tandards  a re  not readily available.  

Interlaboratory comparisons are planned for 
" M O - ~ ~ ~ T C  and 9 9 m T ~ ,  which a re  radionuclides 
that present difficult standardization problems 
for their  average hospi ta l  user. 

9 . 2  NEW INSTRUMENTS AND TECHNIQUES 

9 . 2 .  a A Film-Recording Radiation-Event 
Monitor for Pulsed X and Gamma Radiation 

F. F . 'Dyer  L. C. Bate 
L. H. Thacker '  

A sentinel-type radiation de tec tor  was  de- 
veloped t o  provide time-stamped records of ex- 
posure to  rapid pu l ses  of x and gamma radiation. 
T h e  detector (Fig. 9.1) c o n s i s t s  of a CsI(T1) 
scinti l lator,  photographic film, mercury micro- 
coulometer, and time-reference scale - all housed 
in  a light-tight 'enclosure.  Vis ib le  light generated 
in  t h e  Cs I  by the  radiation pu l se  is transmitted 
t o  the photographic film through the time-reference 
scale and t h e  transparent gap of electrolyte in 
the.mercury microcoulometer. T h e  image of the 
time-reference scale and the gap  formed on t h e  
film together show the  time at  which the  radia- 
t ion pulse occurred. 

T h e  detector responds  satisfactorily to radia- 
tion d o s e s  in the  range -0.2 to  -50 mr received 
during in te rva ls  from seve ra l  nanoseconds to 
severa l  minutes. Ful l - sca le  timing can  b e  ad- 
justed to  in te rva ls  from a few hours to.severa1 
months. Exposure records c a n  be read with un- 

"Instrumentation and Controls Division. 

ORNL-DWG. 66-12909 

I +CASSETTE- 

CAPILLARY 

MODE s w m n  

I FOR OTHER FULL-SCALE 1 

Fig. 9.1. Schematic D iagrampf  the Detection and 

l i m i n g  Mechanism of the Fi Im-Recording Radiation- 

Event Monitor for Pulsed X and Gamma Radiation. 

cer ta in t ies  of &0.1% of t h e  full-scale timing 
interval. T h e  detector is expected t o  b e  useful 
around high-voltage accelerators,  x-ray machines, 
and in  other a reas  where it is des i rab le  to  have a 
record of exposure to rapid radiation pulses.  De- 
tails of the  construction and operation of the 
device  a re  being published. 

9.2.b Precision Photometric Analysis by Use 
of a Beta-Excited Isotopic Light Source 

H. H. .Ross  

T h e  application of the  isotopic-light-source , 

photometer w a s  extended into the ultraviolet 
region with t h e  development of a new light-source 
system. l 3  T h e  displacement factor ( R )  v s  con- 
centration cu rves  of severa l  organic subs t ances  
were determined; all exhibited the  expected l inear 
response.  Also,  a n  exac t  ana ly t ica l  express ion  
for the mathematical model of the instrument w a s  
developed with the aid of the  Mathematics Divi- 

'*F. F. Dyer, L .  C. Bate ,  and L. H. Thacker,  "A 
Film-Recording Radiation Event  Monitor for Pulsed X 
and Gamma Radiation," accepted for publication in 
Nuclear Instruments and  Methods. 
13H. H. Ross ,  "Precision Photometric Analysis by 

Use of a Beta-Excited Isotopic Light Source," Anal.  
Chem. D i v .  Ann. Progr. Rept .  Oct. 31, 1966, ORNL- 
4039, p. 70. 
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sion. T h e  de ta i l s  of t h i s  work a r e  given in a n  
invited contribution. ' 

9.2. c Analytical Capabil i t ies of a Semiconductor 
X-  Ray Emission Spectrometer 

T. H. Handley 

Recent improvements i n  semiconductor c rys t a l s  
and related circuitry have made poss ib l e  an  x-ray 
emiss ion  spectrograph in which charac te r i s t ic  
x rays  excited by a radioactive sou rce  are de- 
tec ted  by a semiconductor. Preliminary calibra- 
t ion,  resolution determination, limits of de tec t ion ,  
and radioactive-source fabrication have been 
studied with a view to  quantitative analytical  
applications.  An annular '''1 source  (9 mc)  was  
used  to exc i te  charac te r i s t ic  x rays of the samples ;  
'"I is su i tab le  for excit ing Ka x rays  of ele- 
ments 2 = 23 through 49 and La x rays of the  
heavy elements.  T h e  lithium-drifted sil icon 
semiconductor detector h a s  resolutions of 0.6 
and 0.8 kev for 20- and 7-kev x rays  respectively.  
If Ka x-ray peaks  of equal  intensity a re  t o  b e  re- 
so lved ,  the  energy separa t ion  of the  peaks  must 
b e  equivalent to the  resolution of t h e  detector.  
Therefore, in t he  region of cobalt  and iron t h e  
detector cannot resolve mixtures of adjacent ele- 
ments; however, in the region of molybdenum ad- 
jacent  elements can  be  resolved and determined 
when present in mixtures. A plot of channel 
number v s  energy of x rays (5 to 27 kev) g ives  a 
straight line. Standardization with sou rces  of 
pure molybdenum showed that molybdenum c a n  b e  
determined over t h e  range 5 pg to 2.0 mg. A plot 
of count rate v s  total amount of molybdenum in  
the  sample  is linear from 5 pg  to 2.0 mg. In the  
region of lead it is poss ib le  to  determine mixtures 
of e lements  three 2 numbers apart. However, 
preliminary chemical separations a re  a lways  a 
possibility. Tests also show that t h i s  instrument 
can  b e  used for quali tative identification (e.g., 
dist inction among different grades of steels and 
alloys). I t  is planned to also use  the  instrument 
in  nuclear-dec ay s tudies .  

14H. H. Ross ,  "Analytical Applications of the Sec- 
ondary Effects of Radiation: Precision Photometry 
Using a Radioisotopic Light Source," Record of 
Chemical Progress, Kresge-Hooker Science Library, 
in press (1967). 

9.2. d Development of Radiation- Stimulated 
Light Sources: Excitation with 1 4 7 P m  

H. H. R o s s  S. B. Lupica 

T h e  second phase  of the  program to  develop 
radiation-stimulated light sources ,  excitation of 
s e l ec t ed  phosphors with ' 7Pm, was  recently 
completed. ' ' T h e  purpose was  to study variables 
as,sociated with t h e  construction of isotopic light 
sources.  The  variables studied included chemical 
form of the isotope, methods of combining i so tope  
and phosphor, i so tope  loading, phosphor thick- 
n e s s ,  and t h e  spec t r a l  and intensity character- 
i s t i c s  of the  st imulated emission. Also,  the  
problems a s soc ia t ed  with making self-supporting 
isotope-phosphor pe l le t s  were examined. 

T h e  resu l t s  ind ica te  that a number of general 
rules c a n  be  developed for predicting t h e  e f f ec t s  
of many of t h e  variables.  A careful consideration 
of t h e s e  e f f ec t s  permits the  construction of highly 
efficient light-source modules with a minimum of 
design effort. A complete resum6 of t he  experi- 
mental program, including the st imulated emiss ion  
spec t ra ,  is be ing  prepared for publication. Also,  
t h e  third phase  of the  program, photovoltaic con- 
version, h a s  been started.  

9 . 2 .  e Analytical Alpha Spectrometry 

T. H. Handley Ernes t  Schonfeld' 
J. H. Cooper17 

Efforts have continued toward improving all 
a s p e c t s  and reducing t h e  cos t  of ana lys i s  by 
alpha spectrometry. Studies of reproducibility 
of spec t ra l  response  have shown tha t  s o m e  elec- 
tronic equipment in  the  Analytical Services Lab- 
oratories must b e  improved or replaced to  ensure  
spec t ra l  stabil i ty and tha t  i t  is poss ib le  t o  l i m i t  
spec t ra l  sh i f t s  t o  5 2  kev for a period of four days  
by u s e  of the b e s t  electronic equipment. Spectral  
stabil i ty is es sen t i a l  t o  the  quantitative ana lys i s  
of alpha-spectral  data. Spectral  instabil i ty was  
shown not t o  b e  a s soc ia t ed  with the  sources,  be- 
c a u s e  quantitative electrodeposit ion produced 

"H. H. Ross ,  "Development of Radiation-Stimulated 
Light Sources," Anal. Chem. Div. Ann. Progr. Rept.  
Oct. 31, 1966, ORNL-4039, p. 71. 

Chemical Technology Division. 1 6  

17High-Level Alpha Radiation Laboratory. 



sources  with differences =< 1%. Several mathemati- 
cal approaches have been tried for the  ana lys i s  
of complex alpha spectra ,  and more tes t s -wi l l  b e  
necessary before the optimum method c a n  b e  
selected.  Some operational improvements include 
introduction of a vacuum gage  into the detector  
system, zero pole cancel la t ion,  change from double- 
mode to single-mode differentiation, improvement 
of spectral  s tabi l i ty  by increasing b ias  voltage, 
and instal la t ion of a liquid-nitrogen t rap  to help 
increase  the vacuum. 

9.3' NEW FACILITIES FOR ACTIVATION 
ANALYSIS AND LOW-LEV E L  MEASUR EME NTS 

9.3.a Activation Analysis with a 252Cf 
Neutron Source 

Enzo  Ricci  T. H. Handley 

T h e  possibil i ty of using the neutrons from the 
spontaneous f iss ion of 2 5  2 ~ f  in  act ivat ion anal- 
y s i s  h a s  been considered, and p lans  have been 
made for a research and development program in 
that  direction. 

A 1-mg 2 5 2 C f  source is being fabricated at the  
Transuranium Process ing  Plan t  and will b e  s tored 
in an air-tight hot cell currently being built a t  
the  Transuranium Research Laboratory. The  
252Cf  source is expected to  have a total neutron 
output of about 3 x lo9 neutrons/sec.  T h e  activa- 
tion ana lys i s  work will b e  carried out in  th i s  
cel l ,  behind a sh ie lded  window, by using master- 
s lave  manipulators. T h e  window and the  manipu- 
la tors  have  already been instal led,  as well as 
most of the concrete  shielding of the  cell (Fig. 
9.2). 

T h e  samples  to  be act ivated will b e  conveyed 
into the  cell by a pneumatic rabbit system. Present  
plans call for a simple switching device,  located 
outs ide the cell, that will permit delivery of the  
samples  t o  e i ther  of two posit ions for irradiation 
with fission-spectrum or thermalized neutrons. 
It is expected that the integrated fluxes of fast 
(fission) and of thermal neutrons will be 10' 
and - 6  x lo7 neutrons 
a t  the corresponding irradiation s i t e s .  

T h e  conveyor, purchased from Kaman Nuclear, 
is currently being installed. This  unit c a n  b e  
programmed adequately for any chosen sequence  
or irradiation, delay,  and counting t ime,  for 

sec-', respectively,  
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Fig. 9.2. General View of the 252Cf Cell. 

standard and sample,  and in  either of the two ir- 
radiation sites. Thus,  it c a n  provide an ent i re ly  
automatic operation. One of its interest ing features  
is the dual-axis rotator for fast-neutron bombard- 
ment. T h e  fast-neutron flux depends very strongly 
on geometry; the rotator ensures  tha t  sample and 
standard are  exposed to t h e  same irradiation con- 
di t ions by spinning them simultaneously in two 
direct ions during bombardment. Provision will 
be made for accura te  irradiation timing. The  
radioactivity measurements will b e  conducted at 
a counting s ta t ion  located between two 5- by 5-in. 
NaI(T1) detectors .  Manual operation of the count- 
ing  procedure is possible ,  and t h e  d is tance  be- 
tween crys ta l s  can be varied over a reasonable  
range. 

remote locat ions,  even  including outer space, is 
being considered. Thus,  the  sens i t iv i t ies  for 
fas t -  and thermal-neutron irradiations will b e  de- 
termined for e lements  of interest  in biology, 
medicine, geology, and related fields. 

. 
- 

T h e  potential  usefulness  of t h e  252Cf source in  

9.3.b Experiments Related to the Acqui,sition of 
the High-Intensity Analytical Cyclotron 

Enzo Ricci  

In accordance with i t s  current program on 
charged-particle activation analysis ,  the  Analyti- 
cal Chemistry Division is considering the purchase 
of a small high-intensity accelerator,  t h e  High- 

.- 
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Intensity Analytical Cyclotron (HIAC). Two 
manufacturers offer cyclotrons that meet the 
specifications set for t h e  HIAC: T h e  Cyclotron 
Corporation (T.C.C.), Berkeley, California; and 
Phi l ips ,  Eindhoven, T h e  Netherlands. Each  ac- 
celerator is an  isochronous, azimuthally varying 
field (AVF) cyclotron and i s  priced in the range 
$240,000 t o  $280,000. 

T r i a l s  of the  machines can  be  va luable  in de- 
ciding which accelerator approaches the  HIAC 
spec i f ica t ions  more closely.  A number of t e s t s  
were run a t  Berkeley on the T.C.C. 32-in.-diam 
cyclotron. T h e s e  t e s t s  were aimed to  appraise: 
(1) e a s e  of operation and of particle switching, 
(2) maximum beam intensity and beam stabil i ty 
during short and long high-current irradiations 
with each  of t he  particles,  and (3) efficiency of 
concrete shielding during irradiation of neutron- 
generating targets.  T h e  cyclotron used was  de- 
s igned t o  deliver 50 p a  of any of the following 
particles:  21-Mev 3He ions, 15-Mev protons, and 
8-Mev deuterons; i t  was t o  be  ins ta l led  later at 
the  Sloan-Kettering Institute. 

Neutrons were produced by the reactions 'Be- 
(3He,n)'  'C, 'Be(d,n)"B, and 7Li(p,n)7Be; f a s t  
and thermal neutrons and gamma rays were meas- 
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rection of t he  beam. Also, i t  is clear that, with 
the  50- to  100-pa beam currents specified for the  
HIAC, the sh ie ld ing  used at the T.C.C. would be  
insufficient. In fact ,  it is estimated that 5 ft of 
ordinary concre te  would be  required. 

A s t ab le  80-pa deuteron beam and a less -s tab le  
50-pa proton beam could be obtained rather eas i ly  
a t  t he  T.C.C. cyclotron. Particle switching took 
-1 hr, and the  same time, or l e s s ,  was neces- 
sary to  r a i se  and lower the yoke in order t o  work 
inside the dee  chamber. Operation of the cyclo- 
tron is reasonably simple, and i t s  controls are 
generally straightforward. Unfortunately, 3He 
beams more in t ense  than 8 t o  10 pa could not be  
obtained because  of t h e  economical but marginal 
design of the ion source.  Since the cyclotron 
current integrator was observed to  drift,  t he  3He 
and the  deuteron irradiations were repeated at the  
ORIC t o  check the  above in tens i t ies  by activa- 
tion. If i t  is assumed tha t  the ORIC current 
integrator is correct, t he  resu l t s  indicate tha t  t he  
T.C.C. integrator read a current 2.3 to  3.7 times 
higher than  the  real  one  for 3He particles;  for 
high-intensity deuterons the correct current was  
found t o  b e  1 7  t o  40% lower than the one read a t  
the  T.C.C. 

ured a t  five different locations outs ide  t h e  shielded 
cyclotron room. T h e s e  measurements are useful 
in calculating the  shielding necessary for the  
HIAC; the  da t a  of Tab le  9.2 i l lus t ra te  the results.  
It can  be  s e e n  that,  bes ides  its known depend- 
ence  on shielding and d is tance ,  t he  dose  depends 
strongly on the  angle  of the  observer with t h e  di- 

Some other problems arose,  apparently a lways 
stemming from the  difficult compromise between 
cos t  and reliability of operation; for example, t he  
power supply for the deflector broke down and 
had t o  b e  replaced by a larger unit, and the  de- 
flector res i s tance  was  damaged and had to  b e  
complemented by another resistance.  

, 

Table 9.2. Neutron and Gamma-Ray Doses Measured a t  the T.C.C. Cyclotron 

Normalized to beam intensit ies of 10  ,Ua 
I 

Neutron Dose 
(millirems /hr) 

F a s t  Therm a1 

Gamma-Ray Dose 

(mr/hr) 
Nuclear- . 

Locationa , Re action 

9Be(3He,n)' 'C A '  157 7 36  
B 1.3 0.2 0.1 

'Be(d,n) ' B A 230 19  70 
B 3 0.5 4 

7Li(p,n) Be A 160 15 100 
B 4 0.4 0.8 

aFor A, detectors were behind 40 in. of ordinary concrete,  58 in. from target i n  forward direction of beam. For B, 
they were behind 36-in.-thick concrete entrance sliding door, 144 in. from target at  90' angle with beam direction. 



T h i s  cyclotron seems to b e  bas ica l ly  sound, 
generally reliable,  and easy  t o  operate. However, 
redesign of certain components appears t o  be  
necessary  t o  a s su re  minimum lost  time in per- 
formance. In fac t ,  t he  T.C.C. poss ib ly  has  al- 
ready solved most, if not all, t hese  difficult ies,  
because t h e  cyclotron h a s  recently passed  the  
acceptance  t e s t  required by the Sloan-Kettering 
Insti tute.  

We hope to run similar experiments with t h e  
Ph i l ip s  cyclotron to  compare the  performance of 
t h e  two accelerators.  

9 ; 3 .  c Proposed HFIR Activation Analysis 
Laboratory 

F. F. Dyer L. C. Ba te  

A pneumatic transfer tube and a counting lab- 
oratory proposed for the HFIR were evaluated. 
T h e  facil i ty,  designated t h e  High-Flux Activation 
Analys is  Laboratory (HFAAL), would b e  used  for 
highly sens i t i ve  activation ana lys i s  and for other 
neutron-capture s tud ie s  of interest  at ORNL. T h e  
pneumatic tube  would occupy vertical  experimental 
facil i ty 9 (VXF-9) i n  the  permanent beryllium re- 
flector. T h e  counting laboratory would be  located 
adjacent t o  the  west wall on  the first  floor of t h e  
HFIR building. T h e  Engineering Division h a s  
provided engineering drawings and cos t  e s t ima tes  
($102,000 for materials and labor). 

Fo r  activation ana lys i s  t h i s  irradiation facil i ty 
would have significant advantages  over t he  facili- 
t i e s  i n  other ORNL reactors.  Tab le  9.3 compares 
the  thermal-, resonance-, and fast-neutron f luxes  
for the  HFAAL with those  of the  fac i l i t i es  in t h e  
ORR. A major advantage is the  la rge  thermal- 
neutron flux planned for t h e  HFAAL.,  Th i s  flux 
would permit t he  activation-analysis s ens i t i v i t i e s  
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Table  9.3.  Comporison o f  Neutron F luxes  o f  the ORR F a c i l i t i e s  with Those Proposed for the HFAAL 

for almost all e lements  t ha t  form short-lived radio- 
i so topes  t o  b e  increased  by a factor of -14 over 
those  obtainable in  the ORR pneumatic tube. Be- 
c a u s e  irradiations for many hours (e.g., overnight) 
i n  graphite and metall ic rabbi t s  will  b e  poss ib le ,  
s ens i t i v i t i e s  for e lements  that form long-lived 
radioisotopes will  a l so  b e  increased. Fo r  many 
types  of s amples  the  increased  sens i t i v i t i e s  will 
reduce the t ime required for activation ana lyses  
and will  permit increased  u s e  of germanium-diode 
detectors.  Fo r  cer ta in  types  of samples ,  t he  
proposed high ra t io  of thermal- t o  fast-neutron 
flux in  the  HFAAL will  significantly reduce inter- 
fe rences  c a u s e d  by fast-neutron reactions.  

9.3.  d Photon and Fast-Neutron Activation 
Analysis a t  the Oak Ridge Electron 

Linear Accelerator (ORELA) . 

Enzo  Ricc i  

In collaboration with J. A. Harvey,18 p lans  a re  
being made to ins ta l l  a facil i ty a t  the Oak Ridge 
Electron Linear  Accelerator (ORELA) to  carry 
out research and development on photon and fast-  
neutron activation ana lys i s .  T h e  ORELA is cur- 
rently being built o n  Laboratory grounds, and t h e  
activation facil i ty will  b e  under the control of t he  
Analytical  Chemistry Division. 

T h e  target room of the ORELA is a heavily 
shielded cylinder t ha t  h a s  provision for three 
ta rge ts  t o  b e  used  alternatively. When one of t h e  
ta rge ts  is i n  the  posit ion to receive the  partic-le 
bombardment, the  other two c a n  b e  lowered into 
shielded conta iners  located below floor level.  
Only one  of t h e s e  ta rge ts  h a s  been designed; it 
is t h e  one required for most phys i c s  experiments 

"Physics  Division. 

r Neutron Flux (neutrons cm-' sec- ' )  
Facility 

Thermal (+ th )  Resonance (+) F a s t  (4,) +th'+r + th /+f  

. 

~~ ~ 

ORR 
Pneumatic tube 4.2 x 1013 1.5 xd0" 1.6 x 1013 28 2.6 
Hydraulic tube 2 x 1014 1 x 1013 1 x 1014 20 2 

HFAAL 6 x 1014 1 x 1013 2 x 1013 60 30 
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and will have  tantalum as electron converter for 
neutron production. Our present  p lans  call for 
construction of a second ta rge t  for photon produc- 
tion, which will  u s e  tantalum o r  tungs ten  as 
electron converter; t h i s  target will b e  used mainly 
for activation analysis.  

Samples and s tandards  will  b e  conveyed into 
and out of the ta rge t  room by a pneumatic rabbit 
system. Irradiation loca t ions  will b e  provided 
both for photon and for fast-neutron activation. 
T h e  former will b e  loca ted  p a s t  the target in t h e  
forward direction of t h e  electron beam, where t h e  
photon flux is more intense; t he  latter will b e  a t  
a 90” angle  with the  direction of the  beam to ob- 
ta in  a higher proportion of neutrons. 

. 
9.3.e The 86-in. Cyclotron a s  a Source 

of Fast  Neutrons . 
J. E. Strain W. S. Lyon 

t e s t  materials and concep t s  under ac tua l  condi- 
t ions  before t h e  final version is assembled. T h e  
goal is to  achieve  for t h e  final fac i l i ty  a counting 
sens i t iv i ty  greater t han  that of any previous de- 
v i ce  for t h e  a s s a y  of natural and induced radio- 
activity in  lunar and meteoritic materials by t h e  
detection of gamma rays. 

F igure  9.3 is.a diagram of the  prototype sys t em 
and g ives  de t a i l s  of some of i t s  main features. 
T h e  central  de tec tors ,  9- by 5-in. NaI(T1) c rys t a l s ,  
a r e  housed in 5-mil-thick aluminum foil  cans .  An 
anticoincidence mantle (34 in. i n  diameter, 5 0  in. 
high) made of NE-102 p la s t i c  scinti l lator sur- 
rounds the  main detectors.  T h i s  detector as- 
sembly (NaI de tec tors  + anticoincidence mantle) 
is housed in  an &in.-thick lead sh ie ld  of spec ia l  
construction. T h e  lead  sh ie ld  is covered with a 
thin anticoincidence mantle as an ac t ive  muon 
shield.  

T h e  lead  sh ie ld  w a s  cast in  p lace  by use  of a 
“lead concre te”  made of Chemtree 82, lead shot ,  

~ 

1% LiF, and water. T h e  LiF and water se rve  to 
thermalize neutrons, which a re  produced in  t h e  
lead  sh ie ld  by muon interaction, and thus  t o  
shorten the i r  lifetime. T h e  dens i ty  of the proto- 
type  sh ie ld  is about 9.5 g/cm3. 

F igure  9.4 shows  a preliminary background in  
the  sh ie ld  without e i ther  of the  anticoincidence 
mantles connected. T h e  pulse  outputs of t h e  two 
NaI(T1) de tec tors  were summed. Under those  ‘ 

conditions,  t he  background w a s  1170 counts/min 
for the energy range 0.1 t o  2.0 Mev or 0.112 
counts/min per cubic  centimeter of NaI(T1). Con- 
necting the  inner mantle in anticoincidence (with 

ground to 387 counts/min or 0.037 count/min per 
cubic  centimeter of NaI(T1) for the same energy 

An experiment was  conducted to determine t h e  
neutron flux and neutron energy obtainable from 

thick (9.5-mm) beryllium target was positioned in  
the  external beam of 22-Mev protons. At t h e  
maximum beam current of 5 pa, s amples  of carbon, 
silicon, and germanium were irradiated for 30 
in a posit ion adjacent to the  beryllium target.  
T h e  >3.5-Mev-neutron flux was only 2.9 x lo9  
neutrons cm- * sec- ’. No neutron flux of energy 
greater t han  2 0  Mev w a s  detectable.  Because  t h e  
150-kv Cockcroft-Walton generator will produce a 
14-Mev-neutron flux of th i s  s ame  magnitude, t h e  

appears  to b e  impractical. 

I t h e  86-in. proton cyclotron located at Y-12. A 

u s e  of the  86-in. cyclotron for activation ana lys i s  less than Optimum Performance) lowered the back- , 

9.3.f Low-.Level -Ra diation Counting Fac i I ity 

P. R. ~ ~ 1 1 ’ 9  
V. A. McKay’ ’ 

J. S. Eldridge 
G. D. O’Kelley4 

R. E. Wintenberg’ 

A low-level-radiation counting facil i ty to se rve  
as a prototype system for the  Lunar Rece iv ing  
Laboratory (LRL) at NASA, Houston, is be ing  as- 
sembled a t  ORNL. T h e  prototype is needed to 

lgChief of Lunar and Earth Sciences Divis ion and 
Manager of the Lunar Receiving Laboratory, Manned 
Spacecraft Center, National Aeronautics and Space 
Administration, Houston, Tex.  

range. F igure  9.5 shows  the spectrum of t h e  
background made for t he  latter conditions. T h e  
prominent peak  in  the spectrum at channel 90 is 
due  mainly to 40K from the  g l a s s  i n  the  2 8  photo- 
tubes  tha t  a r e  a t tached  to  the  NaI(T1) de tec tors  
and anticoincidence mantle within the  shield. 
T h e  peak at  channel  140  is due  to  capture gamma 
rays  that accompany the neutron-capture events  
in the hydrogen of the inner mantle. Final opera- 
tion with the  outer mantle i s ’expec ted  to e l i m i -  
na te  or t o  greatly dec rease  the  contribution from 
neutron-capture events.  

Overall design goa ls  for t he  final sys tem in 
Houston call for a n  effective background leve l  
between 0.001 and 0.02 count/min per cubic 
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. Fig. 9.3. Schematic Diagram of Prototype Low-Level -Radiat ion Counting F a c i l i t y .  Outer anticoincidence mantle 

and outer-mantle phototubes are out of proportion. 

centimeter of de tec tor  i n  the  energy range 0.1 to  
2.0 Since  measurements under less than 
ideal conditions at  ORNL have produced a back- 
ground as low a s  0.037 count/min per cubic 
centimeter of NaI(Tl), the des ign  goa l s  for the  
L R L  should b e  attained with the  en t i re  sys tem 
operational and t h e  ex t ra  sh ie ld ing  afforded by t h e  
40 ft  of overburden (the L R L  counting room is 
50 ft below ground). 

T h e  prototype counting sys t em will  b e  a per- 
manent installation a t  ORNL and will  b e  operated 
with a 4096-channel du’al-parameter analyzer sys -  
tem. It will b e  usefu l  i n  the  quantitative ana lys i s  
of numerous low-level radionuclide mixtures. It 

2oJ. C. McLane, Jr., “Collecting and Processing ’ 

Samples of the Moon,” Astronaut.  Aeron. 5(8),  34 (1967). 

c a n  be $used  to  study t h e  natural  and  induced 
radioactivity in meteorites and the  natural and 
artif icial  radionuclides i n  many types  of bulk 
samples  such  a s  ocean  sed iments  and various 
environmental materials. 

9.4 ACTIVATION ANALYSIS 

9 .4 .0  Interactions of 3He Particles with Boron, 
Nitrogen, Sodium, and Beryllium 

R. L. Hahn4 Enzo  Ricc i  

Thick-target y i e lds  for reac t ions  of 3He par t ic les  
with B, N, B e ,  and Na had been determined by ir- 
radiating boron, beryllium nitride, and sodium iodide 
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with 3He ions  of energ ies  from 6 to 18 MeV. '  ' 
Excitation functions for the reac t ions  1'B(3He,n)- 
13N, loB('He,d)l 'C, 14N(3He,a)'3N, ''N(3He,d)- 
" 0 ,  gBe(3He,n)11C, and 23Na(3He,2p)z4Na were 
obtained by numerical differentiation of the  
smoothed y ie ld  v s  energy curves.  The  distorted- 
wave theory of nuclear r eac t ionsz2  w a s  used to 
compute excitation functions' for comparison with 
the  da t a  for t h e  ''N(3He,a)'3N reaction and for 

' 

"R. L. Hahn and E. Ricci,  "Thick Target Yields 
from Reactions of 3He Par t ic les  with Boron, Nitrogen, 
and Sodium," Anal. Chern. Div. Ann. Progt. Rept. Oct. 
31,  1966, ORNL-4039, p. 64. 

'5 .  H. Basse l ,  R. M. Drisko, and G. R.  Satchler, 
The Distorted-Wave Theory of Direct Nuclear Reactions.  
I: "Zero-Range" Formalism Without Spin-Orbit Cou- 
pling, and  the Code SALLY, ORNL-3240 (Jan. 26, 1962). 

t he  (3He,d) reac t ions  o n  14N and 'OB. Optical- 
model potentials,  not for t he  particular nuclides 
observed, but determined for neighboring light 
nuclei, were used  in the  calculations.  Th i s  com- 
parison of theore t ica l  with experimental da t a  
ind ica tes  tha t  the  ''N(3He,a) and 1oB(3He,d) 
reactions proceed mainly by direct  pickup and by 
stripping p rocesses  respectively. For  the 
''N(3He,d) reaction a stripping calculation, in 
which were considered only those  ''0 s t a t e s  with 
known s p i n s  and par i t ies ,  y ie lded  a lower l i m i t  
of Q 30% of t h e  observed excitation function. 

A paper on  th i s  work was  published.23 

23R. L. Hahn and E. Ricci,  "Interaction of 'He- 
Particles with Boron, Nitrogen, Sodium, and Beryllium," 
Nucl. Phps .  A101(2), 353 (1967). 
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Fig. 9.5. Background Spectrum with Two 9-  by 5-in. Nal(TI) Detectors Summed with Inner Mantle Anticoincidence 

Inside ORNL Shield. Ordinate gives counts per minute. - 

9.4. b Simple Method to Calculate Sensitivities, 
Interferences, and Optimum Bombardment 

Energies in  3He-Activat ion Analysis 

Enzo  Ricc i  R. L. Hahn4 

To fac i l i t a te  ca lcu la t ions  of s ens i t i v i t i e s  and 
interferences i n  terms of bombarding energ ies  in 
3He-activation ana lys i s ,  an approximate method 
was  developed for the  rapid computation of t he  
average  c r o s s  sec t ion ,  F.24*25  T h i s  energy- 

- 

24E. Ricc i  and R. L. Hahn, “Theory and Experiment 
in Rapid, Sensit ive Helium-3 Activation Analysis,  ” 
Anal. Chern. 37, 742 (1965). 

dependent variable is difficult  to obtain by rig- 
orous mathematics,  and ye t  it  is v i t a l  in t hese  cal- 
culations,  because  t h e  ana ly t ica l  sens i t iv i ty  is 
directly proportional to F( ref .  24) and  because t h e  
interference depends  on the  ratio of c r o s s  sec- 
tions,  F i / F s ,  for t he  interfering and the sought 
reactions.  In f ac t ,  t he  familiar charged-particle 
activation equat ionz4  l e a d s  to’the following ex- 
press ion  for t he  relative interference F :  

D 

”E. Ricc i  and R. L. Hahn, “Sensit ivit ies for‘Acti- where Di and Ds are the disintegration rates of the 
interfering and the  sought radionuclides,  re- 

vation Analysis of 15 Light Elements with 18 M e V  . . 
Helium-3 Par t ic les ,”  Anal. Chern. 39, 794 (1967). 
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where E is the bombarding energy, c i s  the value 
of the excitation function a t  energy E,  and Eo is 
either the  corrected Coulomb barrierz7 or the 
threshold energy of the  reaction, whichever is 
greater. In Fig.  9.6 the  fitting procedure is il- 
lustrated for t he  reaction 160(3He ,a ) ’50 ,  where 
uo, o,, and 0; are the  approximated va lues  of t h e  
c ros s  section within different energy intervals of 
t he  excitation function, urn is the c r o s s  sec t ion  
at the  maximum of the  fi t t ing l ine  and corresponds 
t o  energy Em,  and of is the  cross-section va lue  
that corresponds t o  E,, which is the maximum 
particle energy used in the  fi t t ing procedure. 

equations 

c = o  

ff 1 = m ,  ( E -  Eo) 

- urn _--_-_-- - -__________-- - -_  

150 - 

T h e  excitation cu rves  c a n  b e  expressed by the  

for the interval 0 = E = E (9.4) < <  
0 ’  0 

0 2 4 6 8 10 12 
E ,  Mev 

(9.5) < <  for the interval E = E = E m ’  Fig. 9.6. Straight-Line (-) Fit t ing of  the Excitation 0 

Function ( - e - - - )  for the Reaction 1 6 0 ( 3 H e , a ) 1 5 0 .  +$+ 
designates experimental points taken from ref. 26. 

c2 = m2(E - E m )  + o;, 
< <  for t he  interval Em = E = E ,  , (9.6) 

spectively,  t is the length of irradiation, the  n’s 
are numbers of target atoms per unit weight of 
sample, and the  A’s a re  decay constants.  Clearly, 
the optimum bombarding energy is one that cor- 

where 

responds to  a minimum value for F. 

tion, because  most of its products are positron 
emitters,  which can  be determined bes t  by meas- 
uring their common 0.511-Mev gamma rays’ or by 
be ta  counting. Moreover, e lements  of neighboring 
Z may produce the same radioactive product. In 
th i s  particular c a s e ,  because  Ai = As, Eq. (9.1) 
reduces to  t ions 

Interference may become ser ious  in 3He activa- and 

w -0- f m  m2 = 

E ,  - Em 

Substituting Eqs .  (9.4), (9.5), and (9.6) in Eq. 
(9.3) and integrating leads  t o  the s imple equa- 

< for the interval E ,  2 E = , (9.7) 
Our method,is based  on the  straight-line fi t t ing 

of excitation functions, 6 , 2 3  which facilitates 

26R. L. Hahn and E. Ricci,  “Interactions of 3He 
Part ic les  with 9Be, 12C, 160, and 19F,” Phys .  Rev. 
146, 650 (1966). 

271. Dostrovsky, Z. Fraenkel,  and G .  Friedlander, 
“Monte Carlo Calculations of Nuclear Evaporation 
P rocesses .  111. Applications to  Low-Energy Re- 
act ions,”  Phys.  Rev. 116, 683 (1959). 
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for t h e  interval Em 2 E 5 E, , (9.8) 

which can  be used  directly to ca l cu la t e  F i n  terms 
of E .  T h e  cons t an t s  m,,  m2, a,, a,, b , ,  and b ,  
have  been computed for the  12  most significant 
nuclear reac t ions  of 3He ions  with the  elements 
that  display the  h ighes t  s ens i t i v i t i e s  in 3He . 
activation: Be, B, C,  N ,  0, and F. T h e s e  va lues  
can  b e  eas i ly  applied to  ca lcu la t ions  of 3He- 
activation sens i t i v i t i e s ,  interference ra t ios ,  and 
optimum bombarding energies.  By comparison of 
the  resu l t s  of t h i s  method with d a t a  obtained 
either by experiment or  by graphical integration 
of excitation functions,  the  average error was 
found to  b e  213.5%. A paper on th i s  subjec t  w a s  
accepted for publication. 28 

9 . 4 . c  Possible Use of Recoi l  Nuclei  in 
Activation Analysis 

R. L. Hahn4 

T h e  nuclei-recoil technique, u s e d  extensively 
in nuclear research ,  involves t h e  collection and 
a s s a y  of radioactive product nuc le i  that  recoil  
out of a target during irradiation. A s  a conse- 
quence of the  phys ic s  of the  recoil p rocess ,  for 
a given irradiation energy, light recoil. nuclei  i n  
m o s t  i n s t ances  have larger  kinetic energies than  
d o  heavy recoil nuclei  (see Tab le  9.4). It may b e  
poss ib le  t o  u s e  t h e s e  d i f fe rences  i n  recoil  prop: 
e r t i e s  to separa te  the  different radioactive 
products of a n  irradiation. 

To eva lua te  t h i s  poss ib i l i ty ,  fo i l s  of copper 
metal, previously heated at 900°C to cover their  
sur faces  with CuO, were irradiated with 3He 
par t ic les  at t h e  ORIC. After each  irradiation t h e  
Cu-CuO targe t  and a n  accompanying aluminum 
recoil ca tcher  were a s sayed  with a gamma-ray 
spectrometer. F igure  9.7 shows  typical resu l t s ;  
t h e  differences between ta rge t  and ca tcher  a r e  

28E. Ricc i  and R. L. Hahn, "Rapid Calculation of 
Sensit ivit ies,  Interferences, and Optimum Bombarding 
Energies in 3He-Activation Analysis," accepted for 
publication in Analytical  Chemistry. 

"B. G. Harvey, "Recoil  Techniques in Nuclear Re- 
action and F i s s ion  Studies," Ann. Rev.  Nucl. Sci.  1 o, 
235 (1960). 

Table  9.4. Calculated Maximum Recoil  Energies (E) 
for Reactions Induced by 20-Mev 3He Part ic lesa 

Reaction Q b  (MeV) Ea (Mev) 

160(3He,p)' 8F 
65Cu(3He, 2n)6 6Ga 
65 C U ( ~ H ~ , U ) ~ ~ C U  
65Cu(3He,n)6 7Ga 
63Cu(3He,n)65Ga 
63C~(3He,2n)64Ga 
6 3  C U ( ~ H ~ , U . ) ~  'Cu 

C(3He,a)"C 1 2  

2C(3He,d)'3N 
'60(3He,U)150 

P( 3He, a)  ' P 31 

1271(3He,n)1 29Cs  
l 2  71(3He,U)' 261 
238U(3He,n)240Pu 

38U(3He ,a)' 7U 

I 28 Si( . 3  H e , ~ ) ~ ' p  

+2.0 
-4.8 

f 1 0 . 7  
+6.5 
+3.9 
-7.9 
+9.7 
+ 1.9 

+ 10.0 
+4.9 
+6.3 
+8.3 
+5.5 

+ 11.4 
+4 .0  

+ 14.4 

7.4 
2.5' 
5.0 
2.4 . 
2.4 
2.3' . 

5.0 
15.2 
17.1 
13.8 
5.1 
9.1 
1.2 
2.7 
0.7d 
l.fjd 

aThe  recoiling nucleus has  maximum energy when it  
emerges from the  target a t  an angle of Oo with respec t  
to  the 3He beam. 
bQ is the energy re leased  during the nuclear reaction. 
'Values based  on the assumption that both neutrons 

were emitted at  the same angle, 180'. 
dThe c l a s s i c a l  Coulomb barrier h a s  the value 2 3  Mev 

for the reaction of 3He with 238U. Because  of quantum- 
mechanical effects,  the reaction wi l l  proceed a t  20 M e V .  

readily apparent. T h e  Cu-CuO targe t  h a s  a decay  
curve  that is complex and a gamma-ray spectrum 
tha t  con ta ins  t h e  prominent 1.04- and 2.75-Mev 
peaks  of 66Ga  from the  reaction 65Cu(3He,2n)- 
66Ga. T h e  ca t che r  spectrum, on t h e  other hand, 
c o n s i s t s  almost entirely of the  0.51-Mev gamma 
ray, with smal l  contributions from higher-energy 
peaks .  T h e  decay  d a t a  show tha t  -98% of the  
ca tcher  activity is d u e  t o  18F from the  '60(3He,p)- 
18F reaction, whereas  in  the  ta rge t  t he  18F /66Ga  
activity ra t io  is about 2/1. Thus ,  d i f fe rences  
between the  recoi l  properties of t he  18F and 66Ga 
nuclei  se rved  t o  effectively s e p a r a t e  t h e s e  radio- 
nuclide s. 

T h i s  result  ind ica tes  that  the  nuclei-recoil 
technique h a s  potential  u s e  in  ac t iva t ion  ana lys i s ,  
espec ia l ly  for t h e  determination of sur face  im- 
purities, s u c h  as oxygen or carbon, on  medium- 
weight elements.  Of course ,  de t a i l s  of the  recoil  

~ 
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Fig. 9.7. Gamma-Ray Spectra far a Cu-CuO Target and 

Inset shows corresponding an Aluminum Recoil  Catcher. 

decay curves for the 0.51-Mev gamma rays. 

phenomena must be s tud ied  before the  method c a n  
be  applied t o  an  ac tua l  ana lys i s .  

l ished. 30 
A note that descr ibes  t h i s  work will  be  pub- 

9.4. d Applied Activation Analysis 

J. F. Emery 

Samples of paint from two paintings, one thought 
to b e  a Rembrandt and t h e  other from t h e  Dutch 

School, were ana lyzed  for silver. That  from t h e  
poss ib le  Rembrandt contained 3 2  ppm Ag and 70 
ppm Co; tha t  from t h e  other contained 16  ppm Ag 
and 2 0  ppm Co. P a i n t s  produced before * 1850 
and after '' 1850 a r e  known t o  contain 18 to 27 
and 0.5 to 20 ppm Ag r e ~ p e c t i v e l y . ~ '  Other ele- 
ments found i n  t h e s e  pa in ts  were Al, Au, Ba, C1, 
Co, Mn, Na, and Sb; all seemed to  be present t o  
the  same exten t  i n  e a c h  specimen. 

T h e  pneumatic tube  of the ORR is used to de- 
termine 235U by counting the  delayed neutrons 
produced after f ission. The delayed-neutron 
background of t h i s  sys t em w a s  equivalent t o  1 x 

tained 233U, used  in  a n  experiment for the Chem- 
i s t ry  Division to determine independent fission 
y ie lds ,  and subsequent  c leanup of t h e  sys tem,  t h e  
delayed-neutron background was  equivalent t o  
70 x g of 2 3 5 U .  Any further cleanup was  
considered t o  be  impossible,  and a new in-pile 
sec t ion  of t h e  pneumatic tube was  installed.  T h e  
delayed-neutron background of th i s  sys tem is 
equivalent t o  0.5 x lo-' g of 235U. 

Several s amples  of bismuth metal powder to b e  
used  for sh ie ld ing  in  a gamma-ray t e l e scope  were 
examined for the  presence  of low-level radio- 
activity. They contained 0.1 picocurie of 207Bi 
per gram of powder. Samples of bismuth powder 
received la te r  and marked "obtained from virgin 
ore" were f ree  of '"Bi. No explanation was  g iven  
by the  manufacturer for t h e  presence  of '"Bi i n  t h e  
original samples.  

g of 235U. After rupture of a rabbit that  con- 

9.4.e Contribution to the International 
Encyclopedia of Pharmacology 

and Therapeutics 

Enzo R icc i  

A chapter t i t l ed  "Radioactivation" was  written 

d 

to b e  included i n  the  International Encyclopedia 
of Pharmacology and Therapeutics. ' 
30R. L. Hahn, "The Recoi l  Technique and Its POS- 

sible  U s e  in Activation Analysis," accepted for publi- 
cation in Analytical Chemistry. , 

31J. P .  W .  Houtman and J. Turkstra, "Neutron Acti-  
vation Analysis  and Its Poss ib le  Application for Age 
Determination of Paintings, '' p. 85 in Radiochemical 
Method of Analysis ,  vol. I (Proceedings of the Sym- 
posium on Radiochemical Methods of Analysis held by 
the International Atomic Energy Agency a t  Salzburg, 
Oct. 19-23, 1964), MEA,  Vienna, 1965. 
32E. Ricci ,  "Radioactivation," to be included a s  

chap. IIa of the International Encyclopedia of Pharma- 
cology and Therapeutics, to  be published by Pergamon 
Press Ltd. 
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9.5 14-Mev NEUTRON GENERATOR 

9.5. a 14-Mev Neutron Activation Analysis 

J. E. Strain 

T h e  14-Mev neutron generator for research  and 
for neutron activation ana lys i s  (Texas  Nuclear 
Corporation model 9900) h a s  been used  in a 
variety of programs t o  determine oxygen in  alumi- 
num, in  zirconium, and i n  "Tc and chlorine in 
organic compounds tha t  a r e  res i s tan t  t o  conven- 
t ional pyrolysis methods. 

and decay charac te r i s t ics  of 58Mn a re  being 
studied. This i so tope  is formed by neutron bom- 
bardment of a n  enriched 58Fe target. 

In collaboration with N. C. Dyer33 the  formation 

9.5.b 14-Mev Neutron Activation Analysis for 
Oxygen in  A lka l i  and Refractory Metals 

ing  fluorine i n  fluorspar ores. T h e  Bureau d e s i r e s ,  
a method that is fas te r  than the  currently used  
wet-chemistry methods and that h a s  an  error no 
greater than about +0.1%. T h e  method was shown 
to be prec ise  and rapid, but t he  r e su l t s  may be 
slightly b iased  by ac t iva t ion  of impurit ies i n  t h e  
ore. 

T h e  ac t iva t ion  method is b a s e d  o n  the  measure- 
ment of 18F produced by the  reac t ion  '9F(n,2n)'8F. 
Two s tandards  and three unknown samples  a r e  
irradiated simultaneously in the  biaxial  sample 
rotator (Sect. 9.5.d). Crys ta l l ine  C a F ,  obtained 
from Harshaw Chemical Company w a s  used  for 
s tandards .  T h e  induced 18F is measured in  a 
well-type sc in t i l l a t ion  detector after a 1-hr decay  
period. Measurements of fluorine i n  reagent-grade 
CaF, have  cons is ten t ly  indicated a b i a s  of about 
+1.0%. R e s u l t s  obtained for three samples  of 
fluorspar were within +0.5% of the  va lues  obtained 
by wet-chemistry methods. 

J. E. Strain 
9.5.  d A Biaxia l  Sample Rotator for 14-Mev 

T h e  fac i l i ty34  des igned  for t h e  determination of 
oxygen i n  a lka l i  and refractory metals by 14-Mev 
neutron activation is now complete. Operational 
t e s t s  showed t h e  necess i ty  to  inc rease  t h e  neutron 
sh ie ld ing  and to  redesign the  rabbit and t h e  rabbit- 
stopping mechanism. T h e  ana lys i s  of standard 
samples  tha t  contained known amounts of oxygen 
indicated tha t  t h e  sens i t iv i ty  of the  method is 
2350 counts  per  milligram of oxygen (10-sec ir- 
radiation, 1 .7-ma beam current, and 30-sec count- 
ing  interval). T h e  sens i t iv i ty  will increase  as  
higher beam curren ts  a r e  attained. T h e  counter 
background i s  200 coun t s  per 30 sec and is inde- 
pendent of the  neutron flux. 

Neutron Irradiation 

F. F. Dyer L. C. B a t e  
J. E. Strain 

Because  the  neutron flux of 14-Mev neutron 
generators changes  markedly with d i s t ance  
from t h e  ta rge t  and with duration of t h e  irradia- 
tion, t h e  measurement and reproduction of t h e  
neutron d o s e  t o  which samples  a r e  exposed a re  
difficult, To obtain uniform activation of samples ,  
a new type  of sample holder w a s  developed tha t  
ro ta tes , severa l  samples  around two axes .  

T h e  rotator (Fig. 9.8) c o n s i s t s  of two concentric 
p l a s t i c  cylinders;  t h e  inner one ho lds  the samples  
i n  cylindrical  form (molded or machined material, 
powders in  v ia l s ,  etc.). T h e  outer cylinder is 
rotated end-over  end by a motor-driven hollow 
shaft ,  t he  inner \one  by an  a i r  jet .  T h e  a i r  j e t  

9.5.c Fluorine Determination by 14-Mev 
Neutron Activation Analysis 

L. C. Bate F. F. Dyer 

At the  reyues t  of the  U.S. Bureau of Customs a 
s tudy  was  made to  ascer ta in  whether 14-Mev 
neutron activation ana lys i s  is su i t ab le  for measur- 

. 

33Research Associate ,  Vanderbilt University, Nash- 

34J. E. Strain, "14-Mev Neutron Activation Analysis  
vi l le ,  Tenn. 

for Oxygen in Alkali  Metals," Anal .  Chem. D i v .  Ann. 
Progr. Rept. Oct. 31 ,  1966, ORNL-4039, p. 7 5 .  

is generated by applying a vacuum through t h e  
hollow drive shaf t  of the  outer cylinder. Air 
en ters  t h e  outer cylinder through a hole  bored 
tangentially to t h e  vaned sur face  of the inner 
cylinder, s t r i kes  t h i s  sur face ,  and c a u s e s  t h e  
inner cylinder t o  rotate. 

T h e  achievement of highly uniform neutron 
activation of samples  with the  rotator h a s  been  
demonstrated by measurements of 18F induced in 
samples  of Te f lon  and  of CaF,. T h e  device  h a s  
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Fig.  9.8. Schematic Diagram of B iax ia l  Sample Rotator 

for 14-Mev Neutron Irradiations. 

been used  to  precisely determine fluorine in  
synthetic and natural  fluorspar (Sect. 9.5.c). T h e .  
method of u s e  and resu l t s  obtained with t h e  rotator 
a re  being p ~ b l i s h e d . ~ ’  

9.5.  e Monitoring of Leached Fuel Elements 
with a 14-Mev Neutron Generator 

J. E. Strain W. J. Ross 

Development of t h e  leached-fuel-element monitor 
was  completed; a  report^ summarizes i t s  design 
and p e r f ~ r m a n c e . ~ ~  The  most significant advance 
during the year was  the u s e  of a ‘OB-lined neutron 
detector i n  the  monitor. T h i s  detector,  developed 
by the  Reuter-Stokes Corporation, i s  essent ia l ly  
independent :of gamma-radiation d o s e  r a t e s  as  high 
as lo5 r/hr. Its inclusion i n  the  leached-hull 
monitor a l lows  t h e  u s e  of t h e  monitor on any  type  
of fuel cladding independently of fuel burnup or 
cooling t i m e .  

A s  a result  of the  recovery and reprocessing of 
Ni-Th alloy used  in  aircraft turbine blades,  ’ ‘Th 
is becoming a n  increasingly frequent contaminant 

35F. F. Dyer, L. C.  Bate ,  and J. E. Strain, “A 3- 
Dimensionally Rotating Sample Holder for 14-Mev Neu- 
tron Irradiations,” accepted for publication in Ana- 
lyt ical  Chemistry. 

i n  s t a i n l e s s  s tee l .  To evalua te  the  effect  of 2 3 2 T h  
in  the leach-hull monitor, t he  delayed-neutron 
y ie lds  of: ’ ‘Th and of ’ ’U were compared. One 
gram of 235U w a s  found t o  produce the  same 
delayed-neutron count as 1620 g of 23 ’Th. There- 
fore, 2 3 2 T h  will not introduce an  ana lys i s  error 
a t  any foreseeable  contamination level.  

9.6 COOPERATIVE ISOTOPES PROGRAM 

9.6.a Techn ica I Assistance 

S. A.  Reynolds 

T h e  joint program37 of t he  Isotopes and Analyt- 
ical Chemistry Divisions to charac te r ize  and ana-  
l yze  i so topes  h a s  continued. Techn ica l  a s s i s t a n c e  
includes answering inquiries,  making calculations 
relative to  production and purity of radioisotope 
products, and reviewing and participating in re- 
s ea rch  on properties and ana lys i s  of isotopes.  
Some of t h e s e  ac t iv i t i e s  a r e  reported in  the  fol- 
lowing subsec t ions  and in  other s ec t ions  of t h i s  
report, as wel l  as in  a paper. 38 The  problem of ‘ 

measurement of fission-spectrum neutron flux con- 
t inues  to b e  studied by ASTM Committee E-10. 
T h e  work is being followed through membership 
on the  appropriate t a s k  group. 

9.6.b Quality Control 

S. A. Reynolds 

T h e  topic of quali ty control encompasses  analyt-  
ical methods for radioactive and s t ab le  consti t-  
uents  of isotope products. Radioactivity s tandards  
were obtained from various suppl ie rs ;  agreement 
among their  measurements and local ones  con- 
t inues  t o  b e  good. A summary of t he  availabil i ty 
of radioactivity s tandards  was  accepted  for publi- 
cation. Ninety-three nuclides were l isted as 

J. E. Strain, W. J. Ross,  G. A. West, and J. W .  36 

Landry, Design and  Evaluat ion of a Delayed-Neutron 
Leached-Fiull Monitor, ORNL-4135, in  press  (1967). 

37‘rCooperative Isotopes Program,” Anal. Chem. Div. 
Ann. Progr. Rept .  Oct. 31 ,  1966, ORNL-4039, pp. 60-62. 
38S. A .  Reynolds, “Radioisotope Character is t ics ,  

Measurements, and Standards,” Isotopes Radiation 
Technol. 4(1), 46 (1966). 

mon Radionuclides,” accepted for publication in Iso- 
topes and  Radiation Technology. 

39S. A. Reynolds, “Availability of Standards for Com- 
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having significant current in te res t .  Of these ,  2 1  
s tandards  - solution or so l id  - a r e  available from 
the  NBS and 18 from a leading  commercial sup-  
plier; s i x  of the  la t te r  dupl ica te  the  former. T h e  
International Atomic Energy Agency (IAEA), 
Vienna, supp l i e s  s tandards  for e ight  of the  nu- 
c l ides ,  and the  Radiochemical Centre,  Amersham, 
England, suppl ies  them for 67. Twelve that a r e  
not ava i lab le  in the  United S t a t e s  were l isted as 
being urgently needed because  of subs tan t ia l  u s e  
of t h e  nuclides,  difficulty of prec ise  measurement, 
or both; they include 47Ca,  75Se, 99mTc,  lI3Sn, 
'33Xe, and 241Pu .  Because  of the  perennial  prob- 
lem of poor quali ty of some commercial  standards,  
the  cri teria4'  of t he  National Research Council  
subcommittee on s tandards  were briefly reviewed 
i n  the  paper. 

In connection with production of 132Te-13 'I, 
methods of a s s a y  and determination of impurities 
were reviewed. Products  i n  radioactive equilib- 
rium c a n  b e  measured by a ca l ibra ted  gamma ioni- 
zation chamber. Determination of l 3  'I requires 
radiochemical separa t ion  and overnight decay  t o  
remove l 3  'I. T h e  poss ib le  contaminants 95Zr- 
"Nb, "Mo, and Io3Ru c a n  b e  determined by con- 
ventional methods. Other products for which 
methods have been  reviewed or modified, or s p e c i a l  
ana lyses  done, have included 36Cl,  45Ca,  47Ca,  
84Rb, "Y, 95Zr-95Nb, and '"Hf. 

. 9.6.c Characterization of Isotope Materials 

S. A. Reynolds J. F. Emery L. G. Farrar" 
J .  E. Morton4' J .  S. Wike4' 

T h e  hea t  output of the  90Sr-90Y equilibrium mix- 
ture was  redetermined. T h e  calorimetric meas- 
urement wi l l  b e  descr ibed  e l sewhere  by J. A. 
S e t a r ~ ~ ~  and C .  L. Ottinger.43 Analytical  work I 

cons is ted  in confirmation of purity by extraction 
and measurement of 
etry (only bremsstrahlung was found). Attainment 
of equilibrium w a s  confirmed by re-counting se- 
lec ted  be ta  mounts and observ ing  tha t  no growth 
or decay  occurred. T h e  actual 'measurement was  

and by gamma spectrom- 

made by gross  be t a  count ing  with end-window 
proportional counters t ha t  had been calibrated 
previously. T h e  calibration was  checked by u s e  
of a n  IAEA "Sr standard; t h e  result  w a s  1% lower 
than the IAEA value,  which w a s  certif ied to +I%; 
the  relative s tandard  deviation w a s  -2% overall,  
and th i s  is very sa t i s fac tory .  T h e  va lue  is 6.86 
w/kilocurie, i n  good agreement with va lues  ob- 
tained by other investigators who used  calorimetric 
and beta-spectral  determinations. 

A sample of dus t  suspec ted  to  conta in  erbium 
tri t ide was ana lyzed  for erbium by emiss ion  spec -  
troscopy and for tritium by thermal decomposition, 
oxidation over hot CuO, 4 4  and trapping in  chil led 
water,  which w a s  subsequent ly  counted by liquid 
sc in t i l l a t ion .  T h e  tritium content  w a s  es t imated  
as about one atom per atom of erbium. T h u s  the  
material  contained a subs t an t i a l  amount of tr i t ide 
as  wel l  as  a n  inert  erbium s a l t ,  presumably the  
hydrated oxide. 

By combustion and by wet  oxidation 137CsC1 
products were shown t o  conta in  <0.1 wt % carbon. 
Work is continuing in  a n  effort t o  i nc rease  sens i -  
tivity of the method for carbon and  to  determine ' 

the  chemica l  form of any  t r ace  carbon that may b e  
found. 

Activation ana lys i s  w a s  used  t o  determine in- 
ac t ive  phosphorus in a n  old 32P product; the  value 
was  0 .20  ppm. T h e  original 32P content  was  1 .35  
ppm (386 mc/ml); t h i s  concentration corresponds 
to a n  i so topic  abundance of 2.5 x l o 5  cur ies /g ,  
which is 88% of that of pure 32P. 

9.6.d High-Energy Gamma Radiations 
from 233U, 239Pu, and 2 4 1 A m  

S. A. Reynolds J .  F. Emery 

Samples of high-purity 233U, 23gPu ,  and 241Am 
were examined by gamma spectrometry in  a s e a r c h  
for high-energy gamma radiations tha t  might inter- 
fe re  with the  intended u s e s  of t h e s e  radionuclides.  
The  gammas de tec ted  a re  l i s ted  in T a b l e  9.5, to- 
gether with the  familiar low-energy o n e s  associ- 
a ted  with the  principal components.  

T h e  0.44- and 1 S6-Mev radiations in  the  ' 3U 
sample  a r e  from i t s  daughters ' I3Bi and '09Tl. 
If ava i lab le  decay-scheme da ta  4 5  a r e  assumed to  40S. B. Garfinkel, A .  P. Baerg, and P. E. Zigman, 

Certificates of Radioactivity Standards, Natl. Acad. 
Sci.-Natl .  Res .  Council, Washington, D . C . ,  1966. 

'Radioisotopes-Radiochemistry Laboratory. 44T. H. Handley, R e l e a s e  of Tritium from Tritium- 
Labeled Luminous Paints ,  ORNL-TM-1478 (January 

42General Hot-Analyses Laboratory. 1966). 
431sotopes Division. 4 5 N ~ c l e a r  Data B1(5), 1.3 (1966). 



Table  9.5. Gamma Radiation Intensit ies in Samples 

Gamma Radiation 

Percent Sample 
E y  (MeV) of Principal 

Radioactivity 

x 1 0 - ~  

233u 0.44 4 
1.56 0.3 

23gPu - 0.38 6 .7  
0.76 1 

0.63-0.66 0.08 

241Am 0.34 1 .6  

0.66 0.6 

be  correct, the  bismuth and thallium leve ls  cor- 
respond t o  a time of ingrowth s i n c e  l a s t  separation 
of -1 .5  years,  which is in agreement with the  his- 

It is well  known that in 239Pu  there is a group 
of gammas of average energy -0.38 M e V .  T h e  ob- 
served intensity was  in good agreement with the  
recently reported values 6 .6  x 1 0 - 3 % 4 6  and 6.4 x 
m3%. T h e  peak at 0.76 Mev was  first 1 

thought t o  be  due t o  2 3 8 P u , 4 8  but its intensity ’ 

was too high. It was surmised tha t  the  peak came 
from the  contaminant f i ss ion  products ”Zr and 
”Nb, and th i s  was  confirmed by use of a Ge(Li) 
spectrometer. Also,  s eve ra l  peaks  were detected 
between 0.63 and 0.66 Mev tha t  are believed t o  b e  
identical  with radiation of “650 f 20 kev,” which 
is reported t o  have a n  intensity of ( 8  f 3) x lo-’% 
in 239Pu .49  Gammas of similar energies reported 
for 240Pu  and 241Am would not have so high a n  
intensity in th i s  plutonium sample ,  based  on its 
reported m a s s  ana lys i s .  

In 24’Am, the  0.34-Mev radiation is due to  a 
combination of radiation from the  233Pa  daughter 

tory of ’ the  material. 1 .  

46R. S .  Forsyth and N. Ronquist, A Study of the 
“384” Kev Complex Gamma Emiss ion  from Plutonium- 
239, AE-202 (November 1965). ’ 

47A. J. Fudge, A. Phill ips,  and E .  Fos te r ,  Non-De- 
structive Determination of Plutonium-239 in Ceramic 
F u e l  Element Pe l l e t s  by Gamma Spectrometry, AERE- 
R-3838 (January 1962). 

48W. W. Strohm, “765-keV Gamma’Ray Assay  of 2 3 8 p ~  
in Waste Drums,” Trans.  Am. Nucl. SOC. 10, 41 (1967). 

