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Preface

Analytical chemistry at ORNL is centralized
within the Analytical Chemistry Division. As the
content of this report attests, the activities of the
Division are multifarious. This diversity is nec-
essary to meet the general mission of the Division
— to provide the analytical know-how required to
solve ' the problems generated by the many and
varied research programs at ORNL. Thus, the
Division program encompasses (1) research in
analytical chemistry, (2) development of new and
improved methods of analysis, and (3) service
analyses.

Research and development efforts. within the
Division characteristically are of an applied nature
and in some cases are closely allied to specific
ORNL research programs such as the MSRE and
TRU projects. Analytical research on molten-salt
media, particularly molten fluoride salts that are
of primary concern in the reactor program at ORNL,
is centered on electroanalytical technology, an
area of competence within the Division, and on
absorption spectrum measurements of the molten
state. The goal of these studies is to provide
automated continuous analyses for molten-salt
reactors. The objectives of the effort in heavy-
element analytical chemistry are first to provide
required methods of analysis for the processing
program and simultaneously to develop in a sys-
tematic manner the analytical chemistry of the
heavy elements. ) _

Fundamental investigations are also under way
to accumulate the background information nec-
essary for establishing the validity of new ana-
lytical principles and techniques. Typical exam-
ples are studied of (1) solid electrodes; (2) refined
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electroanalytical instrumentation; (3) applications
of vapor and liquid chromatography, of mass
spectrometry (in particular of the spark-source
mass spectrograph), of x-ray and electron micros-
copy, and of NMR and infrared spectrometry; and
(4) activation analysis with fast neutrons and *He
This year, a highlight of this type of effort
has been the development of the new concept of
the use of a radioisotopic light source in precision
photometric analysis. The excellent precision
inherent' in this technique makes absorption pho-
tometry competitive with conventional techniques
for the determination of macro amounts of materials.

A relatively new and expanding program within
the Division is the bioanalytical effort. In cooper-
ation with the Biology and Chemical Technology
Divisions, the Analytical Chemistry Division is
participating in the program to separate macro-
molecules, in particular the tRNA molecules. Of
primary concern is the automation of the numerous
and tedious analyses required to interpret those
separations and to provide analyses of purity for
the separated products. A complementary effort
is in progress on the analysis of urine by use of
the nucleotide analyzer developed by N. G. Ander-
son of the Biology Division. '

These programs involve about one-third of the
Division members; the other members are concerned
with the analysis of samples submitted by ORNL
research divisions. The diversity of the analyses
requested continued to increase during this past
year. It is this ever-increasing complexity of
research at ORNL that requires the large cen-
tralized effort of the Analytical Chemistry Division.
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Summary

PART A. ANALYTICAL RESEARCH -

1. Analytical Instrumentation

Two electroanalytical methods have been orig-
inated: chronopotentiometry compensated for extra-
neous currents and one-cell, comparative, ampero-
metric dc polarography. The utility of chronopo-
tentiometry for measuring concentrations below
millimolar has been limited, because extraneous
processes (double-layer charging and faradaic

processes other than that of interest) prevent the .

electrode reaction being studied from advancing
with 100% current efficiency relative to the selected
input current.
pensation for extraneous currents was designed to
minimize this limitation. The potential of the
working electrode in a second cell that does not
contain the species of interest is potentiostatically
forced to equal that of the working electrode in the
first cell. The current in the second cell is thus a
measure of the current due to extraneous processes;
it is scaled (in the simplest case, to allow for
unequal working electrode areas) and is added to
the selected input current in the first cell so that
the reaction of interest should proceed in the first

A chronopotentiometer with com-

cell at 100% current efficiency relative to the
selected input current. An efficiency of 100% is

realized only if the scaled current in the second -

cell is indeed equal to the sum of the extraneous
currents in the first cell. Whether these currents
are etjuél is not readily predictable for various
kinds of extraneous processes. Also, the best
method for obtaining the scale factor must be
established experimentally. For evaluation of the
validity of this compensation technique, four redox
reaction—platinum electrode systems have been
investigated. The reduction of K‘%Fe(CN‘)6 inlF
KCl1 at platinum was the system chosen as repre-
sentative of a reversible process in which the only

X1

important extraneous process is double-layer
charging. Good compensation (excellent agreement
with theory) was achieved down to 10~* M. Further
evaluations of compensation ate planned for sys-
tems in which substantial extraneous faradaic
processes and electrode-surface changes occur
concurrently with the process of interest and also
for redox—mercury electrode systems. Comparative
amperometric dc polarography is a new polarographic
method that has high precision and accuracy. The
use of two cells in a differential mode is the reason
given for the achievement of § = 0.1% and high
accuracy in-the Davis and Seaborn method of com-
parative polarography. The question was asked
here as to whether the achievement of S = 0.1% by

.comparative polarography is due primarily to the

close control of experimental conditions, which
results in very reproducible cell currents, and to
the use of scale expansion rather than that the
currents in the two cells vary in the same compen-
sating manner so that scale expansion (comparative
measurement) can be used. If this hypothesis were
correct, and if the average values of the D.M.E.
current were measured at a fixed potential on the
diffusion-controlled plateau of the wave, it should
be possible to obtain high precision and accuracy
by replacing the second, standard cell by its
electrical analog. It has been shown that high
precision and low error (0.1%) can indeed be a-
chieved by this method. The substantial advantages
are that only one D.M.E. having highly reproducible
constant characteristics has to be operated for the
duration of the measurements rather than two
D.M.E.’s and that only one cell well isolated from
the atmosphere is required.

Five functional imptrovements were made in the
ORNL model Q-2792 controlled-potential dc polar-
ograph-voltammeter, which is built with solid-state
operational amplifiers and power supplies. Also,
an apparatus that provides mechanically controlled



drop time (D.M.E. hammer) is being designed; there
are four significant advantages in the use of ham-
mering to obtain a short drop time for rapid regular
and derivative dc -polarography. The performance
of this hammer is to be evaluated. The Q-2792
instrument with stationary electrodes performed
satisfactorily. Three instruments were built,
checked out, and delivered for use; a check-out
and test procedure and operating instructions were
prepared. Continued research in polarography and
voltammetry with this instrument is planned.

Two more ORNL model Q-2564 high-sensitivity
coulometric titrators were fabricated and checked
out; a total of five are now in use. A method on
this instrument was prepared for issue in the ORNL
Master Analytical Manual; also, a paper that de-
scribes it was published.

A controlled-potential derivative dc polarographic
method was developed for determining microgram
quantities of uranium directly in the organic phase
from a tri-n-octylphosphine oxide (TOPO) extrac-
tion; two papers on this work are in press. The
highly efficient and selective TOPO solvent-
extraction step prior to the polarographic finish
separates the uranium from interferences and con-
centrates it, thus giving an overall increase in
sensitivity. Controlled-potential electrolysis makes
practical
specific-resistance

polarographic measurements
organic extracts and also

in high-
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A communication is being prepared on the theory
of time-derivative chronopotentiometry. Theoreti-

“cally, with certain current-time programs, concen-

tration or kinetic measurements can be obtained
prior to the transition time. This possibility avoids
measurements in the transition-time region, where
considerable distortion can be caused by double-
layer charging, and minimizes convective disturb-
ances arising from electrolysis-induced density
gradients. Also, according to theory, resolution
of overlapped waves may be enhanced.

A chapter was written for the forthcoming edition
of Welcher’s Standard Methods of Chemical Analysis
that presents a concise theoretical and practical
treatment of the techniques that comprise coulo-

. metric methods.

greatly simplifies the design of micro cells. First- .

derivative dc polarograms were very teproducible.
With a 0.5-ml cell, a 250-fold concentration advan-
tage was demonstrated. Uranium(VI) in aqueous
samples in concentrations as low as 5 x 107°%.M
was measured satisfactorily.

Also, controlled-potential coulometric titration
was investigated as a microanalytical technique.
By applying suitable blank corrections and refining
the procedure, reducible and oxidizable constitu-
ents at a level of 0.02 microequivalent were deter-
mined with the model Q-2564 titrator; S = 1%. The
-methods used and results obtained in the determi-
nation of iron, uranium, and plutonium in the range
from 0.02 to 7 microequivalents are described in a
paper that is in press. The utility of plots of i vs
Q in controlled-potential coulometric titration was
explored with the model Q-2564 titrator; microgram
quantities of plutonium and uranium were deter-
mined. The results are comparable in precision
and accuracy with those obtained by the Q vs time
technique. The i vs Q method has the advantages
of timesaving and of warning of the occurrence of
extraneous processes.

An operational amplifier system was added to
our controlled-potential voltammeter. It is now
possible to record either regular or first time-
derivative controlled-potential voltammograms with
this instrument. '

A machine was designed and constructed for
inserting a sample into the shielding cask of a
60%Co source, exposing it for a reproducible time
at a reproducible position, and then withdrawing
it. : ,
Computer programs (FORTRAN 63) were written
to facilitate analysis of chronopotentiograms or dc
polarograms made with simple, reversible, diffu-
sion-controlled electrode processes. Programs
P@BLARGRM and CHRN@GRM are based on the
Heyrovsky-Ilkovi€ and the Karaoglanoff equations
respectively. _ :

A compact square-wave polarograph that incor-
potates solid-state integrated circuits, modular
operational amplifiers, and X-Y recording was
designed and is under construction at AERE,
Harwell. The performance characteristics of this
new polarograph are expected to exceed those of
the older vacuum-tube model in most respects.
The instrument will be tested by use of conven-
tional and modified glass D.M.E.’s and Teflon
D.M.E.’s.

A controlled-potential differential dc polarograph
was designed and constructed. The seven principal
design features are described. This instrument is
being used in an extensive investigation (restricted
to work with D.M.E.’s of natural drop times) of
several differential polarographic techniques, each
of which is defined: AE-differential, single- and
dual-cell comparative, and subtractive. Equations
for the AE-differential technique were derived and
verified; results obtained were compared with
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those obtained by derivative dc polarography. By
both single- and dual-cell comparative dc polar-
ography, results having both-S and an error of 0.1%
were obtained. Subtractive polarography was shown
to provide increased sensitivity or selectivity or
both; for example, it is possible to detect Cd?" at
10~7 M concentration and to determine 10~* M or
more Cd?* in oxygen-saturated solutions with the
same accuracy and precision as are obtained for
oxygen-free solutions. .

The development of instruments necessary to the
MSRE and TRU programs was continued (Chap. 4).

For the MSRE program, a considerable amount of
instrument development was done. A paper that
describes our apparatus for MSRE sample prepara-
tion was written. Final engineering drawings for
the fabrication of our model Q-1348B remotely
servo-controlled corrosion-resistant pipetter were
completed; a method on the pipetter was issued to
the ORNL Master Analytical Manual. A paper was
written that describes our remotely operated filter
photometer which was designed and built for MSRE
analyses. Assistance was given in the design of
an integrating readout circuit for a Keidel moisture
cell for the indirect determination of oxygen in
MSRE salts. '
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For the TRU program, the following instrument’

development work was done or is in progress.
Design, fabrication, and testing of our model Q-
1348C remotely servo-controlled corrosion-resistant
pipetter for the TRU facility are complete. The S
of successive deliveries of 0.1-ml volumes is
~0.2%; as much as 1 ml can be delivered per
filling. Fabrication drawings and a paper were
completed, and a method on the pipetter was issued
to the ORNL Master Analytical Manual. Design,
fabrication, and testing of our model 65-2590 re-
motely operated bottle decapper were completed.
The decapper can be dismantled and removed from
the TRU cell through the conveyor. Our model
64-3171 remotely operated filter photometer was
designed and fabricated for use in the TRU facility;
a paper that describes this instrument was written.
Remotely operated solvent-extraction apparatus was
designed for use in analyses done in the TRU
facility. A predetermined volume of the lower
phase is left in the expendable sample vial. Only
one hand of the master-slave manipulator is required
to perform any of the in-cell operations; both
controlled agitation during the extraction and
transfer of the upper phase are provided. A timed
controller for regulating the speed of small motors

was designed; six were fabricated for use with
centrifuges. Two of our model Q-1728A velocity-
servo potentiometric titrators were fabricated and
checked out for use in analyses required for the
Curium Program and in the TRU facility. Delivery
units were fabricated that were designed for remote
use in the HRLAF and in the HRLAL; a new
delivery unit is being designed specifically for
use in the TRU analytical cells. A remotelonper-
ated analytical balance for weighing TRU samples
prior to their analysis is being designed. A flame
spectrophotometer is being designed for use in the
TRU facility.

2. Analytical Studies of Molten-Salt Systems

Spectral and electrochemical studies were con-
tinued 'in the Division’s program on analytical
studies of molten-salt systems. Reflectance spectra
of ‘the solid state and absorption spectra of the
molten state were obtained on samples of irradiated
LiF-Ber-ZrF“-ThF“-UF4 in an attempt to deter-
mine the oxidation state of the uranium in the salt.
Little evidence of the presence of trivalent uranium
was observed. _

In addition to the spectral studies on the molten
state, considerable effort was expended on spectral

investigations of the solid state. Transmission

‘spectra of small crystals (0.1-mm diam) and diffuse-

reflectance spectra were obtained to aid in eluci-
dating the symmetry and coordination of light-
absorbing species. Solidified UF; and UF, were
examined over the wavelength range from 250 to
1200 my.

A paper was published on the reversible deposi-
tion of iron and nickel on silver and pyrolytic-
graphite electrodes from molten-fluoride-salt media.
The experimental data agreed satisfactorily with
the published theory of Berzins and Delahay.

3. Effects of Radiation on Analytical Methods

The effects of gamma radiolysis of acid chloride
solutions were investigated using the spectro-
photometric determination of zirconium with arse-
nazo III as the test medium. At dosages below
1000 rads, no deleterious effect is observed. The
role of methanol as an inhibitor of the formation
of free chlorine during irradiation was confirmed;
however, depletion of free acid was not arrested,




and the rate of acid loss was unaffected by the
presence of methanol. Gas chromatographic anal-
yses of the gaseous products of irradiation showed
the presence of much methyl chloride and traces of
methane and ethane.

Studies on a high-temperature chemical dosimeter
using deaerated ferrous sulfate at 150, 200, and
250°C were made that showed G values slightly
lower, about 10%, than the accepted value of 8.2
at 25°C.

Modifications were made to the ®°Co source
used in the study of effects of radiation on analyt-
ical ‘methods.

4. Analytical Chemistry for Reactor Projects

Analytical research and development is being
done for the Molten-Salt Reactor Experiment, Trans-
uranium Element Processing Program, and Medium-
Power Reactor Experiment. Only brief summaries
are presented of these investigations since more
detailed and frequent reports are made in the
appropriate progress reports from the programs.
Included in this chapter are discussions of several
projects that were done as part of the Nuclear
Safety Program.
of the presence of nonelemental iodine compounds
originating from fission-product-produced iodine.
Gas chromatography and spectrophotometry are the
methods primarily used in this work.

Among these are investigations

5. Special Research and.Deve|opmenf Problems

A two-column gas chromatographic apparatus with
a scintillation detector was assembled for the
study of the exchange reaction between tritiated
water and methane. Some problems with a com-
mercial converter, which generates tritium gas from
effluent tritiated compounds, are expected to be
resolved by replacing the iron catalyst with a
synthetic ammonia catalyst.

Relative concentrations of the pyrolysis products
(methane, ethylene, benzene, toluene, ethylbenzene,
and styrene) of the dielectric films from acceptable
and defective dosimeters were determined by gas
chromatography.

Electrochemical studies with solid electrodes of
pyrolytic graphite and.glassy carbon have shown
that these materials. are useful in voltammetry,
differential titrimetry, and chronopotentiometry.

Xiv

The fundamental polarographic studies of the
use of Teflon D.M.E, capillaries have resulted in
several publications, which are abstracted in this
report. A study was begun of signal-to-noise ratios
of Teflon D.M.E. capillaries relative to that of a
typical reference glass D.M.E. capillary.

Titanium in seawater has been determined by a
concentration étep followed by a polarographic
estimation; the limit of detection is 0.5 ppb.

A niobium-iron alloy was analyzed polarograph-
ically for trace quantities of Cu, Bi, Pb, and Zn.
The selectivity of arsenazo III for the spectro-
photometric determination of uranium was improved
by use of cyclodiaminetetraacetic acid as masking
agent and maleic acid as a buffer. .

Dissolutions or decompositions of organic mate-
rials have been accomplished by means of various
acid mixtures.

The oxidizing ability of hydrolyzed xenon hexa-
fluoride has been studied. The absorption spectra
of several solar-cell windows that were irradiated
in the 86-in. cyclotron by NASA personnel were
examined by means of a Cary model 14 spectro-
photometer.  Also, ribonuclease and Alipal-LO- -
436 were measured from their absorption spectra.

Miscellaneous special determinations included:

‘nitrite in a neutral solution of potassium iodide

and potassium nitrate, degree of nitration of BAMBP,
iodine and fluorine in KIO,F,, and U¢* in uo,-
ThO, fuels. The interference of fluoride in the
spectrophotometric determination of niobium has
been obviated by use of aluminum. The problem
of color instability in the spectrophotometric
heteropoly-blue method for silicon was corrected.
Nitrate has been determined by controlled-potential
coulometric titration; alkybenzenesulfonate deter-
gents were analyzed for Na*, Cl—, SO42“, HCO,~,
and water.

6. Analytical Biochemistry

Analytical assistance to the Biology and Chemi-
cal Technology Divisions was continued on the
cooperative program to separate and purify transfer
ribonucleic acids (tRNA) from Escherichia coli
bacteria. Special attention was given to ‘estab-
lishing the optimum conditions for the phenyl-
alanine-phenylalanyl tRNA charging reaction in
order to achieve quantitative determinations of the
nucleic acid.




Pyrolytic products . of purines and pyrimidines at
880°C were analyzed by gas chromatography to
establish whether characteristic pyrochromatograms
could be obtained for the different bases. Definite
differences were observed between purines and
pyrimidines by this analysis. Methyl cyanide was
identified in significant concentrations from uracil,
in addition to traces of ethyl cyanide. Cytosine
also produced significant amounts of methyl cyanide;
the other nitrogenous bases produced comparatively
small amounts -of methyl cyanide. .

7. X-Ray and Spectrochemical Analyses

A program was written to perform the calculations
for analyzing eight-component alloys by x-ray
fluorescence. Analyses were very accurate when
polished specimens were used. The lattice spacing
of the lead stearate film on the mica crystal in the
Philips electron probe analyzer was measured,
thus making possible the use of wavelength tables
to identify low-Z elements. The areal density of
gold coatings on silicon radiation detectors was
measured by x-ray fluorescence and by -atomic
absorption; results by the two methods agreed to
within experimental errors. The limits of detection
(ug/ml) for the atomic absorption method were:
Au, 0.03; Cu, 0.01; Ag, 0.01. A method was devel-
oped for isolating traces of chromium from MSRE
salt and determining the chromium spectrograph-
ically. Di-(2-ethylhexyl)phosphoric acid was

XV

studied as a reagent for separating curium from.

contaminant metals. It was found that when
MgNH“IZ’O4 is formed in tap water, it coprecipitates

barium almost completely, especially if calcium
is present; this coprecipitation is the basis of a
technique for collecting barium from tap water for
flame photometric determination. In the tissue-
analysis program, a technique was worked out for
homogenizing large samples of muscle, fat, or
bone; contamination during the homogenization was
negligible.
methods of emission spectrographic analysis was
begun. For visual estimation of impurity concen-
trations, the Kroonen-Vader (Li,CO,-base) method
appears to be more accurate than graphite-base
methods. A solution technique was established
for determining five elements on filter papers from
air samples; the Paschen Direct Reader is used.

A survey of universally applicable’

8. Mass Spectrometry

An MS-7 spark-source mass spectrograph has
beep used for survey and semiquantitative determi-
nations of trace elements in a variety of materials.
Nonconductors are mixed with a powdered metal
matrix and are isostatically pressed in a mold of
naphthalene, which is later removed with hot
acetone. The laboratory cooperated in the analy-
sis of a standard copper sample.

The TRU mass spectrometry laboratory has now
made isotopic determinations on the transplutonium
elements up to and including californium. In
collaboration with A. Chetham-Strode of the Chem-
istry Division, the half-lives of the californium
isotopes were checked by mass spectrometric
analyses. A total of 482 *‘hot’’ samples were run
during the year.

Investigation of a real, but relatively small,
isotope discrimination effect observed in uranium
samples in the nanogram range has shown that the
effect seems not to be temperature dependent. At
temperatures above ~2200°K the production of
uranium ions from a molecular beam of UF, im-
pinging on a filament follows the Saha-Langmuir
equation. Below that temperature there are marked
deviations. A study of the lower-temperature region
is contemplated with control of the amounts of
““‘impurities’’ admitted to the ionization region.

The isotopic composition of lead from tektites
and in material from impact craters that appear to
be contemporaneous has been studied. The data
have not been evaluated thoroughly, but the simi-
larity between lead from Ivory Coast tektites and

‘from Lake Bosumtwi phyllite suggests strongly

that the tektites were formed from terrestrial ma-
terial during the formation of the crater.

9. Infrared and Nuclear Magnetic Resonance
Spectrometry

Nuclear magnetic resonance (NMR) spectrometry
was made available by the Division as a service
function. The NMR spectra of a wide variety of
organic compounds were obtained and were recorded
for reference. A considerable and diversified
number of organic and inorganic compounds were
also examined by infrared spectrometry. These
techniques are used primarily to identify organic
compounds and to ascertain relative degrees of



purity. Quantitative analyses are done when
feasible, particularly for functional groups, for
_oil in waters from various sources, and for water
in engine and lubrication oils.

10. Optical and Electron Microscopy

Examination of radioactive materials by electron
microscopy has been in progress since December
1964 at the new microscopy facility in Building
3019. Assistance to research groups concerned
with the Nuclear Safety Program continued. A
variety of methods were developed for replicating
powders, extracting inclusions from metals, and
observing particulates collected on cellulose tri-
acetate filters. Optical and electron microscopy
and electron diffraction services were provided to
other divisions when knowledge of the internal and
external ultrastructure or microstructure of a wide
variety of materials was important. Members of the
group attended special classes in ultramicrotomy
and ultrafiltration methods.

11. Nuclear and Radiochemical Analyses

Nuclear parameters associated with 1231 and
197Hg, two radionuclides of medical interest, were
measured, as well as gamma branchings in 237U;
half-lives of 3°Cl and '°Be were redetermined.
Nuclear spectroscopy of neutron-deficient rare
earths was continued, as was the search for rare-
earth alpha emitters.

A formalized cooperative program between the
Isotopes and Analytical Chemistry Divisions has
resulted in improved nuclear data and analytical
procedures. Among the analytical methods studied
were those for '3, '%C, and '**Ce; additional
products were examined for high-energy gamma
rays. Also, ®*Rb was identified in ®°Rb products.
At elevated temperatures, tritium was shown to be
released from tritiated paints chiefly as tritiated
water. The problem of 2!°Pb in automobile ex-
haust fumes and natural materials was also inves-
tigated.

Attempts to prepare 477 beta mounts of °°Tc
by electrodeposition were not successful quantita-
tively. Prediction and experiment were compared
for detection of natural radionuclides in a standard
well-type scintillation counter. The 33S(a,p)?3P
cross section was found to be 2.3 mb in a region

of well-thermalized neutrons. Half-life values
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for 137Cs, !53sm, 77As, !'98Au, 1331, and 3°P
were determined. Artifacts and errors in gamma-
ray spectrometry were studied, but a search for
an annihilation artifact, in %°Rb gave negative
results.

The properties of N,N’,N "~trihexylphosphoric tri-
amide as an extractant for metal ions were studied,
and a review was prepared which describes the
analytical potential of organic compounds that
contain P=S and P(S)SH groups. A method for
rapid separation of technetium from fission prod-
ucts was devised.

High-voltage paper electrophoresis was investi-
gated for use in fast chemical separations; a paper
on the separation of trace metals from uranium by
cellulose * chromatography is to be published.
N,N N " -Trimethylborazine was used as a liquid-
scintillator solvent for thermal-neutron detection.
A new technique, the isolated internal standard,
was developed for use in color-quench correction
in liquid-scintillation counting.

A definitive study of electronic gamma-ray res-
olution was completed, and the standard tape
library was shown to function satisfactorily. In
another study, three computer programs for resolving
gamma-ray spectra were evaluated. A computer
program was written to calculate correlation coef-
ficients for all pairs of elements in a set of meas-
urements. Computer techniques were applied to
activation analysis, and a program LIMIT was
written to calculate detection limits. Another
program ABSNAA was written for use in absolute
activation analysis. A program NETAREA calcu-
lates photopeak areas of gamma-ray spectra, and
a new program to calculate neutron flux from flux-
monitor data was written.

Extremely accurate and precise measurements
are possible by use of a unique photometric method
of analysis that employs a radioisotopic light
source; the method provides a new physical basis
of measurement for absorption studies. A radio-
release method for determination of sulfur dioxide
in the atmosphere was proved, and the wear rates
in automobile engines were measured by use of
radioactive isotopes.
32pP in water was devised, and a radiotracer method
for determination of lead was developed.

Research into the use of *He ions for activation
analysis was continued, and excitation functions
were obtained for a number of observed reactions.
A study of precision and accuracy in neutron
Contamination in

A method for determining

activation analysis was made.
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sample-mount material has been the limiting factor
in achieving high sensitivity for °°Tc by neutron
activation. The forensic application of neutron
activation analysis of human hair was carefully
evaluated; an attempt to use the technique in the
investigation of an actual crime gave nondefinitive
results. Neutron activation analysis was applied
to the determination of trace elements in biological,
metallurgical, radiochemical, and other samples;
for example, gold atoms sputtered from neutron-
irradiated gold foils were determined by activation
analysis. Methods for determining uranium in
seawater are being studied; also, copper, zinc,

nickel, and chromium were determined in river

water at concentrations below 50 ppb. Use of
neutron activation analysis for wool was studied.
Work continued on the cataloging of 14-Mev
neutron reactions; the evaluation of neutron-pro-
ducing targets was completed. A method for stand-
ardization of neutron-generator flux measurements
is under development. Study of 14-Mev neutron
reactions on ®%Ni has given information on pre-
viously unpublished nuclear species and will
result in improvement of other nuclear data. Acti-
vation cross sections for 14-Mev neutron reactions
on %9Tc have been determined. A useful applica-
tion of the neutron generator is the monitoring of
leached fuel elements for uranium; the number of
delayed neutrons from 2*5U fission is correlated
with the amount of uranium present. Another im-
portant application of the generator has been the
determination of oxygen in alkali metals.

- 12. Inorganic Preparations

Programs that continued from preceding years
were the preparation of fused salts for the Metals
and Ceramics Division and for the Chemistry Divi-
sion and the preparation of high-purity KCI for the
Solid State Division. A number of alkali-metal
oxides were prepared: KO, and RbO, for the Solid
State Division and Na,O and K20 for the Chem-
istry Division. For the latter division, LiOBr-
2H,0 and K, ReCl  were also prepared. A number
of rare-earth-metal nitrides, phosphides, and sul-
fides were made for the Solid State Division; three
different forms of Ho,S, were obtained. For the
Isotopes Division some uranium trihalides were
made; one of these, 235UC13, was incorporated
as a. solid solution in LaCl3. Some further work
was done for the Physics Division to substitute
57Fe for Al in alums.

xvii

13. Organic Preparations

Some special organic compounds, most of which
are not available commercially, were synthesized
on request from other research divisions. These
compounds were needed by staff members as reagents
accessory to fundamental and applied research;
they were: benzyltributylphosphonium bromide, ben-
zyltributylphosphonium chloride, 2,6-dioximino-

. cyclohexanone, '°B diborane, methyl methane-

sulfonate, heptadecylamine, Calcichrome, and
‘“chlorophosphonazo III.”’

PART B. SERVICE ANALYSES

o

14. Quality Control

The Statistical Quality Control Program decreased
during the year; some 4000 control tests were
made. The quality of the work remained about the
same. The quarterly quality-control calculations
were programmed for the computer.

15. Mass Specfrometric Analysis

The X-10 and Y-12 stores departments now stock
mass spectrometrically analyzed cylinders of helium,
nitrogen, and argon. This arrangement evens out
the sample load on the instruments used for ana-
lyzing gases. Thirty-five samples of enriched
isotopes were analyzed for the United Kingdom
AERE installation at Harwell. Strontium samples
were analyzed that had been collected by placing
the standard-sample filaments in calutron receivers
along the Z direction of the ion beam. New mass
spectrometric data indicate that the neutron cross
sections of 38C] and *°K may be much lower than
the accepted values.

16. Spectrochemical Analysis Laboratory
The sample load on the Spectrochemical Analysis
Laboratory increased 50% over the previous year.
The Paschen Direct Reader was applied to several
new sample types, particularly new types of alloys.
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17. Process Analyses

The Process Analyses Laboratories performed
156,175 analyses, an 8% increase over the past
year. The number of persons associated with the
laboratories decreased 3%. The Materials Testing
Laboratory was consolidated with the General
Analyses Laboratory. The new High-Level ‘Ana-
lytical Laboratory was put into service, and the
Radioisotopes-Radiochemistry ~ Laboratory  was
moved to Building 3019. Brief statements of
the new developments in each laboratory follow.

The High-Level Alpha Radiation Laboratory”
analyzed samples from the sol-gel process; O/U
ratio, nitrate, and carbon were determined. Plu-
tonium was determined in a variety of samples
from studies of the volatility of plutonium fluoride.
Americium alpha radioactivity was determined in
samples that contained high levels of curium
radioactivity.

The General Analyses Laboratory continued to
work on an improved vacuum-fusion analyzer. A
Leco inert-gas-fusion apparatus was used to deter-
mine O, in U O, AL,0,, ThO,, and Nb,O_. Pyro-
lytic tungsten was analyzed for 02, C, and F at
<10-ppm ‘levels.
were completed.

The High-Radiation-Level Analytical Laboratory
(HRLAL) was placed in service in December 1964;
the first sample analyzed was a 50-curie !47Pm
source. Preparations for analyzing samples of
MSRE fuel salt were completed, and samples were
received and analyzed during the precritical and
zero-power experiments. Dissolution of unusual
materials and the analysis of samples by gas
chromatography were continued in the HRLAL.
The analysis of samples from the Curium Program
was continued in Building 3019.

In the Radioisotopes-Radiochemistry Laboratory,
the number of analyses performed during the year
increased 35% without increase in the number of
personnel. The increase was achieved by assaying
a large number of samples by gamma-ray spectrom-
etry and computer codes. Reproducible decontam-

Several new computer programs

-ination methods were devised for evaluating various
structural and coating materials.

The High-Radiation-Level Analytical Facility
(HRLAF) continued to analyze materials having
high levels of alpha radioactivity. This work
necessitated improved cell-containment and waste-
handling techniques and stringent cell-entry re-
quirements. Radiation damage to zinc bromide
viewing windows in the HRLAF work cells has
<dncreased.

The laboratories ‘in the Transuranium Facility
were completed. Equipment is being moved in and
checked. These laboratories will be ready to
receive radioactive samples by December 1965.
The cell block in this facility will be ready for
operating in March 1966.

The conceptual design of a new alpha laboratory
has been started. This laboratory will be known
as the High-Level Alpha Laboratory.

PART C. ORNL MASTER
ANALYTICAL MANUAL

18. ORNL Master Analytical Manual

The cumulative indexes to the ORNL Master
Analytical Manual were updated to make the indexes
cumulative for the years 1953 through 1964. The
updated indexes are available from the Clearing-
house for Federal Scientific and Technical Infor-
mation; they are designated TID-7015 (Indexes),
Revision 2. .

The seventh supplement to the reprinted form of
the Manual (TID-7015, Suppl. 7) was issued; it
includes 15 new methods and revisions to 19
methods. Six additional methods, not included in
Suppl. 7, were written for record only; seven obso-
-lete methods were discontinued. The Table of
Contents to the Manual was revised.

The need for new methods for the Division was
determined, and the writing of methods was planned
accordingly.
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Part A. Analytical Research

Research in a variety of fields of analytical
chemistry was conducted during the past year for
the Reactor, Physical Research, and Isotopes
Development Divisions of the Atomic Energy
Commission. Research was also conducted for

the various research divisions of the Oak Ridge
National Laboratory on specific problems associated
with the programs of the Laboratory.

The progress in these investigations is presented
in the following sections. 4

1. Analytical Instrumentation

M. T. Kelley .
D. J. Fisher

1.1 CHRONOPOTENTIOMETER
WITH COMPENSATION
FOR EXTRANEOUS CURRENTS

W. D. Shults

F. E. Haga'!

)

The analytical utility of chronopotentiometry has
always been limited in practice by extraneous
processes (e.g., double-layer charging) that prevent
the electrode reaction of interest from advancing
with 100% current efficiency. A chronopotentiom-
eter was built that is intended to minimize this

T. R. Mueller
H. C. Jones

limitation. The instrument requires the use of
two cells: one contains the electroactive species
of interest in an apptropriate supporting-electrolyte
solution; the second contains a solution identical
with the other except that it is free of the electro-
active species of interest. A selected input
current is established in the first cell, and the
potential of the working vs the reference electrode
in this cell is monitored. This potential also is
used as the command signal for cell 2, which is

1Pre'sent address: Southern Railway Co., Atlanta, Ga.

operated in a controlled-potential configuration,
Thus, the potential of the controlled electrode
(vs the reference) in cell 2 is always equal to the
potential of the working electrode (vs the reference)
in cell 1. Hence, the cument in cell 2 (which
contains no electroactive species of interest) is an
instantaneous measure of the current due to ex-
traneous processes that occur during the chrono-
potentiometric experiment. This cell-2 current is
scaled and is added to the selected input current
in cell 1 to accomplish compensation. The current
in cell 1 is then the sum of two currents — the
selected input current plus the scaled compensation
current — but the current available for advancing
the reaction of interest is equal to the selected
input current. Therefore, effectively, this reaction
proceeds with 100% current efficiency relative to
the selected input current. A Scientific Communi-
cation that describes the conceptual design of this
instrument and presents some preliminary perform-
ance data was published.? The technique of
extraneous-current compensation is being evaluated

2w, D. Shults, F. E. Haga, T. R. Mueller, and H. C.
Jones, ‘‘Chronopotentiometer with Compensation for
Extraneous Currents,”” Anal. Chem. 37, 1415 (1965).



further (Sect. 1.2).. The addition of other circuits
is planned to provide programmed selected input
currents and to compute the first and second time
derivatives of the compensated chronopotentiograms
(Sect. 1.9).

1.2 EVALUATION OF TECHNIQUE
OF CHRONOPOTENTIOMETRY
WITH COMPENSATION FOR
EXTRANEOUS CURRENTS

‘D. G. Peters? T. R. Mueller
W. D. Shults

Extraneous electrode processes that occur during
chronopotentiometry of an electroactive species
are the charging of the double layer and the faradaic
reactions not associated with the process of in-
terest. The extent to which each fype of inter-
ference can be eliminated by the extraneous-
currents-compensation technique described pre-
viously? (Sect. 1.1) is not readily predictable.
Consequently, a number of systems must be studied
to assess adequately the validity of the compensa-
tion technique.

The four systems that -have been studied are

K Fe(CN), in 1 F KCl,
Na2C204 inlF HZSO4 s
Fe(NH,),(SO,), 6H,0 in 1 F H,SO, ,

. Fe(ClO,), in 1 F HCIO, .

These systems were chosen for studies at platinum
electrodes, because the behavior of each illustrates
a different requirement for compensation. The
reduction of ferricyanide represents a reversible
process in which the only important extraneous
process is double-layer charging. The highly
irreversible oxidation of oxalic acid is a severe
test of the practicality of the technique in that the
electrodes are alternately oxidized and reduced

3Research Participant, summer 1965; Assistant Pro-
fessor of Chemistry, Department of Chemistry, Indiana
University, Bloomington.

electrochemically with the attendant effect of a
continuously changing double-layer capacity in
addition to the extraneous faradaic processes of
electrode oxidation and reduction. Ferrous iron
reduces platinum oxide, and ferric iron is believed
to oxidize a platinum electrode. The oxide layer
or reduced-metal surface produced by this chemical
action on the electrode in the cell that contains
iron may thus differ from the surface of the electrode
in the cell that contains the solution of the sup-
porting electrolyte only.

Much of the investigation to date has been con-
cerned with determining the best method for ob-
taining and maintaining the balance (i.e., the
scale factor required to feed back the proper
compensation current) between the two cells. It
was found — not unexpectedly — that a balance
setting which compensates for differences in
geometrical areas of the electrodes in the two
cells is adequate when the concentration of electro-

" active species is high, since under these conditions

double-layer charging is accomplished with a
relatively insignificant fraction of the total cell
current. At very low concentrations, however,
the wave shape is determined primarily by double-
layer charging, and the balance must be achieved
on the basis of the micro areas of the two elec-

trodes.

In this study, concentrations of the electroactive
species of interest ranged from 2 x 1075 to 1 x 102

M. For a species having a diffusion coefficient

of 0.7 x 10~5 cm?/sec and undergoing a one-
electron process, 10~* M appears to be the lowest
concentration practical for analytical purposes
when a platinum electrode is used.

Results of this investigation show that excellent
agreement between experimental data and theory
can be obtained by this extraneous-currents-com-
pensation technique when the important extraneous
process is double-layer charging and when the
electrode is not subjected to uncontrolled condi-
tions that alter its surface characteristics. The
study of systems in which electrode-surface changes
occur was not exhaustive, but the preliminary
results are sufficiently encouraging to warrant
further investigation.

In addition to studies with platinum electrodes,
it is planned to continue the evaluation of this
technique with other electrodes (principally mercury)
and with other systems.



1.3 COMPARATIVE AMPEROMETRIC DC
POLAROGRAPHY: A NEW HIGH-PRECISION
AND HIGH-ACCURACY METHOD

W. D. Shults
W. L. Belew

D. J. Fisher
Dietrich Thiele*

The precision (S' = 0.1%) and accuracy of the
Davis and Seaborn method of comparative polar-
ography are high. The reason given®’% is the use

of two polarographic cells in a differential mode.

It is important to realize that it is necessary5 to
control very closely and to match experimental
conditions, such as the internal diameters of the
cells, D.M.E. potentials, and temperature, and to
maintain the dissolved-oxygen concentrations equal
and as low as possible. Matched, balanced, and
mechanically synchronized D.M.E.’s are used;
thus, the areas of the electrodes are equal.5 How-
ever, D.M.E.’s having unequal flow rates and
unsynchronized drop times can be used for differ-
ential dc polarography if current-averaging and

~ electrical-gain -adjustment are -provided.’. Residual -

currents in the two cells, which are small relative
to the i s for millimolar concentrations of the
" species of interest, are supposed to be equal and
therefore cancel. This method of comparative
polarography is a scale-expansion technique and
is analogous in principle to other methods, including
differential spectrophotometry and high-precision
weighing-titration. A closely related method is
null-point differential polarographic titration.®

In the method of absolute polarography® the cell
" conditions and D.M.E. characteristics are held
constant. - However, even when the experimental
conditions are well controlled, high precision and
accuracy are not achieved, because the total cell
current is measured per se. The method of com-
parative polarography also requires that the D.M.E.

“Alien Guest from Kernforschungszentrum Karlsruhe,
Institut fur Heisse Chemie, Karlsruhe, Germany.

SH. I. Shalgosky and J. Watling, “High Precision
Comparative Polarography,”’ Anal. Chim. Acta 26, 66
(1962).

% M Davis, ‘‘Komparative Polarographie hoher
Prizision,’’ Chem. Ingr.-Tech. 37, 715 (1965). -

™. T. Kelley and D. J. Fisher,  ‘“‘Instrumental Methods
of Derivative Polarography,” Anal. Chem. 30, 929
(1958).

8e. T. Verdier, *“A New Chemical Titration,”” S.
African J. Sci. 52, 203 (1956).

9. M. Kolthoff and J. J. .Lingane, Polarography,
2d ed., pp. 381~85, Interscience, New York, 1952.

characteristics be constant for the duration of the
series of measurements. Therefore, it must be
that the id at the D.M.E. in the standard cell is,
in fact, highly reproducible for each standard
concentration. The question was asked here as to
whether the achievement of S = 0.1% by comparative
polarography is due primarily to the close control
of experimental conditions, which results in a
very reproducible current for the 'standard cell,
and to the use of scale expansion.

It seemed more gravid to consider that the ex-
perimental conditions required for comparative
polarography are such that the average current of
neither cell (at each concentration and potential)
varies significantly, rather than that the average
currents of both cells vary in the same compensating
manner. The hypothesis is that maintenance of
highly reproducible currents at both D.M.E.’s
rather than compensation by means of the second
cell is the most significant reason for the high
precision and accuracy of two-cell comparative
polarography. If this hypothesis were correct, and
if the average values of the current at the D.M.E.
were measured at a fixed potential on the diffusion-"
controlled plateau, it should be possible to replace
the standard cell by its electrical analog (a bucking
current corresponding to i:; + 1-; for the standard
cell). Also the usual mechanical synchronization
of the D.M.E.’s should not be required if average
values of D.M.E. currents are measured’ with a
highly stable polarograph. For comparative polar-
ography, mechanical synchronization is also re-
quired, because it results in a constant drop time
that is independent of potential and thus avoids the
small error due to unequal variations of drop time
with potential for two otherwise-matched D.M.E.’s.
If measurements are made at a fixed potential,
this result of mechanical synchronization is irrel-
evant. The average current at the D.M.E. is meas-
ured by the use of an ORNL parallel-T, low-pass
filter assembly.!® It is apparent that if high
accuracy and precision could be achieved by
replacing the standard cell by its analog and by
measuring net average current at a fixed potential,
substantial advantages would result. Only one
D.M.E., rather than two, having highly reproduc-
ible constant characteristics would have to be
operated for the duration of the measurements.

1%, T. Kelley and D. J. Fisher, “Unique Polar-
ographic Damping Circuit for Selective Elimination of
Current Fluctuations Due to Dropping Mercury Elec-
trode,” Anal. Chem. 28, 1130 (1956).

)
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Also, only one cell isolated well from the atmos-
phere would be required.

A method — comparative amperometric dc polar-
ography — based on the above "hypothesis was
developed; it is as follows. Only one polarographic
cell is used; it is thermostated at 25 + 0.05°C
and is provided with good sparging and with a
tight seal to the atmosphere (the sparge gas is
vented through a water seal). Sporadic mechanical
shocks and vibration are avoided. An accurately
standardized solution, about millimolar (€C)) in
the species of interest, is introduced into the cell
and is sparged. The cell voltage is set at a
constant value on the diffusion-controlled plateau
of the wave. With the current range required for
recording (;-d + f;) and with the parallel-T, low-
pass filter switched in, a dc. current (initial-
current compensation) is applied to bring the net
filtered output of the current amplifier to about
Then, a more sensitive (about tenfold)
current range is switched in, and the net filtered
current is adjusted to be zero (the recorder-pen
position is brought to the point corresponding to
zero cell current). The amount of compensating
current required need not be measured; it is main-
tained constant at this nulling value throughout the
following steps. The first standard solution is
replaced by a second accurately standardized
solution whose concentration (C2) is greater than
C, by an accurate increment of ~0.00002 to 0.0001
M. After sparging, the average value of the cor-
responding change in current, Ai—ds, is measured
on the more sensitive current range. The second
standard solution is then replaced by the sample

zZero.

solution (same supporting electrolyte) whose con-
centration (Cx) is to be measured; as in comparative
polarography, C_ differs from C, and from C, by
an amount similar to (C, = C,) and is usually
greater than C,;. ‘After sparging, the value for

Ai—dx’ that is, (’-d for C ) - (i—d for C)), is meas-
ured on the more sensitive current range. Then,
' Aldx
Cx=cl+ = c,-¢CcH.
.Azd
S

The precision achievable by this method was
estimated. The ORNL model Q-1988-FES dc
controlled-potential polarograph!! and a hammered

1p, 3. Fisher, W. L. Belew, and M. T. Kelley, “A
Controlled-Potential and Derivative DC Polarograph
for Rapid Regular and First and Second Derivative
DC Polarography: Circuits, Theory and Performance
. Characteristics,"’" to be submitted for publication.