49C. M. Lederer, The Structure of Heavy Nuclei: A 
Study of Very Weak Alpha Branching, UCRL-11028 

, (Sept. 27, 1963). 

and the  ac tua l  241Am. The  intensity of the 0.66- 
Mev gamma is cons is ten t  with published val- 
ues .  5 0 , 5  ’ 
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9.6.e Half-Life Measurements 

S. A.  Reynolds E. I. Wyatt4’ 

The  measurement ’ h a s  continued of the half- 
l ives  of radionuclides of importance in local pro- 
grams. The  value for 17’Tm was  128.6 ? 0.3 
days ,  which is the  average of determinations by 
decay measurements made with an  ionization 
chamber, a scinti l lat ion spectrometer, and scinti l-  
lation counters.  Th i s  value is in  agreement with 
128  f 1 days  and with the  adopted value in the  
new “Table  of I s o t o p e s , ” Q  130 days .  The  value 
for lo9Cd was  450  f 5 days ,  in good accord with 
453 k 2 days . ”  T h e  half-life of 92Nb was  de- 
termined to b e  10.14 & 0.03 days  by ionization- 
chamber and gamma-spectrometer measurements. 
The  half-life of ‘Sm was measured (against  a n  
63Ni standard) in a solution tha t  contained a 
weighed amount of fission product samarium in 
which abundances had been determined by m a s s  
spectrometry; the  value calculated from the meas- 
ured spec i f ic  activity was  93 k 8 years.  

T h e  half-life of ”Nb was  redetermined because  
the  value 34.85 days  was reported. 
our new value,  35.15 & 0.03 days ,  ag rees  with 
neither our old one, 35 .0  t t O . l  days ,  5 7  nor with 

Frustratingly,  

’OC. M. Lederer, J. K. Poggenburg, F. Asaro, 0. 
Rasmussen, and I. Perlman, “Energy Levels  of i i7Np 
(I). The  Alpha Decay of 241Am,” Nucl. Phys.  84, 481 
(1966). 

‘W. Michaelis, “Prec is ion  Measurement of the 2 4  ‘Am 
Gamma Spectrum,” Z .  Phys ik  194, 395 (1966). 

’ * S .  A. Reynolds and E .  I. Wyatt, “Half-Life Meas- 
urements,” Anal. C.hem. Div. Ann. Progr. Rept .  Oct. 31, 
1966, ORNL-4039, p. 59. 

53W. R .  Cornman, DP-1052 (February 1967) (c lass i -  
fied). 

54C. M. Lederer, J. M. Hollander, and I. Perlman, / 
Table of Isotopes,  6th ed., Wiley, New York, 1967. 

”H. Leutz,  K. Schneckenberger, and H. Wenninger, 
“Electron Capture Rat ios  in C d l o g  and Internal Con- 
version Coefficients in AglO9m,” Nucl. Phys.  63, 263 
(1 965). 

’%. C.  Anspach, L. M. Cavallo, S .  B. Garfinkel, 
J. M. R. Hutchinson, and C .  N. Smith, “Half-Lives of 
Materials Used in the  Preparation of Standard Reference 
Materials of Nineteen Radioactive Nuclides Issued by 
the National Bureau of Standards,” Natl. Bur. Std., 
Misc. Pub. 260, 9 (1965). 

Lyon, and H. A. Parker, “Half-Lives of Radionuclides - 
11,” Nucl. Sci. Eng. 11, 74 (1961). 

57E.  I. Wyatt, S .  A. Reynolds, T. H. Handley, W. S .  
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34.85 days .  The  da ta  were recomputed seve ra l  
t imes,  and no trend with time or other indication 
of sys temat ic  error was  found. (Eata for t he  first  
few days  were d iscarded  because  of t h e  ingrowth 
of ”Nb from 90-hr 95mNb.) If i t  is assumed tha t  
the  value of 34.85 days  is correct,  computation 
ind ica tes  that  over 1% of ”Zr or another long- 
lived nuclide would have been present.  However, 
examination with Ge(L.i) and NaI(T1) gamma spec -  
trometers excluded that possibil i ty.  Specifically,  
t he  upper limit for Z r  was  0.1%. Continuation of 
t he  u s e  of 35.0 days  as the  half-life is recom- 
mended. 

prepared from homogeneous-reactor off-gas, h a s  
been followed for eight years .  T h e  present va lue ,  
30.23 f 0.16 years,  supe r sedes -  l a s t  year’s. 5 2  

Various determinations of the  half-life and related 
decay-scheme da ta  c a n  now b e  reconciled.  A s  a n  
example, a preparation ca l led  RC-137-ASTM con- 
tained 1.72 x 1014 atoms of 137Cs-per  milliliter 
and emitted 1.07 x l o 5  gamma photons sec-’ 
ml-’ .  5 8  By use  of the “ b e s t ”  value for gamma 
branching (85% ’), the  apparent half-life of, ’ 7Cs 
is 30 .0  years ;  u s e  of th i s  va lue  is recommended. 

We a-nd other early inves t iga tors  5 4  were unaware 
of the presence of significant amounts of ’ 75Hf in ’ ‘Hf preparations,  and our original va lue  6 o  was  
therefore incorrect and must b e  lowered to 42.4 k 
0.2 days .  Determinations of the  ”Mo half-life as 
low as  66 h rS4  led to  computer treatment of decay  
da ta  from f ive  early preparations and taking new 

66.69 k 0.06 hr; our old va lue  of 66.96 hr must b e  
discarded. 

T h e  determinations reported here and other re- 
cen t  ones  require that a few significant changes  
b e  made in our l i s t  of recommended half-life val- 
ues .  6 1  The  coriected va lues  are:  226Ra ,  1600 
years;” 93mNb, 13.6 ye’ars;62 146Pm,  5.5 yea r s ;63  
‘”Tm, 129 days ;  Ia1Hf, 42 .5  days ;  . 241Pu ,  14.2 f 
0.2 years ;  and 24’Am, 4’33 yea r s .64  T h e  241Pu.  
‘value was  deduced from the  new va lue  for 241Am 

. 

The  decay  of four sou rces  of 13’Cs, originally 

. da ta  on a contemporary one. The  new value is 

’*D. S. Kim, NuclearChicago  Corp., personal com- 
munication to  S. A. Reynolds, March 2, 1965. 

59Personal communications to  S .  ‘A. Reynolds from 
members of the ORNL Nuclear Data Group, directed by 
Dr. Katharine Way. 
6oH. W. Wright, E. I. Wyatt, S. A. Reynolds,  W. S. 

Lyon, and T. H. Handley, “Half-Lives of Radionu- 
c l ides .  I ,” Nucl. Sci.  Eng.  2, 427 (1957). 

primary coolant water of the  High F lux  Isotope 
Reactor (HFIR), espec ia l ly  with respec t  to t h e  
detection of l eaks  in  target rods tha t  contain trans- 
plutonium elements.  T h e  idea l  w a s  to find an  in- 
l ine monitoring device  to immediately s igna l  a 
leak. Other ob jec t ives  were to dev i se  methods of 
decontaminating the  water and the coolant system 
and to  e s t ab l i sh  “background” condi t ions  t o  permit 
detection of poss ib le  future anomalies.  Fo r  in- 
l ine  or  “ rea l  time”.monitoring, de tec t ion  of neu- 
trons from spontaneous-fission nuc l ides  appears  to 
b e  the  b e s t  approach. Neutrons were de tec ted  at 
the  top  of one  of the  coolan; demineralizers,  and 
the  sou rce  w a s  removable by regeneration. Instal-  
lat ion of a neutron counter on each  of t he  two de -  
mineralizers was  recommended. 

Batch ana lyses  a r e  normally required for con- 
firmation of leakage. T h e  concentration l eve l s  of 
components determined by s u c h  a n a l y s e s  must 
override ex is t ing  leve ls ,  whether t he  ex i s t ing  
l eve l s  result  from prior ta rge t  ruptures or fue l  back- 
ground (fission products). T h e  appearance  of a lpha  
radioactivity is a good indicator of the  leakage  of 
transuranic e lements ,  but, o n c e  i n  the  sys tem,  the 
a lpha  radioactivity behaves e r ra t ica l ly .  Two ap- 
proaches were taken in the  sea rch  for a key f i ss ion  
product to d is t inguish  target l eaks  from 2 3 5 U  con- 
tamination. In one, a nuclide was  sought  whose 
235U f i ss ion  yield is low but whose 245Cm yield 
is appreciable because  of the  upshift  of t he  lower- 
mass peak. Such a one is “‘Ag (0.01% in 235U,  
3.6% in  245Cm). Silver was  separa ted  chemically 
from a sample of coolant,  and no significant gamma 
counts  were found; the  method therefore appears  to 
b e  impracticable. T h e  other method involves  sep -  

and from two determinations on  241Pu  i t se l f ,  the  61G. Goldstein and S. A. Reynolds,  “Specific Activ- 
i t i es  and Half-Lives of Common Radionuclides,” Nu- 
c l ea rDa ta  A l ,  435 (1966). resu l t s  of which have not ye t  been released. 

9.6.f Study of HFIR Coolant Water 

S. A. Reynolds J .  F. Emery 

62K. F .  Flynn, L. E. Glendenin, and E. P. Steinberg, I 

“Half-Life Determinations by Direct Decay,” Nucl. 
Sci.  Eng.  22, 416 (1965). 

i s t i c s  of Pm146, USNRDL-TR-1109 (Nov. 7, 1966). 
63L. R .  Bunney and E. M. Scadden, Decay  Character- 

6 4  S. R.  Gunn and F. L. Oetting, quoted by D. L. Davis At the request Of the Operations Division, analy- and F. L, a t t i n g ,  Analysis of Americium by Calor;m- 
ses and calculations were made relative to t h e  etry, RFP-895 (Apr. 13, 1967). 

. 
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aration of cesium and measurement of the radio- 
activity ratio ' 3 4 ~ s  . . 13'Cs: '37Cs. The  relative 
concentration of 13'Cs in a target is much higher 
than in ' 'U fuel because  of higher independent 
yield and buildup by success ive  capture in cesium 
iso topes  beginning with f i ss ion  product ' 3Cs. 
Analytical  data confirmed the expected ratios and 
showed that the method is practicable. 

from low-level was te  was  adapted for concentrat- 
ing cesium from 1-liter samples  and for the si- 
multaneous separation of 24Na, the  principal radio- 
nuclide in the coolant. Carrier is added, and the 
sample is made 0.01 M in NaOH and is passed  
through a 5-cm-long column of Duolite CS-100 
resin a t  a rate of -10 ml/min. Over 90% of the 
cesium but only part of the T4Na is retained by 
the resin;  most of the  latter is washed off by 0.1 M 
NaOH, overall decontamination being > lo3.  Ce-  
sium is eluted in 0.5 M HC1, in which solution i t  
is ready for final isolation by the  usua l  chloro- 
s tannate  method and for subsequent  determination 
of 134Cs ,  13'Cs, and ' 3 7 C s  by gamma spectrom- 
etry.  The  ion exchange decontamination from 24Na 
is sufficient to  permit performing the latter part of 
the separation on the bench. 

The  appearance of unusually high amounts of 
radioactivity in the  primary coolant on one oc- 
cas ion  indicated re lease  of f i ss ion  products from 
fuel. Several  iodine i so topes ,  notably 1341, were 
identified in the cation exchanger  effluent. It was  
desired to interpret the f i ss ion  product concentra- 
t ions in terms of exposed uranium. Only a crude 
approximation could b e  made because  of lack of 
knowledge of the  location of t he  uranium, and 
hence of the  magnitude and charac te r  of the flux. 
A l l  concentrations indicated tha t  only a few mi l l i -  
grams of uranium was exposed.  Rat ios  of concen- 
trations of the volati le iodine, gas  daughters "Sr 
and ' 'Ba, and nonvolatile ' 'Mo and ' 'Np indi- 
ca ted  tha t  t he  uranium was  in a thin film, that  is, 
surface contamination. 

Spectrographic and flame spectrophotometric 
ana lyses  yielded the information tha t  only ppb 
leve ls  of such  elements  a s  Na,  Al, Be,  Ca ,  and 
Fe were present in solution. Centrifugation of a 

'Cr and "Co, the  principal long-lived induced 
radioactivit ies,  but gross-alpha content was  re- 

An ion exchange method '' for removal of cesium 

' water sample gave no indication of removal of 

duced about 40% and barium by about half. The  
centrifugate was  made 0.01 M in NaOH and was  
passed  through a Duolite CS-100 resin column. 
A l l  the chromium and -20% of the  cobalt  were un- 
adsorbed. Chromium is surely anionic,  and cobalt  
may b e  carried in  part by a colloid (perhaps iron 
oxide or alumina) that e x i s t s  in the  water or is 
formed on adding base .  

Efforts to es t imate  the average thermal-neutron 
flux to which the water is exposed resulted in a 
very crude estimate of 10" neutrons cm-'  sec-'. 
Th i s  es t imate  was  derived from the residence 
t i m e s  of coolant water in the core and in the res t  
of the system, plus a s low migration from the re- 
gion outside the beryllium reflector. An attempt 
to  es t imate  the flux from 3H concentration, 1.5 x 
10' d i s  min-' ml- ' ,  led t o  an  unrealist ically high 
value,  which ind ica tes  tha t  'H(n,y) is not the  prin- 
c ipa l  source.  Production from f i ss ion  in contami- 
nating 2 3 5 U  is insignificant. Based on crude 
estimates of fission-spectrum- and thermal-neutron 
fluxes a t  beryllium sur faces  in contact with water, 
the following reaction sequence  approximately 
accounts  for the observed 3H: 'Be(n,a)'Li, 
' L i ( r ~ , a ) ~ H .  It was assumed tha t  a l l  tritons pro- 
duced within - '4 range (- 1 mg/cm ') of the beryl- 
lium sur face  e scape  and remain in the  water. 

The  circulating curium was removed success -  
fully " from the system by us ing  the "solubilizing" 
effect  of lanthanum a t  -1 ppm.67 Thus  no other 
study of decontamination was required. Further 
de ta i l s  may be  obtained from reports of the Oper- 
a t ions  Division. 

9.6.9 Radioisotope Tagging of Copper Wire 

L.  C.  Bate  F .  F. Dyer 

At the request of a power company, a study is 
b'eing made to  determine whether copper wire c a n  
be safe ly  tagged with a radioisotope t o  a id  in the  
location and identification of s to len  wire. T e s t s  
indicate that ' IomAg, ' ' 'Ru, and ' ' 'Ir might b e  
su i tab le  t ags .  About 50 to  100 pc of a radioiso- 
tope that has  a high yield of energetic gamma rays 
is required for detection a t  a d i s tance  of -1 m.  

"A. G .  Samartseva, "Adsorption of Curium on a 
Polished Platinum Surface," Sov. Radiochem. 8, 253 
(1966). 

cation to  S .  A .  Reynolds, Aug. 17, 1967. 
I 

"R. R . Holcomb, Low-Radioac t i v i t y - l e v e  I Waste 67J. A. Cox, Operations Division, personal communi- 
Treatment, ORNL-3322 (June 25, 1963). 
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With s u c h  a tag,  copper junk p i les  could b e  scanned  
fairly rapidly with a beta or gamma detector.  

T h e  radioisotope t ag  i s  applied between the’ 
s t rands  of the multistrand, copper wire with a hypo- 
dermic syringe; t he  t ag  s e e k s  the  su r faces  of the 
inner wires where i t  d r ies .  T h e  strand is then 
lacquered. After repeated exposure of the  strand 
to  s u n  and to washing with water t o  simulate the  
e f fec ts  of rain, the  radioactivity dec reases  8%. 
Tagging of s ing le  copper wire resu l t s  i n  dec reases  
as great as  40%. 

9.7 RADIOCHEMICAL STUDIES 

9.7.a Separation of Californium from Curium 
and of Berkelium from Cerium 
by Extraction Chromatography 

F. L. Moore Aart Jurriaanse “ 

An extremely s imple  method was  developed for 
the separation of Cf(II1) from Cm(II1) and of Bk(II1) 
from Ce(II1). ‘ 9  T h e  new method is based  on ex-  
traction chromatography by u s e  of smal l  Teflon- 
packed columns tha t  contain di(2ethylhexyl)ortho- 
phosphoric ac id  as  the  stationary phase .  Exce l len t  
separa t ions  a r e  achieved with d i lu te  nitric ac id  
e luents .  Among the  significant advantages  of the  
sys tem a r e  room-temperature operation, u s e  of 
nonchloride media, relatively high flow ra tes ,  and 
applicabili ty for glove-box or hot-cell  work. T h e  
method h a s  many useful ana ly t ica l  and  process 
applications.  

9.7.b Separation Method for Americium 
Based on Liquid-Liquid E-xtraction 

Behavior of Americium(V) 

with ammonium persulfate;  Ag’ is used  as a cata- 
lyst .  Addition of a n  a c e t a t e  buffer solution to the  
cooled solution of  Am(V1) reduces  Am(V1) to A m w )  
and r a i s e s  the  pH of t h e  so lu t ion  to between 4.8 
and 5.2. Actinide(III), (IV), and  (VI) and lantha- 
nide(II1) and (IV) ions a r e  ex t rac ted  in to  a 0.5 M 
solution of 2-thenoyltrifluoroacetone i n  xylene. 
Americium(V) remains in  the  aqueous phase  and 
thus  is efficiently separa ted  from many metal ions.  
Absorption spectrophotometry w a s  u s e d  to a sce r -  
ta in  the  va lence  s t a t e s  of americium. 

9.7.c New Method for the Rapid Separation 
of Berkelium(1V) from Cerium(lV) 

by Anion Exchange 

F. L. Moore 

A paper on th i s  subjec t  was  submitted t o  Ana- 
ly t ica l  Chemistry. l 

9.7.d U s e  of Organic Additives to Induce 
Selective Liquid-Liquid Extraction of Niobium 

with 2- Thenoy I tri f I uoroacetone 

1 Aart Jur r iaanse68 F. L. Moore 

A new highly se l ec t ive  method for t h e  liquid- 
liquid extraction of Nb(V) was  developed. 7 2  T h e  
method is based  on  the abil i ty of n-butanol in the  
aqueous phase  to  enhance the  formation of an  ex-  
t rac tab le  che la t e  of niobium with 2-thenoyltriflu- 
oroacetone. Niobium c a n  b e  recovered quanti- 
tat ively from aqueous so lu t ions  of concentrated 
hydrochloric ac id  or hydrochloric acid-sulfuric 
ac id  mixtures. Exce l len t  separa t ion  of Nb(V) 
from most metal  ions  is effected with 0.5 M 2- 
thenoyltrifluoroacetone-xylene so lu t ion .  

J. R. Stokely F. L. Moore 
9.7.e Radiochemical Purification of 2 4 5 P u - 2 4 6 P u  

A new method for t he  separa t ion  and radiochem- 
ical determination of 241Am and 243Am was  de-  
veloped. ’’ Americium(1II) is oxidized to  Am(V1) 

68Alien Guest from South African Atomic Energy 
Board, Pelindaba, Private Mail Bag  256, Pretoria, 
South Africa. 

“F. L.  Moore and A. Jurriaanse,  “Separation of 
Californium from Curium and Berkelium from Cerium by 
Extraction Chromatography,” Anal.  Chem. 39, 733 
(1 967). 

Method for Americium Based  on Liquid-Liquid Extraction 
Behavior of Americium(V),” Anal.  Chem. 39, 994 (1967). 

70J. R. Stokely and F. L. Moore, “New Separation 

J. R. Stokely C. E. Bemis4 

Chemical separa t ion  of 2 4 5 P u - 2 4 6 P u  from fis- 
s ion  products produced i n  the  neutron irradiation 

71F. L. Moore, “New Method for the Rapid Separation 
of Berkelium(1V) from Cerium(1V) by Anion Exchange,” 
Anal.  Chem. 39,  in press (1967). 

dit ives t o  Induce Selective Liquid-Liquid Extraction of 
Niobium with Thenoyltrifluoroacetone,” Anal .  Chem. 
39,  494 (1967). 

7 2  A. Jurriaanse and F. L. Moore, “Use  of Organic Ad- 

. 
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of 2 4 4 P u  was  performed to permit study of the  
nuclear properties of the heavier plutonium iso-  
topes.  Solvent extraction with 2-thenoyltrifluoro- - 

gamma energy and half-life. T h e  resu l t s  of th i s  
work were published. ‘ 

ace tone  and’ precipitation with lanthanum fluoride 
effectively eliminated all f i ss ion  product radio- 
nuclides from the  plutonium. T h e  purified plu- 
tonium, having americium daughters in equilibrium, 
was  absorbed on an  anion exchange column from 
8 M HNO,, and the  americium daughters were 
eluted continuously from the  column with 8 M 
HNO,. The  column was  positioned next t o  a 
Ge(Li) detector connected to  a multichannel ana- 
lyzer. Gamma-ray spec t ra  of mixtures of 5Pu 
and ‘Pu and of pure 6Pu were recorded with- 
out appreciable contribution from the gamma radio- 
activity of the americium daughters.  Gamma-ray 
spectra of 245Am and 2 4  ‘Am were also obtained. 

9.7.f Evidence of Photofission of Iron 

C. B. Fulmer5 I. R. Williams73 T. H. Handley 
G. F. De l l74  L. N. B l ~ m b e r g ’ ~  

It h a s  been pointed out \ tha t  any nuc leus  can  b e  
made to  fission provided it is supplied with suf- 
f icient excitation energy. Studies of proton-induced 
reactions in the Gev energy region have  given evi- 
dence  that f i s s ion  occurs in nuclei  at l e a s t  as 
light as s i lver .  We have now obtained evidence 
of photofission in iron foils tha t  were bombarded 
with high-energy electrons.  

In a study of residual radioactivity produced in 
targets exposed to electrons of energy in the Gev 
region, radionuclides were identified over a wide 
range of mass number. It was  demonstrated that 
the residual nuclei  a re  produced predominantly by 
photonuclear reactions tha t  a r e  induced by the  
electron bremsstrahlung photons. 

The  experiments a re  done by exposing targets 
to  monitored beams of e lec t rons  at the  Cambridge 
Electron Accelerator, Cambridge, Massachuse t t s ,  
and subsequent ly  measuring the  gamma spec t ra  
from the  exposed targets with a Ge(Li) gamma-ray 
spectrometer. Radionuclides are identified by 

9.7.9 Aqueous Liquid-Scintil lation Counting 
System for Weak-Beta Emitters 

S. B. Lupica 

Effort was made to  develop an  aqueous sc in t i l -  
lation-counting system for weak-beta emitters (,H, 
14C, ,,P, 35S,  63Ni, 147Pm,  etc.) .  The  u s e  of a 

Cab-0-Si1 gel in which various inorganic rare- 
earth-element phosphors were dispersed and s u s -  
pended gave low resu l t s .  In addition a long pre- 
counting period was  required to  allow for the 
disappearance of the  effect  of room light on the 
phosphors. Emulsions of anthracene, of 2,5-di- 
phenyloxazole (PPO), and of other powdered or- 
ganic scinti l lators in triethanolamine s t ea ra t e  
gave resu l t s  that  were no better than those  ob- 
tained with Cab-0-Si1 gel. With co lor less  Triton 
X-100 a s  a solvent common for water and the sc in-  
t i l lator,  promising resu l t s  were obtained. T o  date,  
the two organic sc in t i l l a tors  2,5-bis-[2-(5-tert- 
butylbenzoxazoyl)]-thiophene (BBOT) and PPO,  
each  in p-dioxane, have  been investigated.  A 
Triton X-100 solution that contained 3 to  5 vol % 
of a solution of P P O  in pd ioxane  (12 g/liter) h a s  
given the  highest  efficiencies;  examples  of the 
resu l t s  follow: 

Water in Aqueous Solution 

of Tr i ton X-100 (vol W )  
Counting Eff ic iency 

for 3H (74) ’ 

5.6 4.9 
10.6 4.1 
15.0 3.3 

A Triton X-100-PPO-n-dioxane mixture offers 
poss ib i l i t i es  for counting certain aqueous samples  
tha t  a t  present cannot b e  counted in an  all-organic 
system. 

9.7.h Analysis of Water Systems 

W .  J. Ross,  

The  increasing involvement of ORNL in projects 
related to desalination and environmental control 
is result ing in the init iation of a wide variety of ’ 

73Chairman, Department of Mathematics and Phys ic s ;  
Associate  Professor of Physics ,  Knoxville College, 
Tenn.  

’k. B. Fulmer, I. R. Williams, T. H. Handley, G. F. 
Dell, and L. N. Blumberg, “Evidence for Photofission 
of Iron,” Phys.  Rev .  Let ters  19, 522 (1967). 

74Cambridge Electron Accelerator, Cambridge] Mass. 
75Present address:  Accelerator Department, Brook- 

haven National Laboratory. 
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programs related to  water chemistry.  Consequently,  
the  Analytical  Chemistry Division is be ing  ap-  
proached more frequently for advice ,  development 
of methods, and se rv ice  a n a l y s e s  pertaining to 
various a s p e c t s  of t h e s e  water programs. T h i s  
participation h a s  been related primarily to  (1) the  
construction and t e s t ing  of components of desa l i -  
nation p lan ts ,  (2) ecologica l  investigations of 
local watersheds ,  and (3) b a s i c  investigations of 
the  application of radiotracers and activation 
ana lys i s  i n  tracing the  flow of s t r eams  and rivers. 

Desalination Program. - Participation in  th i s  
program h a s  involved (1) developing chemical 
methods for the  determination of 1 to  7000 ppb of 
d isso lved  0, and 1 to 200 ppm of d isso lved  CO, 
in seawater  and brackish a r tes ian  water; (2) us ing  
t h e s e  methods t o  eva lua te  the  performance of a 
deaerator i n  two s e r i e s  of engineering t e s t s  at t he  
Freeport  Desalination Fac i l i t y  operated by t h e  
Office of Saline Water; (3) contributing technica l  
advice  for the  so l ic i ta t ion  of instruments for de- 
termining 0, and CO, i n  s a l i n e  water;  (4) evalu- 
a t ing  an  instrumented oxygen ana lyzer  a t  the Free-  
port and Wrightsville Beach Desalination Fac i l i t i e s  
and ins ta l l ing  and t e s t ing  one  of t hese  ana lyzers  
i n  a facil i ty a t  ORGDP; (5) inves t iga t ing  the  e f fec t  
of interferences on  the  Winkler method in a n  effort 
to e s t ab l i sh  a “standard” chemical method for 0, 
to  b e  incorporated in operating procedures of future 
desalination plants;  (6) s tudying  the  effects of 
temperature, pH, and turbulence on the  liberation 
of CO, from sa l ine  solution; (7) applying the  in- 
formation relating to carbonate equilibria t o  the  
des ign  of a t e s t  facil i ty a t  Freeport;  and (8) in- 
ves t iga t ing  t h e  carbonate-hydroxide equilibria of 
s a l i n e  so lu t ions  tha t  contain calcium and mag- 
nesium i n  an  effort, to interpret t he  resu l t s  of ana l -  
y s e s  of precipitates formed in  a t e s t  facil i ty a t  
Wrightsville Beach .  Much of t h i s  work is described 
in  greater de t a i l  i n  ORNL-TM-1953. 7 7  

Ecological Program. - A cooperative effort h a s  
been init iated to  inves t iga te  thoroughly the origin 
and movement of certain ions  tha t  a r e  important i n  
the  pollution of local watersheds .  P l a n s  have  
been made with the  Health Phys ic s  Division to 
ana lyze  local rivers and c reeks  for nitrate and 
phosphate on an  ex tens ive  and continuous scale. 
For  t h e s e  determinations,  methods a r e  be ing  se- 

77B. E. Mitchell, R. K. Sood, and w.  J. Ross ,  T e s t s  
of the Deaerator a t  the Freeport Seawater Desalt ing 
Plant and Evaluation of Disso lved  Gas Analyses ,  
ORNL-TM-1953 (October 1967). 

l ec ted  tha t  c a n  b e  adapted  for u s e  with a Technicon 
AutoAnalyzer, which h a s  been  purchased for th i s  
purpose. 

Attempts a r e  s t i l l  be ing  made t o  deve lop  a n  ul- 
t rasens i t ive  method for the  determination of PO, 3-; 

however, l i t t l e  progress h a s  been made. 
Application of Activation Analysis to Water 

Tracing. - T h e  investigation of t he  u s e  of t race  
amounts of e lements  and ac t iva t ion  ana lys i s  t o  
follow s t ream movement is continuing. 7 8  Com- 
pleted experiments with cadmium, cobal t ,  and cop- 
per revea l  that  t hese  e lements  a r e  not sufficiently 
s t a b l e  t o  remain in  solution in  s t r eams  tha t  a r e  
sl ightly a lka l ine  or that  conta in  large amounts of 
adsorbents  such  a s  c l ay  and hydrous oxides  of 
iron or aluminum. However, t h e s e  same e lements ,  
when complexed with EDTA, exhibit  greatly en- 
hanced s tab i l i ty  in  all  t h e s e  environments. 

Experiments des igned  to e s t ab l i sh  the  sens i -  
tivity with which selenium c a n  b e  de tec ted  in 
water by activation ana lys i s  revealed tha t  as  l i t t l e  
a s  0.001 pg of selenium c a n  b e  measured by us ing  
7 7m S e  ( t i  = 18 sec). 

9.7.i Separation of Sodium 
with Antimony Pentoxide 

W .  J .  R o s s  
T h e  sorptive properties of Sb,O, have  been 

s tudied  in  a n  effort t o  dev i se  a method for removing 
the  interfering gamma radioactivity of ’,Na from 
samples  that a r e  being ana lyzed  for t r ace  e lements  
by activation ana lys i s .  Preliminary resu l t s  show 
tha t  sodium is retained quantitatively on columns 
prepared with Sb,O,, whereas  cesium is eluted.  
T h i s  work will b e  extended to  s tudy  the  adsorption 
charac te r i s t ics  of seve ra l  other i ons  of in te res t ,  
espec ia l ly  in biological samples .  

9.8 ANALYTICAL CHEMISTRY 
0 F RAD1 ONUC L I D ES. 

9.8.a Analytical Chemica I Research Faci l i t ies  
in the Transuranium Research Laboratory 

J. R. Stokely 

A laboratory in the  Transuranium Research Lab- 
oratory was  equipped for performing spec ia l i zed  

. 

78W. J. Ross,  !‘Analytical Chemistry of Water En- 
vironments,” Anal.  Chem. Div .  Ann. Progr. Rept. Oct. 
31, 1966, ORNL-4039, p. 72. 
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chemical ana lyses  and ana ly t ica l  chemical  re- 
search  on the transuranium elements.  The  labora- 
tory contains s i x  glove boxes ,  each  supplied with 
normal laboratory se rv ices  and capable  of con- 
taining curie leve ls  of alpha radioactivity. 

One glove box was  modified to house  the  furnace 
sec t ion  of a Perkin-Elmer model 240 Automatic 
Elemental  Analyzer. T h i s  analyzer is used for the  
microchemical determination of carbon, hydrogen, 
and nitrogen in organometallic compounds of the  
transuranium elements.  Associated with the ana- 
lyzer is a remotely operated microbalance, which 
is also enclosed in a glove box. A future report 
will  descr ibe  the operation of the analyzer.  

Electrochemical s tud ie s  on the transuranium 
elements  a re  carried out in a spec ia l ly  designed 
glove box. A s  many a s  ten  e lec t r ica l  l eads  may 
b e  used in the  electrochemical s tud ie s .  

. 
9.8.b Preparation of Lanthanide 

and Actinide P-Diketones 

J. R. Stokely J .  H. Burns4 L .  J. Nugent4 

P-Diketone che la tes  of some lanthanide and 
actinide elements  were prepared for x-ray crystal-  
lographic and fluorescence spec t roscopic  s tud ies .  
The  general formula of these  compounds is 
CsM(HFA),, where HFA is the  hexafluoroacetyl- 
ace tona te  anion and M is a trivalent actinide or 
lanthanide metal ion. The  reaction tha t  leads  t o  
the  formation of a compound of th i s  type is 

. 

MC1, + 4CsOH + 4H-HFA 

+ CsM(HFA), + 3CsC1, + 4 H 2 0  . (9.7) 

Chela tes  of Eu(III), Tb(III), Sm(III), and Am(II1) 
have been prepared. 

9.8.c Control led- Potentia I Coulometric 
Deterrninati on of Amer ic i urn 

J.  R.  Stokely W. D. Shults8'  

Application of controlled-potential coulometry to  
the accura te  and precise determination of ameri- 

cium was reported recently. " The procedure in- 
volves a rapid chemical  oxidation of americium t o  
Am(VI), destruction of e x c e s s  oxidant by heating, 
and electrolytic reduction of Am(V1) to  Am(V) a t  a 
platinum electrode controlled a t  +1.05 v v s  S.C.E. 
Details of t h i s  work will  b e  published. 

9.8.d Feasibi l i ty  of Determining the Formal 

Potential  of the Bk( lV)-Bk( l l l )  Couple , 

J. R. Stokely 

Preliminary experiments were performed to  de-  
termine whether the potential of the  Bk(1V)-Bk(II1) 
couple  c a n  be  measured electrochemically with 
-50  pg of berkelium. Cerium was  used as a sub- 
s t i tu te  for berkelium. The  experimental procedure 
involves complete oxidation of Ce(II1) to  Ce(IV) 
a t  +1.60 v vs  S.C.E. at a platinum electrode by 
use  of the ORNL model 2564 coulometric titrator 
and a micro coulometric cell. Cerium(II1) was 
produced in known concentration ratios t o  Ce(1V) 
by reduction at +1.0 v vs  S.C.E. with integration 
of the  current. The  potential  of the  platinum elec- 
trode is determined a t  each  Ce(1V) : Ce(II1) ratio. 
By th i s  procedure the formal potential of the 
Ce(1V)-Ce(II1) couple in 0.5 M H2S0 ,  was meas- 
ured t o  b e  +1.4406 v vs  N.H.E.; the literature 
value is +1.4435 v vs  N.H.E. One problem is 
the s low reduction of Ce(1V) by water a t  the low 
concentration used (15 pg/ml). In 0.5 M H2S04 the  
reduction ra te  is 0.02 pg/min for a Ce(1V) : Ce(II1) 
ratio of 1. In 1 M HNO, the  reduction rate is much 
fas te r ,  0.6 pg/min. It appears  that  although the  
potential  of the Bk(1V)-Bk(II1) couple c a n  be meas- 
ured accurately in sulfuric acid,  measurements in 
nitric ac id  will  be  suscept ib le  to  large errors be-  
cause  of the reduction of Bk(1V) to  Bk(II1) by water. 

"This work was  done in the Transuranium Research 
Laboratory . 

'Methodology Group. 

"5 .  R.  Stokely and W. D. Shults, "Controlled-Poten- 
t i a l  Coulometric Determination of Americium," presented 
a t  the Eleventh Conference on Analytical  Chemistry in 
Nuclear Technology, Oct. 10-17, 1967, Gatlinburg, 
Tenn. 

Cerous Electrode," J .  Am.  Chem. SOC. 53, 98 (1931). 
"A. H. Kunz, "The'Reduction Potential  of the Ceric- 

. 
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10. Inorganic Preparations 

D. E. LaVa l l e  

R. B. Quincy 

The fused-sa l t s  program continued with l i t t l e  
change. It cons i s t ed  chiefly i n  the  preparation of 
anhydrous rare-earth-metal ha l ides  for the High 
Temperature and Structural Chemistry Group of the  
Chemistry Division and of a few anhydrous s a l t s  
such  as MgCl,, CdCl,, CaCl, ,  and C s C l  for the  
Ion Spectroscopy Group of the Metals and Ceramics 
Divi s i on. 

Most of the  programs for t he  Solid S ta t e  Division 
were also continued without significant change. 
For  the Neutron Spectrometry Group more com- 
pounds of the sp ine l  t ype  (MgA1,0,) structure were 

’ prepared; various combinations of F e ,  Mn, Co, Ni, 
Ti, and Li were used  in  p l ace  of Mg and Al. Addi- 
t ianal g l a s s e s  of GeO,, GeS,, and 73Ge02  were 
made for the Spin Resonance Group. Deta i l s  of 
t hese  preparations were descr ibed  l a s t  year. ’ For  
the  Neutron Diffraction Studies Group, a new 
,project w a s  undertaken i n  addition to the  usual 
program of hea t  treatment of a l loys  that contain 
rare-earth metals.  Equipment was  obtained and 
procedures were developed t o  prepare gadolinium 
metal from Gd,03 by reduction of the  intermediate 
GdF, with calcium metal. T h e s e  s t e p s  were i n  
preparation for the eventual treatment of 50 g of 
160Gd when i t  s h a l l  have  been i so la ted  and ob- 
tained as  16’Gd,0,. 

For the Low Temperature, Nuclear, and Solid 
S ta te  P h y s i c s  Group of the P h y s i c s  Division, t he  
preparation, made l a s t  year,  of the  so l id  solution 
of 3 mole % FeBr,  i n  CrBr, was repeated using 
57Fe; also, the  a l loy  AuLi (0.5 at. % Au) was  
made. Fo r  another s ec t ion  of t h i s  group a number 
of i so topic  compounds and a l loys  were prepared: 

73GeIz,  73GeCr (5 a t .  % 73Ge), 61NiF,,  64NiA1 
(50 at. % 64Ni), and 64NiV (85 at. % 64Ni). 

Compounds prepared.by well-known methods in- 
cluded Na,O and ZrN for the  Materials Compati- 
bility Laboratory of the  Metals and Ceramics Di- 
vision and MgiN, for the  Insulating Crys t a l s  Group 
of the  Solid S ta te  Division. The  Spec ia l  Electro- 
magnetic Separations of Heavy Elements  Group of 
the I so topes  Division w a s  provided with 100 g of 
UC1, made from deple ted  U. 

Among preparations of particular interest ,  V F  , 
was  made for t h e  Neutron Diffraction Group of t h e  
Solid S ta te  Division by pass ing  a gas mixture of 
10  vol % H F  and 90 vol % H, over VF, a t  1000°C. 
Both t h e  temperature and composition of t h e  gas 
mixture a re  c r i t i ca l  i n  obtaining a pure product. 
For the  Neutron Scattering Cross  Sec t ions  Studies 
Group of the Neutron P h y s i c s  Division, Be,N, 
was prepared by pass ing  N, over 50-mesh beryl- 
lium metal contained i n  a molybdenum boat  a t  
1250OC. A preparation of 65 g of very pure (98%) 
SmF, w a s  achieved  for t he  High Temperature and 
Structural Chemistry Group of t h e  Chemistry Di- 
vision by the  so l id-s ta te  reaction of .f inely divided 
SmF, and SmH , . 

T h e  production of high-purity KC1 w a s  continued 
on a routine b a s i s  for t he  Resea rch  and Develop- 
ment of Pu re  Materials Group of t h e  Solid S ta te  Di- 
vision. T h e  preparation of high-purity MgO h a s  
been resumed after a l a p s e  of f ive  years.’ T h e  
new objec t ive  is to produce much greater amounts 
of material a t  less cost. 

‘M. T. Kelley,  D. E. LaValle,  and R. B. Quincy, 
“Inorganic Preparations,” Anal.  Chern. Div.  Ann. Progr. 
Rept. Oct. 31, 1966, ORNL-4039, p. 78. 

’R. B. Quincy, Jr., Preparation of High-Purity Mag- 
nesium Oxide, ORNL-TM-302 (Aug. 15, 1962). 
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11. Organic Preparations 

. 

c 

. 

P. F. Thomason 

' H. L. Holsopple 

A number of organic compounds not readily avail-  
able from commercial sou rces  were custom syn- 
thes ized  for research u s e  at K-25 and in the  Chem- 
istry, Chemical Technology, and Metals and 
Ceramics Divisions.  

11.,1 COMPOUNDS SYNTHESIZED 

11.1.0 p-Aminobenzylamine 

pAminobenzylamine (" 100 g) was  prepared for 
the Phys ic s  Group of the  K-25 Technica l  Division. 
p-Nitrobenzonitrile w a s  hydrogenated in ethyl ace- 
tate at 750 p s i  and 90 t o  100°C for 3 hr over Raney 
nickel. The  reaction is 

1 l . l .b  Quaternary Phosphonium.Holides 

Two quaternary phosphonium compounds, tri-n- 
butylbenzylphosphonium chloride and tetra-n-butyl- 
phosphonium bromide, were prepared for t h e  Metals 
and Ceramics Division according to the  reactions 

(C4H9),P + C,H9Br --f [(C,H,),PlBr. 

Resu l t s  of elemental  ana lys i s  were in  good agree- 
ment with ca lcu la ted  va lues  (Table 11.1) based on 
the  formulas given above. The  de ta i l s  for the  
preparation of t h e s e  compounds a re  similar t o  
those  given e l sewhere  for analogous subs tances .  ' 

11 . l . c  Heptodecylomine 

Heptadecylamine was  prepared for t he  Chemical 
Technology Division according to  t h e  three-step . 

Table  11.1 .  Compositions of T w o  Quaternary 

Phosphonium Halides 

Weight Percent 

Component In Aa In B~ 

Theoretical  Found Theoretical  Found 

Carbon 69.4 69.3 56.6 57.3 

Hydrogen 10.4 10.9 10.7 i i . 0  

Phosphorus 9.4 9.6 9.1 9. I 

Chlorine 10.8 10.8 

Bromine 23.6 22.9 

aA = tri-n-butylbenzylphosphonium chloride, 
C 9H;4PCl. 

,bB = tetra-n-butylphosphonium bromide, C ,  6H36PBr. 

p rocess  of Barnes '  in which heptadecanol is con- 
verted to heptadecanone, from which N-(hepta- 
decylidene)-2-ethylhexylamine is prepared. T h e  
latter is then ca ta ly t ica l ly  hydrogenated to  hepta- 
decylamine. The  yield based  on imine w a s  95% 
(400 g, 1.55 moles). 

1l . l .d  a,a 'Dipiperidyl 

Dipiperidyl (60 g) w a s  prepared for the  Chemical 
Separation of I so topes  Group of t he  Chemistry Di- 
vision by ca ta ly t ic  hydrogenation of a,a'-dipyridyl 
i n  ethyl alcohol.,  

The  product w a s  purified by extraction into di- 
ethyl ether;  i t s  purity w a s  es tab l i shed  by infrared- 
absorption and elemental  ana lyses .  T h e  de ta i l s  of 
th i s  preparation a r e  given elsewhere.  

'H. L. Holsopple, Syntheses  of Three Quaternary 
Phosphonium Halides, ORNL-TM-1572 (July 12, 1966). 

'R. K. Barnes, Union Carbide, Chemicals Division, 
South Charleston, W. Va., personal communication to 
F. G. Seeley, Chemical Technology Division, March 
1965. 

,H. L. Holsopple, Synthesis  of a,a'-Dipiperidyl, 
ORNL-TM-1470 (Mar. 30, 1966). 



9 2  

1 1.1 .e Ces iu rn p- Ethy I benrenesu lfonate 

Cesium p-ethylbenzenesulfonate (25 g) was pre- 
pared for the Chemistry Division. Barium p e t h y l  
benzenesulfonate was  pas sed  through a Dowex 
50W-X4 resin column in H +  form. Cesium carbonate 
was neutralized with the ac id  solution; the  cesium 
p-ethylbenzenesulfonate thus  formed was  recovered 
by filtration on a Biichner funnel. 

~ 

11.1 . f  Bicyclo[l . l .Olbutane 

Bicyclo[ l .  1.0lbutane (“ 7 ml)  was prepared for re- 
search members of the  Chemistry Division. Th i s  
compound is unique, because  i t  has  the greatest  
amount of thermochemical destabil ization (“strain 
energy”) per carbon atom of any known saturated 
organic compound. It was  prepared in  three s t ages :  
1,l-cyclobutanedicarboxylic acid to 3-chlorocyclo- 
butane-1-carboxylic ac id  to 1-bromo-3-chlorocycl0- 
butane to  bicyclo[l.l.O]butane according to  the  re- 
action sequence  

1,l-Cyclobutanedicarbxylic ac id  (88 g) was  
chlorinated with sulfuryl chloride (51 ml) in the 
presence of benzoyl  peroxide (1.5 g) i n  benzene. 
The benzene was  d is t i l l ed  off, and the residue 
was decarboxylated a t  18OOC for 30 min. The  mix- 
ture w a s  d is t i l l ed ,  and the  product was  collected 
a t  130 to 148OC/17 mm. 

The  result ing 3-chlorocyclobutane-1-carboxylic 
acid w a s  then brominated with bromine (21 ml) in 
CC14 (300 ml) tha t  contained a slurry of red mer- 
curic oxide (61 g) in CC1, (550 ml). Double d is t i l -  
lation gave a dihalide, which w a s  co l lec ted  at 38 
to 40°C/5 mm. 

The  dihalide was.treated with sodium metal in 
dioxane to give bicyclo[l .  1 .Olbutane. The  volati le 
(bp, 8°C) product was  co l lec ted  in gas-collection 
bulbs a t  -78OC. Infrared ana lys i s  of the product 
showed strong C-H bands in  the  posit ions indicated 
in the l i terature for bicyclo[l.l.O]butane. 

/ 
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12. Mass Spectrometric Analyses 

A. E. Cameron ' 

12.1 MASS SPECTROMETRY SERVICE 

J .  R. S i tes  . E. J .  Spitzer 

T h e  number of ana lyses  reported by the Mass 
Spectrometry Service Laboratory increased  25% 
over last year.  T h i s  total increase  inc ludes  a 15% 
increase  for the  I so topes  Division and about a 
tenfold inc rease  for the  Reactor  Chemistry Divi- 
s ion .  

Cr, F e ,  and  Ni  from irradiated HFIR components 
were determined to help dec ide  whether such  
va lues  might be  used  t o  ind ica te  t h e  magnitude o f  
the  reactor 's  very high neutron flux. 

T h e  major sample load for the  gas  mass spec -  
trometers was  the certif ication for Stores of t h e  
purity of the  compressed g a s e s  H e  (15 t ra i le rs ,  
200 cylinders), N, (50 cylinders),  and Ar (500 
cylinders). 

sample  wheel  was  developed and t e s t ed  for t h e  
u s e  with the 12-in. 90° m a s s  spectrometer. T h i s  
source  is an  important complement t o  t h e  usua l  
surface-ionization source .  

The  relative i so topic  abundances of samples  of 

An electron bombardment sou rce  tha t  u s e s  a five- 

1 2.2 TRANSU RAN IUM MASS S P ECT ROME TRY 

R. E. Eby 

T h e  Transuranium Mass Spectrometry Laboratory 
reported about 4500 resu l t s ,  an 88% increase  over 
t he  previous year. The  cost per ana lys i s  decreased  
from $20.86 in FY-1966 to $12.86 in  FY-1967. 

About a third of t h e  work was  for t h e  Isotopes Divi- 
s ion ,  mostly ana lys i s  of separa ted  i so topes  of 
uranium and plutonium; about a quarter was  for t he  
Chemical Technology Division. 

T h e  types  of samples  received have  become in- 
creasingly\ d iverse ;  many more of them are  radio- 
ac t ive  samples  of t h e  lighter elements.  Samples 
of irradiated thulium have  been analyzed t o  verify 
values for c ros s  sec t ions  and to indica te  the  possi-  
bility of producing "Tm, which is being con- 
s idered  as a n  i so topic  power source  for a mechani- 
cal heart .  Radioact ive samples  of gadolinium 
were analyzed to  determine the  possibil i ty of pro- 
ducing lS3Gd, which is a candida te  for u s e  in a 
density-measuring dev ice  on the  Mars  probe. 
Radioact ive samples  of strontium and samarium 
have a l s o  been analyzed. 

T h e  isotopic ana lys i s  of all e lements  from 
thorium through californium is done routinely. 
Samples of synthetically mixed s tandards  of 239Pu, 
2 4 2 P u ,  and 2 4 4 P u  were analyzed for t h e  Chemistry 
Division in a program to determine a better value 
for the  half-l ives of 2 4 2 P u  and 244Pu. Uranium 
and plutonium iso topic  ana lyses  were made on a 
series of samples  for Westinghouse Atomic Power 
Development Division as a part of t h e  Yankee core 
evaluation program. Another s e r i e s  of samples  
were analyzed for plutonium isotopic content for  
the Los Alamos Scientific Laboratory. 

T h e  f i r s t  sample of einsteinium was received 
and analyzed with no difficult ies.  

W. H. Christie and A. E. Cameron, "A Reliable 
Sample Changer for Mass Spectrometer," Rev. S c i .  
Instr. 37, 336 (1966). 

1 
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13. Emission Spectrochemical Analyses 
A. E. Cameron 

J. A. Carter 

S. A. MacIntyre 

T h e  Spectrochemistry Laboratory reported about 
42,000 resu l t s  on some 2100 samples ,  which repre- 
s e n t s  a n  inc rease  of 13.4%. T h e  Iso topes  Division 
submitted about 18% more samples  than l a s t  year. 
T h e  s t a b l e  i so topes  of t h e  following 41 e lements  
were ana lyzed  for t race  impurities: Ag, B, Ba ,  Ca ,  
Cd, Ce, C1, Cr, Cu, Dy, Gd, Ge, Hf, Hg, In, Ir, K, 
La, Lu,  Mg, Mo, Nd, Ni, Os,  P b ,  Pt, Rb, Ru, S, 
Sb, Si,  Sm, Sn, Sr, Te, Ti, T1, W, Yb, Zn, and  Zr. 

for t he  Industrial  Hygiene Department of the  Health 
Division. T h e  ana lys i s  of meta ls  and a l loys  in- 
c r eased  by some 400% over the  previous year. 

A number of unusual a l loys  whose b a s e  meta ls  
a r e  Co, Ti, V, Cb, Bi ,  Pb ,  Ta, and W a re  being 
analyzed routinely by u s e  of a modified rotating- 
d i sk  technique and t h e  Paschen  Direct Reader. 
Developmental high-temperature a l loys  for t h e  
Wright-Patterson Air Force  Base are  also being 

Over 500 samples  of air  and water were analyzed analyzed. 

14. Process Analyses 
T. Corbin L. I 

14.1 HIGH-LEVEL ALPHA RADIATION 
LABORATORY 

J. H .  Cooper 

T h e  High-Level Alpha Radiation Laboratory 
reported some 20,000 resu l t s ,  more than twice as 
many as were reported the  previous year; -95% 
were for the Chemical Technology Division. T h e  
large inc rease  w a s  due to t h e  fu l l - sca le  operation 
of the  Transuranium Process ing  P lan t  (TRU). 

Samples that simulated TRU process  samples  
were analyzed for gross  alpha activity,  plutonium 
a lpha  activity,  and ac id  t o  determine whether 
b i a ses  ex i s t  in t he  methods. Although the  simu- 
lated samples  did not  contain all t h e  cons t i tuents  
of process  samples ,  their u s e  demonstrated the  
cons is tency  of the  methods and  showed that no  
b i a ses  ex is t .  

A method for t h e  determination of californium 
was  t e s t ed  on highly radioactive samples  and 
found to be  prec ise .  Californium was  separa ted  
from curium and f i ss ion  products by extraction 
chromatography. A 0.3 M HNO, solution of t h e  
sample w a s  p a s s e d  through a column of di(2-ethyl- 
hexy1)orthophosphoric ac id  on Teflon powder. 
Californium and einsteinium were adsorbed, where- 
as curium, americium, and f i ss ion  products were 

eluted with 0.3 M [NO,. A 4 M INO, wash re- 
moved the  californium and einsteinium; the amount 
of each  w a s  determined by alpha counting and 
pulse-height ana lys i s .  Californium w a s  determined 
rapidly by counting the  solution directly in a 
neutron counter. 

samples from t h e  Fluoride Volatility P rocess  after 
separation from aluminum oxide by pyrohydrolysis. 
T h e  fluoride-containing sample  was  heated at 
1000°C in a flux of sodium tungstate-tungstic ac id .  
A s t r e a m  of moist oxygen swept t he  fluoride into 
a solution of sodium hydroxide. T h e  fluoride w a s  
measured colorimetrically. 

Plutonium in low concentration (1 to 2 pg/ml) 
was  determined for t he  I so topes  Division by iso- 
topic dilution and mass spectrometry. 

’ Fluoride in the ppm range was  determined in 

14.2 GENERAL ANALYSES LABORATORY 

W. R. La ing  

Development work was  completed on the vacuum- 
fusion-gas-chromatographic analyzer.  It w a s  
operated for t h e  pas t  year  with less than  f ive  d a y s  
downtime. A total  of 1700 samples  and s tandards  
were analyzed; t he  resu l t s  obtained were in good 

4 
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agreement with predicted va lues .  T h e  c o s t  of 
vacuum-fusion ana lyses  w a s  cu t  in half when t h i s  
ihstrument was  p u ~  in to  serv ice .  

T h e  work load in ana ly t ica l  biochemistry in- 
c r eased  sharply in  the latter part of t h e  year. Each 
month s i n c e  February a t  l e a s t  4000 resu l t s  were 
reported; one month the  number was  6100. T h e  
total  for t he  year  was  46,464. 

Several  small  but significant improvements in 
the ana lyses  for transfer r ibonucleic a c i d s  (tRNA) 
were made. T h e  standard deviation for t he  de- 
termination of phenylalanine-accepting tRNA w a s  
reduced from 10 to  4% by these changes .  

new methods. Small amounts of bismuth in fuel 
s a l t s  were measured polarographically in 5 vol % 
H,SO, solution. In th i s  supporting medium t h e  
half-wave potential  of Bi(II1) ( E  , = - 0.03 v v s  
S.C.E.) i s  well separa ted  from that of U(V1) (E1/, = 

-0.20 v v s  S.C.E.). Lithium metal in fluoride salts 
was  measured by a hydrogen-evolu tion technique. 
Fluoride in  NaBF,  was  t i trated directly with 
Th(1V) after fusion with Na,CO,. 

To a id  in t h e  study of t h e  growth of a lgae  in  
l akes ,  samples  of water were ana lyzed  for free 
ammonia, t o t a l  ammonia, inorganic phosphate, and 
total phosphate.  The  concentrations ranged from 
10 to  200 ppb. 

The  method of Schreyer and Baes’ w a s  used  to  
determine to t a l  uranium in  phosphoric ac id  solu- 
t ions  of so l -ge l  urania. T h i s  method proved very 
useful.  After a 3.5 M H,PO,-4.5 M H,SO, so lu-  
tion of the  urania was  pas sed  through a Jones  
reductor, no  U(II1) was  found to b e  present i n  the  
solution. Before t h e  u s e  of t h i s  method, all to ta l  
uranium a n a l y s e s  in  H,PO, solution were done 
coulometrically. 

in aqueous so lu t ions  were improved by us ing  a 
nitrogen stream to sweep  t h e  CO, into a caus t ic  
absorber. With the  Conway diffusion f lasks  former- 
ly used, only a limited amount of hea t  c a n  b e  
applied and t h e  diffusion ra te  of t he  CO , is slow. 

T h e  physical and chemical a n a l y s e s  of coa ted  
par t ic les  were continued. Of t h e  ana lyses ,  the  
most usefu l  were measurement of mercury density 
at 15, 80, and 15,000 p s i  and of grams of carbon 
per gram of core. T h e  dens i ty  va lues  were ob- 

Molten-salt development projects required severa l  

The  methods for determining carbon and formate 

J. M. Schreyer and C. F. Baes ,  Jr., “Volumetric De- l 

termination of Uranium(V1) in Phosphate  Solutions,” 
Anal.  Chem. 25, 644 (1953). 

tained with an  American Instrument Company mer- 
cury porosimeter. T h e  c a r b o d c o r e  ra t io  w a s  ob- 
tained by burning a weighed sample and then  
weighing the  residue. 

tungsten,  molybdenum, niobium, and titanium alloys.  

Canada for u s e  by the  Genera l  Ana lyses  Laboratory 
(Sects.  4.4.e, 4.4.h, 4.5.a, and 4.6.e). 

T h e  addition of the  ana ly t ica l  biochemistry work 
increased  t h e  number of reported r e su l t s  from 
50,134 for last year  t o  99,125 for t h i s  year. 

A cutoff wheel was  obtained to cu t  samples  of 

Several  other methods were modified by D. C. 

14.3 GENERAL HOT-ANALYSES LABORATORY 

C. E. Lamb 
1 

In the General Hot-Analyses Laboratory about  
19,000 ana lyses  were made on some 7100 samples ,  
an inc rease  of 6% over t h e  number done last year.  
Th i s  i nc rease  w a s  a t ta ined  in  s p i t e  of a 25% re- 
duction in the  s ta f f .  About two-thirds of the  sam- 
p l e s  were rece ived  from the Operations,  Chemical 
Technology, Reactor,  and  Reactor Chemistry 
Divisions; t h e  ba lance  w a s  from seven  other 
sources .  

A glove-box facil i ty cons i s t ing  of four boxes 
was  ins ta l led .  Equipment for measuring certain 
phys ica l  properties of so l id  samples ,  mainly from 
the  Chemical Technology Division’s P lu tonia  Sol- 
Gel Program, w a s  p laced  in the  boxes.  T h e  meas- 
urements inc lude  density by means of a mercury 
porosimeter, g a s  re leased ,  and su r face  area.  Also ,  
carbon w a s  determined by a Leco combustion- 
gas-chromatographic method. A fifth box is now 
being equipped with a combustion furnace and a 
Nitrox-6 Analyzer for t h e  determination of nitrogen 
and oxygen. A s e a l e d  glove box i n  Laboratory 103 
was  u s e d  most of the  p a s t  yea r  by H. H. Ross ’  
and S. B. Lupica’  for s p e c i a l  work with 14’Pm. 

One of the  major sou rces  of work w a s  from the  
MSRE of the  Reactor Division. Power  runs 8 
through 12 were completed, and abou t  200 fuel 
samples  were submitted. With few problems, the  
samples  were analyzed for major cons t i tuents ,  
corrosion products, and oxygen. 

A method to determine the  U3+/U4+ ratio in 
MSRE fuel samples  w a s  developed by the  Reac tor  
P ro jec t s  Group (Sect. 3.1.b). T h e  apparatus used  

2 Nuclear and Radiochemistry Group. 

. 
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for th i s  determination w a s  ins ta l led  i n  cell 3. Be- 
c a u s e  of the  potential radiation hazard of removing 
the t raps  from t h e  hot ce l l ,  the appara tus  will  be  
modified to  allow the  entire operation to  be  made 
within the  hot cell. 

Some work w a s  done for fac i l i t i es  ou ts ide  the  Oak 
Ridge National Laboratory. Total g a s  re leased  
was  determined in Pu0,-UO, samples  received from 
Nuclear F u e l  Services,  Erwin, Tennessee .  More 
tantalum-clad samples  from the  Argonne National 
Laboratory were analyzed for Cu, Mg, P u ,  and U. 
Some EBR-I1 fuel (95% enriched uranium and 5% 
f i ss ion  products) samples  for t he  determination of 
A1 and  Fe were also received from Argonne. Alu- 
minum w a s  determined by the  spectrophotometric 
aluminon method after t he  interfering i o n s  were 
removed by liquid-liquid extraction with tricapryl- 
amine (Alamine). Carbon was  determined on some 
scrapings  from t h e  sur face  of s eve ra l  fue l  ele- 
ments from the Puer to  Rican  Bonus Reactor. Car- 
bon dioxide was  evolved by oxidation of the  carbon, 
trapped on a SA molecular-sieve column, and de- 
termined by g a s  chromatography. 

b ides  and cesium chloride product s amples  from 
the  I so topes  Division. The  ca rb ides  of meta ls  

Carbon was  also determined on some  metal  car- 

the MSRE. T h e  to ta l  number of ana lyses  increased  
from 58,000 in  1966 to 70,000 in  1967. 

of computer programs by th i s  laboratory. 
chapter t i t l ed  “Equipment and Techniques for 
Handling Liquid Samples” was  completed for 
inclusion in Vol. 10 of SERIES I X ,  Progress in 
Nuclear Energy.4 

A paper w a s  presented orally on the  application 
A 

14.5 QUALITY CONTROL 

G. R. Wilson 

In January a weighted average 2S% was  calcu- 
lated for e a c h  control program by us ing  the  2s 
values  obtained during t h e  four quarters of 1966. 
Based on t hese  ca lcu la t ions ,  new limits were 
es tab l i shed  for some of the  control programs. T h e  
limit for t he  colorimetric thorium control prograJ” 
in the General Analyses  Laboratory w a s  increased 
from 2 to 3%, and the  colorimetric uranium limit 
was  decreased  from 4 to 3%. The  control limit 
for high carbon conten t  by the  Leco method was  

such  as Nb, T a ,  Ti, and W were d isso lved  in  a 
mixture of HNO, and HF.  The  resu l t ing  solution 
was  filtered through fine quartz, and the res idue  
was  analyzed for carbon. 

3M. E .  Pruitt, “Application of Computer Programs for 
Analysis of Radioisotopes,” presented a t  153d Meeting 
of the American Chemical Society,  Miami Beach, Fla. ,  
Apr. 9-14, 1967. 

4R. R. Rickard, 6dEquipment and Techniques for 
Handling Liquid Samples,” to b e  included in Vol. 10, 
Remote Analysis  of Radioactive Materials, of S E R I E S  
I X ,  A N A L Y T I C A L  C H E M I S T R Y ,  ed. by H. A. Elion and 
D. C. Stewart, i n  Progress in Nuclear Energy, Pergamon, 

* 14.4 RADIOISOTOPES-RADIOCHEMISTRY 
LABORATORY Press, New York. 

E.  I. Wyatt 

T h e  types  of work performed i n  the Radioisotopes- 
Radiochemistry Laboratory were essent ia l ly  un- 
changed th i s  year. T h e  routine determination of 
oxygen with the 14-Mev neutron generator w a s  
begun. The new experimental products ,P, Number of 

69,6gmZn,  13,Te, and  ”‘Tm a r e  now being as- 

Table 14.1. Distribution by Laboratories of Control 
T e s t s  far July 1966-June 1967 

Control Results  Quality 

Outside Leve l  (%)a 

Total Fixed 1966 1967 
Laboratory 

sayed .  New equipment on order inc ludes  a 4096- 
channel pulse-height analyzer and  a new flame 
photometer. 

A large part of t h e  work cons i s t ed  i n  fission 
product a n a l y s e s  in  support of nuc lear  safety ex- 
periments done by the  Reac tor  a n d  t h e  Reactor 
Chemistry Divisions. Another la rge  fraction re- 
sulted from f i ss ion  product ana lys i s  a s soc ia t ed  Total 4247 220  92.6 94.82 

with both the fuel and  graphite-moderator spec i -  
mens from the Molten-Salt Loop Experiment and  

Limits - 

General Hot-Analyses 2129 130  85.9 93.89 
General Analyses  2118 90 97.2 95.75 - - _ _ _ _  

eControl results within prescribed 2 s  limits. 
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increased  from 5 t o  7%. T h e  control limits for 
the amperometric chromium, colorimetric iron, and 
colorimetric nickel determinations in  the  MSRE 
control program of the  General Hot-Analyses Lab- 
oratory were decreased  from 15 to 10%. 

Although the  number of control resu l t s  dec reased  
by 14% from the  l ike  period a year  ago, the  overall  
quality leve l  h a s  improved a s  shown by Table  
14.1. Tab le  14.2 g ives  t h e  number of control 
resu l t s  and their  spec i f i c  charac te r i s t ics .  

Table 14.2. Distribution by Methods of Control Results for July 1966-June 1967 

Type of Method 
Number of Number of 

Control Programs Control Resu l t s  Consti tuent 

Amperometric Chromium 
Zirconium 

Colorimetric Aluminum 
(spectrophotometric) Chromium 

Iron 
Molybdenum 
Nickel 
Thorium 
Uranium 

Coulometric Uranium 

1 
1 2 

1 

2 

3 
1 
3 

2 
2 \ 14 

3 3 

- 

- 
- 

238 
210 448 

107 

109 

364 
30 

285 

337 

- 391 1623 

1239 1239 

Fluorometric Uranium 2 2 305 305 

Gravimetric Carbon 2 02 285 285 

Pho toneutron Beryllium 1 1 278 278 

Volumetric Aluminum 1 67 

- - 
- - 

1 -  - 

2 69 

Total 26 4247 

- - -  1 2 - Sulfate 



Part C. ORNL Master Analytical Manual 

15.1 CUM1 LATI! 

15. ORNL Master Analytical Manual 

M .  T. Kelley 

Helen P. Raaen 

E INDEXES TO THE ORNL 
MASTER ANALYTICAL MANUAL 

T h e  cumulative indexes  to the  ORNL Master 
Analytical Manual were updated to indicate the  
changes  made in  the  content of the  Manual during 
1966. The  updated indexes  a r e  t i t led “Indexes to 
the  Oak Ridge National Laboratory Master Ana- 
lytical Manual (1953-1966), TID-7015 (Indexes),  
Revision 4.” T h e  document is ava i lab le  from the  
Clearinghouse for Fede ra l  Scientific and Technica l  
Information, National Bureau of Standards, U. S. 
Department of Comm,erce, Springfield, Virginia; t h e  
price is $3.00. T h e  indexes  were i ssued  as a com- 
panion document to  Supplement 9 of TID-7015. 

T h e  computer work required for t h e  preparation of 
the updated indexes w a s  superv ised  by Ann S. 
Klein. 

‘Technical Information Division. 

15.2 MAINTENANCE OF THE OR IL MASTER 
ANALYTICAL MANUAL 

T h e  ninth supplement to the  reprinted form of the  
ORNL Master Analytical Manual was  published. I t  
contains the new methods and the  revisions i s sued  
in 1966. T h i s  supplement,  designated TID-7015 
(Suppl. 9 ) ,  is ava i lab le  f rom the  Clearinghouse for 
Federa l  Scientific and Technica l  Information, 
National Bureau of Standards,  U.  S. Department of 
Commerce, Springfield, Virginia, a t  a price of 
$3.00. 

Altogether, three new methods were added to  the  
Manual; two of t h e s e  were for t he  purpose of record 
only. Revis ions  were made to  one method. Also, 
the  Tab le  of Contents for t he  Manual was  updated. 
(See “Presentation of Research Resul t s .  ”) 

contained in the  Manual a re  no  longer used, what 
revisions t o  ex is t ing  methods a re  needed, and what 
new methods a r e  required for current or anticipated 
analytical  work. On the  b a s i s  of the  survey, method- 
writing ass ignments  were made to persons in  the  
Analytical Chemistry Division. 

A survey w a s  made to  determine what methods now 
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Part D. Activities Related to 
Educational Institutions 

16. Activities Related to Educational Institutions 

Cer ta in  ac t iv i t i e s  come into ex i s t ence  when the  in te res t s ,  purposes,  and problems of educational 
insti tutions and of t he  Oak Ridge National Laboratory overlap in the  a rea  of ana ly t ica l  chemistry. T h e  
more formal of t h e s e  ac t iv i t ies  include d i scuss ions  with consul tan ts  who a re  also university faculty 
members, and thesis-research programs for graduate s tudents .  By less formal arrangements,  faculty 
members engage  in  research  in  the  Division under the  ORAU-ORNL Research Par t ic ipant  Program, and 
s tudents  participate in the  Summer Student T ra inee  Programs and in  the  Loanee  Program for special work. 
Often, a number of t h e  Alien Gues t s  in residency for work in  the Division a re  from foreign educational 
ins t i tu t ions  or from foreign laboratories whose programs intersect t hose  of educa t iona l  insti tutions.  

T h e  nature and the  mutual benefits  of t h e s e  ac t iv i t i e s  a re  indicated throughout t h i s  report. Of the  ap- 
proximately 150 formal presentations of t h e  research  of the Division made during the  pas t  year,  about 10% 
reflect cooperative ventures with educa t iona l  ins t i tu t ions ,  T h e s e  presenta t ions  a r e  enumerated in the  
“Presenta t ion  of Research Resu l t s”  sec t ion ,  and t h e  work is d i scussed  in  the  s e c t i o n s  of the report 
indicated. 

16.1 CONSULTANTS 

T h e  consul tan ts  who have worked under subcontract i n  collaboration with our d iv is ion  are: 

J. A. Dean 
University of T e n n e s s e e  

H. A. Laitinen” 
University of Il l inois 

Gleb Mamantov 
University of T e n n e s s e e  

G. H. Morrison* 
Cornel1 University 

M. L. Moss* 
Insti tute for Muscle Di sease ,  Inc.  

A. 0. C. Nier 
University of Minnesota 

L. B. Rogers* 
Purdue University 

*Advisory Committee Member. 

16.2 ORAU RESEARCH PARTICIPANTS 

T w o  ORAU Research Par t ic ipants  were with us i n  the  summer of 1967 

J. C. Guyon, Professor of Chemistry, University of Missouri, worked with W. D. Shults, Methodology 
Group, t o  deve lop  fluorometric methods for phosphate with aluminum-morin and  tin-flavonol sys t ems  (Sect. 
4.4.d) and to study the  spectrophotometric determination of plutonium with a r senazo  (Sect. 4.4.c). 

100 



10 1 

L .  C. Hall ,  Professor of Chemistry, Vanderbilt University, worked, with A .  E .  Cameron in a mass 
spectrometric s ea rch  for neon in minerals and in volcanic g l a s s e s  (Sect. 7.4). 

16.3 ORNL POSTDOCTORAL PROGRAM 

Under the  ORNL Postdoctoral  Program, C. A. Burtis, Jr. (Ph.D. in  Biochemistry,  Purdue University, 
1966) came t o  our Division in October 1966 on a two-year assignment to  work in t h e  Analytical  Biochemistry 
Group with Gerald Goldstein. On October 1 ,  1967, h e  became a permanent member of t he  Division. 

16.4 GRADUATE THESIS RESEARCH PROGRAMS 

16.4.a ORAU Graduate Fellowship Program 

H.  W. Jenkins, a graduate s tudent  in t h e  Department of Chemistry with Professor  Gleb Mamantov a t  the  
University of Tennessee ,  is continuing h i s  work toward the  Ph.D. degree.  In t h e  Reac tor  Pro jec ts  Group 
with J. C. White and D. L.  Manning, h e  is s tudying  reference e lec t rodes  in fluoride melts t o  develop a 
practical  reference electrode. Also,  h e  is investigating the behavior of seve ra l  metallic couples with the  
objective of es tab l i sh ing  an electromotive s e r i e s  for fluoride melts. 

16.5 ORNL LOANEES 

L. P. Turner I II, Department of Chemistry, University of Tennessee ,  Knoxville, continued the  pyrolytic 

F. L. Whiting, a graduate s tudent  in the  Department of Chemistry with Professor  Gleb Mamantov a t  the  
gas  chromatography of macromolecules with A .  S. Meyer, Reactor P ro jec t s  Group. 

University of Tennessee ,  is continuing h i s  doctoral  t h e s i s  research. In the  Reac tor  Pro jec ts  Group with 
J. C. White and J. P. Young, h e  is s tudying  the  simultaneous electrochemical generation and absorption 
spectrophotometric identification and characterization of so lu te  ions  of unusual oxidation s t a t e s  in molten 
fluoride melts.  

b 16.6 SUMMER STUDENT PROGRAMS 

In the  summer of 1967, nine s tudents  participated in summer student programs. . 
16.6.a ORAU Student Trainee Program 

D. R. Anderson, a senior  a t  Elizabethtown Col lege ,  Elizabethtown, Pennsylvania ,  a s s i s t ed  in the  g a s  
chromatographic work of the  Reactor P ro jec t s  Group. With W. F .  Peed h e  s tudied  the  gas  chromatography 
of cor ros ive  g a s e s ,  espec ia l ly  interhalogen compounds; with A .  S. Meyer h e  a s s i s t e d  in evaluating a helium- 
d ischarge  de tec tor ;  and with A .  D. Horton h e  used  gas chromatography as a preparative technique. 

Methodology Group, t o  investigate the thin-layer chromatography of transfer r ibonucleic ac ids  and of 
proteins (Sect. 4.1.b). 

Group, in t h e  study of the controlled-potential coulometric determination of U(V1) in the  presence of Cu(I1) 
(Sect. 4.2.b). 

W. D. Shults t o  eva lua te  the  performance of ion-selective electrodes (Sect. 4 .2 .c ) .  

Frances E. Kraus, a senior  a t  Nazareth Col lege ,  Nazareth, Kentucky, worked with Helen P. Raaen, 

Karen E. Pashman, a senior a t  McMurry College,  Abilene, Texas ,  worked with W. D. Shults, Methodology - 

Susan S. Potterton, a senior a t  Randolph-Macon Woman’s College,  Lynchburg, Virginia, also worked with 

. 

;-, 
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16.6.b ORNL Graduate Program 

G. C. Giesler, a second-year graduate s tudent  at Michigan Sta te  University,  East Lans ing ,  did special 
problems in radiochemical separa t ions  and measurements,  for example, t h e  separa t ion  of 32Si  and 32P and 
the measurement of the  decay scheme of " 0 .  H e  worked with J. S. Eldridge of the  Nuclear and Radio- 
chemistry Group. 

Janice C. Laney, a graduate of Ouachita University,  Arkadelphia, Arkansas ,  now a first-year graduate 
student a t  the  University of Tennessee ,  Memphis, worked with Gerald Goldstein,  Analy t ica l  Biochemistry 
Group. She a s s i s t e d  in research to  deve lop  methods for the  determination of partially purified individual 
transfer ribonucleic ac ids .  

try and da ta  a n a l y s i s  with E. I .  Wyatt, Radioisotope-Radiochemistry Laboratory. 

Hill,  worked with D. J .  Fisher, Analytical  Instrumentation Group, t o  inves t iga te  t h e  short-  and long-term 
precision obtainable by single-cell  first-derivative d c  polarography and t o  explore  ways of improving the  
precision (Sect. 1.7). 

J. B. Pressly,  formerly a student at the  University of Tennessee ,  Knoxville,  did gamma-ray spectrome- 

E.  5.  Wolfe, who h a s  completed one  y e a r  of graduate study a t  the  University of North Carolina,  Chapel  

16.6.c ORNL Undergraduate Program 

T. G. Fox,  a junior at the  University of T e n n e s s e e ,  Knoxville, a s s i s t e d  J. R .  S i t e s ,  Mass Spectrometry 
Service Group, and J. A .  Carter, Spectrochemistry Group, in mass spectrometric a n a l y s e s  with the  spark- 
source  m a s s  spectrometer and also in the  a n a l y s i s  of g a s e s  by mass spectrometry with e lec t ron  bombardment 
sources .  

16.7 AL IEN GUESTS IN RESIDENCY 

Three  s c i e n t i s t s  from three count r ies  were gues t s  part of the year  in the  Analy t ica l  Chemistry Division. 

Guest Sponsor 

T. M. Florence 
Australian Atomic Commission 

Australian Atomic Energy 

Energy Commission 
Research Establishment,  

Sutherland, New South Wales 

Aart J u rr iaan se 
Atomic Energy Board, Energy Board 
Pretoria,  
Republic of South Africa 

Jun-Lon Wang International Atomic Energy 

Insti tute of Nuclear Science,  
National T s i n g  Hua , 

Hsinchu, Taiwan,  
Republic of China 

South African Atomic 

(Mrs. Kian-Chu Li)  Agency 

University,  

Division Group See Section 

Methods Development 2.1 
Group 

Nuclear and Radio- 
chemistry Group 

Nuclear and Radio- 
chemistry Group 

9.7.a, 
9.7.d 



Part E. Extralaboratory Professional Activities 
The extralaboratory professional ac t iv i t ies  of members of the Division a re  numerous and varied. They 

reflect participation in a diversity of work, especial ly  at the national and international levels .  

L. C. Bate 

Member: Lithium Metal T a s k  Force 
Division N, Nonferrous Metals 
Committee E-3 on Chemical Analysis  of Metals 
American Society for Tes t ing  and Materials (ASTM) 

A. E. Cameron 

Member: International Commission on Atomic Weights 
International Union of Pure and Applied Chemistry (IUPAC) 

Advisory Board (1967-1969) 
Analytical  Chemistry 

L. T. Corbin 

Member: Subcommittee N5.1, F u e l  Manufacture and Fabrication 
American Standards Association (ASA) 

ASTM Committee E-10 on Radioisotopes and Radiation Effects 

J. S. Eldridge 

Secretary: . Subcommittee on the Use  of Radioactivity Standards 
Committee on Nuclear Sciences 
National Academy of Sciences-National Research Council (NAS-NRC) 

D. J. Fisher 
Member: Editorial  Board 

Chemical Instrumentation 

Gerald Goldberg 

Member: Division N, Nonferrous Metals 
ASTM Committee E-3 on Chemical Analysis  of Metals 

Subcommittee I, Research 
ASTM Committee G-1 on Corrosion of Metals 

T a s k  Group B, Liquid Sodium Systems-Alkali Metals Corrosion 
Subcommittee VIII, Corrosion of Nuclear Materials 
(Also of Committee G-1) 

T a s k  Group C,  Liquid Potassium Systems-Alkali Metals Corrosion 
(Also of Subcommittee VIII) 
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A. D. Horton 

Member: 

M. T. Kelley 

Member: 

C. E. Lamb 

Member: 

Chairman: 

W. S. Lyon 

Subcommittee 111, Research 
ASTM Committee E-19 on Chromatography 

Chemistry Directors’ Meeting 
Division of Research 
United S ta tes  Atomic Energy Commission 
Washington, D. C. 

Analytical  Spec ia l i s t s  Group 
Technology Subcommittee 
Union Carbide Corporation 

Program Review Committee 
Chemistry Section 
Laboratory of Nuclear Science 
Massachuset ts  Insti tute of Technology 

Committee on Analytical  Chemistry (1966-1969) 
Division of Chemistry and Chemical Technology 
National Academy of Sciences-National Research Council (NAS-NRC) 

Advisory Committee 
Microchemical Journal 

Board of Editorial  Advisors 
Analyt ica  Chimica Acta  

Execut ive Committee (1 967-1 970) 
Remote Systems Technology Division 
American Nuclear Society (ANS) 

Membership Committee (1966-1967) 
(Also of ANS Remote Systems Technology Division) 

Lia i son  Officer, ASTM Committee E-10 on Radioisotopes and Radiation Effec ts  

Member: Subcommittee I, Burnup 
ASTM Committee E-10 

Subcommittee 111, Tracer  Applications 

Subcommittee V, Neutron Dosimetry 
(Also of Committee E-10) 

Editorial  Board 
. Chemical Instrumentation 

,(Also of Committee E-10) 

Scientific Committee 25 on Radiation Protection in  the  Use  of Small Neutron Generators 
National Council on Radiation Protection and Measurement 

Committee N5-4, U s e  and Handling of Radioisotopes 
United S ta tes  of America Standards Insti tute 

. 

. 

Chairman: Referee commit tee  F, Industrial  Wastes 
Subcommittee on Radiological Methods for Biological and  Environmental Samples 
American Publ ic  Health Associat ion (APHA) 

c 



105 

. 

Emissary on activation ana lys i s  to: 
Chemistry and Biology Divisions 
Thai  Atomic Energy for Peace Laboratories 
Bangkok, Thailand 
(Negotiated by t h e  Agency for International Development between t h e  Thailand Atomic 

Energy Commission for Peace and ORNL) 

5. A. Reynolds 

Member: Subcommittee on Radiological Methods for Biological and Environmental Samples 
American Publ ic  Health Association (APHA) 

ASTM Committee D-19 on Industrial Water 

Subcommittee IX, Methods of Radiochemical Analys is  
ASTM Committee D-19 

ASTM Committee E-10 on Radioisotopes and Radiation Effec ts  

Subcommittee 111, Tracer  Applications 
ASTM Committee E-10 

Task  Group on Neutron Cross  Sections 
(Also of Committee E-10) 

H. H. Ross 

Emissary on Radiochemistry to: 
Chemistry Division 
Thai  Atomic Energy for Peace Laboratories 
Bangkok, Thailand 
(Negotiated by the  Agency for International Development between the  Thailand Atomic 

Energy Commission for Peace and ORNL) 

Participant:  1967 I-R 100 Competition sponsored by Industrial Research 
(The Laboratory’s winning entry w a s  t h e  ORNL-Ross radioisotopic l ight source  

photometer.) 

E. J. Spitzer 

Chairman: Analytical  Group 

J. R .  Walton 

Member: 

J. C. White 

East T e n n e s s e e  Section 
American Chemical Society 

Subcommittee VI, P rac t i ces  and  Procedures 
ASTM Committee E-14 on Mass Spectrometry 

Secretary-Treasurer: 

Division of Analytical  Chemistry (1967-1969) 
American Chemical Society (ACS) 

Representative from t h e  ACS to: 
Pro jec t  N11, Basic Materials and Materials Tes t ing  for Nuclear Applications 
Nuclear Standards Board 
United S ta t e s  of America- Standards Insti tute 
(Sponsored by ASTM) 
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Member: Editorial  Board 
Analytical  L e t t e r s  

Standing Committee for Sodium Impurities 
New York Operations Office 
United S ta tes  Atomic Energy Commission 

Committee on Analytical  Chemistry 
National Academy of Sciences-National Research Council (NAS-NRC) 

P a n e l  310.00, Analytical  Chemistry, of NAS-NRC P a n e l s  Advisory to: 
Inst i tute  for Materials Research 
United S ta tes  National Bureau of Standards 

Chairman: Subcommittee on Reference Materials 
NAS-NRC Committee on Analytical  Chemistry 

Anna M. Yookum 

Secretary-Treasurer: 
Southeastern Section 
Society for Applied Spectroscopy 

Delegate:  National Governing Board 
Society for Applied Spectroscopy 

. 

? 



. 

. 

Presentation of Research Results 

Several of the  presentations l i s ted  below are made jointly with members of other divisions.  In these  
cases the  member(s) of the other division(s) is indicated by a s ingle  as te r i sk .  

PUBLICATIONS 

’ Thesis, Contributions to Books 

AUTHOR(S) 

1 Carter, J. A. 

2 Costanzo, D.’A. 

3 Eldridge, J. S. 

4 

5 Horton, A. D., 
A. S. Meyer, Jr., 
M. T. Kelley 

TITLE 

“Analysis of Solution and Radioactive Samples 
by Spark Source Mass Spectrometry,” pp. 12-20 
in MS-7 Users Meeting April 10-11, 1967 

A Resonant  Cavity High Frequency Oscillometer 
(Ph.D. thes i s )  

“Standardization of Mercury-197,” pp. 313-322 
in Standardization of Radionuclides (Proceed- 
ings of a Symposium Organized by the I n t e r  
nationa14Atomic Eneigy Agency, Vienna, 
October 14-16, 1966) 

“Secondary Standardizations with Digital Com- 
’ puter Techniques to Normalize Multiple Gamma- 
Ray Spectra for Direct Efficiency Deterrnina- 
tion,” pp. 639-646 in Standardization of Radio- 
nuclides (Proceedings of a Symposium Orga- 
nized by the International Atomic Energy 
Agency, Vienna, October 14-16: 1966) 

“Applications of Gas Chromatography in Nuclear 
Technology,” pp. 337-349 in Chromatography 
and  Methods of Immediate Separation [Proceed- 
ings  of the Meeting Journeks He l l ines  d’Eiude 
des  Mgthods de Sgparation Immgdiate e t  de  
Chromatographie (IIIe J.I.S.I.C.),held a t  the  
National Technical University, Athens, Greece, 
September 19-24, 1965. Union of the Greek 
Chemists,. Athens] ed. by G; Pa r i s sak i s  

PUBLISHER 

Picker  Nuclear, White P la ins ,  N.Y., 
1967 

Michigan State University, June 1967 

International Atomic Energy Agency, 
Vienna, March 1967 I 

International ’Atomic Energy Agency, 
Vienna, March 1967 

Pa t r ix  P res s ,  Athens, 1966 
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6 Kelley, M. T. 

7 

8 Laing, W. R., 
E .  C. Lynn 

9 Ricci, E., 
R. L. Hahn, 

’ J. E. Strain, 
F. F. Dyer 

10 Ross,  H. H. 

AUTHOR(S) 

11 Bate, L. C., W. 
Healy,’ T. G. 
Ludwig’ 

12 Bell, J. T.,* 

.R. E. Biggers 

13 Canada, D. C. 

14 Canada, D. C., 
W. R. La ing  

B. 

“The  Accurate and P rec i se  Determination of 
Uranium with Special  Reference to  Coulometry,” 
pp. 54-71 in Technica l  Reports Series No. 62, 
Analytical  Chemistry of Nuclear Materials (Re- 
port of Panel  on Analytical Chemistry of Nu- 
c lear  Materials Held in  Vienna March 23-26, 

1964) 

‘6Current Capabili t ies in Analysis of Trace  Sub- 
stances:  Electroanalytical  Methods,” pp. 
45-50 in Proceedings University of Missouri’s 
1 s t  Annual Conference on .Trace Subs tances  in 
Environmenta 1 Hea Ith 

“Alkyl Benzene Sulfonate (ABS) Control for I’ 

the Foam Separation Process ,”  pp. 158-159 
in Technicon Symposia 1965, Automation in 
Ana lytica 1 Chemistry, ’ New Y ork, September 
1965, ed. by L. T. Skeggs, Jr. \ 

“Hel ium3 Activation Analysis,” pp. 200-205 in 
Proceedings of the 1965 International C o n f e r  
ence  on Modern Trends in Activation Analysis,  
College Station, Texas ,  April 19-22, 1965 

“Theoretical  and  Experimental Aspec ts  of 
Quenching Variables from Biomedical Samples, 
in Liquid Scinti l lator Systems,” pp. 4 0 9 4 2 6  
in Radioisotope Sample Measurement Tech- 
niques in Medicine a n d  Biology (Proceedings 
of the  Symposium on Radioisotope Sample 
Measurement Techniques in  Medicine and  
Biology held by the  International Atomic 
Energy Agency in Vienna, May 24-28, 1965) 

Articles 

T I T L E  

“Microelement Content of Hair from New Zealand 
Boys a s  Determined by Neutron Activation 
Analysis” 

“The  Absorption Spectrum of the  Uranyl Ion in 

Perchlorate Media. P a r t  11. T h e  Effec ts  of 
Hydrolysis on the Resolved Spectral  Bands” 

“Spectrophotometric Thiocyanate Determination 
of Niobium in the P resence  of Fluoride” 

“Use  of a Density Gradient Column to Measure 
the Density of Microspheres” 

International Atomic Energy Agency, 
Vienna, 1966 

I 

University of Missouri, Columbia, 
1967 

Mediad, New York, 1966 

Activation Research  Laboratory, 
Texas  A & M, College Station, 

-Tex. 

International Atomic Energy Agency, 
Vienna, 1966 

PUBLISHER 

New Zealand  J. Sci. 9, 559 (1966) 

J. Mol. Spectry. 22, 262 (1967) 

Anal. Chem. 39, 381 (1967) 

Anal. Chem. 39, 691 (1967) 

‘Alien Guest, 1963-64 from Soil Bureau, Department of Scientific and Industrial Research, Pr iva te  Bag,, Lower 
Hutt, New Zealand. 

. 2Dental Research Unit, Medical Council, P.O. Box 3155, Wellington, New Zealand. 

\ 
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15 Eulmer, C. B.,* I. R. “Evidence for Photofission of Iron” 

~ i ~ i a m s , ’  T. H. 
Handley, G. F. 

Blumberg4 ’ 

~ ~ 1 1 , ~  L. N. 

16 Goldstein, G. 

17 Hahn, R. L., 
E. Ricci 

18 Handley, T. H. 

19 Hertel. G. R. 

20 

21 Jurriaanse, A.,5 
F. L. Moore 

22 Kelley, M. T. 

23 

24 Kubota, H. 

25 Lyon, W. S .  

. 
26 Lyon, W. S . ,  

F. J. Miller 

27 Manahan, S .  E.6 

28 Moore, F. L. 

29 Moore, F. L.,  
A. Jurriaanse5 

“Ligand-Exchange Chromatography of Nu- 
cleotides,  Nucleosides,  and Nucleic Acid 

Bas  e s” 

“Interactions of ’He Pa r t i c l e s  with Boron, 
Nitrogen, Sodium, and Beryllium” 

Book Review of: Radiochemistry of Arsenic,  
H. C. Beard, J. G. Cunninghame, U.S. Atomic 
Energy Commission, NAS-NS-3002 (Rev.), 1965 

t “Surface Ionization. I. Desorption of U Ions 
from W and  Re  Surfaces” 

“Surface Ionization. 11. The  F i r s t  Ionization 
Potential  of Uranium” 

“Use of Organic Additives to  Induce the  Se- 
lective Liquid-Liquid Extraction of Niobium 
with Thenoyltrifluoroacetone” 

“Radioisotopes in Greece” 

‘Comments,’ p. 37A in “Education in Analytical 
Chemistry - A View from Industry” 

“Gamma Dosimetry a t  150-250°C with Deaerated 
Ferrous Sulfate Solution” 

Book Review of: Radioisotope Instruments in 
Industry a n d  Geophysics, vols. I and 11, In- 
ternational Publications,  New York, 1966 

“Forensic Application of Neutron Activation 
Analysis” 

“Electron Exchange Between Copper(1) and 
Copper(I1) in Acetonitrile” 

“Selective Liquid-Liquid Extraction of Berke- 
lium(1V) with 2-Thenoyltrifluoroacetone- 
Xylene: Applications t o  the  Purification 
and Radiochemical Determination of Berke- 
lium## 

“Separation of Californium from Curium and 
Berkelium from Cerium by Extraction Chro- 
matography” 

Phys .  Rev. Le t te rs  19, 522 (1967) 

Anal. Biochem. 20, 477 (1967) 

Nucl. Phys .  A101, 353 (1967) 

Health Phys .  12, 1511 (1966) 

J I  Chem. Phys .  47, 133 (1967) 

J .  Chem. Phys .  47, 335 (1967) 

Anal. Chern. 39, 494 (1967) 

Isotopes Radiation Technol. 3, 73 
(1965-66) 

Anal. Chern. 38(13), 29A (1966) 

J .  Inorg. Nucl. Chern. 28, 3053 
(1966) 

Mater. Res .  Std. 7(2), 92 (1967) 

Isotopes Radiation Technol. 4, 
325 (1967) 

Can. J .  Chem. 45, 2451 (1967) 

Anal. Chem. 38, 1872 (1966) 

Anal. Chern. 39, 733 (1967) 

’Chairman, Department of Mathematics and Physics;. Assoc ia te  Professor of Phys ics ,  Knoxville College, Ten- 

4Cambridge Electron Accelerator, Cambridge, Mass. 
’Alien Guest from the  South African Atomic Energy Board, Pretoria,  Republic of South Africa. 

60RAU Research Participant,  summer 1966; Ass is tan t  Professor of Chemistry, Department of Chemistry, Uni- 

nessee .  

versity of Missouri, Columbia. 
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30 O’Brien, H. A., Jr.,* 
J. S. Eldridge 

31 O’Brien, H. A., Jr.,* 
J. S .  Eldridge, 
R. E. Druschel,* 
J. Halperin* 

32 Pappas,  W. S..7 

S .  A. MacIntyre, 
C. W. Weber7 

33, Reynolds, S. A. 

34 

35 Ricci,  E., ’ 

R. L. Hahn 

36 

37 Ross,  H. H. 

’ 38 RLibin, I. B., 
A. D. Kelmers,* 
G. Goldstein 

39 Scott, C. D.,* 
J. E. Attrill,  
N. G. Anderson* 

40 Shults, W. D., 
W. B. Schaap8 

41 

42 Shults, W. D., 
D. J. Fisher,  
W. B. Schaap 8 

43 Shults, W. D., 
D. J. F i s h e r ,  
H. C. Jones,  
M. T. Kelley, 
W. B. Schaap 8 

“A New Way to Make P u r e  C e l  4 1  ss 

“The Thermal Neutron C r o s i  Sections a n d  
Resonance Integrals of 13’La and  140La” 

“A Comparative Condensation P res su re  
Analyzer for Uranium Hexafluoride Purity” 

.“Radioisotope Characterist ics,  Measurements, 
and Standards” 

Book Review of: Radiometric Titrations,  T. 
Braun and J. Tolgyessy (translated by I. 
Finaly), ed. by A. Townshend, Pergamon, 
New York, 1967 

f‘sensitivitie’s for Activation Analysis of 15 
Light Elements with 18-MeV Helium-3 
Part ic les”  

“Simple Method to Calculate  Sens i t iv i t ies  and  
Interferences v s  Bombardment Energy in  3He 
Activation Analysis’’ 

“The Balanced Quenching Method for Counting 
Carbon-14” 

“The Determination of Transfer  Ribonucleic 
Acid by Aminoacylation. I. Leucine a n d  
Phenylalanine Transfer Ribonucleic Acid 
from E. coli  B” 

“Automatic, High Resolution Analysis of Urine 
for I t s  Ultraviolet-Absorbing Consti tuents” 

“Controlled-Potential Differential DC Polarog- 
raphy. 11. T h e  &-Differential Polarographic 
Technique” 

“Controlled-Potential Differential DC Polarog- 
raphy. IV. Determinate and  Sta t i s t ica l  Errors 
in Comparative Polarography, Theory and Ex- 
periment” 

“Controlled-Potential Differential DC Polarbg- 
raphy. Comparative Polarography” 

“Controlled-Potential Differential DC Polarog- 
raphy. I. Instrumentation, Apparatus, and 
Techniques” 

Nucleonics  25(2), 41 (1967) 

J .  Inorg. Nucl. Chem. 29, 
584 (1967) 

Anal.  Chem. 38, 1570 (1966) 

Isotopes R a  dla tion Technol. 
4, 46 (1966) 

Anal. Chem. 39(13), 83A (1967) 

Anal. Chem. 39, 794 (1967) 

Trans.  Am. Nucl.’Soc. 10, 87 , 

(1967) 

Intern. J .  Appl. Radiat ion Isotopes 
18, 335 (1967) 

Anal. Biochem. 20, 533 (1967) 

Proc.  SOC. Exptl .  Biol. Med. 
125, 181 (1967) 

Z .  Anal. Chem. 224, 22 (1967) 

Anal. Chem. 39, 1384 (1967) 

Anal.  Chem. 39, 1379 (1967) 

Z .  Anal.  Chem. 224, l ( 1 9 6 7 )  

70RGDP. 

‘Professor of Chemistry, Indiana University, Bloomington. 
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44 Stokely, J. R., Jr., 
F. L. Moore 

45 Strain, J. E., , 

W. J. Ross  

46 White, J. C. 

47 

48  Willmarth, T. E. 

49 Young, J. P. 

50 Young, J. P . ,  
’ G. Mamantov, 

F. L. Whiting’ 

51 Zittel ,  H. E., 
T. M. Florence” 

52 

“New Separation Method for Americium Based 
on the Liquid-Liquid Extraction Behavior of 
Americium(V)” 

“React ions Between 14.7-MeV Neutrons and 
Nickel-64” 1 

Book Review of: Trace Analysis: Phys ica l  
Methods, G. H. Morrison, ed., Interscience,  
New York, 1965 

Book Review of: Progress in Nuclear Energy, 

SERIES IX, ANALYTICAL CHEMISTRY, 
vol. 7; H. A. Elion, D. C. Stewart, eds. ,  
Pergamon, New York, 1966 

“The Examination of Praseodymium .and 
Europium Hydroxide Sols by Electron ’ 

Microscopy and Electron Diffraction” 

“Spectra of Uranium(1V) and Uranium(II1) 
i n  Molten Fluoride Solvents” 

“Simultaneous Voltammetric Generation 
of U(II1) and Spectrophotometric Ob- 
servation of the  U(I1I)-U(1V) System 
in Molten Lithium Fluoride-Beryllium 
Fluoride-Zirconium Fluoride” 

“Voltammetric and Spectrophotometric Study 
of the Zirconium-Alizarin Red S Complex” 

“Voltammetric Method for the Determination 
of Zirconium” 

53 Zittel ,  H. E., .-’ “Anodic React ions of the  Hal ides  in Dimethyl 
F. J. Miller 

54 

55 Anonymous (work by 
J. R. Stokely and 
W. D. Shults) . 

AUTHOR(S) 

56 Fish,er, D. J. 

57 Goldstein, G., 
S. A. Reynolds 

Sulfoxide a t  the Pyrolytic-Graphite Elec- 
trode” 

“Chronopotentiometry of ’ the  Iodine System a t  t h e  
Pyrolytic-Graphite and Glassy-Carbon Elec- 
trodes” 

“Controlled-Potential Coulometric Titration 
of Americium” 

Reports 

T I T L E  

Report  on Foreign Travel of Da le  J .  F i s h e r  

July 11, 1964 to August  30, 1964 

Half-Lives a n d  Specific Act ivi t ies  of Common 
Radionuclides 

Anal.  Chem. 39,. 994 (1967) 

J .  Inorg. Nucl. Chem. 28, 2075 
(1966) 

Anal. Chem. 38(13), 77A (1966) 

Anal. Chem. 39(3), 84A (1967) 

!The Microscope 15, 78 (1967) 

Inorg. Chem. ’6, 1486 (1967) 

J .  Phys.  Chem. 81, 782 (1967) 

Anal. Chem. 39, 320 (1967) 

Anal. Chem. 39, 355 (1967) 

Anal. Chim. Acta  37, 141 (1967) 

J .  Electroanal.  Chem. 13, ,193 . (1967) 

Chem. Eng. News, Oct. 23, 1967, 
p.. 67 

REPORT NO. AND DATE 

April 10, 1967 (unpublished) 

ORNL-TM-13 18 

9Consultant; Associate  Professor  of Chemistry, University of Tennessee ,  Knoxville. 
“ORNL Loanee; Graduate Student, Department of Chemistry, University of Tennessee,  Knoxville. 

“Alien Guest from Australian Atomic Energy Commission, Sutherland, New South Wales, Australia. 
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59 

60 

61  

62 

63  

64 

65 

66 

67 

68 

69 

70 

71 

- 72 

73 

74 

75 

76 

Kelley, M. T. 

Lewis,  R. E.,* 
S. A.  Reynolds 

Lyon, W. S. 

Mitchell, B. E.,' 
R. K. Sood,* 
W. J . 'Ross  

Raaen, Helen P., ed. 

Raaen, Helen P., 
Ann K. Haas,* eds.  

Raaen, Helen P., 
Ann S. Klein,* eds.  

Stelzner, R. W. 

Stokely, J. R., Jr. 

White, J. C. 

S ta t i s t ica l  Quality Control Report, Analytical  
Chemistry Division, October Through Decem- 
ber 1966 ' , 

Sta t i s t ica l  Quality Control Report, Analytical  
Chemistry Division, January Through March, 
1967 

2 .  

Sta t i s t ica l  Quality Control Report, Analytical  
Chemistry Division, April Through June,. 1967 

Preparation of Pfiosphorus-33 by 'Irradiation of 
Enr iched  Sulfur-33 in Highly Thermalized F lux  

' 

Report of Foreign Travel of W. S.  Lyon April 
26, 1967 to May 17, 1967 

Report of Foreign Travel of W. S. Lyon October 
14, 1966 to November 15, 1966'  

f 
T e s t s  of the Deaerator a t  the\Freeport Seawater 

Desalt ing P lan t  a n d  Evaluation of Disso lved  
Gas  Analys is  . 

Analytical  Chemistry Division Annual Progress  
Report  for Per iod  Ending October 31, 1966 

Oak Ridge National Laboratory Master Ana- 
lytical  Manuai, Supplement 9 

Cumulative Indgxes to  the Analytical  Chemistry 
Divisi,on Annual Progress  Reports 1964-1 966 

. Indexes to the  Oak Ridge  National Laboratory 
Master Analytical  Manual (1 953-1 966) 

Report of Foreign Assignment of Robert  W. 
Stelzner November 27, 1964 to December 

5 ,  '1965 

Solvent Extraction a n d  Gas  Chromatography of 
Metal Fluoroacetylacetonates , 

. -  
Analytical  Chemistry Research  a n d  Develop- 

ment Group Monthly Summary - November 
1966 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - December, 
1966 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - January, 1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - February, 

1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - May, 1967 

Analytical  Chemistry Research  a n d  Develop- 
< ment Group Monthly Summary - June, 1967 

Jan. 10, 1967 (unpublished) 

Apr. 14, 1967 (unpublished) 

July 11, 1967 (unpublished) 

ORNL-4051 (January 1967) 

May 26, 1967 (unpublished) 

Nov. 30,- 1966 (unpublished) 

ORNL-TM-1953 (Oct. 3, 1967) 

ORNL-4039 (January 1967) 

TID-7015, suppl. 9 (March 1967) 

ORNL-3904, rev. 1 (January 1967) 

TID-7015, Indexes,  rev. 4 (March 
'1967) 

Aug. 25, 1967 (unpublished) 

TID-23663 (May 1966) 

L 

Nov. 30, 1966 (unpublished) 

Jan. 4, 1966 (unpublished) 

Jan. 27, 1967 (unpublished) 

Mar. 2, 1967 (unpublished) 

May 26, 1967 (unpublished) 

June 28, 1967 (unpublished) 

I 
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78 

79 

80 White, J. C., 
C. Feldman 

81 

, 

82 White, J. C., 
D. J. Fisher  

83  Anonymous 

84 

AUTHOR(S) 

85 Wyatt, E. I. 

AUTHOR@) 

86 Raaen, Helen P. 

87 Raaen, Helen P. 
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Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - August, 
1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - September, 
1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - October, 
1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - March, 1967 

Analytical  Chemistry Research  a n d  Develop- 
ment Group Monthly Summary - July, 1967 

Analytical  Chemistry Research  and  Develop- 
m’ent Group Monthly Summary - April, 1967 

“Pipetters” in Engineering Materials L i s t ,  
TID-4100 (Supplement 37) 

“Fi l te r  Photometer” in Engineering Materials 
L i s t ,  TID-4100 (Supplement 33) 

Aug. 28, 1967 (unpublished) 

Sept. 26, 1967 (unpublished) 

Oct. 27, 1967 (unpublished) 

Mar. 28, 1967 (unpublished) 

July 29, 1967 (unpublished) 

April 27, 1967 (unpublished) 

CAPE-1220 (March 1967) 

CAPE-1313 (May 1966) 

Methods Issued to the ORNL Master Analyt ical  Manual 

REVISED METHODS 

TITLE 

“Iodine-131, Product Analysis Guide” 

R ECO RD-CO P Y ME TH 0 DS 

TITLE 

“Separation of Amanita Toxins by Thin-Layer 
Chromatography on Silica Gel G Chromato- 
plates” 

“Separation of Complex Mixtures of Nucleic 
Acid Bases ,  Nucleosides,  and Nucleotides 
by Two-Dimensional Thin-Layer Chro- 
matography on Polyethyleneimine-Cellulose” 

ORAL PRESENTATIONS 

NUMBER 

9 0733391 

NUMBER 

100702  

1 0 0 7 0 3  

Eleventh Conference on Analytical Chemistry in Nuclear Technology 

DATE 

R. 3-27-67 

10- 1-67 

DATE 

. 8-23-67 

More than 340 sc i en t i s t s ,  including 23 representatives from 9 foreign countries,  at tended the  Eleventh 
Conference on Analytical Chemistry in Nuclear Technology, which w a s  held in Gatlinburg, Tennessee ,  on 
October 10-12, 1967. Again, t he  Analytical Chemistry Division of ORNL sponsored the  Conference. 

. 
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The theme of t he  Conference was  “Instrumental  Methods in Analytical  Chemistry.” In addition to t h e  
63 papers that were presented, panel d i scuss ions  on the  top ics  “Non-Reactor Methods of Activation Anal- 
y s i s”  and “The Apathy in I so tope  Applications: What Can Be Done?’’ were informative contributions,  
which added in te res t  in t he  Conference. 

The  Conference Committee members were: M. T. Kelley,  Divi5ion Director; L. J. Brady, Chairman; 
H. L. Holsopple, Treasurer;  R. R. Rickard, H. H. Ross,  W. D. Shults, E. J. Spitzer, and  R. W. Stelzner. 

Although the  proceedings of the  Conference wi l l  not b e  published, t ape  recordings were made of all 
the presentations.  Copies  of t h e s e  recordings a r e  ava i lab le  on a loan bas is .  

The Twelfth Conference in th i s  s e r i e s  is tentatively scheduled  to b e  held at the  Mountain View Hotel 
and Motor Lodge, Gatlinburg, Tennessee ,  on October 8-10, 1968. 

. 

At Meetings of Professional Societies, Conferences, and the L i k e  

AUTHOR@) T I T L E  PRESENTED AT 

88 Belew, w. L. “A Solid-state, Controlled-Potential DC Po- 11th Conference on Analytical  Chem- 
larograph and a Prec is ion  Drop-Time Con- 
troller” 

istry in  Nuclear Technology, Gat- 
linburg, Tenn., Oct. 10-12, 1967 

89 “Controlled-Potential DC Polarograph- Analytical  Chemistry Instrument 
Voltammeter (4-2792)” Demonstration Conference. An 

Industrial  Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

. 

90 Botts, J. L.,12 

H. G. Davis, 
W. R. La ing  

91  Canada, D. C.,12 
W. R. La ing  

92 Carter,,J. A. 

93  Dyer, F. F. 

94 Eldridge, J. S. 

95 Emery, J. F. 

96 Goldstein, G.,12 
W. L. Maddox, 
I. B. Rubin 

“A Vacuum Fusion-Gas Chromatographic 
Apparatus for Low Leve l s  of Intersti t ial  
Gases”  . 

“Use of a Density Gradient Column to 
Measure the  Density of Microspheres” 

“Analysis of Solution and  Radioactive 
Samples by Spark Source Mass Spectrometry” 

“Principles of Activation Analysis” 
(Invited Lecture) 

“Gamma-Ray Spectroscopy” 
(Invited Lecture) 

“Nuclear Analysis Using a Large Volume , 

Ge(Li) Detector” 

“A Semi-Automated Fi l te r  Pape r  Disk Tech- 
nique for the Determination of Transfer 
Ribonucleic Acids” 

11th Conference on Analytical  
Chemistry in Nuclear Tech- 
nology, Gatlinburg, Tenn., 
Oct. 10-12, 1967 

Southeastern Regional Meeting, 
American Chemical Society, 
Louisvil le,  Ky., Oct. 27-29, 
1967 

MS-7 Users  Meeting, White P la ins ,  
N.Y., Apr. 10-11, 1967 

South-Central Independent College 
Association of Chemists,  Tennes- 
see Wesleyan College, Athens, 
Tenn.. Oct. 6, 1967 

South-Central Independent College 
Association of Chemists,  Tennes- 
see Wesleyan College,  Athhns, 
Tenn., Oct. 6, 1967 

\ 

153d Meeting, American Chemical 
Society, Miami Beach, Fla., Apr. 
10-14, 1967 

Technicon Symposium on Automation 
in Analytical‘ Chemistry, New 
York, Oct. 2-4, 1967 

. 
Y 

2Speaker. 
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97 Guyon, J. C.,12*13 
W. D. Shults 

“The Fluorometric Determination of t he  
Phosphate Ion” 

11th Conference on Analytical 
Chemistry in Nuclear Technology, 
Gatlinburg, Tenn., Oct. 10-12, 

. 1967 
1 2  98 Hahn, R. L., 

E. Ricc i  

“Interactions of 3He Par t ic les  with Low-2 153d Meeting, American Chemical 
Society, Miami Beach, Fla., Apr. Elements - Excitation Functions from Ex- 

periment and from Direct-Interaction 10-14, 1967 

Theory” 

“Chemical and  Electron Optical Studies of the  
Sols, Gels,  and Oxide Microspheres Prepared 
from the Rare-Earth Hydroxides” 

6th Rare-Earth Conference, Gatlin- 
burg, Tenn., May 3-5, 1967 

99 Hardy, C .  J.,14 

S. R. Buxton,* 
T. E. Willmarth12 

100 Jones, H. C. “Controlled-Potential Coulometric Titrators 
(Q-2005-X50 and 4-2564)” 

Analytical Chemistry Instrument 
Demonstration Conference. An 
Industrial Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

ORAU Neutron Activation Analysis 
, Course, Special Training Division, 

Oak Ridge, Tenn., May 29-June 

16, 1967 

ORAU Summer Insti tute in Iso- 
tope Technology, ORAU Special 
Training Division, Oak Ridge, 
Tenn., June 26-Aug. 14, 1967 

1 s t  Annual Conference on Trace  ’ , 
Substances in Environmental 
Health, University of Missouri, 
Columbia, July 10-11, 1967 

V - 
Institut Ruder Boskovi4  Zagreb, 

Croatia, Yugoslavia, Sept. 11, 
1967 

76th Meeting, Tennessee  Academy 
of Science,  Johnson City, Nov. 
25-26, 1966 

e 

“Comparison of Analytical  Chemistry and  
Activation Analysis” - 1 

101 Kelley, M. T. 

102 “Comparison of Activation Analysis to Other 
Analytical Methods” 

103 “Current Capabili t ies in Analysis of Trace  
Substances: Electroanalytical  Methods” 

“Electroanalytical  Research a t  Oak Ridge 
National Laboratory” 

c 104 

. 
105 Lund, J. R., 

H. -Kubota 

“Properties of Rock Sa l t  of Interest  to Ra- 
dioactive Waste Disposal” 

106 Lyon, W. S. “Systems Development - Analytical” . 

“Phys ica l  Techniques of Activation Analysis” 

8th Annual Contractors’ Meeting, 
Division of Isotopes Development, 
U.S. Atomic Energy Commission, 
Washington, D.C., Dec. 5-7, 1966 

International Atomic Energy Agency’s 
Symposium on Nuclear Activation 
Techniques in  Life Sciences,  
Amsterdam, May 7-13, 1967 

107 

30RAU Research Participant;  Associate Professor of Chemistry, University of Missouri, Columbia. . .  
14Guest Scientist ,  1965-66, from Chemistry Division, Atomic Energy Research Establishment,  Harwell, Eng- 

land. 
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108 

109 

110 Maddox, W. L. 

111 

“Prac t ice  of Activation” 

“Activation Interferences” 

“Precision P ipe t te r  , Remotely Controlled, 
Corrosion Resistant” 

“Velocity-Servo Potentiometric Titrator” 

112 Maddox, W. L., “An Output Sampler for the Technicon Auto- 
M. T. Kel leyI2  Analyzer” 

113 Mamantov, G.,”” “Exchange Current Measurements on Nickel- 
D. L. Manning, 
H. W. Jenkins” 

Nickel(I1) Couple in  Molten Fluorides” 

114 Mamantov, G., ” I 2  “Electroanalytical  Chemistry in Molten 
D. L. Manning, Fluorides” 
H. W. Jenkins, ’ 
J. M. Dale 

115 Manning, D. L.,12 “Voltammetric and E M F  Measurements on 
Nickel-Nickel(I1) Couple in  Molten Fluorides” 9 G. Mamantov, 

H. W. Jenkins’ 

116 Meyer, A. S., Jr.,12 
C. M. Boyd, 
J. E. Attrill 

“Automation of Gas  Chromatographic Analyses  
a t  t he  Oak Ridge National Laboratory” 

117 Moore, F. L. “Recent  Developments in t h e  Analytical  
Chemistry of t he  Transplutonium Elements” 

“Instrumentation for Electrochemical Kinetics . _  118-120 Mueller, T. R. 
Studies” 
(Series of Three Invited Lec tures)  

ORAU Neutron Activation Analysis 
Course,  ORAU Specia l  Training 
Division, Oak Ridge, Tenn., May 
29-June 16, 1967 

ORAU Summer Insti tute in Isotope 
Technology, ORAU Special  Train- 
ing  Division, Oak Ridge, Tenn., 
Aug. 14, 1967 

Analytical  Chemistry Instrument 
Demonstration Conference. An 
Industrial Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

Analytical Chemistry Instrument 
Demonstration Conference. An 
Industrial  Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

21s t  International Congress  of Pure  
and Applied Chemistry, Prague, 
Sept. 4-10, 1967 

153d Meeting, American Chemical 
Society, Miami Beach, Fla., Apr. 
10-14, 1967 

Southwest Regional Meeting, Amer- 
ican Chemical Society, Albuquer- 
que, N.M., Nov. 30-Dec. 2, 1966 

153d Meeting, American Chemical 
Society, Miami Beach, Fla., Apr. 
10-14, 1967 

21st International Congress of Pu re  
and Applied Chemistry, Prague, 
Sept. 4-10, 1967 

153d Meeting, American Chemical 
Society, Miami Beach, Fla. ,  Apr. 
10-14, 1967 

Course No. 645 
Department of Chemistry, Uni- 
versity of Tennessee ,  Knoxville, 

May 20, 25, and 27, 1967 

i. 

- 
”ORAU Graduate Fellow; Graduate Student, Department of Chemistry, University of Tennessee ,  Knoxville. 



121 Mueller, T. R. “Controlled-Potential and Controlled-Current Analytical Chemistry Instrument 

122 Pruit t ,  M. E. 

123 Raaen, Helen P. 

124 Ricci,  E. 

. 
1 2  

R. L. Hahn 
125 Ricci,  E., 

126 

. 

Cyclic Voltammeter” 

“Application of Computer Programs for 
Analysis of Radioisotopes” 

“Teflon Polarographic Dropping-Mercury 
Electrode” 

Demonstration Conference. An 
Industrial Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

153d Meeting, American Chemical 
Society, Miami Beach, Fla., Apr. 
10-14, 1967 

Analytical Chemistry Instrument 
Demonstration Conference. An 
Industrial Cooperation Confer- 
ence, Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

s3He Activation’ in Pane l  Discussion on 11th Conference on Analytical 
“Non-Reactor Methods of Activation Analysis” Chemistry in Nuclear Technology, 

Gatlinburg, Tenn., Oct. 10-12, 
1967 

“Simple Method to Calculate Sensit ivit ies a n d  
Interferences v s  Bombardment Energy in 3He 

13th Annual Meeting of American 
Nuclear Society, San Diego, 

‘ Activation Analyses” .  Calif.,  June 11-15, 1967 

“Presen t  Status of t he  Helium-3 Activation EURATOM Conference on Prac t ica l  
Aspec ts  of Activation Analysis 
with Charged Par t ic les ,  11, L d g e ,  
Belgium, Sept. 21-22, 1967 

Analysis Program a t  ORNL” 

127 Ross,  H. H. “Development of Radiation Stimulated Light 8th Annual Contractors’ Meeting, 
Sources” Division of Isotopes Develop- 

ment, U.S. Atomic Energy Com- 
mission, Washington, D.C., 
Dec. 5-7, 1966 

128 

129 

130 

131 

132 

“Prec is ion  Photometric Analysis i n  the Ultra- 
violet Using a Radioisotopic Light Source 
Photometer” 

“The Analytical Applications of the  Secondary 
Effects of Radiation: Precision 
Photometry Using a Radioisotopic Light 
Source” 

“Radiochemical Separations” 

153d Meeting, American Chemical 
Society, Miami Beach, Fla. ,  Apr. 
10-14, 1967 

Frontiers in Chemistry Lecture,  
Wayne State University, Detroit, 

’ Mich., June 5, 1967 

Thai  Atoms for P e a c e  Laboratory, 
Bangkok, Thailand, ‘Aug. 24, 1967 

“Application of Radioisotopes to Problems of National Ts ing  Hua University, 
Chemical and Phys ica l  Research” Hsinchu, Taiwan, Republic of I 

China, Aug. 29, 1967 

“ORNL-Ross Radioisotopic Light Source Analytical Chemistry Instrument 

Pho  tometer” Demonstration Conference. An 
Industrial Cooperation Conference, 

Oak Ridge National Laboratory, 
Oak Ridge, Tenn., Oct. 16-17, 
1967 
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133 Sites,  J. R.,12 “Spark Source Mass Spectrometry of Radioactive 
J. A. Carter Samples” 

134 Stelzner, R. W. “Fluorophotometer (Q-1165) and Fusion Device 
(4-1187)” 

135 Stokely, J. R.,’* 
W. D. Shults 

136 White, J. C. 

, 137 

138 Yoakum, Anna M. 

139 

r‘Controlled-Potential Coulometric Determination 
of Americium” 

“General Requirements of Modern Day Analytical 
Chemistry” 

“The  Analytical Chemist Looks a t  Standard 
Reference Materials” 

“Recent  Advances in  Analytical Emission 
Spectroscopy” 

“Recent  Advances in  Emission Spectroscopy” 

11th Conference on Analytical 
Chemistry in Nuclear Technology, 
Gatlinburg, Tenn., Oct. 10-12, 
1967 

Analytical Chemistry Instrument 
Demonstration Conference. An 
Industrial Cooperation Confer- 
ence, Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

11th Conference on Analytical 
Chemistry in  Nuclear Technology, 
Gatlinburg, Tenn., Oct. 10-12, 
1967 

76th Meeting, T e n n e s s e e  Academy 
of Science, Johnson City, Nov. 
25-26, 1966 

Analytical Group, Chemical Society 
of Washington, D.C., Feb. 9, 1967 

18th Annual Mid-America Symposium 
on Spectroscopy, Chicago, May 
15-18, 1967 

Fa l l  Meeting, Southeastern Section 
of the Society for Applied Spec- 
troscopy, Birmingham, Ala:, Sept. 
30, 1967 ,  

140 Young, J. P. “Windowless Spectrophotometric Cel l s  for Use  Analytical Chemistry Instrument 
with Corrosive Liquids” Demonstration Conference. An 

Industrial Cooperation Confer- 
ence,  Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn., Oct. 
16-17, 1967 

’ LECTURER 

141 Cameron, A. E. 

142 Hahn, R. L. 

143 Ricci, E. 

144 White, J. C. 

145 

Under the Traveling Lecture Program 

TITLE 

“Geological Age Determination by Isotopic Meak- 
urements’ 

“Interaction of 3He Par t ic les  with L o w - z  Ele- 

ments: A Nuclear Chemist Looks a t  Direct 
React ions” 

“Recent  Developments in Activation Analysis”  

“The  New Image of Analytical Chemistry in 

Science” 

PRESENTED A T  

Vanderbilt University, Nashville, 
Tenn., Apr. 28, 1967 

Purdue University, Lafayette,  
Ind., Nov. 19, 1966 

University of Virginia, Charlottes- 
ville, Feb. 27, 1967.  ’ 

Alabama College,.Montevallo,, 
Dec. 12, 1966 

Virginia Military Insti tute,  Lexing- 
ton, Feb. 28, 1967 

Southern Il l inois University, C a r  
-.  bondale, Oct. 23, 1967 

. 

. 

146 
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AUTHOR 

147 Moore, F. L. 

Patents I 

TITLE 

“Method for Removing Lanthanides and Tri- 
valent Actinides from Aqueous Nitrate 
Solutions” 

PATENT NO. DATE ISSUED 

3,294,494 Dec. 27, 1966 

, 

, 

e 



c 

\ 

” Translations 

TRANSLATOR ORIGINAL REFERENCE TRANSLATION 

ORNL-tr 
T i t l e  Number 

Author Trans la ted  
Source Language Language (Transli terated) 

1 Raaen, Helen P. K. Randerath J .  Chrornatog. 6, 
365-367 (1961) and H. Struck - 

2 K. Randerath Biochirn. Biophys. 
Acta  61, 852-854 
(1 962) 

3 Su‘sano, C. D. ’ I. Mezzasoma Boll. SOC. Ital .  

42(20), 1449- 
1452 (1966) 

and B. Far ina  Biol. Sper. 

German Engl i sh  “Thin-Layer Chro- 1713 
matographic 
Separation of 
Nucleic Acid 
Derivatives on 
Cel lu lose  Layers” 

German Engl i sh  “ Polyethyleneimine- 17 03 
. Cellulose-A New 

Anion Exchange; for 
the  Chromatography 
of Nucleotides” 

Italian Engl i sh  “Separation of 
Bases, Nucleos ides  
and Nucleotides on 
a Column of Dextran 
(Sephadex G-10)” 

1667 

‘Retired. 

120 

Y 

. 
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Articles Reviewed or Refereed for Periodicals 

Number of Articles Reviewed or Refereed for Indicated Periodical 

Reviewer 
or  

Referee 

f 
Attrill, J. E. 

Dunn, H. W. 

Eldridge, J.' S. 

Emery, J. F. 

Feldman, Cyrus 

Florence,  T. M. 

Goldstein, Gerald 

Horton, A. D. 

Jones, H. C. 

Kelley, M. T. 

Kubota, Hisash i  

Lyon, W. S. 

Maddox, W. S. 

Manning, D. L. 

Miller, F. J. 

Moore, F. L. 

Mueller, T. R. 

Reynolds, S. A. 

Ricci, Enzo  

Ross ,  H. H. 

Ross ,  W. J. 

Shults, W. D. 

1 

1 

1 

1 

3 

1 

3 

1 

1 

1 

1 

7 

2 

3 

2 

3 

6 

2 

1 

6 

2 

2 

5 

3 

1 

1 

1 

1 

1 

7 

2 

3 

1 

1 

1 

1 

8 

2 

3 

2 

5 

6 

7 

2 

6 

2 

3 

5 

3 

2 

1 

. 

. 

3 

- 
3 

1 

Stelzner, R. W. 

White, J. C. 

Young, J. P. 

Zi t te l ,  H. E. 

2 1 2 I Tota l  1 
- 

'Alien Guest from Australian Atomic Energy Commission, Sutherland, New South Wales, Australia. 

, 



, 
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Indexes 
, Helen P. Raaen 

Indexes a r e  a part  of the  Analy t ica l  Chemistry 
Division annual report for t h e  fourth time. T h e  
numbering sys t em used h a s  made poss ib le  the  
preparation of cumulative indexes  to the  annual 
progress reports from the  Division. T h i s  sec t ion  
of t h e  report conta ins  a key-word index and a n  
author index t o  th i s  report. T h e  cumulative in- 
d e x e s  for the  years  1964-1967 a r e  bound sep -  
a ra te ly  and a r e  des igna ted  ORNL-3904 (Rev. 2). 

The  Key Word Index is prepared both from the  
numbered headings tha t  appear within the  report 
and  from the  t i t l e s  of the  en t r ies  i n  the  Presenta-  
tion of Research Resu l t s  and i n  t h e  Trans la t ions .  
To increase  the  depth  of indexing of the  work 
reported, supplementary words were added t o  some 
of the  headings.  T h e s e  words appear  i n  paren- 
theses ,  together with the  heading, in the  key-word 
index; they d o  not appear e l sewhere  in  the  report. 

T h e  Author Index is a n  a lphabet ica l  l i s t ing  of 
authors,  together with number en t r ies  that  spec i fy  
the  material t o  which e a c h  author contributed. 
T h i s  index inc ludes  the  authors of material in the  
body of the  report, t he  authors of the  en t r ies  l i s ted  
in  t h e  Presenta t ion  of Resea rch  Resu l t s ,  and the 
translators of the  en t r i e s  l i s t ed  in  Trans la t ions .  
In the  cases of .co-authorships,  t he  member of 
another ORNL div is ion  is s o  indicated by a n  
a s t e r i sk  which precedes  tha t  author 's  name: If, 
for any  of a number of reasons ,  a n  author is not a 
permanent member of ORNL, t h e  symbol = appears  
before h i s  name: 

An example of the  numbering sys t em used to 
refer to material in t he  main body of the  report is 
67A-09-08C, where 67 ind ica t e s  the  year  of publica- 
tion of t h e  annual report, A des igna tes  a major 
part or d iv is ion  of t h e  report, 9 is the  chapter 
number, 8 is a primary sec t ion  within the  chapter,  
and C is a subsec t ion  (designated in  the  subsec -  
tion heading with c ins tead  of C); for example,  

Ann S. Klein' -I 
In the  u s e  of the  index t o  loca t e  material in the  
body of the  report, only the  l a s t  two groups of 
numbers a r e  needed, because  the  chapters  a r e  
numbered consecut ive ly .  