-

The cell contained 10 ml of
A significant concentration change
resulted from evaporation during sparging, even

D.M.E. were used.
test solution.

though the sparge gas was presaturated with water.
This concentration change is significant relative
to C, — C, but is negligible in terms of the increase
in the total wave height, which would be nonob-
servable if measured on a current range that would
be needed for that purpose. This evaporation
error was reduced by controlling the rate and
duration of the sparge; a more satisfactory solution
to this problem is to also use a larger (about three-
fold) volume of solution. The loudspeaker type
D.M.E.-hammering device used to obtain a 0.5-sec
drop time with a low mercury flow rate (~3 mg/sec)
was not entirely satisfactory, because the cell
current was not independent of the hammering
intensity. A small amount of convection must
have been introduced due to the inadequate design
of this hammering device. In spite of less than
adequate experimental conditions, the relative
standard deviation of the determination of 2 x 103
and of 4 x 10=3 M Cd2* in 1 M KC1—-0.001% thymol
was 0.2%. The results indicate that, with better
control of experimental conditions, it might be
possible to attain S = 0.1%.

The precision and accuracy were studied further
(Sect. 1.15). A larger volume (~30 ml) of test
solution and a 1-sec, vertical-orifice, Smoler
D.M.E. having a natural drop time were used. The
results show that high precision and accuracy
can indeed be achieved by one-cell, comparative,
amperometric dc polarography; both the relative
error and S (~0.1%) were the same as those ob-
tained concurrently by two-cell comparative dc
polarography.

1.4 CONTROLLED-POTENTIAL DC
POLAROGRAPH-VOLTAMMETER,
ORNL MODEL Q-2792

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

The following functional changes were made in
the ORNL model Q-2792 controlled-potential dc
polarograph-voltammeter: ! 2

2D. J. Fisher, M. T. Kelley, H. C. Jones, R. W.
Stelzner, and W. L. Belew, *‘Controlled-Potential DC
Polarograph-Voltammeter Design and Evaluation,’® Anal.
Chem. Div. Ann. Progr. Rept. Nov. 15, 1964, ORNL-
3750, p. 3.



1. A provision for using the potential-scan gen-
erator to produce a linear time base. With this
ptovision, current-time curves at constant
controlled electrode potential can be plotted
on the X-Y recorder.

2. An automatic cutoff circuit for linear-potential-
sweep applications that terminates the sweep
at a preselected potential. This circuit has
two related advantages; its automatic feature
frees the operator for other work during slow
scans, and, during both slow and fast scans,
the cutoff prevents excursions of potential
that could damage the working electrode.

3. The addition of a potential scan that cycles
between selectable initial and switching po-
tentials from +3 to —3v. The recorder pen is
coupled to this circuit in such a way that it
writes either continuously or only during one
half cycle.

4. A simple switching arrangement that permits
all signals, required for effecting the check-
out and testing procedures, to be monitored with
the X-Y recorder.

5. A maximum scan rate of 10 v/min. This scan
rate was found to be the maximum compatible
with the recorder used with the instrument.
Accordingly, the 20-v/min scan rate originally
contemplated'? was not included in the instru-
ment. }

When the rapid scan rates and fast derivative
circuits available on the model Q-2792 polarograph-
voltammeter are used in conjunction with.a D.M.E,,
a drop time of 1 sec or less is advantageous.
Rapid drop times (1 sec or less) can be obtained
in either of two ways: by use of a Smoler vertical-
orifice D.M.E. or by detaching the mercury drops
(without introducing deleterious convection) before
they would normally fall from the capillary. The
Smoler vertical-orifice D.M.E. is satisfactory for
obtaining drop times of ~1 sec. Capillaries of
this type can be fabricated that give satisfactory
results with drop times as short as 0.5 sec. How-
ever, it may be necessary to select carefully from
several capillaries in order to find one having a
0.5-sec drop time and a flow rate of mercury not
greater than ~4 mg/sec. When the 0.5-sec drop
time is obtained mechanically by detaching the
drop from the capillary at controlled intervals, the
problem of capillary selection is circumvented.
When a controlled drop time is used, the following

advantages are gained: constant drop time vs
potential, possibility of varying the flow rate of
mercury independently of the drop time (attainment
of a low mercury flow rate at short drop times is
thus greatly simplified), more precise tuning of the
parallel-T average-current filters to remove drop
oscillations, and greater tolerance to sporadic
mechanical shocks and vibration. Thus, the most
practical way to obtain a short drop time for rapid-
scan dc polarography is with an apparatus that
mechanically controls the drop time, that is, a
‘‘drop hammer.”’

Several types of drop hammers were built and
evaluated. Also, one commercial apparatus having
this means for obtaining rapid drop times was
purchased, evaluated, and found to be unsatisfactory.
As a result of these evaluations, another drop
hammer is being designed and fabricated. It will
be evaluated for use with the Q-2792 polarograph-
voltammeter in the following way. The achievable
sensitivity will be determined from the signal-to-
noise ratio!? for polarograms of micromolar solu-
tions. This sensitivity will be compared with that
obtained previously for D.M.E.’s having natural
drop times; these will include both Smoler vertical-
orifice capillaries and 2-to-5-sec Sargent horizontal-
orifice capillaries. To determine the shortest drop

- time usable with the drop hammer without' disturb-

ance of the 'diffusion layer at the mercury-drop
surface by introducing stirring, polarographic dif-
fusion coefficients will be measured for several
systems over a wide range of drop times.

The Q-2792 polarograph-voltammeter was checked
with stationary electrodes at potential-sweep rates
up to 10 v/min. Hanging-mercury-drop and smooth
platinized platinum electrodes were used. Areas
of the mercury electrodes varied from ~0.05 to -
0.07 cm?; those of the platinum electrodes from
~0.1 to 3 cm? A 3-cm? heavily platinized elec-
trode (large double-layer capacity) was also used
successfully. Results consistent with theory
were obtained for all modes of instrument opera-
tion except for the most rapid sweep rate, at which
nonlinear recorder damping distorted the second-
derivative recordings.

Three of the Q-2792 polarograph-voltammeters
were fabricated by the Instrument Department of
the Instrumentation and Controls Division. They

13n. J. Fisher, W. L. Belew, and M. T. Kelley, ‘‘Re-
cent Developments in DC Polarography,”” pp. 89134
in Polarography 1964 (ed. by G. J. Hills), Macmillan,
London (in press).



were checked out and delivered to the General
Analyses Laboratory, General Hot Analyses Lab-
oratory, and Methods Development Group. Since
the development of the drop hammer is incomplete,
the instruments were provided with plug-in filters
for use with naturally detached l-sec drops. These
filters will be changed as required on completion
of the design and fabrication of hammering devices
to give a controlled drop time. A check-out and
test procedure!* was prepared for use in the check-
out of new instruments and in the maintenance
of instruments in service. Operating instructions
for the instrument were prepared’® that contain
procedures for placing the instrument in operation
and a description of the function of each front-
panel control.

Work in progress with this instrument®? will be
continued. These studies include investigation
of compensation for resistance in the polarographic
cell, evaluation of the analytical utility of third-
derivative dc polarography, and appraisal of a
material for fabricating stationary electrodes for
voltammetry.

1.5 HIGH-SENSITIVITY COULOMETRIC
TITRATOR, ORNL MODEL Q-2564

H. C. Jones W. D. Shults

Two additional ORNL model Q-2564 high-sensi-
tivity coulometric titrators!6—~18
checked out, and delivered. Five of these instru-
ments (including the prototype) are now in use at
ORNL, two each in the General Hot Analyses and
High-Level Alpha Radiation Laboratories and one
in the Methods Development Group.

were fabricated,

4y c. Jones, Check Out and Test Procedure for
Q-2792 Controlled-Potential DC Polarograph-Voltam-
meter, ST-293 (Apr. 9, 1965).

15y, c. Jones and W. L. Belew, ‘““Operating Instruc-
tions for Controlled-Potential DC Polarograph-Voltam=
meter ORNL Model Q-2792"" (Sept. 9, 1965); unpublished
instructions to be included in a method for the ORNL
Master Analytical Manual.

164, C. Jones, D. J. Fisher, and W. D. Shults, *“High-
Sensitivity Coulometric Titrator,”” Anal. Chem. Div.
Ann. Progr, Rept. Dec. 31, 1962, ORNL-3397, pp. 3-4.

174. C. Jones, “ORNL Model Q-2564 High-Sensitivity
Coulometric Titrator,’® Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1963, ORNL-3537, p. 3.

184, C. Jones, “*ORNL Model Q-2564 High-Sensitivity
Coulometric Titrator,”” Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1964, ORNL-3750, p. 4.

. A method that describes the Q-2564 titrator was
prepared!® for inclusion in the ORNL Master
Analytical Manual. This method contains check-
out, test, and troubleshooting information. A paper
was published?® on the design, performance, and
typical applications of the instrument; discussion
of blank- and background-correction procedures for
controlled-potential coulometric titrations is in-
cluded. An information package?! on the Q-2564

" titrator is available; it contains all construction

drawings and other information.
being updated.

This package is

1.6 CONTROLLED-POTENTIAL DERIVATIVE
DC POLAROGRAPHY: APPLICATION TO
DETERMINATION OF MICROGRAM
QUANTITIES OF URANIUM IN A
TRI-n-OCTYLPHOSPHINE OXIDE
(TOPO) EXTRACT

W. L. Belew
D. ]J. Fisher

M. T. Kelley
J. A. Dean??

A study was completed of the determination of
microgram quantities of uranium by extraction with
tri-n-octylphosphine oxide (TOPO) followed by
derivative dc polarographic measurement directly
in the extract.?® The ORNL models Q-1988-
FES (ref. 11) and Q-2792 (ref. 24) controlled-poten-
tial, derivative dc polarographs were used.

19H. C. Jones, *‘Coulometric Titrator, Controlled-
Potential, High-Sensitivity, ORNL Model - Q-2564,*"
Method Nos. 1 003025 and 9 003025 (8-20-65), ORNL
Master Analytical Manual; TID-7015, suppl. 8 (in press).

204, C. Jones, W. D. Shults, and J. M. Dale, “High-
Sensitivity Controlled-Potential Coulometric Titrator.
Controlled-Potential Coulometric Determination of Milli-
and Microgram Quantities of Uranium and Iron,?’® Anal.
Chem. 37, 680 (1965).

2%Anon.,' ‘*High-Sensitivity Coulometric Titrator /Q-
2564/ in Engineering Materials List,*® TID-4100, suppl.
28, CAPE-1196.

22Consultant; Professor of Chemistry, University of
Tennessee, Knoxville.

23y, L. Belew, D. J. Fisher, J. A. Dean, and M. T.
Kelley, **Controlled-Potential and - Derivative Polar~
ography: Application to the Determination of Metal
Complexes in Organic Extracts,”’ Anal. Chem. Div. Ann.
Progr. Rept.-Nov. 15, 1963, ORNL-3537, pp. 12—14,

24D, J. Fisher, M. T. Kelley, H. C. Jones, R. W.
Stelzner, and W. L. Belew, *Controlled-Potential DC
Polarograph-Voltammeter. Design and Evaluation,”’
Anal. Chem. Div. Ann. Progr. Rept. Nov. 15, 1964,
ORNL-3750, p. 3.



Controlled-potential polarography permits the use
of test solutions of relatively high specific resist-
ance, which makes practical the combination of the
techniques of solvent extraction and polarography.
The effect of iR drop in a high-specific-resistance
solution can be minimized when a controlled-poten-
tial polarograph is used properly.!3:25
trolled-potential technique in polarography also
allows the use of a very small reference electrode,
such as a Q.R.E.,25 which facilitates the design
of micro polarographic cells.

The determination of uranium at trace levels,
for example; in seawater (™3 pg/liter) and in
waste streams, is of practical interest. By the
‘highly efficient and selective TOPO solvent ex-
traction?’ done prior to the polarographic deter-
mination, uranium is separated from interfering
ions and is concentrated; the overall sensitivity
of the method is thereby increased. The results
obtained are described in two articles accepted
for publication.?8:2° .

In the method developed, uranium is extracted
into a cyclohexane solution of TOPO from a 0.5
M HN03 solution; the 0.5 M HN03 is purified
previously by reaction with sulfamic acid to min-
imize the blank. A portion of the extract is diluted
with an equal volume of ethyl alcohol that is 0.2
M in LiClO,; the resulting solution has a specific
resistance of ~1400 ohm-cm. Very reproducible
first-derivative polarograms' are obtained. The
uranium concentration vs i, and vs first-derivative
peak height relationships are linear Gver the range
from 1x 10~%to 1 x 10~* M. The limit of detection
of uranium ‘in the solution polarographed, defined

25w. L. Belew, D. J. Fisher, M. T. Kelley, and J. A.
Dean, ‘‘Compensation of Cell Resistance in Controlled-
Potential Polarography,”® Anal., Chem. Div, Ann. Progr,
Rept. Nov. 15, 1963, ORNL-3537, pp. 14—16.

26p. J. Fisher, W. L. Belew, and M. T. Kelley, ‘‘A
Simple Quasi Reference Electrode. . . .Applications in
Controlled-Potential Polarography and Voltammetry and
in Chronopotentiometry,’’ pp. 1043~1059 in Polarography
1964 (ed. by G. J. Hills), Macmillan, London (in press).

271, C. White, The Use of Trialkyl Phosphine Oxides
~as Extractants in the Fluorometric Determination of
Uranium, ORNL-2161 (Nov. 1, 1956).

28y. L. Belew, D. J. Fisher, M. T. Kelley, and J. A.
Dean, ‘“Determination of Trace Quantities of Uranium by
Controlled-Potential DC Polarography in Tri-n-Octyl-
phosphine Oxide Extract,’® Microchem. J. 10, in press
(1965).

%M. T. Kelley, W. L. Belew, G. V. Pierce, W. D.
Shults, H. C. Jones, and D. J. Fisher, *‘Controlled-
Potential Polarography and Coulometry as Microanalytical
Techniques,® Microchem. J. 10, in press (1965).

The con-

as three times the noise level, is ~1 x 10=¢ i
(0.24 pg/ml).

The maximum aqueous-to-organic phase ratio
that permits complete extraction of the uranium in
one equilibration is 50:1.2% Thus, with a 250-ml
sample and a 5-ml polarographic cell, a net 25-
fold concentration advantage is achieved. For
example, a 250-m! aqueous sample that contains
as little uranium as 0.01 pg/ml (5 x 1072 M) can
“be analyzed.

To further increase the sensitivity of the method,
a 0.5-ml polarographic cell was fabricated.?® For
a given uranium concentration, the signal-to-noise
ratio for the 0.5-ml cell was found to be equal to
that of the 5-ml cell. Thus, use of the 0.5-ml cell
has the advantage that a smaller sample can be
analyzed, or with a large sample, either a higher
concentration can be achieved in the solution
polarographed to improve the precision or the
uranium concentration can be- increased relative
to that of the aqueous sample to increase the
sensitivity of the method. To achieve a large
concentration increase, the volume of the extract
is reduced tenfold by evaporation. The net con-
centration of the uranium in the cell can thus be
increased 250-fold relative to the aqueous sample;
an aqueous sample having uranium concentration
as low as 5 x 10~° M can be analyzed.

With 0.6 pg of uranium in the 0.5-ml cell, the
first-derivative peak height can be determined with
satisfactory precision (S = 4%). A cursory analy-
sis indicated that this method is applicable to the
determination of uranium in seawater.

1.7 CONTROLLED-POTENTIAL DERIVATIVE
DC POLAROGRAPHY AND
CONTROLLED-POTENTIAL COULOMETRY
. AS MICROANALYTICAL TECHNIQUES

M. T. Kelley W. D. Shults
W. L. Belew H. C. Jones
G. V. Pierce?? D. ]. Fisher

Controlled-potential derivative dc polarography
has been described as a microanalytical technique
for determining uranium extracted into tri-n-octyl-
‘phosphine oxide (TOPQ)?28+29 (Sect. 1.6).

30y ph-Level Alpha Radiation Laboratory.



At this laboratory, small samples (~0.04 meq)
are normally used, and high precision (S = 0.1%) is
obtained. Work was done to extend controlled-
potential coulometry to the micro level. It was
possible to determine reducible and oxidizable
constituents at a level of 0.02 microequivalent
with high precision (S = 1%)2° by: reducing the
size of the cell and the volume of the test solution,
giving careful attention to such details as purity
of reagents and exclusion of oxygen, use of the
ORNL model Q-2564 high-sensitivity coulometric
titrator,2° and application of one of several suitable
blank corrections. One of the blank-correction
techniques, that is, the compensated-i vs Q tech-
nique, is of considerable utility (Sect. 1.8). The
applicability of controlled-potential coulometry as
a microanalytical technique was demonstrated by
determining 0.02 to 7 microequivalents of iron,
uranium, and plutonium.?°

1.8 UTILITY OF ; VS Q0 PLOTS
IN CONTROLLED-POTENTIAL COULOMETRY

W. D. Shults M. T. Kelley
D. ]. Fisher G. V. Pierce®®
H. C. Jones

Hanamura has demonstrated that plots of elec-
trolysis current (i) as ordinate vs integrated current
(Q) as abscissa can be used to advantage in poten-
tiostatic coulometry.®*!'32 He developed an i-Q
recorder®® specifically for this application. The
utility of this technique was explored as part of a
study of the potentiostatic coulometric determina-
tion of microgram quantities of plutonium (Sect.
1.7); the results are described in some detail.?®
It is pertinent to summarize the conclusions here.

1. The ORNL model Q-2564 coulometric titrator
is well suited for this application when used
in conjunction with an X-Y recorder. It is

g, Hanamura, ‘‘Rapid Method for Coulometric Analy-
sis Using an I-Q Recorder,?” Talanta 2, 278 (1959).

32, Hanamura, *‘A Direct-Reading Current Integrator
for Coulometric Analysis,?® Talanta 3, 14 (1959).

33g, Hanamura, ‘“An I-Q Recorder and Its Application
to Rapid Coulometric Analysis and Micro-Coulometry,*’
Talanta 9, 901 (1962).

necessary . to RC-damp the current range (Y)
so as to rid the plot of minor fluctuations due
to momentary variations in mass transfer within
the cell. It is sometimes necessary to nullify
the continuous faradaic current by inserting a
constant current of suitable magnitude and
polarity into the current-control-amplifier input
of the Q-2564 titrator. (Hanamura’s instrument?33
also incorporates compensation for the contin-
uous faradaic current.)

2. The resulting plot is linear and can be easily
extrapolated to zero current to provide ~an
estimate of Q, and thence the analytical result.
Extrapolation can be made before the elec-
trolysis is complete; therefore, the i vs Q tech-
nique is considerably faster than graphical
techniques based on plots of Q vs time (see
Fig. 6 of ref. 29). ‘

3. The results obtained are comparable in preci-
sion and accuracy with those obtained by the
Q vs time technique. This conclusion is based
on the determination of ~10-ug quantities of
plutonium and of ~550-ug quantities of uranium.

4. The i vs Q technique has the additional advan-
tage that nonlinearity of the plot (or perhaps a
change in slope) signals the occurrence of an
extraneous process.

An i vs Q method was also applied to the con-
trolled-potential coulometric titration of uranium
in simulated. MSRE samples (Sect. 4.1.d).

1.9 DERIVATIVE CHRONOPOTENTIOMETRY

T. R. Mueller W. D. Shults

The first time derivative of the potential during
electrolysis with controlled current has a concen-
tration-dependent minimum. For certain current-
time programs, this point occurs well before the
normal transition time. Thus, the derivative tech-
nique permits obtaining pertinent information about
the concentration of a species or the kinetics of a
reaction without the necessity to prolong the
electrolysis until the normal transition time is
reached. This technique has several advantages.
First, the distortion of the chronopotentiometric
wave in the transition-time region by double-layer
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charging and other extraneous processes is avoided.
Second, convective disturbances .that arise from
electrolysis-induced density gradients (and perhaps
thermal gradients as well) are minimized. Finally,
resolution of overlapping waves may be enhanced.

Murray and Reilley3* have derived ‘expressions
for the potential-time behavior of reversible and
totally irreversible electrode reactions. Their
equations are derived from the general current
function

i=ft,
where i is the current density, 8 is a constant, ¢
is time, and r is any number greater than —1. We
have used their equations to obtain expressions
for (a’E/a't)min, toint and Emm as functions of r.
Their equations are based on the assumption that
the electrode reaction of interest proceeds with
100% current efficiency. This condition can be
approached closely with the chronopotentiometer
that makes possible compensation for extraneous
processes?® (Sects. 1.1 and 1.2). The instrument
was designed and constructed in such a way that
current-programming and derivative-taking circuitry
can be added. A communication is being prepared

- for publication that presents the generalized the-

oretical basis for derivative chronopotentiometry.

1.10 PREPARATION OF CHAPTER
FOR WELCHER’S STANDARD METHODS
OF CHEMICAL ANALYSIS, VOL 1

W. D. Shults

The forthcoming edition of Welcher’s Standard
Methods of Chemical Analysis is to contain a third
volume ‘that deals exclusively with the various
instrumental techniques of analysis. A chapter®>
was written for that volume which presents a
concise theoretical and practical treatment of
coulometric methods.

3R Murray and C. N. Reilley, “‘Chronopotentiometry
with Current Programmed as a Function of Time. L
Constant Power Functions of Time,”” J. Electroanal.
Chem. 3, 64 (1962).

35w. D. Shults, **Coulometric Methods,” chap. 23 in
vol III of Standard Methods of Chemical Analysis (ed.
by F. J. Welcher), Van Nostrand, Princeton, N.J. (in
press).

1.11 DIFFERENTIATING CIRCUIT
FOR THE CONTROLLED-POTENTIAL
VOLTAMMETER

W. L. Maddox D. J. Fisher

The prototype controlled-potential voltammeter3®
was originally used by the Reactor Chemistry
Division for electrochemical studies in molten
salts and is now in use in the Analytical Chemistry
Division, Its capabilities have been increased by
the addition of an operational-amplifier differen-
tiating system that has a 2-sec time-constant
network.®” It is now possible to record either
regular or first-derivative controlled-potential volt-
ammograms with this instrument. 38

1.12 SAMPLE-IRRADIATION ASSEMBLY
FOR ¢%Co SOURCE

W. L. Maddox

A safe and reliable means of inserting a sample
into the shielding cask of a 6%Co source, exposing
it for a reproducible time at a reproducible posi-
tion, and then withdrawing it was requested by
H. E. Zittel3° and H. Kubota for use in the study
of effects of radiation on analytical methods (Sect.
3.4). A machine for doing these operations by
remote control was designed and constructed. This
machine comprises chain-operated, electrically
driven, sample-elevating and shield-shifting sec-
tions which are interconnected in such a way that
a shield is drawn back from the opening of the
source tube just before the sample elevator begins
to move down. The sample carrier deposits a plug
in the top of the tube as it descends and picks
up the plug as it rises; the opening is unshielded
only briefly while the sample is being moved.
When the elevator reaches the top of its travel, a
contact is broken, and the shield is thus allowed

36p. J. Fisher, M. T. Kelley, W. L. Maddox, and R.
W. Stelzner, **Controlled-Potential Voltammeter,*® Anal.
Chem. Div. Ann. Progr. Rept. Nov. 15, 1963, ORNL-
3537, pp. 16—17.

37G. A. Philbrick Researches, Inc., Boston 16, Mass.,
“IV. Some Applications,®’ in Utility Packaged Amplifier,
Technical Data, Model UPA-2, pp. 7-8, UPA-2/and/
4M/663.

38(‘:. Mamantov, ‘“Electrochemistry of UF4 in Molten
Fluorides,?® Reactor Chem. Div. Ann. Progr. Rept.
Jan. 31, 1965, ORNL-3789, p. 80.

39Research Gioup.



to roll back into place over the opening. The
aluminum carrier is of seamless construction to
prevent damage to the source if a sample container
should break.

Preliminary tests have shown that the mechanism
is satisfactory but that some additional fixed
shielding may be required; final testing will be
done' when the laboratory for the radiation-effects
program is completed.

1.13 COMPUTER PROGRAMS FOR ANALYSIS
OF POLAROGRAMS AND
CHRONOPOTENTIOGRAMS

Serena Savage*® W. D. Shults
Computer programs (FORTRAN 63) were written
for the ORNL CDC 1604-A computer to facilitate
analysis of dc polarograms and chronopotentiograms
that derive from the study of simple, reversible,
diffusion-controlled electrode processes. Experi-
mental current-potential dc polarographic data are
used to compute a ‘‘linear least-squares®’ fitted
line that corresponds to the conventional semi-
logarithmic plot based on the Heyrovsky-Ilkovié
equation.*! The reciprocal slope (2.303 RT/nF)
and intercept (E, ) and their standard deviations
are printed out. The input data and values for the
logarithmic term in the Heyrovsky-Ilkovi¢ equation
are also printed out to facilitate construction of the
conventional plot when this is desirable. This
program is termed P@LARGRM. Chronopotentiomet-
ric time-potential data are treated similarly except
that the analysis is based on the Karaoglanoff
equation;*? this program is termed CHRN@GRM.
Reports*3:** were issued that present these pro-
grams and explain how they can be used; the pro-

40Summer Student Trainee from Rice University,
Houston, Tex.

41]. Heyrovsky and D. Ilkovid, “Polarographic Studies
with the Dropping Mercury Electrode. — Part II. — The
Absolute Determination of Reduction and Depolarization
Potentials,’” Collection Czech. Chem. Communs. 7
198 (1935). '

42
Z. Karaoglanoff, ‘“Uber Oxydations- und Reduktions-
vorgange bei der Elektrolyse von EisensalzlSsungen,”
Z. Elektrochem. 12, 5 (1906).

*3Serena Savage and W. D. Shults, PdLARGRM: A
Computer Program for Analysis of Polarograms, ORNL-
TM-1253 (Aug. 31, 1965).

“4Serena Savage and W. D. Shults, CHRNdGRM: A

Computer Program for Analysis of Chronopotentiograms,
ORNL-TM-1254 (Aug. 31, 1965).
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grams were added to the Computer Program Library
at ORNL.

1.14 A SQUARE-WAVE PbLAROGRAPH

G. C. Barker*’ R. W. Stelzner

A compact square-wave polarograph that incor-
porates solid-state integrated circuits, modular
operational amplifiers, and X-Y recording was
designed and is under construction at AERE,
Harwell, in the Analytical Chemistry Branch. The
performance characteristics of this new polarograph
are expected to exceed those of the older vacuum-
tube model*® in most respects, except perhaps
sensitivity.

A 225-cps square wave of 7- or 35-mv amplitude
is superimposed on a linearly increasing dc voltage
and is applied subsequently to a low-resistance
cell (~50 ohms). The electrochemical cell consists
of adropping-mercury electrode, a saturated calomel
reference electrode, "and a counter electrode.
Current is measured during a 25-msec interval near
the end of drop life by a sample-and-hold circuit.
A Moseley type 2D-4 X-Y recorder plots the current
as a function of the applied dc voltage.

Linear sweeps of 20, 50, and 100 mv/min and
synchronized linear sweeps of 0.6, 3.0, and 6.0
v/min are produced by an analog integrator circuit
that is actuated by a selected constant-current
input. Double-layer capacitance measurement is
achieved by switching a 1-uf capacitor into the
feedback loop of the low-level current amplifier.

The polarograph will be tested with conventional
and modified glass D.M.E. capillaries and with
ORNL-fabricated Teflon D.M.E. capillaries.*’

1.15 CONTROLLED-POTENTIAL
DIFFERENTIAL DC POLAROGRAPHY

W. D. Shults
D. ]J. Fisher

~W. B. Schaap*?®
H. C. Jones

A controlled-potential differential dc polarograph
was designed and constructed. Basically, it

4 . L
5Chem1stry Division, A.E.R.E., Harwell, Didcot,
Berkshire, England.

46A.E.R.E. Instruction Manual for Square Wave Polar-
ograph Equipment Type 1336A.

*7Helen P. Raaen, R. J. Fox, and V. E. Walker, Fab-
rication and Assembly of a Teflon Dropping-Mercury
Electrode, ORN_L-3344 (Nov. 30, 1962).

48Consultant; Professor of Chemistry, Indiana Univer-
sity, Bloomington.




consists of two separate channels, each of which.

contains potential-controlling and current-measuring
circuitry similar in principle to that utilized in the
ORNL model Q-1988A polarograph. Two independ-
ent polarographic cells are operated by these two
channels. The signal from channel 1 (il) or from
channel 2 (i2) or the differential signal (i, — 1,)
can be recorded as a function of the controlled-
electrode vs reference-electrode potential in
channel 1. The instrument incorporates:

1. X-Y recorder readout. This readout facilitates
the use of various scan rates and provides for
amplification of the polarographic signal through
use of the several ranges of the recorder.

2. Filter circuitry that removes current fluctuations
(caused by growth and fall of mercury drops)
from the polarographic signal. This feature
eliminates the need for drop-time synchroniza-
‘tion in many applications of differential polar-
ography.

3. Variable gain in channel 2 relative to channel
1. This feature obviates the requirement that
capillaries with identical characteristics be
used in differential polarography — small dif-
ferences in characteristics can be nullified
effectively by proper adjustment of the channel-2
gain. '

4, A circuit that allows the potential in channel 2
to be offset with respect to that in channel 1
by a constant amount.

5. Initial-current-compensation circuitry in both
channels.

A wide selection of scan rates.

A circuit that computes the derivative of the
polarographic signal from either channel or
from the difference between the two channels.

11 |

This instrument is being used in a general inves-
tigation of several differential-polarographic tech-
niques. The investigation has been restricted to
work with dropping-mercury electrodes that have
natural drop times.

A brief theoretical and experimental study of
AE-differential polarography was conducted. This
is the technique in which a constant difference in’
applied potential is maintained between the two
channels throughout the potential scan in order to
obtain derivative-like curves. Equations pertinent
to the AE-differential technique were derived and
were verified; the curves obtained were compared
with analogically computed derivative curves.

Comparative polarography is being evaluated,
and both dual- and single-cell techniques are being
In the dual-cell technique, a solution of
unknown electroactive-species concentration is

used.

placed in one cell, and a similar solution of ac-
curately known electroactive-species concentration
is placed in the second cell. The differential
diffusion current can then be measured and-used
to determine the unknown concentration. In the
single-cell technique, the diffusion current of the
reference solution is first nullified electronically;
then the reference solution is replaced with the
unknown solution and the differential diffusion
is measured. Each of these two tech-
niques permits highly precise and highly accurate
polarographic analyses to be made. Table 1.1
presents a summary of the results obtained when
cadmium was determined in 1.0 F KCI-0.001 F
HC1-0.001% Triton X-100 medium; ten or more
replicate analyses were made at each concentra-
tion.

Subtractive polarography is also being evaluated.
This is the technique whereby unwanted signals
are removed from the total polarographic signal

current

v

Taoble 1.1. Results Obtained by Comparative Polarographic Determination of Cadmium

Supporting medium, 1.0 F KC1~0.001 F HC1~0.001% Triton X-100

Single~Cell Technique

Dual-Cell Technique

+
cd?” Concentration

o) Relative Standard Relative Relative Standard Relative
Deviation (%) Error (%) Deviation (%) Error (%)
1074 0.2 +0.03 0.4 +0.04
103 0.1 0.00 0.1 +0.01
102 0.1 ~0.24 0.3 -0.13




by operating in the dual-cell differential mode.
Thus, a solution that contains the electroactive
species of interest plus the supporting electrolyte
(and possibly other reactants) is placed in cell 1,
and a similar solution free of the electroactive
species is placed in cell 2; the differential signal
is then due only to the electroactive species of
This technique can provide increased
sensitivity or selectivity or both. By subtractive

interest.

12

polarography, for example, Cd2* can be detected
at 10~7 M concentration in air-free solution and
determined at 10~* M concentration (or more) in
an oxygen-saturated solution with about the same
accuracy and precision as are achieved in oxygen-
free solution.

This - work is to be published in thesis form and
is to be submitted in part for publication in the
open literature.

2. Analytical Studies of Molten-Salt Systems

J. C. White

2.1 ABSORPTION SPECTROPHOTOMETRIC
STUDIES RELATED TO
MOLTEN-SALT SYSTEMS

J. P. Young

Absorption spectrophotometric studies related to
various molten-salt systems were continued, One
of the objectives is to evaluate the analytical use-
fulness of 'such spectra. Presently, the possibility
of continuously determining U * in molten-fluoride-
salt reactor fuels by in-line- spectrophotometry is
being investigated. The progress of this work is
reported elsewhere, !

2.1.a Absorption and Reflectance Spectra of -
Irradiated LiF-BeF ,-ZrF ,-ThF ,-UF

To evaluate the radiation stability of a solidified
sample of LiF-BeF -ZrF -ThF -UF,, persons of
the Reactor Chemistry Division subjected the
sample to gamma radiation, Fluorine gas was
evolved during the experiment. In an effort to
determine the oxidation state of uranium.in the
sample, reflectance spectra of the solid sample
and absorption spectra of the molten salt, after

lJ. P. Young, ‘‘Spectrophotometric Studies of Molten-
Salt Reactor Fuels,”” MSR Program Semiann. Progr.
Rept. Aug. 31, 1965, ORNL-3872, p. 145,

it was melted in the high-temperature cell as-
sembly, were obtained. Before irradiation, the
solid was green; after irradiation, it was a charcoal
color. Both the color and the absorption spectrum -
of the melted irradiated sample indicated that es-
sentially all the uranium was present as U3",
This evidence did not mean, however, that U®*
was present in the solid; any reduced species in
the solid probably could reduce U** to U3, Re-
flectance spectra of the solid sample were also
obtained. Techniques have been developed by
which U®* in concentrations ~0.5 w/w % or
greater in solids can be determined. In the solid
irradiated sample the U? * concentration was below
this detection limit. Work on this problem is con-
tinuing,

2.1.b Absorption Spectrum of Co?*in LiF-NaF-KF

Further spectral wortk was done pertaining to the
quantitative nature of the spectrum of Co?* in
LiF-NaF-KF.  Previously,? the spectrum was
described only qualitatively, The position of the
double absorption peak is essentially as reported.

2J. P. Young and J. C. White, ‘‘Absorption Spectra
of Molten Fluoride Salts, Solutions of Several Metal
Ions in Molten Lithium Fluoride—Sodium Fluoride—
Potassium Fluoride,*® Anal. Chem. 32, 799 (1960).



The maximum molar absorptivity at ~580 mp
is 14. As was pointed out® from the earlier qual-
itative data,? the position and intensity of the
Co?* spectrum in LiF-NaF-KF suggest that Co?*
is octahedrally coordinated in this melt.

2.1.c Absorption and Diffuse-Reflectance
Spectra of Solid Materials

To understand the nature of the spectra of solutes
dissolved in molten-salt solvents, it is advanta-
geous to know the spectral characteristics of the
solid-solute species. Techniques developed for
this purpose are of value, then, to other investiga-
tors as well, since spectral measurements can
indicate the purity of solids and aid in determining
the symmetry and .coordination of the absorbing
species. Two techniques have been used to ob-
tain spectra of solids, namely, transmission and
diffuse-reflectance measurements.
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The use of diffuse reflectance to detect and -

estimate ‘U3* in solids was discussed in Sect.
"2.1.a. For these studies, it was necessary to
design and fabricate a vacuum-tight reflectance
cell, since the samples were unstable to moisture
and were toxic. The spectra were obtained with a
Cary model 14 M spectrophotometer provided with
the Cary model 1411 type 1 reflectance attachment..
The cell consists of a black anodized aluminum
cup and cover plate. A rubber O-ring is placed in
a groove on the rim of the cup, and a quartz plate
covers the cup and O-ring. The assembly is held
together and sealed by six screws that pass through
the cover plate and into the base of the cup. A
slight decrease in absorbance (~2%) results from
the fact that the thickness of the quartz plate
causes the surface of the powdered sample in the
sealed cell to be below the focal plane of the
sample beam., No detectable decrease in absorb-
ance is caused by surface reflection from the
quartz plate. Reflectance spectra of a number of
pure solids were measured,! as were those of
solidified melts of U3* or U** in alkali-metal
fluorides and of mixtures of U3* and U** fluorides

¢, Pp. Smith, ‘‘Electronic Absorption Spectra of
Molten Salts,’”’” pp. 428-505 in Molten Salt Chemistry,
ed. by M. Blander, Interscience, New York, 1964; esp.
p. 453.

in the wavelength range from 250 to 800 mu. Both
U3* and U** exhibit many absorption peaks in this
region.  Nevertheless, U3* can be detected in
mixtures with U** by an absorption peak at 710 my;
the limit of detection is less than 0.5 w/w %. The
presence of U** can be detected by an absorption
peak at 660 my. '

The apparatus for obtaining the transmission
spectra of small crystals was described previously.*
In cooperation with G. W. Clark,’ we are obtaining
absorption spectra of a number of rare-earth ger-
manomolybdates and rare-earth-doped oxides. The
data should be useful in delineating the nature of
the rare-earth ions in these crystals and possibly
also in estimating the energy of ground-state
transitions caused by thermal processes. This
work is continuing,

The transmission spectra of small crystals of
UF, were obtained in the wavelength range from
250 to 1200 mp.
reflectance spectra of UK, are essentially the
samé with respect to positions of absorption peaks.

The transmission and diffuse-

The only differences seem to be related to the fact
that transmission spectra are obtained from crystals
oriented in a particular direction and reflectance
spectra arise from randomly oriented powdered
crystals. Only from transmission spectra, however,
can molar absorptivities be calculated. Such data
were obtained and will be published. A general
report® describes much of this work. )

The absorption spectrum of a very small piece
of translucent boron nitride, BN, was obtained.
This type of BN sometimes results from studies
of the synthesis of pyrolytic BN that are being
carried out in the Metals and Ceramics Division.
A transparent piece of BN might prove useful as an
inert window for visual and spectrophotometric
studies of molten-fluoride salts. The sample was
essentially transparent from ~450 to 1000 my; no
data were obtained at wavelengths greater than 1000
mu. The spectrum of the sample exhibited an
optical cutoff at 300 my and a shoulder at 370 my;
it is not known whether this absorption is due to
BN or to impurities.

4_]. P. Young, ‘‘Absorption Spectrophotometric Studies
Related to Molten-Salt Systems,’® Anal. Chem. Div.
Ann. Progr. Rept. Nov. 15, 1964, ORNL=~3750, pp. 5—8.

5Metals and Ceramics Division.

6_]. P. Young and G. W. Clark, ‘‘Absorbance Spectra
of Single Crystals,?® presented at the Ninth Conference
on Analytical Chemistry in Nuclear Technology, Gatlin-
burg, Tenn., Oct. 12—14, 1965,



2,2 YOLTAMMETRY OF MOLTEN-FLUORIDE
SALT SYSTEMS

Gleb Mamantov”’ D. L. Manning
J. M. Dale

2.2.a Reversible Deposition of Metals on Solid
Electrodes by Voltammetry with Linearly
Varying Potential

It has beeri shown by extending the treatment of
Berzins and Delahay® that, for the reversible

7Consultzmt; Assistant Professor of Chemistry,

University of Tennessee, Knoxville.

8T, Berzins and P. Delahay, ‘‘Oscillographic Polaro=
graphic Waves for the Reversible Deposition of Metals
on Solid Electrodes,’’ J. Am. Chem. Soc. 75, 555 (1953).
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deposition of metals on solid electrodes by voltam-
metry with linearly varying potential, a plot of log
(i~ 1) vs E approaches linearity over the current
range from about 0.5 to 0.9 ip, the slope of the
plot being 2.2(nF/RT). The experimental data
for the reduction of Ag*in 1 M KNO, at silver and
pyrolytic-graphite electrodes agree satisfactorily
with the theory. This agreement likewise exists
for the reduction at .500°C of Fe?* in LiF-Ber'
(66-34 mole %) and in LiF-NaF-KF (46.5-11.5-42
mole %) and of Ni2* in LiF-NaF-KF at pyrolytic-
graphite electrodes. An article on this work has
been published.’®

a. Mamantov, D. L. Manning, and J. M. Dale, ‘‘Re-
versible Deposition of Metals on Solid Electrodes by
Voltammetry with Linearly Varying Potential,” [J. -
Electroanal. Chem. 9, 253 (1965).

3. Effects of Radiation on Analytical Methods

J. C. White

3.1 GAMMA RADIOLYSIS
OF ACID CHLORIDE SOLUTIONS

Hisashi Kubota

The effect of the chlorine produced by the gamma-
induced radiolysis of acid chloride solutions on
actual analytical procedures was investigated by
taking as an example the determination of zirconium
with arsenazo III. Arsenazo III forms colored
complexes with zirconium in acid solution. The
reaction is most sensitive in HCl solution, the
molar absorptivity increasing with increasing acid
molarity up to 9 M. Arsenazo Il is readily de-
stroyed by strong oxidants; therefore, it is not
surprising that both the reagent itself and the
zirconium complex degrade when irradiated with
60Co gamma radiation. The rate of decomposition
is proportional to acid molarity. This effect is the
same as that from the radiolysis of acid chloride
systems. A 30,000-rad dose causes the absorbance
of the complex in 3 M HCI to diminish by 20%; in

9 M HCI, 50%. The sensitivity of the reaction in
9 M HCI is about four times that in 3 ¥ HCIL. If
the dose does not exceed 1000 rads, zirconium
can be determined with arsenazo III with a max-
imum radiolytic effect of 3%.

Methanol has been used to prevent the formation
of free chlorine, as well as the depletion of acid,
in concentrated lithium chloride solutions that
contain high alpha radioactivity.! The present
work has confirmed that methano! inhibits chlorine
production in gamma-irradiated systems; however,
methanol does not arrest the depletion of acid, the
rate of acid loss being unaffected. Furthermore,
methanol does not negate radiolytic effects on
arsenazo III solutions; they decompose as readily
in the presence as in the absence of methanol. It
was suspected that the role of methanol is to
react with the chlorine produced by the radiolysis.

'R. D. Baybarz, “Alpha Radiation Effects on Con-
centrated LiCl Solutions Containing HCI, and the Use
of Methanol as an Inhibitor of Acid Radiolysis,”” J.
Inorg. Nucl. Chem. 27, 725 (1965).



Gas chromafographic analysis of the gaseous
products of the radiolysis in the presence of
methanol showed that methyl chloride is produced
in large amounts together with traces of methane,
ethane, and an unidentified component (Sect. 3.2).

ORNL- DWG.65-11948
| |

T
CH3Cl

256 x 102
CHq

+ CZHG

Instrument, Micro-Tek 2500-R 16 x 102

Column, 10 ft-long by 1/4-n.0D
Packing, 25wt % di-2-ethyl-
" hexylsebacate on 30-10-60
mesh C-22 firebrick
Detector, flame ionization
Carrier, helium
Flow, 50cc/min
Temperature, 58°C
Attenuation , as shown

RECORDER RESPONSE

CH3OH
2x102

[ | | |
6 4
TIME, min

(0]

Fig. 3.1.
Products of Gamma-lrradiated Mixtures of Methanol and
Hydrochloric Acid.

tensity, '\‘]07 rads/hr; sample size, unknown.

Typical Gas Chromatogram of the Reaction

Radiation time, 30 hr; radiation in-
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It is believed that the role of methanol is to
scavenge the chlorine rather than its precursor
hydroxyl radical. The following reactions are
thought to occur in gamma-irradiated acid chloride
systems in the presence of methanol:

Cl- +OH- +HY —> C1°4 H,0,

CH,OH + C1° -—> CH,CI + OH- .

3.2 GAS CHROMATOGRAPHIC ANALYSIS

 OF GAMMA-IRRADIATED MIXTURES
OF METHANOL AND
HYDROCHLORIC ACID

A. D. Horton

Several sealed glass bulbs that contained mix-
tures of methanol and hydrochloric acid were
irradiated in the °°Co source and were submitted
for analysis of the vapor (Sect. 3.1). For each
bulb, the concentrations of methanol and hydrochloric
acid in the solution and the duration and intensity
of the irradiation were different.

The gaseous contents of the bulbs were analyzed
by gas chromatography; Fig. 3.1 gives typical
conditions and results. The compounds identified
from the chromatograms were methane, ethane,
methanol, and methyl chloride. No quantitative
data were taken, but the following general correla-
tions were obtained. The amount of reaction
products increased with increase in duration and
in intensity of the irradiation. At a constant
radiation intensity, the reaction products increased
with increase in the concentration of hydrochloric
acid and in the duration of irradiation. Ethane did
not appear in samples that were irradiated for only
a short time.

3.3 HIGH-TEMPERATURE
CHEMICAL DOSIMETRY

Hisashi Kubota

Chemical dosimeters are a convenient and reli-
able means of monitoring gamma-radiation dose in
the range from 103 to 10° rads. The response is
nearly constant over the range of beam energy



between 0.1 and 3 Mev.? Most applications are
made at ambient temperature; however, the FeSO4
dosimeter has been studied up to 65°C* and the
Ce(SO,), to 90°C.* For some work in high-level
waste disposal it is desirable to have a chemical
dosimeter that can be used at temperatures as
high as 250°C, Preliminary investigation indicated
that dosimetric solutions sealed into glass tubes
might be usable. It became apparent very quickly
that both the oxalic acid and Ce(SO“)2 dosimeters
are unsuitable, The former decomposes above
100°C, and the latter is reduced and hydrolyzed
above 150°C. The air-saturated FeSO, solution
undergoes slight oxidation; however, the oxygen-
free solution is stable at least to 250°C.

Ferrous sulfate solution was' deaerated with
argon and sealed into glass tubes. These tubes
were irradiated at ambient temperature, 150, 200,
and 250°C. The G values obtained were 7.6, 7.6,
7.5, and 7.3, respectively, with reference to a G
value of 15.6 for an air-saturated dosimeter at
25°C. The reproducibility is within 8%, and the
response is linear with dose.

The G value for the deaerated solution at room
temperature should be 8.2. It is not yet understood
why the lower values are being obtained; study

2a. O. Allen, The Radiation Chemistry of Water and
Aqueous Solutions, p. 22, Van Nostrand, Princeton,
N.J., 1961.

3C. J. Hochanadel and J. A. Ghormley, “‘Effect of
Temperature on the Decomposition of Water by Gamma
Rays,'’ Radiation Res. 16, 653 (1962).

*H. Hotta and K. Shimada, ‘‘Temperature Dependence
of the Ceric-Cerous Gamma-Ray Dosimeter,”” Bull.
Chem. Soc. Japan 33, 114 (1960).
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is still under way to clarify this point. Neverthe-
less, the results to date indicate that the basic
radiolytic reactions are essentially temperature-
independent.

~

3.4 MODIFICATIONS TO THE 4%,
SOURCE ASSEMBLY

H. E. Zittel Hisashi Kubota

To conform to health-physics requirements, cer-
tain modifications were made to the sample-irradia-
tion assembly for the 9°Co source obtained from
surplus for use in the study of effects of radiation
on analytical methods. W. L. Maddox® designed
and fabricated the assembly (Sect. 1.12), which
mechanically lowers a sample tube into and raises
it out of the source compartment. When the prototype
assembly has been fully tested, another similar
assembly will be fabricated for the second tube
source, which was also obtained from surplus.
The intensities of the two sources differ by a
factor of ~10; therefore, use of the two sources
together should make possible the study of the
effects of gamma radiation on analytical methods
over a wide range of dosage levels. It is contem-
plated that the weaker source will be used for
in-situ studies of electrochemical procedures;
the more intense source will be used in those
studies in which the radiolysis products are to
be determined external to the source.

Analytical Instrumentation Group.
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4. Analytical Chemistry for Reactor Projects

M. T. Kelley

J. C. White

The analytical Chemistry Division continued its
program on analytical chemistry research and
development for the Molten-Salt Reactor Experi-
ment {(MSRE) and the Transuranium Element Proc-
essing (TRU) Program; details of these investi-
gations are reported regularly in the following
progress reports:

MSRE semiannual progress reports:
ORNL-3812. for Period Ending February 28, 1965
ORNL-3872 for Period Ending August 31, 1965
TRU quarterly progress reports:
ORNL-3847 for Period Ending November 30, 1964
ORNL-3880 for Period Ending February 28, 1965

Also, the Division began. work for the Medium-
Power Reactor Experiment (MPRE).

Brief summaries of the analytical programs for
these reactor projects are given in the following
sections. For details of the work, the reader is
referred to the appropriate reactor-project progress
report.

4.1 MOLTEN-SALT REACTOR EXPERIMENT

R. F. Apple J. R. Lund

J. M. Dale W. L. Maddox
D. J. Fisher D. L. Manning
F. E. Haga' A. S. Meyer

F. K. Heacker T. R. Mueller
M. T. Kelley C. K. Talbott
Urpo Koskela P. H. Thomason
C. E. Lamb

The program in analytical chemistry for the MSRE
was directed primarily to development and refine-
ment of methods and techniques for the analysis
of MSRE samples. The reactor went critical in
May 1965; it was then shut down after zero-power
experiments and is scheduled -for operation at
10 Mw late in 1965. Some experience has thus
been gained in the analysis of the samples in the
‘High-Radiation-Level Analytical Facility (HRLAF)

hot cells.
A prototype apparatus was constructed and tested

for determining oxides in the MSRE fuel by use of
the hydrofluorination principle. The water pro-
duced from the reaction of HF gas with oxides

L. T. Corbin

is measured automatically by means of an elec-
trolytic moisture monitor. The entire apparatus
is being assembled for insertion into a hot cell
in order to analyze the fuel after the reactor has
gone to power.

Studies were continued on adapting electrochem-
ical methods to in-line determinations of impurities
in the fuel. When the simulated fuel is subjected
to controlled-potential electrolysis, evolution of
gases (primarily CO, CO,, and O,) occurs at the
indicating electrode, This gas evolution is evi- .
dence of removal of oxide from the melt by electro-
reduction.  This discovery holds promise for a
possible in-line determination of oxide. ABsorp-
tion spectrophotometric studies are also under
way. to determine trivalent uranium and tetravalent
uranium in the fuel by their characteristic absorp-
tion peaks.

A process gas chromatograph equipped with a
helium breakdown-voltage detector is under con-
struction for the continuous analysis of the helium
cover gas in the MSR. A special metal-diaphragm
sampling valve was designed to withstand the
temperature and radiation effects that nullify the
use of conventional sampling valves,

Samples from the MSRE precritical and zero-
power experiments were analyzed in the High-Ra-
diation-Level Analytical Laboratory (HRLAL) hot
cells. The results, obtained with the specially
developed equipment and analytical methods, were
satisfactory. Statistical evaluation of the control
data indicated a negative bias of ~0.8% for ura-
nium and none for beryllium:

4.1.a MSRE Sample Preparation Apparatus

The completion of the design and testing of our
apparatus for MSRE sample preparation was re-
ported. 2'® This apparatus, which is now in use

1Present address: Southern Railway Co., Atlanta, Ga.

2“Analytical Studies of Molten-Salt Systems,’® Anal.
Chem. Div. Ann. Progr. Rept, Nov. 15, 1964, ORNL-
3750, pp. ivev,

3A. S. Meyer, R. F. Apple, D. J. Fisher, M. J. Gaitanis,
F. E. Haga, F. K. Heacker, J. M. Dale, W. L. Maddox,
and R. W. Stelzner, ‘*Molten-Salt Reactor Experiment,*?
Anal. Chem. Div. Ann. Progr. Rept. -Nov. 15, 1964,
ORNL-3750, pp. 14-15.



for analyses of MSRE samples, includes a trans-
port container, a ladle cutter, a copper pulver-
izer/mixer capsule, a modified mixer/mill, and a
powder-transfer shaker. = A- paper that describes
this apparatus has been written. *

4.1.b Remotely Servo-Controlled Corrosion-
Resistant Pipetter, ORNL Model Q-1348B

The design and testing of our model Q-1348B,
remotely servo-controlled corrosion-resistant pi-
petter are complete. Several pipetters of this
model are in use and are performing satisfactorily
for analyses needed in the MSRE program.

Engineering drawings for the fabrication of this
pipetter were completed. Copies of these draw-
ings have been sent to interested installations
in the United States and abroad and to the AEC’s
. Division of Technical Information Extension. Cop-
ies of the drawings are being offered for sale
to the public.® Also, a method was written
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that describes procedures for the use of this-

pipetter; information for its maintenance is in-

cluded. ¢

4.1.c Remotely Operated Filter Photometer

Our remotely operated filter photometer is being
used in the HRLAL for analyses required for the
MSRE program. A paper has been written that
describes this instrument.”

4.1.d Controlled-Potential Coulometric Titration
of Uranium(VI) in a Synthetic MSRE Fuel

Titration of ~500 pg of U§+ in a sample of radio-
active MSRE fuel is normally done with the ORNL

‘w. L. Maddox and F. E. Haga, ‘*Analytical Laboratory
Hot-Cell Equipment: I. Sample Preparation Apparatus
for the 'Molten Salt Reactor Experiment,®’ pp. 179-81 in
Proceedings of the 13th Conference on Remote Systems
Technology, American Nuclear Society, Hinsdale, Ill.,
1965.

5Anon., ‘‘Pipetters’ in Engineering Materials List,
TID-4100, suppl. 28, CAPE-1220. .

5k. E. Haga and D. J. Fisher, ‘*Pipetters, Remotely
Servo-Controlled, Corrosion-Resistant, ORNL Models
Q-1348A, Q-1348B, and Q-1348C,"” Method Nos. 1 003102
and 9 003102 (3-26-65), ORNL Master Analytical Manual;
TID-7015, suppl. 8.

w. L. Maddox, ‘‘Analytical Laboratory Hot-Cell Equip-
ment: III. A Remotely Operated Filter Photometer,””
pp- 184—85 in Proceedings of the 13th Conference on
Remote Systems Technology, American Nuclear Society,
Hinsdale, Ill., 1965.

model Q-2564 high-sensitivity coulometric titrator.
The titration is usually terminated when a cutoff
current of 5 pa is reached, which normally takes
~15 min. The correction for faradaic current
for this period of time is appreciable and is dif-
ficult to determine, because the true background
current varies. A background current as low as
1 pa can be achieved if the titration is permitted
to continue for 30 min.

Since the precise and accurate coulometric titra-
tion of 5-mg quantities of U®* is arbitrarily ter-
minated at 50 pa, a similar titration was studied
for determining submilligram quantities of U®"*; a
synthetic MSRE fuel was used. An X-Y recorder
was connected to the titrator so that current (i)
vs Q (coulombs) was plotted as a function of
time. It was possible to obtain a cutoff current
of 50 pa in ~5 min when ~500 pg of Ut was
titrated. - When Q (coulombs on the Y axis) was
extrapolated to zero current (X axis), a correction
to the readout voltage (measure of coulombs) of
+0.8% was sufficient to give the correct amount
of U®* present. For the titration of 29 aliquots of
a synthetic MSRE fuel, S was 0.40%.

Advantages of this empirical titration procedure
over the regular method are: speed (5 vs 15 min);
pictorial presentation. of the titration, which can
reveal interferences by showing changes in the
slope of the i vs Q recording; improved precision;
and no need to correct for blank or for faradaic
curtent. The procedure is now being evaluated
in the HRLAF,

4.1.e Polarographic Determination of Nickel

in MSRE Fuel

As an auxilary way to determine nickel in MSRE
fuel (LiF-BeFZ—UF4-ZrF4), a polarographic method
was adapted; the ORNL model Q-1338 polarograph
was used. Test portions of the fuel were treated
with a mixture of boric, nitric, and sulfuric acids
and then were heated to fumes of sulfur trioxide.
The cooled solution was diluted to volume with
water; it was free of borate, nitrate, and fluoride
and was ~1 M in H,SO,. Satisfactory polaro-
graphic waves for nickel were obtained in the
supporting medium 0.25 M HCI-0.5 M H,S0,-1.4
M NH ,0H-25 v/v % pyridine—0.05 w/v % gelatin.

'The results were in the range from 0.002 to 0.02

% nickel with § = 10%.



4.2 TRANSURANIUM ELEMENT PROCESSING .

PROGRAM
J. H. Cooper H. C. Meyer
D. A. Costanzo F. L. Moore
D. J. Fisher T. R. Mueller
F. E. Haga! R. W. Stelzner
W. L. Maddox P. F

. Thomason

The program by the Analytical Chemistry Divi-
sion for the TRU Program has continued to center
on the development of special equipment and appa-
ratus and of methods of analysis for control of
the TRU process. -

Studies either completed or under way include:
liquid-liquid extraction of metal ions from aqueous
solutions of organic acids with high-molecular-
weight amines, isolation of trivalent actinide-
lanthanide elements from nitrate solutions, deter-
mination of free acid, spectrophotometry of cali-
fornium, determination of nitrate, and effects of
alpha radiation on solutions of LiCl. Special
equipment and instrumentation include: remotely

servo-controlled corrosion-resistant pipetter, re-

motely operated decapper, filter photometer, re-
motely operated solvent-extraction apparatus, timed
centrifuge-speed controller, velocity servo potenti-
ometric titrator, and remotely operated analytical
balance.

The organization of methods for the TRU section
of the ORNL Master Analytical Manual is practi-
cally complete. Equipment for the analytical
cells is about 65% complete; for the counting room
90% complete.

4.3 MEDIUM-POWER REACTOR EXPERIMENT

" Studies were initiated on the determination of
interstitials in alkali metals in connection with
the MPRE. None of the following material has
appeared in the MPRE progress reports; hence,
a more detailed treatment of the analytical inves-
. tigations is given in this section.

4.3.a Analysis of the Alkali Metals

Gerald Goldberg

Interest in determining impurities (~10 ppm or
less) in the alkali metals is increasing. This

Table 4.1. Recommended Maximum Concentrations
of impurities in the Atmosphere of the Dry Box
Used in the Handling of Alkali Metals

Maximum

Impurity Concentration (ppm)

o 5
10
5
107
10

Z o O

2
2,
2
2
02

0

“Applies only to the handling of lithium.

interest has raised the question of what influence
atmospheric impurities, within the dry box in which
the samples are handled, have on the reliability
of the analytical methods for determining these
impurities. The atmospheric impurities most likely
to be present and to affect the analytical results
are H2O, 0, H,, N,, and CO,. We were requested
by the AEC to establish maximum permissible
concentration levels for these impurities in the
atmosphere of the dry box in order to increase
the reliability of the analytical methods.

Several factors were considered: conditions that
control the rates of reactions between the alkali
metals and the impurities, types of environmental
systems now in use for handling the metals,
analytical techniques used to determine these
impurities, and ability to detect and reduce the
concentrations of the impurities. A comprehen-
sive study of the literature was made; also,
individuals actively . engaged in work with the
alkali metals were contacted directly., Table
4.1 lists our recommendations as they appear in
a published paper.8

Analysis for Carbon. — At present we have two
methods for determining carbon in the alkali met-
als. High-temperature oxidation® is used to deter-
mine total carbon. Carbon species such as car-
bonate, cyanide, and acetylide are determined

8G. Goldberg, ‘‘The Effects of Trace Impurities of
Moisture, Oxygen, Hydrogen, and Carbon Dioxide in
Glove Box Atmospheres on the Analysis of the Alkali
Metals,”” presented at the Joint AEC-NASA Meeting on
the **Second Round-Robin Analysis of Oxygen in Sodium
and Potassium,’’ Lewis Research Center, NASA, Cleve-~
land, Sept. 2223, 1965.

°G. Goldberg, *‘Determination of Carbon in Alkali
Metals by High-Temperature Oxidation,”® Anal. Chem.
Div. Ann. Progr. Rept. Nov. 15, 1964, ORNL-3750, p. 26.

’









4.4 NUCLEAR SAFETY

4.4.a Nuclear Safety Program

J. E. Attrill

Several reports!4—16 indicate that nonelemental
iodine is produced from, or along with, radioactive
I, when uranium metal is exposed to ionizing radi-
ation. The iodides, being less reactive than the
parent I2, are difficult to remove either by chem-
ical or by physical methods. Therefore, a study
to identify and to characterize them was of prime
importance. Gas chromatography was chosen as
the most suitable analytical tool because of its
sensitivity.

It has been shown'® that nonradioactive I,
prepared either by the palladium iodide distil-
lation method or by heating a mixture of potassium
dichromate and potassium iodidé, also contains
these same contaminants. Therefore, for obvious
reasons, these nonradioactive methods of pre-
paring 12 sources were chosen for initial study.
The iodides pass through a cold trap at —~70°C,
which is used to remove the I,, but they are
retained in a cold trap at the temperature of liquid
nitrogen (=190°C). This difference offered a way
to purify and concentrate these materials for anal-
ysis. Samples of these highly volatile compounds
were thus collected and were analyzed by use of
a Barber-Colman model 20 gas chromatograph
with an argon ionization detector. With an 8-ft-
long by 1/4-in.-OD stainless steel column packed
with a silicone-rubber-coated support, the resolu-
tion was good; two to six peaks were obtained
from samples so analyzed. These peaks were
identified as air, water, methyl iodide, ethyl
iodide, propyl iodide, and hydrogen iodide. Methyl
iodide was always present in the greatest con-
centration by several orders of magnitude. The
total amounts of these compounds varied and
appeared to depend on the amount of moisture,

145 M. F. Atkins and A. E. ]. Eggleton, Iodine Com-
* pounds Formed on Release of Carrier-Free lodine-131,
AERE-M-1211 (May 1963).
15_]. B. Morris and C. H. Rumary, Tests on Absorbers
for lodine at Low Concentrations, AERE-R-4219 (Feb-
ruary 1963).

léy, g. Browning, Jr., R. D. Ackley, and R. E. Adams,
“‘Investigation of the Occurrence and Behavior of Dif-
ferent Forms of Radioiodine,?” Nucl. Safety Program
Semiann. Progr. Rept. Dec. 31, 1963, ORNL-3547,
pp. 60-64.
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acids, or metallic compounds present during the
preparation of the I, source. Also, their concen-
trations were considerably higher in aged iodines.

Because methyl iodide was the main constituent
of these nonelemental iodine compounds, further
studies were confined to its removal from an
atmosphere that simulated that which might result
from a reactor accident. The air-exhaust systems
of most reactors include a charcoal filter bed
as a safety provision in case of such an accident.
Methyl iodide penetrates further through this bed
at lower concentrations than do the -other iodide
contaminants and therefore presents a potential
hazard. This is especially true at high humidity.
Thus, it is desirable to improve the trapping
characteristics of the charcoal. Various types
of charcoal were coated with chemical compounds
(e.g., oxidizing agents and amines) in an attempt
to induce a rapid chemical reaction. Oxidizing
compounds, such as potassium bromate and silver
bromate, showed some tendency to aid the reten-
tion of methyl iodide, but they behaved erratically.
Some 30 amines were also tested under various
conditions of temperature and humidity; they
showed considerable promise, Heterocyclic amines
(pyridines, morpholines, piperidines, and pipera-
zines) tremendously increased the adsorptive ca-
pacity of these traps, even at high humidity. The
high volatility of the amines and their subsequent
loss from charcoal at higher temperatures is a
drawback. = Substituted amines of this type are
being tested for improved performance.

4.4.b Spectrophotometric Study of the Stability
of lodine in Cyclohexane and in Benzene

J. P. Young

As an aid in the gas chromatographic study of
the stability of solutions of I, in either cyclo-
hexane or benzene as a function of time and tem-
perature, a number of spectrophotometric studies
were carried out. By spectrophotometric measure-
ments, 12 vapor could be determined directly in
sealed cylindrical -quartz ampuls. Each ampul
contained a different amount of I_ and of solvent.

. The results indicate that at 150°C, only a neg-

ligible percent of the I, (<10% at best) reacts
with either cyclohexane or benzene. At 300°C
the benzene-I, mixtures are still relatively stable;
12 absorbance decreases ~6% per hour, whereas

.



cyclohexa,ne-l2 mixtures react rapidly and com-
pletely. No spectrophotometric identification of
the products was possible.

4.4.c Gas Chromatographic Analysis
of the Products of the Reaction of lodine
with Cyclohexane and with Benzene

‘at 300°C and 20 atm

A. D. Horton A. S. Meyer

This research was undertaken as a part of the
study of the mobility of radioiodine in a stainless
steel reactor loop at 300°C ‘and 20 atm (abs) of
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benzene was used as a convenient means of inject-
ing I, into the loop at maximum pressure. The
reaction of I, with the organic solvent would
invalidate the results of the experiment.

In a three-part experiment, an 0.84 mole % solu-
tion of I, in cyclohexane was used to determine
the reactivity of I, with cyclohexane under vari-
ous conditions. First, 0.5 ul of the solution
was injected into the column, and the chromato-
graph was programmed as shown in Fig. 4.3;
second, the helium flow through the injector
block was interrupted, and another 0.5 pul of
the solution was injected into the block and held
for 4 min before the helium flow was restarted.
The program was then completed. For the third

helium. A solution of I, in cyclohexane or in. part, an amount of the I,-cyclohexane solution
ORNL-DWG, 65-11947
| I I I ] I I | ’
U Instrument, Micro-Tek 2500-R
Est BP 125°C Column , g-ft Iong by 1/4-in. OD ' .
’ Packing, 20 wt % SE-30 on 60-t0-80 mesh Chromosorb W
Detector, flame ionization
. W Carrier , helium
2 T Flow, 50cc/min
5 £  Attenuation, as shown
I = :
9 »
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100 to 250°C o 25
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F'ig. 4,3. Gas Chromatogram of the Products of the Reaction of lodine with Cyclohexane. Sample size, 4 ul;

sample age, 72 hr; temperature of injector block, 300°C.



that would produce a pressure of 20 atm (abs)
at 300°C was sealed into a 2.5-ml quartz ampul.
When the ampul was heated to 300°C, the solution
was completely decolorized, and a small amount
of polymeric solid was found in the ampul. The
colorless solution was injected onto the column
as in part 1. Figure 4.3 gives the conditions
and a chromatogram of the results of this experi-
ment; the data in Table 4.3 show the extent of
the reaction of 1, with cyclohexane.
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In a similar experiment, an 0.84 mole % solution
of I, in benzene was injected into the chromato-
graph as in parts 1 and 2 above. There was no
evidence of products of a reaction’ of I, with
benzene.

The results indicate that the I,-cyclohexane sol-
ution is unsatisfactory as a means of injecting
I, into the reactor loop. The I ,-benzene solution
is satisfactory within the stated limits of these
tests. -

Table 4.3. Resu|fs of Gas Chromatographic Determination of Products of the Reaction of Cyclohexane with |2 .

Concentration of 12, 0.84 mole %

Mole Percent

125°C-bp Component

Cyclohexyl Iodide 210°C-bp Component

Sample Age
(hr) Direct ¢ mi;l Direct ¢ mix; Direct ¢ mix;

at 300" C at 300" C at 300 C

Injection and 3 atm Injection and 3.atm Injection and 3 atm

Fresh 0.72 0.14 0.006 0.02 Not found Not found
24 1.72 0.93 0.001 0.02 Not found Not found
48 3.52 0.63 0.00s 0.04 Not found Not found
72 4.48 0.74 0.003 0.01 Not found Not found
96 4.60 0.86 0.001 0.01 Not found Not found
Heated in sealed Not found 0.10 0.70 Not found

quartz cell to 300°C
and 20 atm (abs)
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5. Special Research and Development Problems
J. C. White
ORNL- DWG, 65-11946
5.1 GAS CHROMATOGRAPHY CARMIER
{100 cc/min)
CONDOCHITY
A. S. Meyer SAMPLE ELL
BULB FURNACE
o—L— &5~ A e TEMP,, 750°C
------- - Hy, 3cc/min
) WaCi0s  SPECTROMETER "
5.1.a Radio-Gas Chromatography of the 59 CARBOWAX CONVERTER FURNACE -
') " 2 ?
Tritium-Water-Methane System 30-13.60 MESH S e
HALOPORT 2
A L 3-ft LONgOEC"; 1/4-in.0D MOL'ECULAR SIEVES 4%x
. D. Horton - J. M. Schmitt O SQUALANE (omt 1<
. HD + H0 ; CHa i i g

The tritium-water-methane system is being studied
by the Chemical Technology Division to determine
the effects of tritium, produced by the Plowshare
Experiment, on ground water and natural gas.

A sampling manifold and gas chromatographic
analytical train (Fig. 5.1) were designed to permit
examination of the products of the reaction of
tritium with methane and water. At the start of the
experiment, an evacuated l-liter flask is saturated
with water vapor from a mixture of H,O and 3H20
at 25°C. The flask is then filled with methane to
1 atm (abs) pressure. The flask remains at room
temperature. The calculated water concentration
is 20 pl of liquid water per liter, and the tritium
activity is 74 x 10° dis/sec. The sample is trans-
ferred from the manifold to the ice-cooled Haloport-
Carbowax 20M column in which 3H20 and H O are
trapped. Hydrocatbon gases, including tritiated
gases, plus *H_ and H, pass through the water
trap and into the silica gel—squalane or the molec-
ular-sieve 13X column. The silica gel-squalane
column separates the hydrocarbon gases, and the
molecular-sieve column separates (H, + 3H2) and
methane. Water (*H,0 + H,0) is eluted by warming
the water trap to 60°C.. The eluate from the columns
passes through the converter furnace, where tritiated
compounds are reduced to CO, plus °H; the
activity of the eluate corresponding to each com-
ponent is determined by scintillation spectrometry.
A modified Aerograph Autoprep chromatograph with

lChemical Technology Division.
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Fig. 5.1. Schematic Diagram of Sampling and Analyti-
cal System for the Determination of the Reaction Prod-
ucts of 3H20 with Methane.
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Fig. 5.2. Gas Chromatogram (4) and Scintillation
Spectrogram (B) of the Reaction Product of 3H20 with
Methane.

a thermal-conductivity detector, a Packard model
325 Tri-Carb combustion furnace, and a Packard
Tri-Carb scintillation spectrometer are used to
monitor the eluates. The converter furnace has
given some difficulty because of the inefficiency
of the column of steel wool used to convert *H,O
to 3H2‘ A supply of synthetic ammonia catalyst



(iron promoted with silica and zirconia) was ob-
tained from P. H. Emmett;? the catalyst is ex-
pected to improve the efficiency of the conversion
(now ~5%) by severalfold.

The content of the reaction flask has been
sampled frequently during a period of several
weeks. There has been some evidence of tritium
exchange between 3H20 and CH,; however, the
behavior of the converter furnace has caused er-
ratic results. "Figure 5.2 shows a chromatogram of
a 5-ml aliquot of the content of the reaction flask.
In this case, there was no tritium activity peak
from the methane fraction. The overall efficiency
of the conversion of °*H,O to °H, is about 0.3%.
The stated efficiency of the spectrometer for 3H2
is about 10%; therefore, the efficiency of the con-
verter is 5% or less.

5.1,b Pyrolysis and Gas Chromatographic
Determination of Styrofoam Dielectric Film

A. D. Horton

A popular gamma dosimeter for personnel pro-
tection is in the form of a plastic tube the size of
a fountain pen and is worn in the coat pocket.
The tube contains a charged Styrofoam dielectric
film that discharges in proportion to the intensity
of the radiation field and causes an
electrometer fiber to move along a scale graduated
from 0 to 100 mr. The scale is observed through
a magnifying lens in the end of the tube. Some of
these dosimeters contained defective dielectric
film that would not hold an electrical charge.

Samples of both the defective dielectric film and
the good:film were pyrolyzed at 900°C. The
pyrolyzates were determined by gas chromatography;

indicating

26

Fig. 5.3 shows the conditions and the chromato- .

grams of the two films. Methane and ethylene were
determined by pyrolyzing separate samples and
obtaining chromatograms of the pyrolyzates by
use of an 8-ft-long by l/4-in.-0D column that con-
tained 3 wt % squalane on 30- to 60-mesh medium-
activity silica gel. Table 5.1 lists the major

2Consultant to the Director’s Division; Professor of
Chemistry, The Johns Hopkins University, Baltimore,
Md.
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|~—Styrene (X4)
Ethyl Benzene (X2)

Totuene (X2) —|
a1

Benzene (X8)
Methane + Ethylene (X4)

Styrene (X8)—1

Instrument, Micro-Tek 2500-R
Column, 8-ft long by 1/4-in. OD
Packing, 25% Apiezon L on
30-10-60 mesh C-22
firebrick .
Detector, flame ionization
Flow, 65 cc/min
Carrier, helium
Temperature, isothermal at 120°C
Attenuation, input 40%
output as marked
Weight of sample, 2.4 mg
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Fig. 5.3. Gas Chromatogram of the Pyrolysis Prod-
ucts of Polystyrene Dielectric Film.

Table 5.1,

Pyrolyzates from Good and Defective

Styrofoam Dielectric Film

Amount (mole %)

Identity
Good Film Defective Film
‘Methane 12,7 11.2
Ethylene 9.0 9,7
Benzene " 36.5 36.7
Toluene 9.1 10.3
Ethylbenzene 1.8 1.6
Styrene 30.9 30.5
pyrolyzates of the Styrofoam polymer. No attempt

was made to interpret chemically the differences
in the compositions of the pyrolyzates of the two
samples. '



5.2 STUDIES WlTH SOLID INDICATOR
ELECTRODES

P. F. Thomason -
F. J. Miller H. E. Zittel

5.2.a Glassy-Carbon lndicafor'Elecfrode (G.C.E.)

An article was published® that describes the
completed study .of the usefulness of the glassy-
carbon electrode (G.C.E.) as an indicator electrode
for voltammetry.

5.2.b Oxide Film Formation on the Pyrolytic-
Graphite Electrode (P.G.E.)

The investigation of oxide film formation on. the
pyrolytic-graphite electrode (P.G.E.), done to-
gether with D. B. Freeman* and G. Mamantov,’
was completed, The results were published both
as a journal article® and in more detail by D. B.
Freeman as a thesis for the Master of Science
degree.”

5.2.c Differential Titrimetry with the Pyrolytic-
Graphite Electrode (P.G.E.) and the
Glassy-Carbon Electrode (G.C.E.)

Study was completed of the use of the P.G.E.
and G.C.E. as a coupled electrode system for
differential titrimetry. An article that describes
the work was submitted for publication,®

3H. E. Zittel and J. F. Miller, ‘“A Glassy Carbon
Electrode for Voltammetry,®’ Anal. Chem. 37, 200 (1965).

4Student; Graduate School of Chemistry, University of
Tennessee, Knoxville,

5Consultant; Assistant Professor of Chemistry, Uni-
versity of Tennessee, Knoxville,

G, Mamantov, D. B. Freeman, F. J. Miller, and H. E.
Zittel, ‘“Film Formation on Pyrolytic Graphite Elec-
trodes,?’ J. Electroanal. Chem. 9, 305 (1965).

Dp. B. Freeman, ‘‘Electroanalytical Studies with the
Pyrolytic Graphite Electrode,’” Master of Science thesis,
University of Tennessee, August-1965.

8F. J. Miller and H. E. Zittel, *“Use of the Glassy

Carbon—Pyrolytic Graphite Electrode System for Poten-
tiometric Titrations,’® Anal, Chem. (in press).
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“result from the

5.2.d Voltammetry of the lodine System

The voltammetry of the iodine system in aqueous
medium with the P.G.E. was investigated. The
results of the investigation are presented in an
article to be published.? At the P.G.E. a voltage
scan of I” in acid or neutral medium shows three
voltammetric waves that correspond to three suc-
cessive oxidations. The peak potentials for these
waves occur at +0.5, +0.9, and +1.2 v vs S.C.E.
A solution of I, in the same medium exhibits two
that correspond to the latter two
is the electroactive species. The
that the observed anodic waves
stepwise reaction

+0.9v +1.2v
o-

anodic waves
seen when I™
data indicate

_+05v

5.2.e Chronopotentiometry of the lodine System

Both the P.G.E. and the G.C.E. were used for a
comprehensive study of the chronopotentiometry
of the iodine system. The results corroborate and
clarify the phenomena observed in an earlier study.®
The first anodic reaction, I~ - 1/2 1, is fairly
reversible and fits nicely the theoretical treatment
of such a reaction. Thé second anodic reaction,
1/2 I2 -» I0™, is not amenable to the treatment for
either a reversible or nonreversible reaction. The
7 values obtained and various plots of potential
vs 7 indicate that the reaction may in itself be
reversible, but that it is followed immediately by
a chemical reaction. The third wave, I0™ » 103—,
is highly irreversible. After correction, the T
values for the three waves are each proportional
to the electroactive species present in the bulk of
the solution, be it I” or 12. The cathodic reaction,
I, - 217, is also highly reversible. In the case of
each of the electroactive species the precision
and accuracy of measurement are sufficient to
warrant use of the method for analytical purposes.

The P.G.E. is more suitable than the G.C.E.
for routine use in chronopotentiometry, but the
G.C.E. is more durable at high current density
and under extreme oxidizing conditions.

The results of this study are being prepared for
publication. o

°F. J. Miller and H. E. Zittel, “Voltammetry of the
Iodine System in Aqueous Medium at the Pyrolytic
Graphite Electrode,’” J. Electroanal, Chem. (in press),



5.3 STUDIES WITH THE TEFLON DROPPING-
MERCURY ELECTRODE (D.M.E.)

P. F. Thomason

5.3.a Polarography in Hydrofluoric Acid and
Other Glass-Corroding Media

Helen P. Raaen

Polarography with the Teflon dropping-mercury

electrode (D.M.E.)!® was continued. Four articles
on this work were published;!'~!* these are sum-
marized below.
Horizontal-Orifice Teflon
D.M.E. for Obtaining Fundamental Polarographic
Data. — The evaluation of the horizontal-orifice
Teflon D.M.E. for obtaining fundamental polaro-
graphic data was completed. Two reference redox
reactions in noncorroding media were used.

The TI*=TI° Reaction. — Evaluation of the
Teflon D.M.E. by means of the T1*=TI1° reaction
in 0.1 M KCl-1 mM HCI is described in a published
article. !

The Pb2*= Pb Reaction. — A paper on the use
of the Pb2*==Pb? reaction in 1 M HCI to evaluate
the Teflon D.M.E. was published.!?

Polarography of the Pb2* = Pb® Reaction in
Aqueous Hydrofluoric Acid with the Horizontal-
Orifice Teflon D.M.E. — The study of the polarog-
raphy of the Pb2* = Pb® reaction in aqueous
hydrofluoric acid (1 to 12 M) with the horizontal-
orifice Teflon D.M.E. was completed. An article
on this work was published. 3

Evaluation of the

10yeten P. Raaen, ‘‘Polarography in Hydrofluoric
Acid and Other Glass-Corroding Media,”” Anal. Chem.
Div. Ann. Progr. Rept. Nov, 15, 1964, ORNL-3750, pp.
18-21.

lHelen P. Raaen, ‘‘Teflon Dropping-Mercury Elec-
trode for Polarography in Hydrofluoric Acid and Other
Glass-Corroding Media. Evaluation with the Thal-
lium(I) = Thallium Reaction,’”’ Anal, Chem. 36, 2420
(1964).

12I—Iel_en P. Raaen, ‘‘Dropping-Mercury Electrode of
Teflon for Polarography in Hydrofluoric Acid and Other
Glass-Corroding Media. Evaluation with the Lead(Il) =
Lead Reaction,’® Anal Chem. 37, 677 (1965).

13Helen P. Raaen, *‘‘Polarography of Lead(Il) in
Aqueous Hydrochloric Acid (1 to 12M) with a Dropping-
Mercury Electrode of Teflon,’”” Anal. Chem. 37, 1355
(1965),

Significance of Junction Potentials in the Meas-
urement of El/2 Yalves. — A Short Communication

was published“ on the significance of junction
potentials in the measurement of E_, ’'s as ob-
served during evaluation of the Teflon D.M.E.
This work was done with W. L. Belew.!®

5.3.b Sig.nal-fo-Noise/Rafios (S/N) of Glass énd
Teflon D.M.E. Capillaries

W. L. Belew!®
Bonnie C. Johnson

D. J. Fisher!?®

Helen R. Raaen 16

A study of the signal-to-noise ratios (S/N) of
Teflon D.M.E. capillaries relative to that of a
typical reference glass D.M.E. capillary was begun.
The S/N of D.M.E. capillaries is a factor of interest
relative to both the sensitivity and precision of
polarography.

The first-derivative dc polarographic technique
is the means selected to study the significance
of the S/N of D.M.E. capillaries as a factor that
limits the ultimate sensitivity of polarography. A
1 pM solution of CdCl, in 0.1 ¥ KCl-1 mM HCl-
0.01% gelatin is used. From the derivative polaro-
grams, the S/N at the peak potential, E_, is cal-

p
culated from the following defining relationship:

(d Tf/d t)ma X

S/N) . = —
®/ )Ep A1 /dt) + Adi/de)’

where 1_'r is the residual current and 1_f is the fa-
radaic current.’” The numerator and the ranges
that appear in the denominator are measured at
E from sets of at least five polarograms.

To establish the significance of the S/N in
limiting the ultimate precision of polarography,

14w, L. Belew and Helen P. Raaen, ‘“Effect of Junce
tion Potentials at the Salt Bridge on the Measured

Values for the Half-Wave Potentials of the Pb2+ - Pbo
Reduction in Aqueous Solutions of Hydrochloric Acid
and Potassium Chloride,’” J. Electroanal. Chem, 8, 475
(1964). .

15Analytical Instrumentation Group.

16Summer Student Trainee from Tuskegee Institute,
Tuskegee Institute, Ala, :

17D. J. Fisher, W. L. Belew, and M. T. Kelley, ‘‘Re~
cent Developments in DC Polarography,” pp. 89—134in
Polarography 1964 (ed. by G. J. Hills), Macmillian,
London, in press.



the subtractive-mode amperometric technique' is
used. This information will be of particular inter-
est in the field of comparative polarography. The
test solution chosen is 1 mM CdCl1_ in 0.1 M KCl—-
1 mM HC1-0.01% gelatin. The fluctuation of the
compensated cell current with time at constant
potential (—0.850 v vs S.C.E,) is observed on a
sensitive current range for 5 to 10 min. The range
of fluctuation of the compensated cell current is
indicative of the noise under these conditions.
~ The horizontal-orifice D.M.E. capillaries studied
thus far are a 72-p-orifice-diameter reference
(typical performance) glass capillary and 63-p-
and 72-p-orifice-diameter Teflon capillaries, Re-
sidual oxygen present in very small concentrations
in the test solution and also vibration and sporadic
shocks appreciably decrease the S/N. The sig-
nificant deduction that can be made from both the
polarographic and amperometric data obtained to
date is that the S/N of the glass and Teflon capil-
laries studied are of about the same order.

It is planned to continue the study with additional
horizontal-orifice and also with vertical-orifice
Teflon capillaries.

5.4 NEW AND MODIFIED METHODS

P. F. Thomason

5.4.a Determination of Titanium in Seawater

T. M. Florence!?

The Chemical Technology Division has been
investigating a method for concentrating uranium
from seawater that involves adsorption of uranium
on a column of titanium dioxide. A factor in the
economics of the process could be loss of TiO2
by dissolution in the seawater. To check this
possibility an analytical method was required that
could measure less than 5 ppb of titanium in sea-
water. This requirement was met by developing
a procedure in which titanium in a 1-liter seawater
" sample is collected on ferric hydroxide carrier
and is then separated by extracting the iron carrier
and other-impurities from 6.5 M HCl with a long-
chain tertiary amine (Alamine 336). Titanium can
then be determined polarographically in an oxalate

18Alien Guest from Australian Atomic Energy Commis-
sion, Sutherland, New South Wales, Australia.

¢
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supporting electrolyte, For a l-liter sample, the
limit of detection is 0.5 ppb, and S at the 10-ppb
level is 5%. :

5.4.b Determination of Trace Metals in
Niobium-lron Alloy

T. M. Florence’?

A sample of Nb(43%)-Fe(57%) alloy was analyzed
for trace concentrations of Cu, Bi, Pb, and Zn.
The sample was dissolved in the HNO,-HF mixture,
and the niobium was removed quantitatively by
anion exchange from 18 M HF. Iron was then
separated by extraction into methyl isc-butyl
ketone from 6.5 M HCI solution. The trace ele-
ments were determined simultaneously by polarog-
raphy in a CHSCOONH4-CH3COOH supporting
electrolyte. The detection limits for Cu, Bi, Pb,
and Zn in the alloy were 1 to 2 ppm.

5.4.c Spectrophotometric Determination of
Uranium with Arsenazo Il

T. M. Florence!?

Arsenazo III is a sensitive reagent for U(VI)
(e = 51,600 at 660 my), but it lacks selectivity.
The selectivity was improved by using cyclo-
diaminetetraacetic acid as a masking agent and
by developing the color at pH 2.0 in a maleic
acid buffer. The improved arsenazo III method
can tolerate relatively large amounts of vanadium,
an element that interferes seriously in many spectro- .
photometric methods for uranium. This tolerance
can be used to advantage in the analysis of ura-
nium ores, such as carnotite, that are high in
vanadium. A sample of New Brunswick Laboratory
carnotite (No. 4) that contained 0.17 wt % U,O,
was analyzed directly by the arsenazo III method
after it was dissolved in HCIO4-HF; the result
was 0.175 £ 0.005 wt % U,O,.

5.4.d Determination of Nitrite in a Neutral
Nitrate-Containing Solution of Potassium lodide

A. L. Travaglini

The Solid State Division needed to know whether
nitrite was present in a nitrate-containing solution



of potassium iodide. In a neutral solution of
iodide, nitrite, and nitrate, no oxidation of iodide
by nitrite occurs. Addition of hydrochloric acid
results in the immediate oxidation of iodide by
nitrite but not by nitrate. The iodine liberated is
determined by titration with a standard solution
of sodium thiosulfate; from the titer, the amount of
nitrite present is calculated. In the solution under
stuhy ~93 ppm of NO,~ was present.

5.4.e Spectrophotometric Determination of Nitrated

4-sec-Butyl-2(c-methylbenzyl)phenol (BAMBP)

A. L. Travaglini

The Chemical Technology Division requested an
analysis of 4-sec-butyl-2(c-methylbenzyl)phenol
(BAMBP) to determine the degree of nitration by
nitric acid that had occurred during an extraction
of cesium with BAMBP. All samples of nitrated
BAMBP show a strong absorption peak between
365 and 370 mp. Similar compounds, such as 2,4-
dinitrophenylphenol, exhibit no absorption in this
region, BAMBP reacts with sodium nitrite in per-
chloric acid medium to give only nitrated BAMBP.
This reaction was used to make a spectrophoto-
metric calibration curve. The concentration of
nitrated BAMBP in the standard solution was de-
termined polarographically. The standards produced
a straight-line calibration curve to an absorbance
of 1.50; the curve passes through the origin. De-
pending on the nitration to which the BAMBP had
been subjected, from 0 to 18 wt % nitrated BAMBP
was found.

5.4.f Determination of lodine and Fluorine

in KIO,F,
A. L. Travaglini

The Chemistry Division requested the determina-
tion of iodine and fluorine in KIO F, before its
crystal structure was studied. When dissolved in
water, KIO F_ hydrolyzes to KIO, and HF. The
HF formed was determined by adding an aliquot
of the unknown solution to an excess of a standard
solution of base and then titrating the excess base
with a standard solution of hydrochloric acid.
Iodine was determined by adding excess potassium
iodide and a littie hydrochloric acid to an aliquot
of the unknown solution. The liberated iodine was
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titrated with a standard solution of sodium thio-
sulfate. From this titer, the amount of iodine
present in the compound was calculated. The
amounts of I and F found experimentally were 98.9
and 99, 3%, respectively, of the theoretical amounts
based on the formula KIO2F2.

5.4.9 Determination of Uranium(VI) in
Uranium Oxide—Thorium Oxide Fuels

A, L. Travaglini

The Reactor Chemistry Division requested the
analysis of UO2-ThO2 fuels for U®*, The fuels
were dissolved in a degassed equivolume mixture
of concentrated sulfuric and phosphoric acids by
heating to ~90°C under argon. The inert atmos-
phere prevents the oxidation of U** to U®Y. The

U®* was determined polarographically at an E ,

of —0.17 v vs S.C.E, by the method of Kubota.’®
The U®* content of the various fuels ranged from
2.4 to 24 wt %.

5.4.h Spectrophotometric Thiocyanate
Determination of Niobium in
the Presence of Fluoride

D. C. Canada

Niobium in the presence of fluoride was deter-
mined rapidly by a modified thiocyanate method.
Aluminum was used as the fluoride-complexing
agent. The optimum range for the determination of
niobium was extended to 35 ug per final 25-ml
volume used for the spectrophotometric measure-
ment. Interferences are MO3*, Wét, Ti3* v** and
C,0,%". The stable NbOF 2~ complex does not
react with thiocyanate to produce the character-
istic niobium-thiocyanate absorption spectrum. A
plot of the AI®*:F~ mole ratio vs the absorbance
of the niobium-thiocyanate complex indicates that
the formation of the thiocyanate complex is ini-
tiated at a ratio of 0.5 and is quantitatively com-

" plete at a ratio of 1.0, For 22 analyses, Sis <2.3%.