Fo r  reference to the  Presenta t ion  of Research 
Resul t s ,  t h e  %umbering sys tem is of t h e  type . 

67PRR-025, where 67 des igna tes  the  year i n  which 
the  entry w a s  l isted in  the  annual report, PRR 
identifies t he  authored work as be ing  l i s ted  in  
the  Presenta t ion  of, Research Resu l t s  part ,of the 
annual  report, and 25 i s  the number of the  entry 
l i s ted  in that part of the  report; for example,  

IN THE ANNUAL 

' 67  P R R-02 5' 

In the  u s e  of the  Index to  locate a n  entry in the  
Presenta t ion  of Research Resu l t s  part of the re- 
port, only the  l a s t  group of numbers is needed, be- 
c a u s e  the  en t r ies  a r e  numbered consecutively.  

If t he  entry is in  the  Trans la t ions  part of the  
report, t he  entry will  be  ident i f ied  by the  le t te rs  
T R  in  the  same posit ion as the  le t te rs  PRR. 

Machine l imitations necess i t a t e  tha t  some ent r ies  
b e  in  a n  unusual form. B e c a u s e  spec ia l  type 
cannot b e  used ,  en t r ies  tha t  otherwise would re- 
quire i t  a r e  written out;  for example,  chemical 
symbols,  chemical formulas, Greek le t te rs ,  0-, m-, 
p - ,  etc. Superscript and subscr ip t  numbers cannot 
b e  printed; hence ,  va lence  is des igna ted  by a 

'Technical Information Division. 

123 



124 

Roman numeral' following the name of the  element 
or ion, and a n  isotope m a s s  number is indicated by Additional useful entr ies  are provided by dividing 
a hyphen and an  Arabic number following the  name cer ta in  words; for example,  ethylenediamine is 
of the  element.  T h e  lower-case m, used with a n  divided into ethylene,  d i ,  and amine. Chemical 
isotope mass number t o  des igna te  a metastable  Titles is used as  a guide in making s u c h  divis ions.  

s t a t e ,  appears  as a capi ta l  M in  the  l is t ing.  

/ 

, 

. 



Word Index 

A L K Y L  B E N Z E N E  S U L F C N A T E  I A B S  I C C h T R C L  FOR T H E  FOAM S E P A R A T I O N  P R O C E S S  6 7 P R R - O C 8  
IC, H I G H  R E S O L U T I O Y  A V A L Y S I S  O F  U R I N E  F O R  I T S  U L T R A V I C L E T  A B S O R E I h G  C O N S T I T U E N T S  AUTOMAT 6 7 P R R - 0 3 9  
l O M A T I C  H I G P  R E S 3 L U T I O N  A N A L Y S I S  OF U R I N E  F O R  U L T R A V I C L E T  A B S O R B I h C  C O N S T I T U E N T S  I N U C L E O T I D E  A N A L Y Z E R  / / 6 7 A - 0 5 - C Z A  
A T E R I A L S  ( GARY M O D E L - I 4  S P E C T R O P H O T O M E T E R /  G L O V E  BOX F O R  A B S O R P T I C N  SPECTROPHOTOMETRY O F  A L P H A  E M I T T I N G  P 6 7 A - 0 4 - C 6 8  
O R A T E  M E D I A  1 1 .  THE E F F E C T S  O F  H Y D R O L Y S I S  ON THE R E /  T H E  A B S O R P T I C N  S P E C T R U M  O F  T I -€  U R A N Y L  I O N  I N  P E R  C H L  6 7 P R R - 0 1 2  
/ I N  M O L T E N  L I T H I U M  F L U O Q I D E  - B E R Y L L I U M  F L U O R I D E  / C C L A R  A B S O R P T I V I T I E S  OF C t - R O M I U M ( I I I 1  I N  M O L T E N  L I T H I /  6 7 A - 0 3 - C Z D  
/ P E C T R O P H O T O M E T R I C  S T U D I E S  O F  M O L T E N  S A L T  SYSTEMS ( P C L A R  A B S O R P T I V I T I E S  O F  U R A N I U M (  I V )  I N  M O L T E N  L I T H I U M /  6 7 A - 0 3 - 0 2 0  
l E C T R O M E T R Y  S E R V I C E  ( H F I R  COMPONENTS / R E L A T I V E  I S O T C P I C  ABUNDANCES O F  C H R O M I U M V  I R O N I  AND N I C K E L  / M A S S /  6 7 8 - 1 2 - C l  

I N D U C E 0  R E A C T I O U S  I N  THE GEV R E G I O N  / C A P B R I D G E  E L E C T R O N  A C C E L E R A T O R  I / C F  P h O T O F I S S I O N  O F  I R O N  ( PROTON 6 7 A - 0 9 - C 7 F  
/ R O N  A C T I V A T I O N  A N A L Y S I S  A T  T H E  O A K  R I D G E  E L E C T R O N  L I h E A R  A C C E L E R A T O R  I O R E L A  I ( U S E  O F  T A N T A L U M  A S  E L E C /  6 7 A - 0 9 - C 3 D  
L D E N S I T Y  O F  T R A Y S F E R  R I B O  V U C L E I C  A C I D S  ( P H E h Y L  A L A h I N E  A C C E P T I N C  T R A N S F E R  R I B O  N U C L E I C  A C I D  I I F  O P T I C A  6 7 A - 0 4 - 0 6 C  
T R A N S F E R  RNA I ( B I C I N E  / N v N  P I /  D E T E R M I N A T I C N  OF V A L I N E  A C C E P T I h G  T R A N S F E R  R I B O  N U C L E I C  A C I D  ( V A L I N E  - 6 7 A - 0 5 - 0 1 8  
- T R A N S F E R  R I  O E T E R M I N A T I O N  OF L E L C I N E  A N D  P H E N Y L  A L A h I N E  A C C E P T I N G  T R A N S F E R  R I B O  N U C L E I C  A C I D S  I L E U C I N E  6 7 A - 0 5 - L I A  
T H  S P E C I A L  R E F E R E N C E  TO COULOMETRY T H E  ACCURATE A h C  P R E C I S E  C E T E R M I N A T I O N  O F  L R A N I U M  W I  6 7 P R R - O C 6  
I C E S  ( I U E R T  GAS F U S I D Y  YETHOO / L E C O  N I T R O X - 6  A N A L Y Z E R  / A C E T A N I L I C E  / A L P H A  E M I T T I N G  S A M P L E S  I / M E T A L  OX 6 7 8 - 0 4 - 0 4 4 ,  
181  CYCLO B U T A N E  / HYDRO B R O M I D E  OF D I  E T H Y L  G U A N I C I N C  D I  A C E T A T E  / P H E N Y L  N E 0  T R I  OECANOATE / F L U O R I N E  ( I  6 7 A - 0 4 - 0 3 A  
l Y T I C A L L Y  G E N E R A T E D  A G I O  / E D T A  / E T H Y L E N E  01 A M I N E  T E T R A  A C E T I C  A C I D  I STUDY O F  N U C L E A T I O N  P R O C E S S E S  B Y  / 6 7 A - 0 2 - C 7  

E X T R A C T I O N  AVO GAS CHROYATOGRAPHY O F  M E T A L  F L U O R 0  A C E T Y L  A C E T O N A T E S  S O L V E N T  6 7 P R R - 0 7 0  
/ I O  E X T R A C T I O N  O F  B E R K E L I U M ( I V 1  W I T H  2 T H E N O Y L  T R I  F L U C R C  ACETONE - X Y L E N E  - A P P L I C A T I O N S  TO T H E  P U R I F I C A /  6 7 P R R - 0 2 8  

/ I  I A M E R I C I U M - 2 4 1  / A M E Q I C I U M - 2 4 3  / 2 T H E N O Y L  T R I  F L U O R C  ACETONE I T T A  I / A C T I N I D E  I O N S  / L A N T H A N I D E  IO/ 6 7 A - 0 9 - C 7 8  
I M M A - R A Y  SPECTRUM O F  A M E I I C I U M - 2 4 6  / 2 T H E N O Y L  T R I  F L U O R C  ACETONE ( T T A  I / S O L V E N T  E X T R A C T I O N  / I O N  E X C H /  6 7 A - 0 9 - C 7 E  
l H A Y I O E  AND A C T I V I O E  B E T &  D I  K E T O N E S  I H E X A  F L U O R C  A C E T Y L  ACETONE / E U R O P I U M (  I 1 1 1  / A M E R I C I U M ( I I I 1  / C H E L /  6 7 6 - 0 9 - C B B  
Q U I C - L I Q U I O  E X T R A C T I O N  OF N I O B I U M  W I T H  T H E N O Y L  T R I  F L U O R C  ACETONE / I C  A C D I T I V E S  T O  I N D U C E  T H E  S E L E C T I V E  L I  6 7 P R R - 0 2 1  

E L E C T R O N  EXCHANGE B E T k E E N  C O P P E R ( 1 )  A h 0  C O P P E R ( I 1 )  I N  A C E T O N I T R I L E  6 7 P R R - 0 2 7  
S O L V E N T  E X T R A C T  I O N  AND G P S  CHROMATOGRAPHY OF M E T A L  F L L O R C  A C E T Y L  B C E T O N A T E S  6 7 P R R - 0 7 0  
/ O F  L A N T H A N I D E  AVD A C T I N I D E  B E T A  01 K E T O N E S  ( H E X A  F L U C R C  A C E T Y L  P C E T O N E  / E U R O P I U M ( I I 1 )  I A M E R I C I U M ( I I I l /  6 7 A - 0 9 - C B B  

P O L Y  A D E V Y L I C  A C I D  / P O L Y  C Y T I D Y L I C  A C I D  / P O L Y  U R I C Y L I C  A C I D  I l A T O G R A P H Y  I E S C I - E R I C H I A - C O L I - B  / Y E A S T  / 6 7 A - 0 5 - O I H  
IC A C I D S  ( P H E N Y L  A L A N I N E  A C C E P T I N G  T R A N S F E R  R I B O  h U C L E I C  A C I D  I / F  O P T I C A L  D E N S I T Y  O F  T R A N S F E R  R I B O  N U C L E  6 7 A - 0 4 - C 6 C  

P O L Y  A O E Y Y L I C  A C I D  / P O L Y  C Y T I D Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D  I I C E R S  BY L I G A N C  EXCHANGE CHROMATOGRAPHY ( 6 7 A - 0 5 - C l I  
POLY C Y T I D Y L I C  A G I O  / P 3 L Y  G U A N Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D  1 / M C P O L Y C E R S  O F  RNA / P O L Y  A D E N Y L I C  A C I D  / 6 7 A - 0 5 - 0 1 G  

ON CHROMATOGRPPHY I D I  ( 2 E T H Y L  H E X Y L  I ORTHO P H O S P H C R I C  A C I D  I l R C M A T O G R D P H Y  ( U S E  OF T E F L O N  I N  E X T R A C T 1  6 7 A - 0 9 - C 7 A  
L L A N E O U S  S T U D I E S  ON THE A N A L Y S I S  OF T R A N S F E R  R I B O  h U C L E I C  A C I D  ( T R A N S F E R  RNA I M I  SCE 6 7 A - 0 5 - C l  D 
I A - C O L I - /  P R E P A R A T I O N  OF A M I N O  A C Y L  T R A N S F E R  R I B O  h U C L E I C  A C I D  ( T R L N S F E R  RNA I S Y N T H E T A S E S  FROM E S C H E R I C H  6 7 8 - 0 5 - L I C  
/ D E T E R M I Y A T I O N  O F  V A L I N E  A C C E P T I N G  T R A N S F E R  R I B O  h U C L E I C  A C I D  I V A L I N E  - T R A N S F E R  RNA I I B I C I N E  I NIN 6 1  6 7 A - 0 5 - C I B  

R A P l C  D I S T I L L A T I O N  S E P A I A T I O N  O F  F L U O R I D E  I F L U 0  S I L I C I C  A C I D  / A L I Z A R I N  COMPLEXONE 1 6 7 A - 0 2 - C 5  
/ E  / H E P T Y L  D E C Y L  A M I N E  / D I  D O D E C Y L  N A P H T H A L E N E  S U L F C N I C  A C I D  / ALPHA,ALPI -A /  0 1  P I P E R I D Y L  / P A R A  E T H Y L  B /  6 7 A - 0 4 - 0 3 A  
/ S H  I: M I T C H E L L  - SCOTT P 9 0 C E O U R E  / P H O S P H O R U S - 3 2  / F O R M I C  A C I D  / A N I O N  P E R P E A B L E  R E S I N  MEMBRANE / E L E C T R O l  6 7 A - O b C 3 A  
/ A L P H A , A L P H A /  01 P I P E R I O Y L  / P A R A  E T H Y L  B E N Z E N E  S L L F C N I C  A C I D  / eRCM0 3 CI -LOR0 C Y C L O  B U T A N E  / B I  C Y C L O  B /  6 7 A - 0 4 - C 3 A  
/ X A N E  / T E F L O N  / R I B O  Y U C L E I C  A C I D S  / H U M I C  A C I D  / F U L V I C  A C I D  / C A L C I U P  I C N  E L E C T R O D E  / PARA A M I N O  B E N Z Y l  6 7 A - O 4 - L 3 A  
/ C I P I T A T I O N  O F  B A R I U M  S U L F A T E  B Y  R A D I O L Y T I C A L L Y  G E h E R A T E O  A C I D  / E C T A  I ETI -YLENE D I  A M I N E  T E T R A  A C E T I C  A C I  6 7 A - 0 2 - C 7  
/ E T H Y L  T R I  S I L O X A N E  / T E F L O N  / R I B O  N U C L E I C  A C I D S  / H U M I C  A G I O  / F U L V I C  ACID / C A L C I U M  I O N  E L E C T R O D E  / P A /  6 7 A - O 4 - L 3 A  
/ N G E  CHROMATOGRAPHY I HOYOPOLYMERS OF RNA / P O L Y  A D E N Y L I C  A C I D  / P C L Y  C Y T I C Y L I C  A C I D  I P O L Y  G U A N Y L I C  A C I D /  6 7 A - D S - C I G  
I O M A T O G R A P H Y  ( E S C H E R I C H I A - C O L I - B  / Y E A S T  I P O L Y  A C E N Y L I C  A C I D  / POLY C Y T I C Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D /  6 7 A - 0 5 - C I H  
/ L Y M E R S  B Y  L I G A Y O  EXCHANGE CHROMATOGRAPHY ( P O L Y  A D E N Y L I C  A C I D  / POLY C Y T I C Y L I C  A C I D  I P O L Y  U R I D Y L I C  A C I D /  6 7 A - 0 5 - 0 1 1  
l O M O P O L Y M E R S  O F  RNA / P O L Y  A D E N Y L I C  A G I O  I P O L Y  C Y T I D Y L I C  A C I D  / P O L Y  G U A N Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D  / 6 7 A - 0 5 - C l G  
C H I A - C O L I - B  / Y E A S T  / P O L Y  A D E N Y L I C  A G I O  / P O L Y  C Y T I D Y L I C  A C I D  / P C L Y  U R I D Y L I C  A C I C  I l A T O G R A P H Y  ( E S C H E R I  6 7 A - 0 5 - C I H  
ANGE CHROMATOGRAPHY ( P O L Y  A D E N Y L I C  A C I D  / P O L Y  C Y T I D Y L I C  A C I D  / POLY U R I C Y L I C  A C I C  ) / M E R S  B Y  L I G A N D  E X C H  6 7 A - 0 5 - G I 1  

POLY A O E Y Y L I C  A C I D  / P O L Y  C Y T I D Y L I C  A C I D  / P O L Y  G U A N Y L I C  A C I D  / POLY U R I C Y L I C  A C I C  I /MOPOLYMERS O F  RNA / 6 7 A - 0 5 - 0 1 G  
/ Y  G E N E R A T E 0  A C I D  / EDTA / E T H Y L E N E  D I  A M I N E  T E T R A  A C E T I C  A C I D  / S T U D Y  OF N U C L E A T I O N  P R O C E S S E S  B Y  R A D I O L Y I  6 7 A - 0 2 - 0 7  
R A D I O L Y S I S  O F  R A O I A T I O Y  S A F E G U A R D  S P R A Y  S O L U T I C N S  ( B C R I C  A C I D  / T H I O  S U L F P T E  6 7 A - 0 2 - C h  
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/ R O Y L  N A P H T H A L E N E ’ /  2 , 6  D I  D O D E C Y L  N A P H T H A L E N E  I S U L F C N I C  A C I D  / 2 L A U O R Y L  N A P h T H A L E N E  / 2 D O D E C Y L  N A P H T H I  6 7 A - 0 4 - 0 3 8  
N E  1 A P I N C  A C I D  A N A L Y S E S  ( AOENO-31  V I R U S  / A N A L Y S I S  O F  U R I  6 7 A - 0 5 - 0 3 D  
E CHROMATOCRAPHY O F  N U C L E O T I D E S ,  N U C L E O S I O E S r  AND h U C L E I C  A C I D  B A S E S  L I G A N D  EXCHANG 6 7 P R R - 0 1 6  
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H E L I UP,-3 
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A T I O N  A N A L Y S I S  L A B O R A T O R Y  I H F A A L  1 I PROPOSED H F I R  
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P R E S E N T  S T A T U S  OF THE H E L I U P - 3  
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ON SOURCE I P N E U M A T I C  R A B B I T  S Y S T E M  I B I A X I A L  R O T A T O R  I I 

ETHODS O F  A C T I V A T I O Y  A N A L Y S I S  H E L I U C - 3  
S Y N T H E T A S E S  FROM E S C H E R I C H I A - C O L I - /  P R E P A R A T I C N  O F  A Y I N C  
T H E  D E T E R M I Y A T I O N  O F  T R I N S F E R  R I B O  N U C L E I C  A C I D  B Y  A P I N C  

A C T I O N  O F  N I O B I U M  W I T H  2 T H E N O Y L  T R I  F L U O l  U S E  OF C R G A N I C  
E X T R A C T I O N  O F  N I O B I U M  W I T H  T H E N O Y L  T R I  F L /  U S E  OF C R G b N I C  

A M I N O  A C I D  A N A L Y S E S  I 
/ A N 0  EXCHANGE CHROMATOGRPPHY ( HOMOPOLYMERS OF RNA / P O L Y  
I H A N G E  CHROMATOGRAPHY I E S C H E R I C H I A - C O L I - 6  I Y E A S T  / P O L Y  
/ N A  HOMOPOLYMERS B Y  L I G A U D  E X C H A N G E  CHROMATOGRAPHY I P O L Y  
L F S  O F  T H O R I U M  O X I D E  I C Q Y S T l  SURFACE C H E P I S T R Y  S T U D I E S  - 

R E C E N T  
R E C E N T  

G E C L O G I C A L  
O L S  OF S A M A R I U M ,  L U T E T I U M ,  G A D O L I N I U M t  T E R B I U M ,  E U R D P I U C l  
I C V T R  I I G A S  C H R O M A T O G R A P H I C  D E T E R M I N A T I O N  OF V C L A T I L E  
/ I S  O F  S T A B L E  I S O T O P E S  F 3 R  T R A C E  I M P U R I T I E S  / A N A L Y S I S  C F  
I /  A L U M I Y U M  / I R O N  / A L U Y I N O N  METHOD / T R I  C A P R Y L  A C I h E  / 
ER R I B O  Y U C L E I C  A C I D S  I L E U C I N E  - T R A N S F E R  RNA A N D  P H E N Y L  
/ A S  CHROMATOGRAPHY / T R A V S F E R  R I B O  N U C L E I C  A C I D S  / P H E N Y L  
F O P T I C A L  C E N S I T Y  O F  T R A U S F E R  R I B O  N U C L E I C  A C I D S  I P H E N Y L  
L E U C I N E  - T R A N S F E R  R I  D E T E R M I N A T I O N  OF L E L C I N E  A N 0  P H E N Y L  
/O N U C L E I C  A C I D  B Y  A M I N O  A C Y L A T I O N  I. L E U C I N E  A N 0  P H E N Y L  
C P H O S P H A T E  E S T E R S  / P O L Y  N U C L E A R  HYDROCARBONS I A P I N E S  / 
I L L  O I L  I SOL-GEL F U E L S  / I R T R A N S  1-6 / S I L I C A  / P H E N C L  - 
D I S T I L L A T I O N  S E P A R A T I O N  O F  F L U O R I D E  I F L U C  S I L I C I C  A C I D  I 
R A P H I T E  E L E C T R O D E  I RP.GE. ) / A L I Z A R I N  REO S I Z I R C C N I U M  - 
U O R I O E  I R O T A T I N G  P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  I RP.GE. / 
T A M M E T R I C  A N 0  S P E C T R O P H O T O M E T R I C  S T U D Y  OF THE Z I R C C N I U P  - 

14-MEV N E U T R O N  A C T I V P T I O N  A N A L Y S I S  F O R  O X Y G E h  I N  
FOAM S E P A R A T I O N  P R O C E S S  
I LOW R E S O L U T I O N  M A S S  S P E C T R O M E T R Y  O F  O R G A N I C  COMPCUNDS I 
I S I U M  C H L O R I D E  / G A D O L I N I U M - 1 6 C  / G E R M A N I L M - 7 3  - C H R O P I U P  
/ U M I N U M  A L L O Y  / V I C K E L - 6 1  F L U O R I D E  / N I C K E L - 6 4  - V A N A O I U P  
I I D E  / H I G H  P U R I T Y  M A G Y E S I U M  O X I D E  / N I C K E L - 6 4  - A L U P I N U Y  
R O L L E D  O X I D E  P R E C I P I T A T I O N  I N  F L A K E  A L U M I N U M  AND A L U P I N U H  
I M I U M  - I R O N  B A S E  A L L O Y S  / M A S S  S P E C T R O M E T R I C  A N A L Y S I S  OF 
/ S O U R C E  M A S S  SPECTROGRAPH / N I C K E L  - C H R O P I U P  - I R C N  B A S E  
l S C H E N  D I R E C T  R E A D E R  I E M I S S I O N  S P E C T R O M E T R I C  A N A L Y S I S  C F  
U E /  A M I N O  A C I D  SEQUENCE A N A L Y S I S  I A M I N O  A C I D  SEQUENCE O F  
I U M - I 5 4  I H O L M I U M - I 5 2  / H O L M I U M - I 5 3  / H O L P I U M - 1 5 5  I D I S P /  
PHOTOMETER/  G L O V E  BOX F 0 7  A B S O R P T I O N  S P E C T R O P H D T O C E T R Y  OF 
AS F U S I O V  METHOD / L E C O  V I T R O X - 6  A N A L Y Z E R  / A C E T A N I L I D E  I 
N G S T E N  / S P E C T R O P H O T O M E T ? I C  D E T E R M I N A T I O N  OF R H E N I U M  W I T H  
C E S S  S A M P L E S  / C A L I F O R N I U M  / C U R I L M  / E I N S T E I /  H I G H  L E V E L  

A N A L Y T I C A L  

I T Y L  D E C Y L  A M I N E  / 01 O O D E C Y L  N A P H T H A L E N E  S U L F C N I C  A C I D  I 
I O X I C E  - U R A N I U M  O X I D E  I E B R - I 1  F U E L  / A L U M I N U M  / I R C N  / 
M I N A T I O N  O F  P H O S P H A T F  I WATER A N A L Y S I S  / T I N  - F L A V O N C L  / 
/ S E D  FROM P L U T O V I U M  O X I D E  - U R A N I U M  O X I D E  / E B R - I 1  F U E L  / 
I P O R A T I O Y  M O D E L - 9 9 0 0  1 4 - Y E V  N E L T R O N  G E N E R A T O R  / O X Y G E h  I N  
I S I U M  N I T R I D E  / H I G H  P U R I T Y  M A G N E S I U M  O X I D E  / N I C K E L - 6 4  - 
ES - C O N T R O L L E D  O X I D E  P R E C I P I T A T I O N  I N  F L A K E  A L U P I N U P  AND 
R D E Y I N G  S T U C I E S  - C O N T R O L L E D  O X I D E  P R E C I P I T A T I O N  I h  F L A K E  
/ -E  / Y E A S T  / S E P H A D E X - I 0 0  / T H I N  L A Y E R  CHROMATOGRAPHY O F  
I L I C A  GEL G C H R O M A T O P L P T E S  S E P A R A T I O h  OF 
A N A L Y Z E K  / D E T E R M I N A T I O N  O F  T R A N S F E R  R I B O  N U C L E I C  A C I D S  / 
I S  A N D  I\ V O L C A Y I C  G L A S S E S  I N E O N  I N  L E P I D O L I T E  / A E O N  I N  

C O N T R O L L E D  P O T E V T I A L  C O U L O M E T R I C  O E T E R Y I N A T I C h  OF 

A C T I N I C E  e E T A  C I  K E T O N E S  I H E X A  F L U O R O  A C E T Y L  A t  6 7 A - 0 9 - C B B  
A C T I N I D E  E L E M E N T S  I F A L F - L I F E  O F  P L U T O N I U M - 2 4 2  / 6 7 8 - 1 2 - C Z  
A C T I N I C E  I O N S  / L A N T h A N I D E  I O N S  / (  A M E R I C I U M - 2 4 1  6 7 A - 0 9 - 0 7 8  

6 7 P R R - I  47 A C T I N I C E S  F R O Y  ACUEOUS N I T R A T E  S O L U T I O N S  
A C T I V A T I O N  6 7 P R R - I  CB 
A C T I V A T I C N  A N A L Y S E S  I E T F O D  TO C A L C U L A T E  S E N S I T I V  6 7 P R R - 1 2 5  
A C T I V A T I C N  A N A L Y S I S  6 7 A - D 9 - C 4  
A C T I V A T I O N  A N A L Y S I S  6 7 P R R - O C 9  

6 7 P R R - 0 2 6  A C T I V A T I O N  A N A L Y S I S  
6 7 P R R - G F 3  A C T I V A T I C N  A N A L Y S I S  

A C T I V A T I O N  A N A L Y S I S  6 7 P R R - I  C I  
A C T I V A T I C N  A N A L Y S I S  6 7 P R R - I  C 7  
A C T I V A T  I C N  AN b L Y S I S  6 7 P R R - I  4 3  
A C T I V A T I C N  A N A L Y S I S  H E L I U M - 3  6 7 P R R - 1 2 4  
A C T I V A T  I C N  A N A L Y S I S  M I C R O E L E M E N T  CONTE 6 7 P R R - D l 1  
A C T I V A T I O N  A N A L Y S I S  I A V E R A C E  CROSS S E C T I O N  / I/ 6 7 A - 0 9 - C 4 B  
A C T I V A T I C N  A N b L Y S I S  ( B I S M U T H - 2 @ 7  I N  B I S M L T H  P O k  6 7 A - 0 9 - 6 4 0  
A C T I V A T I C N  A N A L Y S I S  I F L U O R I N E  I N  F L U O R S P A R  ORES 6 7 A - 0 9 - G S C  
A C T I V A T I C N  A N A L Y S I S  I H E L I U M - 3  I S E P A R A T I O N  O F  R 6 7 A - 0 9 - C 4 C  
A C T I V A T I O N  b N A L Y S I S  I T E X A S  N U C L E A R  C O R P O R A T I O N  6 7 A - 0 9 - C S A  
A C T I V A T I C N  A N A L Y S I S  I REMBRANOT P A I N T I N G  / D U T C I  6 7 A - 0 9 - D h D  
A C T I V A T I C N  A N A L Y S I S  l E T H O D  TO C A L C U L A T E  S E N S I T I V  6 7 P R R - 0 3 6  
A C T I V A T I C N  A N A L Y S I S  AND LOW L E V E L  M E A S U R E M E N T S  6 7 A - 0 9 - C 3  
A C T I V A T I C h  A N A L Y S I S  AT T P E  OAK R I D G E  E L E C T R O N  L I  6 7 A - 0 9 - C 3 0  
A C T I V A T I C N  b N b L Y S I S  FOR OXYGEN I N  A L K A L I  AND R E F  6 7 A - 0 9 - C 5 B  
A C T I V A T I C N  A N A L Y S I S  L A B O R A T O R Y  I H F A A L  I I 6 7 A - 0 9 - G 3 C  
A C T I V A T I C N  A N A L Y S I S  L A B O R A T O R Y  I H I G H  F L U X  A C T I V  6 7 A - 0 9 - C 3 C  
A C T I V A T I O N  A N A L Y S I S  O F  1 5  L I G H T  E L E M E N T S  h I T H  l e  6 7 P R R - D 3 5  
A C T I V A T I C N  b N A L Y S I S  PROCRAM A T  ORNL 6 7 P R R - I  26 
A C T I V A T I O N  A N A L Y S I S  TO O T H E R  A N A L Y T I C A L  M E T H O D S  6 7 P R R - I  G2  
A C T I V A T I O N  A N A L Y S I S  T O  WATER T R A C I N G  / C A D M I U M  I 6 7 A - 0 9 - C 7 H  
A C T I V A T I O N  A N A L Y S I S  W I T H  A C A L  I F O R N I U M - 2 5 2  N E U T R  6 7 A - 0 9 - C 3 A  
ACT I V AT I C N  I N T E R F E R E N C E S  6 7 P R R - I  C 9  
A C T I V A T I C N ,  I N  P P N E L  C I S C U S S I O N  ON N O N  R E A C i O R  P 6 7 P R R - 1 2 4  
A C Y L  T R A N S F E R  R I @ O  N U C L E I C  A C I D  I T R A N S F E R  RNA I 6 7 A - 0 5 - 0 I C  
A C Y L A T I C N  I. L E U C I N E  ANC P H E N Y L  A L A N I N E  T R A N S F E  6 7 P R R - 0 3 8  
A O D I T I V E S  T O  I N C U C E  S E L E C T I V E  L I Q U I D - L I Q U I D  E X T R  6 7 A - 0 9 - C 7 D  
A C C I T I V E S  T O  I N C U C E  T P E  S E L E C T I V E  L I P U I D - L I Q U I D  6 7 P R R - 0 2 1  
ADENO-31  V I R U S  I A N A L Y S I S  O F  U R I N E  1 6 7 A - 0 5 - C 3 D  
A O E N Y L I C  A C I D  / POLY C Y T I D Y L I C  A C I D  / P O L Y  G U A N /  6 7 A - 0 5 - C I G  
A D E N Y L I C  A C I D  / POLY C Y T I D Y L I C  A C I D  / P O L Y  U R I O /  6 7 A - 0 5 - C I H  
A C E N Y L I C  A C I D  / POLY C Y T I D Y L I C  A C I D  / P O L Y  U R I O l  6 7 A - 0 5 - C I I  
A D S O R P T I C N  O F  WATER ON POROUS A N 0  NONPOROUS SAMP 6 7 A - 0 8 - C I A  
ADVANCES I N  A N A L Y T I C A L  E M I S S I O N  S P E C T R O S C O P Y  6 7 P R R -  I 3 8  
ADVANCES I N  E M I S S I O N  S P E C T R O S C O P Y  6 7 P R R - I  39 
AGE D E T E R P I N A T I O N  B Y  I S O T O P I C  M E A S U R E M E N T S  6 7 P R R - I  41 
A G I N G  O F  L A N T P A N I D E  H Y D R O X I D E  S O L S  I H Y D R O X I D E  S 6 7 A - O B - C I C  
A I R  P O L L U T A N T S  I C A R O L I N A S  V I R G I N I A  T U B E  R E A C T O R  6 7 A - O 3 - C 4 8  
A I R  S A M P L E S  / P N P L Y S I S  O F  WATER S A M P L E S  / P A S C H /  6 7 8 - 1 3  
A L b M I N E  / C E S I U M  C H L O R I C E  I O I S S O L U T I O N  O F  M E T A /  6 7 8 - 1 4 - C 3  
A L A N I N E  - T R A N S F E R  RNA I / A N I N E  A C C E P T I N G  T R A N S F  6 7 A - 0 5 - 0 l A  
A L b N I N E  / B I S M U T P  / U R A N I U M  I L I T H I U M  / F L U O R I D /  6 7 6 - 1 4 - C Z  
A L b N I N E  A C C E P T I N C  T R A N S F E R  R I B O  N U C L E I C  A C I D  1 / 6 7 A - 0 4 - C 6 C  
A L b N I N E  A C C E P T I N C  T R A N S F E R  R I B O  N U C L E I C  A C I D S  I 6 7 A - 0 5 - C I A  
A L A N I N E  T R A N S F E R  R I B O  N U C L E I C  A C I D  FROM E S C H E R I I  6 7 P R R - 0 3 8  
A L C O H O L S  / K E T O N E S  1 / A T I C  HYDROCARBONS / O R G A N I  6 7 A - 0 7 - C 2  
A L D E H Y C E  R E S I N S  / M A G N E S I U M  O X I D E  / L U B R I C A T I N G /  6 7 A - 0 4 - C 3 A  
A L I E N  GUESTS I N  R E S I C E N C Y  6 7 D - I  6 - C 7  
A L I Z A R I N  C O Y P L E X C N E  I R A P I D  6 7 A - 0 2 - C 5  
A L I Z A R I N  RED S I I L U O R I O E  I R O T A T I N G  P Y R O L Y T I C  G 6 7 A - 0 2 - C l  
A L I Z A R I h  RED S / Z I R C O N I U M  - A L I Z A R I N  REO S I /L 6 7 A - D Z - C l  
A L I Z A R I N  REC S CCMPLEX VOL 6 7 P R R - 0 5 1  
A L K A L I  ANC R E F R A C T O R Y  M E T A L S  6 7 A - 0 9 - C 5 6  
A L K Y L  B E N Z E N E  S U L F O N A T E  I A B S  I C O N T R O L  F O R  THE 6 7 P R R - O C B  
A L K Y L  S U E S T I T U T E C  A R O M A T I C  HYDROCARBONS / O R G A N I  6 7 A - 0 7 - C 2  
A L L O Y  / G E R M A N I U P I  1 1 1 - 7 3  I O D I D E  I G E R M A N I L M l I V l /  6 7 A - I O  
A L L O Y  / H I G H  P U R I T Y  P O T A S S I U M  C H L O R I D E  / S A M A R I l  6 7 A - I G  , 
A L L O Y  / N I C K E L - 6 1  F L U O R I C E  / N I C K E L - 6 4  - V A N A D I l  6 7 A - I O  
A L L O Y S  I e O E H M I T E  ) / O N  I - A R D E N I N G  S T U D I E S  - C O N 1  6 7 A - O B - C l B  
A L L C Y S  / P A G N E S I U M - 2 6  I I R O N - 5 7  / Z I R C O N I L M - 9 C  I 6 7 A - 0 7 - C I  
A L L O Y S  / PASS S P E C T R O M E T R I C  A N A L Y S I S  O F  A L L O Y S  I 6 7 A - 0 7 - C l  
A L L O Y S  C F  C O B A L T ,  T I T A N l U M t  V A N A D I U M ,  N I O B I U M l  / 6 7 8 - 1 3  
A L P H A  C l - A I N  O F  MCUSE H E M O G L O B I N  / A M I N O  A C I D  SEO 6 7 A - 0 5 - C 4  
A L P H A  CECAY O F  H O L M I U M  N U C L E I  - NEW I S O T O P E  H O L M  6 7 A - 0 9 - C I B  
A L P H A  E P I T T I N C  M A T E R I A L S  ( C A R Y  MODEL-  I 4  SPECTRO 6 7 A - 0 4 - C 6 B  
A L P H A  E P I T T I N G  S P M P L E S  I / M E T A L  O X I D E S  I I N E R T  G 6 7 A - 0 4 - C 4 A  
A L P H A  F U R I L  G I  O X I M E  1 / P H I C  D E T E R M I N A T I O N  O F  T L  6 7 A - 0 4 - C 4 B  
A L P H A  R A C I A T I O N  L A B O R A T O R Y  I A N A L Y S I S  OF TRU PRO 6 7 6 - 1 4 - 0 1  
A L P H A  S P E C T R O M E T R Y  6 7 6 - 0 9 - C Z E  
A L P H A t A L P H A I  C I  P I P E R I D Y L  6 7 A - 1  I - C I D  
A L P H A , b L P P A l  C I  P I P E R I D Y L  I P A R A  E T H Y L  B E N Z E N E  I 6 7 A - O 4 - C 3 6  
A L U M I N O N  METHOD / T R I  C A P R Y L  A M I N E  / A L A M I N E  / I 6 7 6 - 1 4 - C 3  
A L U M I N U P  - M O R I N  I F L U O R O M E T R I C  D E T E R  6 7 A - 0 4 - C 4 D  
A L U M I N U C  / I R O N  / A L U M I N O N  METHOD / T R I  C A P R Y L  / 6 7 6 - 1 4 - C 3  
A L U M I N U Y  I O X Y C E N  I N  Z I R C O N I U M  / O X Y G E N  I N  T E C H /  6 7 A - 0 9 - C S A  
A L U M I N U P  A L L O Y  / N I C K E L - 6 1  F L U O R I D E  / N I C K E L - 6 4 1  6 7 A - I O  
A L U M I N U P  A L L O Y S  ( B O E H M I T E  I / O N  H A R D E N I N G  S T U D 1  6 7 A - 0 8 - C I B  
A L U M I N U P  ANC b L U C I N U M  A L L O Y S  I B O E H M I T E  I / O N  H A  6 7 A - 0 8 - C I B  
A P P N I T P  T O X I N S  / T H I N  L A Y E R  CHROMATOGRAPHY O F  P /  6 7 A - 0 4 - C I B  
A M A N I T A  T O X I N S  @Y T H I N  L A Y E R  CHROMATOGRAPHY ON S 6 7 P R R - 0 @ 6  
A M A R A N T H  RED / WELCH D E N S I C H R O N  I I E C H N I C O N  A U T O  6 7 A - 0 1 - 1 0  
A M B L Y G C N I T E  I N E C N  I N  F L U O R I T E  / N E O N  I N  U R A N I N /  6 7 A - 0 7 - C b  
A M E R I  C IUF 6 7 A - 0 9 - C B C  

* 

. 
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C O N T R O L L E D  P 3 T E V T I A L  C O U L O M E T R I C  T I T R A T I C h  OF 
C O N T R O L L E D  P O T E N T I A L  C O U L O M E T R I C  D E T E R P I N A T I O h  OF 

/ U  PROCESS S A M P L E S  / C A L I F O R N I U M  / C U R I U M  / E I N S T E I N I U M  I 
V I O R  OF A M E Q I C I U M I V I  I A M E R I C I U M - 2 1  S E P A R A T I O N  METHOD F O R  
P E H A V I O R  O F  A Y E R I C I U M I V I  N E h  S E P A R A T I O N  METHCO F O R  
D I U M - 2 2 6  / P R O M E T H I U M - I 4 6  / H A F N I L M - 1 8 1  / P L U T C N I U F - 2 4 1  / 
RGY GAMMA R A D I A T I O N S  FROY U R A V I U M - 2 3 3 ,  P L U T O N I U M - 2 3 9 ,  AND 
I C  ON L I O U I O - L I R U I O  E X T R A C T I O N  B E H A V I O R  O F  A M E R I C I L M ( V )  I 
/ I D  E X T R A C T I O V  e E H A V 1 O R  3 F  A M E R I C I L M I V I  I A P E R I C I U P - 2 4 1  / 
/MA-RAY SPECTRUM O F  P L U T O N I U M - 2 4 6  / GAMMA-RAY S P E C T R U P  OF 
/MA-RAY SPECTRUM O F  A M E R I C I U M - 2 4 5  / GAMMA-RAY S P E C T R U C  OF 
01 K E T O N E S  I HEXA F L U O R 0  A C E T Y L  ACETONE / E U R O P I U P I I I I I  / 
F R I C I U M  B A S E O  ON T H E  L I Q U I D - L I C U I O  E X T R A C T I O Y  B E H A V I O R  OF 
/ A M E R I C I U M  B A S E O  O V  L I Q U I D - L I O U I O  E X T R A C T I O N  B E H A V I O R  CF 

PARA A P I N G  B E h Z Y L  
H E P T P  O E C Y L  

/ I 1  F U E L  / A L U M I N U M  / I R 3 N  / A L U C I N O N  METHOD / T R I  C A P R Y L  
/ F U L V I C  A C I D  / C A L C I U M  I O N  E L E C T R O D E  / P A R A  A M I N O  B E N Z Y L  
/ I N 0  B E V Z Y L  A M I V E  / 01 0 3 O E C Y L  N A P H T H A L E N E  / H E P T Y L  O E C Y L  
/ T E T R A  \I B U T Y L /  O R G A Y I C  P R E P A R A T I O N S  I PARA A P I N O  B E N Z Y L  
N O F  U R A V I U M I V I I  I N  THE P R E S E N C E  OF C O P P E R I I I I  I H Y O R C X Y L  
/ T E  BY R A O I O L Y T I C A L L Y  G E U E R A T E O  A C I D  / E D T A  I E T H Y L E N E  01 
/ O R G A N I C  P H O S P H A T E  E S T E R S  / P O L Y  N U C L E A R  H Y O R O C A R B C h S  / 

O F  U R I N E  I 
C E  O F  A L P H A  C H A I N  O F  MOUSE H E M O G L O B I N  / A M I N O  A C I D  S E C U E l  
G L O B I N  / A M I V O  A C I D  S E Q U E l  A M I N O  A C I D  SEQUENCE A N A L Y S I S  I 
/ A M I N O  A C I D  SEQUENCE O F  b L P H A  C H A I N  OF MOLSE H E M O G L O B l k  / 

RNA 1 S Y V T I - E T A S E S  FROM E S C H E R I C H I A - C O L I - /  P R E P A R A T I C N  OF 
R A N S F /  T H E  O E T F R M I N A T I O Y  O F  T R A N S F E R  R I B O  N U C L E I C  A C I D  B Y  

PARA 
/ H U M I C  A C I D  / F U L V I C  A C I D  / C A L C I L M  I O N  E L E C T R O D E  / P A R P  
I U M  C B L O R I O E  / T E T R A  V B U T Y L /  O R G A N I C  P R E P A R A T I O N S  I PARA 
/ H I U M  / F L U O R I D E  / WATER P O L L U T I O N  / F R E E  A M M C N I A  / T O T A L  
/ / U R A N I U M  / L I T h I U M  / F L U O R I D E  / WATER P O L L U T I O N  / F R E E  
/ R  C O L O R I M E T R I C  G E T E R M I V A T I O N  OF I R O N  / C O N T R O L  L I P I T  FOR 

CURRENT 
U / O R N L /  MODEL V I  F L A M E  SPECTROPHOTOMETERS I S O L I 0  S T A T E  

S Y S T E M S  O E V E L O P M E N T  - 
OF R A D I A T I O N  - P R E C I S I O U  PHOTOMETRY U S I N G  A R A D I O I S /  T H E  

/ D E T E R M I N A T I O N  O F  T R A N S F E R  R I B 0  N U /  I N S T R U M E N T A T I O N  F O R  
E M I S S I O N  SPECTROMETER I USE O F  I O D I N E - 1 2 5  TO E X C I T E  X-R/ 

R A N S U R A N I U M  R E S E A R C H  L A B 3 R A T O R Y  ( M I C R O C H E M I C A L  A N P L Y S I S l  
A T E R I A L S  T H E  

BOOK R E V I E W  OF, P R O G R E S S  I N  N U C L E A R  ENERGY,  S E R I E S  I X .  
G E N E R A L  R E Q U I R E M E N T S  OF MODERN D A Y  

COMMEVTS L O C A T E 0  ON P .37A I N  E O U C A T I O h  I N  
R A /  A P P L I C A T I O Y S  O F  R A O I O L Y T I C A L L Y  G E N E R A T E D  R E A G E N T S  I N  

C O M P A R I S O h  OF 
PORT FOR P E R 1 0 0  E N D I N G  0 C T . 3 1 ~  1 9 6 6  
PORTS 1964-1966 C L M U L A T I V E  I N D E X E S  TC T H E  

S T A T I S T I C A L  Q U A L I T Y  C O N T R O L  REPCRT.  
S T L T I S T I C A L  Q U A L I T Y  C O N T R O L  R E P C R T t  
S T A T I S T I C A L  Q U A L I T Y  C O N T R O L  REPCRTI  

THE NEW I P A G E  OF 

N T S  R E C E N T  D E V E L O P M E N T S  I N  T H E  
OUP M O N T H L Y  SUMMARY - N O V . 1 1 9 6 6  / O E C . 1 1 9 6 6  / J A N . 9 1 9 6 7  / 
OUP MONTHLY SUMMARY - M A ? . , 1 9 6 7  / J U L Y 1 1 9 6 7  
OUP MONT,HLY SUMMARY - A P ?  - 9  I 9 6 7  
/ R I M E N T S  R E L A T E 0  TO T H E  b C O U I S I T I O N  O F  T H E  H I G H  I N T E N S I T Y  

R E C E N T  A D V A h C E S  I N  

ORNL M A S T E R  
C U M U L A T I V E  I N D E X E S  TO THE ORNL M A S T E R  

M A I N T E N A N C E  OF THE ORNL M A S T E R  
O R N L  P A S T E R  

I N D E X E S  TO T H E  ORNL MASTER 
ORNL MASTER 

6 7 P R R - 0 5 5  A M E R I C I U M  
A M E R I C I U M  6 7 P R R - I  3 5  
A M E R I C I U M  / E X T R P C T I O N  CHROMATOGRAPHY / P L L S E - H /  6 7 8 - 1  4 - G I  
A M E R I C I U P  E P S E C  CN L I O U I C - L I Q U I D  E X T R A C T I O N  EEHA 6 7 A - 0 9 - C 7 R  

A H E R I C I U C - 2 4 1  ) / N I O B I U M - 9 5 M  / N I O B I U M - 9 3 M  / RA 6 7 P - 0 9 - C b E  
A M E R I C I U M - 2 4 1  I P L U T O N I U M - 2 3 8  / OECAY SCHEMES I 6 7 A - 0 9 - C b O  
A M E R I C I U C - 2 4 1  / P M E R I C I U M - 2 4 3  / 2 T H E N O Y L  T R I  F /  6 7 A - 0 9 - 1 7 8  
A M E R I C I U P - 2 4 3  / 2 T F E N O Y L  T R I  FLUORO ACETONE I / 6 7 A - 0 9 - C 7 B  
A M E R I C I U P - 2 4 5  / CAMMA-RAY SPECTRUM O F  A M E R I C I U M /  6 7 A - 0 9 - C 7 E  
A M E R I C I U M - 2 4 6  / 2 T P E N O Y L  T R I  FLUORO ACETONE I / 6 7 A - 0 9 - C 7 E  
A M E R I C I U M I I I I I  / C H E L A T E S  I / AND A C T I N I D E  B E T A  6 7 A - 0 9 - 1 8 8  
A M E R I C I U M I V I  NEW S E P A R A T I O N  METHOD F O R  AM 6 7 P R R - 0 4 4  
A P E R I C I U P I V I  I P M E R I C I U M - 2 4 1  / A M E R I C I L M - 2 4 3  / / 6 7 A - 0 9 - C 7 B  
P P I N E  6 7 A - I  I - C I  A 
A C I N E  6 7 A - I  I - C I  C 
A M I N E  / A L A P I N E  / C E S I U M  C H L O R I D E  / O I S S O L U T I O N l  6 7 8 - 1 4 - C 3  
A M I N E  / CI COCECYL N A P H T H A L E N E  / H E P T Y L  O E C Y L  A /  6 7 A - 0 4 - C 3 A  
A M I N E  / C I  COCECYL NPPHTI -ALENE S U L F O N I C  A C I D  / / 6 7 A - 0 4 - 0 3 A  
A M I N E  / T R I  N B U T Y L  B E N Z Y L  P H O S P H O N I U M  C H L O R I D E  6 7 A - 1 1  
A M I N E  HYCRO S U L F A T E  1 / C O U L O M E T R I C  O E T E R M I N A T I O  6 7 A - O 4 - C 2 B  
A P I N E  T E T R A  A C E T I C  P C I O  / S T U D Y  O F  N U C L E A T I O N  P /  6 7 A - 0 2 - C 7  
A l r I N E S  / P L C O h O L S  / K E T O N E S  I / A T I C  HYDROCARBONS 6 7 A - 0 7 - C 2  
A P I N O  A C I C  A N P L Y S E S  I ALIENO-31 V I R U S  / A N A L Y S I S  6 7 A - 0 5 - 0 3 0  
A M I N O  A C I D  S E Q U E N C E  A N A L Y S I S  I A M I N O  A C I D  SEQUEN 6 7 A - 0 5 - C 4  
A M I N O  A C I C  S E C U E N C E  O F  A L P H A  C H A I N  O F  MOUSE HEM0 6 7 A - 0 5 - C 4  
A P I N O  P C I C  S E Q U E N C E  O F  B E T A  C H A I N  O F  MOUSE HEMO/  6 7 A - 0 5 - C 4  
A M I N O  A C Y L  T R P N S F E R  R I B O  N U C L E I C  A C I D  I T R A N S F E R  6 7 A - 0 5 - P I C  
A M I N O  A C Y L A T I O N  I .  L E U C I N E  A N 0  P H E N Y L  A L A N I N E  T 6 7 P R R - 0 3 8  
A M I N O  E E N Z Y L  A M I N E  6 7 A - I  I - G I  A 
A V I N O  B E N Z Y L  A M I N E  / 0 1  CODECYL N A P H T H A L E N E  / H /  6 7 A - O 4 - C 3 A  
A P I N O  B E N Z Y L  A M I N E  / T R I  N B U T Y L  B E N Z Y L  PHOSPHON 6 7 8 - 1  I 
A P P O N I A  / I N O R G A N I C  P H O S P H A T E  / T O T A L  P H O S P H A T E /  6 7 8 - 1  4 - 0 2  
A M P O N I A  / T O T A L  P M M O N I A  / I h O R G A N I C  P H O S P H A T E  / I  6 7 8 - 1 4 - 1 2  
A M P E R O C E T R I C  C E T E R M I N A T I O N  O F  CHROMIUM / MSRE C/ 6 7 8 - 1 4 - C 5  
A P F L I F I E R  6 7 A - 0 1 - 1 9  
A M P L I F I E R  / D E T E R M I N A T I O N  O F  L I T H I U M  / MSRE / TR 6 7 6 - 0 1 - 1 2  
AN P L Y 1  I C A L  6 7 P R R - I  06 
A N A L Y T  1 C P L  A L P P P  SPECTROMETRY 6 7 A - 0 9 - 1 2 E  
A Y P L Y T I C A L  A P P L I C A T I O N S  O F  T H E  SECONDARY E F F E C T S  6 7 P R R - I  2 9  
A N P L Y T  I C P L  e I O C F E M I S T R Y  6 7 A - 0 5  
A N A L Y T I C A L  B I C C H E M  I S T R Y  I T E C H N I C O N  A U T O A N A L Y Z E R  6 7 A - 0 1  -I 0 
A N P L Y T I C A L  C A P A e I L I T I E S  O F  P S E M I C O N O U C T O R  X-RAY 6 7 A - 0 9 - C 2 C  
A N P L Y T I C A L  C H E M I C A L  R E S E P R C P  F A C I L I T I E S  I N  T H E  T 6 7 A - 0 9 - C B A  
A N A L Y T I C A L  C H E M I S T  L O O K S  AT S T A V O A R D  R E F E R E N C E  M 6 7 P R R - I  3 7  

6 7 P R R - 0 4 7  AY P L Y 1  I C A L  CHEM I S T R Y  
A N P L Y T  I C A L  C H E M I S T R Y  6 7 P R R - I  3 6  
A N I L Y T I C A L  C H E P I S T R Y  - A V I E W  FROM I N O L S T R Y  6 7 P R R - 0 2 3  
A N P L Y T I C P L  C H E P I S T R Y  I HOMOGENEOUS S E P A R A T I O N S  I 6 7 A - 0 2 - 0 7  
A N P L Y T I C A L  C H E M I S T R Y  AND A C T I V A T I O N  A N A L Y S I S  6 7 P R R - I O 1  
A N P L Y T I C A L  C H E P I S T R Y  C I V I S I O N  ANNUAL P R O G R E S S  RE 6 7 P R R - 0 6 5  
A N P L Y T I C A L  C H E C I S T R Y  C I V I S I O N  ANNUAL P R O G R E S S  R E  6 7 P R R - 0 6 7  
A N A L Y T I C A L  C H E M I S T R Y  D I V I S I O N I  APR.-JUNE, 1 9 6 7  6 7 P R R - 0 6 0  
A N A L Y T I C A L  C H E M I S T R Y  O I V I S I O N I  JAN.-MAR., 1 9 6 7  6 7 P R R - 0 5 9  
A N P L Y T I C A L  C H E M I S T R Y  O I V I S I O N t  OCT.-OEC.t 1 9 6 6  6 7 P R R - 0 5 8  
A N P L Y T I C P L  C H E M I S T R Y  FOR REACTOR P R O J E C T S  6 7 A - 0 3  

6 7 P R R - I  44 A N P L Y T I C A L  C H E M I S T R Y  I N  S C I E N C E  
A N P L Y T I C P L  C H E M I S T R Y  O F  R A D I O N U C L I D E S  6 9 A - 0 9 - C B  
A N P L Y T I C A L  C H E M I S T R Y  O F  T H E  T R A N S P L U T O N I U M  ELEME 6 7 P R R - 1 1 7  
A N P L Y T I C A L  C H E P I S T R Y  R E S E A R C h  ANC O E V E L O P M E N T  GR 6 7 P R R - 0 7 1  
A N P L Y T I C A L  C H E M I S T R Y  R E S E A R C H  A N 0  D E V E L O P M E N T  GR 6 7 P R R - 0 8 G  
A N A L Y T I C A L  C H E M I S T R Y  R E S E A R C H  A N 0  D E V E L O P M E N T  GR 6 7 P R R - 0 @ 2  
A N P L Y T I C A L  C Y C L O T R O N  I T P E  C Y C L O T R O N  C O R P O R A T I O l  6 7 6 - 0 9 - G 3 6  

6 7 P R R - I  3 8  A N P L Y T I C P L  E M I S S I O N  SPECTROSCOPY 
A N P L Y T I C P L  I N S T R U M E N T A T I O N  6 7 A - 0 1  
A N D L Y T I C P L  M A N U A L  6 7 C - I  5 
AN D L Y T I C A L  M A N U A L  6 7 C - I  5-CI 
A N P L Y T I C A L  P A N U P L  67C-I  5 - C 2  
A N P L Y T  I C P L  P A N U A L  6 7 C  

6 7 P R R - 0 6 8  A N P L Y T I C A L  M A N U P L  I 1955-1966 I 
A N P L Y T I C P L  MANUPL,  S U P P L E M E N T  9 6 7 P R R - 0 6 6  

AMERICIUP E A S E L  CN T H E  L I a u I o - L i a u I D  EXTRACTION ~ ~ P R R - O U  

E F F E C T S  OF R A O I A T I O h  ON A N P L Y T I C A L  P E T H O C S  6 7 A - 0 2  
C O M P A R I S O V  OF P C T I V A T I O N  A N A L Y S I S  TC OTHER A N P L Y T I C A L  CETHOCS 6 7 P R R - I  C2 

O L T E N  F L J O R I O E  S A L T S  A N P L Y T I C P L  METHOCS FOR T P E  I N - L I N E  A N A L Y S I S  O F  M 6 7 A - 0 3 - C 2  

T O G R A P H I C A L L Y  S E P A R A T E 0  U R I N A R Y  C O N S T I T U E N T S  I N U C L E O T I D E  A N A L Y Z E R  I I D E N T I F I C A T I O N  O F  CHROPA 6 7 A - 0 5 - 1 2 C  
F S T E A M  I SOL-GEL P R O C E S S  / B E C K M A N  M O O E L - I O 9  HYORCCARBON A N A L Y Z E R  I / T E R M I N A T I O N  O F  HYDROCARBON C O N T E N T  0 6 7 A - 0 3 - 0 3 A  
I C  M E T A L  O X I D E S  I I V E R T  G A S  F U S I O N  METHOD / L E C O  N I T R C X - 6  A N I L Y Z E R  / A C E T A N I L I C E  / A L P H A  E M I T T I N G  S A M P L E S /  6 7 A - 0 4 - C 4 A  
/ R I N E  FOR U L T R A V I O L E T  A B S O R B I N G  C O N S T I T L E N T S  I N U C L E C T I D E  A N I L Y Z E R  / CHROMPTOGRAMS O F  U R I N E  O F  L E U K E M I A  P I  6 7 A - O 5 - C 2 A  
E A C T O R  F U E L - E L E M E N T S  I B E C K M A N  M O D E L - 3 1 5  PROCESS I h F R A R E O  A N P L Y Z E R  / C E T E R P I N A T I O N  O F  CARBON MONO O X I D E  I 6 7 A - 0 5 - 0 4 A  
/ T E L L U R I U M - I 3 2  / T H U L I U M - 1 7 1  / 4C96 C H A N N E L  P U L S E - H E I G H T  A N A L Y Z E R  F I S S I O N  PRODUCT A N A L Y S E S  / M O L T E N  S A L T /  6 7 8 - - 1 4 - G 4  

A C O M P A R A T I V E  C O N D E N S A T I C N  P R E S S U R E  A Y A L Y Z E R  FOR U R A N I U M  H E X A  F L U O R I D E  P U R I T Y  6 7 P R R - 0 3 2  
V C L t C  L L  At? AN PTOMY P R O G R  P M  6 7 A - 0 5 - U 3  

A N P L Y T  1 C P L  R E S E P R C H  6 7 A  

/ CARBOY T E T R A  C H L O R I D E  CHLOROFORM / 2 E T H Y L  N A ? t ’ T H P L t N E /  A N I L I N E  / I CHLORO P R O P A N E  / H E X Y L  N A P H T H A L E N E  / 6 7 A - 0 4 - 0 1 A  
T H E  R A P I D  S E P A R A T I O N  O F  B E R K E L I U P I I V )  F R C M  C E R I U M I I V )  B Y  A N I O N  EXCHANGE NEW METHOD FOR 6 7 6 - 0 9 - 0 7 C  

T I D E S  P O L Y  E T H Y L E N E  I M I N E  - C E L L U L O S E  - A NEW A N I O N  EXCHANGER FOR T H E  CHROMATOGRAPHY O F  N U C L E O  6 7 T R - G 2  
/ R E A G E N T S  I C O P P E R - 6 4  / E L E C T R O D I A L Y S I S  OF WATER THRCUGH P N I O N  P E R M E P E L E  I N 0  C A T I O N  P E R M E A B L E  MEMBRANES / 6 7 1 - 0 6 - 0 3 8  
l T C H E L L  - S C O T T  PROCEDURE / P H O S P H O R U S - 3 2  / F O R M I C  A C I D  / A N I O N  P E R M E A B L E  R E S I N  MEMBRANE / E L E C T R O O I A L Y S I l  6 7 A - O b - C 3 A  
1966 A N A L Y T I C A L  C H E C I  S T R Y  D I V I S I O N  AN,NUAL PRCGRESS REPORT FOR P E R I O D  E N D I N G  OCT.31 t 6 7 P R R - 0 6 5  

C U M U L A T I V E  I N D E X E S  TO T H E  A N A L Y T I C A L  C H E M I S T R Y  D I V I S I O N  A N N U A L  PRCGRESS REPORTS 1 9 6 4 - 1 9 6 6  6 7 P R R - 0 6 7  
F O X I C E  A T  T H E  P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  A N C O I C  R E I C T I O N S  O F  T F E  F A L I D E S  I V  D I  M E T H Y L  S L L  6 7 P R R - 0 5 3  

P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  I dGE. 1 I T E T R A  T H I C N A T E  I A N C D I C  R E A C T I O N S  O F  T H I O  S U L F A T E  A T  T H E  R O T A T I N G  6 7 A - 0 2 - C 3  
6 7 A - 0 9 - C 7 1  S E P A R A T I O h  OF S O D I U M  W I T H  A N T I M O N Y  P E N T A  O X I D E  I S O D I U M - 2 4  I 

. 
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/ M I U M  T R A C E R  / C O B A L T  T R L C E R  / C O P P E R  T R A C E R  I S E L E N I U M  I A N T I M O N Y  P E h T A  O X I D E  / S E P A R A T I O N  O F  S O D I b M  A Y D /  6 7 A - 0 9 - C 7 H  
A VACUUM F L S I O N  - G A S  C H R D M A T O G R A F H I C  A P P A R A T U S  FOR LOW L E V E L S  O F  I N T E R S T I T I A L  G A S E S  6 7 P R R - 0 9 C  