19y, Kubota, ‘‘Determination of the Stoichiometry of
Uranium Dioxide. Polarographic Determination of
Uranium(VI) in Uranium Dioxide,’® Anal. Chem. 32, 610
(1960). .



Table 5.2, Composition of Commercial Alkylbenzenesulfonate Detergent

Component
) Weight Analytical Method
Identity Percent
Dodecylbenzenesulfonate 38.3 Ultraviolet and methylene blue spectrophotometry
+ .
Na 22.9 Flame spectrophotometry
c1— 13.2 Potentiometric titration with Ag+
SO42_ 23.8 Volumetric titration with BaCl2 and Thoron
indicator '
HC03_ - 0.1 Volumetric titration with acid to bromocresol
green and methyl red end points
H20 2.0 Azeotropic distillation with volume measurement
Total 100.3 .

5.4.i Spectrophotometric Heteropoly-Blue
Determination of Silicon

D. C. Canada

The spectrophotometric heteropoly-blue method
for silicon was studied, because the color of the
reduced silicomolybdic acid occasionally fades.
According to the original method, an aqueous solu-
tion of stannous chloride reductant is added to an
immiscible butyl alcohol extraction solution. The
use of the miscible reductant, l-amino-2-naphthol-
4-sulfonic acid, has corrected the problem of color
instability.

5.4.i Determination of Nitrate by
Controlled-Potential Coulometric Titration

D. C. Canada

An -dinvestigation of accurate methods for deter-
mining nitrate included a ‘study of a coulometric
titrimetric method.?? The titration is based on the
catalytic reduction of nitrate to nitrogen by Ut

The readout leads from a controlled-potential
coulometric titrator are connected to the Y-input

201, R, Duncan, Determination of Nitrate by Controlled-
Potential Coulometry, HW-SA-2168 (Feb, 23, 1963).

leads of an X-Y recorder. Time is plotted on the
X axis. The titration is carried out in a solution
of sodium perchlorate. Uranium(Ill) is added in
the form of U02(C104)2. Prereduction is accoms-
plished at —0.7 v vs S.C.E., and the titration is
carried out at —1.0 v vs S.C.E. In the range from
0.1 to 0.5 mg of NO,™ in the titration cell, the
error is <0.5%; from 1 to 5 mg, it is <1%.

5.4k Analysis of Alkylbenzenesulfonate
Detergents

D. C. Canada

The determination of .constituents in commercial
detergents (alkylbenzenesulfonates) was investi-
gated. The analysis for ionic sulfate in these
materials is often inaccurate, because alkylbenzene-
sulfonates precipitate with barium. The presence
of water in some of these detergents eliminates
a Parr-bomb fusion for total sulfur content. Ethyl
alcohol was used to separate Na,SO,, NaOH,
NaHCOs, and Na,CO, as solids from the alkyl-
benzenesulfonate. The separated salts were then
dissolved in water and were determined by standard
analytical methods (Table 5.2). By use of this
separation procedure, a standard was prepared
from a commercial detergen‘t. The analytical re-
sults are presented in Table 5.2.



5.4. Determination of Oxidizing Power of
Solutions of Hydrolyzed Xenon Hexafluoride .

J. R. Lund A. L. Travaglini
Members of the Chemistry Division studied the
change in the oxidizing power of a dilute solution
of barium nitrate while it was in contact with a
slowly hydrolyzing sample of xenon hexafluoride.
Periodically, the oxidizing power of this solution
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was determined by treating a test portion with a .

quantity of hydrochloric acid and potassium iodide
and then titrating the liberated iodine with a
standard solution of thiosulfate. The oxidizing
power of the first sample was of the order of 0.01
meq/ml (S = 2%); two months later the oxidizing
power had increased to 0.05 meq/ml (S = 1%).

5.4.m Absorption Spectral Measurements -

J. R. Lund

Solar-Cell Windows. — To study the effect of
solar radiation on solar-cell windows and on their
epoxy adhesives, members of NASA from Langley
Field, Virginia, used the 86-in. cyclotron as their
source of solar-type radiation. Initially, the spectra
of the windows and adhesives were taken from 0.3

to 2.6 p. Then the cyclotron was used to provide
a dose of radiation equivalent to a year of exposure
in space. The spectra were again recorded. Whereas
some of the materials remained transparent over
the 0.4-to-2.6-u region, others became very opaque
in the 0.8-t0-2.6- and 0.4-t0-0.45-y regions.
Ribonuclease. On fermentation, Bacillus
subtilis produces ribonuclease and other proteins.
Relative to foam separation studies being made in
the Chemical Technology Division, the production
of ribonuclease was followed by periodically re-

- cording the spectrum from 0.2 to 0.3 p.

Alipal-L0-436. — In connection with desalination
and related process studies, the buildup or de-
pletion in the concentration of Alipal-L0O-436,
which is the ammonium salt of a sulfonated straight-
chain alkylphenoxypoly(ethyleneoxy)ethanol, was
followed by examining the spectrum' from 0.2 to
0.45 p.

5.4.n Technetium Studies

F. J. Miller

The chemistry of technetium in its lower valence
states is the object of current study.

6. Analytical Biochemistry

J. C. White

6.1 TRANSFER RIBONUCLEIC ACID (tRNA)
ANALYTICAL STUDIES

C. A. Horton

In July 1964 a program was initiated to aid the
Biology and Chemical Technology Divisions with
the analyses required in the production of purified
specific transfer ribonucleic .acids (tRNA) from
Escherichia coli bacteria.®

7. C. White, C. A. Horton, and 1. B. Rubin, ‘‘Ana-
lytical Biochemistry,”® Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1964, ORNL-3750, p. 29.

The studies continued on methods to optimize,
increase efficiency, and automate the !*C-amino
acid assay of column fractions by use of modifica-
tions of an earlier manual method.? The precision
and ease of operation of various automatic and
semiautomatic micro volumetric pipets and dis-
pensers usable for the reagents of this assay were
determined. The precisions attainable were com-
pared with the precisions of Lang-Levy micropipets

ZR. ]. Mans and G. D. Novelli, ‘“Measurement of the
Incorporation of Radioactive Amino Acids into Protein
by a Filter Paper Disc Method,*’ Arch. Biochem. Biophys.
94, 48 (1961).



and of ordinary graduated pipets used previously.
Of those tested,
size with special reservoir, catalog No. 3001-SP,
Labindustries, Berkeley, California) and the
Servall-Sterling automatic pipet (l-ml liner, 40-
rpm speed, catalog No. 4-3M, Ivan Sorvall, Nor-
walk, Connecticut) seem best; the relative standard
errors of deliveries made with them were 2.8 to
15 and 0.74 to 1.26%, respectively, at the 95%
confidence level, Various types of chromato-
graphic papers available in rolls are being studied
for use in a continuous washing and drying cycle.
Of those tested, Whatman 3MM remains the best.
The required spacing of various samples on paper
strips to prevent overlap of radioactive areas was
established with a Vanguard paper-radiochromato-
gram scanner, but the efficiency of this type de-
tector is inadequate for '*C for its use on actual
samples. Attempts were made to carry out the
complete aminoacylation reaction directly on the
.paper disks or strips”instead of in solution; the
results were erratic, even when the newest method
suggested by Cherayil and Bock?® was used.

Certain other possible methods for the assay of
tRNA fractions were studied briefly. These in-
cluded: direct and differential ultraviolet and
visible spectrophotometry, infrared spectrophotom-
etry of potassium bromide pellets of freeze-dried
samples, optical rotatory dispersion of aqueous
solutions, fluorescence of acidity-controlled
aqueous solutions, conductivity measurements, and
separation of hydroxamates formed from the amino-
acyl-tRNA adducts by use of the Loftfield-Eigner*
séparation followed by paper chromatography of the
hydroxamates. None of these techniques seemed
promising.

The Lowry method® was unsatisfactory for de-
termining traces of protein in tRNA; measurement
of the absorbance at 280 mu was not sufficiently
sensitive,

Various nucleotides, polynucleotides, tRNA, and -

deoxyribonucleic acids form a ternary complex or

J' D. .Cherayxl and R. M. Bock, ““A Column Chroma-
tographic Procedure for the Fractxonatxon of s-RNA,”
onchemzstry 4, 1174 (1965).

4R. B. Loftfield and Elizabeth A, Eigner, ‘A Radio-
active Hydroxamate Method for Determining Rates of
Amino Acid Activation,’’ Biochim. Biophys. Acta 72,
373 (1963).

5o, H. Lowry, N, J. Rosebrough, A. L. Farr, and

R. J. Randall, ‘‘Protein Measurement with the Folin
Phenol Reagent,’® J. Biol. Chem. 193, 265 (1951).
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adduct with the fluorescent aluminum-morin com-
plex and thus cause increases and decreases in
fluorescence depending on the types of heterocyclic
bases present. A paper on this study is being pre-
pared. Use of this effect to estimate various
specific types of tRNA will be investigated soon.

6.2 STUDIES ON THE PHENYLALANYL
TRANSFER RIBONUCLEIC ACID (tRNA) SYSTEM

I. B. Rubin

A number of the parameters involved in the
phenylalanine-phenylalanyl tRNA charging reaction
were studied to establish the optimum conditions
under which the reaction occurs. This general
method of determining specific tRNA’s has been
studied previously,! but essentially the same con-
ditions had been used in the reactions to determine
any of the individual tRNA’s. This work was done
in support of the Biology and Chemical Technology
ﬁ)roject for the manufacture of crude
tRNA and the subsequent separation of this product
into its constituent parts. Kelmers, Novelli, and
Stulberg® found that, by reverse-phase chromatog-
raphy, phenylalanyl tRNA can- be separated in a
relatively uncontaminated state from a crude start-
ing product; therefore, it was decided to study the
phenylalanyl tRNA system to obtain the most -
nearly possible quantitative determination of this
nucleic acid. Among the variables studied were
time, pH, buffer type and concentration, concentra-
tion of various divalent cations, and concentration
of sodium chloride.

The tRNA charging reaction in whlch a %C-
labeled amino acid was used was first mentioned
by Hoagland, Zamecnik, 7 and
since has been modified a number of times, but
most notably by Bollum,® who suggested the papert-
disk method. The basic procedure is described
by Kelmers, Novelli, and Stulberg.® Several of the
variables are interrelated (e.g., time and divalent
metal ion concentration), and although optimum

and Stephenson

Sa. Kelmers, G. Novelli, and M. Stulberg, “Separatioh
of Transfer Ribonucleic Acids by Reverse Phase Chro-
matography,’ J. Biol. Chem. 240, 3979 (1965).

M. B. Hoagland, P, C, Zamecnik, and Mary L.
Stephenson, ‘‘Intermediate Reactions in Protein  Bio-
synthesis, " Biochim. Biophys. Acta 24, 215 (1957),

8F. J. Bollum, ‘‘Thermal Conversion of Nonpriming
Deoxyribonucleic Acid to Primer,’”” J. Biol., Chem.
234, 2733 (1959).



conditions for the phenylalanyl tRNA charging
reaction were apparently found, a number of anom-
alies were also discovered. The optimum incuba-
tion time for the reaction was 25 to .30 min when
the magnesium concentration in the reaction mix-
ture was 0.018 to 0.02 M. A constant incubation
temperature of 37°C was used in all these studies.
The presence of manganese not only provided es-
sentially the same results as did magnesium, but
with manganese, time and concentration were not
so critical. However, manganese tended to precipi-
tate at the higher concentrations. Calcium gave
results only about 20% as good as those with
magnesium; results with cobalt were about the
same as with calcium. No charging took place in
the presence of nickel or copper, and iron and
zinc both precipitated at the pH used. The tRNA
charging reaction is normally carried out in a solu-
tion buffered with 0.10 M tris-(hydroxymethyl)-
aminomethane at pH from 7.4 to 8.0. A study of
the effects of pH on 0.02-M—acetate-buffered solu-
tions in the pH range from 4.2 to 5.8 and on 0.01-
M—phosphate-buffered solutions in the pH range
from 6.2 to 7.8 indicated that in the latter range
there were no essential differences when compared
with control samples. "In the acetate solutions,
there was virtually no reaction at pH 4.6 or below;
the reactions at pH 5.4 and above were only 90%
complete. The effect of varying the acetate con-
centration was not studied, but changing the phos-
phate concentration from 0.001 to 0.01 ¥ did not
seem to have any effect. Since the phenylalanyl
tRNA is eluted from the chromatographic column
at a sodium chloride concentration of 0.70 to 0.80
M in the eluant, the effect of the concentration of
this salt was also studied. As little NaCl as 0.25
M was inhibitory, yet as one of the anomalies of
this study, results from dialyzed and undialyzed
pooled fractions of the phenylalanyl tRNA chromat-
ographic peak were inconsistent, depending on
the quantity of !“C-labeled amino acid added.
Also for these pooled samples, a fourfold excess
of *C-phenylalanine was needed, whereas for the
peak fractions before they were pooled, only a two-
fold excess of the labeled amino acid was required.
The amount of charging enzyme needed was also
studied, but this amount seemed to be a property
of the individual enzyme preparation.. Although
the same procedure is used each time in making
the suspension of the crude enzyme, the product
is not necessarily consistent.
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Further work on this project will depend on the
progress of the chromatographic separation pro-
cedure, Optimum conditions for the determination
of other aminoacyl tRNA’s will be established. It
is also intended to study the analysis of RNA for
other constituents — proteins and carbohydrates in
particular.

6.3 GAS CHROMATOGRAPHY OF PYROLYTIC
PRODUCTS OF PURINES AND PYRIMIDINES

C. B. Honaker?

The gas chromatography of the pyrolytic products
of purines and pyrimidines was initiated in an
attempt to develop a rapid method for determining
the heterocyclic bases produced in the degradation
of nucleic acids., The method of choice at present
is an ion exchange separation followed by spectro-
photometric determination a time-consuming
procedure that requires rather elaborate instrumen-
tation. Three goals were set for the first phase of
the pyrolysis—gas chromatographic study: to
establish whether characteristic pyrochromatograms
could be obtained for the different bases, to identify
as many of the pyrolysis products as possible,
and to determine a quantitative relationship be-
tween a major pyrolytic product and the parent
compound.

The pyrolyzer used in this study was developed
by C. B. Honaker® and A. D. Horton. It consists
of a small tube furnace mounted directly on the
sample-inlet port of a Micro-Tek GC-2500R chromat-
ograph. The sample is inserted magnetically into
the hot zone, and carrier gas flowing through the
furnace sweeps the pyrolysis products onto the
column. A thermal conductivity detector is used
to determine inorganic gases; a hydrogen flame
ionization detector is used for all other runs,
Three columns were used. Carbon monoxide and
carbon dioxide were determined on a 4-ft-long by
l/4-in.-OD silica gel (high-activity) column. A 20-
ft-long by 1/4-in.-OD tricresyl phosphate column
(20% on 42-to-60-mesh firebrick) was used for low
boilers, and a 12-ft-long by 1/4-in.-OD QF-1 column
(15% on 60-to-80-mesh Chromosorb W) was used for -
less volatile substances,

Pyrochromatograms

9Research Participant, summer 1965, from Department
of Chemistry, Tennessee Wesleyan College, Athens,
Tenn. .



Table 6.1. Pyrolysis (880°C) Products of Heterocyclic Bases

Pyrolysis Products (wt %)

Criginal
Compound - co co, CH, C,H, C,H, CH,CN C,H.CN
Adenine 0.73 <0.1 <0.1 1.65
Xanthine 7.21 21.37 . 0.24 0.46 0.10 1,00
Guanine 5.31 4.73 <0.1 0.76
Uracil 7.55 6.38 2.88 0.73 0.56 16.26 0.34
Cytosine 2.54 5.11 0.50 <0.1 0.44 8.19
5-Methylcytosine 3.77 2.85 8.11 4.40 0.79 4,25 0.35

hemihydrate

were determined for uracil, 5-methylcytosine hemi-
hydrate, cytosine, adenine, guanine, and xanthine,

Seven pyrolysis products were identified and
quantitatively determined. These are listed in
Table 6.1. Most samples were pyrolyzed at a
furnace temperature of 880°C. Some comparison
runs, in which the QF-1 column was used, were
made at a pyrolysis temperature of 680°C. No
change was apparent in the nature of the products.
However, the amounts of products coming through
the column increased drastically as the pyrolysis
temperature increased. This change was more
marked with the purines than with the pyrimidines.

10g, F. Smith, “‘The Destruction of Viscera in Toxico-
logical Investigations. Determination of Chromium,?*’
pp. 4851 in Mixed Perchloric, Sulfuric, and Phosphoric
Acids and Their Applications in Analysis, 2d ed,,
G. Frederick Smith Chemical Co., Columbus, Ohio,
1942,

6.4 DISSOLUTION OR DECOMPOSITION OF
VARIOUS ORGANIC MATERIALS

j. R. Lund

Smith’s ‘‘liquid fire’’ method'® has been useful
for decomposing enzymes, fats, and proteins prior
to the determination of phosphorus and trace-metal
impurities for the Biology Division. For the de-
struction of substances that were, or that con-
tained, ‘‘fatty’’ material, the more time-consuming
sulfuric acid—nitric acid treatment, followed by
final decomposition with nitric acid—perchloric
acid, was used. Practically all materials free of
fats, such as organic extractants that contained
phosphorus, were decomposed by the cautious use
of nitric acid—perchloric acid alone. '
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7. X-Ray and Spectrochemical Analyses

7.1 X-RAY AND SPECTROCHEMICAL
ANALYSES (X-10)

M. T. Kelley
Cyrus Feldman

7.1.a X-Ray Analysis

H. W. Dunn S. B. Lupica

Analysis of Solids by X-Ray Fluorescence.
With the aid of R. B. Bullock,! aCDC 1604-A code
was written for analyzing multicomponent alloys
and mixtures by x-ray fluorescence. The basic
approach of Burnham, Hower, and Jones? was
extended to cover eight-component alloys. Pol-
ished specimens of NBS steel and nickel-base
alloys were used to provide the data for calculating
coefficients of interaction between components
(a,.j). When the entire group of alloys was used
to obtain these coefficients, results accurate to
within a few percent of the amount present were
obtained for individual steels, nickel-base alloys,
and pure specimens of each of the component
metals. (Burnham, Hower, and Jones found it
necessary to derive separate coefficients for each
type of alloy, by use of appropriate standards, and
could not provide for compositions outside the
standard range.) Applicability of the method to
powdered mixtures and rough-surfaced spec1mens
is now being checked.

Electron Probe Analyzer. -~ The detection of
very light elements (boron to calcium) by the
electron probe analyzer depends on the use of a
multilayer lead stearate film as an x-ray diffraction
grating. " The d spacirg of the film supplied is not
known exactly; therefore, the identification of
these elements must be done on an empirical
matching basis. The d spacing of the film has
been measured to permit identifications to be made
on the basis of absolute x-ray wavelengths.

1Mathema tics Division,

2H. D. Burnham, J. Hower, and L. C. Jones, ‘‘Gener-
alized X-Ray Emission Spectrographic Calibration
Applicable to Varying Compositions and Sample Forms,”’
Anal. Chem. 29, 1827 (1957).

Several computer codes for converting x-ray
count rates directly into composition information
are being examined.

Determination of Areal Density of Gold Coating
on Silicon Radiation Detectors by Use of X-Ray
Standards were prepared by
depositing successive layers of gold leaf of known
areal density (ug/cm?) on a Mylar film, placing
this film atop an uncoated silicon button, and
measuring the x-ray fluorescent intensity of the
radiation from the gold. The accuracy of this
method of calibration for samples of vapor-
deposited gold was checked by chemically dis-
solving the gold coating from a known area of

Fluorescence.

sample and determining total gold by atomic ab-

sorption. The results of the two determinations
(~50 pg/cm?) agreed to within experimental
error.

7.1.b Atomic Absorption

Cyrus Feldman N. Marion Ferguson

Determination of Gold, Silver, and Copper.
The atomic absorption of solutions of gold in
dilute nitric acid was investigated using the
50-cm-long end-fed absorption tube, hollow cath-

- ode, and the detection equipment described pre-

viously.® Since the gold hollow cathode is very
stable, a 2x scale expansion was used, and a
sensitivity of 0.03 pg/ml was achieved. However,
nickel and iron present in the solution reduced the
sensitivity of analysis, presumably by retarding
the vaporization of gold.

In analogous tests with silver and copper, the
detection limit was ~0.01 pg/ml for each, that is,
a concentration of ~0.01 pg/ml gave an absorbance
of 0.01, which is easily distinguishable from the
“no absorption’’ condition.

35, R. Koirtyohann and C. Feldman, ¢‘‘Atomic Ab-
sorption Spectroscopy Using Long Absorption Path
Lengths and a Demountable Hollow Cathode Lamp,”’
pp. 180--89 in Developments in Applied Spectroscopy,
vol, 3, ed. by J. E, Forrette and E, Lanterman, Plenum, "
New York, 1964.



7.1.c Spectrographic Analysis of
Radioactive Materials

Determination of Chromium in Radioactive MSRE
Salt (W. R. Musick, Cyrus Feldman). — To deter-
mine chromium spectrographically in radioactive
MSRE salt (a mixture of LiF, ZrF,, BeF,, UF,,
and impurities) at concentrations as low as 10
ppm, the chromium must be separated from the
salt.* Extraction with tri-n-octylphosphine oxide
(TOPO) appeared to.be the best way to do this,
but no way was known to back-extract the chromium
from the organic layer.5 None of the acid solutions
tried for this purpose was consistently effective,
but 0.5 M NaOH solution performed the task
promptly and completely.

The procedure for determining chromium in MSRE
salt consists in fusion with ammonium bisulfate,
evaporation of the ammonium bisulfate, and dis-
solution of the residue in hydrochloric acid.
Traces of iron and molybdenum are extracted from
this solution- and are determined spectrograph-
ically; zirconium and uranium are extracted and
discarded. Next, chromium is extracted from the
sample solution with TOPO, recovered with sodium
hydroxide solution, and determined spectrograph-
ically.

Tests of the procedure were run with 1.5-g
samples of chromium-free MSRE salt. Three
samples of this material, to each of which 250
pg of chromium had been added, were analyzed
as above; recoveries were 250, 250, and 256 ug.

Separation of Curium from Contaminant Metals
(T. C. Rains,® W. R. Musick). — In the determin-
ation of contaminant elements in curium, it is
desirable to separate the contaminants from curium
before determining their coficentration. This step
makes the final determinations both safer and more
sensitive than they would be if the original solu-
tion were analyzed directly. Extraction of curium
with di-(2-ethylhexyl)phosphoric acid (HDEHP)
was studied as a means of effecting this sepa-

4C. Feldman and W. R. Musick, ¢‘Spectrochemical
Analysis of Radioactive Samples in a Remote-Control
Facility,*® Analytical. Chemistry in Nuclear Reactor
Technology, Second Conference, Gatlinburg, Tenn.,
Sept. 29-Oct. 1, 1958, TID-7568 (Part 2), pp. 91-95.

s_]. C. White and W. J. Ross, Extraction of Chromium
with Trioctylphosphine Oxide, ORNL-2326 (July 22,
1957). )

6l:’rese-nt address:
Washington, D, C.

National Bureau of Standards,
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Table 7.1. Acid Dependence of the Extraction of
152,154, Tracer by 0.3 M Di-(2-ethylhexyl)phosphoric

Acid in Dodecane

EO
Acid Concentration a
) For HCI ForHNO3
0.1 > 1000 274
0.2 T 63 50
0.5 3.0 2.0
1.0 0.2 0.2

Table 7.2. Distribution Coefficients for the Extraction
of Common Elements from 0.1 ¥ HNO3 by 0.3 M
Di-(2-ethylhexyl)phosphoric Acid in Dodecane

Element Eg
Pb 0.25
Mn 0.13
Ca 0.15
Al 0.48
Mg 0.01
Cu 0.04
Fe >1000
Cr 0.026
Ni 0.028

152,154F, tracer was used as a substitute
for curium. The extractant was a 0.3 M solution
of HDEHP in dodecane.”’'® The data of Table
7.1 show the acid dependence of the extraction of
152,154y in hydrochloric acid and in nitric acid.

Since chloride is incompatible with the sample
solutions expected, distribution coefficients were
obtained for a number of the contaminant metals
extracted from 0.1 ¥ HNO,. Table 7.2 gives the
results, which indicate that some of the contam-

ration;

‘inant metals would also be extracted into the

organic layer if the rare-earth elements were

7T, V. Healy, ‘‘Rapid Solvent Extraction Methods
for Fission Product Separation and Analysis,’”’ Radio-
chim. Acta 2(2), 52 (1963).

8_]'. J. McCown and R. P. Larsen, ‘‘Radiochemical
Determination of Total Rare Earths by Liquid-Liquid
Extraction,’’ Anal. Chem. 33, 1003 (1961).



extracted under these conditions. However, the
E? values indicate that an increase of acidity to
0.2 N might provide a clean separation, except
in the case of iron.

7.1.d Flame Photometry

T. C. Rains®
Cyrus Feldman

N. Marion Ferguson

Collection of Barium from Tap Water. — The
concentration of barium in natural waters is too
low to permit its direct determination in the sample
as received. A carrier compound was sought that,
when precipitated, would . coprecipitate all the
barium present in 1 liter of water. -

It was found that if 10 mg of Mg?' is added to
1 liter of tap water and is precipitated as
MgNH,PO,, 95 to 98% -of the barium present is
coprecipitated. = The carrying efficiency is en-
hanced by the presence of calcium in the solution.

7.1.e Tissue Analysis

F. S. Jones

The program for the spectrographic analysis of
human tissue was continued; the procedure‘s9
described previously were used. Analytical
results for 544 soft-tissue samples analyzed for
23 elements were forwarded to the University of
Tennessee for compilation in their computer pro-
gram. The samples included some taken during
autopsies done at Richmond, Virginia, and Balti-
more as well as numerous small organs, such as
lymph nodes and thyroid and adrenal glands, which
types had not been analyzed previously because
of their small size.

A way was needed to pulverize large samples of
wet tissue so that a small analytical sample
representative of the whole could be obtained.
The sampling of large organs would thus be

improved, and it would be possible to prepare °

aggregate samples large enough for distribution
to different laboratories for comparison purposes.

%. R. Koirtyohann and C. Feldman, ‘“The Spectro-
graphic Determination of Trace Elements in Human
Tissue,*® Analytical Chemistry in Nuclear Reactor
Technology, Fourth Conference, Gatlinburg, Tenn.,
Oct. 12—-14, 1960, TID-7606, pp. 51—-63.

A hammer mill made by the Pulverizing Machinery
Company of Summit, New Jersey, was installed
and tested on beef fat, bone, and muscle that had
been frozen and mixed with Dry Ice. Fat gave a
white powder; muscle, a fine shredded fiber. As
long as the product was kept frozen, it could be
mixed and blended by use of simple equipment.

A blender was constructed that consists of an
inclined rotating platform on which a plastic tub
containing the pulverized tissue and chunks of
Dry Ice is rotated at 20 rpm. Initial tests with
pulverized fat that contained a fluorescent powder
indicated adequate mixing. Contamination in the
pulverizer and blender is negligible, because only
carbon steel or plastic comes in contact with the
sample. = Analysis of the residue from sublimed
Dry Ice revealed no significant contamination
from that source.

Gamma-ray sterilization and freeze-drying are
being investigated as ways to prevent spoilage and
to facilitate the handling of the blended samples.

7.1.f Semiquantitative Spectrographic Analysis
(Visual Interpolation) -7

Zell Combs C. A. Pritchard
Anna M. Yoakum

A survey of semiquantitative methods of spectro-
graphic analysis was begun to determine by which
method the best possible accuracy is obtainable
without the use of separate standards for each
type of sample. Three common universally ap-
plicable methods were tested: the graphite-
dilution, Harvey,!® and Kroonen-Vader Li,CO,
methods.!?! In the first, 1 mg of powdered sample
is diluted with 10 mg of graphite; line intensities
in the spectrum of this mixture are compared with
those produced by standard mixtures. In the
second, 10 mg of powdered sample is mixed with
10 mg of graphite. Quantitative estimates are made
in terms of known threshold-concentration values
for the appearance of a given impurity line in a

¢, E. Harvey, A Method of Semi-Quantitative
Spectrographic Analysis, Applied Research Labo-
ratories, Glendale, Calif,, 1947.

“J. Kroonen and D. Vader, Line Interference in

Emission Spectrographic Analysis, Elsevier, New York,

1963.
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given matrix. The Kroonen-Vader method consists
in dilution of the sample with graphite and Li,CO,
and comparison of the spectra of sample and
standards.

Twelve standard samples were analyzed by each
of the three methods. These samples included
steels, other alloys, and minerals. Metals were
dissolved and ignited to the oxides before anal-
ysis; other materials were analyzed as received.
All concentrations were estimated visually.

The results (Table 7.3) were classified on the
basis of the ratio of the concentration found to
the true concentration, the larger value always
being the numerator. For the samples tested, the
Kroonen-Vader method is indicated to be superior
to the other two.

Table 7.3. Comparison of Accuracy of Semiquantitative
Spectrographic Methods by Use of Visual Estimation

of Line Intensities

Percent of Quantitative Estimates
Accurate to Within a Factor of

Method
2 3 4
Carbon-dilution 35 52 61
Hérvey 48 55
Kroonen-Vader 48 75 87
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: §itometric measurement will be
‘onnectlon with the above methods,
and other - u 1versally applicable methods will
be studied. . :

7.2 X-RAY AND SPECTROCHEMICAL
ANALYSES (Y-12)

A. E. Cameron
J. A. Carter

7.2.a Determination of Lead, Bismuth, Cadmium,
Tin, and Zinc in Airborne Dust Samples

J. A. Carter
-A solution technique was established for deter-
mining microgram quantities of Bi, Cd, Pb, Sn,
and Zn in airbome dust collected on 1l-in.-diam
filter paper. The paper is wet ashed, and the
sample solution is analyzed on the Paschen Direct
Reader. With the Sr 4077.71-A line as internal
standard, calibration curves were prepared from
standard solutions for the following element lines:
Pb 2833.07 A, Pb 4057.82 A, Bi 3067.72 A, Cd
3261.06 A, Sn 3175.02 A, and Zn 3345.02 A. The
equivalent concentration range encompassed by
this technique is from 4 to 100 pg of metal per
cubic meter of air sampled.

8. Mass Spectrometry

A. E. Cameron

‘

8.1 SPARK-SOURCE MASS SPECTROMETRY

J. R. Sites' J. A. Carter

The Associated Electrical Industries, Ltd. (AEI)
MS-7 spark-source mass spectrometer (Fig. 8.1)
was put into service in Building 9734 on Novem-.
ber 1, 1964. This spectrometer is a Mattauch-type
double-focusing instrument designed specifically
for the analysis of inorganic materials. The in-
strument uses an rf spark ion source and photo-

graphic-plate ion detection. The spectrum from
mass 7 to 240 or any lower range with a mass ratio
of 35:1 can be recorded on a single exposure. The
analyzer pressure is maintained at about 1072 torr
through the use of differential pumping, source-
isolation valving for rapid sample changmg, and
photoplate: magazine valving.

With a 5-mil slit, the resolution of the instru-
ment is 1900 at mass 208. The instrument can’
detect boron in concentration as low as 2-ppb in
high-purity silicon metal.









Table 8.1. Summary of Results of MS-7-Users
Copper Cooperative Analyses

Metal Impurity (ug per gram of Cu)

Identity of
Results Cr Ga Ag Sn Sb Pb Bi
Highest reported 130 135 145 202 160 244 370
Lowest reported 25 43 44 67 62 72 120
Certified® 60 80 150 120 120 100 130
ORNL 66 120 67 100 96 80 120

#Johnson, Matthey & Company, Ltd., standard sample
CA-2.

8.2 TRANSURANIUM ELEMENT (TRU)
MASS SPECTROMETRY

R. E. Eby

Isotopic analyses on uranium and transuranium
samples are now done routinely in the TRU Lab-
oratory. A total of 482 samples were analyzed
during the year, and over 1400 results were re-
ported. All transuranium elements through cali-
fornium were analyzed. Samples also included
“hot’’ europium for bumup calculations and various
types of thorium samples. In conjunction with A.
Chetham-Strode, ! the half-lives of californium iso-
topes were checked by mass spectrometric analy-
ses. Results obtained were in good agreement
with published values.?

Effort has been directed toward reducing the
possibility of spreading contamination and reduc-
ing costs of decontaminating source parts. Ex-
pendable filament insulators have been obtained,
and a disposable stainless steel liner for the
source chamber was designed and used. The
source plates are now plated with nickel prior to
use; after they are used, the plating can be easily
dissolved to remove most of the contamination.

'Chemis try Division.

’R. E. Eby, ‘“Isotopic Analysis of Transuranium Ele-
ments by Mass Spectrometry,’’ presented at the Ninth
Conference on Analytical Chemistry in Nuclear Tech-

nology, Gatlinburg, Tenn., Oct. 12—14, 1965.
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8.3 SURFACE IONIZATION STUDIES
G. R. Hertel®

To learn more about thermal ionization and to
determine the sources of discrimination in mass
spectrometers used for analysis of solids, some
investigations were initiated into ion optics and
thermal ionization, both of previously deposited
samples and of molecular beams impinging on a
hot filament.

One interesting problem under study is a real,
but very small, bias observed in uranium isotopic
analyses of very small samples (5300 ng). The
percent 23°U appears to increase as the sample
size decreases. Available data indicated that a
second variable — temperature — might also account
for the observed bias. Therefore, a series of con-
trolled experiments were made in which the sample
size was held constant while the temperature was
varied over a 300°C range. No bias was observed;
thus, the possibility that temperature is the re-
sponsible parameter was eliminated. Although
negative, this result is significant in that it im-
plies the existence of complications in the process
of surface ionization that are little understood. A
new approach to this problem is under investiga-
tion.

In somewhat related studies, the ions produced
when a molecular beam strikes a hot surface are
being analyzed as a function of the temperature of
the surface. Because of the strong influence ex-
erted on the ion currents by trace impurities,
especially hydrocarbons, investigations were de-
layed until the completion of an all-metal, Vaclon-
pumped vacuum system capable of maintaining a
pressure of ~2 x 107% torr during experimental
runs. At temperatures above ~2200°K, the data
obey the Saha-Langmuir equation, as expected.
Below 2200°K, marked deviations, now always
reproducible, are observed. A study of the low-
temperature region is contemplated in which con-
trolled amounts of ‘‘impurities’” will be admitted,
and their effects on the ion currents then studied.

In the course of this work, a survey of the avail-
able mass range revealed K77+ ions (where =1
to 9) with the odd-numbered species more abundant,
in general, than the even-numbered species. The

3AEC Postdoctoral Fellow from the Johns Hopkins
University, Baltimore, Md.



ion Na* was also observed but apparently does not
polymerize easily. No molecular sodium ions were
detected,; Rb* was present in very small amounts,
and a trace of sz)r was observed. Higher polymers
were beyond the mass range and sensitivity of the
instrument. These ions arise from the alkali-metal
impurities in the filament materials.

A quadrupole lens was constructed, and several
modifications of the existing Nier-type lens were
tested in the mass spectrometer, but, to a first
approximation, no great improvement over ‘the
present source was noted.

8.4 ISOTOPIC COMPARISON OF LEAD FROM
TEKTITES AND: CONTEMPORANEOUS
IMPACT CRATERS

D. H. Smith J. M. Wampler*

An isotopic study of lead in tektites and in ma-
terial from impact craters that are related in age
to the tektites® was carried out to examine the
hypothesis that tektites are formed from terrestrial
materials as a result of the impact of asteroids or
comets on the earth’s surface.® Previous isotopic
studies have shown that the major groups of
tektites contain lead that is similar in isotopic
composition to that typically found in the younger
rocks of the earth’s crust but provide no positive
evidence that tektites are formed from terrestrial
material.” 8

4Research Participant from Georgia Institute of Tech-
nology, Atlanta, Ga.

SR. L. Fleischer, P. B, Price, and R. M. Walker, “On
the Simultaneous Origin of Tektites and Other Natural
Glasses,’’ Geochim. Cosmochim. Acta 29, 161 (1965).

5A. J. Cohen, ‘““Asteroid — or Comet — Impact Hypothe-
sis of Tektite Origin: The Moldavite Strewn-Fields,’’
pp. 189-211 in Tektites (ed. by J. A. O’Keefe), Uni-
versity of Chicago Press, Chicago, 1963.

’G. R. Tilton, “‘Isotopic Composition of Lead from
Tektites,’”” Geochim. Cosmochim. Acta 14, 323 (1958).

8. E. Starik, E. V. Sobotovich, and M. M. Shats,
‘“The Problem of the Origin of Meteorites and Tektites,”’
Geochemistry (USSR) (English Transl.) 261 (1963).
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The Ivory Coast tektites are similar in age to
glasses from the Lake Bosumtwi crater in Ghana.
Since this crater occurs in Precambrian rocks, it
was anticipated that lead from the local rocks
might differ in isotopic composition from most -
terrestrial lead, and if similar lead were found in
Ivory Coast tektites, a fairly positive correlation
between the two materials would be established.
The Rb-Sr relationships suggest an older source:
for the Ivory Coast tektites than for the major
groups.® Isotopic analysis of lead from two Ivory-
Coast tektites shows a significantly high propor-
tion of 294Pb relative to lead from the other tektite
groups, and also relative to most terrestrial lead
having a similar 2°°Pb/2°7Pb ratio. Lead from a
sample of phyllite that represents the most common
rock type at Lake Bosumtwi is similar in isotopic
composition, but lead from impact glass found at
Lake Bosumtwi is enriched in the radiogenic iso-
topes relative to lead from the Ivory Coast tektites.

The isotopic composition of lead in Czecho-
slovakian tektites (moldavites) was compared with
that of lead from raw and purified suevite (impact
glass) from the Ries Kessel of Nordlingen, Ger-
many. Lead from the raw sample was’ similar to
lead in the moldavites, whereas lead from the
purified suevite was enriched in the radiogenic
isotopes. -

Since there are notable chemical differences be-
tween the impact glasses and the associated
tektites, the observed differences in lead isotopic
composition are not inconsistent with the hypothe-
sis that both were formed of terrestrial materials.
The similarity of lead in moldavites and in raw
suevite may be fortuitous, but the similarity be-
tween lead from Ivory Coast tektites and from
Lake Bosumtwi phyllite suggests strongly that
these tektites were formed of terrestrial material
during the formation of the crater.

9C. C. Schnetzler, W. H. Pinson, and H. W. Fairbairn,
“‘Rb-Sr Analyses of Two Ivory Coast Tektites’’ (abstract
P32), Trans. Am. Geophys. Union 46, 118 (1965).
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Infrared and Nuclear Magnetic Resonance

Spectrometry

J. C. White
P. F. Thomason

9.1 INFRARED SPECTROMETRY
Lucy E. Scroggie M. M. Murray
J. R. Lund

Infrared spectrometry was used to examine over
420 samples of 64 types (Table 9.1). Most studies
involved the detection and/or identification of
impurities in commercial solvents, process streams,
or compounds prepared at ORNL; the identifica-
tion of commercial products; the characterization
of organic compounds; or the identification of
structural changes caused by irradiation or chemi-
cal degradation of both organic and inorganic

compounds.
Several compounds prepared at ORNL, such as
perfluorovinyl tin, perfluoroacrylic acid, 2,6~

dioximinocyclohexanone, dipiperidyl, lauric acid
chloride, 3,9-diethyltridecanone-6, 3,9-diethyl-
tridecanamine-6, and !°B diborane were ex-
amined for structure-and purity. The formation and
-destruction of hydroxyl, carbonyl, carboxyl, nitro,
" nitroso, and nitrate-ester groups by irradiation or
by nitric acid degradation of such. compounds as
di-sec-butylphenylphosphonate, tributyl phosphate,
butyl-a-methylbenzylphenol, methanol—hydrochloric
acid solutions, terpenes, and diethylbenzene were
studied.

Commercial products such as solvents (diethyl-
benzene and n-butanol), lubricating oils, vacuum-
pump oils, an epoxy paint component, a coating
for protecting electrical equipment, strippable
coatings used in decontamination work, dielectric
films from radiation dosimeters, extractants (phos-
phorus compounds, sulfoxides, and amines), and
surfactants were analyzed for impurities or to
identify components., Smears of oil from different
locations in machinery were studied to identify the
type of oil and thus the source of the leak from
which it originated. An organic contaminant found
in drinking water was identified as the salt of an
alkyl] carboxylic acid. Alkyl phthalates were found

in such diverse materials as a Vycor frit and an
acetone leach of Tygon tubing.” A silicone com-
pound was identified in hydrofluoric acid solutions
stored in polyethylene bottles.

Semiquantitative or quantitative determinations
were made of ethylene glycol—water in engine oils
and fuel oil, ketone carbonyl group of acetophenone
in benzene and diethylbenzene solutions, phenolic
-OH group in di-sec-butylphenylphosphonate solu-
tions, and oil in water from the ORNL steam plant.

9.2 NUCLEAR MAGNETIC RESONANCE
SPECTROMETRY

Lucy E. Scroggie

In June 1965 a Varian DP-60 (dual-purpose 60-
Mc) nuclear magnetic resonance (NMR) spectrometer
was made available to the Analytical Chemistry
Division. The spectrometer system incorporates
special modulation and detection equipment to
obtain high sensitivity for broad-line spectra and
yields a resolution of three cycles at 60 Mc for
narrow line (high resolution) spectra. It is equipped
with a fixed-frequency rf unit designed for studying
'H nuclei and can be converted for studying !°F
nuclei. High resolution NMR operation permits
identification of individual elements in a com-
pound, chemical functional groups, the nature of
molecular arrangements, and isotopic substitution
sites. Molecular structure, potential barriers,
degree of isotopic substitution, hydrogen bond-
ing, chemical kinetics, tautomeric equilibria, and
molecular conformations are examples of fields that
can be investigated.

Before the DP-60 NMR spectrometer was put
into operation, a Varian A-60 NMR spectrometer
in the Chemistry Division was used to obtain the
spectra of 15 mixtures of furfuryl alcohol and
methyl alcohol, some of which contained additives



Table 9.1.
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Types of Samples Examined by Infrared Spectrometry

Acetophenone-diethylbenzene
Benzoic acid~diethylbenzene
Bromofcrifluoroethylene
Soluble ribonucleic acids
Tributyl phosphate—Amsco
Ethyl hypobromite—CCl4
Perfluorovinyl tir‘1
Perfluoroacrylic acid
Iodomethane
Butyl-Csmethylbenzylphenol—~Amsco
Bicyclic alcohols-—CCl4
Fluorinated hydroxyhyd’rocarbons
2,6-Dioximinocyclohexanone
Trioctylphosphoric triamide
Cyclohexane-iodine mixtures
Longe=chain sulfoxides
Diethylbenzene

Dipiperidyl

Amine O—2-ethylhexanol
Lauric acid chloride
n-Butanol
3,9-Diethyltridecanamine=6
3,9-Diethyltridecanol-6

3,9-Diethyltridecanone-6

Di-sec-butylphenylphosphonate—diethylbenzene
Alkyl carboxylic acid salt from drinking water
Commercial epoxy paint component (Epothane C)

Solids and ZnBr2 solutions from HRLAF windows

10

: B2H6

LiOBr

Phosphate ions on alumina

BFa

Nb205

Praseodymium germanium molybdate

Dysprosium germanium molybdate

Organic

Inor

ganic

Commercial lubricating oils .
Oils fromMSRE pumps
Oil smears

Long-chain primary alcohol

Engine oils

High-temperature coating
Wateresoluble coating
Electrical-equipment coating
Sorbitan monooleate—2-ethylhexanol
Nitrated diethylbenzene fractions
Dielectrics from dosimeters
Commercial cleanser (HP220)
Silicone from HF solutions ’
Oil in éteam-plant water

Fuel oil

Alkyl phth;ilate from Vycor frit
Alkyl phthalate from Tygon tubing
Terpenes

p-Ethylbenzoic acid

Alkyl aldehyde

Nonadecanamine-1

Ion exchange resins (Li and H forms)

Commercial tertiary amine (Andogen 364)

CsBrOa (irradiated)
Ca(Broa)2 (irradiated)
KCIOB (irradiated)

Ge (single crystals)
’i‘h(NOEl)4 solutions

Nd203




being evaluated for their efficiencies in preventing
the polymerization of the furfuryl alcohol at various
temperatures. Some of the spectra exhibited weak
peaks close to the bases of the main peaks and a
decrease in the height of the peak of the proton at
carbon-4 of the furan ring. Bridging evidently
occurred between carbon-4 of one ring and the
methylene on carbon-1 of another ring.

The spectra of 15 long-chain (8 to 18 carbons)
glycerol monoethers were obtained for the ORINS
Medical Division. Some of these ethers were
studied at 50°C, because they were solid at room
temperature.

Three fractions of 3,9-diethyltridecanone-6 and
two fractions of methyl methanesulfonate, prepared
by the Analytical Chemistry Division for the Chem-
ical Technology Division and Biology Division,
respectively, were studied by NMR spectrometry.

" Small amounts of the starting materials were de-
tected in the ketone, and a trace of solvent was
found in one sulfonate sample.
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The NMR spectra of several column chromato-
graphic fractions of nitrated m-diethylbenzene were
obtained for the Chemical Technology Division.
One sample was mainly m-(c-nitroethyl)ethyl-
benzene; some m-ethylacetophenone and at least
one other compound were present as impurities.
One of the minor impurities has been purified
further by preparative-scale gas chromatography
and derivative formation, Although only a small
amount was available for analysis, it was identified
as m-(c-hydroxyethyl)ethylbenzene. Infrared and
NMR analyses were used earlier in the identifica-
tion of a very pure sample of p-(a-nitroethyl)-
ethylbenzene from the nitration products of p-di-
ethylbenzene. Two very dilute (1% or less) solutions
of p-ethylbenzoic acid in carbon tetrachloride were
examined as part of this study of the nitration
products of diethylbenzene.

The spectra of commonly used organic compounds
are being recorded for reference and for comparison
with published spectra.

10. Optical and Electron Microscopy

M. T. Kelley
T. E. Willmarth

T. G. Harmon

10.1 EL ECTRON MICROSCOPY
OF RADIOACTIVE MATERIALS

10.1.a Electron Microscope Facility
for Studying Radioactive Materials

The facility (in room 201, Building 3019) for the
preparation and examination of radioactive mate-
rials by electron microscopy and diffraction began
operation in December 1964. It has been possible
to increase the maximum level of radioactivity of
samples accepted and handled successfully, the
limit now being that which conforms with the
established ORNL Radiation Safety and Control
Standards. The radiation limit of 100 r/hr per
gram of powdered samples that contain beta or

H. W, Wright

-gamma activity, which was predicted at the be-

ginning of the work, has been exceeded with no
attendant difficulties. Radiation contamination of
the sample-preparation laboratory and of the elec-
tron microscope (column and stage) has been so
slight that decontamination was accomplished
easily. There has been no radiation overexposure
to operating personnel.

Studies 'have been made of material from fuel
elements, urania-thoria powders, and irradiated
and unirradiated magnesium oxide and aluminum
oxide. A method is being developed for preparing
thin foils from bulk samples of irradiated stainless
steel for electron microscopy.

A facility for electron microscopy of highly
radioactive alpha-emitting samples, including the









average amount of !2* .produced by the (p,n)
reaction on the 5.1% !2%Te present in the rarget
was ~0.85% of that of the ‘123, ' Similarly, the
amounts of 2% and '2°] were <0.08 and ~0.22%
of that of the 231, The recovered tellurium tar-
get is low in residual radioactivity and is suit-
ablé for reirradiation.

Certain characteristics of , such as short
half-life, electron-capture decay, and low-energy
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gamma emission, make it attractive for use in
diagnostic studies of thyroid disorders. These
preliminary production runs show that a product
can be made which should be satisfactory for use
in medical research when 2% is advantageous.

This work was done in collaboration with J. E.
Beaver? and H. L. Hupf.?

11.1.b 197Hg

J. S: Eldridge w. S_.'L‘yon :

The properties of 24-hr '°7™Hg and 65-hr '°’Hg
that affect the accuracy of ?’Hg radioassay were
investigated because of assay discrepancies re-
ported by several laboratories. . At first, the primary
method of production of '%7Hg consisted in the
irradiation of 1 g of natural mercury in the LITR. 3
The reaction was °SHg(n,y)'°7™ !'°’Hg. This
process gave an '°’Hg product whose specific
activity was ~0.5 curie/g. Since natural mercury
contains 0.46% 1%6Hg and 29.8% 2°2Hg, it was
necessary to determine the 47-day -2°3Hg content
produced by neutron capture in 2°’Hg. Interfer-
ences by both !°7THg and '°7Hg in the 279-kev
photopeak of 2°3Hg made this determination dif-
ficult. The establishment of gamma-ray energies
and intensities for 197Hg required the preparation
of a source of '97Hg that was free of 2°3Hg.

Carrier-free !9"Hg was produced free of 2°3Hg
by the reaction 197 Au(a,4n)197T1, with subsequent
electron-capture decay- of the 2.8-hr !°7Tl to
197Hg. This bombardment was accomplished in
the ORIC. Additional samples of carrier-free
197m,19 745 were produced by proton bombardment
of gold in the ORNL 86-in. cyclotron according
to the reaction 1°7Au(p,n)?7™ '®"Hg.

2Isotopes Division,

30RNL Isotopes Catalog, 4th Rev., p. 43, Oak R1dge
Nat1ona1 Laboratory (April 1963).
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Decay measurements of a series of samples of
both the !°"™Hg and the '°’Hg isomer were made
with an Nal specttometer system and a gross-
gamma well-type "detector. Table 11.1 shows the
results of six independent decay studies made
from different '°’Hg products and measured with
different systems. The individual values shown
are the results of a weighted least-squares fit
of the decay data determined by use of the Brook-
haven CLSQ Decay Curve Analysis Program

Similar studies were done with cyclotron-pro-
duced !'°"™Hg; a gamma-rdy spectrometer was
used to determine the individual peak counting
rates in three independent determinations. Table
11.2 gives the results of these determinations.

The availability of 40%-enriched '°®Hg, coupled
with an increased use of '°’Hg as an aid in locat-
ing brain tumors and in studies of kidney and
spleen disorders, led to an alternative standard
production method. An experimental production
run of '°’Hg was made from 40%-enriched !°®Hg.

Results of Determination of Half-Life

Table 11.1.
of 197Hg
° 7Hg-Produc tion Measurement Half-Life
Method® - System (hr)
(P> Gamma-ray 64.12 £ 0.10
spectrometer )
. " 64.23 £ 0.44
Well counter 63.98 £ 0.17
(my) “Well counter 64.19 £'0.20
@,4n) Well counter 63.94 £ 0.14
64.20 £ 0.08
Weighted mean and error 64.14 £ 0.05

Tuble ” 2. Results of Defermlnahons of Hulf Llfe

f 'I97mHg
Photopeak Measured - Half-Life
(kev) . .(hr)
130 23.72 1 0.08,
279 24.13 1 0.24
279 23.99 t 0,27
23.8 +0.1

Weighted mean and error




The target was 0.1 mg of HgO; it was irradiated
for 61 hr at a flux of 2 x 10! neutrons cm™2
—! in the ORR. By gamma-ray spectral and
decay measurements, the product was shown to
have the requisite radiochemical purity. In addi-
tion, the 2°3Hg content of the product was reduced
to <1 x 10~2% of the '97Hg. The specific activ-
ity of '°7Hg produced by this new method is
~2000 curies/g..

sec

11.1.¢ Go}nmc-qu Bronc'hingé in 237y

J. S. Eldridge

Several ‘high-specific-activity samples of 237U
were obtained from the Fluoride Volatility -Pilot
Plant. The absolute disintegration rate, as well
as the photon emission for the promihent gamma
rays, was measured. It was thus possible to
calculate gamma-ray - branchings for 237U. A
lithium-drifted: germanium diodeé detector® was
used to isolate the 374-kev gamma ray, which
is not separated by Nal spectrometry. Decay
measurements are being made on four samples of
this material to determine the half-life of‘237U.

ﬂ.].d Half-Live‘s- of Long-rLived Beta Emitters

Gerald Goldsteiﬁ '

A liquid-scintillation rhethod for the absolute
counting of beta emitters®:® was used to measure
the half-lives of long-llved beta emitters. Deter-
mination of the half-life of °°Tc was described

prev1ously
36Cl. ~ The partial half-life for beta decay of
36C] was determined by the specific-activity

method with high-specific-activity 3°Cl (32.6 at.
%) obtained from the Isotopes Division. A solu-
tion of the 3®Cl was prepared and was analyzed
chemically by micropotentiometric titration and
radiochemically by the liquid-scintillation method

4]. S. Eldridge, *‘‘Gamma-Ray Spectroscopy with

Lithium-Drifted Germanium Diode Detectors,’* Anal.
Chem. Div. Ann. Progr. Rept. Nov. 15, 1964, ORNL-
3750, pp. 43—44. .

5. Goldstein, “‘Absolute Counting of Beta Emitters

by the Liquid-Scintillation Method,’’ Anal. Chem. Div.
Ann. Progr. Rept. Nov. 15, 1964, ORNL-3750, pp. 51-53.

5G. Goldstein, *‘Absolute Liquid-Scintillation Count=
ing of Beta Emitters,”” Nucleonics 23(3), 67 (1965).

S0

- lated to be 1.91 (+0.15) x 10° years;

and by 47 beta counting in a proportional counter.
The measured. half-life values were.3.06 (£0.02)
x 10% years (liquid-scintillation counting) and
3.10 (£0.04) x 10° years (47 beta counting).
These values are in excellent agreement with
the presently accepted value, 3.08 (+0.03) x 105
years. A report on this measurement will be
published.”

10Be. — The half- life of . 10Be was last measured
in 19478 with a sample having extremely low spe-
cific- radioactivity (0.005 at. %). . This half-life
value is of some.significance, because '°Be is
produced in meteorites by cosmic radiation and
is used to calculate such values as .radiation
ages and age of deep-sea sediments.

A piece of beryllium reflector was obtained that
had been used in the Oak Ridge Research Reactor
for some months and should therefore contain
'°Be produced by the °Be(n,y)!°Be reaction.
After extensive chemical purification of the beryl-
lium reflector, a BeO sample was prepared from
the reflector which showed radioactive impurities
in the beryllium that amounted to only 4 dis min—1
mg~! " This sample was analyzed chemically and
was counted by the liquid-scintillation method;
the Be content ‘was 8.72 mg/ml and the beta
radioactivity was 9.39 (£0.08) x 10* dis min—!
ml~1l. From the mass spectrometry value of 0.026
(+0.002) at. % of °Be, the half-life was calcu-
the ‘value
previously measured is 2.6 x 10% years: We are
presently trying to obtain a more precise value for
the atom fractlon of 1%Be,

]].'I‘.ei NUcleér Specfroscopy of Neutron-Deficient
".Hafnium and Raré-’ﬂEdrfh Radionuclides

T. H. Handley
To obtain more evidence on the systerﬁatic be-

havior of nuclear-energy levels, a number of neu-
tron- def1c1ent radlonuclldes in the rare- earth region

’G. Goldstein, “Partial Half-Life for Beta Decay
of 3E’Cl,” accepted for publication in the Joumal of
Inorganic & Nuclear Chemistry.

®E. M..McMillan, “Energy and Half-Life of the Be!®
Radioactivity,”” Phys. Rev.:72, 591 (1947).




were studied with internal-conversion spectro-
graphs.  Measurements that confirm and extend
previous results on the decays of '73Tm, 157Eu,
and 149:151Gd were obtained. A partial scheme
of nuclear-energy levels was constructed for the
electron capture of !33La (4 hr) to '33Ba. A
systematic study of excited states in Lu isotopes
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(168 S A £175) indicates regularities in nuclear- -

energy-level properties characteristic ‘of deformed
nuclei. A paper on this subject has been sub-
mitted for publication;® this work was done jointly
with B. Harmatz. !?

;

11.1.f Studies of Rare-Earth Alpha-Emitting

Radionuclides

T. H. Handley

Rare-earth alpha-emitting radionuclides were pro-
duced by alpha-particle bombardment of natural or
isotopically enriched europium in the ORIC. Fol-
lowing the separation of the radionuclides by
conventional ion exchange methods, sources were
prepared by electrodeposition. The alpha radia-
tions from the sources were examined with an
Si(Au) surface-barrier semiconductor detector.
The gamma spectra were studied with a Ge(Li)-
crystal spectrometer.

The alpha radioactivity from 4°Tb, 51T,
152Th, and the daughter products !48Gd and
149Gd was studied; energies and a/EC branch-
Gamma-ray spectra of
149,151,153Gq

ing ratios were assigned.
m,154,155,156
151,152,153,154 4 Tb,

and 1%9FEu were studied in order to make meas-
urements of energy and relative intensity. The
data, when combined with published internal-
conversion intensity data, made possible the
assignment of multipolarities. These studies
were done jointly with K. S. Toth!® and I. R.
Williams. !° The results will be submitted to the
Physical Review for publication.

°T. H. Handley and B. Harmatz, **Nuclear Spectros-
copy of Neutron-Deficient Hafnium and Rare Earth
Activities,?” submitted for publication in Nuclear
Physics.

10 PR
Electronuclear Division.

_ the standards used.

11.2 COOPERATIVE ISOTOPES PROGRAM

11.2.a Reviews and Technical Assistance

S. A. Reynolds

The Isotopes Division and the Analytical Chem-
istry Division are jointly developing a program
on isotope characterization and analysis. The
program includes reviewing analytical methods,
effecting economies of time and effort where pos-
sible, troubleshooting, improving data on nuclear
properties, and establishing standards and speci-
fications for radioisotope preparations. Coopera-
tive work of this type has been done for many
years on specific problems, but the new program
is wider in scope, involving assistance in routine
radioisotope processing as well as research and
development in related areas. Already, revision
has been made to the list of radioisotope-assay
methods, decay schemes, and half-lives given in
the ORNL Isotopes Catalog. The nuclear proper-
ties of several power-source nuclides were re-
viewed; the nuclides included °9Sn, 137Cs, 14%Ce,
147py, 210pg, 238py, 242Cm, and 244Cm. Re-
views will be made continually of all isotope
products.

Several short-term problems were studied; these
include a method of producing !®F, analyses and
interpretations with respect to 38Co preparations,
availability of ionium (23°Th), and effects of
target self-shadowing in the production of radio-
isotopes. Discrepancies in the results of deter-
minations of inactive components in shipments
of °°Sr from Hanford were investigated; in col-
laboration with those performing the analyses,
difficulties in determining magnesium content
were corrected. The cause of uncertainties in
analysis of !98Au products for '?%Au was found
to be inadequate simulation of the unknowns by
Measurements made in the
last five years by the Radioisotopes-Radiochem-
istry Laboratory and the Nuclear and Radiochem-
ical Analyses Group on standards submitted by
IAEA, NBS, and Nuclear-Chicago Cotporation
were reviewed. The overall mean deviation be-
tween the suppliers’ and ORNL’s results was
0.8% for 59 samples of 17 different nuclides.



11.2.b 13| Products

S. A. Reynolds F. N. Case?

Review of analyses being requested on 131]
products showed that operating experience and

52

changes in the !3!]-production process made some

of the analyses unnecessary; they were eliminated
accordingly.

3 ”

The test for foreign, or ‘‘noniodine,’’ radioactiv-
ity in 13! products is important, because 99.9%
minimum radiochemical purity is required. A newly
devised test involves evaporation on a 1-in.-diam
watch glass under an infrared lamp as is done in
a gross-beta determination. Dilutions of repre-
sentative products were used in all the experi-
ments. Acid reducing solutions do not permit
removal of a large enough fraction of the iodine;
therefore, acid oxidizing media were studied. Bro-
mine was the best oxidant tried; once-repeated
evaporation produces a decontamination of 1 x 104
to 5 x 10% which is sufficient to demonstrate
product purity of 99.99% or better.

Repeated treatments after the initial one usually
effected little additional decontamination. With
the idea that iodination of organié material on
the watch glass might cause retention of radio-
activity, various pretreatments were tried. These
included soaking or pre-evaporation with trichloro-
ethylene, carbon tetrachloride with and without
iodine, bromine water, aqua regia, butanol-chloro-
form, and hydriodic acid. All these agents les-
sened retention, but it was about equally effective
simply to add bromine water to the watch glass
before the sample was added. The addition of a
little carrier, as HI, further improved decontami-
nation. Obviously, the evaporation procedure
would not result in the loss of alkali, alkaline-
earth, or rare-earth elements. The recovery of
typical mixtures of long-lived fission products
was 100.2 + 1.4%. The contaminant most likely
to be lost is ruthenium, which is known to be
slightly volatile from nitric acid solution. There-
fore, '9%Ru tracer was treated by the procedure;
after one, two, and three evaporations the amount
of the original !°®Ru remaining was 97.3, 96.5,
and 95.6%, respectively. The procedure is thus
satisfactory for detecting ruthenium contamination.

11.2.c¢ 14C Products

S. A. Reynolds J. S. Eldridge

Discrepancies were noted between measurements
of '4C content in Ba'*CO, products by liquid-
scintillation counting and by mass spectrometry.
It was found that a standard had deteriorated;
therefore, new standards were obtained. However,
a disagreement remains that is larger than the
expected analytical uncertainties. Various chemi-
cal tests and spectrographic analyses are in prog-
ress, but these are difficult because of the high
isotopic abundance — and therefore high radio-
activity — of 4C.

With regard to radiochemical purity, it was sug-
gested that some of ‘the by-product tritium (as
water) might contaminate '*C products. Data were
obtained by distillation of water from a Versene
solution of a '%C product and liquid-scintillation
counting.  The tritium content was less than
0.0014% of the '%C content. Routine inspection
by gamma spectrometry and determination of non-
volatile radioactivity ensures the absence of sig-
nificant amounts of other radiocontaminants.

11.2.d 144Ce Product

S. A. Reynolds

A purchaser inquired about the possibility of
alpha contamination in a batch of '*%Ce-144Pr.
Alpha tracks were reported to be present in an
autoradiograph of a tissue section from a sheep
that had been given 10 mc of this product. The
Radioisotopes-Radiochemistry Laboratory had re-
ported <0.06 uc per curie of !*%Ce. A small
volume of the normal saline solution of the product
used- for the injection was returned. By gamma
spectrometry the !'%%Ce content of the solution
was found to be 2 mc/ml, a value in agreement
with the purchaser’s value. The gross alpha
content was determined to be ~0.02 uc per curie
of !'44Ce. To make certain that alpha radiation



being counted and not beta ‘‘pileup,

was 1l
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applied voltage on the proportional counter was .

varied. A sheep dosed with 10 mc of the material
would thus receive only ~4 x 102 dis/min of
alpha radioactivity. It does not appear that any
measurable alpha radioactivity in a tissue sec-
tion could have come from the !44Ce-14%Pr prep-
aration. Incidental to this work was a perfunctory
check of the stability of !%%Ce in normal saline
solution. Agreement between the intended con-
centration and that observed is significant.  Fur-
ther, a portion of the solution was centrifuged,

and no decrease in radioactivity was observed.

'|'| 2.e Trace High-Energy Gamma Rudloochvny
in Isotope Products

S. A. Reynolds

Gamma spectrometry was used to detect the 2.6-
Mev gamma radiation of 2°#Tl in an 237Np prep-
aration. In such a sample,
by its parent 228Th. The spectrometric technique
developed to measure traces of 232U in 233U and
235(4J!2 consists in absorbing most of the low-
energy gamma radiation in a lead absorber and
also suppressing the first 20-odd channels of
the spectrometer. Dead times are thus made
tolerable, and it is possible to measure low levels
of high-energy gamma -radionuclides. The radio-
activity of 23’Np and its 233Pa daughter in equi-
librium was about 1.4 mc. ' The Z228Th content
was 9 x 10% dis/min in the 1l-g sample. It is
believed that 228Th was not associated with its
parent, 232U, as it is in 233U and 235U prepara-
tions. Probably the 228Th present in irradiated
uranium (natural or enriched) accompanies nep-
tunium to some degree in the separation process.
No such gamma radiation was found in a 2-curie
241Am source. The same method was used to
measure 232U at a level of 0.2 ppb in 233U prep-
‘arations. ) N

g A Reynolds, “‘Effects of Low-Energy Beta
Activity on Alpha Counting,’’ Anal. Chem. Div. Ann.

Progr. Rept. Dec. 31, 1957, ORNL-2453, pp. 19-21.

125 A. Reynolds, ‘‘Determinations of 2°°U by
Gamma Spectrometry,’”’ Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1964, ORNL-3750, p. 45.

208T] is maintained.

gamma-gamma coincidence counting.

11.2.f 85Rb(n,2n) Cross Section

S. A. Reynolds

‘A purchaser!® of an 86Rb isotope product de-
tected the presence of annihilation radiation by
Chemical
tests ‘and further spectrometric examinations re-
sulted in its identification as that from %4Rb,
produced by the (n,2n) reaction on the #°Rb
target. The value for the (n,2n) cross section
was calculated to be 0.2 mb for fission-spectrum
neutrons, which agrees very well with the com-
puted value, 0.23.14

11.2.g Release of Tritium by Tritiated Paint

T. H. Handley

A study is being made for the Isotopes Division
to determine the amount and chemical form of
tritium released from tritiated paint. The paint
consists of a tritiated organic polymer, binder,
and thinner, which are mixed before application.
Samples of the paint were obtained from commer-
cial suppliers. _Results show that at elevated
temperatures tritium is released chiefly in the
form of tritiated water. For the conditions studied,
loss of tritium by the paint was roughly exponen-
tial with respect to temperature. Tests to deter-
mine release of tritium at room temperature during
the initial drying period are in progress.

11.2.h 210Pb in Auto Exhaust Fumes

“and in Natural Materials

S. A. Reynolds

Consideration was given to an inquiry received
by the Isotopes Division about the possible hazard
associated with 2'%Pb in products of the combus-
tion of gasoline that contains lead tetraethyl.

3w. Pierson, Ford Motor Co., Dearborn, Mich., per-
sonal communication to J. E. Ratledge, Isotopes Divi=
sion, September 1965.

lag, Pearlstein, Analysis of (n,2n) Cross Sections
for Nuclei of Mass A > 30, BNL-897 (December 1964).



The highest concentration of 2!°Pb found in com-
mercial lead was 36 pc/g.'5 Its maximum per-
missible concentration in air is 4 pc/m3,18 which
corresponds to 110 mg/m? of the 36-pc/g material
and to a larger quantity of less radioactive mate-
rial. The maximum allowable concentration for
lead is 0.2 mg/m?3;16 therefore, the chemical-
toxicity hazard is completely predominant.

Interesting differences in specific radioactivi-
ties of lead in natural materials have been ob-
served. These materials included ocean water,
precipitation, and human fissues, the specific
radioactivity of the latter being intermediate
between that of water and that of metallic lead.
The observations can be explained in terms of
radiogenic lead (high-
specific-activity) from radon in the air and from
radium in food, and fossil lead (low-specific-
activity) from lead minerals in which any 2!°Pb
originally present has decayed. The intermediate
specific radioactivity in human tissues is caused
by the intake of lead from both sources. Much

two sources of lead:

of the fossil lead is said to be due to automobile

exhaust fumes.!7.

11.3 MEASUREMENT OF RADIOACTIVITY

11.3.a Preparation by Electrodeposition of Mounts
for 477 Beta Counting

Gerald Goldstein

The conventional sample mount for 47 beta
counting in a proportional counter and for 477 beta-

15, A, Reynolds and C. L. Burros, ‘“Low-Level
Analyses,”” Anal. Chem. Div. Ann. Progr. Rept. Nov.
15, 1964, ORNL-3750, pp. 50-51.

16

N. I. Sax, Dangerous Properties of Industrial Ma-
terials, 2d ed., pp. 116 and 928, Reinhold, New York,
1963.

17, J. Chow and M. S. Johnstone, ‘‘Lead Isotopes
in Gasoline and Aerosols of Los Angeles Basin,
California,”® Science 147, 502 (1965).
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gamma coincidence counting consists of an alu-
minum disk (~1% in. in diameter) with a central
hole ('\'1/2 in. in diameter). A thin, self-supporting
plastic film is spread across the disk, and the
film is rendered conducting by a suitable metal
surface vacuum-evaporated onto the film. A 20-
to 50-ug/cm? layer of gold is typical. Sources
are prepared by evaporating solutions on the
mount. Although this type of backing eliminates
mount-absorption and backscatter difficulties, sam-
ples have a tendency to concentrate into a dense
spot on the film unless a spreading agent is
also added. Ludox, a colloidal suspension of
silica, is commonly employed to spread the sam-
ple.  Autoradiographs of several °°Tc mounts
(Fig. 11.1) clearly illustrate these tendencies.
Counting efficiencies were 90 and 97% without and
with Ludox, respectively; these results indicate
that self-absorption is still a problem with soft-
beta emitters. Since a chemically inert and con-
ducting surface is available, the possibility was
explored of performing an electrodeposition on
this surface to prepare a uniform, homogeneous,
and essentially weightless source.

A small electrolytic cell (Fig. 11.2) was fab-
ricated from Lucite and consists of identical
halves, each of which will hold 2 ml of solution.
The 477 beta mount is placed between two Teflon
gaskets that expose only the area over the cen-
tral hole to the solution and provide a water-
tight seal. For electrical contact, a small strip
of gold foil was inserted on the gold-plated side
of the mount. The gasketed mount was placed
between the Lucite halves, which were then
screwed together. A 2-ml sample was pipetted
into the compartment that opens onto the gold-
plated side of the mount, and an equal volume
of electrolyte was placed on the other side to
balance the pressure on the film. All depositions
were made at constant current (10 ma) for 1 to
2 hr with °°Te.

The results showed it is possible to electro-
deposit metals onto a 47 beta mount provided
that the ring is a nonconducting material such
as a nylon; the deposits appear to be uniform.
With aluminum rings, deposition occurred only
around the edges nearest the ring (Fig. 11.3).
Although it was not possible to deposit °°Tc
quantitatively, this technique might be useful
with elements that are more easily reduced.










Table 11.4. Radioactivities of Redstone Granite

Predicted Gamma Radioactivity

Total Radioactivity =1 _—1.a
Component Percent N N (counts min™ " g~ ")
(dis min g ) (pe/e) Pb Absorber Al Absorber
"% 10*
Th 0.010 © 240 1.1 10 35
U 0.0015 156 0.7 3 11
K 4.5 75 0.34 2 2

Total  15% 48°€

®Based on data of Table 11.3.
bObserved counting rate, 15 * 4 counts min™ ~ g

“Observed counting rate, 49 t 4 counts min~! ¢

11.3.c 335(n,p) Cross Section

S. A. Reynolds R. E. Lewis?

Y

A preliminary experiment!® related to production
of 33P involved the two-day irradiation of small
samples of sulfur moderately enriched in 33S.
The samples were irradiated in the ANL CP-5
reactor in a region of well-thermalized neutrons.
The thermal-neutron cross section estimated from
this work was ~5 to 6 mb. Two subsequent
irradiations of larger, more highly enriched sam-
ples for longer periods gave values of 2.2 and
2.3 mb. A Co-Al alloy dilute in-Co was used to
. monitor the thermal-neutron flux. The 3°P (and
accompanying 3¥?P) was measured by liquid-scin-
tillation and end-window proportional counting.
The finding is in agreement with the value 2.3
mb reported previously;?° the reason for the
disagreement with the preliminary value (above)
is not known.

9c, M Steinberg, H. R. Gwinn, R‘. C. .von Borstel,
E. W./ McDaniel, and S.\i}. Reynolds, ‘“Thermal Cross
Section for the Reaction 33S(n,p)33P," Biol. Div.
Semiann. Rept. Feb. 15, 1965, ORNL-3768,
pp. 39-40.

20, Westermark, ‘‘Production of P33 with Thermal
Neutrons,' Phys. Rev. 88, 573 (1952).

Progr.

11.3.d Half-Life Measurements

S. A. Reynolds

The measurement of the half-life of !37Cs by
direct gamma decay has continued; the decay of
four sources has been followed for six years. The
current tentative value is 30.2 t 0,3 years; this
value supersedes last year’s value, 30.6 * 0.7
years.?! Uncertainties in new results are stan-
dard deviations. In another ORNL study,2? the
mean of three values measured by independent
methods was 30.3 0.3 years. Twelve published
values, which range from 29.4 to 30.9 years,
have. an unweighted mean of 30.17 £ 0.13 years.
Plots on probability paper indicate a normal dis-
tribution about the mean, which is not changed
significantly by the addition of the two unpub-
lished values. .

The half-life of !53Sm was 46.8 * 0.1 hr, in
agreement with that reported previously?3 and
near the average of published values.

215, A, Reynolds, ‘‘Half-Life Measurements,’’ Anal.
Chem. Div. Ann. Progr. Rept. Nov. 15, 1964, ORNL-
3750, p. 42.

22_]. H. Gillette, Review of Radioisotopes Program,
1964, ORNL-3802 (May 1965); esp. p. 11.

23E. 1. Wyatt, S. A. Reynolds, T. H. Handley, W. S.
Lyon, and H. A. Parker, ‘‘Half-Lives of Radionuclides —
IL,"* Nucl. Sci. Eng. 11, 74 (1961). .



Three samples of Ge were bombarded to produce
77As, and the data were analyzed separately.
The calculated values for the half-life of 77As
were 38.76 £ 0.10, 38.83 £ 0.09, and 38.89 £ 0.09
hr, the mean of the values being 38.83 * 0.05 hr;
the value 38.7 t 0.1 was published earlier.?4

The half-life observed for 1?8Au was 64.63 +£0.11
hr, which agrees with the mean of published values.

The decay curve of a mixture of fission product
iodines, 1311, 1331 and !351, was resolved by
CLSQ, and the half-life of !33] was found to be
209 £ 0.1 hr, a value very near the accepted
value, 21 hr.

The half-life of 33P was found to be 25.30 * 0.05
days, which confirms an earlier one, 25.2 days. 25

11.3.e Experimental Study of Artifacts and Errors
Encountered in Gamma-Ray Spectrometry
for Radiochemistry and Activation
Analysis

W. S. Lyon J. S. Eldridge
Peter Crowther26

A number of artifacts and errors have been ob-
served to occur in the measurement of gamma-ray
spectra. Some of the more serious were studied
in an effort to understand the origin, prevention,
or minimization of such phenomena. Effects
dependent on source-detector geometry, such as
180° Compton-annihilation gamma-ray summing
and cascade gamma-ray summing, have been eval-
uated. _

Positron emitters may be assayed by measure-

ment of the 0.51-Mev annihilation radiation; how-’

ever, changes in the position at which the posi-
trons are annihilated relative to the detector can
cause serious discrepancies in the observed
photopeak. The effects of production of annihila-
tion radiation through interaction of high-energy

24M. E. Bunker, R, J. Prestwood, and J. W. Starﬂer,
“*Scintillation Study of As’’ and Br77,” Phys. Rev.
91, 1021 (1953).

ZSIngridb Fogelstrom-Fineman and T. Westermark,
On the Half-Life of 33P," Acta Chem. Scand. 14,
2046 (1960).

26 Alien Guest, 1962—-63, Temporary Alien Employee,

1963—-64; from South African Atomic Energy Board,
Pelindaba, Pretoria, South Africa.
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gamma rays with walls, shields, etc., and back-
scatter from material in proximity to the source
can also introduce artifacts and errors. Prep-
aration and canning of Nal crystals can markedly
affect both the shape of observed low-energy
gamma-ray photopeaks and the resolution of the
detector- system. Experimental results are pre-
sented that show the effects of different crystal-
preparation techniques; a recommended procedure
to yield optimum spectral shape and resolution
is given. o

An article on this subject has been published,?2?

11.3.f Artifacts in Gamma-Ray Spectrometry

S. A. Reynolds

In connection with work on the ®5Rb(n,2n) cross
section (see Sect. 11.2.f), the possibility was
considered that the annihilation radiation might
be an artifact. Such an effect occurs in gamma-
ray spectrometry when the energy of gamma radi-
ation exceeds 1.02 Mev.27 ‘From observed ratios 27
of artifact annihilation radiation to primary gamma
radiation and from the assumption that the cross
section for pair production ‘‘rises monotonically
from zero at threshold, varying approximately as
E ... ;28 it was estimated that the highest ratio
for the 1.08-Mev gamma of 85Rb would be ~0.002.
Failure to find an annihilation peak in the normal
(single-detector) gamma spectrum of #°®Rb indi-
cated that the ratio 0.002 is realistically low.

11.4 RADIOCHEMICAL STUDIES

11.4.a N,N N "-Trihexylphosphoric Triamide
(THPA) as an Extractant for Metal lons

T. H. Handley

The extraction properties of the trialkylphos-
phoric triamides appear to be intermediate between

27y, s. Lyon, J. S. Eldridge, and P. Crowther, *‘Ex-
perimental Study of Artifacts and Errors Encountered
in Gamma-Ray Spectrometry for Radiochemistry and
Activation Analysis,”” in Radiochemical Methods of
Analysis, vol. II, pp. 33—-46, TAEA, Vienna, 1965.

287, H. Hubbell and M. J. Berger, Photon Attenuation
and Energy Transfer Coefficients, Tabulations and
Discussion, N.B.S. Rept. 8681 (May 10, 1965).




those of the oxygenated slightly basic solvents

and those of the highly basic amines. The extract- .

ability of trivalent lanthanides and actinides from
concentrated aqueous solutions of chloride, ni-

trate, and thiocyanate contrasts strongly with
their nonextractability from the corresponding
acids. In this respect, N,N’N’“trihexylphos-

phoric triamide (THPA) is related to the basic
anion resins and amines. A 0.01 M solution of
THPA in cyclohexane (5 ml) will quantitatively
extract 3.5 mg of uranium from an aqueous phase
that contains LiNO,. A study of D, vs uranium
initially present in the aqueous phase shows that
the extracted species is U02(N03)2'2THPA.
Uranium is also quantitatively extracted from an
aqueous phase 1 N in HNO,, H,SO,, HCI, or
H,PO,. Uranium is not backextracted by washing
the organic phase with distilled water. A 0.01 ¥
solution of THPA in cyclohexane will quantita-
tively extract 5 ug to 1 mg of Co, Zn, or Fe
. from an aqueous phase that contains thiocyanate.
In this respect, THPA is related to the carbonyl
compounds.

11.4.b Review of Organic Compounds That Contain
Phosphorothioate, P=S$, and Phosphorodithioate,
P(S)SH, Groups as Separation and Analytical
Reagents

T. H. Handley

Although considerable information appears in the
literature concerning organic compounds with P=S§
and P(S)SH groups, many problems still exist for
investigation. Also, utilization of these versa-
tile reagents has only just begun. A review
article has been published?? that should stimu-
late further evaluation and development of these
reagents.

11.4.c Rapid Separation of Technetium
' from Fission Products

Gerald Goldstein

A previously described®? procedure for the sol-
vent extraction of technetium, as pertechnetate
ion, with cyclohexanone proved to be unusually
rapid, efficient, and selective. This separation
was applied to the determination of the number
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of fissions occurring in a short irradiation of
uranium by measurement of °®™Tc and to the sep-
aration of ?°Tc from long-lived fission products
for burnup analysis. A report on this work is to
be published. 3!

11.4.d High-Voltage Paper Electrophoresis
© J. F. Wild?32

High-voltage paper electrophoresis was investi-
gated to determine its usefulness in effecting
rapid separations ‘of inorganic ions. Also, a
search was made for phenomena, such as dis-
continuities or inflections in migration-velocity-
vs-voltage curves, believed to exist at high poten-
tial gradients.
tems were selected for

Ten anionic and cationic sys-
initial studies.” The
results of the investigation indicate that many
simple mixtures can be separated efficiently and
with great speed (30 sec or less).

1.4.e Sepdruﬁon of Trace Metals from Uranium
by Chromatography on a Cellulose Column

L. C. Bate R. A. A. Muzzarelli 33

The study of the separation of trace metals from
uranium by chromatography on a cellulose col-
umn3* was completed. A paper on the work has
been published. 35

29T, H. Handley, ‘‘A Review of Organic Compounds,
Containing P=S and P(S)SH Groups as Separatory and
Analytical Reagents,’’ Talanta 12, 893 (1965).

30G. Goldstein, **Rapid Separation and Determination
of Technetium,'” Anal. Chem. Div. Ann. Progr. Rept.
Nov. 15, 1964, ORNL-3750, pp. 47—-48.

31g, Goldstein, *‘‘Rapid Separation of Technetium
from Fission Products,’’ accepted- for publication in
Radiochimica Acta.

32Summer Student Trainee; graduate student, Chem-
istry Department, Massachusetts Institute of Technol-
ogy, Camb_ridge, Mass.

33Alien Guest, 1963—64; from Communauté Euro-

péenne de L’Energie l}tomique, ‘EURATOM, Bureau
Central de Mesures Nucléaires, Geel, Belgium.

341, C. Bate and R. A. A. Muzzarelli, ‘‘Separation
of Trace Metals from Uranium by Cellulose Column
Chromatography,”” Anal. Chem. Div. Ann. Progr. Rept.
Nov. 15, 1964, ORNL=-3750, p. 48. )

35R. A. A. Muzzarelli and L. C. Bate, *'Separation
of Traces of Metals from Uranium by Chromatography
on Cellulose Column,’” Talanta 12, 823 (1965).



11.5 LIQUID SCINTILLATORS

11.5.a N,N',N”-Trimefhylboruzine
as a Liquid-Scintillator Solvent
for Thermal-Neutron Detection

H. H. Ross H. L. Holsopple

A paper has been published that describes the
various characteristics and properties of N,N’N "~
" trimethylborazine as a liquid-scintillator solvent
for thermal-neutron detection.36

11.5.b Color-Quench Correction
in Liquid-Scintillator Systems by Use
" of an Isolated Internal Standard

H. H. Ross

A new technique of color-quench correction by
use of an isolated intemal standard was devel-
oped. When this technique is used in conjunction
with any of the other methods for total-quench
correction, the separate effects of color and chem-
ical quenching are easily resolved. The tech-
nique is based on the absorption of light photons
in a color-quenched liquid-scintillator sample.
However, in contrast to the spectrophotometric
method, the light source consists of a small
ampul that contains an unquenched liquid scin-
tillator spiked with the desired isotope. The
photons emitted by the standard have the same
intensity and spectral distribution as those pro-
duced in the sample itself. An article on the
technique has been published.*?

11.6 APPLICATION OF COMPUTERS
11.6.a Electronic Gamma-Ray Spectral Resolution
J. S. Eldridge

Test results of ten cases of computer-performed

gamma-ray spectral resolution were analyzed.

364. H. Ross and H. L. Holsopple, “N,N,N, Tri-
methylborazine as a Liquid Scintillator Solvent for
Thermal Neutron Detection,”” Nucl. Instr. Methods 33,
194 (1965).

37H. H. Ross, ““Color Quench Correction in Liquid
Scintillator Systems Using an Isolated Internal Stand-
ard,’ Anal. Chem. 37, 621 (1965).
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Binary, tertiary, and quaternary mixtures of 46Sc,
51Cr, 59Fe, and !34Cs were resolved with the
gamma-ray fitting program3® and were analyzed
by an independent assay procedure. Table 11.5
gives typical results, which show that the library
of standard spectra,
program, functions satisfactorily for the complex
problem of gamma-ray spectral resolution. ‘

Digital data from several of the nuclides in-
cluded in the library were obtained in a paper-
tape format and were used in a test of the concept
of applying this library in an absolute assay
technique. Several radioactive sources were pre-
pared and were assayed independently by abso-
lute gamma-ray spectrometry. These sources
were measured in a spectrometer system at the
Isotopes Division. The paper-tape-library data
for the measured nuclides were then read into
the spectrometer system, where a direct com-
parison of the source and tape data was made
by use of the electronic summation feature. Table
11.6 gives the results of this assay. These
results show that the paper-tape format of the
library data will function satisfactorily in this
form of absolute assay. The negative bias of
the results is due to the uncertainty in deter-
mining the position of the Nal crystal beneath
the can in the detectors used for the comparisons.
This discrepancy may be partially removed by
normalizing the library data with an independent
source in conjunction with the library data.

This project is now complete, and the termina-
tion report is being prepared.

as well as the computer

11.6.b Evaluation of Computer Programs
for Gamma-Ray Spectrometry
in Activation Analysis

T. D. Alexander3?
Ernest Schonfeld 4°

J. F. Emery
F. F. Dyer

At the 1965 International Conference on Activa-
tion Analysis, a paper was given on the applica-
tion of computers, The paper will be published

38_]. S. Eldridge, *‘Computer Applications in Nuclear
Analyses,”” Anal. Chem. Div. Ann. Progr. Rept. Nov.
15, 1963, ORNL-3537, p. 85.

39Research participant, summer of 1964; from Depart-
ment of Chemistry, Georgetown College, Georgetown,
Ky.

4 0Chemical Technology Division.

¢
N
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Table 11.5. Results of Determination of Radionuclides in Mixtures by o Computer Program
for Gamma-Ray Spectral Resolution
Amount Added Amount Found (dis/sec)
Nuclide . i . R K ,
(dis /sec) Binary Mixture Tertiary Mixture Quaternary Mixture
x 104 x 104 x 10% x 10*
46sc 1.44 +0.01 1.43 0.02 1.45 +0.03
Sler 3.20 £ 0.05 3.04 £ 0.08 3.13 £ 0.11 3.11 £ 0.16
S9Fe 2.19 £ 0.01 2.20 t 0.02 2.22 + 0.04 2.23 £ 0.05
134cs 2.32 1 0.02 2.31 £ 0.03 2.34 +0.02

Table 11.6. Results of Tape-Comparison Assay

Amount (dis/sec)

Nuclide Deviation (%)
Added Found
x 104 x 104 x 104
5% 2.05 2.01 -2.2
124
Sb 2.31 2,29 —0.9
137¢cs 3.66 3.55 —3.1
1985y 8.12 8.04 -1.0

in the proceedings of the conference; the abstract
of it follows. )
Three operational computer programs for resolv-
ing gamma-ray spectral data were evaluated.
Some problems considered are: ability to make
gain-shift corrections, effect of zero-activity nu-
clides on other nuclides present, and significance
and reliability of computed standard deviations.
Computer programs for resolving gamma-ray spec-
tra require a number of computer-control data,
such as photopeak channel, gamma-ray energies,
gain shift, etc. The number and complexity of
this control information depend largely on the
versatility of the program and on the purpose
for which the program was written. Each program
. was evaluated for simplicity of use with a large
number of samples and for cost per analysis.

11.6.c Computer Program for Calculating
Correlation Coefficients

' F.F. Dyer

Recent studies in the forensic problem of com-
paring materials (e.g., hair.and opium) by their

trace-element content led to an interest in the
degree of correlation. among the concentrations
of trace elements. If the concentrations of two
elements are highly correlated, then on the aver-
age, the concentration of one can be predicted
from that of the other, and very little information
is gained by measuring both elements. )

A computer program was written to calculate
correlation coefficients for all pairs of elements
in a set of measurements. The input information
required is the names of the elements and their
concentrations. The output includes input data,
standard deviations ‘for the concentrations of
each element, ‘and correlation coefficients iden-
tified by the names of the elements. Calcula-
tions made with data from the . analysis of sam-

ples of head hair taken from 99 different humans

showed no significant correlations, but a number
of significant correlations existed for 107 sam-
ples of opium.

11.6.d Use of Computers in Applied
Activation Analysis

J. F. Emery

A subroutine was written for Cumming’s CLSQ
Decay Curve Analysis Program?! that allows data
accumulated in the time mode or multiscaler mode
of a multichannel analyzer to be analyzed by
CLSQ. The subroutine will accept data from any

multichannel scaler. A constant background or

41]. B. Cumming, ‘*CLSQ, the Brookhaven Decay

~ Curve Analysis Program,”’ pp. 25—~33 in Radiochemical

Techniques. Applications of Computers to Nuclear
and Radiochemistry, ed. by G. D. O°’Kelley, NAS-NS-
3107 (March 1963).



a continually varying background may be sub-
tracted from each channel. -

A program LIMIT was written for the CDC 1604-A
to calculate the detection limits for the elements
by neutron activation. Any irradiation time or
neutron flux intensity may be. used. The detec-
tion limits calculated depend on the detector
geometry, the efficiency for the particular gamma
ray used for assay, the decay scheme of the par-
ticular radionuclide, and the background of the
detector for any given count interval.