D R O P P I N G  MERCURY E L E C T R D O E  I D-M.E. 1 I O R N L  M C D E L - ' 2 - 2 9 4 1  A P P A R A T U S  FOR P R E C I S E  CONTROL O F  DROP T I M E  O F  A 6 7 A - O I - C 6  
C O N T R O L L E D  PO 6 7 P R R - 0 4 3  T E N T I A L  D I F F E R E N T I A L  DC P O L A R O S R A P H Y  I .  I N S T R U M E N T A T I O N ,  A P P A R A T U S t  A N C  T E C H N I Q U E S  
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C H E L A T E S  1 / A N 0  A C T I N I D E  B E T A  01 K E T O N E S  I H E X A  6 7 A - 0 9 - C E B  
C H E L E X - 1 0 0  ) L I G A N D  E X C H A N G E  CHROMATOGRA 6 7 A - O S - C I  F 
C H E M I C A L  A N 0  E L E C T R O N  O P T I C A L  S T U D I E S  O F  THE SOL 6 7 P R R - 0 9 9  
C H E M I C A L  ANC P H Y S I C A L  R E S E A R C H  6 7 P R R - I  3 1  
C H E M I C A L  P E T H O O S  6 7 A - 0 4 - C 4  
C H E M I C A L  P R E C O N C E N T R A T I O N  O F  T R A C E  E L E M E N T S  I N  B 6 7 A - 0 6 - C 3 A  
C H E M I C A L  R E S E A R C F  F A C I L I T I E S  I N  T H E  T R A N S L R A N I U M  6 7 A - 0 9 - C B A  
C H E M I S T  LOOKS A T  D I R E C T  R E A C T I O N S  / T I O N  O F  H E L I L  6 7 P R R - I 4 2  
C H E M I S T  L C O K S  A T  S T A N O A R C  R E F E R E N C E  M A T E R I A L S  6 7 P R R - I  3 7  
CH E M 1  S T  RY 6 7 A - 0 4 - C 2  
C H E M I S T R Y  6 7 P R R - I  36 
C H E M I S T R Y  B O O K  R E V  6 7 P R R - 0 4 7  
C H E M I S T R Y  - A V I E W  FROM I N D U S T R Y  6 7 P R R - 0 2 3  
C H E M I S T R Y  I HOMOCENEOUS S E P A R A T I O N S  / R A D I O L Y T I l  6 7 A - 0 2 - C 7  
C H E P I S T R Y  A N 0  A C T I V A T I O N  A N A L Y S I S  6 7 P R R - I  C I  
C H E M I S T R Y  O I V  I S  I O N  ANNUAL PROGRESS'REPORT F O R  P E  6 7 P R R - 0 6 5  
C H E M I S T R Y  D I V I S I O N  ANNUAL P R O G R E S S  R E P O R T S  1964- 6 7 P R R - 0 6 7  

6 7 P R R - 0 6 @  C H E M I S T R Y  O I V  I S  I C N ,  PPR.-JUNE, 1 9 6 7  
C H E M I S T R Y  O I V I S I C N t  JAN.-MAR., 1 9 6 7  6 7 P R R - 0 5 9  

6 7 P R R - 0 5 8  C H E M I S T R Y  O I V  I S  ICN.  OCT.-OEC., 1966 
C H E M I S T R Y  FOR R E P C T O R  P R O J E C T S  6 7 6 - 0 3  

6 7 P R R - I  I 4  C H E M I S T R Y  I N  M O L T E N  F L U O R I O E S  
CH EM1 S T R Y  I N  S CI ENCE 6 7 P R R - I  44 

6 9 A - 0 9 - C B  C H E M I S T R Y  O F  R A C I O N U C L I C E S  
C H E M I S T R Y  O F  T H E  T R A N S P L U T O N I U M  E L E M E N T S  6 7 P R R - I  I 7  
C H E M I S T R Y  R E S E A R C H  ANC C E V E L O P M E N T  GROUP MONTHLY 6 7 P R R - 0 7 1  
C H E P I S T R Y  R E S E A R C H  PNC C E V E L O P M E N T  GROUP MONTHLY 6 7 P R R - O e C  
C H E M I S T R Y  R E S E A R C H  ANC C E V E L O P M E N T  GROLP MONTHLY 6 7 P R R - 0 @ 2  
C H E M I S T R Y  S T U C I E S  - A D S O R P T I O N  O F  WATER O N  P O R O L  6 7 A - 0 8 - 0 l A  
C H L O R A L  H Y D R A T E  1 HOMOGEYEOUS P R E C I P I T A T I O N  OF / 6 7 A - 0 2 - C 7  
C H L O R A T E  P E O I A  11. TI -€  E F F E C T S  O F  H Y D R O L Y S I S  ON 6 7 P R R - 0 1 2  
C H L O R I C E  / @ E N Z Y L  T E T R A  @ U T Y L  P H O S P H O N I U M  BROMIl 6 7 A - I  I 
C H L O R I C E  / C E S I U M  C P L O R I C E  / G A D O L I N I U M - l t C  / GE 6 7 A - I O  
C H L O R I C E  I C I S S O L U T I O N  O F  M E T A L  C A R B I D E S  1 / I R O  6 7 6 - 1 4 - C 3  
C H L O R I D E  / G A C O L I N I U M - 1 6 0  / G E R M A N I U M - 7 3  - C H R O l  6 7 A - 1 0  
C H L O R I O E  I HOMOGENEOUS P R E C I P I T A T I O N  O F  B A R I U M  / 6 7 A - 0 2 - C 7  
C H L O R I C E  / M A G N E S I U M  N I T R I D E  I H I G H  P U R I T Y  M A G N I  6 7 A - I O  
C H L O R I C E  / R A D I O L Y T  I C A L L Y  G E N E R A T E D  S U L F U R  1 /DE 6 7 A - 0 2 - C 2  
C H L O R I O E  I S A M A R I U M I I I I  F L U O R I D E  / SODIUMII) O X /  6 7 A - I O  
C H L O R I O E  / T E T R A  N B U T Y L  P H O S P H O N I U M  B R O M I D E  I I 6 7 A - I I  
C H L O R I D E  I V A N A C I U M I I I I  F L U O R I D E  I Z I R C O N I U M  N I I  6 7 A - I C  

C H L D R I C E / C H L O R O F O R M  / 2 E T H Y L  N A P H T H A L E N E /  A N I L l  6 7 A - 0 4 - 0 1 0 ,  
C H L O R I N E  I N  O R G A N I C  COMPOUNOS / OECAY C H A R A C T E R /  67A-09 -115A 
C H L O R I N E - 3 6  / Z I R C O N I U M - 9 5  - V I O B I U M - 9 5  I Y T T R I l  6 7 A - 0 9 - T A R  

CHLORICE ey R~OICLYTICALLY GENERATED CI-LORIDE / I  6 7 ~ - 0 2 - ~ 7  

C H L O R O  C Y C L O  B U T A N E  / B I  CYCLO B U T A N E  I HYDRO B I  
CHLORO P E T H A N E  I CARBON T E T R A  CHLOR I O E / C H L O R O F O /  
CHLORO P R O P A N E  I H E X Y L  N A P H T H A L E N E ' /  1 9 2  01 M E T /  
C H L O R O  T E T R A  F L U C R O  E T H A N E  / K E L - F  I T E F L O N - 6  1 

' C H L O R C F C R P  I 2 ETHYLNAPIT~ALENE I ANILINE I C I  
C H R O M A T O G R A M S  O F  URINE OF'LEUKEMIA PATIENTS I C I  
CHROMATOGRAMS O F  U R I N E  O F  S C H I Z O P H R E N I C  P A T I E N T /  
CHROMATOGRAPH I F R E O N - I 1 4  / I 1 2  0 1  C H L O R O  T E T R A /  
CHROMATCGRAPH / P U R I F I C A T I O N  O F  O R G A N I C  COMPOUND 
CHROMATCGRAPH FOR. A N A L Y S I S  O F  THE M S R E  B L A N K E T  G 

C H R O M A T C G R A P H I C  P P P A R A T U S  FOR LOW L E V E L S  OF I N T E  
C H R O M A T C G R A P H I C  C E T E R M I N A T I O N  O F  S U L F U R  H E X A  F L I  

CHROMATCGRAPHIC PNGE ~ O R N L  

~ _._ 
6 7 A - 0 4 - 0 3 A  
6 7 A - 0 4 - C I  A 
6 7 A - 0 4 - C t  A 
6 7 A - 0 3 - [ 3 6  
6 7 A - 0 4 - C I  A 
6 7 A - 0 3 - C 2 A  
6 7 A - 0 5 - 0 2 A  
6 7 A - O 3 - C 3 8  
6 7 1 - 0 4 - C I  A 
6 7 A - 0 3 - C l O  
6 7 P R R - I  16 
6 7 P R R - 0 9 0  
6 7 A - 0 4 - 0 1  A 



13 1 

L L U T A N T S  I C A R O L I Y A S  V I R G I N I P  T U B E  R E A C T O R  I C V T R  1 I G A S  
A T I V E S  O V  C E L L U L O S E  L A Y E 7 S  T H I h  L A Y E R  
T S  I N U C L E O T I D E  A N A L Y Z E R  1 I D E N T I F I C A T I O N  OF 

R N I U M  F K O Y  C U R I U M  AYO B E P K E L I U M  FROM C E R I U M  R Y  E X T R A C T I O N  
L Y  AD/  R A S E  R A T 1 3  D E T E R M I N A T I O N  O F  R N A  B Y  L I G A N D  EXCHANGE 
/ N U C L E O S I D E  ASSAY O F  R I R 3  N U C L E I C  A C I D  B Y  L I G A N D  EXCHANGE 
/ M O L E C U L A R  W E I G H T S  O F  RNP HOMOPOLYMERS B Y  L I G A N D  EXCHANGE 

F R A C T I O Y A T I O N  O F  U R I N E  R Y  G E L  P E R C E A T I O N  
N S T I T U E Y T S  OF T R A N S F E R  R I B O  N U C L E I C  A C I D S  I T I  T H I h  L A Y E R  
I M  FROM C U R I U M  AYD O F  R E X K E L I U M  FROM C E R I Q P  B Y  E X T R A C T I O N  
APH / P U R I F I C A T I O N  O F  O R G A N I C  COMPOUNDS B Y  G A S  C H R C C l  G A S  

' /CHROMATOGRAPH / P U R I F I C A T I O N  OF O R G A N I C  COMPOUNDS B Y  G A S  
/ E X T R A C T I O N  CHROMATOGRADHY I USE OF T E F L O N  I N  E X T R A C T I O N  
I O  R E L E A S E  / HONAKER - H 3 R T O N  P Y R O L Y Z E R  / P R E P A R A T I V E  GAS 
/ I F O R N I U Y  / C U R I U M  / E I N S T E I N I U M  / A M E R I C I U H  / E X T R A C T I O N  
H E N Y L  / GENERAL A N A L Y S E S  L A B O R A T O R Y  I VACUUM F U S I O N  / G A S  

A P P L I C A T I O N S  OF G A S  
/ I  E S C H E R I C k I A - C O L I - B  / Y E A S T  1 S E P H A O E X - 1 0 0  / T H I h  L A Y E R  
N U C L E I C  A C I C S  I T /  T H I Y  L A Y E R  CHROMATOGKAPHY I T H I h  L A Y E R  

S O L V E N T  E X T R A C T I O N  P N D  G A S  
. T H Y L E N E  I M I ' I E  - C E L L U L O S E  - A NEW A N I O N  EXCHANGER FOR T H E  

N U C L E I C  A C I E  B A S E S  I C H E L E X - I O C  I L I G A N D  EXCHANGE 
N U C L E I C  A C I E  B A S E S  L I G A N 0  EXCHANGE 
/ T H I N  L A Y E R  CHROMATOGRAPHY O F  A M A N I T A  T O X I N S  / T H I h  L A Y E R  
/ C L E O S I O E S v  A Y D  N U C L E O T I D E S  B Y  TWO D I M E N S I O N A L  T H I h  L A Y E R  

S E P A R A T I O U  OF A P A N I T A  T O X I N S  B Y  T H I h  L A Y E R  
/ O F  S U L F U R  H E X A  F L U O R I D E  I N  METHANE / A P P L I C A T I C N S  OF G A S  
A Y I T A  T O X I N S  B Y  T H I Y  L A Y E R  CHROMATOGRAPHY ON S I L I C A  G E L  G 
/ROMETRY I M S - 7  SPARK SOURCE M A S S  SPECTROGRAPH / N I C K E L  - 
O F  I R O N  / CONTROL L I M I T  F O R  A M P E R O M E T R I C  O E T E R C I N A T I O N  OF 
/ R I C E  / C E S I U M  C H L O R I D E  / G P D O L I N I U M - 1 6 0  / G E R C A N I L P - 7 3  - 
/ V I C E  I H F I K  COMPOYENTS / R E L A T I V E  I S O T O P I C  A B U N O A h C E S  OF 
/ / G E R M A Y I U Y I I V I  S U L F I D E  G L A S S  / I R O N ( I I I 1 - 5 7  B R O C I D E  I N  
/ F L U O R I D E  - B E R Y L L I U M  F L U O R I D E  I MOLAR A B S O R P T I V I T I E S  C F  
/ I  O X I D E  W I T H  M O L T E V  F L U 3 R I O E  S A L T S  / S P E C T R A L  S T U D I E S  OF 
P Y R O L Y T I C  G R A P H I T E  A I D  G L A S S Y  C A R B O N  E L E C T R O D E S  
T E  / T O T P L  P H O S P H A T E  / T O T A L  U R A N I L M  I C A R B O N  / F O R M A T E  / 
/ A C T I V A T I O N  A Y A L Y S I S  TO WATER T R A C I N G  I C A D M I U M  TRACER / 
/ C T  R E A D E R  / E M I S S I O N  S P E C T i O M E T R I C  A N A L Y S I S  OF A L L O Y S  OF 

X-RAY SPECTROSCOPY I XRA-E2  CODE / E P - 2  
X-RAY SPECTROSCOPY I XRA-E2  

l E N T I A L  C O Y T R O L L E O  C U R R E V T  C Y C L I C  V O L T A M M E T E R  / D I F F U S I O N  
/ C O L O R I M E T R I C  D E T E R M I V A T I O N  OF N I C K E L  / C O N T R O L  L I P I T  F O R  
l O L O R I M E T R I C  O E T E K M I Y A T I 3 N  O F  U R A N I U M  / C O N T R O L  L I C I T  F O R  
L I M I T  FOR C O L O R I Y E T R /  ' J U A L I T Y  C O N T R O L  ( C O N T R O L  L I C I T  F O R  
/ T H A L E N E  / 112 01 M E T H Y L  N A P H T H A L E N E  / 5 A  MOLECULAR S I E V E  

S E P A R A T I O N  O F  BASES,  N U C L E O S I D E S  A N D  N U C L E O T I D E S  CN A 
U S E  O F  A O E N S I T Y  G R A D I E N T  
U S E  OF A D E N S I T Y  G R A D I E N T  

U S E  OF 
H A L F - L I V E S  A N 0  S P E C I F I C  A C T I V I T I E S  C F  

O U P L E O  COUNTER T I M E R S  ) O V A L  SET P O I N T  VOLTAGE 
U O R I O E  I HYCROCARBOYS 1 A N A L Y S I S  OF O F F - G A S  FROM T E S T S  OF 
/ U R A N I U Y I I 1 1 1  AND U R P N I U M I I V )  I N  M O L T E N  F L U O R I D E  S A L T S  / 
P E C T R O P H O T O M E T R I C  STUDY 3 F  T H E  Z I R C O N I U M  - A L I Z A R I N  R E D  S 
l C T R O P H O T O M t T R I C  O E T E I M I V A T I O N  O F  U R A N I U M  A S  T H I O  C Y A h A T E  
DES, AVO Y U C L E O T I C € S  R Y  TWO D I M E N S I O N A L  T H I  S E P A R A T I C h  OF 
I O N  S E P A R A T I O N  O F  F L U O R I D E  I F L U 0  S I L I C I C  A C I D  I A L I Z A R I N  
OMIUM,  I R O N ,  A V O  N I C K E L /  M A S S  SPECTROMETRY S E R V I C E  I H F I R  
I L I T Y  P I L O T  P L A Y T  I B R O M I N E  P E N T /  I N - L I N E  A N P L Y S I S  OF T H E  
I N G  S I G N P L  TO N O I S E  R A T 1 3  I S / N  ) WITH A S I G N A L  A V E R A G I N G  

A P P l  f T A T l n h '  n F  _ _ _  ._  - 
I U M I I I I )  T O  U R A Y I U M I I V )  R A T I O S  I N  MSRE F U E L  S A L T  / U S E  OF 
RAY S P E C T R A  F O R  / SECOVOPRY S T A Y O A R O I Z A T I O N S  W I T H  D I G I T A L  
F L U O R I D E  P U R I T Y  A C O C P A R A T I  VE 
E S O L U T I O V  A Y A L Y S I S  O F  U R I N E  F O R  I T S  U L T R A V I O L E T  A B S O R P I N G  

I D E N T I F I C A T I O N  OF C H R O M A T O G R A P H I C A L L Y  S E P A R A T E 0  U R I N A R Y  
I H  R E S O L U T I O V  A Y A L Y S I S  O F  U R I N E  F O R  U L T R A V I O L E T  A B S O R B I N G  

T H I N  L A Y E R  CHROMATOGRAPHY I T H I N  L A Y E R  CHROMATOGRAPHY O F  

N A T I O N  O F  U R A Y I U M  / CONTROL L I V I T  FOR C O L O R I M E T R l  C U A L I T Y  
S E L E N I U M - 7 5  / T E C H V E T I U Y - 9 9 M  / T I N - I 1 3  / X E N O N - I  C U A L I T Y  

A L K Y L  B E N Z E N E  S L L F C N A T E  I A B S  I 
/ I  CONTROL L I M I T  FOR C O L 3 R I M E T R I C  D E T E R C I N A T I C N  C F  I R C N  / 
U R A N I U M  / CONTROL L I M I T  F O R  C O L O R I M E T R l  Q U A L I T Y  C O h T R O L  I 
l O N T R O L  L I M I T  FOR C O L O R I Y E T R I C  D E T E R M I N A T I O N  OF U R A N I U M  / 
/ C O N T R O L  L I M I T  FOR C O L O R I M E T R I C  D E T E R M I N A T I O N  OF N I C K E L  / 
RODE I D.M.E. ) I ORNL M 3 O E L - Q - 2 9 4 /  A P P A R A T U S  F O R  P R E C I S E  
L L I M I T  FOR A M P E R O M E T R I C  D E T E R M I N A T I O N  OF CHROPIUY I VSRE 
PR.-JUNEv I 9 6 7  S T A T I S T I C A L  C U A L I T Y  
AN.-MAR., 1 9 6 7  S T A T I  S T I C A L  C U A L I  T Y  
CT.-CEC., 1 9 6 6  S T A T I  S T I C A L  C U A L I T Y  

C O N T R O L L E D  P O T E N T I A L  A N 0  
TRY O F  M 3 L T E Y  S A L T S  / O R N L  MODEL-C- /  C O N T R O L L E O  P O T E N T I A L  
/ R A T E S  ANC SHORT T R A N S I T I O N  T I M E S  I C O N T R O L L E D  P O T E N T I A L  

A N 0  P L U Y I N U M  A L L O Y S  I B 3 /  D I S P E R S I O N  H A R D E N I N G  S T L D I E S  - 
I C  V O L T P M M E T E R  
l F L U O R I O E  AT F A S T  SCAN R A T E S  A N 0  SHORT T R A N S I T I O N  T I Y E S  I 
O L T A M M E T t R  I VOLTAMMETRY O F  M O L T E N  S A L T S  / O R N L  MODEL-P- /  
F U R A N I U Y I V I I  I N  T H E  P R E S E N C E  OF C O P P E R 1 1 1 1  I H Y O R C X Y L  A /  

C H R O M A T O G R A P H I C  C E T E R M I N A T I O N  ,OF V O L A T I L E  A I R  PO 6 7 A - 0 3 - C h B  
C H R O M A T C G R A P H I C  S E P A R A T I O N  O F  N U C L E I C  A C I D  D E R I V  6 7 T R - 0 1  
C H R O M A T O G R A P H I C A L L Y  S E P A R A T E D  U R I N A R Y  C O N S T I T U E N  6 7 A - 0 5 - 0 2 C  
CH ROMAT CGRAPHY 6 7 A - 0 4 - C I  
CH ROMAT CGRAPHY S E P A R A T I O N  O F  C A L I F 0  6 7 P R R - 0 2 9  
CHROPATCGRAPHY I E S C H E R I C H I A - C O L  1-0 / Y E A S T  / PO 6 7 A - 0 5 - C I H  
CHROMATCGRAPHY I HOMOPOLYMERS O F  RNA I P O L Y  A O E /  6 7 A - 0 5 - 0 1 6  
CHROMATOGRAPHY I P O L Y  A O E N Y L I C  A C I D  / P O L Y  C Y T I /  6 7 A - 0 5 - C I I  

6 7 A - 0 5 - C Z B  CHROMATOGRAPHY I S E P H A D E X - G - I O  I 
CHROMATCGRAPHY I T H I N  L A Y E R  CHROMATOGRAPHY O F  C O  6 7 A - 0 4 - C I  B 
CHROMATCCRAPHY I U S E  O F  T E F L O N  I N  E X T R A C T I O N  CH/ 6 7 A - 0 9 - 0 7 A  
CHROMPTOGRAPHY I V A R I A N - A E R O G R A P H  G A S  CHROMATOGR 6 7 A - 0 4 - C I  A 
CHROMATOGRAPHY / B E N Z E Y E  / P E N T A N E  / H E X A N E  / H /  6 7 A - 0 4 - D l A  
CHROMATCGRAPHY / D I  I 2 E T H Y L  h E X Y L  I ORTHO P H O l  6 7 A - 0 9 - C l A  
CHROMATCCRAPHY / GAS CHROMATOGRAPHIC D E T E R M I N A T I  6 7 A - 0 4 - C l A  
CHROMATOGRAPHY / P U L S E - H E I G H T  A N A L Y S I S  / F L U O R I /  6 7 8 - 1  4 - 0 1  
CHROMATOGRAPHY / T R A N S F E R  R I B O  Y U C L E I C  A C I D S  / P 6 7 8 - 1  4-02 
CHROMATCGRAPHY I h  N U C L E A R  TECHNOLOGY 6 7 P R R - C C 5  
CHROMATCCRAPHY O F  A M A N I T A  T O X I N S  / T H I N  L A Y E R  C /  6 7 A - 0 4 - C I B  
CHROMATOGRAPHY O F  C O N S T I T U E N T S  OF T R A N S F E R  R I B O  6 7 A - 0 4 - C l  B 
CHROMATOGRAPHY O F  M E T A L  F L U O R 0  A C E T Y L  A C E T O N A T E S  6 7 P R R - 0 7 0  
CHROMATCGRAPHY O F  N U C L E O T I D E S  P O L Y  E 67TR-C i2  
CHROMATCCRAPHY OF N U C L E O T I D E S t  N U C L E O S I O E S v  AND 6 7 A - 0 5 - C I F  
CHROMATOGRAPHY OF N U C L E O T I D E S v  V U C L E O S I D E S r  AND 6 7 P R R - 0 1 6  
CHROMATOGRAPHY O F  P R O T E I N S  ON SEPHAOEX G - 7 5  S U P /  6 7 A - 0 4 - C l B  
CHROMATCGRAPHY ON P O L Y  E T H Y L E N E  I M I N E  - C E L L U L O l  6 7 P R R - O e 7  
CHROMATCCRAPHY Oh S I L I C A  C E L  G C h R O M A T O P L A T E S  6 7 P R R - O e 6  
CHROMATCGRAPHY T C  PROBLEMS I N  POWDER M E T A L L U R G Y /  6 7 A - 0 4 - G I  A 
CH ROMATO P L A T  E S  S E P A R A T I O N  O F  A P  6 7 P R R - 0 8 6  
C H R O M I U C  - I R O N  E A S E  A L L O Y S  / M A S S  S P E C T R O M E T R I /  6 7 A - 0 7 - G I  
C H R O M I U P  I M S R E  CONTROL PROGRAM I l E T E R M I N A T I O N  6 7 0 - 1 4 - C S  
C H R O M I U C  A L L O Y  / GERMAN I U M I  I 1  ) - 7 3  I O O I O E  / GERM/  6 7 4 - 1  0 
CHROMIUPI  I R O N ,  DNO N I C K E L  / M A S S  S P E C T R O M E T R I C /  6 7 0 - 1 2 - C I  
C H R O M I U P I I I I I  B R O M I D E  / M A G N E S I U M  C H L O R I D E  / M A /  6 7 A - 1 0  
CHROMIUYlIIIl I N  M O L T E N  L I T P I U M  F L U O R I D E  - B E R Y l  6 7 A - 0 3 - C 2 0  
C H R O M I U C I I I I )  I N  M O L T E N  L I T H I U M  F L U O R I D E  - B E R Y l  6 7 A - 0 3 - C Z D  
C H R O N O P C T E N T I O M E T R Y  O F  T P E  I O D I Y E  S Y S T E M  A T  THE 6 7 P R R - 0 5 4  
C O A T E D  P A R T I C L E S  / O E N S I T Y  I / I N O R G A N I C  PHOSPHA 6 7 8 - 1 4 - 1 2  
C O P A L 1  T R A C E R  / COPPER TRACER / S E L E N I U M  / A N T I /  6 7 A - 0 9 - C 7 H  
C O e A L T ,  T I T A N I U M I  V A N A D I U M I  N I O B I U M t  B I S M L T H t  L /  6 7 6 - 1 3  
COCE / C A T A P L O T  I 6 7 A - 0 6 - G l  
C O L E  / E P - 2  C O D E  I D A T A P L O T  1 6 7 A - 0 6 - C I  
C O E F F I C I E N T  F O R  U R A N I U M I I V I  I N  M O L T E N  L I T H I U C  F /  6 7 A - 0 3 - C Z C  
C O L O R I P E T R I C  C E T E R M I N A T I O N  O F  I R O V  / CONTROL L I /  6 7 8 - 1 4 - C 5  
C O L O R I M E T R I C  C E T E R M I N A T I O Y  O F  N I C K E L  / CONTROL / 6 7 0 - 1 4 - C 5  
C O L O R I M E T R I C  D E T E R M I N A T I O N  O F  U R A N I U M  / C O N T R O L  6 7 8 - 1  4 - C 5  
COLUMN / F I S K  604  M O L D  R E L E A S E  / HONAKER - H O R T /  6 7 A - 0 4 - C l A  
COLUMN O F  D E X T R A N  I S E P h A D E X  G - I O  I 6 7 G 3  TR- 
C O L U M N  T O  M E A S U R E  T H E  D E N S I T Y  O F  M I C R O S P H E R E S  6 7 P R R - 0 1 4  
COLUMN T O  M E A S U R E  T H E  D E N S I T Y  O F  M I C R O S P H E R E S  6 7 P R R - 0 9 1  
C O Y M E R C I A L  F R E E Z E  D R I E D  FOOC A S  T I S S U E  S T A N D A R D  6 7 A - 0 6 - C 3 C  
CDPHON R A C I O N U C L I D E S  6 7 P R R - 0 5 7  
C O P P A R A T O R  I ORNL M O D E L - P - 2 9 5 0  1 I ERROR I N  DC C 6 7 A - 0 1 - 0 2  
C O P P A T I e I L I T Y  O F  M S R E  PUMP O I L  W I T H  BORON T R I  F L  6 7 A - 0 3 - C I C  
C O C P A T I @ I L I T Y  O F  S I L I C O N  D I  O X I D E  W I T H  M O L T E N  F /  6 7 A - 0 3 - C 2 0  
C O C P L E X  V O L T A M M E T R I C  AND S 6 7 P R R - 0 5 1  
C O P P L E X  I S T A N N O U S  C H L O R I D E  I R A D I O L Y T I C A L L Y  G E I  6 7 A - 0 2 - 0 2  
C O P P L E X  Y I X T U R E S  O F  N U C L E I C  A C I D  B A S E S ,  N L C L E O S I  6 7 P R R - 0 8 7  
C O Y P L E X C N E  I R A P I D  O I S T I L L A T  6 7 A - 0 2 - C 5  
COCPONENTS / R E L P T I V E  I S O T O P I C  ABUNOANCES O F  CHR 6 7 8 - 1  2-CI 
C O P P O N E h T S  O F  GASES FROM T H E  F L U I D I Z E D - B E D  V O L A T  6 7 A - 0 3 - C 3 0  
C O C P U T E R  / A M €  P h C T O M E T R I C  S E N S I T I V I T Y  B Y  I N C R E A S  6 7 6 - 0 1 - 1 4  
COCPUTER PROGRAPS FOR A N A L Y S I S  O F  R A D I O I S O T O P E S  6 7 P R R - 1 2 2  
C O P P U T E R  PROGRAYS I N  A N A L Y S I S  O F  M S R E  F U E L S  I /N 6 7 A - 0 3 - C I B  
COCPUTER T E C H N I C U E S  T O  N O R M A L I Z E  M U L T I P L E  GAMMA- 6 7 P R R - O C 4  
C O h O E N S P T l O N  PRESSURE A N A L Y Z E R  FOR U R A N I U M  H E X A  6 7 P R R - 0 3 2  
C O N S T I T U E N T S  A U T O M A T I C ,  H I G H  R 6 7 P R R - 0 3 9  
C O N S T I T U E N T S  I N U C L E O T I D E  A N A L Y Z E R  I 6 7 A - O 5 - C 2 C  
C O N S T I T U E N T S  I N U C L E O T I C E  A N A L Y Z E R  / CHROMATOGR/  67A-OS-CZA 
C O h S T I T U E N T S  O F  T R A N S F E R  R I B O  N U C L E I C  A C I D S  I TR 6 7 A - 0 4 - 0 I B  
C C h S U L T  P N T S  6 7 D - I  6 - C I  
C O h T R O L  I C O N T R O L  L I M I T  FOR C O L O R I M E T R I C  D E T E R M I  6 7 B - I b C 5  
C O N T R O L  I R A D I O P C T I V I T Y  S T A N D A R D S  / C A L C I L M - 4 7  / 6 7 A - 0 9 - C 6 B  
C O h T R O L  FCR T H E  FOAM S E P A R A T I O N  P R O C E S S  67PRR-OCB 
C O h T R O L  L I M I T  FOR A M P E R O M E T R I C  O E T E R M I N A T I O N  O F /  6 7 8 - 1  4 - C 5  
C O N T R O L  L I M I T  F O R  C O L O R I M E T R I C  D E T E R M I N A T I O N  O F  6 7 8 - 1  4-05 
C O N T R O L  L I M I T  F O R  C O L O R I M E T R I C  D E T E R M I N A T I O N  O F /  6 7 8 - 1  4-C5 
C O N T R O L  L I M I T  F O R  C O L O R I M E T R I C  D E T E R M I N A T I O N  O F /  6 7 0 - 1  4-C5 
C O h T R O L  OF CROP T I M E  O F  A C R O P P I N G  MERCURY E L E C T  6 7 A - 0 1 - 0 6  
C O N T R O L  PROGRAM I I E T E R M I N A T I O N  O F  I R O N  I CONTRO 6 7 0 - 1 4 - C S  
C O N T R O L  REPORT,  D N A L Y T I C A L  C H E M I S T R Y  D I V I S I O N ,  A 6 7 P R R - 0 6 0  
C O h T R O L  REPORT,  P N A L Y T I C P L  C H E M I S T R Y  D I V I S I O N ,  J 6 7 P R R - 0 5 9  
C O h T R O L  REPORT,  P N A L Y T I C A L  C H E M I S T R Y  D I V I S I O N ,  0 6 7 P R R - 0 5 8  
C O N T R O L L E C  CURRENT C Y C L I C  VOLTAMMETER 6 7 P R R - I  2 1  
C O N T R O L L E C  CURRENT C Y C L I C  VOLTAMMETER I VOLTAMME 6 7 A - 0 1 - 0 1  
C O h T R O L L E D  CURRENT C Y C L I C  V O L T A M M E T E R  / O I F F U S I /  6 7 6 - 0 3 - 0 2 C  
C C h T R O L L E C  C X I C E  P R E C I P I T A T I O N  I N  F L A K E  A L U M I N U M  6 7 A - O B - C I B  
C O N T R O L L E C  P O T E N T I A L  ANC C O N T R O L L E D  CURRENT C Y C L  6 7 P R R - I  21 
C O N T R O L L E C  P O T E N T I A L  C O N T R O L L E D  CURRENT C Y C L I C  / 6 7 A - 0 3 - C Z C  
C O N T R O L L E D  P O T E N T I A L  C O N T R O L L E D  C U R R E N T  C Y C L I C  V 6 7 A - O l - C I  
C O h T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  D E T E R M I N A T I O N  0 6 7 A - 0 4 - C Z B  

e 
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F A M E R I C I U M  
F A M E R I C I U P  
E R I C I U M  

M O D E L - 0 - 2 5 6 4  M O D I F I C A T I O N S  TO THE H I G H  S E N S I T I V I T Y  
DARD N U C L E A S  I V S T R U M E V T  Y O O U L E S  ( N I M  ) I S O L I D  S T A T E  
E L - Q - 2 0 0 5 - X 5 0  A N 0  M O D E L - 3 - 2 5 6 4  ) 
R ( M O O E L - P - 2 7 9 2  
I O N  DROP T I M E  C O N T R O L L E R  A S O L I O  S T A T E t  
( O R N L  M O D E L - Q - 2 7 9 2  ( F I R S T  D E R I V A T I V E  P O L A R O G R A M 5  I S E I  
Y ( ERRORS I N  C O M P A R 4 T I V E  P O L A R O G R A P H Y  I 
Y I 1  T H E  D E L T A - E  OIFFE?.ENTIAL P C L A R O G K A P H I C  T E C H h I C U E  
Y I V .  D E T E R M I N A T E  A N 0  S T A T I S T I C A L  E R R O R S  I N  C O M P A R A T I V E /  
Y - C O M P A R A T I V E  P O L A R O G R A P H Y  
Y I .  I N S T R U Y E V T A T I O N ,  A P P A R A T L S ,  A N 0  T E C H N I Q U E S  
O F  E L E C T R O C h E M I C A L  T E C H V I P U E S  TO REMOTE A N A L Y S I S  I R E C C T E  

PREC I SI O N  P I  P E T T E R  9 R E Y C T E  L Y  
R O L L E D  P O T E U T I A L  DC P O L A X O G R A P H  A N 0  A P R E C I S I O N  D R O P  T I M E  
I N E A R  A C C E L E R A T O R  I O R E L A  I ( USE OF T A N T A L U M  AS E L E C T R O N  
1 3 6  / T R I T I U M  / L E A K S  I N  H F I R  T A R G E T  R O D S  / S T U D Y  CF H F I R  
AVDAROS ) 
I Y S I S  TO WATER T R A C I V G  / C A D M I U M  T R A C E R  / C O R A L 1  T R A C E R  / 
I U M - 1 9 2  R A D I O I S O T O P E  T A G G I N G  OF 
ON P E R M E A B L E  / P U R I F I C A T I O N  OF WATER A N 0  OTHER R E A G E N T S  ( 

E L E C T R O N  EXCHANGE B E T k E E h  
U L O M E T R I C  O E T E R M I N A T I O V  3 F  U R A N I U M ( V 1 )  I N  THE P R E S E N C E  O F  

E L E C T R O N  E X C H A N G E  B E T h E E N  C O P P E R C I )  AND 
/ T H E  H I G H  I Y T E V S I T Y  A V A L Y T I C A L  C Y C L O T R O N  I THE C Y C L O T R O N  
/ O X Y /  14-MEV N E U T R O V  P C T I V A T I O N  A N A L Y S I S  ( T E X A S  h U C L E A R  
I E L E C T R O V  M I C R O S C O P Y  O F  P L U T O N I U M - 2 3 8  O X I D E  / R A D I C A C T I V E  
I E S E A R C H  A S S I S T P U C E  ( M O 3 N  B O X  / F E R R O U S  F E R R I C  M O L Y B D A T E  

P R E C I S I O N  P I P E T T E R ,  R E M O T E L Y  C O N T R O L L E D t  
W I N O O W L E S S  S P E C T R O P H O T O M E T R I C  C E L L S  F C R  U S E  W I T H  

C O N T R O L L E D  P O T E N T 1  A L  
C O N T R O L L E D  P O T E N T I A L  

P R E S E N C E  O F  C O P P E R (  1 1 )  ( H Y D R O X Y L  A /  C O N T R O L L E D  P O T E N T I A L  
C O N T R O L L E D  P O T E N T I A L  

E B E R K E L I U M (  I V )  - B E R K E L I U M [ I I I )  C O U P L E  ( O R N L  M O D E L - 2 5 6 4  
O O I F I C A T I O N S  TO T H E  H I G H  S E V S I T I V I T Y  C O N T R O L L E D  P O T E N T I A L  
N T  MODULES ( N I M  1 S O L I O  S T A T E  C O N T R O L L E D  P O T E N T I A L  
E L - 0 - 2 5 6 4  1 C O N T R O L L E D  P O T E N T I A L  
R E C I S E  D E T E A M I V A T I O U  O F  U R A Y I U M  W I T H  S P E C I A L  R E F E R E N C E  T C  
GE COMPARATOR ( ORNL M O D E L - 0 - 2 9 5 0  ( ERROR I N  DC C O U P L E C  

T H E  B A L A N C E D  Q U E N C H I N G  METHOD FOR 
L R L  ) L O U  L E V E L  R A D I A T I C h  

C O N T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  D E T E R M I N A T I O N  0 6 7 A - 0 9 - C B C  
C O h T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  D E T E R M I N A T I O N  0 6 7 P R R - 1 3 5  
C O h T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  T I T R A T I O N  O F  A P  6 7 P R R - 0 5 5  
C O N T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  T I T R A T O R  ( O A N L  6 7 A - O I - C 4  
C O N T R O L L E C  P O T E N T I A L  C O U L O M E T R I C  T I T R A T O R  ( S T A N  6 7 A - O I - C 3  
C O N T R O L L E C  P O T E N T I A L  C O U L O P E T R I C  T I T R A T O R S  ( MOO 6 7 P R R - I  CO 
C O N T R O L L E C  P O T E N T I A L  OC P O L A R O G R A P H  - V O L T A M M E T E  6 7 P R R - 0 8 9  
C O N T R O L L E C  P O T E N T I A L  OC P O L A R O G R A P H  A N 0  A P R E C I S  6 7 P R R - 0 8 8  
C O N T R O L L E C  P O T E N T I A L  OC P O L A R O G R A P H  V O L T A M M E T E R  6 7 A - O I - C 5  
C O h T R O L L E C  P O T E N T I A L  C I F F E R E N T I A L  DC P O L A R O G R A P H  6 7 A - 0 1 - 1 3  
C O h T R O L L E C  P O T E N T I A L  D I F F E R E N T I A L  OC P O L A R O G R A P H  6 7 P R R - 0 4 0  
C O N T R O L L E C  P O T E N T I A L  D I F F E R E N T I A L  O C  P O L A R O G R A P H  6 7 P R R - 0 4 1  
C O N T R O L L E C  P O T E N T I A L  O I F F E R E N T I A L  OC P O L A R O G R A P H  6 7 P R R - 0 4 2  
C O h T R O L L E C  P O T E N T I A L  G I F F E R E N T  1 A L  DC P O L A R O G R A P H  6 7 P R R - 0 4 3  
C O h T R O L L E C  T I T R I P E T R Y  / R  ENERGY ( A P P L I C A T I O N  6 7 A - 0 4 - C 6 0  
C C N T R O L L E C ,  C O R R C S I O N  R E S I S T A N T  6 7 P R R - I  10 
C O N 1  R O L L E R  A S O L I O  S T A T E ,  C O N 1  6 7 P R R - 0 @ 8  
C O h V E R T E R  / N A L Y S I S  AT T H E  O A K  R I D G E  E L E C T R O N  L 6 7 A - 0 9 - C 3 0  
C O C L A N T  WPTER ( REACTOR WATER / C E S I U M  / C E S I U W -  6 7 A - 0 9 - C 6 F  
C O C P E R A T I V E  I S O T C P E S  PRDCRAM ( S T R O N T I U M - S C  I ST 6 7 A - 0 9 - C 6  
C O P P E R  T R P C E R  / S E L E N I U M  / A N T I M O V Y  P E Y T A  O X I D E /  6 7 A - 0 9 - 0 7 H  
C O P P E R  W I R E  I S I L V E R - I I O M  / R U T H E N I U M - I O 6  / I R l D  6 7 A - 0 9 - C 6 G  
C C F P E R - 6 4  / E L E C T R O C I A L Y S I S  O F  WATER T b R O L G H  A N I  6 7 8 - 0 6 - 0 3 8  
C O F P E R ( 1 )  AND C O P P E R ( I 1 )  I N  A C E T O V I T R I L E  6 7 P R R - 0 2 7  
C D P P E R ( I I 1  ( H Y C R O X Y L  A M I N E  HYDRO S U L F A T E  I / C O  6 7 A - 0 4 - C Z B  
C C P P E R ( I 1 )  I N  A C E T O N I T R I L E  6 7 P R R - 0 2 7  
C C R P O R P T I C N  ( T C C  I 3 2 - I N C H  C Y C L O T R O N  / N E U T R O N /  6 7 A - 0 9 - C 3 B  
C O R P O R A T I O N  M O C E L - 9 9 0 0  14-MEV N E U T R O Y  G E N E R A T O R  6 7 A - 0 9 - G 5 A  
C O R R O S I O N  AND R E A C T I O N  P R O D U C T S  OV M S R E  F U E L  E L /  6 7 b - 0 8 - C Z  
C O R R O S I C N  I N H I B I T O R S  / L I T H I U M  F L U O R I D E  - B E R Y L /  6 7 A - 0 8 - C I E  
C C R R O S I C N  R E S I S T P N T  6 7 P R R - I  IC 
CORROSIVE L I a u I c s  6 7 P R R - I  40 
C O U L O M E T R I C  D E 1  ERM I N A T  I O N  O F  AMER IC I U M  6 7 A - O 9 - C 8 C  
C O U L O M E T R I C  D E 1  E R M I N A T  I O N  O F  A M E R I C I U M  6 7 P R R - I  35 
C O U L O M E T R I C  D E T E R M I N P T I O N  O F  U R A N I U M ( V 1 )  I N  THE 6 7 A - 0 4 - C Z B  
C O U L O C E T R I C  T I T R P T I O N  O F  A M E R I C I U M  6 7 P R R - 0 5 5  
C O U L O M E T R I C  T I T R P T O R  I / E  FORMAL P O T E N T I A L  O F  TH 6 7 A - 0 9 - C 8 D  
C O U L O M E T R I C  T I T R P T O R  I ORNL M O D E L - ' 2 - 2 5 6 4  I M 6 7 A - O I - C 4  
C O U L O M E T R I C  T I T R P T O R  ( S T A N C A R O  N U C L E A R  I N S T R U M E  6 7 A - 0 1 - 1 3  
C C U L O M E T R I C  T I T R P T O R S  ( M D D E L - Q - 2 0 0 5 - X 5 0  A N 0  MOD 6 7 P R R - I  C C  
COULOMETRY T H E  A C C U R A T E  A N D  P 6 7 P R R - O C 6  
C O U N T E R  T I M E R S  D U A L  S E T  P O I N T  V O L T A  6 7 A - 0 1 - 0 2  
C O U N T I N G  C A R B O N - I 4  6 7 P R R - 0 3 7  
C O U N T I N G  F A C I L I T Y  ( L U N A R  R E C E I V I V G  L A B O R A T O R Y  ( 6 7 A - 0 9 - C 3 F  

/ CARBOV-1.4 / P H O S P H 3 R U S - 3 /  AQUEOUS L I Q U I D  S C I N T I L L A T I O N  C O U N T I N G  S Y S T E M  FOR WEAK B E T A  E M I T T E R S  ( T R I T I U M  6 7 A - 0 9 - C 7 G  
H E  FORMAL P O T E N T I A L  O F  T H E  B E R K E L I U M ( 1 V I  - B E R K E L I U M ( I I 1 )  C O U P L E  ( ORNL M O C E L - 2 5 6 4  C O U L O M E T R I C  T I T R A T O R  ) 6 7 A - 0 9 - 0 8 0  

6 7 P R R -  I I 3  
V O L T A M M E T R I C  A N D  EMF M E A S U R E M E N T S  O N  N I C K E L  - N I C K E L ( 1 I I  C O U P L E  I N  M O L T E N  F L U O R I C E S  6 7 P R R - I  I 5  

I V E  FORCE ( EMF ) M E A S U R E M E Y T S  ON THE N I C K E L  - N I C K E L ( I 1 )  C O U P L E  I N  M O L T E N  F L U O R I C E S  E L E C T R O M O T  6 7 A - 0 3 - C Z B  
N T  V O L T A G E  COMPARATOR ( 3 R N L  M O D E L - Q - 2 9 5 0  .) ( ERRCR I N  DC C O U P L E D  C C U N T E R  T I M E R S  1 D U A L  SET P O I  6 7 A - 0 1 - 0 2  
ROMENT E N E R G I E S  I N  H E L I U Y - 3  A C T I V A T I O N  A N A L Y S I S  I A V E R A G E  CRCSS S E C T I O N  / I N T E R F E R E N C E  R A T I O  / I M U H  BOMBA 6 7 A - O 9 - C 4 B  
/ A L  N E U T R O N  F L U X  O F  D E U T E R I U M  O X I D E  T A N K  OF BSR / k E U T R O N  CRCSS S E C T I C N  O F  B E R K E L I U M - 2 4 9  / Z I R C O N I U M - 9 5  / I  6 7 A - 0 9 - C I A  
l O M E T R Y  ( A M A L Y S I S  O F  I S 3 T O P E S  O F  U R A N I U M  AND P L U T C N I U C  / CRCSS S E C T I O N  O F  T H U L I U M  / T H U L I U M - I 7 I  I G A D O L I l  6 7 8 - 1 2 - C 2  

T I N - I I /  VEW N U C L E A R  O A T 4  ( N I O B I C M - 9 5 M  / T H E R M A L  h E U T R O N  CRCSS S E C T I O N  O F  T I N - 1 1 2  /, R E S O N A N C E  I N T E G R A L  OF 6 7 A - 0 9 - O l A  
NUM- I 3 9  AND L A N T H A N U M -  I40  THE T H E R R A L  N E U T R O N  CRCSS S E C T I O N S  AND R E S O N A N C E  I N T E G R A L S  O F  L A N T H A  - 6 7 P R R - 0 3 1  

WATER ON POROUS A N 0  NONPOROUS S A M P L E S  OF T H O R I U M  C X l D E  I C R Y S T A L  YODEL FOR T H O R I U M  O X I D E  1 / A D S O R P T I O N  O F  6 7 A - 0 8 - C I A  
U T I O N S  I O I S S O L U T I O V  O F  U R A V I U M  N I T R I D E S  / D I S S O L U T I C k  OF C R Y S T A L L I N E  M A G N E S I U M  O X I D E  I S E A L E D  T U B E  O I S S O L  6 7 A - 0 4 - C 4 E  
I V I S I O Y  ANNUAL P R O G R E S S  I E P O R T S  1 9 6 4 - 1 9 6 6  C U P U L A T I V E  I N D E X E S  T O  T H E  A N A L Y T I C A L  C H E M I S T R Y  D 6 7 P R R - 0 6 7  

EXCHANGE C U R R E N T  M E A S U R E M E N T S  ON N I C K E L  - N I C K E L I I I I  C O U P L E  I N  M O L T E N  F L U O R I C E S  

MANUAL 
/ R A T O R Y  I A N A L Y S I S  O F  TRU PROCESS S A M P L E S  / C A L I F O R N I U M  / 
HROMATOGRAPHY S E P A R A T I O N  OF C A L I F O R N I U Y  F R O Y  
N CHROMATOGRAPHY ( U S E  O F /  S E P A R A T I O N  OF C A L I F O R N I C V  F R C Y  
1 3 6  / T R I T I U M  / L E A K S  I N  H F I R  T A R G E T  R O D S  / U R A N I U P - 2 3 5  / 

YCES - E L E C T R O A V A L Y T I C A L  M E T H O D S  
VCES - E L E C T R O A N A L Y T I C A L  M E T H O D S  

C O V T R O L L E D  P O T E N T I A L  AND C C N T R C L L E O  
E N  S A L T S  / ORNL M O D E L - 0 - /  CONTROL'LEO P O T E N T I A L  C O N T R C L L E D  
/ S H O R T  T R A N S I T I O V  T I M E S  ( C O N T R O L L E D  P O T E N T I A L  C O N T R O L L E D  
L E  I N  M O L T E N  F L U O R I D E S  E X C H A N G E  
I N  S P E C T R O C k E M I C A L  A N A L Y S I S  ( S E I D E L  F U N C T I O N  P R E L I M I N A R Y  
O L A T I L E  A I R  P O L L U T A V T S  ( C A R O L I N A S  V I R G I N I A  T U B E  R E A C T C R  ( 
/ T H E  S P E C T R 3 P H O T O M E T R I C  D E T E R M I N A T I O N  OF U R A N I U P  4 5  T H I O  

O F  F L U O R I D E  S P E C T R O P H O T O C E T R I C  T H I  0 
C O N T R O L L E D  P O T E N T I A L  A N D  C O N T R O L L E D  C U R R E N T  

/ ORNL MODEL-Q- /  C O N T R O L L E D  P O T E N T I A L  C O N T R O L L E D  C U R R E N T  
/ A N S I T I O V  T I M E S  ( C O N T R O L L E D  P O T E N T I A L  C O N T R O L L E D  C U R R E N T  
/ I D Y L  / P A R A  E T H Y L  B E N Z E V E  S U L F O N I C  A C I D  / BROPO 3 C H L O R O  
I e E N Z E N E  S U L F O N I C  A C I D  / BROMO 3 C H L O R O  C Y C L O  B U T A N E  I B I  
E U T R O N  A V D  GAMMA-RAY D O S E S  4 1  THE TCC C Y C L O T R C N  / P H I L I P S  
/ -3  / S E P A R A T I O N  O F  R A O I 3 N U C L I O E S  / O A K  R I D G E  I S O C H R O N O U S  
/ A T E 0  TO T H E  A C Q U I S I T I O N  O F  T H E  H I G H  I N T E N S I T Y  A N A L Y T I C A L  
/ A L  C Y C L O T R O N  ( T H E  C Y C L 3 T R O N  C O R P O R A T I O N  ( TCC ) 3 2 - I N C H  
2 - I N C H  C Y C L O T R O N  / N E U T R 3 N  4 N O  GAYMA-RAY D O S E S  A T  THE T C C  

T H E  8 6 - I N C H  
/ I S I T I O N  3 F  T H E  H I G H  I N T E ' N S I T Y  A N A L Y T I C A L  C Y C L D T R O h  ( T H E  
l G R A P H Y  ( HOMOPOLYMERS OF RNA / P O L Y  A D E N Y L I C  A C I D  / P O L Y  

( E S C H E R I C h I A - C O L I - B  / Y E A S T  / P O L Y  A D E N Y L I C  A C I D  / P O L Y  
I G A N D  EXCHANGE CHROMATOGXAPHY ( P O L Y  A D E N Y L I C  A C I D  / P O L Y  
/ H I C  S T U D I E S  W I T H  T H E  T E F L O N  D R O P P I N G  M t R C U R Y  E L E C T R O C E  ( 
S E  CONTROL O F  DROP T I M E  3 F  A O R O P P I N G  MERCURY E L E C T R O C E  ( 

C U P U L A T I V E  I N C E X E S  T O  T h E  ORNL M A S T E R  A N A L Y T I C A L  6 7 C - I  5-01 
C U R I U M  / E I N S T E I N I U M  / A M E R I C I U M  / E X T R A C T I O N  C I  6 7 B - 1 4 - C l  
C U R I U M  PNC B E R K E L I U M  FROM C E R I U M  B Y  E X T R A C T I O N  C 6 7 P R R - 0 2 9  
C U R I U M  PNC C F  B E R K E L I U M  FROM C E R I U M  B Y  E X T R A C T 1 0  6 7 A - 0 9 - C 7 A  
C U R I U M - 2 4 5  / S I L V E R - I l l  / I O D I N E - 1 3 4  ) / C E S I U M -  6 7 A - 0 9 - 0 6 F  
CURRENT A Y P L I F I E R  6 7 A - O I - C 9  
C U R R E N T  C P P A B I L I T I E S  I N  A N A L Y S I S  O F  T R A C E  SURSTA 6 7 P R R - O C 7  
CURRENT C P P A B I L I T I E S  I N  P N A L Y S I S  O F  T R A C E  S U B S T A  6 7 P R R - I C 3  
CURRENT C Y C L I C  V C L T A M M E T E R  6 7 P R R - 1  21 
CURRENT C Y C L I C  V O L T 4 M M E T E R  ( V O L T A M M E T R Y  OF M O L T  6 7 A - 0 1 - C I  
CURRENT C Y C L I C  V O L T A M M E T E R  / D I F F U S I O N  C O E F F I C I l  6 7 A - 0 3 - C Z C  
CURRENT MEASUREMENTS ON N I C K E L  - N I C K E L ( I I 1  COUP 6 7 P R R - 1 1 3  
C U R V E  1 / P R A C T I C E S  FOR P H O T O G R A P H I C  P H O T O M E T R Y  6 7 A - 0 6 - 1 2 6  
C V T R  I GAS C P R O M A T O G R A P H I C  O E T E R M I N A T I O N  OF \I 6 7 A - O j - C l r B  
C Y I N A T E  COMPLEX ( S T A N N O U S  C H L O R I D E  / R A O I O L Y T I /  6 7 A - 0 2 - 0 2  
C Y A N A T E  D E T E R M I N P T I O N  O F  N I O B I U M  I N  T H E  P R E S E N C E  6 7 P R R - 0 1 3  

6 7 P R R - I  21 C Y C L I C  V O L T P M M E T E R  
C Y C L I C  V O L T P M M E T E R  ( V O L T A M M E T R Y  O F  M O L T E N  S A L T S  6 7 A - 0 1 - C I  
C Y C L I C  V O L T A M M E T E R  / D I F F U S I O N  C O E F F I C I E N T  FOR / 6 7 A - O j - C 2 C  
C Y C L O  B U T A N E  / @I C Y C L O  B U T A N E  / HYDRO B R O M I D E  / 6 7 A - 0 4 - 0 3 A  
C Y C L O  B U T A N E  / HYDRO B R O M I D E  OF CI E T H Y L  G U A N I D /  6 7 A - 0 4 - C 3 A  
C Y C L O T R C N  / A T I C N  ( T C C  3 2 - I Y C H  C Y C L O T R O N  / N 6 7 A - 0 9 - C 3 B  
C Y C L O T R O N  I O R I C  / GAMMA-RAY S P E C T R O M E T R Y  / N /  6 7 A - 0 9 - O 4 C  
C Y C L O T R C N  ( T H E  C Y C L O T R O N  C O R P O R A T I O N  ( TCC 1 3 /  6 7 A - 0 9 - C 3 8  
C Y C L O T R C N  I N E U T R O N  A N 0  CAMMA-RAY D O S E S  A T  T H E  / 6 7 A - 0 9 - C 3 B  
C Y C L O T R C N  / P H I L I P S  C Y C L O T R O N  1 / A T I O N  I TCC ) ? 6 7 A - 0 9 - C 3 B  
C Y C L O T R C N  AS A SOURCE O F  F A S T  N E U T R O N S  6 7 A - 0 9 - C 3 E  
C Y C L O T R O N  C O R P O R P T I O N  ( T C C  I 3 2 - I N C H  C Y C L O T R O N /  6 7 A - 0 9 - 0 3 8  
C Y T I D Y L I C  A C I D  / P O L Y  G U A N Y L I C  A C I D  I P O L Y  U R I D l  6 7 A - 0 5 - C I G  
C Y T I D Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D  ) / A T O G R A P H Y  6 7 A - 0 5 - C I H  
C Y T I D Y L I C  A C I D  / P O L Y  U R I D Y L I C  A C I D  / M E R S  B Y  L 6 7 A - 0 5 - C l I  
0 .Y-E.  I I E V A L U A T I O N  O F  V E R T I C A L  O R I F I C E  R A P I D /  6 7 A - 0 4 - 0 2 8  
0 - P - E .  1 ( O R N L  Y O D E L - 0 - 2 9 4 2  1 l A R A T U S  F O R  P R E C I  6 7 A - O I - C 6  
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ERCURY E L E C T R O D E S  FOR 3 P T A I N I N G  F U N D A M E N T A L  P O L A R O G R A P H I C  D A T A  ) / V E R T I C A L  O R I F I C E  R A P I D  T E F L O N  D R O P P I N G  M 6 7 A - 0 4 - C 2 A  
ON O F  T I V - 1 1 2  RESONAVCE I N T E G R A L  OF T I N - I I I  NEW h U C L E A R  D A T A  I h I C B I U M - 9 5 M  / THERMAL N E U T R O N  C R O S S  S E C T 1  6 7 A - 0 9 - C l A  

X-RAY SPECTROSCOPY I XRA-E2  CODE / E P - 2  CCCE / D A T A P L C T  1 6 7 A - 0 6 - C l  
G E N E R A L  R E Q U I R E C E N T S  OF YCOERN D A Y  A N A L Y T I C A L  C k E M I S T R Y  6 7 P R R - I  36 

P O I N T  V O L T A G E  COMPARATOR I O R N L  M O D E L - Q - 2 9 5 0  I ( ERROR I N  OC C O U P L E C  COUNTER T I M E R S  I D U A L  S E T  6 7 A - O I - C 2  
C O N T R O L L F D  P O T E N T I A L  OC P O L A R C G R A P H  - V O L T A M M E T E R  I M O D E L - ' 2 - 2 7 9 2  1 6 7 P R R - O e 9  

L ER A S O L I D  S T A T E ,  C O N T R O L L E D  P O T E N T I A L  DC P O L A R C C R P P H  AhC b P R E C I S I O N  DROP T I M E  CONTROL 6 7 P R R - O e B  
. ( F I R S T  D E R I V A T I V E  P O L A 2 3 G R i M S  / S E l  C O N T R O L L E D  P C T E h T I A L  DC P O L A R O C R A P H  VOLTAMMETER I O R Y L  M O D E L - P - 2 7 9 2  I 6 7 A - O I - C 5  

AND TECHV I Q U E S  C O N T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  DC POLAROCRPPHY I .  I N S T R U H E N T A T I O N t  A P P A R A T L S ,  6 7 P R R - 0 4 3  
L A R O G R A P H I C  T E C H V I Q U E  C O N T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  DC POLAROGRAPHY 11- T H E  D E L T A - E  D I F F E R E N T I A L  PO 6 7 P R R - 0 4 0  

ERRORS IN C O Y P A R A T I V E I  C O N T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  DC POLAROCRAPHY I V .  C E T E R M I N A T E  A N D  S T A T I S T I C A L  6 7 P R R - 0 4 1  
C O N T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  DC POLAROGRAPHY - C O M P A R A T I V E  POLAROGRAPHY 6 7 P R R - 0 4 2  , APHY I C O N T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  DC POLARCGRPPHY ( ERRORS I N  C D M P A R A T I V E  POLAROGR 6 7 6 - 0 1 - 1 3  

/ O F  P R E C I S I O U  A T T A I Y A B L E  I N  S I N G L E  C E L L  F I R S T  D E R I V A T I V E  DC POLAROGRAPHY I S I G N A L  TO N O I S E  R A T I O  I S / N  I /  6 7 A - 0 1 - 0 7  
IO 1 T R A N S F F R  R N A  1 S Y V T H E T A S E S  FROM E S C H E R I C H I A - C C L I - E  I D E A E j -  C E L L U L O S E  I / C Y L  T R A N S F E R  R I B O  N U C L E I C  AC 6 7 A - 0 5 - C I C  

GAMMA D O S I M E T R Y  A T  1 5 0 - 2 5 O C  W I T H  O E P E R A T E C  F E R R O U S  S U L F A T E  S O L U T I O N  6 7 P Q R - 0 2 4  
/ A T E R  S Y S T E V S  I D E S A L I V A T I O N  / O X Y G E N  / C A R B O N  D I  C X I D E  / D E P E R A T C R  / S E A  WATER / W I N K L E R  METHOD / C A R B O N /  6 7 A - 0 9 - C 7 H  
N T  A Y D  E V A L U A T I O V  O F  D I S S O L V E D  G A S  A N A L Y S I S  T E S T S  OF T H E  D E P E R A T O R  AT T H E  F R E E P O R T  SEAWATER D E S A L T I N G  P L A  6 7 P R R - 0 6 4  
/ A R C H  A N 0  C E V E L C P M E N T  G H 3 U P  M O h T H L Y  SUMMARY - NOV.:1966 / D E C . , l 9 6 6  / J A N . 9 1 9 6 7  / F E E . 9 1 9 6 7  / M A Y , 1 9 6 7  / / 6 7 P R R - 0 7 1  
l R O M I C E  O F  CI E T H Y L  G U A N I O I V O  D I  A C E T A T E  / P H E N Y L  h E O  T R I  D E C A N O A T E  / F L U O R I N E  ( D I  I O X I D E  / L I T H I L M  F E R /  6 7 A - 0 4 - C 3 A  
l X Y G E N  I \  T t C H V E T I U M - 9 9  / C H L O R I N E  I N  O R G A N I C  C O V P C U h D S  / D E C A Y  C h P R A C T E R I S T I C S  O F  M A N C A N E S E r S B  / F O R M A T I /  6 7 A - 0 9 - C 5 A  
4 ( H O L M I U M - I 5 2  / H O L M I U Y - 1 5 3  / H O L M I U M - 1 5 5  / D I S P /  A L P H P  DECAY O F  H O L M I U M  N U C L E I  - NEW I S O T O P E  H O L M I U M - 1 5  6 7 A - 0 9 - 0 1 8  
M - 2 3 3 9  P L U T O N I U M - 2 3 9 v  AND A M E R I C I L M - 2 4 1  I P L U T C N I U Y - 2 3 8  / DECAY SCHEMES 1 /GY GAMMA R A D I A T I O N S  FROM U R A N I U  6 7 A - 0 9 - C 6 D  