LIMIT may also be used to compute upper limits
of concentration for a large number of elements
in a high-purity matrix; for example, upper limits
of 46 elements were computed for semiconductor-
grade silicon metal that had been irradiated for
2.75 hr in the ORR pneumatic tube. These con-
centrations” were: for 13 elements, =10~% ppm;
for 20 elements, S10~2 ppm; for 9 elements, S1
ppm; and for only 3,21 ppm. These upper limits
were high because of the poor sensitivity of
neutron activation analysis for these elements.

A program ABSNAA was written for the CDC
1604-A computer for the absolute neutron activa-
tion analysis of materials. Use of the program
requires the irradiation of two neutron-flux moni-
tors, preferably one monitor with a large resonance
integral and one monitor with a small one. These
two monitors are then used to calculate the ther-
mal- and resonance-neutron fluxes.

A complex gamma-ray spectrum is first resolved
by ALPHA*? into disintegration rates of the var-
ious components discharge time.
ALPHA this information on
punched cards. These cards are used as input
data for ABSNAA. The only additional informa-
tion needed is the duration of irradiation of the
samples. ABSNAA then selects the proper ele-
ment, thermal-neutron cross section, resonance
integral, isotopic abundance, etc., and by use
of the previously calculated computer values of
the thermal and resonance flux calculates the
weight of the element present.

An advantage of this program is that only two
monitor samples need be irradiated for any and
all elements that might be determined.

at reactor

normally outputs

42E, Schonfeld, Alpha-A Computer Program for the
Determination of Radioisotopes by Least-Squares
Resolution of the Gamma-Ray Spectra, ORNL-3810
(July 1965).
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11.6.e Program NETAREA

R. L. Hahn Enzo Ricci

The code NETAREA was written for the IBM
7090 computer to calculate photopeak areas of
gamma-ray Sspectra. The computation consists
of fitting' a Gaussian shape to the peak. Two
sets of three points of the peak are used to cal-
culate exactly two sets of parameters for a
Gaussian curve; these parameters are the magni-
tude and position of the maximum of the Gaussian
curve and its half-width at half maximum. The
two sets of parameters form the basis of a series
of successive, approxifnations which lead to a
final set of parameters that best fit all six
points. The area under this calculated Gaussian
curve is then computed. Two calculational op-
tions are available in the program: subtraction
from the photopeak of a calculated exponential
approximation to a Compton background and cal-
culation of the Gaussian area by subtracting an
exponential curve tangent to the valleys from the
sum of counts under the gamma-ray peak.

The program will normally print as its output
the final values of the three Gaussian parameters,
a figure of merit for the fit to the Gaussian,
and the Gaussian area with its standard deviation.
Two additional modes of output can be selected:
a diagnostic output that prints the results of all
intermediate calculations and a punched-card
output in a format compatible with the input
requirements of the CLSQ least-squares decay-
curve analysis program.*!

11.6.f Computer Program for Calculating
+ Neutron Flux

F. F. Dyer

When neutron-flux monitors are irradiated for long
periods of time during which the reactor power
changes 'a number of times, calculation of neutron
flux from the induced radioactivity is difficult
to do manually. Usually, assumptions are made
about the operating history of the reactor which
simplify the calculations but which introduce
errors in the computed fluxes. A computer pro-
gram was written that will make the calculations
rapidly and exactly. The program, written in
FORTRAN 63 for the CDC 1604, requires as
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input data: identification numbers, absolute activ-
ities and weights of samples, and operating his-
tory of the reactor. The operating history consists
of two one-dimensional arrays which list the
operating times and powers of the reactor for
each operating period. Calculations are based
on the assumption that neutron flux is linearly
dependent on reactor power. The program gives
as output: all input quantities, power-averaged
(weighted) neutron flux, neutron flux corresponding
to full-power operation of the reactor, and neutron
dose. Major power changes of the reactor, which
information is of interest in mechanical-design
studies, are also outputed.

If the reactor operates nearly continuously at
full power, corrections are made for thermal-
neutron burnup of the induced radionuclide. The
program is being modified to correct for burnup
under all operating conditions.

11.7 APPLICATION OF RADIOISOTOPES
TO ANALYTICAL CHEMISTRY

11.7.0 A New Concept in Precision Photometric
Analysis: Use of a Radioisotopic Light Source

H. H. Ross

Although absorption photometry is one of the
most valuable techniques available to analytical

chemists, its use is generally restricted to the .

determination of materials in trace quantities.
This limitation is easy to understand if one
recognizes that the precision of measurement
with conventional photometric instruments cannot
compete with that of standard gravimetric and
titrimetric procedures. Miiller discusses this
problem with considerable insight.*3

The initial phase of a program to develop a
unique theoretical and exberimental approach for
making -precise photometric measurements has
been completed. A new system has been demon-
strated that uses a radioisotopic light source;
the system provides a new physical basis of
measurement for absorption studies. The experi-
mental results are ‘i'n agreement with a simple
mathematical model and are more precise than

43R. H. Miller, ““Precision Photometry,’® Anal. Chem.
37(10), 123A (1965).

those obtained with conventional absorption instru-
ments. Among the additional advantages of the
method are controlled sensitivity, simplicity, low
power requirements, and direct digital results.

A paper on this development will be published. 44

11,7.b Radio-Release Methods for the Evaluation
of Atmospheric Pollution: Sulfur Dioxide

H. H. Ross

A method for the determination of sulfur dioxide
in the atmosphere that uses .a radio-release tech-

nique has been published.*%
’ /

11.7.c Measurement of Wear Rates in Automotive
Engines by Liquid-Scintillation Counting of 55Fe

H. H. Ross R. P. Gardner?$
J. W. Dunn IIT47

A new radiotracer technique for determining wear
rates of selected automotive-engine parts was
demonstrated for piston rings; 3°Fe instead of
5%Fe is used as the radiotracer. A liquid-scintil-
lation ' method for counting 3°Fe is necessary,
since 5°Fe decays by electron capture and emits
only the Mn characteristic x ray of 5.9 kev. A
simple method for extracting the wear barticles
from the engine oil and getting the iron into the
liquid-scintillation mixture is described. Count-
ing yields of 8 to 9% are obtained.

The 5SFe technique of wear measurement does
not compete directly with the existing 3%Fe
technique; when 55Fe is used the sensitivity is
slightly lower and the sample preparation is
longer. However, the much longer half-life (45
vs 2.6 days) and the lower radiation energy (5.9
kev vs >1 Mev) allow the 55Fe technique to

444, H Ross, “A New Concept in Precision Photo-
metric Analysis Using a Radioisotopic Light Source,”’’
to be published in Analytical Chemistry.

“SH. H. Ross and W. S. Lyon, **Radio-Release Methods

- for the Evaluation of Atmospheric Pollution: Sulphur

Dioxide,?” pp. 285~93 in Radiochemical Methods of
Analysis, vol. II, IAEA, Vienna, 1965.

46Measurement and Controls Laboratory, Research
Triangle Institute, Durham, N.C.

47Research Assistant, Department of Mathematics,
North Carolina State University, Raleigh.



be used for long-term wear studies, for double-
tracer studies, and for 'studies of large engine

parts. 48

11.7.d Radiotracer Method for the Determination
of Lead

L. E. Mattison*?

A new, sensitive, and rapid method for the deter-
mination of lead is based on the use of !31]
tracer. Lead is extracted from dilute hydriodic
acid (1:20) with 5 v/v % pyridine in benzene
solution. Although the structure of the extracted
species is not known, the lead extracted is pro-
portional to the 31!l radioactivity in the organic
phase. The counting rate is linear over the
range from 0 to 70 ug of lead. These conclusions
were confirmed by neutron activation analysis.
The procedure is applicable to the determination
of cadmium. Thallium(I) does not extract.

Work is continuing on the study of interferences.

11.8 ACTIVATION ANALYSIS
11.8.a Sfudigs of 3He Nuclear Reactions

SHe Activation Analysis (Enzo Ricci, R. L.
Hahn). — The data obtained at the 5.5-Mev Van
de Graaff accelerator>® were analyzed. A gen-
eral mathematical treatment was developed that
reduces charged-particle activation of thick sam-
ples to almost the simplicity of neutron activation.
This treatment is based on the definition of an
average cross section, 5, which is shown to be
approximately independent of the nature of the
target material;

[Fowda [TioE EdE
0 - 0 .

R - E;
[T a j; EfiE

o=

0

“84. H. Ross, R. P. Gardner, and J. W. Dunn III,
““Wear Rates in Automotive Engines by Liquid Scintil-
lation Counting of Fe’5, Nucl. Sci. Eng. 20, 521
(1964).

49Research Participant, summer of 1964; from Depart-
ment of Chemistry, King College, Bristol, Tenn.

5%E. "Ricci and R. L. Hahn, “Helium-3 Activation
Analysis,” Anal. Chem. Div., Ann. Progr. Rept. Nov.
15, 1964, ORNL-3750, pp. 58--59.
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Table 11.7. Sensitivities for Oxygen Determination
in Thick ZrO2 Targets?

Product )
Reaction Half-Life Sensﬂ;vxty -1
(min) (dis sec™ " ppb~ )
166(3He,an) 40 1.2 0.047 * 0,004
1603He, 150 2.07 20 £1
1603He, 2y 1 20.5 1.9 £ 0.2
180(3He,p) 1 BF + 110 43 £2

160(3He,n)18Ne — 18F

fyalues calculated for irradiation intervals of one

half-life and a 10-Mev °>He-beam current of 100 pa.

Here, o is the cross section of the given reaction
at depth ¢ or for particle energy E; E, is the
initial energy of the charged particles, and R is
their range in the thick target. The activation-
analysis sensitivity is proportional to OR; Table
11.7 lists sensitivities for several reactions that
could be used for determining oxygen. The neutron
outputs 3° from reactions of 10-Mev *He particles
with lithium, beryllium, and boron compare favor-
ably with those from (d + () reactions in conven-
tional neutron generators. Furthermore, the neu-
tron yields from 3He irradiations do not decrease
with target usage. The  yield of high-energy
gamma rays (™~ 20 Mev) is also significant. These
results suggest that a small cyclotron, built for
3He activation analysis, could be used effec-
tively for fast-neutron and photon activation
analysis. All the work mentioned above is de-
scribed in detail in a published article. 5!

In recent experiments at the tandem Van de
Graaff accelerator, thick targets of Be, B, C, N,
O, F, Na, Mg, Al, Si, P,’'S, Cl, K, and Ca were
irradiated with 18-Mev 3He particles to obtain
activation-analysis sensitivities for these ele-
Gamma-ray spectrometry was used to
assay - the many radionuclides produced. The
experience gained at the 5.5-Mev Van de Graaff
made possible a drastic reduction
in the time required for a comparable number

ments.

accelerator

S1E. Ricci and R. L. \Hahn, ‘“Theory and Experiment
in Rapid, Sensitive Helium-3 Activation Analysis.
Helium-3 Reactions as Neutron Sources,’’ Anal. Chem.
37, 742 (1965). )



of experiments at the tandem Van de Graaff accel-
erator.

Excitation Functions for 3He-Induced Nuclear
Reactions (R. L. Hahn, Enzo Ricci). — Knowledge
of the excitation functions for nuclear reactions
induced by 3He particles in low-Z elements is
necessary in evaluating the role of interferences
in 3He activation analysis and avoiding them.
Also, these data may be useful in elucidating
the mechanisms of these reactions. The data
obtained ‘during the irradiation of foils at the
5.5-Mev Van de Graaff accelerator®® were used
to calculate ‘excitation functions up to 10 Mev
for several 3He reactions. Table 11.8 lists
these reactions and their cross sections at var-
ious energies. Recent nuclear physical experi-
ments support the idea that some of the 3He-
induced reactions proceed by direct interaction.
We are currently attempting to compare the excita-
tion functions predicted from the distorted-wave

theory of direct nuclear reactions®? with our
-results. ’ )
Thick-target yields .for boron, nitrpgen, and

- sodium were measured recently at the tandem
Van de Graaff accelerator. The S3He energies
ranged from 6 to 18 Mev in intervals of 1.5 Mev.
Excitation functions for the reactions observed
will be calculated by differentiating the curves
of yield vs energy. ’

11.8.b Study of Precision and Accuracy in Neutron
Activation Analysis

F. F. Dyer J. F. Emery

The study of the precision and accuracy of
activation analysis for elements that yield short-
lived radionuclides was completed.®3 - Measure-
ments were made with single-component samples
and with mixtures of the radionuclides 2°F, 32y,
77Se, 194Rh, and ''°Ag. The major source of
error was found to be loss of counts caused by

" dead time of the multichannel analyzer. Expres-
sions were derived that precisely and accurately

52R. H. Bassel, R. M. Drisko, and G. R. Satchler,
The Distorted-Wave Theory of Direct Nuclear Reactions.
I: ‘*Zero-Range® Fommalism Without Spin-Orbit Cou-
pling, and the Code SALLY, ORNL-3240 (Jan. 26,
1962).

3F. F. Dyer and J. F. Emery, “Study of Precision
in Activation Analysis,”” Anal. Chem. Div. Ann. Progr
Rept. Nov. 15, 1964, ORNL-3750, p. 55.

\
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- washed.

correct for this effect for both single-component
and multicomponent samples. All measurements
were made on samples that contained” known
amounts of elements. Relative standard errors
for .single-component samples ranged from *1 to
15% at the 95% confidence level. In most in-
stances, deviations between weights taken and
weights found in mixtures were <10%. A paper
that describes this work is near completion, and
publication is planned.

11.8.c Determination of 99Tc by Neutron-
Activation Analysis

Gerald Goldstein J. F. Emery

Certain problems in geochemistry require the -
determination of extremely small quantities (of
the order of 10~ 1% g) of technetium.” Of the ana-
lytical methods available, only thermal-neutron
activation analysis has, at least potentially, the
necessary sensitivity.

Sample mounts of technetium were prepared by
evaporation of standardized solutions on 1-mil-
thick polystyrene foil that had been thoroughly
The samples were irradiated for 20
sec at the pneumatic facility of the ORR. The
beta decay of the samples was followed with a
well-type plastic phosphor and a multichannel
analyzer operated in the time mode. From these
data we attempted to measure 17-sec’ 1°°Tc
either by resolving the decay curve into its com-
ponents by the CLSQ decay-curve-analysis pro-
gram or by spectrum-stripping analysis by means
of synthetic decay curves calculated for the
known components as library spectra. A detailed
report of this work has been published.3* Essen-
tially, we were not able to determine less than
108 g of ?9Tc with acceptable precision, because
silver is an impurity in the polystyrene mount.
On irradiation, 24-sec '!'®Ag is produced, which
cannot be distinguished from 1°%Tc. Other mate-
rials have been examined for use as sample
mounts, but we have not yet found one that is
better than polystyrene.

54G. Goldstein and J. F. Emery, ‘Thermal-Neutron
Activation Analysis of Technetium,’® Chem. Div. Ann.
Progr. Rept. May 20, 1965, ORNL-3832, pp. 20-31.



Table 11.8. Experimental Cross Sections (mb) for Several 3He Nuclear Reactions

Mid-E Energy .
u(iMex:;rgY In(tl:;rval 91?’6(.'41_19,’1)11c 12C(3He,n)140 12C(3He,pn)13N_ 12C(3Hg,a)‘ 1 IGO(SHe,p)IBF + 160(3He’a)150 ‘9F(3He,a)18F 19F(3He,an)17F
ev) ) 160(3He,n)! 8Ne _L8F
2.05 3.00-1.11 87.7 £ 17.0
2.40 3.02-1.77 11.2 £ 1.4 118 * 14
2.90 3.35—2.44 6.99 £0.74 103 £ 7 40.3 £ 4.0 24.4+ 2.9
3.22 4,00—2.43 102 + 10 ] '
3.71 4,18-3.24 4,50 £ 0.48 135 £ 21 6.87 £ 0.69 4.52 £ 0.81
4,09 4,40-3.77 8.66 £ 0.92 153 £ 11 108 + 11 60.4 £ 6.4 ‘
4.34 5.00-—3.67 113 £ 11 .
4.92 5.31-4.52 12.8 £ 1.5 256 £ 18 i 18.6 £ 1.9 18.7 £ 2.1
5.19 5.49—4.88 13.4 £ 1.3 182 + 13 206 £ 21 115 t12
5.38 6.00—4.75 98.6 £ 9.9 .
6.04 6.37—5.71 1.3+ 1.3 32,9 1£3.9 268 £ 19 20.5 £ 2.1 28.6 £ 3.1
6.31 6.55—6.06 16.5 £ 1.8 46.2 £ 6.4 218 + 27 436 44 . 147 t 16
6.51 7.00~-6.01 93.0 £ 9.3 _
6.63 7.14-6.11 13.9 £ 1.4 59.6 £ 8.4 278 £ 39 401 * 47 169 + 17
7.14 7.43~6.84 8.60 £ 0.97 56.6 £ 5.0 329 23 - 22.1 2.0 44.0 £ 4.4
7.17 8.00~6.34 388 1 58
7.57 8.00-7.14 78.0 £ 7.8
7.76 8.22-7.30 12.1 £ 1.3 56.5 t 8.4 289 + 29 356 £ 36 128 £ 24
8.24 8.51-7.96 13.6 £ 1.6 81.1 £6.9 366 26 21.0 £ 2.1 50.4 £ 5.0
8.42 9.06—7.77 321 50
8.60 9.00—8.20 65.8 1 6.6
8.88 9.29-8.46 10.2 £ 1.0 61.8 £ 8.8 349 £ 26 274 27 112 + 18 )
9.30 9.55~9.05 7.72 £ 0.83 60.8 £ 6.0 331 123 . 15.0 £ 1.5 452t 4.5
9.48 9.67~9.29 98.9 £ 12.2 308 * 31 320 1 32
9.64 10.00-9.27 58.7 £ 5.9

99



11.8.d Neutron Activation Analysis
of Human Hair: Forensic Applications

L. C. Bate F. F. Dyer

The study of trace-element content of human
hair for forensic applications®® was terminated,
and the results were reported.5¢:57 The work
led to the following conclusions. Hair should
be cleaned thoroughly of surface contamination
before trace elements are measured. It can be
cleaned satisfactorily -by washing with either
a nonionic detergent or an organic solvent followed
by distilled water. Although the hair can be
washed either before or after irradiation, wash-
ing before irradiation may be preferable because
of the destructive effects of irradiation. Deter-
minations of sodium, bromine, and probably chlo-
rine have little value in matching hair samples,
because their concentrations in an individual’s
hair likely fluctuate rapidly with time. Many ele-
ments are very tightly bound in hair and cannot
be removed easily by washing.
minations of these elements in clean hair should
be the determinations most useful for forensic
investigations. Adsorption from the environment
is a major source of trace elements in hair.
Concentrations of trace elements in hair vary
greatly with distance from the scalp. Therefore,
in selecting samples for comparison it is prob-
ably necessary to obtain hair of equal lengths
and equal distances from the scalp. No cor-
relation exists among concentrations of trace
elements in hair. Diversity of backgrounds of
persons (age, sex, occupation, etc.) contributes
to diversity in the trace-element concentrations
of their hair. .

Service work was done in two rape cases for
the Criminal Investigation Division of Fort Bragg,
North Carolina. No study had been made of sin-
gle hairs, but such information was necessary
in these cases. Consequently, samples of three

55L. C. Bate and W. B.. Healy, ‘‘Hair Analysis,”’
Anal. Chem. Div. Ann. Progr. Rept. Nov. 15, 1964,
ORNL-3750, p. 57.

561, C. Bate and F. F. Dyer, **The Use of Neutron
Activation Analysis to Determine the Trace Elements
in Hair,’* presented at Fourth Meeting of the Society
for Applied Spectroscopy, Denver, Colo., Aug. 30—Sept.
3, 1965. :

S7L. C. Bate and F. F. Dyer, ‘‘Trace Elements in
Human Hair,”* Nucleonics 23(10), 74 (1965).
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Therefore, deter-~

to five hairs were ‘obtained from ten persons
other than the suspects, and each hair was ana-
lyzed separately to aid in interpreting results
from the Fort Bragg samples. Duplicate sam-
ples were taken from one of the individuals,
and an: additional sample was obtained three
months later from another. The results were
evaluated by determining the number of elements
whose concentrations matched among all the
samples. Two samples were said to match in
an element if the ranges of concentration of
the element, as measured in several single hairs
from each sample, overlapped. Because of the
large variation in the concentration of each ele-
ment (20 to 100%) among hairs from the same
person, samples from a few individuals matched
in more elements. (five) than did the duplicates,
which matched in only four elements. The two

.samples taken from the same person three months

apart were very dissimilar in trace-element con-
centrations. It was concluded that the variation of
element concentrations among hairs from the same:
person is probably too large to permit comparisons
to be made from only three- or four-hair samples. -

" From this work no evidence of guilt was found

in the rape cases perhaps because of insufficient
samples and because five months had elapsed
between the time samples were taken from the
crime site and the time samples were taken from
the suspects. :

11.8.e. Applied Neutron Activation Analysis

J. F. Emery

Single cells of biological specimens were ana-
lyzed for Na, K, and Cl. The cells were mounted
between 1-mil-thick polystyrene foils and were
irradiated for 20 min in the pneumatic tube of the
ORR. The amourt of Na, K, and Cl for one cell
was 1.15, 50.01, and 1.36 g, respectively, and
for the other cell, 0.14, £0.04, and 0.28 1g, re-
spectively. ‘

Bismuth metal from the bismuth-shielded facility
in the BSR was analyzed for Ag, Al, Co, and Hf.
The Co and Hf contents were each less than 0.01
ppm, whereas the Ag content was 0.01 ppm, and
the Al content was 0.11 ppm.

Three series of electron-beam zone-refined Nb
were analyzed for Ta and W. The samples were



from experiments in which niobium rods were
passed 1, 6, and 12 times through the. zone-melting
process. The Ta concentration was constant at
367 ppm, whereas the W content after the first two
experiments was 225 ppm and 242 ppm after the
third. In the third experiment, W was apparently
picked up from the electrodes.

A segment of corroded stainless steel pipe from
the Bonus Reactor was analyzed for chloride. An
upper limit of 0.3 ppm/cm? was found.

Other materials analyzed were: fission product
solutions and filters for 233U; ZrF, and ZrO2 for
Hf; INOR-8 for Al and V; HgO for Rh, Al, V, and
Ag; Pb for natural radioactivity, Cu, Sb, and Ag;
and Cs,CO; for TI.

11.8.f Gold Atoms Sputtered
from Neutron-Irradiated Gold Foils

J. F. Emery

Polystyrene catcher foils that were located
immediately behind gold foils irradiated in the
" beam hole of the ORR were analyzed for induced
radionuclides, !98Au, and stable !°’Au. The
radioactivity of '°8Au (11%) found on the poly-
styrene foil agreed with that reported from earlier
work,*® which indicated that 13% of the neutron-
capture and prompt-gamma deexcitation that oc-
curred at one face of the gold foil produced recoil
energies great enough to cause !?%Au atoms to
escape from the surface of the foil. The amount
of stable '97Au sputtered onto the polystyrene
foil was 3.47 x 107! g/cm?. An additional ex-
periment to determine the extent of interference
from gamma irradiation was performed, and the
amount of '%7Au found on the polystyrene foil
was 4.6 x 10712 g/cm?. These experiments were
performed by members of the Solid State Division.

11.8.g Determination of Uranium in Seawater
by Neutron Activation Analysis

W. J. Ross

Submicrogram amounts of uranium were deter-
mined by neutron activation analysis in aqueous

585, Yosim and T. Davies, ‘Recoil Atoms from
Slow Neutron Capture by Gold and Indium Surfaces,”’
J. Phys. Chem. 56, 599 (1952).
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systems that contained macro amounts of inter-
fering elements, such as those found in seawater.
Potentially overshadowing gamma radioactivities
were eliminated by preseparating uranium by
solvent extraction with tri-n-octylphosphine oxide
(TOPO). Essentially specific extraction of nano-
gram amounts of uranium is obtained by equili-
brating 0.5 M HNO, solutions with 0.005 ¥ solu-
tions of TOPO in cyclohexane. The cyclohexane
diluent evaporates readily; therefore, only a very
small residue is activated to produce 23°U (and
its daughter 23°Np) from 238U. The maximum
sensitivity of the method is limited to 0.1 pg of
238y by the bremsstrahlung of 14-day 32P pro-
duced by activation of TOPO. Efforts to eliminate
this interference so that the limit of detection
can be reduced are continuing.

11.8.h Neutron Activation Anulygis
of River Water

W. J. Ross

A method was developed for determining ppb
concentrations of Cu, Zn, Ni, and Cr in river water
of variable purity. The method consists in neutron
activation analysis and a sequential chemical-
separation procedure that permits the determination
of as little as 7 x 10> g of Cu, 9 x 1073 ;g of

" Zn, 4 x 10~2 g of Ni, and 5 x 1072 ‘ug of Cr.

11.8.i Wool Analysis

L. C. Bate W. B. Healy®®

A paper that describes the neutron activation
analysis of wool%? has been published.5?

59 Alien Guest, 1963—64; from Soil Bureau, Depart-
ment of Scientific and Industrial Research, Lower Hutt,
New Zealand.

60L. C. Bate and W. B. Healy, ‘“Wool Analysis,”’
Anal. Chem. Div. Ann. Progr. Rept. Nov. 15, 1964,
ORNL-3750, p. 56.

°lw. B. Healy, L. C. Bate, and T. G. Ludwig,
‘Micro-Element Content of Wool from Twin Wethers
Raised on Two Soils as Determined by Neutron Activa-
tion Analysis,”” New Zealand J. Agr. Res. 7, 603
(1964).



11.9 14-Mev NEUTRON GENERATOR

11.9.a Catalog of 14-Mev Neutron Reactions

J. E. Strain W. J. Ross

Efforts to catalog nuclear reactions obtained
with 14.7-Mev neutrons®? were continued. A
compilation of these reactions and their cross
sections, as well as of gamma spectra of the

reaction products, was completed for the lighter

elements (Z < 30).°% ‘Data are now being col-
lected from ‘irradiations of the heavier natural
elements. Although the catalog is designed pri-
marily for those interested in practical activation
analysis, that is, irradiation periods of <20 min,
the scope of the investigation has been extended
to include the identification of reactions that
result from longer periods (2 to 4 hr) of neutron
bombardment.

11.9.b Studies of Neutron-Producing Targets

J. E. Strain W. J. Ross

Neutron-producing targets, such as Ti-*H and
Er-H, were studied to determine why targets that
are presumably identical differ in neutron yield
and useful life. The methods of target prepara-
tions, purity of the materials used, and neutron
yield of targets were studied extensively. A final
report on this work is being prepared. E. H.
Kobisk? supplied the targets and is summarizing
the methods used to prepare them.

11.9.c Standardization of Neutron-Flux
Measurements

Enzo Ricci

A -method for standardizing neutron-flux meas-
urements performed at 14-Mev neutron generators
was suggested by a group of scientists at the
1965 International Conference on Modern Trends in

62]. E. Strain and W. J. Ross, *‘Catalog of 14-Mev
Neutron Reactions,”” Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1964, ORNL-3750, p. 59.

63]. E. Strain and W. J. Ross, 14-Mev Neutron Reac-
tions, ORNL-3672 (January 1965).

Activation Analysis, College Station, Texas, April
19-22.5%  This technique uses the reaction
63Cu(n,2n)%?Cu, which has a threshold energy
of 11.0 Mev. To test the validity of the proposed
method, this reaction, as well as the reactions
27Al(n,p)?"Mg and 2%Si(n,p)?8Al, were induced
simultaneously at the neutron generator on targets
of copper, aluminum, and silicon. These targets
were irradiated first bare and then encased in
~0.5 in. of Lucite. The activity ratios 2’Mg/%?Cu
and ?8A1/62Cu were 7% higher for the Lucite
irradiation than in the bare experiment; the stand-
ard deviations of the ratios were all smaller than
1.5%. This result clearly indicates that the copper
reaction cannot be used alone to characterize a

 given facility, if one recalls that plastics and

other materials are used extensively at neutron-
generator rabbit installations. The results obtained
can be easily explained and, in fact, were expected
in the light of former studies.®®> The Lucite
causes degradation of the neutron energy; the
copper reaction cannot be induced by neutrons of
energies lower than 11,0 Mev, whereas the reactions
on aluminum and silicon (thresholds 1.9 and 4.0
Mev, respectively) can still occur. An experimental
study is being made to improve and complete the
standardization procedure proposed at the Texas
conference.

11.9.d Activation of 6Ni with 14-Mev Neutrons

J. E. Strain W. J. Ross

The reactions between 8*Ni and 14-Mev neutrons
were investigated comprehensively. Thesé reac-
tions and the characterization of the resulting
products have assumed special interest becaiise
of the wide discrepancies between our data and
those that appear in the literature.86 A paper is

64Margaret B. Glos, **Activation Analysis Ready for
Routine Use,”” Nucleonics 23(6), 62 (1965).

65k, Ricci, **Output Spectrum from 14-Mev Neutron
Generators. Rapid Estimation and Influence in Cross-
Section Measurements and Activation Analysis,”” J.
Inorg. Nucl. Chem. 27, 41 (1965). '

861, L. Preiss and R. W. Fink, “New Isotopes of
Cobalt; Activation Cross-Sections of Nickel, Cobalt,
and Zinc -for 14.8 Mev Neutrons,’”” Nucl. Phys. 15,
326 (1960).
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Table 11.9. Cross Sections for the Reactions
of 14-Mev Neutrons with 997

Cross Section (mb)

Reaction Product P b
Measured Calculated
(n) 99mpe 81, 73 124 £ 24
(n, @) 96Nb 7.3, 7.7 5t5
(n,p) %Mo ’ ~5 55
(n,2n) 98Tc c 2100

a
Two runs.

by, Dresner, EVAP-Fortran Program for Calculating
the Evaporation of Various Particles from Excited Com=
pound Nuclei (Dec. 19, 1961) (unpublished report).

©98-1¢ was not detected; half-life of 981¢ is 108 years.

being written in which we classify the reaction
products on the basis of our nuclear and chemical
results. ‘

11.9.e Activation Cross Sections
for the Reactions of 14-Mev Neutrons with ?9Tc

Gerald Goldstein

To ascertain whether activation analysis with
14.8-Mev neutrons is a useful analytical method
for technetium, cross sections for reactions were
A 50-mg sample of °9Tc, as the
metal, was irradiated for 1 hr together with alumi-
num flux monitors. Gamma spectra of the irra-
diated technetium were determined at intervals
for several days. Table 11.9 shows the results
of these measurements. An article on this work
is to be published.®’

determined.

574. Goldstein, ‘‘Activation Cross Sections for the

Reactions of 14.8-Mev Neutrons with 99

Tec,?’ accepted
for publication in the Journal of Inorganic & Nuclear

Chemistry.
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11.9.f Monitoring of Leached Fuel Elements
with a Neutron Generator

W. J. Ross J. E. Strain
J. W. Landry*®

In the program to recover spent reactor fuel by
the shear-leach method,®® it is important to know
that essentially all the fissionable material has
been removed from the short sections of chopped
fuel pins by the acid leach. Because the stainless

steel cladding is highly radioactive and because -

large quantities of fuel must be handled, a method
had to be developed whereby batches of leached
segments or ‘‘hulls’’ could be inspected for resid-
ual fuel within a processing hot cell. Based on
the techniques of thermal-neutron activation anal-
ysis and delayed-neutron counting, °® an apparatus

“was constructed that can detect as little as 1 mg

of 235U in the presence of the several hundred
curies of radioactivity associated with the spent
fuel. The moderated neutron flux from a pulsed
Cockcroft-Walton accelerator irradiates the sample;
a high-efficiency (~5%) 10BF3 thermal-neutron
detector monitors the delayed-neutron emission.
In operation, the neutron generator is pulsed on
for 10 sec; 1 sec after the end of the irradiation,
the neutron emission is measured for 10 sec. In
the present system a large basket of hulls is
lowered in 10-cm increments through the radiation
and counting moderator; a neutron count is made
at each position.

Final evaluation of a full-scale working model
of the apparafus is in progress. The apparatus
is also being evaluated with respect to the A1203
residues from the Fluoride Volatility Process.70

68C. D. Watson, B. C. Finney, B. A. Hannaford, and
G. A. West, The Shear Leach Process for Spent Nuclear
Fuel, ORNL-3625 (to be published).

S9%. F. Dyer, J. F. Emery, and G. W. Leddicotte,
Comprehensive Study of the Neutron Activation Analy-
sis of Uranium by Delayed-Neutron Counting, ORNL-
3342 (July 27, 1962).

70
M. A. Breazeale, F. M. Carr, and R. P. Milford,
‘A Proposal for an ORNL Fluid-Bed Volatility Pilot
Plant’? (Marcb 31, 1964) (unpublished report).

&
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12. Inorganic Preparations

M. T. Kelley
D. E. LaValle
R. B. Quincy

The routine preparation of anhydrous fused
salts continued and usually consisted of 100-g
quantities of alkali, alkaline-earth, and rare-
earth-metal halides. Of these salts, MgCl, and
ZnCl, were prepared for the lon Spectroscopy
Laboratory of the Metals and Ceramics Division.
The MgCl2 was obtained by the action of NH, ClI
on MgC12- 6H2O to produce MgNH Cl,, which was
decomposed by heating in a vacuum; the resulting
MgCl, was purified by sublimation. The ZnCl.2
was” prepared by causing chlorine to react with
high-purity zinc metal. Very pure CsCl was made
by multiple recrystallization of CsICl,, which was
finally decomposed to CsCl by heating in a vac-
uum. The last traces of the complex chloroiodide
ion were removed by fusing the CsCl and bubbling
hydrogen through the melt.

Compounds, other than fused salts, prepared for
the High Temperature and Structural Chemistry
Group of the Chemistry Division were 30-g quan-
tities of Na20 and K20. These compounds were
made in a helium-atmosphere glove box. The
alkali metal, contained in a stainless steel beaker,
was melted on a small hot plate. The melt was
stirred manually while pure oxygen was metered
into the helium atmosphere in an amount insuffi-
cient to react with all the metal. The resulting
" spongy. mass was transferred to a nickel boat,
which was then placed in a quartz tube; the ex-
‘cess metal was removed by sublimation.

A small sample (~3 g) of LiOBr*2H O was pre-
pared for the Radiation Chemistry Group of the
Chemistry Division. The method followed that of
Williamson, ! in which bromine is added slowly to
a solution of LiOH at 0°C to form LiOBr and LiBr.
A stoichiometric amount of freshly precipitated
Ag20 is added to precipitate the bromide ion; in
the process half the amount of the original LiOH
is regenerated. The treatment with Ag O is re-

“

s, m. Williamson, ‘‘An Investigation into the Prep-
aration of Crystalline Hypobromites,’? Technical Re-
port of the Physical Research Laboratory, The Dow
Chemical Co., Midland, Mich., (Oct. 10, 1960).

.peated once, and finally the last of the LiOH is re-

moved by wet ion exchange resin in the hydrogen
form. The LiOBr°2H2O is crystallized from the
solution by evaporation at reduced pressure and low
temperature. An attempt to prepare barium bromite
monohydrate, Ba(BrO2)2'H2O, "according to the
method of Kircher and Periat? did not produce a
pure product. )

For the Nuclear Chemistry Group of the Chemis-

Atry Division, the preparation of Na2ReC16 was

attempted and was abandoned, because the high
solubility of the salt prevented its crystallization
from solution. Instead, 50 g of K2ReCl6 was pre-

- pared by the method?® in which hypophosphorous

acid is used to reduce the perrhenate.

The work for the Solid State Division fell into
three categories. The heat treatment of alloys of
the rare-earth metals with other metals and of
alloys of transition metals (such as Cr, Re, Ta, W,
and Fe) with each other comprised most of the
work for the Neutron Diffraction Group. The
routine prepatation.of high-purity KClI continued for

,the Research and Development of Pure Materials

Group: For the Neutron Diffraction Studies Group,
the investigation of the holmium-sulfur system was
essentially completed. It was desired to obtain a
simple cubic structure in this system, and very
little information on holmium sulfides existed in
the literature. The preparation of Ho S, was ac-
complished in a double-chambered evacuated tube
that contained sulfur at2500°C in one chamber and
holmium metal at 700°C in the other. A dull-red
material was obtained, which was heated further in
vacuum at several temperatures. Between 800 and
900°C the dull-red form changed.to adull-green form
stable to 1300°C. At 1400°C a black form was

%R. Kircher and R. Periat, “Preparation du bromite
de baryum cristallise,”” Ind. Chim. Belge, Suppl., 1,
877 (1959). ’

3G. W. Watt and R. J. Thompson, ‘51. Potassium
Hexachlororhenate(IV) and Potassium Hexabromo-
rhenate(IV),”’ pp. 189-92 in Inorganic Syntheses, vol,
VII, ed. by J. Kleinberg, McGraw-Hill, New York, 1963.



obtained. The three forms gave different x-ray
pattemns of very complicated structure; the patterns
are not like those of the neighboring rare-earth-
metal sulfides. (Since this work was completed,
‘Collins and Loriers* have prepared the dull-green
form of H0253 and have determined that its struc-
ture is monoclinic.) The attempt to prepare HoS
by the reduction of H0253 with HoH, yielded a
yellow product 80% of which was the cubic HoS
phase; the remainder was an unidentified phase.
However, with" the adjacent '
erbium, an attempt to produce the analogous lower
erbiurp sulfide, EtS, in a single phase was suc-
cessful. However, to avoid the problem of un-
decomposed hydride, EtS was made by combining
the elements in a double-chambered tube as de-
scribed above.

By the same technique,

rare-earth metal,

thulium phosphide,
thulium nitride, and holmium nitride were also
prepared. Unlike earlier syntheses of nitrides

achieved by action of ammonia on the metal hy-‘

dride, these nitrides were obtained by heating the
finely divided metal in a static atmosphere of
nitrogen. It was found that some hydrides of rare-
earth metals are not completely decomposed even
at 1000°C in vacuum, and it was hoped to achieve
higher purities by this alternative method.

Also for the Neutron Diffraction Group, a series
of preparations of potassium superoxide, KO ,, was
made. In general, the method of Kazamovskii and
Raikhshmein® was followed, in which a mixture of
nitrogen with a gradually increasing percentage of
oxygen is passed over the metal while it is heated
slowly to 370°C. This principle, used in all the
preparations of KO, but with some variation in
equipment, yielded products that all approach 100%
in purity but differ widely in magnetic properties.
Rubidium superoxide, RbO,, was also prepared by
the same method, but an attempt to prepare sodium
superoxide, NaO,, which cannot be made at normal
pressures, by a bomb method® did not yield a pure
product.

4'G. Collins and J. Loriers, ‘‘Les oxysulfures et
sesquisulfures de terbium, holmium, thulium, et
lutétium,”’ Compt. Rend. 260(19), 5043 (1965).

5I. A. Kazarnovskii and S. I. Raikhshmein, chap. 11,
“Inorganic Peroxides. Upper (sic) Potassium Oxides®’
(English Transl.), Zh. Fiz. Khim. 21, 245 (1947).

6S. E. Stephanou, W. H. Schechter, W. J. Argersinger,
Jr., and J. Kleinberg, ‘‘The Absorption of Oxygen by
Sodium Peroxide: Preparation and Magnetic Properties
of Sodium Superoxide,” J. Am. Chem. Soc. 71, 1819
(1949).
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For the Special Electromagnetic Separations of
Heavy Elements Group of the Isotopes Division,
work was begun on a program to prepare solid
solutions of wuranium trihalides in lanthanum
halides. Initially, 50-g quantities of UCl, and
UI3 were made from uranium depleted in 235U for
preliminary studies. These products were about
98% pure. To prepare UCl,, an apparatus similar
to that described by Johnson, Butler, and Newton’
was used; their procedure of passing HCl gas
through UH, at 250°C was followed. The tri-
chloride is formed, but no single point of tempera-
ture and duration of reaction time were found at
which 100% UCIl, can be obtained. Before all the
UH, is decomposed, some UCl, appears from the
reaction of the HCl gas on the newly formed UCI,.
The disappearance of the UH, is followed best by
The UCl, is eliminated by
reduction with hydrogen at a temperature not
greater than 550°C, since UCI, shows some evi-
dence of disproportionation at a temperature as
low as 525°C. However, at 550°C the rate of
reduction of UCl, is very slow; 10-g quantities
may require as long as 24 hr, The stringent purity
requirement thereby imposed on the hydrogen was
met by passing the gas through the same prepurify-
ing quantity of UCl, at 300°C that was used for
the purification of the HCl gas. Disappearance of
the UCl, is followed best by assay of the UCI, by
the hydrogen-evolution method.®

Since gaseous HI is now available from the
Matheson Company, Inc., it was convenient to
attempt to prepare UI3 in the same manner as the
UCl, was prepared. However, the action of HI on
UH, produces Ul almost exclusively. Reduction
of UI, with hydrogen yields a mixture of sub-
stances in which the valence of uranium is lower
than in Ul,. However, the Ul, was decomposed
successfully to Ul, by heating it in a vacuum at
500°C. Since part of the UI, decomposes and
part sublimes, the sublimate must be treated fur-
ther for a higher yield.

About 27 g of 235UCl, was made from 97%
uranium enriched in 235U and was incorporated in

x-ray examination.

7O. Johnson, T. Butler, and A. S. Newton, ‘‘Prepara-
tion, Purification, and Properties of Anhydrous Uranium
Chlorides,’” paper 1, p. 2, in Chemistry of Uranium.
Collected Papers, ed. by J. J. Katz and E. Rabino-
witch, TID-5290, Book 1 (1958).

8D. L. Manning, W. K. Miller, and R. Rowan, Jr.,
Methods of Determination of Uranium Trifluoride,

- ORNL-1279 (Apr. 25, 1952).



77.6 g of anhydrous sublimed LaCl, as an ~20
mole % solid solution. The intimate mixture of the
two substances was fused at 900°C in an alundum
crucible contained in a quartz tube in an atmos-
phere of argon.
by x-ray examination as a single phase with.x-ray
parameters intermediate between those of UCl, and
LaCl ; chemical analysis showed 25.68 wt %

(18 96 mole %), 0.32 wt % UCl,, and 1.33
wt % uocCt, .

Work for the Physics Division was confined to
the Low Temperature, Nuclear, and Solid State
Physics Group. A small sample of AuAl, was
prepared, and a series of alums of the type
AINH (SO ) *12H O in which some of the Al atoms
are replaced by atoms of 57Fe in amounts varying
from 3 to 10 atom %. Also, in one case a quantity
of FeNH| .(50,), -12D ,0 was made by dissolving
the anhydrous alum m D,0 and recrystallizing it.
In the water and ammonia groups, 91 and 52%, re-

9N. V. Shishkin, ‘‘Anhydrous Ferric Alums,” J. Gen.
Chem. USSR (English Transl.) 10, 271 (1940).
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The fused product was identified

spectively, of the hydrogen atoms were replaced
by deuterium.

For the Small Potassium Systems Group of the
Reactor Division, sodium chromite, NaCrO a
known compound, was easily prepared by the re-
action of Na 2CO3 with chromium sesquioxide,
Cr203, at 900°C, Numerous attempts to prepare
the potassium analog were unsuccessful. In a
similar problem for the High Temperature Mate-
rials—Materials Compatibility Group of the Metals
and Ceramics Division, attempts to prepare
potassium niobates that contained quadrivalent
niobium were only partly successful, although the
sodium series is known to exist. The synthesis
of the reported'® K ,Nb,O; by the reaction of
K2CO3 with niobium d1ox1de, NbO could not be
duplicated. However, the reaction of potassium
metal with niobium pentoxide, Nb _O_, in a sealed

2758’
niobium tube yielded a substance of composition

.very nearly that indicated by the formula K NbO..

10 A. Sharnin, ‘‘Synthesis and

E. I. Krylov and A,

13. Organic Preparations

J. C. White

P. F. Thomason
H. L. Holsopple

Several organic compounds were custom synthe-
sized for research usé in the Analytical Chemistry,
Biology, Chemical Technology, Metals and Ce-
ramics, and Physics Divisions. These compounds,
prepared and purified on request, were not readily
available from commercial sources.

13.1 COMPOUNDS PREPARED

13.1.a Quaternary Phosphonium Halides

Benzyltributylphosphonium bromide (375 g) and
benzyltributylphosphonium chloride (400 g) were
prepared for the Metals and Ceramics Division ac-
cording to the reactions

Properties of Niobium Bronzes,”” J. Gen. Chem.
USSR (English Transl.) 25, 1637 (1955).
(C,H,),P +CHCH,Br- [(C,H,),PCH,C H ]Br ,

H)PCHCH]CI

4 973

C,H),P+CHCH ,Cl- [(c

.Results of elemental analysis were in good
agreement with theoretical values (Table 13.1)
based on the formulas indicated above.