H E P T A  D E C Y L  A P I N E  6 7 A - I  I - C I C  
/ A R A  A M I V O  B E V Z Y L  A M I U E  / D I  D O D E C Y L  N A P H T H A L E N E  / H E F T Y L  D E C Y L  A C I N E  / G I  DOCECYL N A P H T H A L E V E  S U L F O Y I C  A /  6 7 A - 0 4 - 0 3 6 ,  
1 8 5  I N U C L E A R  SPECTROSCOPY OF h E U T R C N  D E F I C I E N T  R A D I O N U C L  I O E S  ( TANTALUM-  I 7 3  / OSMIUM-  6 7 A - 0 9 - O I C  
0 A C I D  SEQUCNCE O F  B E T A  Z H A I N  OF MOUSE H E M O G L O B I N  / EOMAN D E G R A D A T I O N  METHOD I / O F  MOUSE H E M O G L O B I N  / A M I N  6 7 A - O 5 - C 4  
/ E O  A C T I V A T I O N  A V A L Y S I S  I E I S M U T H - 2 0 7  I N  B I S M U T H  PCWDER / D E L A Y E D  N E U T R O N  eACKGROUND / V E R I F I C A T I O N  O F  A U /  6 7 A - 0 9 - C 4 0  
D N T R D L L E D  P O T E Y T I A L  O I F F F R E U T I A L  DC P O L A R O G R A P H Y  1 1 .  T H E  D E L T A - E  O I F F E R E N T I A L  P O L A R O G R A P H I C  T E C H N I Q U E  C 6 7 P R R - 0 4 0  
I O N  O F  T R A N S F E R  R I B 0  V U C L E I C  A C I D S  / AMARANTH RED / WELCH D E N S I C H R C N  1 I E C t N I C O N  A U T O A N A L Y Z E R  / D E T E R M I N A T  6 7 A - 0 1 - 1 0  
E / T O T A L  U R A N I U Y  / C A R B O N  / FORMATE / C O A T L O  P A R T I C L E S  / D E N S I T Y  I / I N O R C A N I C  P H O S P H A T E  / T O T A L  P H O S P H A T  6 7 8 - 1 4 - 0 2  
Y T I C  CAReON P A R T I C L E S  I D E N S I T Y  G R A D I E N T  A P P L I C A T I O N S  I D E N S I T Y  O F  P Y R O L  6 7 A - O b C 5 A  
F M I C R O S P H E R E S  U S E  CF A D E h S I T Y  G R A C I E N T  COLUMN T O  MEASURE T H E  D E N S I T Y  0 6 7 P R R - 0 1 4  
F M I C R O S P H E R E S  U S E  CF A D E h S I T Y  G R A C I E N T  COLUMN T O  MEASURE T H E  D E N S I T Y  0 6 7 P R R - 0 9 1  

U S E  O F  A O E Y S I T Y  G R A D I E N T  C O L U M N  TO MEASURE T H E  D E N S I T Y  OF M I C R O S P H E R E S  6 7 P R R - 0 1 4  
U S E  O F  A D E N S I T Y  G R A D I E N T  C O L U M N  TO P E A S U R E  T H E  D E N S I T Y  O F  Y I C R O S P H E R E S  6 7 P R R - 0 9 1  

6 7 A - O b C 5 A  
A L A N I N E  A C C E P T /  S A L T  E F F E C T  I N  T H E  M E A S U R E M E N T  OF C P T I C A L  O E h S I T Y  C F  T R A N S F E R  R I B O  N U C L E I C  A C I D S  I P H E N Y L  6 7 A - 0 4 - C 6 C  
/ V E S T I G A T I O ! d  O F  P R E C I S I O U  A T T A I N A B L E  I N  S I N G L E  C E L L  F I R S T  D E R I V A T I V E  CC POLAROGRAPHY I S I G N A L  TO N O I S E  R A /  6 7 A - 0 1 - 0 7  
R N L  MODEL-42-2792  1 ( F I R S T  D E R I V A T I V E  POLAROGRAMS / SECOND D E R I V A T I V E  POLARCGRAMS 1 / D G R A P H  VOLTAMMETER ( 0 6 7 A - O I - C 5  
/ DC POLAROGRAPH VOLTAMMETER ( O R N L  M O D E L - 0 - 2 7 9 2  I ( F I R S T  D E R I V A T I V E  POLARCGRAMS / SECOUO D E R I V A T I V E  P O L A /  6 7 A - O I - C 5  

T H I N  L A Y E R  C H R D M A T D G i A P H I C  S E P A R A T I O N  OF N U C L E I C  d C I D  D E R I V A T I V E S  O N  C E L L U L O S E  L A Y E R S  6 7  TR-OI  
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I N C R E A S I N G  S I G U A L  TO N O I S E  R A T I O  I S I N  W I T H  A S I G N A L  I ENHANCEMENT O F  F L A M E  P h O T O M E T R I C  S E N S I T I V I T Y  B Y  6 7 A - 0 1 - 1 4  

P R E P A R A T I O U  Ub P H O S P H O R L S - 3 3  B Y  I R R A D I A T I C h  GF E N R I C H E C  S U L F U R - 5 3  I N  H I C H L Y  T H E R M A L I Z E D  F L U X  6 7 P R R - 0 6 1  
X-RAY SPECTROSCOPY I XRA-E2  CCCE / E P - 2  COCE / D A T A P L O T  I 6 7 A - 0 6 - C I  

B E A M  S P L I T T E R  F O R  U S E  I N  E M U L S I O N  C A L I B R A T I O N  

/ T O R  / S E A  h A T E R  / W I V K L E R  METHOD / C A R B O N A T E  - H Y O R O X I O E  E Q U I L I E R I A  / ECOLOGY / P H O S P H A T E  / N I T R A T E  / T E I  6 7 A - 0 9 - C 7 H  
O F  S A M A R I U M I  L U T E T I U M I  G A O O L I N I U M ,  T E R B I U Y t  E U R O P I L M v  AND E R B I U M  / A N I D E  F Y D R O X I O E  S O L S  I H Y D R O X I D E  S O L S  6 7 A - O B - C I C  
31 I N  PHOSPHORUS-?2  P R O D U C T  / S T R O N T I U M - 9 C  - Y T T R I U Y - 9 0  / E R P I U M  T R I T I O E  / S O T O P E  M A T E R I P L S  I PHOSPHORUS-  6 7 A - 0 9 - C 6 C  
I U M - 9 0  I S A M A R I U M - I 5 C  I G A O O L I N I U M - 1 5 6  / O Y S P R O S I U P - 1 6 4  I E R B I U M - 1 6 7  / O S M I U M - 1 9 0  / P L A T I V U M - I 9 6  / O S M I U M /  6 7 A - 0 7 - 0 1  
D U A L  SET P O I N T  VOLTAGE COMPPRATOR I O R N L  P O D E L - ' 2 - 2 9 5 0  1 I ERROR I N  CC C O U P L E D  COUNTER T I M E R S  I 6 7 6 - 0 1 - 0 2  

C O U T R O L L E D  P O T E N T I A L  D I F F E R E N T I A L  OC POLAROGRAPHY I ERRORS I h  C O M P A R P T I V E  POLAROGRAPHY 6 7 6 - 0 1 - 1 3  
I R E Y T I A L  OC POLAROGRAPHY I V .  D E T E R M I N A T E  A N 0  S T A T I S T I C A L  ERRORS I N  C C M P A R P T I V E  POLAROGRAPHY,  THEORY AND / 6 7 P R R - 0 4 1  
E R  RNA I B I C I Y E  / N v Y  8 1 s  I 2 H Y O R D X Y  E T H Y L  I G L Y C I h E  I E S C H E R I C H I A - C O L I - 8  1 / E I C  A C I D  I V A L I N E  - T R A N S F  6 7 A - 0 5 - C I B  
N S F E R  R I B O  Y U C L E I C  A C I D  I T Q A N S F E H  RNA ) S Y N T H E T A S E S  F R C C  E S C H E R I C H I A - C O L I - B  I D E A E  - C E L L U L D S E  1 / C Y L  TRA 6 7 A - 0 5 - 0 l C  
/ O E T E R M I U 4 T I O N  O F  RNA R Y  L I G A Y O  EXCHANGE CHROMATCGRAPHY I E S C H E R I C H I A - C O L I - 8  / Y E A S T  / P O L Y  A D E N Y L I C  A C I D /  6 7 A - 0 5 - C I H  
/ R N A  / POLY E T H Y L E N E  I Y I N E  I P E I  / C E L L U L O S E  M h - 3 0 0  / E S C H E R I C H I A - C O L I - B  / Y E A S T  / S E P H A D E X - I C C  I T H I I  6 7 A - 0 4 - C I B  
E U C I N E  AVO P H E N Y L  A L A V I Y E  T X A N S F E R  R I B O  N L C L E I C  A C I D  FROC E S C H E R I C H I A - C O L I - 8  / C I D  BY A M I N O  A C Y L A T I O N  I .  L 6 7 P R R - 0 3 8  
I Y L  S U B S T I T U T E D  A R O M A T I C  HYDROCARBONS / O R G A N I C  P H C S P H A T E  E S T E R S  / POLY N U C L E A R  HYDROCARBONS / A M I N E S  / A /  6 7 A - 0 7 - 0 2  
ER CHROMATOGRAPH / F R E O N - I 1 4  / I t 2  D I  C H L O R O  T E T R A  F L U O R C  E T H A N E  / K E L - F  / T E F L O N - 6  ) / F L U O R I D E  I G R E E N B R I  6 7 A - 0 3 - C 3 B  
O I O E  S A L T  I T A L L  O I L  / 01 O C T Y L  P H T H A L A T E  / G L Y C E R O L  T H I O  E T H E R  / A  / C E S  FORMYL C R A M I C I O I N  A HYDROGEN 10 6 7 A - 0 4 - C 3 B  
I V A L I N E  - T R A N S F E K  RVA ) I B I C I N E  / N v N  B I S  I 2 H Y D R O X Y  E T H Y L  1 G L Y C I N E  / E S C I - E R I C H I A - C O L I - B  I / E I C  A C I D  6 7 A - 0 5 - C I B  

l T H A L E N E  S U L F O N I C  A C I D  / A L P H A v P L D H A I  D I  P I P E R I O Y L  I PARA E T H Y L  B E N Z E N E  S U L F O N I C  A C I D  / BROMO 3 CHLORO C Y /  6 7 A - 0 4 - 0 3 A  
/ O R 0  CYCLO B U T A Y E  I 8 1  C Y C L O  B U T A N E  I H Y D R O  B R O M I D E  OF DI E T H Y L  G U A N I C I N O  C I  A C E T A T E  / P H E N Y L  N E 0  T R I  D E C l  6 7 A - 0 4 - C 3 A  
PHY I U S E  O F  T E F L O N  I N  E X T R P C T I O N  CHROMATOGRAPHY / D I  I 2 E T H Y L  H E X Y 4  1 ORTHO P h D S P H O R I C  A C I D  1 lROMATOGRA 6 7 A - 0 9 - C 7 A  
I D 1  CHLORO M E T H A U E  / C A 9 B O N  TETRA C H L O R I O E / C H L O R O F C R Y  / 2 E T H Y L  N A P H T H A L E N E  / P N I L I N E  / I CHLORO P R O P A N E  I /  6 7 A - 0 4 - 0 1 A  
/ / I N P R O P Y L  N A P H T H A L E U E  / I I S C  P R O P Y L  N A P H T H A L E N E  / I E T H Y L  N A P H T H A L E N E  I 2 N k E X Y L  N A P H T H A L E N E  / I I I /  6 7 A - 0 4 - 0 3 R  
/ B A R I U M  S U L F A T E  B Y  R A O I O L Y T I C A L L Y  G E N E R A T E D  A C I D  / E D T A  / E T H Y L E N E  C I  A M I N E  T E T R A  A C E T I C  A C I D  I STUDY OF I 6 7 A - 0 2 - C 7  
ER F O R  T H E  CHROMATOGRAPHY OF N L C L E O T I O E S  P O L Y  E T H Y L E N E  I M I N E  - C E L L U L O S E  - A VEW A N I O N  EXCHANG 6 7 T R - C 2  
I D E S  BY TWO O I M E U S I O N A L  T H I N  L A Y E R  CHROPATOGRAPHY C N  P O L Y  E T H Y L E N E  I M I N E  - C E L L U L O S E  / E O S I D E S *  A N 0  N lJCLEOT 6 7 P R R - 0 8 7  
/ S T I T U E N T S  O F  T R A N S F E R  R I B O  N U C L E I C  A C I D S  I TRNA / P O L Y  E T H Y L E N E  I M I N E  I P E I  1 / C E L L U L O S E  MN-?@O I E S C I  6 7 A - 0 4 - 0 1 8  
Y C  E L E C T R O N  D I F F R A C T /  THE E X A M I N A T I O N  OF P R A S E O O Y M I U C  AND E U R O P I U C  H Y C R O X I C E  S O L S  @ Y  E L E C T R O N  M I C R O S C O P Y  A 6 7 P R R - 0 4 8  
Y O R O X I D E  SOLS O F  S A M A Q I U M I  L C T E T I L M ,  G A O O L I N I U M t  T E R B I U C t  E U R O P I U Y t  A N 0  E R E I U M  1 / A N I C E  H Y O R O X I O E  S O L S  I H 6 7 A - O B - C I C  
D A C T I N I D E  B E T A  D I  K E T O N E S  I H E X A  F L U O R O  A C E T Y L  A C E T C h E  / E U R O P I U C I I I I )  / P M E R I C I U M I I I I )  / C H E L A T E S  ) / A N  6 7 A - 0 9 - C B B  

C E S I U M  I O O I D E  I T H A L L I U Y  S/ A F I L M  R E C O R D I N G  R A D I A T I O N  E V E N T  M C N I T O R  FOR P U L S E D  X AND GAMMA R A D I A T I O N  I 6 7 A - 0 9 - 0 2 A  

/ O A R T I C L E T  W I T H  BORON, \ I I T ? O G E N ,  S O O I U M t  AND B E R Y L L I U C  I E X C I T A T I O N  F U N C T I O N S  / C I S T O R T E D  WAVE THEORY O F /  6 7 A - 0 9 - C h A  
I O F  H E L I U M - 3  P A R T I C L E S  W I T H  LOW A T O M I C  NUMBER E L E C E N T S  - E X C I T A T I C N  F U N C T I O N S  FROM E X P E R I M E Y T  A N 0  FROM D /  6 7 P R R - 0 9 8  

D E V E L O P M E N T  O F  R A D I A T I C N  S T I M U L A T E D  L I G H T  SOURCES - E X C I T A T I C N  W I T H  P R O M E T H I U M - I 4 7  6 7 6 - 0 9 - 0 2 D  
OUCTOR X-RAY E M I S S I O N  SPECTROMETER I USE OF I O D I N _ E - 1 2 5  T O  E X C I T E  X-RAYS / T I C A L  C A P A B I L I T I E S  O F  A S E M I C O N  6 7 A - 0 9 - C 2 C  
X C I T E C  I S O T O P I C  L I G H T  SOURCE I M A T H E M A T I C A L  MODEL CF B E T A  E X C I T E D  I S O T O P I C  L I C P T  SOURCE ) / U S E  O F  A B E T A  E 6 7 A - 0 9 - C Z B  
E L  O F  B E /  P R E C I S I O N  P H O T J M E T R I C  A U A L Y S I S  B Y  USE OF A 8 E T A  E X C I T E 0  I S O T O P I C  L I G H T  SOURCE I M A T H E M A T I C A L  MOD 6 7 A - 0 9 - C 2 B  
C I U M - 2 4 6  / 2 T H E Y O Y L  T R I  F L U O R O  ACETONE I T T A  ) / S C L V E N T  E X T R A C T I O N  / I O N  E X C b A N C E  I Y  SPECTRUM O F  A M E R I  6 7 A - 0 9 - 0 7 E  
C A C E T Y L  A C E T O N A T E S  S O L V E N T  E X T R A C T I C N  A N D  GPS CHROMATOGRAPHY O F  M E T A L  F L U O R  6 7 P R R - 0 7 C  
2 3 3  O X I D E  - T H O K I U M  O X I D E  M I X T U R E S  B Y  T R I  B U T Y L  6 H C S P H A T E  E X T R A C T I O N  A N D  S C L U T I O N  R E S I D U E  ARC METHOD I I U M -  6 7 A - 0 6 - C 4 B  

NEW S 6 7 P R R - 0 4 4  E P A R A T I O V  METHOD FOR A Y E 7 1 C I U M  B A S E O  ON THE L I Q U I D - L I C U I D  E X T R A C T I O N  B E H A V I O R  O F  A M E R I C I U Y I V I  
2/  S E P A R A T I O V  METHOD FOR A M E R I C I U M  B A S E O  ON L I Q U I D - L I C U I D  E X T R A C T I C N  e E k b V I O R  O F  A M E R I C I U Y I V )  I A M E R I C I U M -  6 7 A - 0 9 - 0 7 8  
N O F  C A L I F O K Y I U Y  FROM C U 7 I U M  AND P E R K E L I U P  F R O C  C E R I U C  B Y  E X T R A C T I C N  CHROMPTOGRAPHY S E P A R A T I C  6 7 P R R - 0 2 9  
/ C A L I F O R N I U M  FROM C U R I U M  AYD OF B E R K E L I U P  F R O P  C E R I U C  B Y  E X T R A C T I O N  CHROMATOGRAPHY ( U S E  O F  T E F L O N  I N  E X /  6 7 A - 0 9 - 0 7 8  
I M  C E R I U M  BY E X T R A C T I O V  CHROMPTOGRAPHY I USE OF T E F L O N  I N  E X T R A C T I O N  CHROMPTOGRAPHY / D I  I 2 E T H Y L  H E X Y L  I 6 7 A - O 9 - C 7 A  
I M P L E S  / C A L I F O R V I U M  I C U R I U M  / E I N S T E I N I L M  / A M E R I C I U M  / E X T R A C T I C N  CHROMPTOGRPPI-Y / P U L S E - H E I G k T  A N A L Y S /  6 7 8 - 1 4 - C I  
L U O R O  ACETONE - X Y L E N E  - A P P L I C A /  S E L E C T I V E  L I C U I D - L I C U I C  E X T R A C T I C N  O F  B E R K E L I U M 1  I V )  W I T H  2 T H E N O Y L  T R I  F 6 7 P R R - 0 2 8  
/ O R G A N I C  A C D I T I V E S  TO I V O U C E  THE S E L E C T I V E  L I Q U I D - L I C U I O  E X T R A C T I C N  O F  N I O B I U M  W I T H  T H E N O Y L  T R I  F L U O R O  A /  6 7 P R R - 0 2 1  
/ E  O F  O R G A N I C  A D D I T I V E S  T O  I N D U C E  S E L E C T I V E  L I Q U I D - L I C U I O  E X T R A C T I O N  O F  N I O R I U M  W I T H  2 T H E N O Y L  T R I  F L U O R O l  6 7 A - 0 9 - C 7 0  

O F  T H E  @ E R K E L I U M l  I V I  - C E R K E L I L M I I I I )  C O U P L E  I O R N L  P C D E l  F E A S I B I L I T Y  O F  C E T E R M I N I N G  T H E  FORMAL P O T E N T I A L  6 7 A - 0 9 - C B D  
/ U P  M O V T H L Y  SUMMARY - N O V . , 1 9 6 6  / DEC. ,1966  / J A N . , I 9 6 7  I F E B . . 1 9 6 7  I M A Y . 1 9 6 7  / J U N E 1 1 9 6 7  / AUG. ,1967  / / 6 7 P R R - 0 7 1  

ORAU G R A D U A T E  F E L L O W S H I P  PROGRAM 6 7 D - I  6 - C 4 A  
F L U O R I D E  / O T H E R  R E S E A R C H  A S S I S T A Y C E  I MOON BOX / F E R R O U S  F E R R I C  P O L Y B D A T E  C O Q R O S I O N  I N H I B I T O R S  / L I T H I U M  6 7 A - 0 8 - C I E  
H E N Y L  N E 0  T R I  C E C A N O A T E  / F L U O R I N E  I D I  O X I D E  / L I T H I U P  F E R R I T E  / O F  C I  E T b Y L  G U A N I D I N O  D I  A C E T A T E  / P 6 7 A - 0 4 - C 3 A  
L I T H I U M  F L U O R I D E  / O T H E ?  R E S E A R C H  A S S I S T A N C E  I M O O h  RCX / FERROUS F E R R I C  M O L Y B D A T E  CORROSIOV I N H I B I T O R S  / 6 7 A - 0 8 - 0 1 E  

GAMMA D O S I M E T R Y  A T  1 5 0 - 2 5 O C  W I T H  D E A E R P T E C  FERROUS S U L F A T E  S O L U T I O N  6 7 P R R - 0 2 4  
D X AND GAMKA R A D I A T I O Y  I C E S I U M  I O D I D E  I T H A L L I U P  S I  A F I L M  R E C O R D I N G  R P D I A T I O N  E V E N T  M O N I T O R  F O R  P L L S E  6 7 A - 0 9 - C 2 A  
N O F  T R A V S F E R  R I B O  U U C L E I C  P C I D S  A S E P I A U T C Y A T E O  F I L T E R  PAPER C I S K  T E C F N I Q U E  FOR T H E  D E T E R M I N A T I O  6 7 P R R - 0 9 6  

F I L T E R  PHCTDMET ER 6 7 P R R - 0 8 4  
/ 1.2 01 M E T H Y L  V A P H T H A L E N E  / 5A M O L E C U L A R , S I E V E  C C L U P N  / F I S K  604 M O L 0  R E L E A S E  / H O N A K E R  - HORTON P Y R O L Y l  6 7 A - 0 4 - C l A  
I M - 1 3 2  / T H U L I U M - 1 7 1  / 4 0 9 6  C H A N N E L  P U L S E - H E I G H T  A h A L Y Z E R  F I S S I O N  PRODUCT P N A L Y S E S  / M O L T E N  S A L T  L O O P  E X P I  6 7 8 - l 4 - C 4  
/RON SOURCE I P N E U M A T I C  Q A B B I T  S Y S T E M  / B I A X I A L  R O T A T C R  / F I S S I O N  S P E C T R U M  N E U T R O N S  / T H E R M A L I Z E D  N E U T R O N /  6 7 A - 0 9 - C 3 A  
I O N  H A R D E N I Y G  S T U C I E S  - C O N T R O L L E D  O X I D E  P R E C I P I T A T I O N  I N  F L A K E  A L U V I N U M  AND A L U M I N U M  A L L O Y S  I B O E H M I T E  1 6 7 A - O B - C I B  
A L  T O  N O I S E  R A T I O  I S I N  ) W I T H  4 S I G N A L  / E N H A N C E P E N T  OF F L A M E  P H O T O M E T R I C  S E N S I T I V I T Y  BY I V C R E A S I N G  S I G N  6 7 A - 0 1 - 1 4  
l E T E R M I N A T I O Y  O F  L I T H I U M  / MSRE / TRU / O R N L  COOEL- '2 -1457  F L A M E  SPECTROPHOTOMETER / ORNL M O D E L - Q - I B E 7  F L A l  6 7 6 - 0 1 - 1 2  

C E S I U M  PARA E T H Y L  B E N Z E N E  S U L F O N A T E  6 7 A - 1  I - 0 1 E  , 

P O L Y  t T H Y L E Y E  I M I N E  - C E L L U L O S E  - A N E k  A N I O N  EXCHANGER FOR T H E  CPROMATOGRAPHY OF N U C L E O T I D E S  6 7 7 1 - 0 2  

E X T R A L A E C R A T O R Y  P R O F E S S I O N A L  A C T I V I T I E S  6 7 E  

. 
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M O D E L - Q - 1 4 5 7  F L A M E  SPECTROPHOTOMETER / O R N L  M C O E C - Q - I 8 8 7  F L A M E  S P E C T R O P H O T O M E T E i S  I / / MSRE / T R U  / O R N L  6 7 A - 0 1 - 1 2  . 
/ D E T E R Y I N A T I O V  O F  L I T H I U M  / M S q E  / T R U  / O R N L l  M C D E L  V I  F L A M E  S P E C T R O P H O T O M E T E R S  I S O L I 0  S T A T E  A M P L I F I E R  6 7 8 - 0 1 - 1 2  , 

E T R I C  O E T E R M I N A T I O N  O F  P H O S P H A T E  I WATER A N A L Y S I S  / T I N  - F L A V O N C L  / A L U M I N U M  - M O R I N  1 F L U O R O M  6 7 A - 0 4 - 1 4 D  
E N T l  I N - L I N E  A N A L Y S I S  OF THE C O M P O N E N T S  OF G A S E S  F R O P  T H E  F L U I D I Z E C - B E 0  V O L A T I L I T Y  P I L O T  P L A N T  I B R O M I N E  F'. 6 7 A - 0 3 - 0 3 8  
TE,  IODATE, '  A N 0  I O D I D E  I N  M I X T U R E S  OF THE THREE S P E C I E S  I F L U I D I Z E D - B E 0  V O L A T I L I T Y  P R O C E S S  I / O F  P E R  1 0 0 4  6 7 A - 0 4 - C 4 G  

ROCY F L U I D S  A N I L Y S  I S  PROGRAM 6 7 A - 0 5 - C 2  
R A P I D  D I S T I L L A T I O N  S E P A R A T I O N  OF F L U C R I D E  I F L U O  S I L I C I C  A C I C  / A L I Z A R I N  C O M P L E X O N E  1 6 7 A - 0 2 - C S  

T H I O  C Y A N A T E  D E T E R M I V A T I O N  OF N I O B I U M  I N  THE P R E S E N C E  C F  F L U O R I C E  S P E C T R O P H D T O M E T R I C  6 7 P R R - 0 1 3  
ROTATOR F O R  1 4 - M E V  N E U T R O N  I R R A D I A T I O N  I T E F L C N  / C A L C I U C  F L U O R I D E  I A B I A X I A L  S A M P L E  6 7 A - 0 9 - C 5 0  
D I S S O L V E R  S O L U T I O N  / S P A O N S  S P E C T R O P H O T O M E T R I C  METHOD F O R  F L U O R I D E  I / A N C  C E T E R M I N A T I O N  O F  F L U O R  I O E  I T R U  6 7 A - 0 4 - C 4 F  

M O L T E N  L I T H I U M  F L U O R I D E  - B E R Y L L I L ' M  F L L ' O R I O E  - Z I R C O N I U C  F L U O R I C E  1 / U S I O N  C O E F F I C I E N T  FOR U R A N I U M I I V I  I N  6 7 A - D 3 - C 2 C  
/ O I F F U S I O N  C O E F F I C I E N T  F O R  U R A N I L M I I V )  I N  M O L T E N  L I T H I U P  F L U O R I C E  - B E R Y L L I U M  F L U O R I D E  - Z I R C O N I U M  F L U O R /  6 7 A - 0 3 - C 2 C  

D E  AT / E L E C T R O R E D U C T I O V  O F  U R A N I C M I I V )  I N  M O L T E N  L I T H I U M  F L U O R I D E - -  B E R Y L L I U M  F L U O R I D E  - Z I R C O N I U M  F L U O R 1  6 7 A - 0 3 - C Z C  
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/ / C A D M I U M  C H L O R I D E  / C E S I U M  C H L O R I D E  / G A O O L I N I U P - I 6 0  / G E R M A N I U P - 7 3  - C t R O M I U M  A L L O Y  / G E R M A N I U M l I I ) - 7 /  6 7 A - I D  
/ O R I O E  / G A O O L I Y I U M - 1 6 0  / G E R M A N I L M - 7 3  - C H K O M I U P  A L L C Y  / G E R M A N I U M l I I ) - 7 3  I O D I D E  / G E R M A N I U M I I V I  O X I D E  G I  6 7 A - I D  
I E R M A N I U M - 7 3  - CHROMIUM P L L O Y  / G E R M A N I U M I I I I - 7 3  I C O I D E  / G E R M A N I U P I I V )  O X I D E  G L A S S E S  / G E R M A N I U M I I V )  S U L /  6 7 A - I O  
/ G E R M A N I U M 1  1 1 1 - 7 3  I O D I D E  / G E R M A N I U M I I V )  O X I D E  G L A S S E S  / G E R M A N I U M I I V I  S U L F I C E  G L A S S  I I R O N 1  1 1 1 1 - 5 7  BROM/  6 7 A - I O  
OF P H O T O F I S S I O Y  O F  I R O N  I PROTON I N D U C E 0  R E A C T I C N S  I N  T H E  GEV R E G I O N  / C A M E R I D G E  ELECT,RON A C C E L E R A T O R  ) / 6 7 A - 0 9 - C 7 F  
/ D E  / G E R M A N I U M I I V I  O X I D E  G L A S S E S  / G E R P A N I U M I I V )  S U L F I D E  G L A S S  / I R O N 1  1 1 1 ) - 5 7  B R O M I D E  I N  C H R O M I U M I I I I )  R /  6 7 A - I D  
/ P E C T R O M E T R I C  S E A R C H  FOR N E O N  I N  M I N E R A L S  A N 0  I N  V C L C P N I C  G L P S S E S  I N E O N  I N  L E P I D O L I T E  / NEON I N  A H B L Y G O N l  6 7 A - O l - C 4  

c 
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/UM A L L O Y  / G E R M A N I U M I I I I - 7 3  I O O I O E  / G E R P A N I U M ( I V 1  C X I O E  G L A S S E S  / - G E R M A N I U M ( I V I  S U L F I D E  G L A S S  / I R O N I I I I  6 7 A - l G  
OMETRY O F  T H E  I O D I N E  S Y S T E M  A T  T H E  P Y R O L Y T I C  G R A P H I T E  ANC G L D S S Y  CARBON E L E C T R O D E S  C H R O N O P O T E N T I  6 7 P R R - 0 5 4  
PHA E M I T T I N G  M A T E R I A L S  I C A R Y  M O O E L - I 4  S P E C T R O P H O T C M E T E R /  G L C V E  BCX FOR A E S O R P T I O N  S P E C T R O P H O T O M E T R Y  O F  A L  6 7 A - 0 4 - C 6 B  
/ / 2,2 01 HEX,YL 01 HYOR3 N A P H T H A L E N E  / G L U T A T H I O N E  / I S C  G L U T A T H I C N E  / G R P M I C I C I N  A / M E T A  1000 B E N Z O Y L  / 6 7 A - 0 4 - 6 3 8  
/ HYDRO N A P H T H A L E N E  / 2 . 2  01 H E X Y L  0 1  H Y D R O  N A P H T H A L E N E  / G L U T A T H I C N E  / I S 0  G L U T A T E I O N E  / G R A M I C I D I N  A / / 6 7 A - 0 4 - c ' 3 8  

A HYOROGEN I O O I O E  S A L T  / T I L L  O I L  / 01 O C T Y L  P H T H P L A T E  / G L Y C E R O L  T H I O  E T H E R  I / D  / CES F O R M Y L  G R A M I C I D I N  6 7 A - 0 4 - C 3 B  
E - T R A N S F E R  R N A  1 ( B I C I N E  / N,N B I S  ( 2 H Y D R O X Y  E T H Y L  I G L Y C I N E  / E S C H E R I C H I P - C O L I - B  1 / E I C  A C I D  I V A L I N  6 7 A - 0 5 - C I R  
BON P A R T I C L E S  1 . C E N S I T Y  G R P O I E N T  D P P L I C A T I O N S  ( C E N S I T Y  O F  P Y R O L Y T I C  C A R  6 7 A - 0 4 - C 5 A  
P H E R E S  USE OF A D E N S I T Y  G R A O I E N T - C O L U M N  TO M E A S U R E  T H E  O E V S I T Y  O F  M I C R O S  6 7 P R R - 0 1 4  
P H E R E S '  USE OF A D E N S I T Y  G R A D I E N T  COLUMN TO M E A S U R E  T H E  D E N S I T Y  O F  M I C R O S  6 7 P R R - C 9 1  

C R A U  G R P O U A T E  F E L L O W S b I P  PROGRAM , 6 7 0 - 1  6 - C 4 A  
C R N L  GRDOUDTE PROGRDM 6 7 0 - 1  b-C68 

/ O N E  / I S 0  G L U T A T H I O N E  / G R A M I C I O I N  A / META I O 0 0  B E N Z O Y L  G R P M I C I C I N  A / CES FORMYL G R A M I C I O I N  A H Y D R O G E N /  6 7 A - 0 4 - C 3 B  
/ L  0 1  HYDRO N A P H T H A L E N E  / G L U T A T H I O N E  / I S 0  G L U T A T H I O N E  / G R I M I C I C I N  A / META 1000 B E N Z O Y L  G R A M I C I D I N  A / I  6 7 A - 0 4 - C 3 B  
/ A M I C I O I V  A / M E T A  1000 B E N Z O Y L  G R A M I C I O I N  A / DES F C R P Y L  G R D M I C I C I N  P HYCROGEN I O C l O E  S A L T . /  T A L L  O I L  / / 6 7 A - 0 4 - 0 3 6  
C H R O N O P O T E N T I O M E T R Y  O F  T H E  I O D I N E  S Y S T E M  A T  THE P Y R O L Y T I C  G R A P H I T E  ANC GLASSY CARBON E L E C T R D O E S  6 7 P R R - 0 5 4  

' S O F  T H E  H A L I O E S  I N  01 M E T H Y L  S U L F  O X I D E  A T  T H E  P Y R O L Y T I C  G R A P H I T E  E L E C T R O C E  A N O D I C  R E A C T I O N  6 7 P R R - 0 5 3  
N O O I C  R E A C T I O N S  O F  T H I O  S U L F A T E ' A T  T H E  R O T A T I N G  P Y R O L Y T I C  G R A P H I T E  E L E C T R O C E  ( RP.GE. I I T E T R A  T H I O N A T E  I A 6 7 A - 0 2 - C 3  
I R I  V O L T A M M E T R I C  METHOD F O R  FL ILORIOE I R O T A T I N G  P Y R O L Y T I C  G R P P H I T E  E L E C T R O C E  I W.U. 1 / A L I Z A R I N  R E O  S / 2 6 7 A - 0 2 - C l  

R A O I O I S O T C P E S  I N  G R E E C E  6 7 P R R - 0 2 2  
/ E O - B E 0  V O L A T I L I T Y  P I L O T  P L A N T  ( B R O M I N E  P E N T A  F L U C R I C E  / G R E E N B R I E R  CHROMDTOGRAPH / F R E O V - 1 1 4  / 1 9 2  01 C /  6 7 A - O 3 - C 3 B  
/ C L O  B U T A N E  / B I  CYCLO B U T A N E  / HYDRO B R O M I D E  OF 01 E T H Y L  G U A N I O I N C  01 A C E T A T E  / P F E N Y L  N E 0  T R I  O E C A N O A T E l  6 7 A - 0 4 - C 3 A  

OF RNA / P O L Y  A D E N Y L I C  A C I D  / P O L Y  C Y T I D Y L I C  A C I D  / P O L Y  G U A N Y L I C  P C I D  / POLY U R I C Y L I C  A C I D  1 l M O P O L Y M E R S  6 7 A - 0 5 - C I G  

N I O B I U M - 9 5 M  / N I O B I U M - 9 3 M  / R A D I U M - 2 2 6 '  / P R O M E T H I U P - 1 4 6  / H A F N I U M - I B I  / P L U T O N I U M - 2 4 1  / A M E R I , C I U M - 2 4 1  1 / 6 7 A - 0 9 - 0 6 E  
/ , C H L O R l - N E - 3 6  / Z I R C O N I U M - 9 5  - N I O B I U M - 9 5  / Y T T R I U M - 9 1  / H A F N I U K - 1 8 1  / R U @ I O I U M - 8 4  1 / N E - 1 3 2  / C A L C I U M - 4 7  6 7 A - 0 9 - C 6 @  

RON A C T I V A T I O N  A V A L Y S I S  M I C R O E L E M E N T  C O N T E N T  OF H A I R  F R C Y  NEW Z E D L A N C  B O Y S  AS C E T E R M I N E O  B Y  N E U T  6 7 P R R - 0 1 1  
09 / S A M A R I U M - 1 5 1  / N I O B I U M - 9 2  / N I O B I U M - 9 5  / C E S I U C - 1 3 7 /  H A L F - L I F E  MEASUREMENTS ( . T H U L I U M - I 7 C  / C A D M I U M - I  6 7 A - 0 9 - C 6 E  
I U M  / S A M A R I U M  / I S O T 3 P I C  A N A L Y S I S  OF A C T I N I D E  E L E P E N T S  / H A L F - L I F E  O F  P L U T O N I U M - 2 4 2  / H A L F - L I F E  O F  P L L T O l  6 7 8 - 1 2 - 0 2 .  
/ Y S I S  O F  A C T I N I D E  E L E M E N T S  / H A L F - L I F E  OF P L U T O N I U P - 2 4 2  / H A L F - L I F E  OF P L U T O N I U M - 2 4 4  / I S O T O P I C  A N A L Y S I S  / 6 7 8 - 1 2 - C Z  
I O N U C L l O E S  H A L F - L I V E S  ANC S P E C I F I C  A C T I V I T I E S  O F  COMMON R A D  6 7 P R R - 0 5 7  

Q U A T E R N A R Y  P H C S F H G N I U P  H A L I O E S  6 7 A - 1  I - C I  B 
G R A P H I T E  E L E C T R 3 O E  A N O D I C  R E A C T I O N S  OF T H E  H A L I O E S  I N  C I  M E T H Y L  S U L F  O X I D E  A T  THE P Y R O L Y T I C  6 7 P R R - 0 5 3  

ON I N  F L A K E  A L U M I N U M  A N 0  A L U M I N U M  A L L O Y S  I B O /  D I S P E R S I O N  H A R D E N I N G  S T U O I E S  - C O N T R O L L E D  O X I D E  P R E C I P I T A T I  6 7 A - 0 8 - 0 1 8  
GAS CHROMATOGRAPH FOR A V A L Y S I S  O F  T H E  MSRE @ L D N K E T  G A S  ( H E L I U M  EREAKCOWN V O L T A G E  D E T E C T O R  1 l O P M E N T  OF A 6 7 A - 0 3 - C I O  

/, IRON,  A N 0  N I C K E L  / M A S S  S P E C T R O M E T R I C  O E T E R C I N A T I O N  OF H E L I O P ,  ARGON. A N 0  N I T R O G E N  / E L E C T R O N  B O N B A R O M I  6 7 8 - 1 2 - C l  
N E O N - 2 1  / N E O N - 2 2  / F L U O 7 1 N E - 1 9  / S O D I U M - 2 2  / L I T H I U P - 6  / H E L I U M - 3  1 / O F  E L E M E N T S  / O X Y G E V - 1 8  / N E O N - 2 0  / 6 7 A - 0 7 - l I 4  
G I  P O S S I B L E  U S E  O F  R E C O I L  N U C L E I  . I N  A C T I V A T I O N  A N A L Y S I S  ( H E L I U M - 3  / S E P A R P T I O N  O F  R A D I O N U C L I D E S  / OAK R I D  6 7 A - O 9 - C 4 C  

S E N S I T I V I T I E S  AND I N T E R F E R E N C E S  V S  BOMBARDMENT E N E R G Y  I N  H E L I U M - 3  D C T I V A T I O N  A N A L Y S E S  / € T H O 0  TO C A L C U L A T E  6 7 P R R - 1 2 5  

/ T I E S ,  I V T E R F E R E V C E S l  A N 0  O P T I M U M  BOMBARDPENT E N E R G I E S  I N  H E L I U M - 3  A C T I V A T I O N  A N A L Y S I S  i AVERAGE C R O S S  S E l  6 7 A - 0 9 - 6 4 6  
S E N S I T I V I T I E S  A N 0  I N T E R F E R E N C E S  VS BOMBARDMENT E N E R G Y  I N  H E L I U M - 3  A C T I V A T I O N  A N A L Y S I S  l E T H O 0  TO C A L C U L A T E  6 7 P R R - 0 3 6  

P R E S E N T  S T A T U S  OF T H E  H E L I U M - 3  d C T l V A T I O N  A N A L Y S I S  PROGRAM A T  O R N L  6 7 P R R - 1 2 6  
R E A C T O R  METHODS O F  A C T I V I T I O N  A N A L Y S I S  H E L I U C - 3  A C T I V A T I O N t  I N  P A N E L  D I S C U S S I O N  ON N O N  ' 6 7 P R R - 1 2 4  
H E L I U M - 3  P A R T I C L E S  / N U C L E I  R E C O I L  E N E R G I E S  / Q V A L U E S  O F  H E L I U M - 3  I N C U C E C  R E A C T I O N S  1 I A R  R E A C T I O N S  W I T H  6 7 A - 0 9 - C 4 C  

FOR P C T I V A T I O N  A N A L Y S I S  O F  15 L I G H T  E L E M E N T S  W I T H  18 -MEV H E L I U M - 3  P A R T I C L E S  S E N S I T I V I T I E S  6 7 P R R - 0 3 5  
l O R I C  1 / GAMMA-RAY S P E C T R O M E T R Y  / N U C L E A R  R E A C T I O K S  W I T H  H E L I U M - 3  P A R T I C L E S  / N U C L E I  R E C O I L  E N E R G I E S  / Q /  6 7 A - 0 9 - C 4 C  

A N 0  B E R Y L L I U M  I E X C I T A T I O N  F U N C T I O N S  / / I N T E R A C T I O N S  OF H E L I U M - 3  P A R T I C L E S  W I T H  BORON. N I T R O G E N ,  SOOIUMI  6 7 A - 0 9 - C 4 A  
A N 0  B E R Y L L I U M  I N T E R A C T I O N S  OF H E L I U M - 3  P A R T I C L E S  W I T H  BORON, N I T R O G E N t  S O O I U M t  6 7 P R R - 0 1 7  , 

6 7 0 - 1  6-C4 G R A D U A T E  T H E S I S  RESEARCb PROGRAMS 

A L I E R  G U E S T S  I N  R E S I C E N C Y  6 7 0 - 1  6 - C 7  

H E L I U M - 3  D C T I V A T I O N  A N A L Y S I S  6 7 P R R - O C 9  . 

T S  - E X C I T P T I O N  F U N C T I O N S  FROM E X P E R I M E N l  I N T E R A C T I O N S  O F  H E L I U M - 3  P A R T I C L E S  W I T H  LOW ' A T O M I C  NUMBER E L E M E N  6 7 P R R - 0 9 8  
T S  - A N U C L E A R  C H E M I S T  L O O K S  A T  D I R E C T  R E /  I N T E R A C T I O N  OF H E L I U M - 3  P A R T I C L E S  W I T H  LOW A T O M I C  NUMBER E L E M E N  6 7 P R R - 1 4 2  
/ E  A N A L Y S I S  ( A M I N O  A C I D  SEQUENCE OF A L P H A  C H A I N  O F  P C U S E  H E P O G L O e I N  / A M I N O  A C I D  S E Q U E N C E  O F  B E T A  C H A I N  / 6 7 A - 0 5 - C 4  
E H E M O G L O B I N  / A M I N O  A C I D  SEQUENCE OF B E T A  C H A I N  OF MOUSE H E M O G L O B I N  / EOMAN C E G R A C A T I O V  METHOD I / O F  MOUS 6 7 A - 0 5 - C 4  

H E P T A  C E C Y L  A M I N E  6 7 6 - 1  I - C I C  
/NOS @Y G A S  CHROMATOGRAPHY / B E N Z E N E  / P E N T A N E  / HEXAh'E / H E P T A N E  / 0 I . C H L C R O  METHDNE / CARBON T E T R A  C H L O l  6 7 A - 0 4 - C I A  
/ O D E  / ' P A R A  A M I N O  B E N Z Y L  A M I N E  / 01 O O O E C Y L  N A P H T H A L E N E  / H E P T Y L  C E C Y L  A M I N E  / 01 COOECYL N A P H T H A L E N E  S U L l  6 7 A - 0 4 - C 3 A  
/MATOGRAPHY / GAS C H R O M A T O G R A P H I C  O E T E R P I N A T I C N  OF S U L F U R  H E X A  F L U C R I C E  I N  M E T P A N E  / A P P L I C A T I O N S  O F  G A S  / 6 7 A - 0 4 - C I A  

A C O M P A R A T I V E  C O N D E N S A T I O N  P R E S S L R E  A N A L Y Z E R  F O R  U R A N I U P .  H E X A  F L U O R I C E  P U R I T Y  . 6 7 P R R - 0 3 2  
P R E P A R A T I O N  O F  L A N T H A Y I O E  A N 0  A C T I N I D E  B E T A  01 K E T O N E S  ( H E X A  F L U O R 0  A C E T Y L  ACETONE / E U R O P I U M ( I I 1 I  / AME 6 7 A - 0 9 - C B B  

/ I C  COMPOUNCS B Y  GAS CHROMATOGRAPHY / B E N Z E N E  / P E k T A N E  / H E X A N E  / H E P T A N E  / 0 1  C b L O R O  M E T H A N E  / C A R B O N  T I  6 7 A - 0 4 - C l A  
N A P H T H A /  N U C L E A R  M A G V E T I C  RESONANCE SPECTROMETRY I I ( 3 H E X Y L  1 N P P H T H D L E N E  / O L E I C  A C I D  / 2 ( 3 H E X Y L  1 6 7 A - 0 4 - C 3 B  

/ DOOECYL N A P H T H A L E N E  / I I 2 H E X Y L  1 N A P H T H P L E N E  / 2 ( 2 H E X Y L  1 N D P H T H D L E N E  / I N H E X Y L  N A P H T H A L E N E  / I /  6 7 A - 0 4 - C 3 8  
./ / Z ' L A U R O Y L  N A P H T H A L E N E  / 2 OODECYL N A P H T H A L E N E  / I ( 2 H E X Y L  1 N A P H T H A L E N E  / 2 I 2 H E X Y L  1 N A P H T H A L E N E /  6 7 A - 0 4 - 0 3 8  
/ROMETRY I I [ 3 H E X Y L  I N A P H T H A L E N E  / O L E I C  A C I D  / 2 ( 3 H E X Y L  1 N A P H T H A L E N E  / 2.6 01 OOOECYL N A P H T H A L E N I  6 7 A - O b G 3 B  
U S E  O F  T E F L O N  I N  E X T R A C T I O N  CHROMATOGRAPHY / 01 ( 2 E T H Y L  H E X Y L  1 ORTHO P H C S P H O R I C  A C I D  1 l R O M A T O G R A P H Y  ( 6 7 A - 0 9 - C 7 A  
/ N A P H T H A L E N E  / 1 ~ 2  01  H E X Y L  01 H Y D R O  N A P H T H A L E N E  / 7-92 01 H E X Y L  01 P Y C R O  N P P H T I - A L E N E  / G L U T A T H I O N E  I I S 0  / 6 7 A - 0 4 - C 3 B  
/ E  / I E T H Y L  N A P H T H A L E N E  / 2 N H E X Y L  N A P H T H A L E N E  / I r l  01 H E X Y L  01 HYCRO N A P H T H A L E N E  / 1 , 2  01 H E X Y L  01 H Y I  6 7 A - 0 4 - 0 3 8  
/ N A P H T H A L E N E  / I ,  I 01 H E X Y L  01 HYDRO N A P H T H A L E N E  / 1.2 01 H E X Y L  01 HYORO N A P H T H A L E N E  / 2 9 2  01 H E X Y L  01  H Y I  6 7 A - 0 4 - C 3 B  

/ E  / I I S 0  P R O P Y L  N A P Y T H P L E N E  / I E T H Y L  N A P H T H A L E N E  / 2 N H E X Y L  N P P H T P A L E N E  / 1 , I  C I  F E X Y L  01 HYDRO N A P H T I  6 7 A - 0 4 - 6 3 B  
/ F O R M  / 2 E T H Y L N A P H T H D L E N E  / A N I L I N E  / I C H L O R C  P R C P A R E  / H E X Y L  N A P F T H A L E N E  / 112 0 1  M E T H Y L  N A P H T H A L E N E  / I  . 6 7 A - 0 4 - C l A  
S L A B O R A T O R Y  I H I G H  $ L U X  A C T I V A T I O N  A N A L Y S I S  L A B O R A T O R Y  ( H F A A L  1 I P R O P O S E 0  H F I R  A C T I V A T I O N  A N A L Y S I  6 7 A - O 9 - C 3 C  
A C T I V A T I O N  A N A L Y S I S  L A B O P A T O R Y  ( H F A A L  1 1 PROPCSEO H F I R  A C T I V A T I O N  D N A L Y S I S  LABORa 'TORY I H I G H  F L U X  67A-09 -C ;3C 
F CHROMIUM,  I R O N ,  A N 0  N I C K E L /  M A S S '  S P E C T R O M E T R Y  S E R V I C E  1 H F I R  C C P P C N E N T S  / R E L A T I V E  I S O T O P I C  A B U N O A N C E S  0 6 7 B - 1 2 - C l  
S I U M - 1 3 6  / T R I T I U M  / L E A K S  I N  H F I R  T A R G E T ' R O O S  / S T U D Y  OF H F I R  COOLANT WATER ( R E A C T O R  WATER / C E S I L M  / C E  6 7 A 2 0 9 - G 6 F  
/ R E A C T O R  WATER / C E S I U M  / C E S I U M - I 3 6  / T R I T I U M  I L E A K S  I N  H F I R  T A R G E T  R O D S  / U R A N I U M - 2 3 5  / C U R I U M - 2 4 5  / S I  6 7 A - 0 9 - 0 6 F  
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I S C T O P E  M A T E R I A L S  I P H O S P H O R U S - 3 1  I V  PHOSPHORUS-  6 7 A - 0 9 - C 6 C  
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KRCONEN - V A D E R  T E C H N I Q U E  1 /MI AVO U R A N I L M  I N  L 6 7 A - 0 6 - C h A  
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I G H T  SOURCE I M A T h E M A T I C A L  MOOEL OF B E T A  E X C I T E D  I S O T C P I C  L I G H T  SCURCE I / U S E  O F  A B E T A  E X C I T E D  I S O T O P I C  L 6 7 A - 0 9 - C 2 8  
I N  P H O T O Y E T K I C  A V A L Y S I S  B Y  U S E  O F  A B E T A  E X C I T E D  I S O T C P I C  L I G H T  SCURCE ( M P T H E M A T I C A L  MODEL O F  B E T A  E X C I T l  6 7 A - 0 9 - G Z B  
O F  R A C I 4 T I O N  - P R E C I S I O N  P H O T O M E T R Y  U S I N G  A R A O I O I S O T C P I C  L I G H T  SOURCE / I C A T I O N S  O F  T H E  SECOYOARY E F F E C T S  6 7 P R R - I 2 9  

ORNL - R O S S  R A O I O I S O T C P I C  L I G H T  SCURCE PHOTOMETER 6 7 P R R - I  3 2  
O M E T R I C  4 N A L Y S I S  I N  T H E  U L T R A V I O L E T  U S I N G  A 9 A D I O I S O T C P I C  L I G H T  SCURCE PHOTOMETER P R E C I S I O N  P H O T  6 7 P R R - 1 2 8  

D E V E L O P M E N T  OF R A O I A T I O N  S T I P U L A T E O  L I G H T  SCURCES 6 7 P R R - I  2 7  
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T R I  F L I  U S E  O F  O R G A N I C  A O O I T I V E S  TO I N D U C E  THE S E L E C T I V E  L I C U I C - L I C U I O  E X T R A C T I O N  O F  N I O B I U M  W I T H  THENOYL 6 7 P R R - 0 2 1  
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I C L E S  W I T H  LOW P T O M I C  VUMBER E L E M E N T S  - A N U C L E A R  C H E C I S T  LOOKS AT C I R E C T  R E A C T I O N S  / T I O N  O F  H E L I U M - 3  P A R T  6 7 P R R - 1 4 2  

T H E  A N A L Y T I C A L  C H E P I S T  L O C K S  AT S T A N O A R C  R E F E R E N C E  M A T E R I A L S  6 7 P R R - I  3 7  
S E - H E I G H T  A N A L Y Z E R  F I S S I O N  P R O D U C T  A N A L Y S E S  / C O L T E N  S A L T  L O C P  E X P E R I P E N T  / M S R E  I / I 7 1  / 4 0 9 6  C h A N N E L  P U L  6 7 B - l 4 - C 4  
OOKS AT D I R E C T  R E /  I V T E 3 4 C T I O N  O F  H E L I U M - 3  P A R T I C L E S  W I T H  LOW A T O P I C  N J M B E R  E L E M E N T S  - A V U C L E A R  C H E M I S T  L 6 7 P R R - 1 4 2  
S FROM E X P E R I M E V l  I N T E R A C T I O N S  O F  H E L I U M - 3  P A R T I C L E S  W I T H  LOW A T O V I C  N U M B E R  E L E M E N T S  - E X C I T A T I O N  F L N C T I O N  6 7 P R R - 0 9 8  

'JEW F A C I L I T I E S  FOR A C T I V A T I O N  A N A L Y S I S  A N 0  LOW L E V E L  MEASUREMENTS 6 7 A - 0 9 - C 3  
C E I V I N G  L A B O R A T O R Y  I L R L  I I LOW L E V E L  R A D I A T I O N  C O U N T I N G  F A C I L I T Y  ( L I I N A R  R E  6 7 A - 0 9 - C 3 F  

6 7 P R R - 0 9 0  
O U Y O S  ( A L K Y L  S U B S T I T U T E 0  A R O M A T I C  HYDROCARBONS / C R G A N I l  LOW R E S O L U T I O N  MASS SPECTROMETRY O F  O R G A N I C  COMP 6 7 A - 0 7 - 0 2  
A O I A T I O N  C O U V T I N G  F A C I L I T Y  ( L U N A R  R E C E I V I N G  L A B O R A T O R Y  ( L R L  I I LOW L E V E L  R 6 7 A - O 9 - C 3 F  
/ / S l L l C 4  / P H E V O L  - A L D E H Y D E  R E S I N S  / M A G N E S I U C  C X I O E  / L U B R I C A T I N G  O I L S  / P E N T A  P H E N Y L  T R I  M E T H Y L  T R I  / 6 7 A - 0 4 - C 3 A  

LOW L E V E L  R A D I A T I O N  C O U N T I N G  F A C I L I T Y  I L U N A R  R E C E I V I N G  L A B O R A T O R Y  ( L R L  I I 6 7 A - 0 9 - 0 3 F  
/ L A N T H A V I O E  H Y D R C X I O E  S 3 L S  I H Y D R O X I D E  S O L S  OF S A P A R I U M t  L U T E T I U P I  G A O O L I N I U M r  T E R B I U M i  E U R O P I U M t  A N 0  E R I  6 7 A - 0 8 - 0 1 C  

/ G L A S S  / I R O N 1  1 1 1 1 - 5 7  B X O M I O E  I N  C H R O M I U C ( I I I 1  B R C M I O E  / P A G N E S I U P  C H L O R I C E  / M A C N E S I U M  N I T R I D E  / H I G H  P I  6 7 A - I O  
/ B R O M I D E  I N  C H R O M I U M I I I I I  S R O M I O E  / M A G N E S I U M  C H L C R I O E  / M A G N E S I U P  N I T R I C E  / H I G H  P U R I T Y  M A G Y E S I U M  O X I D E /  6 7 A - I O  
S O L U T I O N  O F  U R A Y I U M  Y I T I I O E S  / D I S S O L U T I O N  O F  C R Y S T A L L I N E  M A G N E S I U M  O X I C E  I S E A L E C  T U B E  O I S S O L U T I O N S  ( O I S  6 7 A - 0 4 - C 4 E  
I U E L S  / I R T R A N S  1-6 / S I L I C A  / P H E N O L  - A L D E H Y D E  R E S I N S  / M A C N E S I U M  O X I O E  / L U B R I C A T I N G  O I L S  / P E N T A  P H E N l  6 7 4 - 0 4 - 0 3 8  
/ E  I M A G Y E S I U M  C H L O R I D E  I M A G N E S I b M  N I T R I D E  I H I G H  P U R I T Y  P A G N E S I U P  O X I O E  / N I C K E L - 6 4  - A L U M I N U M  A L L O Y  / I 6 7 A - I O  
/ON B A S E  A L L O Y S  / M A S S  S P E C T R O M E T R I C  A N A L Y S I S  OF A L L O Y S  / M A G N E S I U P - 2 6  / I R O N - 5 7  / Z I R C O N I U M - 9 0  / S A M A R I U I  6 7 A - 0 7 - C I  
N A P H T H A L E N E  / O L E I C  A C I D  / 2 ( 3 H E X Y L  I N A P H T H A /  h U C L E A R  P A G N E T I C  RESONANCE S P E C T R O M E T R Y  ( 1 ( ? H E X Y L  I 6 7 A - 0 4 - 0 3 8  

M A I N T E N A N C E  O F  T I E  ORNL M A S T E R  A N A L Y T I C A L  MANUAL 6 7 C - I  5-132 
/ C H L O R I Y E  I N  O R G A N I C  COMPOUNDS / D E C A Y  C H A R A C T E R I S T I C S  OF M A N G A N E S E - 5 8  / F O R M A T I O N  O F  M A N G A V E S E - 5 8  B Y  N E U l  6 7 A - 0 9 - 0 5 A  
I S  / CECAY C H A R A C T E R I S T I C S  3F M A N G A N E S E - 5 B  / F O R M A T I O N  OF M A N G A N E S E - 5 8  BY NEUTRON eOMBARCMENT O F  I R O N - 5 6  / 6 7 A - 0 9 - C 5 A  

A VACUUM F U S I O V  - GAS Z H R O M A T O G R A P H I C  A P P A R A T U S  FOR LOW L E V E L S  C F  I N T E R S T I T I A L  G A S E S  

V U C L E A R  A Y A L Y S I S  U S I N G  A L A R G E  VOLUME G E R P A N I U M  ( L I T H I U M  I D E T E C T O R  

A VACUUM F U S I 3 V  - G A S  C H R O M A T O G R A P H I C  A P P A R A T U S  F O R  LOW L E V E L S  O F  I N T E R S T I T I A L  G A S E S  

MACROMOLECULAR S E P A R A T I O N S  PROGRAM 6 7 A - 0 5 - C I  

O R N L  M A S T E R  A N A L Y T I C A L  P A h U A L  6 7 C - I  5 
6 7 C - I  5-Cl  

M A I Y T E N A N C E  OF T H E  O R N L  MASTER A N A L Y T I C A L  MANUAL 6 7 C - I  5 - C 2  
O R N L  M A S T E R  A N A L Y T I C A L  MANUAL 6 7 C  

6 7 P R R - 0 6 8  
O R N L  M A S T F R  A N A L Y T I C A L  P A h U A L ,  S U P P L E P E N T  9 6 7 P R R - 0 6 6  

H E M I S T R Y  R E S E A R C H  A V O  D E V E L O P M E N T  GROUP P C N T H L Y  S U B P A R Y  - PAR. 9 1 9 6 7  / J U L Y v 1 9 6 7  A N A L Y T I C A L  C 6 7 P R R - O B 0  
E A L L /  SPARK SOURCE M A S S  SPECTROMETRY ( MS-7 SPARK SOURCE MASS SPECTROGRAPI '  / N I C K E L  - C H R O M I U M  - I R O N  B A S  6 7 A - 0 7 - 0 1  

6 7 A - 0 7 - C 5  

/SS S P E C T R O G R A P H  / V I C K E L  - C H R O M I U M  - I R C N  B A S E  A L L O Y S  / P A S S  S P E C T R O M E T R I C  A N A L Y S I S  O F  A L L O Y S  / M A G N E S I /  6 7 A - 0 7 - 0 1  
/ T I V E  I S O T O P I C  ABUNDAYCES OF C H K O M I U M ,  I R O N .  A N 0  N I C K E L  / MASS S P E C T R O M E T R I C  O E T E R M I N A T I O N  O F  H E L I U M ,  A R G l  6 7 8 - 1 2 - 0 1  
NO I N  V O L C A N I C  G L A S S E S  ( N E O N  I N  L E P I D O L I T E  / N E O N  I N  AM/ MASS S P E C T R O M E T R I C  SEARCI '  FOR NEON I N  M I N E R A L S  A 6 7 A - 0 7 - C 4  

L Y S I S  O F  S O L U T I O Y  A N D  R A D I O A C T I V E  S A M P L E S  B Y  SPARK SCURCE PASS S P E C T R O M E T R Y  ANA 6 7 P R R - O C I  
L Y S I S  O F  S O L U T I O V  A V O  9 A D I 0 4 C T I V E  S A M P L E S  B Y  SPARK SOURCE MASS S P E C T R O M E T R Y  ANA 6 7 P R R - 0 9 2  
P Y R O H Y D 9 3 L Y S I S  / P L U T O N I U M  / I S O T O P I C  D I L U T I O N  A N A L Y S I S  / MASS S P E C T R O M E T R Y  I / I G H T  A N A L Y S I S  / F L U O R I D E  / 6 7 6 - 1 4 - C l  
I U M  A N 0  P L U T O N I U M  / CROSS S E C T I O N  OF T H U L l U l  T R A N S U R A N I U P  MASS S P E C T R O M E T R Y  I A N A L Y S I S  O F  I S O T O P E S  OF URAN 6 7 8 - 1 2 - C Z  
ROGRAPH / N I C K E L  - C H R O M I U M  - I R O N  B A S E  A L L /  SPARK SCURCE P A S S  S P E C T R O M E T R Y  ( MS-7  SPARK SOURCE M A S S  S P E C 1  6 7 A - 0 7 - C l  
U B S T I T U T E O  A R O M A T I C  H Y D q 3 C A a B O N S  I O R G A N I /  LOW R E S C L U T I O N  MASS S P E C T R O M E T R Y  O F  O R G b N I C  COMPOUNDS ( A L K Y L  S 6 7 A - 0 7 - 0 2  

SPARK SOURCE P A S S  S P E C T R O M E T R Y  O F  R A O I O A C T I V E  S A M P L E S  6 7 P R R - I  3 3  

C U M U L A T I V E  I V O E X E S  TO T H E  O R N L  M A S T F R  A N A L Y T I C A L  C A h U A L  

I V D E X E S  T O  T H E  O R N L  M A S T E R  A N A L Y T I C A L  M A h U A L  I 1 9 5 3 - 1 9 6 6  I 

D O U B L E  F C C U S I N G  MASS S P E C T R O M E T E R  
P A S S  S P E C T R O M E T R I C  A N A L Y S E S  6 7 0 - 1  2 

P A S S  S P E C T R O M E T R Y  6 7 A - 0 7  

, 
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L A T I V E  I S O T O P I C  A B U N D A N C E S  O F  CHROMIUMI  I R O N ,  A N 0  h I C K E L l  MASS S P E C T R O M E T R Y  S E R V I C E  I H F I R  C O M P O N E N T S  / R E  6 7 8 - 1 2 - C l  

C U M L L A T I V E  I N D E X E S  TO T H E  C R N L  P A S T E R  P N P L Y T I C P L  M P N U A L  6 7 C - I  5-Cl 
M A I N T E N A N C E  CF T H E  C R N L  P A S T E R  A N A L Y T I C A L  M A N U A L  6 7 C - I  5-C2 

C R N L  C A S T E R  A N A L Y T I C A L  M A N U A L  6 7 C  
I N D E X E S  TO T H E  C R N L  M A S T E R  P N b L Y T I C A L  M A N U A L  I 1 9 5 3 - 1 9 6 6  I 6 7 P R R - 0 6 8  

C R N L  M A S T E R  A N A L Y T I C A L  M P N U A L t  S U P P L E M E N T  9 6 7 P R R - 0 6 6  

l U M M A R Y  - NOV.. 1 9 6 6  I D E C . 9 1 9 6 6  I J A N . 1 1 9 6 7  / F E B - , 1 9 6 7  / C A Y 1 1 9 6 7  / J U N E 1 1 9 6 7  / A U G . 1 1 9 6 7  / S E P T - . I F 6 7  / I  6 7 P R R - 0 7 1  
U S E  OF A D E N S I T Y  G R A D I E N T  C O L U M h  T O  M E P S U R E  T H E  D E N S I T Y  O F  M I C R O S P H E R E S  6 7 P R R - 0  I 4  
U S E  OF A D E N S I T Y  G R A D I E N T  C O L U C h  T C  C E P S U R E  T P E  D E N S I T Y  O F  M I C R O S P H E R E S  6 7 P R R - 0 9  I 

/ H E  A B S O R P T I O N  SPECTRUM 3F T H E  U R A N Y L  I O N  I N  PER C H L O R A T E  C E C I A  11. T H E  E F F E C T S  O F  H Y D R O L Y S I S  O N  THE R E S /  6 7 P R R - 0 1 2  
I A U T O D E C O M P O S I T I O N  O F  BROMATE I N  A C I D  h I T R A T E  M E C I A  I E E R L E X  P t A S E  O F  T R U  P R O C E S S  / B E R K E L I U M  6 7 A - 0 4 - C 6 A  
l O S I O N  I V H I B I T O R S  / L I T H I U M  F L U O R I D E  - B E R Y L L I U M  F L U O R I D E  M E L T S  I F U E L  E L E C E N T S  / eORON N I T R I D E  / R A D I O A C /  6 7 A - 0 8 - L I E  
U R E  / P H O S P H 3 R U S - 3 2  / F O 7 P I C  A C I D  / A N I O N  P E R M E A B L E  R E S I N  MECBRANE / E L E C T R O D I A L Y S I S  I / E L L  - S C O T T  PROCEO 6 7 A - 0 6 - 0 3 A  
S I S  O F  WATER THROUGH A V I O N  P E R M E A B L E  A N D  C A T I C N  P E R M E A B L E  C E C E R A N E S  I / R E A C E N T S  I C O P P E R - 6 4  / E L E C T R O O I A L Y  6 7 8 - 0 6 - 0 3 6  

T E F L O N  P O L A R O G R A P H I C  D R O P P I N G  MERCURY E L E C T R O C E  6 7 P R R - I  23 
POLAROGRAPHY I S I G V A L  T 3  N O I S E  R A T I O  I S I N  I OF D R O P P I N G  MERCURY E L E C T R O D E  I / L E  C E L L  F I R S T  D E R I V A T I V E  DC 6 7 A - 0 1 - 0 7  

T I C A L  O R I /  P O L A R O C R A P H I C  S T U D I E S  h I T H  THE T E F L C N  D R O P P I N G  MERCURY E L E C T R O C E  I C.M.E. I ( E V A L U A T I O N  O F  VER 6 7 A - 0 4 - C Z A  
A P P A R A T U S  FOR P R E C I S E  C J N T R O L  O F  DROP T I C E  OF A D R O P P I N G  PERCURY E L E C T R O C E  I C.M.E.  I I ORNL M O D E L - 8 - 2 9 4 2  6 7 A - O I - C b  

/ I  I E V A L U A T I O Y  O F  V E R T I L A L  O R I F I C E  R A P I D  T E F L C N  D R O P P I N G  MERCURY E L E C T R O O E S  FOR O B T A I N I N G  F U N D A M E N T A L  P O /  6 7 A - 0 4 - C Z A  
S T A N O A R I Z A T I O h  OF M E R C U R Y - I 9 7  6 7 P R R - O C 3  

T E C H N E T I U M - 9 9 M  / S T A V O A 3 O I Z A T I O N  OF / S T A N O A R O I  Z A T I C h  OF C E R C U R Y - I 9 7  I S T P N D P R D I Z P T I O N  O F  M O L Y R O E N U M - 9 9  - 6 7 A - 0 9 - C I O  
I T H A L E N E  / G L U T A T H I O N E  I I S 3  G L U T A T H I O N E  / G R A P I C I O I N  A / V E T A  I C C O  B E N Z O Y L  G R A M I C I D I N  A / D E S  F O R M Y L  G R A l  6 7 A - 0 4 - 0 3 8  
C A P R Y L  A Y I N E  / A L A M I N E  / C E S I U P  C H L O R I D E  I D I S S O L U T I O h  OF P E T A L  C P R B I C E S  I / I R O N  I A L U M I V O V  METHOD /, T R I  6 7 8 - 1 4 - G 3  

6 7 P R R - 0 7 0  
T R O X l  P R E C I S E  D E T E R M I N A T I O N  O F  O X Y G E N  I N  M E T A L S  AND M I X E D  P E T A L  C X I C E S  I I N E R T  G A S  F U S I O N  M E T H O D  / L E C O  N I  6 7 A - 0 4 - C 4 A  

A P P L I C A T I O N S  O F  GAS CHROMATOGRAPHY TO P R O B L E C S  I N  POWDER C E T A L L U R G Y  I / S U L F U R  H E X A  F L U O R I D E  I N  M E T H A N E  / 6 7 A - 0 4 - C I A  
N A C T I V A T I O N  A N A L Y S I S  FO? OXYGEN I N  A L K A L I  A N D  R E F R A C T O R Y  M E T A L S  1 4 - M E V  N E L T R O  6 7 A - 0 9 - C 5 B  

METHOD / L E C O  N I T R O X l  P S E C I S E  D E T E R M I N A T I O N  OF O X Y G E N  I N  M E T A L S  PNC M I X E D  M E T A L  O X I D E S  I I N E R T  G A S  F U S I O N  6 7 A - 0 4 - G h A  
/ C H R O M A T O G R A P H I C  O E T E R M I U A T I O N  O F  S U L F U R  H E X A  F L U O R I D E  I N  M E T H A N E  / A P P L I C P T I C N S  O F  GAS CHROMATOCRAPHY T O /  6 7 A - 0 4 - C I  A 
l R A P H Y  / B E N Z E N E  / P E Y T A V E  / H E X A N E  / H E P T A N E  / 01 C H L O R C  P E T H A N E  / C P R E O N  T E T R A  C t L O R I O E / C H L O R O F O R M  / 2 / 6 7 A - 0 4 - 0 1 A  
/ A V I L I N E  / I CHLORO PROPANE / H E X Y L  N A P H T H A L E N E  / 1 9 2  01 C E T H Y L  N A P H T H A L E N E  / 5 A  M O L E C U L A R  S I E V E  C O L U P N  / 6 7 A - 0 4 - C I A  
T R O O E  A N O D I C  R E A C T I O N S  OF T H E  H A L I D E S  I N  01 M E T H Y L  S U L F  O X I C E  A T  T H E  P Y R O L Y T I C  G R A P H I T E  E L E C  6 7 P R R - 0 5 3  
/ / M P G Y E S I U Y  O X I D E  / L U B R I C A T I N G  O I L S  / P E N T A  P H E N Y L  T R I  M E T H Y L  T R I  S I L O X P N E  / T E F L O N  / R I B 0  N U C L E I C  A C I l  6 7 A - 0 4 - C 3 A  
/ R C H  F A C I L I T I E S  I N  T H E  T i A N S U R A N I U M  R E S E A R C H  L A B O R A T O R Y  I C I C R O C H E P I C A L  L N P L Y S I S  / CARBON, N I T R O G E N I  A N D  / 6 7 A - 0 9 - C B A  
Y S  AS D E T E R M I N E D  BY N E U T i O N  A C T I V A T I O N  A N A L Y S I S  C I C R O E L E V E N T  CONTENT O F  t A I R  FROM VEW Z E A L A N O  B O  6 7 P R R - 0 1 1  

I N S T R U M E V T A T I O N  I P H I L I P S  E M - 2 0 0  E L E C T R O N  C I C R O S C O P E  I 6 7 A - 0 8 - C 3  

R E S E A R C H  A S S I S T A N C E  I N  E L E C T R C N  C I  CROSCCPY P N C  E L E C T R O N  C I F F R A C T I O N  6 7 A - 0 8 - C I  
N O F  P R A S E O O Y M I U M  A Y O  E U X O P I U M  H Y D R O X I D E  S O L S  B Y  E L E C T R O N  M I C R O S C O P Y  A N D  E L E C T R O N  D I F F R A C T I O N  / E X A M I N A T I O  6 7 P R R - 0 4 8  
I E L E C T R O V  M I C R O S C O P Y  OF R A D I O A C T I V E  M A T E R I A L S  I E L E C T R O N  M I C R O S C O P Y  O F  P L U T O N I U M - 2 3 8  O X I D E  / R A D I O A C T I V E  6 7 6 - 0 8 - C Z  
I C R O S C O P Y  O F  P L U T O N I U M - 2 3 8  O X I D E  / R A D I O A C T I V E  / E L E C T R O N  M I C R O S C O P Y  O F  R A C I O A C T I V E  M A T E R I A L S  I E L E C T R O N  M 6 7 A - 0 8 - C Z  
S E  O F  A D E N S I T Y  G R A D I E V T  C O L U M N  TO M E A S U R E  T H E  D E N S I T Y  OF M I C R O S P H E R E S  U 6 7 P R R - 0 1 4  
S E  O F  A D E N S I T Y  G R A D I E V T  C O L U M N  TO M E A S U R E  THE D E N S I T Y  OF C I C R O S P H E R E S  L 6 7 P R R - 0 9 1  
I N D  E L E C T R O N  O P T I C A L  S T U D I E S  O F  THE S O L S ,  G E L S ,  AND O X I D E  M I C R O S P H E R E S  P R E P A R E D  FROM T H E  R A R E  E A R T H  H Y D R O /  6 7 p R R - 0 9 9  
O L I T E  / VEON I N  AM/  M A S S  S P E C T R O M E T R I C  SEARCH F O R  hEOh I N  M I N E R A L S  AND I N  V O L C A N I C  G L A S S E S  I N E O N  I N  L E P I D  6 7 A - 0 7 - C 4  
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/ A R Y  S T A V D A R D I Z A T , I O U S  W I T H  D I G I T A L  C O M P U T E R  T E C H N I C U E S  T C  
/ E M I S T R Y  R E S E A R C H  AVO O E V E L D P M E N T  GROUP M C N T H L Y  SUCMARY - 

R E P O R T  OF F O R E I G N  A S S I G N P E N T  

~DOITIVES TO INDUCE SELECTIVE L I r a u I o - L I a u i D  FXTRACTION OF 

L ( L I T H I U Y  I D E T E C T O R  

O F  H E L I U M - 3  P A R T I C L E S  W I T H  LOW A T O M I C  NUMBER E L E C E h T S  - A 
N E R A T O R  I O X Y /  14-MEV N E U T R O N  A C T I V A T I O N  A N A L Y S I S  ( T E X A S  
SS S E C T I O N  OF T I N - I 1 2  I S E S O N A N C E  I N T E G R A L  OF T I N - I I I  NEW 
T E C H N I Q U E S  T O  R E /  P R E P A R A T I O N  O F  C H A P T E R S  F O R  P R O G R E S S  I N  

BOOK R E V I E W  OF, PROGRESS I N  
T I O N  O F  T R A C E  E L E M E N T S  I U  THE S P E C T R O C H E M I C A L  A N A L Y S I S  OF 
A N 0  U R A Y I U M  I N  L I T H I U M  F L U O R I D E  - B E R Y L L I U C  F L U O R I D E  T Y P E  
I A R O M A T I C  HYDROCARBOYS I O R G A N I C  P H O S P H A T E  E S T E R S  I P O L Y  
T A T €  C O N T R O L L E D  P O T E N T I A L  C O U L O M E T R I C  T I T R A T O R  I S T A N D A R D  
F M O L T E N  S A L T S  / ORNL M O D E L - 9 - 2 9 4 3  V O L T A M C E T E R  I S T A N D A R D  
H E X Y L  I V A P H T H A L E N E  I O L E I C  A C I D  I 2  I 3 H E X Y L  I h A P H T H A I  

R Y L L I U M  ( E X C I T A T I O Y  F U N C T I O N S  I D I S T O R T E D  WAVE THEORY OF 
I S O C H R O N O U S  C Y C L O T R O N  I 3 R I C  I I GAMMA-RAY S P E C T R O C E T R Y  I 

S BY I M P R E G Y A T E D  C H A R C O A L S  
U C L I D E S  I T A V T A L U M - 1 7 3  I O S M I U M - I E S  I 

A P P L I C A T I O N S  OF G A S  CHROMATOGRAPHY I N  
0 / E C T A  / E T H Y L E N E  D I  A M I N E  T E T R A  A C E T I C  A C I D  I S T U D Y  OF 

H O L M I U M - I 5 3  / H O L M I U M - I 5 5  / D I S P l  A L P H A  D E C A Y  OF H O L P I U P  
A T I O N  O F  R A C I O Y U C L I O E S  / O A K  R I O G I  P O S S I B L E  U S E  O F  R E C O I L  
l E C T R O M E T R Y  / N U C L E A R  R E P C T I O N S  W I T H  H E L I U M - 3  P A R T I C L E S  / 
B O  N U C L E I C  A C I D S  I P H E N Y L  A L A N I N E  A C C E P T I N G  T R A N S F E R  R I B C  

M I S C E L L A N E O U S  S T U D I E S  ON T H E  A N A L Y S I S  OF T R A N S F E R  R I B O  
S C H E R I C H I A - C O L I - /  P R E P A R A T I D N  OF A M I N O  A C Y L  T R A N S F E R  R I B O  
I N,N B 1 /  D E T E R M I N A T I O N  3 F  V A L I N E  A C C E P T I N G  T R A N S F E R  R I B O  

E X C H A N G E  CPROMATOGRAPHY O F  N U C L E O T I D E S ,  N U C L E C S I D E S v  A N 0  
E X C H A N G E  CHROMATOGRAPHY O F  N U C L E O T I D E S ,  N U C L E O S I D E S ,  PND 
BY TWO O I M E Y S I O V A L  T H I  S E P A R A T I O N  OF C O M P L E X  C I X T U R E S  OF 

P H E N Y L  A L A N I N E  T R A N S F l  T H E  D E T E R M I N A T I O N  OF T R A N S F E R  R I B O  
HOMOPOLYMERS O F  RNA I /  T E R M I N A L  N U C L E O S I D E  P S S A Y  CF R I B C  

T H I N  L A Y E R ' C H R O M A T O G R A P H I C  S E P A R A T I C h  OF 
NO A C Y L A T I O ' J  I .  L E U C I N E  AND P H E N V L  A L A N I N E  T R A N S F E R  R I B O  

N E U T R O N  GENERATOR I O X Y G E N  I N  A L U M I N U M  / O X Y G E N /  
N E U T R O N  G E N E R A T O R  I P H O S P H O R U S - 3 3  I Z I N C - 6 9  - ZI 
N E U T R O N  I R R A O I A T I O N  I T E F L O N  I C A L C I U M  F L L O R I O E  
N E U T R O N  SOURCE I P N E U M A T I C  R A B B I T  S Y S T E M  I B I A X I  
NEUTRONS 
N E U T R O N S  / T H E R M P L I Z E C  N E U T R O N S  I T R A N S U R A N I U M  I 
N E U T R O N S  I T R P N S U R A N I U M  P R O C E S S I N G  P L A N T  I I M  I 
N E U T R O N S  PNC N I C K E L - 6 4  
N I C K E L  - CHROMIUC,  - I R O N  B A S E  A L L O Y S  I M A S S  S P E I  
N I C K E L  - N I C K E L l I I l  C O U P L E  I N  M O L T E N  F L U O R I D E S  
N I C K E L  - M I C K E L I I I I  C O U P L E  I N  M O L T E N  F L U O R I D E S  
N I C K E L  - N I C K E L 1 1 1 1  C O U P L E  I N  M O L T E N  F L U O K I O E S  
N I C K E L  / C O N T R O L  L I M I T  FOR C O L O R I M E T R I C  D E T E R M I I  
N I C K E L  I MASS S P E C T R O M E T R I C  O E T E R M I N A T I O N  O F  H E /  
N I C K E L - 6 1  F L U O R I C E  I N I C K E L - 6 4  - V A N A D I U M  A L L O Y /  
N I C K E L - 6 3  I N I O E I U M - 9 5 M  I N I O B I U M - 9 3 M  I R A D I U M - I  
N I C K E L 7 6 3  I P R O M E T H I U M - I 4 7  / 2.5 D I  P H E N Y L  O X A Z I  
N I C K E L - 6 4  . I  

N I C K E L - 6 4  - A L U M I N U M  A L L O Y  / N I C K E L - 6 1  F L b O R I D E I  
N I C K E L - 6 4  - V P N P C I U M  A L L O Y  I H I G H  P U R I T Y  P O T A S S I  
N I C K E L 1 1 1 1  C O U P L E  I N  M O L T E N  F L U O R I D E S  
N I C K E L ( I 1 )  C O U P L E  I N  M O L T E N  F L U O R I D E S  
N I C K E L I I I )  C O U P L E  I N  M O L T E N  F L U O R I D E S  
N I P  1 I S O L I C  S T A T E  C O N T R O L L E D  P O T E N T I A L  COL 
N I P  I I / T A M M E T R Y  O F  M O L T E N  S A L T S  / O R N L  MODEL-9  
N I C B I U M  I N  T H E  P R E S E N C E  O F  F L U O R I D E  
N I O B I U Y  W I T H  T H E N O Y L  T R I  F L U O R O  A C E T O N E  /IC A D O 1  
N I C B I U M  W I T H  2 T F E N O Y L  T R I  F L U O R O  A C E T O N E  ( N 8 /  
N I C B I U C r  B I S M U T H ,  L E A C ,  T A N T A L U M ,  A N 0  T U N G S T E N  I 
N I  C B I U M - 9 2  / N I O E I U M - 9 5  I C E S I U M -  I 3 7  / M O L Y B D E N l  
N I C B I U M - 9 3 M  / R A C I U M - 2 2 6  / P R O M E T H I U M - I 4 6  / H A F I  
N I C B I U M - 9 5  / C E S I U M - I 3 7  I M O L Y B D E N U M - 9 9  / N I C K E l  
N I C B I U C - 9 5  I Y T T R I U M - 9 1  I H A F 9 I U M - I B I  I R I I B I D I U I  
N I O B I U M - 9 5 M  I N I O B I U M - 9 3 M  I R A D I U M - 2 2 6  ( P R O M E T /  
N I O B I U M - 9 5 M  I T H E R M A L  N E U T R O N  C R O S S  S E C T I O N  OF T 
N I T R A T E  / , T E C H N I C O N  A U T O A N A L Y Z E R  / A P P L I C A T I O N  I 
N I T R A T E  A C T I V I T Y  E L E C T R O D E  / S U L F I D E  A C T I V I T Y  E l  
N I T R A T E  M E O I A  I E E R L E X  P P A S E  O F  T R U  P R O C E S S  I B E  
N I T R A T E  S O L U T I O N S  METHOD FOR 
N I T R I D E  I / C E  / S O D I U M I I I  O X I D E  I S P I N E L S  I U R A N  
N I T R I D E  I C P D M I U P  C k L O R I C E  I C E S I U M  C H L O R I D E  I G 
N I T R I D E  / H I G H  P U R I T Y  M A G N E S I U M  O X I D E  / N I C K E L - I  
N I T R I D E  I R A D I O P C T I V E  SOURCES I I R S  I L I T H I U M  FL 
N I T R I D E S  / D I S S O L U T I O N  OF C R Y S T A L L I N E  M A G N E S I U K  
N I T R O G E N  I E L E C T R O N  BOMBARCMENT SOURCE I / N I C K E L  
N I T R O G E N ,  AND HYCROGEN I N  TRAYSU,RAN I U M  E L E M E N T S /  
N I T R O G E N ,  S O O I U M ,  ANG B E R Y L L I U M  
N I T R O G E N t  S O O I U M V  ANC B E R Y L L I U M  I E X C I T A T I O N  F U N  
N I T R O X - 6  A N A L Y Z E R  I A C E T A N I L I D E  / A L P H A  E M I T T I N I  
N O I S E  R A T I O  I S I N  I O F  C R O P P I V G  M.ERCURY E L E C T R O I  
N O I S E  R A T I O  I S I N  I W I T k  A S I G N A L  A V E R A G I N G  COM/ 
N D N  R E A C T O R  H E T H C D S  O F  A C T I V A T I O N  A N A L Y S I S  
NOKPORDUS S A M P L E S  O F  - T H O R I U M  OX. IDE I C R Y S T A L  M O I  
N C R M A L I Z E  M U L T I P L E  CAMMA-RAY S P E C T R A  FOR O I R E C T I  
N O V . 1 1 9 6 6  I D E C . , 1 9 6 6  I JAN., 1967 / FEE.,  1 9 6 7  I /  
N D V . 2 7 , 1 9 6 2 - D E C . 5 , 1 9 6 5  
N U C L E A R  A N A L Y S I S  U S I N G  A L A R G E  VOLUME G E R M A N I U M  
N U C L E A R  AND R A O I C C H E M I C P L  A N A L Y S E S  
N U C L E P R  CHEMIST L O O K S  AT D I R E C T  R E A C T I O N S  / T I O N  
N U C L E A R  C O R P O R A T I O N  M O D E L y 9 9 0 0  14-MEV N E U T R O N  GE 
N U C L E A R  D A T A  I N I O B I U M - 9 5 M  I T h E R M A L  N E U T R O N  C R O  
N U C L E A R  ENERGY I A P P L I C A T I O N  O F  E L E C T R O C H E M I C A L  
N U C L E A R  ENERGY, S E R I E S  I X .  P N A L Y T I C A L  C H E M I S T R Y  
N U C L E A R  F U E L S  P R E C O N C E N T R A  
N U C L E A R  F U E L S  I KROONEN - V A D E R  T E C H N I Q U E  I / M ,  
N U C L E A R  HYDROCAREONS,  I A M I N E S  / A b C O H O L S  I K E T O /  
N U C L E A R  I N S T R U M E N T  M O D U L E S  I N I M  ) ) S O L I D  S 
N U C L E A R  I N S T R U C E N T  MOCULES I h l I M  I I I T A M M E T R Y  0 
N U C L E A R  C A G N E T I C  R E S O N A N C E  S P E C T R O M E T R Y  I 1 - 1 - 3  
N U C L E A R  P R O P E R T I E S  O F  R A C I O N U C L  I D E S  
N U C L E A R  R E A C T I O N S  1 IN ,  N I T R O G E N ,  S D D I U M t  AND B E  
N U C L E A R  REACT I O N S  W I T h  F E L I U M - 3  P A R T I C L E S  / . N U L /  
N U C L E A R  S P F E T Y  , 
N U C L E A R  S A F E T Y  - R E T E N T I O N  O F  R A D I O A C T I V E  I O D I D E  
N U C L E A R  S P E C T R O S C O P Y  O F  N E U T R O N  O E F I C I E N T  R A D I O N  
N U C L E A R  TECHNOLOCY 
N U C L E A T I O N  P R O C E S S E S  BY. R P O I O L Y T I C  R E A C T I O N S  I / 
N U C L E I  - NEW I S O T O P E  H O L M I U M - ! 5 4  I H O L M I U M - I 5 2  / 
N U C L E I  I N  A C T I V A T I O N  A N A L Y S I S  I h E L I U M - 3  I SEPAR 
N U C L E I  R E C O I L  E N E R G I E S  / Q V A L U E S  O F  H E L I U M - 3  I /  
N U C L E I C  P C I C  I / F  O P T I C A L  D E N S I T Y  O F  T R A N S F E R  R I  
N U C L E I C  P C l C  I T R A N S F E R  RNA I 
N U C L E I C  A C I C  I T R A N S F E R  RNA 1 S Y N T H E T A S E S  F R O M  E 
N U C L E I C  A C I C '  I V b L I N E  - T R A N S F E R  R N A  I I B I C I N E  
N U C L E I C  P C I C  B A S E S  L I G A N D  
N U C L E I C  P C I C  B A S E S  I C H E L E X - 1 0 0  I . L I G 4 N O  
N U C L E I C  A C I D  BASES,  N U C L E O S I O E S I  A N D  N V C L E O T I D E S  
N U C L E I C  A C I C  @Y P M I N O  A C Y L A T I O N  I .  L E U C I N E  A N 0  
N U C L E I C  A C I C  B Y  L I G L N O  E X C H A N G E  CHROMATOGRAPHY 1 
N U C L E I C  A C I C  C E R I V A T I V E S  ON C E L L U L O S E  L A Y E R S  
N U C L E I C  A C I C  FROM E S C I ' E R I C H I A 2 C O L I - B  I C 1 0  B Y  4 M I  

6 7 A - 0 9 - 1 5 6  
6 7 8 - 1  4 - P 4  
6 7 A - 0 9 - C S D  
6 7 A - O 9 - C 3 A  
6 7 A - 0 9 - C 3 E  
6 7 A - 0 9 - C 3 A  
6 7 A - 0 9 - 1 3 A  
6 7 P R R - 0 4 5  
6 7 A - 0 7 - 0 1  
6 7 A - 0 3 - 0 2  B 
6 7 P R R - I  I 3  
6 7 P R R - I  15 
6 7 8 - 1  4 - G 5  
6 7 8 - 1  2-CI 
6 7 A - I  0 
6 7 A - 0 9 - 0 6 E  
6 7 A - O 9 - C 7 G  
6 7 P R R - 0 4 5  
6 7 A - I  C 
6 7 A - I  C 
6 7 A - 0 3 - L 2 B  
6 7 P R R - I  I 3  
6 7 P R R - I  15 
6 7 A - 0 1 - 0 3  
6 7 A - 0  1 - C I  
6 7 P R R - 0 1 3  
6 7 P R R - 0 2 1  
6 7 A - 0 9 - C 7 D  
6 7 8 - 1  3 
6 7 A - 0 9 - 0 6 E  
6 7 A - 0 9 - 1 6 E  
6 7 A - 0 9 - C 6 E  
6 7 A - O 9 - C 6 6  
6 7 A - 0 9 - C 6 E  
6 7 A - 0 9 - 0 1  A 
6 7 A - 0 9 -  C 7 H  
6 7 A - 0 4 - C 2 C  
6 7 A - 0 4 - C 6 A  
6 7 P R R - I  47 
6 7 A - I  0 
6 7 A - I  0 
6 7 A - I  0 
6 7 A - 0 6 - 0 1  E 
6 7 A - O 4 - C 4  E 
6 7 8 - 1  2 - C I  
6 7 A - 0 9 - C B A  
6 7 P R R - 0 1 7  
6 7 A - 0 9 -  C4 A 
6 7 A - 0 4 - 1 4 A  
6 7 A - 0 1 - 0 7  
6 7 8 - 0 1 - 1 4  
6 7 P R R - I  2 4  
6 7 A - 0 8 - y C I A  
6 7 P R R - 0 t h  
6 7 P R R - 0 7 1  
6 7 P R R - 0 6 9  
6 7 P R R - O F 5  
6 7 A - 0 9  
6 7 P R R - I  42 
6 7 A - O 9 - C 5 A  
6 7 A - 0 9 - C l  A 
6 7 A - 0 4 - C 6 D  
6 7 P R R - 0 4 7  
6 7 A - 0 6 - C 4  
6 7 A - 0 6 - 0 4 A  
6 7 A - 0 7 - 0 2  
6 7 A - 0 1 - 0 3  
6 7 A - 0 1  -CI 
6 7 A - 0 4 - C 3 B  
6 7 A - 0 9 - C I  
6 7 A - 0 9 - C h A  
6 7 A - D 9 - C 4 C  
6 7 A - 0 3 - C 4  
6 7 A - 0 8 - C I  0 
6 7 A - 0 9 - C I  C 
6 7 P R R - C C 5  
6 7 A - O i - C 7  
6 7 A - 0 9 - C l  B 
6 7 A - 0 9 - C 4 C  
6 7 A - 0 9 - C 4 C  
6 7 A - O C - C 6 C  
6 7 A - 0 5 - 0 1  D 
6 7 6 - 0 5 - 0 1  C 
6 7 A - 0 5 - 1 1  B 
6 7 P R R - 0 1 6  
6 7 A - 0 5 - C l  F 
6 7 P R R - 0 @ 7  
6 7 P R R - 0 3 8  
6 7 A - 0 5 - G I G  
6 7 T R - 0 1  
6 7 P R R - 0 3 8  

. 
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PER D I S K  T E C H N I Q U E  FOR T H E  O E T E R M I N A 1 , I O N  OF T R A N S F E R  R I B C  N U C L E I C  A C I C S  A S E M I A U T O M A T E O  F I L T E R  PA 6 7 P R R - 0 9 6  
/ O N  O F  L E U C I V E  AVO P H E V Y L  A L A N I N E  A C C E P T I N G  T R A Y S F E R  R I B C  N U C L E I C  A C I C S  I L E U C I N E  - T R A Y S F E R  RNA A N 0  P H E N l  6 7 A - 0 5 - G I A  
/ T  I N  T H t  M t A S U R E M E V T  O F  O P T I C A L  D E N S I T Y  OF T R A Y S F E R  R I B C  N U C L E I C  A C I D S  I P H E N Y L  A L A N I N E  A C C E P T I N G  I R A N S F /  6 7 A - 0 4 - C 6 C  
Y A L Y Z E R  I A U T O Y 4 T E O  O E T E R M I N A T I O N  OF T R A Y S F E R  R I B C  N U C L E I C  A C I C S  I T R A Y S F E R  QNA ) I T E C H N I C O N  A L T O A  6 7 4 - 0 5 - C I E  
/ I N  L P Y E K  CHRGMATOSKAPHY O F  C O N S T I T U k Y T S  OF T R A N S F E R  R I B C  N U C L E I C  A C I C S  I TRNA I / P O L Y  E T H Y L E N E  I M I N E  I / 6 7 A - 0 4 - 0 1 8  
/ T E C H N I C O N  A U T O A N A L Y Z E 9  / O E T E R M I N A T I O N  OF T R A N S F E R  R I B O  N U C L E I C  A C I C S  / AMARANTH R E C  / WELCH O E N S I C H R O N I  6 7 8 - 0 1 - 1 0  
/ S  / P E N T &  P H E Y Y L  T R I  M E T H Y L  T R I  S I L O X A N E  / T E F L C N  / R I B C  N U C L E I C  A C I C S  / H J M I C  A C I D  / F U L V I C  A C I D  / C A L C I  6 7 A - 0 4 - C 3 A  
/ORY I VACUUM F U S I O V  / G A S  CHROMATOGRAPHY / T R A N S F E R  R I B O  N U C L E I C  A C I C S  / P H E N Y L  A L A N I N E  / B I S M U T H  / U R A N l  6 7 8 - 1 4 - C 2  
EXCHANGF CHROMATOGRAOHY I HOMOPOLYPERS GF R N 4  I /  T E R P I N A L  N U C L E O S I C E  A S S A Y  O F  R I B O  N U C L E I C  A C I D  B Y  L I G A N 0  6 7 A - 0 5 - 0 1 G  
AU I S E P H A D k X  G - I J  S E P A R A T I C N  OF B A S E S ,  N U C L E O S I O E S  A N C  N U C L E O T I D E S  ON A COLUMN O F  D E X T R  6 7 T R - C 3  

L I G A Y O  EXCHANGE CHROMATOGRAPHY OF N U C L E C T I O E S ,  N U C L E O S I O F S ,  ANC N U C L E I C  A C I D  B A S E S  6 7 P R R - 0 1 6  
I L I G A Y O  EXCHAVGE CHROMATOGRAPHY OF N U C L E C T I O E S v  N U C L E O S I C E S ,  ANC N U C L E I C  A C I D  B A S E S  I C H E L E X - I C C  6 7 A - 0 5 - C I F  

T H I  S E P A R A T I C N  OF COMPLEX M I X T L R E S  OF N U C L E I C  4 C I O  B A S E S ,  N U C L E O S I D E S t  ANC N U C L E O T I O E S  B Y  TWO D I M E N S I O N A L  6 7 P R R - 0 8 7  
N OF C H R O M A T O G R A P H I C A L L Y  S E P A R A T E D  U R I N A R Y  C O N S T I T U E N T S  I N U C L E O T I C E  A N A L Y Z E R  I I D E N T I F I C A T I O  6 7 A - 0 5 - C 2 C  
/ A L Y S I S  O F  U R I Y E  FOX U L T X A V I O L E T  A B S O R B I N G  C O N S T I T L E N T S  I N U C L E O T I D E  A N A L Y Z E R  / CHROMATOGRAMS OF, U R I N E  O F /  6 7 A - 0 5 - C Z A  

/ C O M P L E X  M I X T U R E S  O F  N U C L E I C  A C I D  B A S E S ,  N U C L E O S I D E S q  ANC N U C L E O T I O E S  BY TWO D I M E N S I O N A L  T H I Y  L A Y E R  C H R O M l  6 7 P R R - O B 7  
I O  I S E P P R A T I O N  OF B A S E S ,  N U C L E O S I D E S  ANC N U C L E O T I O E S  O N  A COLUMN O F  CEXTRAY I S E P H A D E X  G- 6 7 T R - 0 3  

L L U L O S E  - A NEW A N I O N  E X T H A V G E R  F O R  THE CHROMATOGRAPHY C F  N U C L E O T I C E S  P O L Y  ETHYLEYE'IMINE - CE ~ ~ T R - O Z  

I C H E L E X - 1 0 0  1 L I G A N O  E X C H A N G E  CHROMATOGRAPHY O F  N U C L E O T I O E S t  N U C L E O S I O E S y  AND N U C L E I C  A C I D  B A S E S  6 7 A - 0 5 - 0 l F  
L I G 4 N O  =XCHANGE CHROMATOGRAPHY OF h U C L E O T I C E S t  N U C L E O S I C E S ,  AND N U C L E I C  A C I D  B A S E S  6 7 P R R - 0 1 6  

I U S E /  PHOTOY AVO F A S T  Y E U T Q O N  A C T I V A T I O N  A N 4 L Y S I S  A T  T H E  CAK R I C C E  E L E C T R O N  L I N E A R  A C C E L E R A T O R  I O R E L A  ) 6 7 A - O 9 - C 3 0  ' 
/ T I O N  A Y A L Y S I S  I H E L I U M - 3  / S E P A R A T I O N  OF R A O I C N U C L I D E S  / OAK R I C G E  I S O C H R O N O U S  CYCLOTRON I O R I C  / GAMM/ 6 7 A - 0 9 - 0 4 C  
/ U R A N I N I T E  / N E O N  I N  P U Y I C E  / Y E O N  I N  P E A R L I T E  / hEOh I N  O B S I O I A h  / N E O N  I N  QUARTZ / NEON I N  M U S C O V I T E  / I  6 7 A - 0 7 - C 4  
6 . , 1 9 6 7  / M 4 Y 1 1 V 6 7  / J U U F t 1 9 6 7  / A L G . , 1 9 6 7  / S E P T . v I 9 6 7  / O C T . r l 9 6 7  I C V . t I 9 6 6  / O E C . v I 9 6 6  / J A N - 9 1 9 t 7  / F E  67PRR-1171 
A L  Q U A L I T Y  C O Y T K O L  REPORT,  A N A L Y T I C A L  C H E P I S T R Y  O I V I S I C N ,  CCT. -OEC. , l 966  S T A T I S T I C  6 7 P R R - 0 5 8  

6 7  P R R - 0 6 3  
E M I S T R Y  O I V I S I O 4  ANNUAL P R O G R E S S  R E P O R T  F O R  P E R I O D  E N D I N G  O C T . 3 1 r 1 9 6 6  A N A L Y T I C A L  C H  6 7 P R R - 0 6 5  

R E P O R T  OF F O R E I G N  T R D V E L  OCT.14 -NOV.15r  1906 \  

FORMYL G R A M I C I D I N  A HYOSOGEN IOOIOE S A L T  / T A L L  O I L  / 01 O C T Y L  P H T H A L A T E  / G L Y C E R O L  T H I O  E T H E R  I / A  / D E S  6 7 A - 0 4 - C 3 B  
O I L  W I T H  BORON T R I  F L U O 2 I O E  I H Y D R O C A R B O N S  I A N A L Y S I S  OF OFF-GAS FROC T E S T S  O F  C O M P A T I B I L I T Y  O F  MSRE PUMP 6 7 A - 0 3 - C I C  

/ A / DES FORMYL G R A M I C I D I N  A HYDROGEN I O O I O E  S A L T  / T A L L  O I L  / CI O C T Y L  P P T H A L A T E  / GLYCEROL T H I O  E T H E R  / 6 7 A - 0 4 - 0 3 6  
/ E D  S P E C T R O M E T R Y  I BECKMPN I R - 1 2  SPECTROPHOTOPETER / T A L L  O I L  / S C L - G E L  F U E L S  / I R T R A N S  1-6 / S I L I C A  / P H I  6 7 A - 0 4 - 0 3 A  
L Y S I S  O F  O F F - G A S  FROM T E S T S  OF C O M P A T I B I L I T Y  OF MSRE PUMP O I L  W I T H  @ORON T R I  F L U O R I C E  I HYDROCARBONS I ANA 6 7 A - 0 3 - C I C  
/ P H E N O L  - A L D E H Y D E  R E S I N S  / M A G Y E S I U M  O X I D E  / L U B R I C A T I N G  O I L S  / P E N T A  P H E N Y L  T R I  M E T H Y L  T R I  S I L O X A N E  / T I  6 7 A - 0 4 - 0 3 A  
/ T I C  R E S O Y A N C E  SPECTROMETRY I I I 3 H E X Y L  I N A P H T H A L E h E  / O L E I C  A C I C  / 2 I 3 H E X Y L  I N A P H T H A L E N E  / 2 - 6  D I /  6 7 A - 0 4 - 0 3 8  

P H E N Y L  A L A N I N E  A C C E P T /  S A L T  E F F E C T  I N  THE M E A S U R E P E N T  OF O P T I C A L  C E N S I T Y  CF T R A N S F E R  R I B O  N U C L E I C  A C I D S  I 6 7 A - 0 4 - C 6 C  
O P T I C A L  AND E L E C T R O N  M I C R O S C O P Y  6 7 A - 0 8  

X-RAY A N 0  O P T I C A L  S P E C T R O C P E M I S T R Y  6 7 A - 0 6  
ROSPHERES P R E P A R E D  FROM T H E  RPRE E /  C H E M I C A L  AND E L E C T R C N  O P T I C A L  S T U C I E S  OF T H E  SOLS,  G E L S ,  A N 0  O X I D E  M I C  6 7 P R R - 0 9 9  
/ L E  METHOD T O  C A L C U L A T E  S E N S I T I V I T I E S t  I N T E R F E R E N C E S I  A N 0  O P T I M U M  BCMBAROMENT E N E R G I E S  I N  H E L I U M - 3  A C T I V A l  6 7 A - 0 9 - 0 4 8  

ORAU G R A C U A T E  F E L L O W S P I P  PROGRAM 670-1 6 - C 4 A  
OR AU R E S  E DRCH P A R T  I C I P  ANTS 6 7 D - I  6-C2 
ORAU S T U C E N T  T R A I N E E  PROCRAM 6 7 0 - 1  6 - 0 6 A  

/ A Y A L Y S I S  AT T H E  OAK R I D G E  E L E T T R O N  L I N E A R  A C C E L E R A T C R  I O R E L A  I U S E  O F  T A N T A L U M  A S  E L E C T R O N  C O N V E R T E R /  6 7 A - 0 9 - 0 3 0  
4 -MEV NEUTRON A C T I V A T I O N  A N P L Y S I S  I F L U O R I N E  I N  F L U O R S P A R  ORES / B I A X I A L  S A M P L E  ROTATOR / E R M I N A T I O N  B Y  I 6 7 A - 0 9 - l j 5 C  
U I O  E X T R A C T I O N  O F  N I O B I U Y  W I T H  2 T H E N O Y L  T R I  F L U O l  USE CF O R G A N I C  A C O I T I V E S  T O  I N C U C E  S E L E C T I V E  L I P L I D - L I P  6 7 A - 0 9 - C 7 D  
- L I Q U I D  E X T I A C T I O N  O F  V I 3 B I U M  C I T H  T H E N O Y L  T R I  F L I  U S E  C F  O R G A N I C  A C C I T I V E S  T O  I N C U C E  T H E  S E L E C T I V E  L I Q U I D  6 7 P R R - 0 2 1  
YOROCARBOYS / O R G A N ] /  LOW R E S O L U T I O N  P A S S  SPECTROCETRY O F  O R C A N I C  CCMPOUNOS I A L K Y L  S U B S T I T U T E D  A R O M A T I C  H 6 7 A - 0 7 - 0 2  
/ G E N  I N  Z I R C O Y I U M  / O X Y G E N  I N  T E C H N E T I U M - 9 9  / C H L O R I N E  I N  O R G A N I C  COMPOUNCS / CECAY C P A R A C T E R I S T I C S  OF M A /  6 7 A - 0 9 - C 5 A  
/ Y  I V A R I A N - A E R O G R A P H  GAS CHROMATOGRAPH / P U R l F I C A T I C h  OF O R G A N I C  CCMPOUNCS BY GAS CHROMATOGRAPHY / B E N Z E l  6 7 A - 0 4 - C I A  
/ I C  COMPOUYLS 1 A L K Y L  S U B S T I T U T E D  A R O M A T I C  HYOROCARBOhS / O R G A N I C  P H O S P k A T E  E S T E R S  / P O L Y  N U C L E A R  H Y O R O C A l  6 7 A - 0 7 - C Z  

/ I O N  O F  R A O I O Y U C L I O E S  / 3 A K  R I D G t  I S O C H R O N O U S  C Y C L C T R C N  I O R I C  / GAMMA-RAY SPECTROMETRY / N U C L E A R  R E A C T /  6 7 A - O 9 - C 4 C  
I N G  MERCURY E L E C T R O D E  I O.M.E. I E V A L U A T I O N  OF V E R T I C A L  O R I F I C E  R A P I D  T E F L O N  C R O P P I N G  MERCURY E L E C T R O D E /  6 7 A - 0 4 - C Z A  
/ I N  QUARTZ / Y E J V  I \  M U S L O V I T E  / O R I G I N  OF SOLAR S Y S T E P  / C R I G I N  C F  ATMOSPI -ERE / C E N E S I S  O F  E L E M E N T S  I O X /  67A-07 -114  
/ N E O N  I V  O B S I O I A r r  / VEOV I V  Q U A R T Z  / N E O h  I N  M U S C C V I T E  / O R I G I N  O F  S O L A R  S Y S T E M  / O R I G I N  O F  ATMOSPHERE I /  6 7 A - 0 7 - C 4  

E L E C T R O A N A L Y T I C A L  R E S E A R C H  AT O R h L  6 7 P R R - I  C4 
A U T O M A T I O N  O F  G A S  C H R O M A T O G R A P H I C  A N A L Y S E S  A T  O R h L  6 7 P R R - I  16 

E N 1  S T A T U S  O F  T H E  H E L I U M - 3  A C T I V A T I O N  A N A L Y S I S  PROGRAP A T  O R h L  P R E S  6 7 P R R - 1 2 6  

T R I  N B U T Y L  B E U Z Y L  P H O S P H O Y I U M  C H L O R I D E  / T E T R A  N B U T Y L /  0 9 G A N I C  P R E P A R A T I O N S  I P A R A  A M I Y O  B E N Z Y L  A M I N E  / 6 7 A - I  I 

R O R h L  - RCSS R A O I O I S O T O P I C  L I G H T  SOURCE PHOTOMETE 6 7 P R R - I  32 
ORNL GRACUATE PROGRAM 
O R h L  LOANEES 6 7 D - I  6 7 D - I  6-C6B 6-115 

, ORNL M A S T E R  A N A L Y T I C A L  MANUAL 6 7 C - I  5 
C L M U L A T I V E  I N D E X E S  T C  T H E  C R h L  M A S T E R  A N A L Y T I C A L  MANUAL 6 7 C - I  5 - C I  

M A I N T E N A N C E  CF T H E  C R h L  M A S T E R  A N A L Y T I C A L  MANUAL ' 6 7 C - I  5-C2 

I Q D E X E S  T O  T H E  0 4 N L  M A S T E R  A N A L Y T I C A L  MANUAL I 1 9 5 3 - 1 9 6 6  1 6 7 P R R - 0 6 8  
O R h L  M A S T E R  A N A L Y T I C A L  MANUAL 6 7 C  

6 7 P R R - 0 6 6  
/ T A T E  A M P L I F I E R  / O E T E R Y I N A T I O N  O F  L I T H I U P  / CSRE / T R U  / ORhL M C C E L - P - 1 4 5 7  F L A M E  SPECTROPHOTOMETER / O R N l  6 7 A - 0 1 - 1 2  

MSRE / T R U  / O R V L  MODEL-12-1457  F L A M E  S P E C T R O P H O T C P E T E R  / ORNL M O C E L - C - 1 8 8 7  F L A M E  S P E C T R O P H O T O M E T E R S  I / / 6 7 A - 0 1 - 1 2  
H S E N S I T I V I T Y  C O V T R O L L E D  P O T E N T I A L  C O U L O M E T R I C  T I T R A T C R  I ORNL M O C E L - Q - 2 5 6 4  I M O O I F I C A T I O N S  TO THE H I G  6 7 A - 0 1 - 0 4  
S / S E l  C O N T R O L L E D  P O T E N T I A L  OC P O L A R O G R A P H  V O L T A M P E T E R  I O R h L  M O C E L - Q - 2 7 9 2  1 ( F I R S T  D E R I V A T I V E  POLAROGRAM 6 7 A - O I - C 5  
O F  DROP T I M E  O F  A D R O P P I V G  MERCURY E L E C T R O D E  I 0.P.E. I I O R h L  M O C E L - C - 2 9 4 2  1 l A R A T U S  FOR P R E C I S E  C O N T R O L  6 7 A - 0 1 - 0 6  
/ W E N T  C Y C L I C  VOLTAMMETE7 I VOLTAMMETRY OF M O L T E N  S A L T S  / ORNL M O C E L - C - 2 9 4 3  V O L T A M M E T E R  / S T A N D A R D  N U C L E A l  6 7 A - 0 1 - 0 1  
R T I M E R S  O U P L  S E T  P O I N T  VOLTAGE COMPARATCR I ORNL M O C E L - 9 - 2 9 5 0  I I ERROR I Y  D C  C O U P L E D  COUNTE 6 7 A - 0 1 - 0 2  

P O T E N T I A L  O F  T H E  B E R K E L I U M I I V )  - B E R K E L I L M I I I I )  C C U P L E  I ORNL M O C E L - 2 5 6 4  C O U L O M E T R I C  T I T R A T O R  I / E  F O R M A L  6 7 A - 0 9 - C 8 D  
O R h L  P C S T C O C T O R A L  PROCRAM 6 7 D - I  6-03 
O R h L  U N C E R G R A C U A T E  PROGRAM 6 7 0 - 1  b C 6 C  

O E T E R M I N 4 T I O N  OF O X I O E  I N  MSRE S A L T S  I O R R  M O L T E N  S A L T  ) 6 7 A - 0 3 - C I  A 
E F L O N  I N  E X T R A C T I O N  CHROYATOGRAPHY / D I  I 2 E T H Y L  H E X Y L  1 ORTHO P H O S P H O R I C  A C I D  1 /ROMATOGRAPHY I USE OF T 6 7 A - 0 9 - 0 7 A  

A R E S O N A N T  C A V I T Y  H I G H  F R E Q U E N C Y  O S C I L L C Y E T E R  67PRR-0112  
SCOPY O F  NEUTROY D E F I C I E V T  R A D I O N L C L I O E S  I T A N T A L U P - 1 7 3  / O S P I U P - I B 5  I Y U C L E A R  SPECTRO 67A-09-111 C 
/ Y S P R O S I U M - 1 6 4  / E R B I U M - I 6 7  / O S M I U M - I 9 0  / P L A T I N U P - I 9 6  / O S Y I U M - 1 8 8  / O S M I U M - 1 8 9  / I R I O I U M - I 9 1  / I R I D I U M /  6 7 A - 0 7 - 0 1  
/ / E R B I U M - 1 6 7  / O S M I U M - I 9 0  / P L A T I N U M - I 9 6  / O S M I U P - 1 8 8  I O S P I U M - I 8 9  / I R I C I U M - I 9 1  / I R I D I U M - 1 9 2  / I R I D I U l  6 7 A - 0 7 - 0 1  
I I U M - 1 5 0  / G A D O L I N I U M - 1 5 6  / D Y S P R O S I U M - I 6 4  / E R B I U P - 1 6 7  / O S P I U M - I 9 0  / P L A T I N U M - I 9 6  / O S M I U M - l B 8  / O S M I U M /  6 7 A - 0 7 - C I  

A N  OUTPUT S A P P L E R  FOR T h E  T E C H N I C O Y  A U T O A N A L Y Z E R  6 7 P R R - I  12 
/ /  S U L F U R - 3 5  / V I C K E L - 6 3  / P R O P E T H I U M - 1 4 7  / 2 . 5  D I  P H E N Y L  O X A Z O L E  ( PPO I / 2.5 B I S  I 2  I 5 T E R T  B U T Y L  B E N /  6 7 A - 0 9 - 0 7 6  
/ P H E N Y L  O X A Z O L E  I PPO ) / 2,s B I S  1 2  I 5 T E R T  B U T Y L  B E N Z  O X A Z O Y L  I I T H I O P H E N E  I @ B O T  ) / P A R A  D I O X A N E  / I  6 7 A - 0 9 - 0 7 6  
/ C D E O  S A L T  / H Y D R O C H L O R I C  A C I D  R E L E A S E  F R O M  R E O D E D  S A L T  / C X I D A N T  PROCUCEC BY R A D I O L Y S I S  O F  B E D D E D  S A L T  I/ 6 7 A - 0 2 - G 6  

PROCESS I N F R A R E D  A 'JALYZER / O E T E R M I N A T I O N  OF C A R B C N  PONC O X I D E  ) / A C T O R  F U E L  E L E M E N T S  I BECKMAN M O D E L - 3 1 5  6 7 A - 0 3 - C 4 A  
ROUS S A M P L E S  O F  T H O R I U M  J X I D E  I C R Y S T A L  MODEL F O R  T H O R I U M  O X I D E  I / A D S O R P T I O N  O F  WATER O N  POROUS A N 0  NONPO 6 7 A - O B - O l A  
F U R A N I U Y  N I T R I D E S  / D I S S O L U T I O N  OF C R Y S T A L L I N E  M A G N E S I U M  O X I D E  S E A L E D  T U B E  D I S S O L U T I O N S  I D I S S O L L T I O N  0 6 7 A - 0 4 - 0 4 E  

O R h L  M A S T E R  A N A L - Y T I C A L  MANUAL,  S U P P L E M E N T  9 



146 t 

P H A T E  E /  O E T E R M I N A T I O N  OF TRACE I N P U R I T I E S  I N  U R A N I U P - 2 3 3  O X I D E  - T H O R I U M  C X I O E  M I X T U R E S  B Y  T R I  B U T Y L  P H O S  6 7 A - 0 6 - C 4 B  
/ I U M l  I V I  I N  M S R E  F U E L  I T O T A L  G A S  R E L E A S E D  F R O C  P L U T O N I U M  O X I D E  - U R A N I U M  O X I C E  I E R R - I 1  F U E L  / A L U M I N L M  I 6 7 8 - 1 4 - 0 3  
P T I O N  O F  WATER OX POROUS A N 0  NONPOROUS S A C P L E S  O F  T H C R I U P  O X I O E  I C R Y S T A L  NOOEL FOR T F O R I U M  O X I D E  I I A O S O R  6 7 A - 0 8 - 0 1 A  

S E P A R A T I O N  OF S O D I U M  W I T H  A N T I M O N Y  P E N T A  O X I O E  ( S O D I U M - 2 4  6 7 A - 0 9 -  C 7 1  
/ S I S  O F  WATER ,SYSTEMS 1 D E S A L I N A T I O N  I O X Y G E N  I C A R B O N  01 O X I D E  / C E A E R A T O R  I S E A  WATER I W I N K L E R  METHOO I b 7 A - 0 9 - C 7 H  
/ F U E L  / T O T A L  GAS R E L E A S E D  F R O M  P L U T O N I U M  O X I D E  - U R A N I U C  OX1O.E / E B R - I 1  F U E L  I A L U M I N U M  I I R O N  / A L U M I N O I  6 7 8 - 1 4 - 0 3  
0 01 P C E T A T E  / P H E N Y L  N E 3  T R I  O E C A N O A T E  / F L U O R I N E  I 01 I O X I D E  / L I T H I U M  F E R R I T E  I I O F  D I  E T H Y L  G L A N I O I N  6 7 A - 0 4 - 0 3 A  
l R A N S  F E T I  6 7 A - 0 - 4 - 0 3 A  
/ I U M  C H L O R I C E  / M A G N E S I U M  N I T R I D E  / H I G H  P U R I T Y  P A G N E S I U C  O X I D E  / N I C K E L - 6 4  - A L U M I N U M  A L L O Y  / N I C K E L - 6 1  I 6 7 A - I O  
l O A C T I V E  M A T E R I A L S  I E L E C T R O N  P I C R O S C O P Y  OF P L U T O N I U M - 2 3 R  O X I D E  / R A D I O A C T I V E  C O R R O S I O N  AVO R E A C T I O N  P R O D /  6 7 A - 0 8 - C 2  
C O B A L T  T R A C E R  I COPPER T i A C E R  / ' S E L E N I U M  / A N T I M O N Y  P E N T A  O X I D E  / S E P P R A T I C N  O F  S O C I U M  A N 0  CES.IUM I I E R  / 6 7 A - 0 9 - C 7 H  
I Y  P O T A S S I U M  C H L O R I D E  / S A M A R I O M I I I )  F L U O R I D E  I S O C I U P I I )  O X I D E  / S P I N E L S  / U R A N I U M ( I ' I I ) - 2 3 B  C H L O R I D E  I V I  6 7 A - I O  

/ C H R O M I U M  A L L O Y  / G E R M A N I U M l I I 1 - 7 3  I O O I O E  / G E R M A N I U M I I V )  O X I D E  G L A S S E S  I t E R M A N I U M l I V 1  S U L F I D E  G L A S S  I I/ 6 7 A - I O  
O E T E R C , I N A T I O K  OF O X I D E  I h  P S R E  S P L T S  I ORR M O L T E N  S A L T  I 6 7 A - 0 3 - C l  A 
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I A N A L Y S I S  O F  O F F - G A S  F R 3 M  T E S T S  O F  C O M P A T I B I L I T Y  CF P S R E  P U C P  O I L  W I T H  BORON T R I  F L U O R I D E  I H Y D R O C A R B O N S  6 7 A - 0 3 - C I C  

6 7 P R R - 0 3 0  
MENTS I B E C K M A N  M O D E L - 3 1 5  P R O C E S S  I N F R A R E D  A /  A N I L Y S I S  OF PURGE GAS FROM I N - P I L E  T E S T S  O F  R E A C T O R  F U E L  E L E  6 7 A - 0 3 - C 4 A  
I H E N O Y L  T R I  F L U O R 0  A C E T O Y E  - X Y L E N E  - A P P L I C A T I O N S  TO T H E  P U R I F I C A T I O N  ANC R A D I O C H E M I C A L  D E T E R M I N A T I O N  O F /  6 7 P R R - 0 2 8  
/ A S  CHROMATOGRAPHY I V A R I A N - A E R O G R A P H  G A S  CHROMATOGRAPH I P U R I F I C A T I O N  O F  C R G A N I C  COMPOUNDS BY G A S  CHROMA/  6 7 A - 0 4 - C I A  
GAMMA-RAY S P E C T R U M  O F  P L U T O Y I U H - 2 4 5  I G A P C I  R A O I O C H E P I C A L  P U R I F I C P T I O N  O F  P L U T O N I U M - 2 4 5  - P L U T O N I U M - 2 4 6  I 6 7 A - 0 9 - C 7 E  
R-64 I E L E C T R O D I A L Y S I S  O F  W I T E R  THROUGH A N I O N  P E R P E A B L E  / P U R I F I C A T I O N  O F  WATER ANC O T H E R  R E A G E N T S  I C D P P E  6 7 A - 0 6 - 0 3 8  

C O N D E N S A T I O N  P R E S S U R E  A V A L Y Z E R  F O R  U R A N I U M  H E X A  F L U O R I D E  P U R I T Y  A C O M P A R A T I V E  6 7 P R R - 0 3 2  

A N A L Y T I C A L  C H E M I S T R Y  F O R  R E A C T O R  P R C J E C T S  6 7 A - 0 3  

P 9 E P I R A T I V E  G E L  E L E C T R O P i O R E S I S  OF P R O T E I N S  

A NEW WAY TO CAKE PURE C E R I U M - 1 4 1  

. 
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I B R O M I D E  I M A G V E S I U M  C H L O R I D E  / M A G N E S I U P  N I T R I D E  / H I G H  
I /  N I C K E L - 6 1  F L U O R I G E  I U I C K E L - 6 4  - V A N A D I U M  A L L C Y  / H I G H  
I T I O N  CHROMaTOGRAPHY I P U L S E - H E I G H T  A N A L Y S I S  / F L U C R I C E  / 

D E N S I T Y  G i A D I E N T  A P P L I C A T I O N S  ( D E N S I T Y  C F  
C H R O N O P O T E N T I O Y E T R Y  OF THE I O D I N E  S Y S T E M  AT T H E  

C R E A C T I O N S  O F  T H E  H A L I D E S  I N  01 M E T H Y L  S b L F  O X I D E  A T  T H E  
I O N A T E  A N O D I C  R E A C T I O V S  OF T H I O  S U L F A T E  A T  THE R C T A T I N G  

RED S / 2 1 4 1  V O L T A M N E T A I C  METHOD FOR F L U O R I D E  I R C T A T I N G  
/ S I E V E  C O L J Y N  I F I S K  604 MOLD R E L E A S E  / HONAKER - H C R T O N  
C T I O N S  W I T h  H E L I U M - 3  P A R T I C L E S  I N U C L E I  R E C O I L  E N E R G I E S  I 

O E T E R M I V A T I O N  O F  U R A Y I U Y  / C O N T R O L  L I M I T  F O R  C O L O R I M E T R /  
I U M - 4 7  I S E L E N I U Y - 7 5  / T E C H V E T I U M - 9 9 M  I T I N - I 1 3  I X E N C N - I  
I S I O N t  OCT.-OEC., 1 9 6 6  S T A T I S T I C A L  
I S I O N ,  J A N . - M A R . , I 9 6 7  S T A T I S T I C A L  
ISION, APR.-JUNE, 1 9 6 7  ' S T A T I S T I C A L  
I N  P U M I C E  / NEOY I N  P E A R L I T E  / N E O N  I N  O B S I D I A N  I h E C N  I R  

THE B P L A N C E C  
I O U 1 0  S C I V T I L L A T I  T H E O R E T I C A L  A N 0  E X P E R I M E N T A L  A S P E C T S  OF 
I A L Y S I S  Y I T H  A C A L I F O R N I U M - 2 5 2  N E L T R O N  SObRCE ( P N E U P A T I C  
I T H E  A N A L Y T I C A L  A P P L I C A T I O N S  OF THE SECONDARY E F F E C T S  OF 
/ K E C O R O I U G  R A D I A T I O V  E V E V T  M O N I T O R  F O R  P U L S E D  X AND GAPMA 
8ORATORY I L R L  1 L O k  L E V E L  
A C I A T I O N  ( C E S I U M  I O D I D E  ( T H A L L I L M  1 S I  A F I L M  R E C O R D I N G  
N O F  U R A V I U M  AS T H I O  C Y A V A T E  C O M P L E X  I / E F F E C T S  OF GPMMA 
A K P L E S  / C A L I F O R N I U M  I C U R I U M  / E I N S T E I /  H I G H  L E V E L  A L P H A  

E F F E C T S  OF 
R A D I O L Y S I S  O F  

D E V E L O P P E N T  OF 
U I T H  P R O M E T H I U M -  I 4 7  D E V E L O P P E N T  OF 
A M E R I C I U M - 2 4 1  I P L U T O Y I U M - 2 3 8  / D E C A Y  I H I G H  ENERGY GAMMA 
/ M A T E R I A L S  ( E L E C T R O N  M I C R O S C O P Y  O F  P L U T O N I U M - 2 3 8  C X I D E  I 

N U C L E A R  S A F E T Y  - R E T E N T I C K  O F  
I I D A N T  PROOLfCED B Y  R A D I O L Y S I S  OF B E D D E D  S A L T  I STORAGE C F  
L U T O N I U M - 2 3 8  O X I D E  / R A D I O A C T I V E  I E L E C T R C N  M I C R O S C O P Y  O F  
T H O 0  ( T R A N S P I R A T I O N  M E /  D E T E R M I N A T I O N  O F  U R A N I U M O I I )  I N  

SPARK SOURCE M A S S  S P E C T R O V E T R Y  OF 
, METRY A N A L Y S I S  OF S C L U T I C N  AND 

METRY A N A L Y S I S  OF S O L U T I O N  ANC 
E R Y L L I U M  F L U O R I D E  M E L T S  / F U E L  E L E M E N T S  / BORCN N I T R I D E  / 

P R 0 P E ; I T I E S  OF ROCK S A L T  OF I N T E R E S T  T O  
7 5  / T E C H U E T I U M - 9 9 M  / T I V - I  I 3  / XENON-/  Q U A L I T Y  C O h T R C L  ( 

N U C L E A R  AND 
0 ACETONE - X Y L E N E  - A P P L I C A T I O N S  TO T H E  P U R I F I C A T I O N  AND 
U T O N I U M - 2 4 6  ( GAMMA-RAY SPECTRUM OF P L U T O N I U M - 2 4 5  I G A M C l  

/ THIO S U L F A T E  1 

GEN W I T H  1 4 - Y E V  YEUTROY G E N E R A T O R  / P H O S l  R A D I O I S O T O P E S  - 
BOOK R E V I E W  OF,  

S T A N D A R D S  
ICs BOOK R E V I E h  OF,  
M / R U T H E V I U M - 1 0 6  I I X I O I U M - 1 9 2  ) 

A P P L I C A T I O N  O F  COMPUTER PROGRAMS F O R  A N A L Y S I S  OF 
R M I N A T I O V  O F  OXYGEN W I T H  1 4 - M E V  N E U T R O N  G E N E R A T O R  I P H O S I  

AL  R E S E A R C H  A P P L I C A T I O h  O F  
NOARY E F F E C T S  O F  R A D I A T I 3 N  - P R E C I S I O N  PHOTOMETRY U S I N G  A 
P R E C I S I O Y  P H O T O M E T R I C  A N A L Y S I S  I N  THE U L T R A V I O L E T  L S I h G  A 

C R N L  - R O S S  
I O R I C  A C I D  R E L E A S E  FROM SEODED S A L T  / O X I D A N T  PRODUCED B Y  
5 ( B O R I C  A C I D  / T H I O  S U L F A T E  1 
M I N E  T E T R A  A C E T I C  A C I D  / S T U D Y  O F  N U L L E A T I O N  P R O C E S S E S  B Y  
I E Y T S  I N  A V A L Y T I C A L  C H E M I S T R Y  I H O M 0 6 E N E O U S  S E P A R A T I O h S  I 
I D  S A L T  / STORAGE O F  R A D I O A C T I V E  M A T E R I A L  I N  S A L T  C I N E S  / 
I H L O R I O E  / hOMOGkNEOUS P R E C I P I T A T I O N  OF B A R I U M  S U L F A T E  B Y  
/ Y O R A T E  / HOMOGENEOUS P R E C I P I T A T I O N  OF S I L V E R  C H L O R I D E  B Y  
C H E M I S T R Y  ( HOYOGENEOUS S E P A R A T I O N S  / R A I  A P P L I C A T I O N S  OF 

O F  U R A N I U M  A S  T H I O  C Y A V b T E  C O M P L E X  I STANNOUS C H L C R I D E  / 
BOOK R E V I E W  C F .  