13.1.b 2,6-Dioximinocyclohexanone

A new and unusual class of compounds that
contain a monovalent metal ion, an organic anion,
and 2,6-dioximinocyclohexanone in a 1:1:1 mole
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Table 13.1.

Compositions of Two Quaternary

Phosphonium Halides

Weight Percent

In Benzyltributyle In Benzyltributyl-

Component phosphonium Bromide phosphonium Chloride
Theoretical® Found Theoretical® Found
Carbon 61.1 61.1 69.4 69.3
Bromide 21.4 21.2
Chloride 10.8 10.3
bCl 9H34PBr
C L 9H3 41:’C1

ratio has been discovered.! A quantity of 2,6-
dioximinocyclohexanone was requested by the
Nuclear and Radiochemical Analyses Group of the
Analytical Chemistry Division for use in testing
the suitability of these coordination compounds
as extractants for sodium. The preparation, to be
described in a formal report, consists essentially
in the reaction of methyl nitrite with cyclohexanone
in an acid ethereal solution, The dioximino ketone
(25 g) was synthesized; elemental analysis of the
product gave the following results (in weight
percent):

Component Theoretical ® Found
Carbon 46.2 46.2
Hydrogen 5.16 5.14
Nitrogen 18,0 17.8

a
C6H8N203
13.1.c '%B Diborane
Essentially pure '°B diborane, 1°B2H6, was

prepared for the Physics Division by the incre-
mental addition of 1°BF3-etherate to a diethyl
ether solution of lithium aluminum hydride. The
product was purified by fractional condensation,

lA. F. Ferris and O. L. Salerni, ‘*Compounds Con-
taining a Monovalent Metal Cation, an Organic Anion,
and an a,CL-onxxmmo Cyclic Ketone,” presented at the
Fifteenth Annual Kansas City Chemistry Conference
Kansas City, Mo., Nov. 15, 1963.

and its purity was established from its infrared
absorption spectrum and mass spectrometric anal-
ysis. The details of this preparation are given
elsewhere. 2

13.1.d Methyl Methanesulfonate

Methyl methanesulfonate (25 g) was synthesized
for research members of the Biology Division.
This compound, used as a carcinogen in animal
studies, was prepared by the reaction of methyl
iodide with silver methanesulfonate. Silver meths
anesulfonate was prepared by treating silver oxide
with methanesulfonic acid in acetonitrile, The
purity of the product was established by elemental
analysis and by nuclear-magnetic-resonance spec-
trometry;” the results of the e‘le'mentallanalysis
(in weight percent) are:

Component Theoretical ® Found:
Carbon 21.8 21.9
Hydrogen 5.5. 6.1
Sulfur 290.1 27.6
a
C2H603 S.

13.1.e Heptadecylamine

Heptadecylamine (500 g) was prepared for the
Chemical Technology Division according to Barnes’?
three-step process in which heptadecanol and
2-ethylhexylamine are used.

13.1.f Azo Dyes

The literature gives several new sensitive spec-
trophotometric procedures in which azo dyes are

2H. L. Holsopple and Lucy E. Scroggie, Synthesis
and Infrared Absorption Spectrum of Dxborane-IOB,
ORNL-TM-1061 (Feb. 19, 1965),

’R. K. Barnes, Union Carbide, Chemicals Division,
South Charleston, W.Va,, personal communication to
F. G. Seeley, Chemical Technology Division, March
1965. :



used. Two of these dyes, Calcichrome and ‘‘chloro-
phosphonazo III,”’ were prepared for developmental
use by the Analytical Chemistry Division.
Calcichrome was prepared by diazotizing l1-amino~
8-naphthol-3,6-disulfonic acid followed by self-
_coupling in strong sodium hydroxide solution. The
reaction of this chromogenic reagent with calcium
ions in alkaline solution is highly sensitive.

Chlorophosphonazo III was synthesized in a
three-step process. First, o-nitroaniline diazo-
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niumfluoborate was prepared by diazotizing the
reaction product of o-nitioaniline and fluoboric
acid. A mixture of this compound, cuprous chloride,
and phosphorus trichloride was reacted to produce
a copper complex from which a small amount of
2-amino-5-chlorobenzenephosphoric acid .was re-
covered with difficulty. The amino compound was
then diazotized and coupled with chromotropic
acid (1,8-dihydroxy-3,6-disulfonic acid) to yield
the chromogenic reagent, chlorophosphonazo III.
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Part B. Service Analyses

A summary of the service analyses made by the laboratories of the Analytical Chemistry Division is given in the table be?low.

Summary of Analytical Service Work

Average Number of Results Reported ‘.
Number !
_in Group For ORNL For Others
v
S i
b L
=]
g| 0 |
> . -
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. 7 ] o 7 — o D R . o
Group Making Analyses v & @ o v = T T & - — = z o ) A, 4 T 3 = & o = o > &
l‘
Mass Spectrometry Laboratory 2 4 1,858 42 8,280 2,182 18 14 310 5,220 2,972 18 4563 310 25,793
Optical and Electron Microscopy 3 2 48 174 47 4 30 156 50 427 256 2 1,199
Process Analyses i
General Analyses Laboratory 13 25 134 58 34,860 857 978 172 9,027 501 687 27 732 5,753 5,299 723 605 60,451
High-Level Alpha Radiation Laboratory 3| 4 7,615 2 10 359 30 10. ' ' 10 27 17 8,087
High-Radiation-Level Analytical Laboratory 11 14 12,398 1 22 1,139 597 4,706 1,676 l,;363 4 5 21,936
Radioisotopes-Radiochemistry Laboratory, 10 | 19 12 2 11,203 . 12 4,262 16 41 10,032 811 93 7,259 14, 10,272 19,;‘124 1232 1066 16 65,796
Spectrochemical Analyses Laboratory (Y-12) 1 2 247 9 1,416 282 146 11,101 10,538 772 156 1,788 2,004 900 117 394 29,873
TRU Mass Spectrometry 1 1 660 307 42 08 138 38 127 46 1,458
X-Ray and Spectrochemical Analyses 9 6 9 14 4,911 352 13,592 547 2,824 447 43 905 782 ?75 623 2925 28,764
. I ;
Total 53 77 1110 83 74,742 1637 146 11,101 18,868 16 41 31,195 16,537 1253 12,719 1306 732 25,918 32,230 3482 117 1066 18 8093 27 790 243,357

77




14. Quality Control

L. T. Corbin

During the 12-month period July 1964 through
]ﬁne 1965, the overall quality level of the analyti-
cal work remained about the same as in the pre-
vious 12-month period. The decrease in the quality
level of the General Hot Analyses Laboratory is

- due'mostly to the decrease in the number of control

tests run, particularly coulometric determinations
of uranium, ‘

Several changes and additions have been made
that caused a decrease in the Quality Control
Program. The Materials Testing Laboratory and

the Reactor Engineering Services Laboratory were

G. R. Wilson

consolidated with the General Hot Analyses and
the General Analyses Laboratories. The quarterly
quality-control calculations and plotting of data
were programmed for the computer. In June a
quality-control program for the MSRE analyses
done in the General Hot Analyses Laboratory was

. started. This program includes the determinations

of Zr, Be, Fe, Cr, Ni, and U.

Table 14.1 shows the distribution of the control
tests by laboratory; Table 14.2 gives the number of
control tests and their specific characteristics.

Table 14.1. Distribution by Laboratories of Control Tests for July 1964 Through June 1965

Number of Control Results -

Quality Level (%)?

Laboratoty
: Total Outside Fixed Limits 1964 1965
‘General Hot Analyses 733 57 95.6 92.2
General Analyses 3240 86 96.8 97.3
Total 3973 Total 143 Av 96,5 Av 96.4

fControl results within prescribed 2S limits.

]

—
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Table 14.2. Distribution by Methods of Control Results for July 1964 Through June 1965

Num‘ber of Number of

Type of Method Constituent Control Programs Control Results
Colorimetric Aluminum 1 - 170
(spectrophotometric)
Chromium 2 ) ’ 207
Iron ] 2 ) o 249
Molybdenum 1 46
Nickel 2 199
Niobium _ 1 36
Thorium 3 - 354
Uranium 2 14 584 1845
Coulometric Uranium 2 2 918 918
Fluorometric " Uranium 2 2 365 365
Gravimetric Carbon 2 2 538 538
Potentiometric Uranium : 1 1 20 20
Volumetric Aluminum 1 ) 155
~ Nitrate 1 . 114
18 287

Sulfate 1

w

Total 24 - 3973
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15. Mass Spectrometric Analysis

A. E, Cameron
J. R. Sites

The Mass Spectrometry Laboratory had numerous
requests for certified analyses of cylinders of
helium, argon, and nitrogen. Frequently, these
wete on an emergency basis and, at times, neces-
sitated overtime work. To better supply the needs
of ORNL and Y-12, the stores departments at X-10
and Y-12 now stock a supply of analyzed cylinders.
This arrangement evens out the work load in the
laboratory for gas analyses and provides much
better customer service.

Supporting analyses were continued for the sweep
gas in the ORR loop, fission product off-gases,
thermal-diffusion products, and special gas mix-
tures. The problem of an impure cover gas in a
_large dry box in the welding shop was solved.
Several mixtures of S3He, CH,, and Xe that are
used in a counter were analyzed.

Thirty-five samples of enriched isotopes of Te,
Se, Zn, Sn, Cd, and Si were analyzed for the Har-
well Laboratory of the United Kingdom Atomic
Energy Research Establishment. These elements
are among the most difficult to analyze mass
spectrometrically.

Filaments for the standard-solids mass spectrom-
eter were placed in calutron receivers along the
Z direction of the ion beam., For the nanogram
amounts of strontium collected, this technique

"and handling,

eliminates possible contamination by chemistry
Data taken on several strontium
samples are now being evaluated by the Research
and Development Section of the Stable Isotopes
Separation Group of the Isotopes Division,

The increased rate of submission of separated
stable isotopes was matched by a 40% higher anal-
ysis rate. A total of 1315 samples were analyzed
for 37 elements: Li, B, C, Mg, Si, S, Cl, K, Ca, Ti,
Fe, Ni, Zn, Ga, Se, Br, Rb, St, Zr, Mo, Ru, Pd,
Cd, In, Sn, Te, Ba, Ce, Eu, Yb, Lu, W, Ir, Pt, Hg,
Tl, and Pb.

A number of radioactive samples were analyzed
for the Isotopes Division, Calculations from mass
spectrometric data indicate that 3®Cl may have a
much lower neutron cross section than the accepted
value of ~90 barns. If the lower value is con-
firmed, it may be possible to produce 3°Cl in a
much higher neutron flux than is now used.

Mass analysis of *°K samples indicates that the
accepted neutron-cross-~section value of ~ 70 barns
for this isotope may be much too high. If further
analyses of unirradiated and irradiated samples
prove that this lower cross section is more reliable,
then the price ($1400/mg) for highly enriched *°K
may be reduced considerably.

16. Spectrochemical Analysis Laboratory

A. E. Cameron
J. A. Carter

A total of 29,870 results were reported on some
1800 samples, which is a 50% increase in the
sample load, About one-third of the results were
reported to the Isotopes Division on stable iso-

topes of B, Ba, Br, C, Ca, Cd, Cl, Cr, Cu, Eu, Ga,

Ge, Hf, Hg, Fe, K, Li, Lu, Pb, Pd, Pt, Mg, Mo,
Ni, Ru, S, Se, Si, Sn, Str, Ti, W, Yb, and Zn; one-

third on environmental air samples to the Health
Division; and the remaining third to 12 other divi-
On some 150 reactor construction parts,
certification analyses were made for Cr, Mn, Mo,
Nb, Ni, Si, Ti, and V; some 50 MSRE samples
were analyzed for rare earths.

sions.



Modified .methods and techniques were used to
analyze several new types of sample. For ex-
ample, it was necessary to prepare synthetic
standards and to establish calibration curves
employing the Paschen Direct Reader to analyze
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superstrength Ta-W-Hf alloys and Au-Dy, Au-Tb,
Tb-Sc, Sn-Li, Sn-Ce, Sn-Ce-Li, and Pb-Ce alloys.
Procedures were also established to determine 12
major and minor constituents of the modified INOR-
8 alloy.

17.

Process Analyses

L. T. Corbin

17.1 HIGH-LEVEL ALPHA
RADIATION LABORATORY

J. H. Cooper C

The High-Level Alpha Radiation Laboratory re-
ported 8080 results — 94% for the Chemical Tech-
nology Division and 5% for the Isotopes Division.

An increase in the alpha radioactivity of enriched
uranium oxide prepared by the sol-gel process
necessitated that analysis be done in the High-
Level Alpha Radiation Laboratory. Methods con-
ventional for inactive materials were used; O/U
ratio, nitrate, and carbon were determined.

The Chemical Technology Division, in its study
of plutonium fluoride volatility, required the analy-
sis of many types of samples for plutonium. Initially,
the determination was made by counting the gamma
radioactivity of an entire sample. However, at
low levels of radioactivity, this method is unreli-
able because of high backgrounds. The samples
were dissolved, and an aliquot of the solution
was counted for plutonium alpha radioactivity.
Samples of various metal fluorides were dissolved
in mineral acid that contained boric acid to com-
plex the fluoride. Samples that contained aluminum
oxide were fused with sodium carbonate—sodium
tetraborate, and the melt was dissolved in nitric
acid or hydrochloric acid.

Americium alpha radioactivity was determined in
samples in which the ratio of curium radioactivity
to americium radioactivity was greater than 1000.
The americium was oxidized to the fluoride-soluble
hexavalent state, and the curium was then carried
down on lanthanum fluoride. Americium alpha

Th02, and Nb205.

radioactivity was determined in the supernatant
Alpha pulse-height analysis showed that
less than 0.01% of the curium remained in solution

solution.
with the americium. Tests on standard solutions
showed that ~90% of the americium was recovered.

7

17.2 GENERAL ANALYSES LABORATORY

W. R. Laing

A total of 60,413 results were reported by the
General Analyses Laboratory. Several new or
modified methods were placed into service. A
modification of the method of Holt and Stoessell
was used to determine oxygen in U,O,, Al,O,,
A Leco inert-gas-fusion ap-
paratus was used, and the resulting CO, was
adsorbed on Ascarite and weighed. The ORNL
model Q-1728 velocity servo titrator was used to
titrate benzoic acid and nitric acid present in
solutions in the 0.0001 to 0.02 N range. The
compatibility of motor oils and antifreezes with
each other was tested. A Shatterbox grinder was
used to crush 20 g of sintered Nb,O, ash to <300-
mesh size in 5 min. A 2N H,SO,—H,O, solution
was found to dissolve sol-gel UO, for nitrate
determination. Existing methods were modified to
permit the determination of C, O, and F in vapot-
deposited tungsten at the <10-ppm level. The

1B, D. Holt and J. E. Stoessél, “Macrodetermigation
of -Oxygen in Metal Oxides by Inert Gas Fusion,”® Anal.
Chem. 36, 1320 (1964).












experiment were performed in this way. An auto-

matic IBM card-punching machine was acquired on

a rental basis for converting information stored

on punched tape to punched cards.

The Chemical Technology Division asked that

a standard test be devised to measure the ease

and completeness of decontamination of various

" available corrosion-resistant structural materials.
It was requested that the aqueous mixture 0.4

M oxalic acid-0.05. M sodium fluoride—0.30 M

hydrogen peroxide -be used as the decontaminant.

Coupons of 30 structural and coating materials of
fixed size and shape were treated with a neutral
solution of fission products and were allowed to
air-dry. They were then decontaminated in a uniform
manner. -The residual radioactivity was identified
and measured by gamma-ray spectrometry. New
structural materials will be tested, and the results
will be given in an unpublished report.

A large part of the analytical work of the group
was transferred from Building 3550 to Building 3019.
This move provided additional facilities for hot-

cell work and for the handling of alpha radioactivity’

in high levels.

The study of the mass distribution of fission
products in the epicadmium-induced fission of
237Np was described.®

17.5 HIGH-RADIATION-LEVEL
ANALYTICAL FACILITY (HRLAF)

L. G. Farrar

About 70% of the work done in the High-Radiation-
Level Analytical Facility (HRLAF) has involved
high-level alpha-emitting materials’in the presence
of fission products. Containment efforts associated
with cell maintenance, solid-waste removal, and
manipulator repairs continue to be of prime impor-
tance. The handling and storage of curium samples
whose levels of alpha and gamma radioactivity
are 10'3 and 10° dis min~! ml™!, respectively,
have made it necessary to enclose the access

R R. Rickard, H. A. Parker, and E. I. Wyatt, Mass-

Fission Yield Curve for 237Np, Dec. 24, 1964 (unpub-
lished report).
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drawers of the work cells with a glove-box-type
cubicle to permit the removal of alpha-contaminated
sample dilutions for transfer to glove boxes. Hot
cells sealed in glove-box fashion for work with
high-level alpha-emitting materials were operated
continuously over the past year and have main-
tained a contamination differential of about 107
over adjacent cells.

An effort is being made to improve the method
of solid-waste disposal. Multiple sample dilutions
on alpha-emitting materials have caused a twofold
increase in the volume of solid waste removed
from hot cells for burial. Several methods of
volume reduction and packaging for solid waste
are being tried.

Twelve new manipulators in Building 2026 and
eight in Building 3019 were equipped with two-
piece manipulator boots. Since most boot failures
occur either in the lower section or in the gauntlet,
the new manipulator boots feature a remotely
replaceable lower section that has improved resist-
ance to attack by heat and acids.

The liner material of the zinc bromide viewing
windows in the hot cells of the HRLAF is showing
accelerated breakdown. It recently became nec-’
essary to reprocess the zinc bromide solution and
to clean the viewing surfaces of Cell No. 3. The
solution was removed, filtered, and restabilized,
but it was not possible to remove all the iron from
the corroded liner. The interior window surfaces
were cleaned and dried with a high-pressure spray
of water followed by ethyl alcohol. The window
is back in service; a continuous argon purge is
now used to prevent additional liner oxidation. It
is expected that five more of the windows will
soon require reconditioning,

Routine hot-cell maintenance has included repair
to 156 manipulators and decontamination of 14
work cells. In Cell No. 1 of the HRLAF, a new
acid fume hood with scrubber was installed; in
Cell No. 6, the arc stand and filter system for the
emission spectrograph were replaced.

Replacement of the overhead cell off-gas duct
was completed in March 1965. Drawings for the
enclosure of the loading dock attached to the west
side of the HRLAF were completed. Construction
of this enclosure is needed to improve the contain-
ment in the cell-access area. '






Part C. ORNL Master Analytical Manual

18. ORNL Master Analytical Manual

- M. T. Kelley
Helen P. Raaen

18.1 CUMULATIVE INDEXES TO THE
ORNL MASTER ANALYTICAL MANUAL

The cumulative indexes to the ORNL Master
Analytical Manual were updated to indicate the
changes made in the content of the Manual during
1964. The updated cumulative indexes are titled
““Indexes to the QOak Ridge National Laboratory
Master Analytical Manual (1953-1964), TID-7015
(Indexes), Revision 2.”” The document is available
from the Clearinghouse for Federal Scientific and
Technical Information, National Bureau of Stand-
ards, U.S. Department of Commerce, Springfield,
Virginia; the price is $1.75. The indexes were
issued as a companion document to Supplement 7
of TID-7015.

The computer work required for the preparation
of the updated indexes was supervised by Ann S.
Haas. !

. ! . . .
1 Technical Information Division.
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18.2 MAINTENANCE OF THE ORNL MASTER
ANALYTICAL MANUAL

The seventh supplement to the reprinted form of
the ORNL Master Analytical Manual was published.
It contains the new methods and the revisions
issued in 1964. This supplement, designated TID-

. 7015 (Suppl. 7), is available from the Clearing-~

house for Federal Scientific and Technical Infor-
mation, National Bureau of Standards, U.S. Depart-
ment of Commerce, Springfield, Virginia, at a price
of $5.25.

Altogether, 20 new methods were added to the
Manual, 6 of these were for the purpose of record
only. Revisions were made to 19 methods; 8
obsolete methods were. discontinued. Also, the
Table of Contents for the Manual was updated.
(See “Presentation of Research Results.’”)

A survey was made to determine what methods
now contained in the Manual are no longer used,
what revisions to existing methods, are needed,
and what new methods are required for current or
anticipated analytical work. On the basis of the
survey, method-writing assignments were made to
persons in the Analytical Chemistry Division.
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Part D. Activifies Related to
Educational Institutions

19. Activities Related to Educational Institutions

Certain activities come into existence when the interests, purposes, and problems of educational
institutions and of the Oak Ridge National Laboratory overlap in the area of analytical chemistry. The
more formal of these activities include discussions with consultants, who are also university faculty
members, and thesis-research programs for graduate students. By less formal arrangements, faculty
members engage in research in the Division under the ORINS-ORNL Research Participant Program, and
students participate in the Summer Student Trainee Program and in the Loanee Program for special work.
Many of the Alien Guests in residency for'work in‘the Division are from foreign educational institutions
or from foreign laboratories whose programs intersect those of educational institutions.

The nature and the mutual benefits of these activities are indicated throughout this report. Of the
approximately 220 formal presentations of the research of the Division made during the past year, about
15% reflect- cooperative ventures with educational institutions. These presentations are enumerated in
the Presentation of Research Results section, and the work is discussed in the sections of the report
indicated. : '

° 19.1 CONSULTANTS

The consultants ‘who have worked undér.subcontract in collaboration with the Analytical Chemistry
Division are: )

J. A.Dean - . _ G. H. Morrison
University of Tennessee Cornell University
P. H. Emmett M. L. Moss
Johns Hopkins University . _ Institute of Muscle Disease
N. H. Furman (deceased) A. O. Nier »
Princeton University : University of Minnesota
H. V. Malms tadt ) L. B. Rogers
University of Illinois Purdue University
Gleb Mamantov ‘ ' ‘W. B. Schaap
University of Tennessee Indiana University
H. H. Villard

University of Michigan
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19.2 RESEARCH PARTICIPANTS
The Research Participants with us in the summer of 1965 were:

Research Participant Division Group See Section

C. B. Honaker Reactor Projects Group - 6.3
Professor and Chairman
Chemistry Department
Tennessee Wesleyan College
Athens .

L. E. Mattison Nuclear and Radiochemical Analyses Group 11.7.d
Professor of Chemistry ‘ .
King College
Bristol, Tenn.

D. G. Peters : Analytical Instrumentation Group 1.2
Assistant Professor of Chemistry
Indiana University
Bloomington

J. M. Wampler Mass Spectrometry Section 8.4
Assistant Professor
School of Ceramic Engineering
Georgia Institute of Technology
Atlanta

19.3 AEC POSTDOCTORAL PROGRAM

Under the AEC Postdoctoral Program, G. R. Hertel (Ph.D. in chemistry, The Johns Hopkins Univer-
sity, 1964) worked in the Mass Spectrometry Research Group (see Sect. 8.3).

19.4 GRADUATE THESIS RESEARCH PI\QOGRAMS

Under three separate programs, five graduate students either have completed or are doing their thesis
research in the Analytical Chemistry Division; three (C. F. Goeking, Gerald Goldstein, W. D. Shults) are
members of the Division.

19.4.a Educational Assistance — Ph.D. Program

W. D. Shults is a candidate for the Ph.D. degree in chemistry from Indiana University. Except for
the final oral examination, he has completed the requirements for the degree, including the writing of
his thesis, which is titled ‘‘Controlled-Potential DC Differential Polarography” (see Sect. 1.15). M. T.
Kelley is a member of W. D. Shults’ Ph.D. Advisory Committee.
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19.4.b Oak Ridge Resident Graduate Program of the University of Tennessee

Gerald Goldstein completed thePh.D. program during11965 and was awarded the Ph.D. degree in
chemistry at the end of the spring quarter. His thesis is titled ‘‘Analytical Radiochemistry of Techne-
tium’’ (see Sects. 11.1.d, 11.3.a, 11.4.c, 11.8.c, and 11.9.e).1 -6

Also, C. F. Goeking has:completed the course work for the M.S. degree in chemistry. At the Lab-
oratory in January 1966, he will begin his thesis research in the field of radiochemistry.

N

19.4.c Oak Ridge Graduate Fellowship Programs

Two recipients of predoctoral fellowships from the ORNL Graduate Fellow Selection Panel are now
working in the Nuclear and Radiochemical Analyses Group. ‘

‘W. J. Armento, a graduate student from the Georgia Institute of Technology, Atlanta, has almost
completed his graduate research and is now writing his. Ph.D. thesis, which is tentatively titled ‘‘The
Chemistry of Several Chlorohydroxoplatinates(IV) and Their Use in the Isolation of Carrier-Free '°7Pt.”” .
J. C. White is Research Supervisor.of Mr. Armento’s thesis research.

J. R. Stokely, Jr., has completed the experimental work and is now writing his thesis to obtain a
Ph.D. degree from Clemson University. The tentative title of his thesis is ‘‘Solvent Extraction and
Gas Chromatography of Metal Fluoroacetylacetonates.”’” J. C. White is the Laboratory Advisor to Mr.
Stokely.

19.5 LOANEES

. J. F. Steenbergen, a graduate student in bacteriology at Indiana University, spent a short time in
the X-Ray and Spectrochemical Analyses Group under Cyrus Feldman’s supervision. He came to learn
the techniques of atomic absorption spectrometry for determmmg zinc relative to his study of metabolism
in bacteria.

H. W. Jenkins, a graduate student and assistant in chemistry with Professor Gleb Mamantov at the
University of Tennessee, is now working in the Research Group with D. L. Manning. He is comparing
the behaviors of reference electrodes described thus far for use in the electroanalytical chemistry of
fluoride melts and is working to develop a new and more reliable reference electrode for such use. He
is using the unique dry box—furnace available here for electroanalytical research on fluoride melts. His
research is being done toward an M.S. degree in chemistry.

1G. ‘Goldstein, **Rapid Separation and Determination of Technetium,’” Anal. Chem. Div. Ann. Progr. Rept. Nov.
15, 1964, ORNL-3750, p. 47. L

%G Goldstein, ‘‘Absolute Counting of Beta Emitters by the Liquid Scintillation Method,”’ Anal. Chem. Drv.
Ann. Progr. Rept. Nov. 15, 1964, ORNL-3750, p. 51. )

3G. Goldstein, “*Specific Activity of- 997¢c by Liquid Scintillation Counting,’* Chem. Div. Ann. Progr. Rept.
June 20, 1964, ORNL-3679, p. 19.

4G. Goldstein and J. F. Emery, *‘Thermal-Neutron Activation Analysis of Technetrum,” Chem. Div. Ann. Progr.
Rept. May 20, 1965, ORNL-3832, p. 29.

- Sa. Goldstein, ‘“Activation Cross Sections for the Reactions of 14,8-Mev Neutrons with 99Tc,” Chem. Div.

Ann. Progr. Rept. May 20, 1965, ORNL-3832, p. 31.

5G. Goldstein and J. A. Dean, **Rapid Separations of Technetium from Fission Products,®’ Chem Div. Ann.
Progr. Rept. May 20, 1965, ORNL-3832, p. 32. .
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19.6 SUMMER STUDENT TRAINEE PROGRAM

In the summer of 1965, seven students participated in the Summer Student Trainee Program;

were:
Student Educational Institution
Graduate
F. L. Whiting Wofford College
J. F. Wild Massachusetts Institute
: of Technology
Undergraduate

Linda A. Billington University of North

Carolina

R. L. Caldwell

Tennessee Technologi-
cal University

Bonnie C. Johnson

J. B. Pres;ly

Tuskegee Institute

University of
Tennessee

Serena Savage Rice University

19.7 ALIEN GUESTS

they

Division Group See Section

Reactor Pr‘ojects Group

Nuclear and Radiochemical Anal- 11.4.d

yses Group

Division Administration

Mass Spectrometry Service
Laboratory
Methods Development Group 5.3.b
Radioisotopes-Radiochemistry
Laboratory

Methods Development Group 1.13

IN RESIDENCY

Seven scientists from six countries either were during the year or now are guests in the Analytical

Chemistry Division:

Guest

M. M. Al-Kayssi
College of Education,
Baghdad, Iraq

F. S. Balestic
Centre d’Etudes,
Nucléaires de
Cadarache, France

T. M. Florence )
Australian Atomic Energy
Commission Research
Establishment,

Sutherland, New South Wales

"Sponsor

International Atomic
Energy Agency

aires de Cadarache

Australian Atomic
Energy Commission

International Atomic
Energy Agency

Jun-Lan Wang
(Mrs. Kian-Chu Li)

. Institute of Nuclear Science,
National Tsing Hua
University,

Hsinchu, Taiwan,
Republic of China

Centre d’Etudes Nuclé-

Division Group See Section

Nuclear and Radiochemical
Analyses Group

Radioisotopes-Radiochemistry
Laboratory

5.4.a
5.4.b
5.4.c

Methods Development Group

Radioisotopes-Radiochemistry
- Laboratory



Lothar Koch
EURATOM,
Transuranium Institute,
Karlsruhe, Germany

Max Peisach
Southern Universities
Nuclear Institute,
Faure, C.P., Republic
of South Africa

Dietrich T|‘1ie|‘e
Kernforschungszentrum
Karlsruhe, Institut fiir
Heisse Chemie,
Karlsruhe, Germany
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European Atomic

Energy Commission -

Southem Universities
Nuclear Institute

\

Kermreaktor Bau- und
~ Betriebs-
Gesellschaft m.b.H.

Radioisotopes-Radiochemistry
Laboratory

Nuclear and Radiochemical
Analyses Group

Analytical Instrumentation
Group, Radioisotopes-
Radiochemistry Laboratory,
General Analyses Laboratory,
High-Level Alpha Radiation
Laboratory, and General
Hot Analyses Laboratory

1.3



Presentation of Research Results

Several of the presentations listed below were made jointly with members of other divisions. In these

cases the member(s) of the other division(s) is indicated by a single asterisk.

AUTHOR(S)

1 Cameron, A, E,,
C. M. Stevens'

2 Goldstein, G.

3 Lyon, W. S.,
J. S. Eldridge,
P. Crowther2

4 Reynolds, S. A,

5 Ross. H. H,,
W. S, Lyon

PUBLICATIONS

Books, Theses, Monographs

TITLE

¢Mass Spectrometry,?’ chap. 13 in Analysis
of Essential Nuclear Reactor Materjals, ed. by
C. J. Rodden

Analytical Radiochemistry of Technetium
(Ph.D. thesis)

‘““Experimental Study of Artifacts and Errors
Encountered in Gamma-Ray Spectrometry for
Radiochemistry and Activation Analysis®’’
(SM-55/47), pp. 33—46 in Radiochemical
Methods of Analysis (Proceedings of the
Symposium on Radiochemical Methods of
Analysis Held by the International Atomic
Energy Agency at Salzburg, 19-23 October
1964), vol. II

‘‘Radiochemical and Nuclear Methods,?’’ chap.
14 in Analysis of Essential Nuclear Reactor
Materials, ed. by C.-J. Rodden

¢‘Radio-Release Methods for the Evaluation of
Atmospheric Pollution: Sulfur Dioxide
(SM-55/49), pp. 285-93 in Radiochemical
Methods of Analysis (Proceedings of the
Symposium on Radiochemical Methods of
Analysis Held by the Intemational Atomic
Energy Agency at Salzburg, 19—23 October
1964), vol, II

11‘-\.rgorme National Laboratory, Argonne, Ill.

PUBLISHER

U.S. Govt. Printing Office,
Washington, D.C., 1964

University of Tennessee,
June 1965

International Atomic Energy

Agency, Vienna, 1965

U.S. Govt. Printing Office,
Washington, D.C., 1964

International Atomic Energy

Agency, Vienna, 1965

21‘-\.1ien Guest, 1962—63; Temporary Alien Employee, 1963—64; from South African Atomic Energy Board, Pretoria,

South Africa.
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6 Strain, J. E.,
W. S. Lyon

AUTHOR(S)

7 Attrill, J. E,,
C. M. Boyd,
A. S. Meyer, Jr.

8 Bate, L. C,
9 Bate, L. C,,
F. F. Dyer

10 Belew, W. L.,
Helen P. Raaen

11 Crowther, P.,>
J. S. Eldridge

12 Eldridge, J. S.,
W. S, Lyon
13 Emery, J. F.

14 Goldstein, G.

15 Handley, T. H.

16

17

18 Healy, W. B,,>
L. C. Bate
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¢“The Use of Isotopic Neutron Sourcés for
Chemical Analysis’’ (SM-55/48), pp. 245—61
in Radiochemical Methods of Analysis (Pro-
ceedings of the Symposium on Radiochemical
Methods of Analysis Held by the International
Atomic Energy Agency at Salzburg, 19~-23
October 1964), vol. I '

rd
Articles

TITLE

¢“Gas Chromatographic Determination of
Permanent Gases in Helium at Reduced

Sample Pressures’’

‘“The Use of Activation Analysis in Procedures

for the Removal and Characterization of the

Surface Contaminants of Hair’’

¢Trace Elements in Human Hair”’

“Effect of Junction Potentials at the Salt
Bridge on the Measured Values for the Half-
Wave Potentials of the PB2+ _’Pbo Reduction
in Aqueous Solutions of Hydrochloric Acid
and Potassium Chloride®”

99m

“Decay of 99Mo— Tc”

““Measurement of ' 7Hg”

. 82
A New Isomer of Bromine: TR

“Absolute Liquid-Scintillation Counting of
Beta Emitters®’

“Trialkyl- and ngaa1kyl1phosphorothioic
Triamides as Extractants for Metal Ions.
Selective Extraction of Mercury (II), Silver(l),

_and Copper(I)"*

“Use of Metal Di-n-butyl Phosphorodithioates

as Extractants of Metals®’

‘“A Review of Organic Compounds Containing
P=S and P(S)SH Groups as Separatory and
Analytical Reagents’?

“Determination of Molybdenum in Hair and
Wool by Neutron Activation Analysis®’"

International Atomic Energy

Agency, Vienna, 1965

PUBLICATION

Anal. Chem. 37, 1543 (1965)
J. Forensic Sci. 10, 60 (1965)

Nucleonics 23(10), 74 (1965)

J. Electroanal. Chem. 8, 475
(1964)

Nucl. Phys. 66, 472 (1965)

J. Nucl. Med. 6, 343 (1965)

J. Inorg. Nucl. Chem. 27,
903 (1965)

Nucleonics 23(3), 67 (1965)

Anal. Chem. 36, 2467
(1964)

Anal. Chem. 37, 311 (1965)

Talanta 12, 893 (1965)

" Anal. Chim. Acta 33, 443

(1965)

3Alien Guest, 1963—64; from Soil Bureau, Department of Scientific and Industrial Research, Private Bag, Lower

Hutt, New Zealand.
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20

21

22

23

24

25

26

27

28

29

Healy, W. B.,3
L. C. Bate,
T. G. Ludwig®

johes, H. C.,
W. D. Shults,
J. M, Dale

Kochanny, G. L., jr.s

Kubota, H.,
D. A. Costanzo

Kubota, H.,
F. M. Empson*

Lyon, W. S,

Maddox, W. L.

Maddox, W. L.,
F. E. Haga6

Maddox, W. L.,
F. E. Haga6
D. J. Fisher

Mamantov, G.,7
D. B. Freeman,8
F. J. Miller,

H. E. Zittel

96

‘“Micro-Element Content of Wool from Twin
Wethers Raised on Two Soils as Determined

by Neutron Activation Analysis®®

““High-Sensitivity Controlled-Potential
Coulometric Titrator. Controlled-Potential
Coulometric Determination of Milli- and

Microgram Quantities of Uranium and Iron’’

“Effect of Cobalt-60 Gamma Radiation on the
Determination of Uranium(VI) in Phosphoric
Acid Solutions of Uranium(IV) Oxide”’

‘“*Reactions in Concentrated Lithium Chloride

Solution. Determination of Free Acid and
Hydrolyzable Cation®’

“Problems in Disposal of Radioactive Liquid
Wastes in Salt®’

¢¢Availability and Use of Radioactivity
Standards®’

Book review of: The Theory and Practice of
Scintillation Counting, J. B. Birks, Pergamon,
London; Macmillan, New York, 1964

“Analytical Laboratory Hot-Cell Equipment:
III. A Remotely Operated Filter Photometer’’

‘“Analytical Laboratory Hot-Cell Equipment:
1. Sample Preparation Apparatus for the
Molten Salt Reactor Experiment”’

,

‘“Analytical Laboratory Hot-Cell Equipment:
II. A Remotely Controlled Corrosion Re-
sistant Pipetter”’

“Film Formation on Pyrolytic Graphite

Electrodes’’

. -
Dental Research Unit, Medical Council, Wellington, New Zealand.

sPresent address: Dow Chemical Company, Midland, Mich.

6Present address: Southern Railway Co., Atlanta, Ga.

New Zealand J. Agr. Res.
7, 603 (1964)

Anal. Chem. 37, 680 (1965)

Anal. Chim. Acta 33, 76
(1965)

Anal. Chem. 36, 2454 (1964)

N

Chem. Eng. Progr., Symp. .
Ser. 60(53) (Nuclear Engi-
neering, Part XIII), 68 (1964)

Anal. Chem. 36, 808 (1964)

Anal. Chem. 37(12), 79A
(1965)

Proceedings of the 13th
Conference on Remote Sys-
tems Technology, 1965,

p. 184, American Nuclear
Society, Inc., Hinsdale, Ill.

Proceedings of the 13th
Conference on Remote Sys-
tems T_echnology, 1965,

p. 179, American Nuclear

Society, Inc., Hinsdale, Ill.

Proceedings of the 13th
Conference on Remote Sys-
te;ns Technology, 1965,

p. 182, American Nuclear

Society, Inc., Hinsdale, Ill.

J. Electroanal. Chem. 9, 305
(1965)

7Consultant; Assistant Professor of Chemistry, University of Tennessee, Knoxville.

8Graduate student, Department of Chemistry, University of Tennessee, Knoxville.

»
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30 Mamantov, G.,7 ’ ¢‘Reversible Deposition of Metals on Solid J. Electroanal. Chem. 9, 253
D. L. Manning, Electrodes by Voltammetry with Linearly (1965)
J. M. Dale Varying Potential®”

31 Moore, F. L. “Liquid-Liquid Extraction of Metal Ions from Anal. Chem. 37, 1235 (1965)

Aqueous Solutions of ‘Organic Acids with
High-Molecular-Weight Amines. The Trivalent

Actinide-Lanthanide Elements”’

32 Moore, F. L., “Rapid Removal of Transuranium Elements Anal. Chem. 37, 419 (1965)
W. T. Mullins from Aqueous Solutions Prior to the Determina-

tion of Total Lanthanide Fission Products?’

33 ¢‘Separation of Berkelium from Other Elements. Anal. Chem. 37, 687 (1965)
Application to Purification and Radiochemical

Determination of Berkelium®?

34 Mountcastle, W. R,, Jr.,9 “Controlled-Potential Coulometric Tiltration of Anal. Chem. 37, 336 (1965)
Louise B. Dunlap, Uranium(VI) in Aqueous Solutions of Sodium
P. F, Thomason Fluoride”
35 Mueller, T, R. ¢“Arbitrary-Set, Proportional Temperature ' Anal. Chem. 37, 172 (1965)
Controller”
/
36 Mueller, T. R., “High-Sensitivity, Direct-Reading, Linear, Anal. Chem. 37, 13 (1965)
R. W. Stelzner, Recording Conductometric Titrator with
D. J. Fisher, Automatic Temperature Compensation or
H. C. Jones Proportional Temperature Control’?
37 Muzzarelli, R. A, A., 10 “Separation of Traces of Metals from Uranium Talanta 12, 823 (1965)
L. C. Bate - by Chromatography on Cellulose Column’’
38 Perone, 8. P,, 1 “‘Application of Derivative Techniques to Anal. Chem. 37, 2 (1965)
T. R. Mueller , Stationary Electrode Polarography?’
39 Raaen, Helen P. “Teflon Dropping-Mercurylr Electrode for Anal. Chem. 36, 2420 (1964)

Polarography in Hydrofluoric Acid and
Other Glass-Corroding Media. Evaluation

with Thallium(I) = Thallium Reaction®’

40 “Dropping-Mercury Electrode of Teflon for Anal. Chem. 37, 677 (1965)
' Polarography in Hydrofluoric Acid and Other
Glass-Corroding Media. Evaluation with the
Lead(Il)&Lead Reaction’’

41 ““Polarography of Lead(Il) in Aqueous Hydro- Anal. Chem. 37, 1355 (1965)
fluoric Acid (1 to 12M) with a Dropping-
Mercury Electrode of Teflon”’

42 Reynolds, S. A. Book review of: Radioactivation Analysis, J. Chem. Educ. 41, A94
H. J. M. Bowen and D. Gibbons, Clarendon, (1964)
" Oxford, 1963

9Research Participant, summers of 1961 and 1962; Temporary Employee, summer of 1963; from Chemistry Depart-
ment, Birmingham-Southern College, Birmingham, Ala.

10Alien Guest, 1963—64; from Communauté Europeenne de L’Energie Atomique, EURATOM, Bureau Central de
Mesures Nucléaires, Geel, Belgium.

11'Assistant Professor of Chemistry, Purdue University, Lafayette, Ind.
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52
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Ricci, E.

Ricci, E.,
R. L. Hahn

Rickard, R, R.,
C. F. Goeking,
E. 1. Wyatt

Ross, H. H.

Ross, H. H.,

R. P. Gardner, 12

J. W. Dunn 1m1*3

Ross, H. H.,
H. L. Holsopple

Ross, W. J.

Shults, W. D.,
F. E. Haga,6
T. R. Mueller,
H. C. Jones

Susano, C. D.,
L. J. Brady,
G. Goldberg,
W. R. Laing,
W. S. Lyon

Terry, Anne A. 14
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¢““Output Spectrum from 14-Mev Neutron
Generators. Rapid Estimation and
Influence in Cross-Section Measurements

and Activation Analysis®’

“Output Spectra of 14-Mev Neutron Generators —
Rapid Estimation and Influence in Activation

Analysis”

“Theory and Experiment in Rapid, Sensitive
Helium-3 Activation Analysis. Helium-3

Reactions as Neutron Sources®’

“Mass~Fission-Yield Curve for Americium-241"*

4¢Color Quench Correction in Liquid Scintillator

Systems Using an Isolated Internal Standard’’

“Wear Rates in Automotivé Engines by Liquid

Scintillation Counting of Fess”

“N,N,N, Trimethylborazine as a Liquid
Scintillator Solvent for Thermal Neutron

Detection"’

¢sGravimetric Determination of Sodium with

Radiotracers®

¢“Chronopotentiometer with Compensation for

Extraneous Currents?’’

“Analytical Chemistry in Nuclear Technology®’

“Eighth Conference on Analytical Chemistry
in Nuclear Technology®’

“A Résumé of the Eighth Conference on

Analytical Chemistry in Nuclear Technology”

‘‘Integrated Assembly for Generation, Storage,
and Delivery of Standard Chromium(IT)

Solutions”’

Denton.

12\easurement and Controls Laboratory, Research Triangle Institute, Durham, N.C.

J. Inorg. Nucl. Chem. 27,
41 (1965)

Trans. Am. Nucl. Soc. 7,
- 203 (1964)

Anal. Chem. 37, 742 (1965)

Nucl. Sci. Eng. 23, 115 (1965)

Anal. Chem. 37, 621 (1965)

Nucl. Sci. Eng. 20, 521 (1964)

Nucl. Instr. Methods 33, 194
(1965)

Anal. Chem. 37, 168 (1965)

Anal. Chem. 37, 1415 (1965)

Science 147, 523 (1965)

Nucl. News 7(12), 30 (1964)

J. Electroanal. Chem. 9, 328
(1965)

Chemist-Analyst 53, 63 (1964)

13Research Assistant, Department of Mathematics, North Carolina State University, Raleigh.

19Research Participant, summers of 1962 and 1963; from Department of Chemistry, Texas Woman’s University,
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62 Browning, W. E,, Jr.,*

63

64

65

66 Browning, W. E., Jr.,*

Toth, K. S.,*
T. H. Handley,
E. Newman,*
L R. Williams*

White, J. C.