N U C L E A R  P R O P E R T I E S  OF 
H A L F - L I V E S  & N O  S P E C I F I C  A C T I V I T I E S  OF COPMON 

A N A L Y T I C A L  C H E C I S T R Y  OF 
U U C L E b R  S P E C T R O S C O P Y  OF N E U T R C N  D E F I C I E N T  

I Y U C L E I  I N  A C T I V A T I O N  A N 4 L Y S I S  ( H E L I U M - 3  / S E P A R A T I O h  OF 
I M O L Y B D E N U M - 9 9  / N I C K E L - 6 3  / N I O B I U M - 9 5 M  I N I O B I U P - 9 3 M  I 

I BY A N I O V  E X C H A V G E  N E k  METHOD F C R  T H E  
/ R Y  E L E C T R O D E  I O.M.E. ( E V A L U A T I O N  OF V E R T I C A L  C R I F I C E  
O T E N T I A L S  O F  L A N T H A N I D E S  / F I R S T  I O N I Z A T I O N  P O T E N T I A L S  OF 
I U M  I N  L I T H I U M  F L U O R I D E  - B E R l  D E T E R M I N A T I O N  OF T R P C E S  O F  

TI'€ SOLS, GELS,  AND O X I D E  M I C R O S P H E R E S  P R E P A R E D  F R O P  T H E  
/ E  - B E R Y L L I U M  F L U O R I D E  - Z I R C O N I L M  F L U O R I D E  A T  F A S T  SCAN 
C T I V A T I O V  A N A L Y S I S  ( AVEQAGE C R O S S  S E C T I O N  / I N T E R F E R E N C E  
E C E L L  F I R S T  D E R I V A T I V E  OC P O L A R O G R A P H Y  I S I G N A L  T C  N C I S E  
AME P F O T O M E T R I C  S E N S I T I V I T Y  B Y  I N C R E A S I N G  S I G N A L  T C  N C I S E  
ROMATOGRAPHY ( E S C H E R I C H I A - C O L I - 8  I Y E A S T  I P O L Y  AO/  B A S E  
I T O N I A  SOL-GEL PROGRAM / C A R B O N  / P R O M E T H I U M - I 4 7  / MSRE I 
l T R A N S P I R A T I O y  Y E A S U R E M E V T S  I U R A N I U M ( I I I 1  TO U R A N I U M ( 1 V )  
OSCOPY O F  P L U T O N I U M - 2 3 8  3 X I D E  I R A D I O A C T I V E  C O R R O S I O N  ANC 
S / N U C L E I  R E C O I L  E N E R G I E S  / Q V A L U E S  OF H E L I U P - 3  I N D U C E D  
A C E T I C  A C I D  / S T U D Y  O F  N U C L E A T I O N  P R O C E S S E S  B Y  R A D I O L Y T I C  

S I L I C I C  A C I D  / A L I Z A R I N  COMPLEXONE 

P U R I T Y  P A G N E S I U M  O X I C E  I N I C K E L - 6 4  - A L U M I N U M  A /  
P U R I T Y  P O T A S S I U M  C H L O R I D E  I S A M A R I U M I I I )  F L U O R I I  
P Y R O H Y D R O L Y S I S  / P L U T O N I U P  I I S O T O P I C  D I L L T I O N  I 
P Y R O L Y T I C  C A R B O N  P A R T I C L E S  I 
P Y R O L Y T I C  G R A P H I T E  AND G L A S S Y  CARBON E L E C T R O D E S  
P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  A N O D I  
P Y R O L Y T I C  G R A P H I T E  E L E C T R O C E  I W.U. 1 ( T E T R A  TH 
P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  I RAGE. I I A L I Z A R I N  
P Y R O L Y Z E R  I P R E P P R A T I V E  GAS CHROMATOGRAPHY I G A I  
Q V A L U E S  OF H E L I U M - 3  I N D U C E D  R E A C T I O N S  I I A R  REA 
Q U A L I T Y  CONTROL 1 CONTROL L I M I T  FOR C O L O R I M E T R I C  
C U P L I T Y  CONTROL ( R A C I O P C T I V I T Y  S T A N D A R D S  I C A L L  
P U P L I T Y  CONTROL REPORT, A N A L Y T I C A L  C H E M I S T R Y  D I V  
Q U A L I T Y  CONTROL REPORT, A N A L Y T I C A L  C H E M I S T R Y  D I V  
Q U A L I T Y  CONTROL REPORT, A N A L Y T I C A L  C H E M I S T R Y  D I V  
Q U P R T Z  I N E O N  I N  M U S C O V I T E  I O R I G I N  O F  SOLAR S Y /  
C U P T E R N P R Y  P H O S P b O N I U M  h A L I O E S  
Q U E N C H I N G  METHOC F O R  C O U N T I N G  C A R B O N - I 4  
Q U E N C H I N G  V A R I A B L E S  FROM B I O M E D I C A L  S A M P L E S  I N  L 
R A e B I T  S Y S T E M  I e I A X 1 A L  R O T A T O R  I F I S S I O N  S P E C T I  
R A C I A T I C N  - P R E C I S I O N  PFOTOMETRY U S I N G  A R A D I O I S  
R A C I A T I O N  ( C E S I U M  I O D I D E  ( T H A L L I U M  I S C I N T I L L I  
R A C I A T I O N  C O U N T I N G  F A C I L I T Y  ( L U N A R  R E C E I V I N G  L A  
R A O I A T I C N  E V E N T  C O N I T O R  FOR P U L S E D  X AND GAMMA R 
R A C I A T I O N  I N  T H E  S P E C T R O P H O T O M E T R I C  D E T E R M I N A T I O  
R A O I A T I C N  L A 8 O R P T O R Y  ( A N A L Y S I S  O F  T R U  P R O C E S S  S 
R A C I A T I C N  ON A N A L Y T I C A L  METHODS 
R A C I A T I C N  S P F E G U Q R D  S P R A Y  S O L U T I O N S  ( B O R I C  A C I D  
R A C I A T I C N  S T I M U L P T E C  L I G I - T  SOURCES 
R A C I A T I C N  S T I M U L A T E C  L I G P T  SOURCES - E X C I T A T I O N  
R A C I A T  I O N S  FROM U R A N I U M - 2 3 3 9  P L U T O N  I U M - 2 3 9 ,  AND 
R A D I O A C T I V E  C O R R O S I O N  AND R E A C T I O N  P R O D U C T S  ON I 
R A C I O A C T  I V E  I O C I  CES EY I M P R E G N A T E D  C H A R C O A L S  
R A C I O A C T I V E  M A T E R I A L  I N  S A L T  M I V E S  / R A D I O L Y T I C /  
R A C I O A C T I V E  M A T E R I A L S  ( E L E C T R O V  M I C R O S C O P Y  O F  P 
R A D I O A C T I V E  M S R E  F U E L  B Y  A HYDROGEN R E D U C T I O N  ME 
R A C I O A C T I V E  S I M P L E S  
R A C I O A C T I V E  S A M P L E S  BY SPARK SOURCE M A S S  SPECTRO 
R A O I O A C T  I V E  S A M P L E S  BY SPARK SOURCE M A S S  SPECTRO 
R A D I O A C T I V E  SOURCES ) I R S  / L I T H I U M  F L U O R I D E  - B 
R A C I O A C T I V E  W A S T E  D I S P O S A L  
R A C I O A C T I V I T Y  S T P N D A R C S  I C A L C I U M - 4 7  I S E L E N I U M -  
R A C I O C H E M I C P L  A N P L Y S E S  
R A D I O C H E M I C A L  D E T E R M I N A T I O N  O F  B E R K E L I U M  I F L U O R  
R A C I O C H E M I C P L  P U R I F I C A T I O N  O F  P L U T O N I U M - 2 4 5  - P L  
R A C I O C H E C I C I L  S E P A R A T I O N S  
R A C I O C H E C I C P L  S T U D I E S  
R A D I O C H E M I S T R Y  L L B O R P T O R Y  ( D E T E R M I N A T I O N  OF O X Y  
R A C I O C H E M I S T R Y  OF A R S E N I C  
R A D I O I S C T O P E  C H P R A C T E R I S T  I C S t  M E A S U R E M E N T S t  AND 
R P C I O I S O T O P E  I N S T R U M E N T S  I N  I V D U S T R Y  AND GEOPHYS 
R A D I O I S C T C P E  T A G C I N G  O F  COPPER W I R E  I S I L V E R - I  I @  
R A C I  01 S C T C P E S  
R A C I O I S C T O P E S  - R A D I O C H E M I S T R Y  L A B O R A T O R Y  I D E T E  
R A C I O I S C T C P E S  I N  G R E E C E  
R A D I O I S C T O P E S  T O  PROBLEMS O F  C h E M I C A L  AND P H Y S I C  
R A C I O I S C T O P I C  L I C H T  SOURCE l I C A T I O N S  O F  T H E  SECO 
R A C I O I S C T O P I C  L I C H T  SOURCE PHOTOMETER 
R A C I O I S C T O P I C  L I C H T  SOURCE PHOTOMETER 
R A D I O L Y S I S  O F  BECDEO S A L T  I STORAGE OF R A D I O A C T I  
R A D I O L Y S I S  O F  R A C I A T I O N  S A F E G U A R D  S P R A Y  S O L U T I O N  
R A D I O L Y T I C  R E A C T I O N S  1 I C  / E D T A  I E T H Y L E N E  01 A 
R A D I O L Y T I C  R E L E P S E  O F  H Y C R O C H L O R I C  A C I D  FROM C H I  
R A C I O L Y T I C  R E L E P S E  O F  I M P U R I T I E S  I N  N A T U R A L  S A L /  
R A C I O L Y T I C A L L Y  G E N E R A T E D  A C I D  / EDTA I E T H Y L E N E /  
R A D I O L Y T I C A L L Y  G E N E R A T E D  CHLOR I D E  / HOMOGENEOUS/ 
R A C I O L Y T I C A L L Y  GENERPTEC R E A G E N T S  I N  A N A L Y T I C A L  
R A D I O L Y T I C A L L Y  GENERATEC S U L F U R  I I D E T E R M I N A T I O N  
R A C I O M E T R I C  T I T R P T  I O N S  
RA C I  O N U C L  I D E S  
R A D 1  O N U C L I D E S  
R A C I  O N U C L  I D E S  
R A C I O N U C L I O E S  I T A N T A L U M - I 7 3  I O S M I U M - I B 5  ) 
R A D I O N U C L I D E S  I OAK R I D G E  I S O C H R O N O U S  C Y C L O T R O N /  
R A C I U M - 2 2 6  / P R O P E T H I U M - 1 4 6  / H A F N I U M - I B I  I P L U l  
R A P I D  O I S T I L L A T I C N  S E P A R A T I O N  O F  F L U O R I D E  I F L U 0  
R A P I D  S E P A R A T I O N  O F  B E R K E L I U M (  I V )  FROM C E R I U M I I V  
R A P I D  T E F L O N  D R O P P I N G  MERCURY E L E C T R O D E S  FOR OB/ 
R A R E  E A R T H  E L E M E N T S  I T I O N  I F I R S T  I O N I Z A T I O N  P 
R A R E  E A R T H  ELEMENTS,  B A R I U M ,  S T R O N T I U M ,  AND URAN 
RARE E P R T P  H Y C R O X I D E S  l E C T R O N  O P T I C A L  S T U D I E S  OF 
R A T E S  ANC SHORT T R A N S I T I O N  T I M E S  ( C O N T R O L L E D  P I  
R A T I O  I / I M U M  BOMBARCMENT E N E R G I E S  I N  H E L I U M - 3  A 
R A T I O  ( S I N  1 O F  D R O P P I N G  MERCURY E L E C T R O D E  I /L 
R A T I O  I S I N  W I T H  A S I G N A L  A V E R A G I N G  COMPUTER I 
R A T I O  D E T E R M I N A T I O N  O F  RNA BY L I G A V D  EXCHANGE C H  
R A T I O  O F  U R A N I U M ( I I I 1  T O  U R A N I U M ( 1 V )  I N  MSRE F b I  
R A T I O S  I N  MSRE F U E L  S A L T  I U S E  O F  COMPUTER P R O G I  
R E P C T I C N  PRODUCTS ON MSRE F U E L  E L E M E N T S  I I M I C R  
R E A C T I O N S  I I A R  R E A C T I O N S  W I T H  H E L I U M - ?  P A R T I C L E  
R E P C T I O N S  ) I C  I E D T A  I E T H Y L E N E  D l  A M I N E  T E T R A  

6 7 A - 1  0 
6 7 A - I  0 
6 7 8 - 1  4 -CI  
6 7 A - 0 4 - G S A  
6 7 P R R - 0 5 4  
6 T P R R - 0 5 3  
6 7 A - 0 2 - C 3  
6 7 A - 0 2 - C l  
6 7 A - 0 4 - 0 1  A 
6 7 A - 0 9 - C 4 C  
6 7 8 - 1  4 - C 5  
6 7 A - O P - C 6 B  
6 7 P R R - 0 5 8  
6 7 P R R - 0 5 9  
6 7 P R R - 0 6 0  
6 7 A - 0 7 -  C4 . 
6 7 A - 1  I - G I  B 
6 7 P R R - 0 3 7  
6 7 P R R - 0 1 0  
6 7 A - 0 9 - C 3 A  
6 7 P R R - I  29 
6 7 A - 0 9 - 0 2 A  
6 7 A - 0 9 - 0 3 F  
6 7 6 - 0 9 - C Z A  
6 7 A - 0 2 - C Z  
6 7 8 - 1  4-GI 
6 7 A - 0 2  
6 7 A - 0 2 - 1 4  
6 7 P R R - I  2 7  
6 7 A - 0 9 - C Z D  
6 7 A - 0 9 - C 6 0  
6 7 A - 0 8 - C Z  
6 7 A - 0 8 - C I  0 
6 7 A - 0 2 - 0 6  

6 7 A - 0 3 - C I  8 
6 7 P R R - I  33 
6 7 P R R - 0  1 1  
6 7 P R R - 0 9 2  
6 7 8 - 0 8 - 0 1  E 
6 7 P R R - I  C5 
6 7 A - 0 9 - 0 6 8  
6 7 A - 0 9  
6 7 P R R - 0 2 8  
6 7 A - 0 9 - C 7 E  
6 7 P R R - I  3@ 
6 7 6 - 0 9 - 0 7  
6'18-1 4-C4 
6 7 P R R - 0 1 8  
6 7 P R R - 0 3 3  
6 7 P R R - 0 2 5  
6 7 A - 0 9 - C 6 G  
6 7 P R R - I  22 
6 7 8 - 1  4-C4 
6 7 P R R - 0 2 2  
6 7 P R R - I  3 1  
6 7 P R R - I  29 
6 7 P R R - I  2 8  
6 7 P R R - I  32 
6 7 A - 0 2 - 0 6  
6 7 A - 0 2 - C 4  
6 7 A - 0 2 - C 7  
6 7 A - 0 2 - C 7  
6 7 A - 0 2 - G 6  
6 7 A - 0 2 - 0 7  
6 7 A - 0 2 - C 7  
6 7 A - 0 2 - C 7  
6 7 A - 0 2 - C 2  
6 7 P R R - 0 3 4  
6 7 A - 0 9 - C I  
6 T P R R - 0 5 7  
6 9 A - 0 9 -  C B  
6 7 A - 0 9 - 0 1  C 
6 7 A - O  9- C4 C 
6 7 A - 0 9 - 0 6 E  
6 7 A - 0 2 - C 5  
6 7 A - 0 9 -  C 7 C  
6 7 A - 0 4 - C Z A  
6 7 8 - 0 7 - 0 3 A  
6 7 A - 0 6 - W A  
6 7  P R R - O F 9  
6 7 A - 0 3 -  02C 
6 7 A - 0 9 - 0 4 B  
6 7 A - O I - C 7  
6 7 A - 0 1 - 1 4  
6 7 A - 0 5 - C I  H 
6 7 8 - 1  4-03 
6 7 A - 0 3 - C l  B 
6 7 A - 0 8 - C 2  
6 7 A - 0 9 - C 4 C  
6 7 A - 0 2 - 0 7  

6 7 ~ - 0 8 - 0 2  
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I E X C I T A T I O N  F U N C T I O N S  / O I S T O R T E D  WAVE THEORY OF h U C L E A R  R E P C T I C N S  I / N v  N I T R O G E N t  S O O I U M t  A N 0  B E R Y L L I U M  6 7 A - 0 9 - 1 4 A  
T O M I C  NUMBER E L E M E N T S  - P N U C L E A R  C H E C I S T  LOOKS A T  D I R E C T  R E A C T I O N S  I T I O N  OF H E L I U M - 3  P A R T I C L E S  h l T H  LOW A 6 7 P R R - 1 4 2  
4 R E P C T I O N S  B E T W E E N  14.7-MEV N E U T R O N S  A N 0  N I C K E L - 6  6 7 P R R - 0 4 5  

A C C E L I  E V l O E V C E  O F  P H O T 3 F I S S I O N  OF I R O N  I P R O T C N  I N O U C E O  R E b C T l O N S  I N  T P E  GEV R E G I O N  / C A M B R I D G E  E L E C T R O N  6 7 A - 0 9 - 0 7 F  
AT T H E  P Y R O L Y T I C  GRA,PHITE E L E C T R O D E  A N C D I C  R E P C T I O N S  O F  T H E  H A L I D E S  I N  D I  M E T H Y L  S U L F  O X I D E  6 7 P R R - 0 5 3  

T I C  G R A P H I T E  E L E C T R O D E  I RP.GE. 1 ( TETRA T H I O N A T E  1 A N C D I C  R E A C T I O N S  O F  T H I O  S U L F A T E  A T  T H E  R O T A T I N G  P Y R O L Y  6 7 A - 0 2 - 0 3  
/ U S  C Y C L O T R U V  'I O R I C  I I GAMKA-RAY SPECTROMETRY / h U C L E A R  R E A C T I O N S  W I T H  H € L I U M - 3  P A R T I C L E S  I N U C L E I  R E C O /  6 7 A - 0 9 - C 4 C  
A T I O N  O F  V O L A T I L E  A I R  P O L L U T A N T S  ( C A R O L I N A S  V I R G I N I A  T U B E  REPCTOR I C V T R  I I GAS C H R O M A T O G R A P H I C  D E T E R M I N  6 7 A - 0 3 - C 4 8  

S I N F R A R E D  A I  A N A L Y S I S  O F  P U R G E  G A S  F R O Y  I N - P I L E  T E S T S  O F  R E A C T O R  F U E L  E L E C E N T S  I B E C K M P N  M O O E L - 3 1 5  P R O C E S  6 7 A - 0 3 - C 4 A -  
6 7 A - 0 3 - 0 1  

H E L I U Y - 3  A C T I V P T I O N ,  I N  P A N E L  D I S C U S S I O N  ON N O N  R E b C T O R  METHODS OF A C T I V P T I O N  A N A L Y S I S  . 6 7 P R R -  I24 

P O L T E N  S A L T  R E A C T O R  E X P E R I M E N T  

A N A L Y T I C A L  C H E M I S T R Y  F C R  R E P C T O R  P R O J E C T S  6 7 A - 0 3  
L E A K S  I N  H F I R  T A R G E T  R 3 O S  I S T U D Y  OF H F I R  C O O L A N T  k A T E R  I R E P C T O R  WbTER / C E S I U M  / C E S I U M - 1 3 6  I T R I T I U C  / 6 7 8 - 0 9 - 0 6 F  
/ A I R  S A C P L E S  / A V A L Y S I S  3 F  WATER S A M P L E S  / P A S C H E N  D I R E C T  R E I D E R  / E M I S S I O N  S P E C T R O M E T R I C  A N A L Y S I S  O F  A L L /  6 7 8 - 1 3  
THROUGH A N I O N  P E R M E A B L E  / P U R I F I C A T I O N  OF WATER AND OTHER REPGENTS ( C O P P E R - 6 4  / E L E C T R O D I A L Y S I S  O F  WATER 6 7 A - 0 6 - C 3 8  
' E P A R A T I O V S  / R A l  A P P L I C A T I O N S  OF R A D I O L Y T I C A L L Y  G E h E R b T E O  R E I G E N T S  I N  A N P L Y T I C A L  C t E M I S T R Y  I HOMOGENEOLS S 6 7 6 - 0 2 - 0 7  

LOW L E V E L  R A D I A T I O N  C O U N T I N G  F A C I L I T Y  I L U N A R  R E C E I V I N G  L A B O R A T O R Y  I L R L  I I 6 7 A - 0 9 - 0 3 F  
/ T R Y  / N U C L E A R  R E A C T I O N S  W I T H  H E L I U M - 3  P A R T I C L E S  I N U C L E I  R E C O I L  E N E R G I E S  / P V A L U E S  O F  H E L I U M - 3  I N D U C E 0  I 6 7 A - 0 9 - C l r C  
/ S E P A R A T I O N  O F  R A D I O N U C L I D E S  / O A K  R I D G I  P O S S I B L E  U S E  O F  R E C O I L  N U C L E I  I N  A C T I V A T I O N  A N A L Y S I S  I H E L I U M - 3  6 7 A - 0 9 - C h C  
Y I N  S P E C T R O C H E M I C A L  A N A L Y S I  S I  R E V I S I O N  OF A S T C  T E h T A T I V E  RECOMMEKCED P R A C T I C E S  FOR P+!OTOGRAPHIC PHOTOMETR 6 7 A - 0 6 - W A  
NO GAMMA R A C I A T I O N  I C E S I U M  I O D I D E  I T H A L L I U M  1 S I  A F I L C  R E C O R D I N G  R A C I P T I O N  E V E N T  M O N I T O R  FOR P U L S E D  X A 6 7 A . 4 9 - C Z A  
I D E T E R M I V A T I O N  O F  T R A N S F E R  R I B O  N L C L E I C  A C I D S  / A Q A R A N T H  R E C  I W E L C H  D E N S I C H R O N  I l E C H V I C O V  A U T O A N A L Y Z E R  6 7 6 - 0 1 - 1 0  
L E C T R O D E  I RP.GE. I / A L I Z P R I V  REO S I Z I R C O N I U M  - A L I Z A R I N  R E C  S 1 l L U O R I D E  I R O T A T I N G  P Y R O L Y T I C  G R A P H I T E  E 6 7 A - 0 2 - 0 1  
R O T A T I N G  P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  I RPGE. I I A L I Z A R I N  REO S / Z I R C O N I U P  - A L I Z P R I N  R E O  S I I L U O R I O E  ( 6 7 A - 0 2 - C I  

ANC S P E C T R O P H O T O M E T R I C  S T U D Y  OF THE Z I R C O N I U M  - A L I Z b R I N  REC S CCMPLEX V O L T A M M E T R I C  6 7 P R R - 0 5 1  
/ N  O F  U R A N I U M l I I I l  I N  R A D I O A C T I V E  MSRE F U E L  R Y  A H Y O R C G E N  R E D U C T I O N  K E T H O C  I T R A N S P I R A T I O N  M E A S U R E M E N T S  I /  6 7 A - 0 3 - 0 1 8  

THE A N A L Y T I C A L  C H E M I S T  L O O K S  A T  S T A N C A R D  R E F E R E N C E  M A T E R I A L S  6 7 P R R - I  3 7  
C C U R A T E  AVO P R E C I S E  O E T E R M I V A T I O N  OF U R A N I U M  W I T H  S P E C I A L  R E F E R E N C E  T O  COULOMETRY T H E  A 6 7 P R R - O C 6  
-MEV NEUTRON A C T I V A T I O V  A N A L Y S I S  FOR O X Y G E N  I N  A L K A L I  A N D  R E F R A C T O R Y  M E T P L S  I 4  6 7 A - 0 9 - C 5 B  
H O T O F I S S I O N  O F  I R O N  I P R O T O N  I N O U C E O  R E A C T I O N S  I N  THE G E V  R E G I O N  / C A M B R I C C E  E L E C T R O N  A C C E L E R A T O R  I I O F  P 6 7 A - 0 9 - C 7 F  
I N A P H T H A L E N E  I 5 A  M O L E C U L A R  S I E V E  C O L U M N  I F I S K  604 C O L D  R E L E A S E  / H O N A K E R  - HORTON P Y R O L Y Z E R  I P R E P A R A T I  6 7 A - 0 4 - 0 1 A  
/ V A U L T  I WATER CONTENT OF B E O D E 0  S A L T  / H Y D R O C H L O R I C  A C I D  R E L E A S E  FROM BEOCEO S A L T  / O X I D A N T  P R O D U C E 0  B Y  I 6 7 A - 0 2 - C 6  
l L Y T I C A L  C h E M I S T R Y  ( HOMSGENEOUS S E P A R A T I O N S  / R A D I O L Y T I C  R E L E A S E  OF H Y C R O C H L O R I C  A C I C  FROM C H L O R A L  H Y D R A /  6 7 A - 0 2 - C 7  
T O R A G E  O F  R A D I O A C T I V E  M A T E R I A L  I N  S A L T  P I N E S  / R A D I O L Y T I C  R E L E A S E  C F  I M P U R I T I E S  I N  N A T U R A L  S A L T  I I A L T  / 5 6 7 A - 0 2 - C 6  
I O F  U R A V I U M I  1111  TO U R A V I U M ( I V 1  I N  MSRE F U E L  I T O T A L  G A S  R E L E A S E C  FROM P L U T O N I U M  O X I D E  - U R A N I U M  O X I D E  I /  6 7 6 - 1 4 - 0 3  
/ O N  O F  A U T H E V T I C I T Y  O F  P L I N T I N G S  B Y  A C T I V A T I O N  A N A L Y S I S  / R E P B R A N C T . P A I N T I N G  I D U T C H  SCHOOL P A I N T I N G  / U R /  6 7 A - 0 9 - C 4 0  
I A R  ENERGY I A P P L I C A T I O N  O F  E L E C T R O C H E M I C A L  T E C H N I C U E S  T O  R E P O T E  A N b L Y S I S  / REMOTE C O N T R O L L E D  T I T R I M E T R Y  I 6 7 A - 0 4 - C 6 0  
C A T I O N  OF E L E C T R O C H E M I C A L  T E C H N I P L E S  TO REMOTE A N A L Y S I S  / R E P D T E  C C N T R O L L E C  T I T R I M E T R Y  I I R  E N E R G Y  I A P P L I  6 7 A - 0 4 - C b D  

R E P O T E  P I P E T 1  I N G  6 7 A - 0 1 - 1 1  
P R E C I S I C N  P I P E T T E R ,  R E C O T E L Y  C O N T R O L L E D I  C O R R O S I O N  R E S I S T A N T  6 7 P R R - I  IO 

M AQUEOUS N I T R A T E  S O L U T I 3 N S  METHOD F O R  R E Q O V I N G  L A N T H A N I O E S  ANC T R I V A L E N T  A C T I N I D E S  F R O  6 7 P R R - 1 4 7  
A L I E N  G U E S T S  I N  R E S I D E N C Y  . 6 7 D - I O - C 7  

E M I X T U R E S  BY T R I  B U T Y L  P H O S P H A T E  E X T R A C T I O N  AND S C L U T I O N  R E S I D U E  ARC METHOD I l U M - 2 3 3  O X I D E  - T H O R I W  O X I D  6 7 A - 0 6 - C 4 B  
PROCECURE I P H O S P H O R U S - 3 2  I F O R M I C  A C I D  I A N I C N  P E R M E A B L E  R E S I N  MEMBRANE / E L E C T R O D I A L Y S I S  I / E L L  - S C O T T  6 7 A - 0 6 - 0 3 A  
/ S O L - G E L  F U E L S  / I R T R A N S  1-6 I S I L I C A  / P H E N O L  - A L D E H Y D E  R E S I N S  / PmAGNESIUM O X I D E  / L U B R I C A T I N G  O I L S  I P I  6 7 8 - 0 4 - 6 3 A  

P R E C I S I O N  P I P E T T E % ,  X E M O T E L Y  C O N T R O L L E D I  C O R R O S I O N  R E S I S T P N T  6 7 P R R - I  I C  
A B S O R B I V G  C O ' 4 S T I  TUEV T S  A U T O P A T I C I  H I G H  R E S O L U T I C N  A N A L Y S I S  O F  U R I N E  FOR I T S  U L T R A V I O L E T  6 7 P R R - 0 3 9  

O R B I N G  C O N S T I T U E V T S  ( N U C L E O T I D E  A N A L Y Z E R /  A U T O M A T I C  H I G H  R E S O L U T I C N  A N A L Y S I S  O F  U R I N E  FOR U L T R A V I O L E T  A B S  6 7 A - 0 5 - 0 2 8  
S I A L K Y L  S U B S T I T U T E D  A R O M A T I C  H Y D R O C A R B O N S  / O R G A h I /  LOW R E S O L U T I C N  M A S S  SPECTROMETRY O F  O R G A N I C  COMPOUND 6 7 A - 0 7 - C Z  

PER C H L O R A T E  M E D I A  11-  THE E F F E C T S  OF H Y D R O L Y S I S  ON T H E  R E S O L V E C  S P E C T R A L  B A N E S  I U M - O F  T H E  U R A N Y L  I O N  I N  6 7 P d R - 0 1 2  
/ N I O B I U M - 9 5 M  / THERMAL N E U T R O N  L R O S S  S E C T I O N  OF T I \ - I 1 2  / ' R E S O N A N C E  I N T E G R b L  O F  T I N - I 1 2  / T H E R M A L  N E U T R O N /  6 7 A - 0 9 - C I A  
U M - 1 4 0  THE T H E R M A L  N E L T R O N  C R O S S  S E C T I C N S  AND RESONANCE I N T E G R P L S  O F  L A N T H A N U M - 1 3 9  AND L A N T H A N  6 7 P R R - 0 3 1  
N E  / O L E I C  A C I D  / 2 I 3 H E X Y L  I N A P H T H A /  N U C L E A R  F A G N E T I C  R E S O N A N C E  S P E C T R O M E T R Y  I I I 3 H E X Y L  ) N A P H T H A L E  6 7 8 - 0 4 - 0 3 8  

A R E S O N A N T  C A V I T Y  F I G H  FREQUENCY O S C I L L O M E T E R  6 7PRR-  012 
CHARCOALS . N U C L E A R  S A F E T Y  - R E T E N T I O N  OF R A C I O A C T I V E  I O C I D E S  B Y  I M P R E G N A T E D '  6 7 A - O B - E I O  . A N A L Y T I C A L  CHEY I S T R Y  BOOK R E V I E W  OF, PROGRESS I N  N U C L E A R  ENERGY,  S E R I E S  I X  6 7 P R R - 0 4 7  

BOOK R E V I E W  OF,  R A D I O C H E M I S T R Y  O F  A R S E N I C  6 7 P R R - 0 1 8  
BOOK R E V I E W  CF.  R A C I O I S O T O P E  I N S T R U M E N T S  I N  I N D U S T R Y  6 7 P R R - 0 2 5  
BCCK R E V I E W  CF,  R A D I O C E T R I C  T I T R A T I O V S  6 7 P R R -  03c 

AND G E O P H Y S I C S  

eOOK R E V I E W  C F v  T R P C E  P N A L Y S I S  - P H Y S I C A L  M E T H O D S  6 7 P R R - 0 4 6  
FOR P H O T O G R A P H I C  PHOTOMETRY I N  S P E C T R O C H E M I C A L  A N b L Y S I S l  R E V I S I O N  C F  A S T K  T E N T A T I V E  RECOMMENOED P R A C T I C E S  67A-06 -C .2A  

A T I O N  1. D E S O R P T I O N  O F  U R A N I U M ( + l  I O N S  F R O M  T U N G S T E N  A N 0  R H E N I U P  S U R F A C E S  S U R F A C E  I O N 1 2  6 7 P R R - 0 1 9  
I N A T I O N  O F  T U N G S T E N  I S P E C T R O P H O T I  A N A L Y S I S  OF T U N G S T E N  - R H E N I U P  THERMOCOUPLE W I R E  I P O L A R O G R A P H I C  OETERM 6 7 A - O 4 - C 4 8  
I N A T I O N  3 F  T U N G S T E N  I S P E C T R O P H O T O M E T R I C  DETERHINATIC?i O F  R H E N I U M  W I T H  PLPI -A  F U R I L  01 O X I M E  1 / P H I C  OETERM 6 7 A - O h - C 4 8  
E R  R I R O  V U C L E I C  A C I D S  I P H E N Y L  A L A N I N E  A C C E P T I N G  T R A N S F E R  R I P 0  N U C L E I C  A C I C  I . / F  O P T I C A L  D E N S I T Y  O F  TRANSF 6 7 8 - 0 4 - 0 6 C  

6 7 A - 0 5 - E l O  
ROM E S C H E R I C H I A - C O L I - /  P S E P P R A T I O N  OF A M I N O  A C Y L  T R A N S F E R  R I B O  N U C L E I C  A C I C  I T R A N S F E R  R N A  I S Y N T H E T A S E S  F 6 7 A - 0 5 - P I C  
C I N E  / NIN R I /  O E T E R M I N A T I O V  O F  V A L I N E  A C C E P T I N G  T R A N S F E R  R I B O  N U C L E I C  A C I C  I V P L I N E  - T R A N S F E R  RNA 1 I B I  6 7 A - 0 5 - C I B  

ANC P H E V Y L  A L A N I N E  T R A V S F I  THE D E T E R M I N A T I O N  OF T R A N S F E R  R I E O  N U C L E I C  A C I C  BY A M I N O  A C Y L A T I O N  1. L E U C I N E  6 7 P R R - 0 3 8  
PHY ( HOMOPOLYMERS O F  RNP / I  T E R M I N A L  N U C L E O S I D E  A S S A Y  OF R I B O  N U C L E I C  A C I C  B Y  L I G A N 0  EXCHANGE CHROMATOGRA 6 7 A - 0 5 - O I G  
Y A M I N O  A C Y L A T I O N  I -  L E U C I N E  AND P H E N Y L  A L A N I N E  T R A N S F E R  R I B O  N U C L E I C  A C I C  FROM E S C H E R I C H I A - C O L I - 8  I C 1 0  B 6 7 P R R - 0 3 8  
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O F  A I R  S I  E W I S S I O N  S P E C T i O C H E M I C A L  A N A L Y S E S  I A N A L Y S I S  OF S T A B L E  I S O T O P E S  FOR T R A C E  I M P U R I T I E S  I A N A L Y S I S  6 7 6 - 1 3  
U S E  O F  C O M M E I C I 4 L  F R E E Z E  D R I E D  FOOD A S  T I S S U E  S T A N D A R C  6 0 3 C  7 6 - 0 6 -  

S O L I O  S T A T E  C O N T R O L L E D  P O T E N T I A L  C O U L O M E T R I C  T I T R A T C R  I S T A N D A R D  N U C L E A R  I N S T R U M E N T  MODULES I N I M  ) I 6 7 A - 0 1 - 0 3  
AMMETRY O F  Y O L T E N  S A L T S  / O R N L  M O D E L - 0 - 2 9 4 3  V O L T A C C E T E R  / S T A N D A R C  N U C L t A R  I N S T R U M E N T  MODULES I N I M  1 ) I T  6 7 A - O l - L I  

THE A N A L Y T I C A L  C H E M I S T  L C O K S  A T  S T A N D A R C  R E F E R E N C E  M A T E R I A L S  6 7 P R R - I  3 7  
OF M O L V B D E V U M - 9 9  - T E C H V E T I  UM-99M / STANDARD1 Z A T I C N  CF / S T A N D A R C I Z A T  I O N  OF M E R C U R Y - I 9 7  I S T A N O A R D I Z A T I O N  6 7 A - 0 9 - L I D  

M / S T A Y D A R D I Z A T I O N  O F  / S T 4 N D A R O I Z A T I O N  OF M E R C U R Y - I 9 7  I S T b N D A R C I Z A T I O N  OF M O L Y B C E N U M - 9 9  - T E C H N E T I U M - 9 7  6 7 A - 0 9 - 0 1 0  
197 I S T A N D A R D I Z A T I O Y  OF M O L Y B O E N L M - 9 9  - T E C H N E T I U P - 9 9 P  / S T P N D A R C I Z A T I O N  OF T E C H N E T I U M - 9 9 M  I /OF  MERCURY- 6 7 A - 0 9 - C I D  
S T O  N O R M A L I Z E  M U L T I P L E  GAMMA-RAY SPECTRA F O R  / SECONDARY S T A N D A R C I Z A T I O N S  W I T H  D I G I T A L  COMPUTER T E C H N I Q U E  6 7 P R R - O C 4  

R A D I O I S O T O P E  C H A R A C T E R 1  S T I C S ,  CEASUREMENTS,  A N D  S T A N D A R C S  6 7 P R R - 0 3 3  
6 7 A - 0 9 - C 6  

6 7 P R R - O C 3  

C O O P E R A T I V E  I S O T O P E S  PROGRAM I S T R C N T I U M - 9 0  / S T P N D A R C S  1 
R - 9 9 M  / T I N - 1 1 3  / XENON- /  Q U A L I T Y  C O N T R O L  I R A D I O A C T I V I T Y  S T P N O A R C S  / C A L C I U M - 4 7  I S E L E N I U M - 7 5  / T E C H N E T I L  6 7 A - 0 9 - 0 6 8  

S T A N D A R I Z P T I O N  OF M E R C U R Y - I 9 7  
/ E T R I C  D E T E R M I V A T I O N  O F  U R A V I U M  A S  T H I O  C Y A N A T E  C O P P L E X  1 
l E N T I A L  D I F F E R E N T I A L  OC P O L A R O G R A P H Y  I V .  D E T E R M I N A T E  A N 0  
H E M I S T R V  D I V I S I O N I  OCT. -DEC. ,1966  
H E M I S T R Y  D I V I S I O N ,  JAN.-MAR.,1967 

P R E S E N T  
HEM I S T R Y  O I V I  SIO!, APR.-JUNE I I 9 6 7  
AM AT ORVL ' 

OCARBON A N A L Y Z E R /  D E T E R M I N A T I O N  O F  HYOROCARBON C C N T E N T  OF 
D E V E L O P C E N T  OF R A D I A T I O N  

T H I U M - 1 4 7  O E V E L O P K E N T  OF R A D I A T I O N  
/ D  S A L T  / O X I D A N T  PRODUCED B Y  R A O I O L Y S I S  CF BEOOED S A L T .  I 
/ R O S S  S E C T I O Y  O F  T H U L I U M  / T H U L I U M - 1 7 1  / G A D O L I N I U P - I 5 3  / 
/ O E T E R M I Y A T I O N  O F  T R A C E S  OF R A R E  E A R T H  E L E M E N T S ,  B A R I U M I  
T O P E  M A T E R I A L S  I P H O S P H O I U S - 3 1  I N  PHOSPHORUS-32  PRCDUCT I 

S U P P E R  
ORAU 

CURRENT C A P A B I L I T I E S  I N  P N A L Y S I S  OF T R A C E  
CURRENT C A P A B I L I T I E S  I N  A N A L Y S I S  OF T R A C E  

I E S O L U T 1 3 N  MASS SPECTROMETRY O F  O R G A N I C  COCPOUNOS I A L K Y L  

COOPERA'TI VE I SOTOPES P R C G R A H  1 

- -_ 
A N O D I C  R E A C T I O N S  OF THE H A L I D E S  I N  D I  M E T H Y L  S U L F  O X 1  

F R A D I A T I O N  S A F E G U A R D  S P I A Y  S O L U T I O N S  I B O R I C  A C I D  / T H I O  S U L F A T E  
( V I )  I N  T H E  P R E S E N C E  O F  Z O P P E R l . 1 1 )  I H Y D R O X Y L  A M I N E  H Y D R C  S U L F A T E  
RODE I R R G E . )  I T E T R A  T H I O N A T E  I A N O D I C  R E A C T I O N S  CF T H I O  S U L F A T E  
/ G E N E R A T E D  C H L O R I D E  / HOMOGENEOUS P R E C I P I T A T I C N  O F  B A R I U M  S U L F A T E  

GAMMA D O S I M E T R Y  A T  1 5 0 - 2 5 O C  W I T H  D E A E R A T E D  F E R R O U S  S U L F A T E  
. L U O R I O E  A C T I V I T Y  E L E C T R 3 O E  / N I T R A T E  A C T I V I T Y  E L E C T R O C E  / S U L F I D E  
1 - 7 3  I O D I D E  / G E R M A N I U M I I V I  O X I D E  G L A S S E S  / G E R M A N I U Y ( 1 V )  S U L F I D E  

STPNNOUS C H L O R I C E  / R A D I O L Y T I C A L L Y  G E N E R A T E D  S L I  
S T I T I S T I C A L  ERRORS I N  C O M P A R A T I V E  P O L A R O G R A P H Y v I  
S T A T I S T I C A L  O U A L I T Y  CONTROL REPORT,  A N A L Y T I C A L  C 
S T A T I S T I C A L  O U A L I T Y  CO'UTROL REPORT,  A N A L Y T I C A L  C 
S T A T I S T I C P L  Q U A L I T Y  CONTROL REPORT.  A N A L Y T I C A L  C 
S T A T U S  C F  T H E  H E L I U M - 3  A C T I V A T I O N  A N A L Y S I S  PROGR 
S T E A M  I S O L - G E L  PROCESS / BECKMAN M O D E L - I C 9  HYDR 
S T I M U L A T E C  L I G H T  SOURCES 
S T I M U ' L I T E C  L I G H T  S O U R C E S  - E X C I T A T I O N  W I T H  PROME 
S T C R A G E  OF R A D I O P C T I V E  M A T E R I A L  I V  S A L T  M I N E S  / I  
S T R O N T I U M  / S A M A R I U M  / I S O T O P I C  A ' U A L Y S I S  OF A C T /  
S T R O N T I U M ,  A N D  U R A N I U M  I N  L I T H I U M  F L U O R I D E  - B E R  
S T R O N T I U M - 9 0  - Y T T R I U M - 9 0  / E R B I U M  T R I T I O E  I / S O  
S T R O N T I U M - 9 0  / S T P N C P R O S  I 
S T U D E N T  PROGRPMS 
S T U D E N T  T R A I N E E  PROGRAM 
S U B S T A N C E S  - E L E C T R O A N A L Y T I C A L  METHODS 
S U B S T A N C E S  - E L E C T R O A N A L Y T I C A L  METHODS 
S U l 2 S T I T U T E O  A R O M P T I C  HYOROCARBONS / O R G A N I C  P H O l  
Z l l R T R A C T  I V E  POLAROGRAPHY 

D E  AT T H E  P Y R O L Y T I C  G R A P H I T E  E L E C T R O D E  
) R A O I O L Y S I S  0 
I / C O U L O M E T R I C  C E T E R M I V A T I O N  O F  L R A N I U M  
AT T H E  R O T A T I N G  P Y R O L Y T I C  G R A P H I T E  E L E C T  
BY R A D I O L Y T I C A L L Y  G E N E R A T E D  A C I D  / E D T A /  
S C L U T  I O N  
P C T I V I T Y  E L E C T R O C E  I / V I T Y  E L E C T R O D E  / F 
GLASS / I R O N 1  1 1 1 ) - 5 7  B R O M I D E  I N  C H R O M I U l  

6 7 A - 0 2 - C Z  
6 7 1  PRR-04  
6 7 P R R - 0 5 8  
6 7 P R R - 0 5 9  
6 7 P R R - 0 6 0  
6 7 P R R - I  2 6  
6 7 A - 0 3 - 0 3  A 
6 7 P R R - I  2 7  
6 7 A - 0  9- C.2 D 
6 7 A - 0 2 - 0 6  
6 7 8 - 1  2-02 
6 7 A - 0 6 - C 4 A  
6 7 A - 0 9 - C 6 C  
6 7 A - 0 9 - 0 6  
6 7 0 - 1  6-06 
6 7 D - I  6-066 
6 7 P R R - 0 0 7  
6 7 P R R - I  C3 
6 7 A - 0  7 -  C 2  
6 7 A - 0 1 -  I 3 8  
6 7 P R R - 0 5 3  
6 7 A - 0 2 - C 4  
6 7 4 - 0 4 - 0 2 8  
6 7 A - 0 2 - 0 3  
6 7 A - 0 2 - G 7  
6 7 P R R - 0 2 4  
6 7 A - 0 4 -  C 2 C  
6 7 A - I  0 
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. 

C E S I U M  P A R A  E T H Y L  B E N Z E N E  S U L F O N A T E  6 7 8 - 1  I - C I  E 
N PROCESS ALKYLJ E E N Z E N E  S U L F O N A T E  ( ABS I CONTROL FOR T H E  F O A M  S E P A R A T I O  6 7 P R R - 0 C B  
l A P H T H A L E N E  / H E P T Y L  O E C Y L  A M I N E  I O 1  D O D E C Y L  N A P H T H A L E N E  S U L F O N I C  A C I D  / P L P P A v A L D H A I  0 1  P I P E R I D Y L  / P A R /  6 7 A - 0 4 - C 3 A  
/IC A C I D  / A L P H A P A L P H A /  0 1  P l P E R l O Y L  / PARA E T H Y L  B E N Z E N E  S U L F O N I C  b C 1 0  / PROMO 3 CHLORO C Y C L O  B U T A N E  / B /  6 7 8 - 0 4 - 0 3 0 .  
/ C Y L  6 L A U P O Y L  Y A P H T H A L E V E  / 2,6 01 OOOECYL N A P H T H A L E h E  I S U L F O N I C  P C I D  / 2 L P U R C Y L  Y A P H T H A L E N E  / 2 O O D E C l  6 7 A - 0 4 - 0 3 R  
T E , C O M P L E X  ( S T A N N O U S  C H L O R I D E  / R A O I O L Y T I C A L L Y  G E h E R P T E C  S U L F U R  I I D E T E R M I N A T I C ~ !  O F  U R A N I U M  A S  T H I O  C Y A N A  6 7 A - 0 2 - C 2  
/ A S  CHROMATOGRAPHY / G A S  C H R O M A T O G R A P H I C  D E T E R C I N A T I O N  OF S U L F U R  H E X A  F L U O R I D E  1V N E T H A Y E  / A P P L I C A T I O N S  / 6 7 A - 0 4 - C I  A 

P R E P A R A T I O N  O F  P H O S P H O i U S - 3 3  B Y  I R R A D I A T I O N  OF E R R I C H E O  S U L F U R - 3 3  I N  H I G P L Y  T H E R M A L  I Z E O  F L U X  6 7 P R R - 0 6 1  
I A K  B E T A  E M I T T E R S  I T 9 I T I U M  / C A R B O N - I 4  / P H O S P H O R U S - 3 3  / S U L F U R - 3 5  / N I C K E L - 6 3 ' 1  P R O M E T H I U M - 1 4 7  / 2 1 5  O I I  6 7 A - 0 9 - C 7 G  
A L Y T I C A L  C k E M I S T R Y  R E S E A i C H  A N 0  O E V E L O P M E h T  GROUP F O N T H L Y  SUCMARY - A P R - ,  1 9 6 7  A N  6 7 P R R - 0 @ 2  
A L Y T I C A L  C H E M I S T R Y  R E S E A i C H  A N 0  O E V E L O P C E N T  GROUP C O N T H L Y  SUCMARY - MAR., 1 9 6 7  / J U L Y ,  1 9 6 7  A N  6 7 P R R - 0 8 0  
/ L Y T I C A L  C H E M I S T R Y  R E S E A ? C H  A N D  D E V E L O P M E N T  GROUP C O N T H L Y  SUCMARY - N O V . , r 1 9 6 6  / O E C . 9 1 9 6 6  / J A N . 1 1 9 6 7  / F I  6 7 P R R - 0 7 1  , 

SUVMER S T U D E N T  PROGRAMS 6 7 D - I  6-C6 
/ T H I N  L A Y E R  CHROMATOGRAPHY O F  P R O T E I N S  ON S E P H A O E X  6 - 7 5  S U P E R F I N E  G E L  I l H R O M A T O G R A P H Y  O F  A M A N I T A  T O X I N S  6 7 A - 0 4 - 0 1 8  

ON POROUS A N 0  NOUPOROUS S A M P L E S  O F  T H O R I U V  O X I O E  ( C R Y S T /  S U R F A C E  C H E M I S T R Y  S T U O I E S  - A D S O R P T I O N  O F  WATER 6 7 A - O B - C I A  
I O N S  FROM T U N G S T E N  AND R H E N I U M  S U R F A C E S  . S U R F A C E  I O N I Z A T I C N  I .  C E S O R P T I O N  O F  U R A N I U M l + l  6 7 P R R - 0 1 9  
E N T I A L  O F  U R A Y I U Y  S U R F A C E  I C N I Z A T I C N  I!. T H E  F I R S T  I O N I Z A T I O N  P O T  6 7 P R R - 0 2 C  

S U R F A C E  I O N I Z A T I O N  S T U O I E S  6 7 A - 0 7 - 0 3  . D E S O R P T I O N  O F  U R A N I U M l + l  I O N S  FROM T U N G S T E N  AND R H E N I U M  S U R F A C E S  S U R F A C E  I O N l Z A I I O N  I 6 7 P R R - 0 1 9  
CCCPCUNOS S Y N T H E S I Z E D  6 7 A - 1  1 - 0 1  

I F  A M I N O  ACYL T R A N S F E R  R I B O  N U C L E I C  A C I D  ( T R A N S F E R  R h A  1 S Y R T H E T A S E S  F R O C  E S C H E R I C H I A - C O L I - 6  I O E A E  - C E I  6 7 A - O S - O l C  
-106 / I R I O I U M - 1 9 2  I R A D 1  O I S O T O P E  T A G G I N G  OF C O P P E R  W I R E  ( S I L V E R -  I I O M  / R U T H E N I U M  6 7 A - 0 9 - C b G  
l C I G I N  A / D E S  FDRMYL G P A M I C I D I N  A H Y D R O G E N  I O O I O E  S A L T  / T A L L  O I L . /  C I  O C T Y L  P H T H A L A T E  / G L Y C E R O L  T H I O  E /  6 7 A - 0 4 - 0 3 B  
l N F R A R E 0  S P E C T R O Y E T R Y  I B E C K M A N  I R - 1 2  S P E C T R O P H O T O C E T E R  / T A L L  O I L  / S O L - G E L  F U E L S  / I R T R A N S  1-6 / S I L I C A /  6 7 A - 0 4 - C 3 A  
/ R A L  O F  T I N - 1 1 2  / THERMAL N E U T R O N  F L U X  OF O E U T E R I U C  C X I O E  T A K K  OF P S R  / N E U T R O N  CROSS S E C T I O N  O F  B E R K E L I U l  6 7 A - 0 9 - 0 1 A  

OAK R I D G E  E L E C T R O N  L I N E A R  A C C E L E R A T O R  I O R E L A  ) I U S E  OF T A N T A L U C  AS E L E C T R O N  CONVERTER I / N A L Y S I S  A T  THE 6 7 A - 0 9 - C 3 G  
Y S  O F  C O B A L T I  T I T A N I U M t  V A N A O I U M v  N I O B I U M ,  B I S M U T H .  L E A 0 9  T A N T A L U C v  A N 0  T U N G S T E N  I / E T R I C  A N A L Y S I S  O F  A L L 0  6 7 8 - 1 3  
N U C L E A R  S P E C T R O S C O P Y  O F  U E U T R O N  D E F I C I E N T  R A O I O N U C L I O E S  I T A R T A L U C - 1 7 3  / O S M I U M - I 0 5  ! 6 7 A - 0 9 - C I  C 
/ O R  WATER / C E S I U M  / C E S I U M - I 3 6  / T R I T I U M  / . L E A K S  I N  H F I R  T A R G E T  ROCS / U R P N I U M - 2 3 5  / C U R I U M - 2 4 5  / S I L V E R /  6 7 A - 0 9 - C 6 F  
/ N S I T Y  A V A L Y T I C A L ~ C Y C L O T i O N  I THE C Y C L O T R C N  C O R P O K A T I C N  I T C C  ) 3 2 - I N C H  CYCLOTRON / N E U T R O N  A N 0  GAMMA-RAY/  6 7 A - 0 9 - 0 3 8  

I 3 2 - I N C H  C Y C L O T R O N  / N E U T R O N  A N D  GAMMA-RAY D O S E S  A T  T H E  T C C  C Y C L O T R O N  / P H I L I P S  C Y C L O T R O N  I I A T I O N  I TCC 6 7 8 - 0 9 - 0 3 8  
I R  / OXYGEN IN A L U M I N U M  / O X Y G E N  I N  Z I R C O N I U M  / O X Y G E N  I N  T E C H N E T I U C - 9 9  / C H L O R I N E  I N  O R G A N I C  C O M P O L N O S  / I  6 7 A - 0 9 - C 5 A  
ON O F  M O L Y B G E N U Y - 9 9  - T E C H N E T I C M - 9 9 M  / S T A N O P R O I  Z A T I C h '  OF T E C H N E T I U C - 9 9 M  ! / O F  M E R C U R Y - 1 9 7  I S T A N O A R O I Z A T I  6 7 A - 0 9 - C l O  
/ T I O N  O F  MERCURY- I 9 7  I S T A N O A R O I Z A T I O N  OF C O L Y B O E N U C - 9 9  - T E C H N E T I U M - 9 9 M  / S T A N D A R C I Z A T I O V  OF T E C H N E T I k M - /  6 7 A - 0 9 - C I O  
/ L  ( R A O I O A C T I V I T Y  S T A N D A R D S  / C A L C I U M - 4 7  / S E L E N I U M - 7 5  / T E C H N E T I U C - 9 9 M  / , T I N - I  I 3  / X E N O N - 1 3 3  / P L L T O N I U l  6 7 A - 0 9 - 0 6 8  

T E C H N I C P L  A S S I S T P N C E  6 7 4 - 0 9 - 1 6  A 

I N A T I O N  O F  T R A Y S F E R  R I B O  N U C L E I C  A C I D S  ( T R A N S F E R  RNA I I T E C H N I C O N  A U T O A N A L Y Z E R  I A U T O M A T E D  OETERF!  6 7 A - O S - E l  E 
I- H Y D R O X I D E  E Q U I L I B R 1 A  / ECOLOGY / P H O S P H A T E  / N I T R A T E  / T E C H N I C O N  A U T O A N P L Y Z E R  / A P P L I C A T I O N  O F  A C T I V A T /  6 7 A - 0 9 - C 7 H  
E R  4 1 8 0  N U /  I Y S T R U M E N T A T I O N  F O R  A N A L Y T I C A L  B I O C H E M I S T R Y  I T E C H N I C C N  A U T O A N P L Y Z E R  / D E T E R M I N A T I O N  O F  T R A N S F  6 7 A - 0 1 - 1 0  

6 7 P R R - O C 5  
A B I A X I A L  S A M P L E  ROTATOR FOA 1 4 - M E V  N E U T R C N  I R R A D I P T I C N  ( T E F L O N  / C A L C I U M  F L U O R I D E  I 6 7 A - 0  9- C.50 
l U B R I C A T I N G  O I L S .  I P E N T A  P H E N Y L  T R I  M E T H Y L  T R I  S I L C X A N E  / T E F L O N  / R I B O  N U C L E I C  A C I D S  / H U M I C  A C I D  / F U L V /  6 7 A - 0 4 - 6 3 A  
V A L U A T I O N  O F  V E R T I C A L  O R I /  P O L A R O G R A P H I C  S T U D I E S  W I T H  T H E  T E F L O N  D R O P P I N G  CERCURY E L E C T R O D E  ( 0.M.E. I ( E 6 7 A - 0 4 - C 2 A  
/ C T R O O E  I G.M.E. I I E V A L U A T I O N  O F  V E R T I C A L  O R I F I C E  R A P I D  T E F L O N  C R C P P I N G  PERCURY E L E C T R O D E S  FOR O B T A I N I N /  6 7 A - 0 4 - C 2 A  
I K E L I U M  FROM C E R I U M  B Y  E X T R A C T I O N  CHROMATOGRAPHY I U S E  OF T E F L O N  I N  E X T R A C T I O N  CHROMATOGRAPHY / 01  ( 2 E T /  6 7 A - 0 9 - 0 7 A  

I F R E O N - I 1 4  I I 9 2  D I  C H L i R O  T E T R A  F L U O R O  E T H A N E  / K E L - F  / T E F L O N - 6  I / F L U O R I D E  / GREENBRIER,CHROMATOGRAPH 6 7 A - O 3 - C 3 B  
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U R P N I U C  6 7 P R R - 0 2 0  
U R P N I U M  / C A R B O N  / F O R M A T E  / C O A T E D  P A R T I C L E S  / I  6 7 B - I C - C 2  
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L O C A T E D  OY P - 3 7 A  I V  E D U C A T I O N  I V  A N A L Y T I C A L  C H E M I S T R Y  - A V I E W  F R C P  I N D U S T R Y  COMMENTS 6 7 P R R - 0 2 3  
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