Young, J. P.

Zittel, H. E.

Zittel, H. E.,
F. J. Miller

JAU THOR(S)

R. E. Adams,*
J. E. Attrill

R. D. Ackley,*
A. F. Roemer, Jr.
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148

¢New Rare-Earth Alpha Emitter, Eu”’

- Book review of: Analytical Chemistry of

Thallium, 1. M. Korenman, Program for

Scientific Translations, Jerusalem,. 1964

" Book review of: The Solvent Extraction of

Metal Chelates, by J. Stary, Pergamon,
London; Macmillan, New York, 1964

Book review of: Spectroscopic Properties of
Rare Earths, by Brian G. Wybourne, Inter-
science, New York, 1965

Book review of: Amperometric Titrations,
by John T. Stock, Interscience, New York,
1965

‘A Glassy-Carbon Electrode for Voltammetry”’

Reports
TITLE

“Gas Chromatographic Identification of Radio-

** in Semiannual Progress

iodine Vapor'.s,
Report for Period Ending December 31, 1964,

Nuclear Safety Program

‘“Effects of Surface Materials on Radioiodine
Vapors®’’ in Semiannual Progress Report for
Period Ending December 31, 1964, Nuclear
Safety Program . .

¢“Gas Chromatographic Identification of
Radioiodine Vapor;;" in Semiannual Progress
Report for Period Ending June 30, 1965,
Nuclear Safety Program

‘‘Reaction of Methyl Iodide with Chemically
Impregnated Charcoal’’ in Semiannual

- Progress Report for Period Ending June 30,
1965, Nuclear Safety Program

‘‘Investigation of Radioiodine Behavior(
Under Moist Conditions in May Packs by
Means of Composite Diffusionl Tubes’’ in
Semiannual Progress Report for Period
Ending December 31, 1964, Nuclear Safety

Program

Phys. Rev. 136, B1233 (1964)

Anal. Chem. 37(1), 71A (1965)

Nucl. Sci. Eng. 23, 200 (1965)

Anal. Chem. 37(11), 65A
(1965)

J. Chem. Educ. 42, 521 (1965)

Anal. Chem. 37, 200 (1965)

REPORT NO.

ORNL-3776, p. 7 (March 1965)

ORNL-3776, p. 19 (March
1965)

ORNL-3843, p. 171 (Septem-
ber 1965)

ORNL-3843, p. 191 (Septem-
ber 1965)

ORNL-3776, p. 23 (March
1965)
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74

75

76

77

78

79

Cameron, A. E.

Cameron, A, E,,
J. R. Walton

Feldman, C.

Goldberg, G.

Goldstein, G.

Goldstein, G.,

J. A. Dean15

Goldstein, G.,
J. F. Emery

Goldstein, G.,
S. A. Reynolds

Holsopple, H. L.,
Lucy E. Scroggie
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“Investigation of Airborne Radioiodine Species
by Means of Composite Diffusion Tubes?’ in
Semiannual Progress Repc;r't for Period Ending
December 31, 1964, Nuclear Safety Program

“‘Investigation of Chemical Reactivity of Non-
elemental Radioiodine Vapor by Means of
Composite Diffusion Tubes’’ in Semiannual
Progress Report for Period Ending June 30,
1965, Nuclear Safety Program

“‘Chemical Behavior of the Radioiodine Species
Found on Rubber Sections of Composite
Diffusion Tubes’’ in Semiannual Progress
Report for Period Ending June 30, 1965, Nu-

clear Safety Program

Report on Foreign Travel of A. E. Cameron
June 30-July 10, 1965

The Isotopic Composition of Atmospheric

Neon

Report on Foreign Travel of Cyrus Feldman
June 25 to July 30, 1965

The Rapid Determination of Low Concentra-
tions of Oxygen and Hydrogen in Alkali
Materials by a Modified Amalgamation

Technique

Equilibrium Distribution of Metal-Ion

Complexes

¢¢Activation Cross Sections for the Reac-

_ tions of 14.8-Mev Neutrons with 99Tc”
in Chemistry Division Annual Progress
Report for Period Ending May 20, 1965

‘‘Rapid Separation of Technetium from

' Fission Products®’ in Chemistry Division
Annual Progress Report for Period Ending
May 20, 1965 '

“Inorganic and Nuclear Chemistry of Technetium.
Thermal Neutron Activation Analysis of
Technetium?? in Chemistry Division Annual
Progréss Report for Period Ending May 20,

1965

Half-Lives and Specific Activities of Common

Radionuclides

Synthesis and Infrared Absorption Spectrum
of Diborane-loB

15Consultant; Professor of Chemistry, University of Tennessee, Knoxville.

=

ORNL-3776, p. 12 (March
1965)

ORNL-3843, p. 173 (Sep-
tember 1965) '

ORNL-3843, p. 184 (Sep-
tember 1965)

July 27, 1965 (unpublished
report)

ORNL-3857 (September 1965)
Sept. 13, 1965 (unpublished

report)

CONF 721-4 (Oct. 30, 1964)

ORNL-3620 (November 1964)

ORNL-3832, p. 31 (Septem-
ber 1965)

ORNL-3832, p. 32 (Septem-
ber 1965)

ORNL-3832, p. 29 (Septem-
ber 1965)

ORNL-TM-1318 (Nov. 8, 1965)

ORNL-TM-1061 (Feb. 19,
1965)
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Jones, H. C.

Kelley, M. T.

Lee, T.,ls
J. A. Carter

Lyon, W. S.
Norris, J A.17

Orr, P, B.,*
R. S. Pressly,*
E. J. Spitzer

Quincy, R. B., Jr.,
D. E. LaValle

Raaen, Helen P., ed.

Raaen, Helen P.,

Ann S. Klein,* eds.

Rickard, R. R.,
H. A. Parker,
E. 1. Wyatt
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Check Out and Test Procedure for Q-2792
Controlled-Potential DC Polarograph-
Voltammeter

Statistical Quality Control Report, April
Through June, 1965, Analytical Chemistry
Division

Statistical Quality Control Report, January
Through March, 1965, Analytical Chemistry

Division

. Statistical Quality Control Report, Analytical

Chemistry Division, January Through
December, 1964

Statistical Quality Control Report, January
Through September, 1964, Analytical

Chemistry Division

Report on Foreign Travel of Myron T. Kelley
September 2, 1965, to October 6, 1965

Direct Reading Spectrographic Determination
of the Ratios of Three Metals

Report of Foreign Travel of W. S. Lyon October

10 to October 28, 1964

The Analysis of Promethium-147

Evidence of the Absence of Long-Lived
Isotopes of Promethium from Fission of
Uranium, and the Purification of Promethium
for the Establishment of a Primary Spectro-
graphic Standard

High Purity Potassium Chloride
Annual Progress Report for Period Ending
November 15, 1964, Analytical Chemistry

Division

Oak Ridge National Laboratory Master Analyti-

cal Manual, Suppiement 7

Indexes to the Oak Ridge National Laboratory
Master Analytical Manual (1953—1964)

Mass-Fission Yield Curve for 237Np

165RGDP, Oak Ridge, Tenn.

17Present address: Jarrel-Ash Corp., Waltham, Mass.

ORNL Test Specification
St-293 (Apr. 9, 1965)

July 22, 1965 (unpublished
report)

May 3, 1965 (unpublished
report)

Jan. 25, 1965 (unpublished
report)

Dec. 14, 1964 (unpublished
report)

Nov. 2, 1965 (unpublished

report)

K-L-1916 (Dec. 4, 1964)

Nov. 11, 1964 (unpublished
report)

ORNL-TM-922 (Aug. 19,
1964)

ORNL-3631 (January 1965)

ORNL-TM-1071 (March 1965)

ORNL-3750 (January 1965)

TID-7015, suppl. 7 (March
1965)

TXD-7015, Indexes, revision
2 (March 1965)

Dec. 24, 1964 (unpublished
report)
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112

Ross, H. H.

Savage, ‘Serena, 18

W. D. Shults

Stelzner, R. W.

Strain, J. E.
Strain, J. E.,

W. J. Ross

Thomason, P. F.

White, J. C.
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Report on Foreign Travel of H. H. Ross May
15 to June 9, 1965

PPALARGRM: A Computer Program for Analysis

of Polarograms

CHRN®GRM: A Computer Program for Analysis

of Chronopotentiograms

““Comments on the paper by Lauer, Bruck, and
LeDuigou, ‘Precise Determinations of Uranium.

** in Round

A Comparison of Different Methods
Table on High Precision Chemical Analysis

of Substances of Interest to Nuclear Energy

Report on Foreign Travel of J. E. Strain October
19 Through October 30, 1964

14-Mev Neutron Reactions

Report on Foreign Travel of P, F. Thomason
January 16 to February 20, 1965

‘‘Methods Used at ORNL for the Precise

Determination of Uranium®® in Round Table
on High Precision Chemical Analysis of

Substances of Interest to Nuclear Energy

‘‘Methods Used at ORNL for the Precise
Determination of Plutonium?®’ in Round Table
on High Precision Chemical Analysis of

Substances of Interest to Nuclear Energy

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — November 1964

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — December 1964

Analytical Chemistry Research and Development
Group Monthly Summary — January 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — February 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — March 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — April 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — May 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — June 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — July 1965

18Summer Student Trainee, summer 1965; from Rice University, Houston, Tex.

July 1, 1965 (unpublished

report)

ORNL-TM-1253 (Aug. 31,
1965)

ORNL-TM-1254 (Aug. 31,
1965)

EANDC-42S’", p. 181
(Jan. 18-22, 1965)

Nov. 18, 1964 (unpublished

report)

ORNL-3672 (January 1965)

March 15, 1965 (unpublished
report)

EANDC-42¢S**, p, 163
(Jan. 18—22, 1965)

EANDC-42¢¢S*?, p. 231
(Jan. 18-22, 1965)

Dec. 11, 1964 (unpublished
report)

Jan. 13, 1965 (unpublished
report)

Feb. 11, 1965 (unpublished
report)

Mar. 12, 1965 (unpublished
report)

Apr. 8, 1965 (unpublished
report)

May 7, 1965 (unpublished
report)

June 10, 1965 (unpublished
report)

July 14, 1965 (unpublished
report)

Aug. 11, 1965 (unpublished
report)
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Wright, R. R.,'®
W. S. P‘appas,16
J. A. Carter,

C. W, Weber16

"Anonymous
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Analytical Chemistry Research and Develop-
ment-Group Monthly Summary — August 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — September 1965

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — October 1965

Preparation and Recovery of Cesium Compounds

for Density Gradient Solutions

‘‘Controlled-Potential and Derivative Polaro-
graph, Q-1988 A” in Engineering Materials
List, TID-4100 (Supplement 28)

““High-Sensitivity Coulometric _Titrator/Q-2564/”
in Engineering Materials List, TID-4100 (Supple-
ment 28)

“‘Pipetters?’ in Engineering Materials List, TID-
4100 (Supplement 28)

““Decappers”’ in Engineering Materials List,
TID-4100 (Supplement 29)

Sept. 10, 1965 (unpublished
report)

Oct. 15, 1965 (unpublished
report)

Nov, 9, 1965 (unpublished
report)

K-L-6037 (Mar. 3, 1965)

CAPE-1001 (June 1965)

CAPE-1196 (June 1965)

CAPE-1220 (June 1965)

CAPE-1221 (September 1965)

New Methods Issued to ORNL Master Analytical Manual

AUTHOR(S)

Apple, R. F,

Costanzo, D. A.

Haga, F. E.,6 D. J. Fisher

Jones, H. C.

Kubota, H.

Meyer, H, C.

TITLE

“Uranium in Molten-Salt Reactor Experiment
(MSRE) Fuel, Automatic, Controlled-Potential,

Coulometric Titration Method”’

“Uranium in the Molten-Salt Reactor Experiment
(MSRE) Fuel, High-Sensitivity, Automatic, Con-
trolled-Potential Coulometric Titration Method®’

#Nitrate in Transuranium (TRU) Solutions, Azo
Dye Filter Photometric Method”?

¢““Pipetters, Remotely Servo-Controlled, Corrosion-
Resistant, ORNL Models Q-1348A, Q-1348B, and
Q-1348C”’

“Coulometric Titrator, Controlled-Potential, High-
Sensitivity, ORNL Model Q-2564"*’
f¢Chloride, Distillation—Indirect Iodometric

Titration Method”’

““Strong and Weak Acids in Their Mixtures,
Potentiometric Sodium Hydroxide Titration
entl
Method®”

“Other ORNL Master Analytical Manual Methods

Needed in the Transuranium (TRU) Process”’

NUMBER(S) DATE
9 021205 3-4-65
9 021206 3-17-65

' 9 062201 3-5-65
1 003102 3-26-65
9 003102
1 003025 8-20-65

" 9003025
1 212073 9-14-65
1 220021 9-10-65
9 00720021
9 0600 8-20-65
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130

131

132

133

134

135

136

137
138

139

140

141

142

143
144

145

146

147

Moore, F. L.

Mox:ton, J. E.

Stringer, C. D.

Vaughan, W. F.

AUTHOR(S)

Apple, R. F.

Burros, C. L.,
R. E. Brooksbank,*
E. I. Wyatt

Druschel, R, E,,*
E. L. Wyatt

Jones, H. C.

Reynolds, S. A.,
E. I. Wyatt
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f‘Molybdenum Radioactivity in Transuranium (TRU)
Process Solutions, 8-Hydroxyquinoline Precipita-
tion—Beta Counting Method”’

¢¢Californium-252 in Transuranium (TRU) Process
Solutions, Measurement of Prompt Gamma Rays

from Spontaneous Fission®’ ‘

-~ #*Carbon-14, Liquid-Scintillation-Counting Method*’

‘‘Nitrate, Phenoldisulfonic Acid Spectrophoto-
metric Method”’

‘“Iron, 1,10-Phenanthroline Spectrophotometric
Method”’

*Nickel, in Molten-Salt Reactor Experiment
(MSRE) Fuel, Spectrophotometric Dimethyl-
glyoxime (Persulfate Oxidation) Method*’

TITLE

¢¢Zirconium in MSRE Fuel, Amperometric
Cupferron Titration Method?’’

¢¢Chromium in MSRE Fuel, Amperometric
Ferrous Sulfate Titration Method®’

¢Fluoride in MSRE Fuel, Pyrolysis Method?’’
¢“Uranium in MSRE Fuel, Polarographic Method”’

‘¢Barium Radioactivity in Aqueous or Organic

Solutions?®’

“‘Strontium Radioactivity and/or Barium Radio-

activity in Aqueous or Organic Solutions”®

¢¢Cerium Radioactivity in Aqueous or Organic

Solutions’’

¢Niobium Radioactivity in Aqueous or Organic

Solutions”’
“Ruthenium Radioactivity in Aqueous Solutions’’

¢“Tellurium Radioactivity in Aqueous or Organic

Solutions?’

¢¢Zirconium Radioactivity in Aqueous or Organic

Solutions”?

¢¢Automatic Coulometric Titrator, ORNL Model
Q-2005, Electronic, Controlled-Potential?*

‘*Alpha Proportional Counter®’

9 062312

9 062311

9 0733173

1 215612
9 00715612

1 214113
9 00714113

9 021207

Revised Methods Issued to ORNL Master Analytical Manual

NUMBER(S)

9 021201

9 021202

9 021203
9 021204

2 21081

221082

2 21801

221181

2 21551

221731
2 21841

221981

1 003029

2 00351
9 00351

9-21-65
3-5-65

3-16-65
3-22-65

9-24-65

9-10-65

DATE

R. 4-12-65
R. 4-12-65

R. 4-12-65
R. 4-12-65
R. 4-26-65
R. 4-26-65
R. 4-26-65
R. 4-26-65

R. 4-26-65
R. 4-26-65

R. 4-26-65
R. 8-30-65

R. 4-26-65
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148 ¢ Apparatus, General”’ 2 0010 R. 4-26-65
' 510110
149 Rickard, R. R., E. 1. Wyatt ‘‘lodine Radioactivity in Aqueous or Organic 2 21391 R. 4-26-65
Solutions’’ ‘
150 Walker, R. L., E. L. Wyatt ‘‘Gross Alpha’’ ’ 9 002301 ) R. 4-26-65
9 0733000
151 Wyatt, E. 1., C. L. Ghann ‘““Cesium Radioactivity in Aqueous Solutions, 2 21195 R. 4-26-65
Chlorostannate Method®’ i
152 Wyatt, E, I. ¢¢Carbon-14, Product Analysis Guide’’ 9 0733171 R. 5-26-65
Y
153 “‘Iodine-131, Product Analysis Guide®’ 9 0733391 - R. 5-17-65

Record Copies Issued to ORNL Master Analytical Manual

AUTHOR(S) TITLE NUMBER(S) DATE

i54 Bate, L. C. ““Particle-Size Distribution in Uraniurﬁ Dioxide, 5 10201 9-22-65
Neutron Activation—Sedimentation Method”’

155 Boyd, C. M. ““Uranium(IV)-to-Uranium(VI) Ratio in Thorium 1 219226 © 3-2-65
Oxide—Uranium Oxide Mixtures, Controlled- 9 00719226
Potential Coulometric Titration Method’’

156 Hill, F. M. ¢‘Di-sec-Butyl Phenylphosphonate in Di-sec- 1 100032° 9-17-65
Buty! Phosphonate—Diethylbenzene Solutions, 9 00607
Dielectric Constant Method??

157 Kubota, H. ) “Boron, Spectrophotometric Curcumin Method’’ 121121 3-3-65

158 ¢¢Oxalate in Eluates from Irradiated Ion-Exchange 1221007 = 3-1-65
Resins, Indirect Iodometric Titration Method®”’ 9 00721007

159 ¢‘Magnesium in Process Water, Spectrophotometric 9 00714712 - 9-20-65

Magon Method?’

ORAL PRESENTATIONS
Ninth Conference on Analytical Chemistry in Nuclear Technology

Some 300 scientists, including eleven representatives from seven foreign countries, attended the
the Ninth Conference on Analytical Chemistry in Nuclear Technology, which was held on October 12—14,
1965, in Gatlinburg, Tennessee. The ORNL Analytical Chemistry Division continued its sponsorship of
this annual event. :

The Conference Committee for this meeting was comprised of nine ORNL staff members: M. T. Kelley,
Director of the Division; C. D. Susano, Associate Director; and J. A. Carter, L.-T. Corbin, R. L. Hahn,
H. L. Holsopple, C. E. Lamb, F. L. Moore, and J. C. White. Fifty-one papers were presented at the
meeting, ten of which were given by members of the ORNL staff.

In addition to the program of the Ninth Conference, meetings were also held simultaneously by mem-
bers of the Southeastern Section of the Society for Applied Spectroscopy in its regular fall meeting and by
another group representing emission spectroscopists from the U.S. Atomic Energy Commission (USAEC)
and related contractor groups. ‘
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The format of this meeting was essentially the same as has been the case in the past, except that
two symposia .on subjects of current importance in space and nuclear technology were held simultaneously
with two sessions on a variety of subjects of general interest in nuclear matters, including bioanalytical
techniques. In the symposium on the Analytical Chemistry of the Transuranium Elements, 16 papers were
read at three sessions; in the symposium on The Role of Analytical Chemistry in Pure Materials Re-
search, 21 papers were presented at four sessions. ' '

In lieu of proceedings, tape recordings were made of all presentations except paper No. 37, which
unfortunately was not recorded due to technical difficulties. This is the third year that tape recordings
have been made in lieu of proceedings. Reproductions are made available generally to any one requesting
the loan of any of these recordings. In addition to being available from ORNL, copies of the tape record-
ings have been deposited at the Library of Congress and can be secured therefrom on a loan basis simply

by contacting that agency. _
The Tenth Conference in this series is tentatively scheduled to be held at the Mountain View Hotel,
Gatlinburg, Tennessee, on September 27—29, 1966.

AUTHOR(S) TITLE PRESENTED AT
160 Belew, W. L.,19 “‘Determination of Trace Quantities of International Symposium on Micro-
D. J. Fisher, Uranium by Controlled-Potential DC chemical Techniques — 1965, Ameri-
M. T. Kelley, Polarography in a Tri-Octylphosphine can Microchemical Society and Inter-
J. A. Dean15 Oxide Extract”’ national Union of Pure and Applied
Chemistry, Pennsylvania State Uni-
versity, University Park, Pa., Aug.
22-27, 1965
161 Bell, J. T.,lg* ‘“The Absorption Spectrum of the Uranyl Symposium on Molecular Structure and
R. E. Biggers Ion in Perchlorate Media. Part L. Spectroscopy, Department of Physics
Mathematical Resoiution of the Over- and Astronomy, Ohio State University,
lapping Band Structure and Studies of Columbus, June 14—18, 1965
the Environmental Effects?’’
162 Browning, W. E,, Jr., 19y ‘“Identity, Character and Chemical Be- International Symposium on Fission
R. E. Adams,* havior of Vapor Forms of Radioiodine’® Product Release and Transport Under
R. D. Ackley,* ) Accident Conditions, Oak Ridge,
M. E. Davis,* Tenn., Apr. 5--7, 1965
J. E. Atrill
163 Cameron, A, E. ¢“The Present Status of the Atomic 13th Annual Conference on Mass
i Weights”’ Spectrometry and Allied Topics, ASTM
Committee E-14, St. Louis, May
16—21, 1965
164 Cook, J. L.,* W. R. Laing, ‘““Determination of the Coating Density = 7th Biennial Conference on Carbon,
R. L. Beattylg* of Pyrolytic Carbon Coated Nuclear ' Cleveland, June 21-25, 1965
Fuel Particles”’
165 Costanzo, D. A.,%g ¢““Alpha Radiation Effects on Concen- 9th Conference on Analytical Chemistry

R. D. Baybarz,*
J. E. Bigelow*

At Meetings of Professional Societies

trated Solutions of Lithium Chloride
Containing Hydrochloric Acid?”’

19Speaker.

in Nuclear Technology, Gatlinburg,
Tenn., Oct. 12—14, 1965
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“‘Quantitative Analysis by the X-Ray
Absorption Edge Technique”’

‘'Isotopic Analysis of Transuranium

Elements by Mass Spectrometry”’

¢“Electronic Resolution of Gamma-Ray

Spectra’’

¢Gamma-Ray Branchings in the Decay
of 116In, 141Ce, and 147Nd”

197
‘““Measurement of 9 Heg”’

‘“The Evaluation of Computer Pro-
grams for Gamma-Ray Spectrometry in

Activation Analysis®?

“Spectrometry in Analytical Chemistry”’

¢“The Quant;tative Analysis of Highly
Radioactive Materials: Spectrochemi-

cal and X-Ray Techniques®’

‘“The Laser in Metallurgical Spec-

troscopy?’’

¢*The Effects of Trace Impurities of
Moisture, Oxygen, Hydrogen, Nitrogen,
and Carbon Dioxide in Glove Box
Atmospheres on the Analysis of the
Alkali Metals”’

“Activation Analysis with 14-MeV

Neutrons and with Helium-3 Ions®’

“‘Radio and Nuclear Chemistry?’’

¢‘Particle Accelerators in Pure Mate-

rials Analyses”’

166 Dunn, H. W.

167 Eby, R: E,

168 Eldridge, J. S.

. 19

169 Eldridge, J. S.,

P. Crowther,2 W. S. Lyon
. . 19

170 Eldridge, J. S.,
W. S. Lyon

171 Emery, J. F.,*°
F. F. Dyer,
T. D. Alexander,20
E. Schonfeld*

172 Feldman, C.

173

174

175 Goldberg, G.

176 Hahn, R. L.

177

178

20Research

9th Annual Meeting, Analytical Sub-
committee, UCC Research Liaison
Committee, Oak Ridge, Tenn. (ORNL)
May 24-25, 1965

9th Conference on Analytical Chemistry
in Nuclear Technology, Gatlinburg,
Tenn., Oct. 12-14, 1965

6th Annual Contractor’s Meeting,
Division of Isotopes Development,
U.S. Atomic Energy Commission,
Washington, D.C., Nov. 9-10, 1964

149th Meeting, American Chemical
Society, Detroit, Mich., Apr. 4-9,
1965

12th Annual Meeting, Society of Nuclear
Medicine, Bal Harbour, Fla., June ‘
"17-~19, 1965

International Conference on Modern
Trends in Activation Analysis, College
Station, Tex., Apr. 19—-22, 1965

Summer Seminar, Knoxville—Oak Ridge
Section, American Institute of Chemi-
cal Engineers, Oak Ridge, Tenn.,
Aug. 18—19, 1965 )

20th Congress, International Union for
Pure and Applied Chemistry, Moscow,
USSR, July 12-18, 1965

19th AEC Metallography Group Meeting,
Oak Ridge, Tenn., Apr. 20—22, 1965

Joint AEC-NASA Meeting, **Second
Round-Robin Analysis of Oxygen in
Sodium and Potassium,’® Lewis Re-"
search Center, NASA, Cleveland,
Sept. 22—23, 1965

9th Annual Meeting, Analytical Sub-
committee, UCC Research Liasion
Committee, Oak Ridge, Tenn. (ORNL),
May 24-25, 1965

Summer Seminar, Knoxville—~Oak Ridge
Section, American Institute of
Chemical Engineers, Oak Ridge,
Tenn., Aug. 18—19, 1965

9th Conference on Analytical Chemistry
in Nuclear Technology, Gatlinburg,
Tenn., Oct, 12~14, 1965

Participant, summer of 1964; from Department of Chemistry, Georgetown College, Georgetown, Ky.
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‘“‘Interactions of Cadmium-106 with
Alpha Particles?”’

““Applications of Gas Chromatography

in Nuclear Technology*’

““Controlled-Potential Polarography
and Coulometry as Micro-Analytical

Techniques?”’

‘‘Analytical Services for Chemical

Engineers?’

‘“Alkylbenzene Sulfonate (ABS) Con-

trol for the Foam Separation Process”’

“Application of Neutron Activation

Analysis to Forensic Science’’

“Caution and Precaution in Forensic

Applications”’

‘“‘Radioactivation Analysis as an
Analytical Tool’’

‘“Absolute Counting of Gamma
Activity’?

‘‘Activation Analysis with Particles

Other than Neutrons®’

“Applications of Radioisotopes?®

““Reversible Deposition of Metals on
Solid Electrodes by Voltammetry
with Linearly Varying Potential’’

149th Meeting, American Chemical
Society, Detroit, Mich., Apr. 4—9, 1965

Journées Internationales de la
Séparation Immediate et de la
Chromatographie, Athens, Greece,
Sept. 19-24, 1965 o

International Symposium on Micro-
chemical Techniques—1965, American
Microchemical Society and Interna-
tional Union of Pure and Appliéd
Chemistry, Pennsylvania State Uni-
versity, University Park, Aug. 22-27,
1965

Summer Seminar, Knoxville—Oak Ridge
Section, American Institute of Chemi-
cal Engineers, Oak Ridge, Tenn.,
Aug. 18-19, 1965

Technicon Symposium on Automation in
Analytical Chemistry, New York,
Sept. 8—10, 1965

Paris, Frankfurt, Rome, London, and
Copenhagen, fall and winter, 1965

(read by representative of Technicon)

Southeast Regional National Science
Teachers Association Conference,
Hollywood, Fla., Nov. 27, 1964

Advanced Seminar on Activation
Analysis, San Diego, Calif., Apr. 28,
1965

Conference on Purification of Mate-
rials, New York Academy of Science,
New York, May 6—8, 1965

Advanced Isotope Technology Course,
ORINS, Oak Ridge, Tenn., July 28,
1965 ’

Advanced Isotope Technology Course,
ORINS, Oak Ridge, Tenn., Aug. 26,
1965

Isotopes Development Center Program
Review Meeting, Oak Ridge, Tenn.
(ORNL), May 14, 1965

149th Meeting, American Chemical
Society, Detroit, Mich., Apr. 4—9, 1965

»
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‘‘A Programmable High Speed Data
Acquisition System for Mass

Spectrometric Application’’

“Voltammetry of Iodide, Iodine, and
Iodate with the Pyrolytic Graphite
Indicating Electrode?”?

/‘Electrochemistry with the Pyrolytic
Graphite Electrode?’

‘‘Instrumentation for Polarography of

Glass-Corroding Media’’

‘““‘Recent Findings in Radiochemistry®’

¢¢Activation Analysis. Reactor Neutron

Fluxes and Interferences’’
s

“ge’ Activation Analysis?’’

‘“Theoretical and Experimental
Aspects of Quenching Variables from
Biomedical Samples in Liquid

Scintillator System?®’

¢“Gas Chromatography®’

‘¢Applications of ORNL Spark Source
Mass Spectrograph to High Purity

Materials Analysis®’

¢“Comments on the paper by Lauer,
Brick, and LeDuigou, ‘Precise Deter-
mination of Uranium. A Comparison of

Different Methods®*’

13th Annual Conference on Mass Spec-
trometry and Allied Topics, ASTM
Committee E-14, St. Louis, May
16-21, 1965

Southwestern Regional American
Chemical Society Meeting, Shreveport,
La., Dec. 3-5, 1964

9th Annual Meeting, Analytical Sub-
committee, UCC Research Liaison
Committee, Oak Ridge, Tenn. (ORNL),
May 24-25, 1965 '

Instrument Society of America 1st Joint
International Symposium on Analysis
Instrumentation and Chemical and
Petroleum Instrumentation, Montreal,
Canada, May 26—-28, 1965

Taft Sanitary Engineering Center, Pub-
lic Health Service, Cincinnati, Ohio,
Feb. 11, 1965

Advanced Isotope Technology Course,
ORINS, Oak Ridge, Tenn., Aug. 23,
1965

International Conference on Modern
Trends in Activation Analysis,
College Station, Tex., Apr. 19-22,
1965

International Atomic Energy Agency’s
Symposium on Radioisotope Sample
Measurement Techniques in Medicine
and Biology, Vienna, Austria, May
24-28, 1965

Summer Seminar, Knoxville—Oak Ridge
Section, American Institute of Chemi-
cal Engineers, Oak Ridge, Tenn.,
Aug. 18—19, 1965

9th Conference on Analytical Chemistry
in Nuclear Technology, Gatlinburg,
Tenn., Oct. 12—14, 1965

Round Table on High Precision Chemi-
cal Analysis of Substances of Interest
to Nuclear Energy, European-American
Nuclear Data Committee, Brussels,

Belgium, Jan. 18—-22, 1965

21Present address: Edgerton, Germeshausen and Grier, Santa Barbara, Calif.
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““A Survey of Analytical Instrumentation Seminar, Institut for Heisse Chemie,

Development at Oak Ridge National

Laboratory”’’

‘Management Looks at Analytical
Chemistry in a National Labc;ratory"

‘‘Methods Used at ORNL for the Pre-

cise Determination of Uranium?’

#Methods Used at ORNL for the Pre-

cise Determination of Plutonium?’

‘Automated Nucleotide Analyzer”

““The Isotopic Composition of
Atmospheric Neon®’

‘‘Modern Analytical Chemistry?®’

‘“Electron Optical Study of the
. Effect of Aging on Carbides in a

Niobium-Tungsten-Zirconium Alloy®’

‘“Recent Advances in Analytical

Emission Spectrometry”’’

‘‘Absorbance Spectra of Single
Crystals’’

22Present address:

Argonne National Laboratory, Chicago, 11l

Kernforschungszentrum, Karlsruhe,
W. Germany, Oct. 4, 1965

16th Pittsburgh Conference on Analyti-
cal Chemistry and Applied Spectros-
copy, Pittsburgh, Pa., Mar. 1-5,
1965

Round Table on High Precision Chemi-
cal Analysis of Substances of Interest
to Nuclear Energy, European-American
Nuclear Data Committee, Brussels,
Belgium, Jan 18-22, 1965

Round Table on High Precision Chemi-
cal Analysis of Substances of Interest
to Nuclear Energy, European-American
Nuclear Data Committee, Brussels,
Belgium, Jan 18-22, 1965

9th Conference on Analytical Chemistry
in Nuclear Technology, Gatlinburg,
Tenn., Oct, 12—14, 1965 °

13th Annual Conference on Mass
Spectfometry and Allied Topics,
ASTM Committee E-14, St. Louis, May
1621, 1965

" Summer Seminar, Knoxville—Oak Ridge

Section, American Institute of Chemi-
cal Engineers, Qak Ridge, Tenn.,
Aug, 18—-19, 1965

19th AEC Metallography Group Meeting,
QOak Ridge, Tenn., Apr. 20—22, 1965

Southeastern Electron Microscopy Con-
ference, Georgia Inctitute of Tech-
nology, Atle ~".., May 14-15, 1965

16th Mid-America Symposium on Spec-

troscopy, Chicago, June 14-17, 1965

St. Louis Chapter, Society for Applied
Spectroscopy, St. Louis, Sept. 16, 1965

9th Conference on Analytical Chemistry
in Nuclear Technology, Gatlinburg,
Tenn., Oct. 12—14, 1965
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Under the ORNL Traveling Lecture Program

" TITLE

““Geological Age Determination by Iso-

topic Measurement®’’

¢“The New Image of Analytical

Chemistry in Science”’

PATENTS
TITLE
‘Method for Separating Transplutonium

Elements from Rare Earth Fission

Products®’

PRESENTED AT

Auburn University, Auburn, Ala., Feb.
24, 1965

Knoxville College, Knoxville, Tenn.,
Apr. 28, 1965

University of South Carolina, Columbia,
Mar. 15, 1965

North Carolina Academy of Science,
Chapel Hill, May 7, 1965

Sam Houston State College, Huntsville,
Tex., Oct. 18, 1965

Lamar State College, Beaumont, Tex.,
Oct. 19, 1965

Glenville State College, Glenville,
W.Va., Nov. 1, 1965 ‘

Bethany College, Bethany, W.Va.,
Nov. 3, 1965

PATENT NO(S). ISSUED

3,178,256 Apr. 13, 1965



TRANSLATOR

1 Kelley, M. T.

Translations

ORIGINAL REFERENCE TRANSLATION
Author Translated ORNL-tr
(Transliterated) Source Language Language Title Number
L. N&mec Collection German English “Influence of the Recording 555
Czech. Chem. Arrangement on the Form
Commun,. 25, of Polarographic Curves”’
3085—-96 ‘
(1960)
S. B. Tsfasman Zavodsk. Lab. Russian English “Differential Polarography 562
22, 131-40 on an Electronic Self-
(1956) Recording Integro-Differ-
entiating Polarograph®’
F. G, Will Z. Electrochem. German English “Transient Processes with 563
63, 689-94 Potentiostatic Regulating
(1959) Circuits”’ '
S. B. Tsfasman Elektronnye Russian English  “‘Speed of Response of a 564
Polarography, Polarograph’’
chap. II, Topic
R 11, Metalurgiz-
dat, Moscow,
1960
P. Valenta and Chem. Listy Czecho- English  ‘‘Polarography with a Tri- 565
J. Vogel 54, 1279-98 slovakian- ' angular Potential Im-
(1960) pulse’’
H. Gerischer Z. Electrochem. German English  ““The Electronic Potentio- 573
and K. E. 61, 789—94 stat and Its Use for the
Staubach (1957) Investigation of Rapid
Electrode Reactions’?
‘M. Breiter and Z. Electrochem. German English  *‘The Inner Resistance of 574

F. G. Will

61, 1177-83
(1957)

112

Potentiostatic Regulating
Circuits and Examples of
the Use of a Potentiostat”®



TRANSLATOR
-8 Kubota, H.
.
10

11 Miller, F. J.

113

ORIGINAL REFERENCE TRANSLATION
Author Translated ORNL-tr
(Transliterated) Source Language Language Title Number
T. Uchida Tokyo Kogyo Japanese  English ¢¢Prediction of the Solubiiity 738
Shikensho and Temperature Depend-
Hokoku 59, ence of Dissociation Con-
50710 (1964) stant of Carbonic Acid in
Concentrated NaCl Solu-
tion®?
S, Kaga and Nippon Japanese English  ““The Rapid Determination 841
T. Hayashi Nogeikagaku of L-Leucine, L-Isoleucine,
Kaishi (Noka) and L-Valine in a Mixture
37(2), 116-17 by Infrared Spectrometry*?
(1963)
T. Shigematsu, Nippon Japanese English ‘‘Solvent Extraction of Beryl- 942
M. Tabushi, Kagaku Zasski lium, Copper, Nickel, Co-
and T. Tarumoto 84, 131-34 balt, and Zinc as Diben-
(1963) zoylmethane Complexes®’
L. Y. Kheifets Zh. Analit. Russian English ‘“Concerning the Method of 772

Khim, 20(3),
388-91 (1965)

Determining the Nature of
the Polarographic Current
in Relation to the Height

of a Mercury Column®’-



Indexes

Helen P. Raaen

Indexes are a part of the Analytical Chemistry
Division annual report for the second time. The
numbering system used has made possible the
preparation of cumulative indexes to the annual
progress reports from the Division. This section
of the report contains a key-word index and an
author index to this report. The cumulative indexes
for the years 1964 and 1965 are bound separately
and are designated ORNL-3904. -

The Key Word Index is prepared both from the
numbered headings that-appear within the report
and from the titles of the entries in the Presenta-
tion of Research Results and in the Translations.
To increase the depth of indexing of the work
reported, suppleméntary words were added to some
of the headings. These words appear in paren-
theses, together with the heading, in the key-word
index; they do not appear elsewhere in the report.

The Author Index is an alphabetical listing of
- authors, together with number entries that specify
the material to which each author contributed.
This index includes the authors of material in the
body of the report, the authors of the entries listed
in the Presentation of Research Results, and the
translators of the entries listed in Translations.
In the cases of co-authorships, the member of
another ORNL division is so indicated by an
asterisk which precedes that author’s name. If,
for any of a number of reasons, an author is not a
permanent member of ORNL, the symbol = appears
before his name.

An example of the numbering system used to
refer to material in the main body of the report is
65B-11-8C, where 65 indicates the year of publica-
tion of the annual report, B designates a major
part or divi{sion of the report, 11 is the chapter

1 . . PR
Technical Information Division.

114

Ann S. Haas!

number, 8 is a primary section within the chapter,
and C is a subsection (designated in the subsec-
tion heading with c instead of C); for example,

YEAR PART

leAPTE;‘ | SECTION | | SUBSECTION |

65B-11.8C

In the use of the index to locate material in the
body of the report, only the last two groups of
numbers are needed, because the chapters are
numbered consecutively.

For reference to the Presentation of Research
Results, the numbering system is of the type 65-
PRR-25, where 65 designates 'the year in which
the entry was listed in the annual report, PRR
identifies the authored work as being listed in
the Presentation of Research Results part of the
annual report, and 25 is the number of the entry
listed in that part of the report; for example,

LISTED UNDER
“PRESENTATION OF RESEARCH
RESULTS™

T~ _

65-PRR-25

YEAR LISTED
IN THE ANNUAL

NUMBER OF THE
LISTED ENTRY

In the use of the Index to locate an entry in the
Presentation of Research Results part of the re-
port, only the last group of numbers is needed, be-
cause the entries are numbered consecutively.

If the entry is in the Translations part of the
report, the entry will be identified by the letters
TR in the same position as the letters PRR.



Machine limitations necessitate that some entries
be in an unusual form.
cannot be used, entries that otherwise. would re-
quire it are written out; for example, chemical
symbols, chemical formulas, Greek letters, o-, m-,
p-, etc. Superscript and subscript numbers cannot
be printed; hence, valence is designated by a
Roman numeral following the name of the element
or ion, and an isotope mass number is indicated by

115

Because special type .

a hyphen and an Arabic number following the name
of the element. The lower-case m, used with an
isotope mass number to designate a metastable
state, appears as a capital ¥ in the listing.

Additional useful entries are provided by dividing
certain words; for example, ethylenediamine is
divided into ethylene, di, and amine, Chemical
Titles is used as a guide in making such divisions.






Key Wo

CETERMINATICN CF IODINE AND FLUORINE IN
/CNTAIN PHOSPHORO THIOATE, ,P=S AND PHCSPHCRO CI THICATE,
/AINING PHOSPHCRC THIOATE, ,P=S AMC PHCSPHCRO CI THICATE,
/1EW OF CRGANIC CCMPCUNDS THAT CCATAIN PHOSPHORC THIOATE,
/EVIEW OF ORGANIC CCMPCUNDS CONTAINING PHOSPHORO THIOATE,
SULFUR-33
RUBICIUM-85
ALKYL BENZENE SULFCNATE (
M FISSION OF URANILM, ANC THE PURIFICATI/ EVIDENCE OF THE
MITTERS
PPER ) ATOMIC
LID MATERIALS :
LITHIUM FLUORIDE - BERYLLILM FLUCRIDE - ZIRCCNIUM FLUCR/
QUANTITATIVE ANALYSIS BY, THE X=-RAY
NDOWS / RIBO NUCLEASE / BACILLUS-SUBTILIS./ ALIPAL-LC-u3/
MOLTEN SALT SYSTEMS
FLUORICE - SOCIUM FLUCRIDE - POTASSIUM FLLORICE
SYNTHESIS AND INFRARED
1. MATHEMATICAL RESCLUTICN OF THE OVERL/ THE
PARTICLE
IME EFFECTS } STUDY OF PRECISICN AND
/ROMETRIC OC FOLAROGRAPHY - A NEW HIGH PRECISICN AND HIGH
OF GAMMA IRRAOIATEC MIXTURES OF METHANOL AND HYOROCHLCRIC
TED SOLUTIONS OF LITHIUM CHLORIDE CCNTAINING HYCROCHLCRIC
TRANSFER RIBC NUCLEIC
STUDIES ON THE PHENYL ALANYL TRANSFER RIBC NUCLEIC
TROCE O/ POLAROGRAPHY CF LEAD(II)} IN AQUEOLS HYDROFLUORIC
/ PER CHLORATE / CHRCNOPCTENTIOMETRIC OXIDATICN CF OXALIC
NTRATEC LITHIUM CHLORIDE SOLLTION - OETERMINATICN CF FREE
/PPING MERCURY ELECTRODE FCR POLARCGRAPHY IN HYOROFLUCRIC
/URY ELECTRODE OF TEFLCN FCR POLARCGRAPHY IN HYDROFLUORIC
N OF THE HORIZONTAL ORIFICE/ PQLAROGRAPHY IN HYDROFLUORIC
X REACTION REODUCTICN IN AQUEOUS SCLUTICNS CF HYOROCHLORIC
GAVMMA RACICLYSIS OF
MPERATURE OEFENDENCE OF DISSOCIATICN CONSTANT CF CARBCNIC
CIATION CN THE DETERMINATICN OF URANIUNM(VI) IN PHQOSPHORIC
- NITRATE, PHENOL CI SULFCNIC
/EAC TO LEAC METAL REDOX REACTION IN AQUEOUS HYDROFLUORIC
YCROXIOE TITRATICN METHOC STRCNG AND WEAK
/TRACTION OF METAL ICNS FRCM AQUECUS SOLUTICNS OF CRGANIC
ATICN A PROGRAMMABLE HIGH SPEED DATA
C ACICS WITH HIGH MOLECULAR WEIGHT AMINES ~ THE TRIVALENT
PARTICLE SIZE OISTRIBUTICN IN URANIUM(IV) OXICE, NEUTRON
USE OF COMPUTERS IN APPLIED

ORATE MECIA

CETERMINATICN OF TECHNETIU¥-99 BY NEUTRON
APPLIEC NEUTRON
. DETERMINATICN CF URANIUM IN SEAWATER BY NEUTRON
DETERMINATICN CF MCLYBDENUM IN HAIR ANGC WwOCL BY NELTRON
HELIUNV-3
UATICN OF COMPUTER PROGRAMS FOR CAMMA-RAY SPECTROMETRY IN
UATICN OF COMPUTER PROGRAMS FOR GAMMA-RAY SPECTRCMETRY IN
EV NEUTRCN GENERATORS - RAPID ESTIMATICN AND INFLUENCE IN
ETERMINATION OF OXYGEN IN ALKALI METALS BY lu-MEV NEUTRON
RCN S/ THEQRY AND EXPERIMENT IN RAPI10O, SENSITIVE HELIUM-3
INTERFERENCES
STUCY OF PRECISION AND ACCURACY IN NEUTRON
UNCTION/ STUDIES OF FELIUM~3 NUCLEAR REACTICNS ( HELIUM-3
TWIN WETKERS RAISEC CN TWO SOILS AS OETERMINED BY NEUTRON
STIMATION AND INFLUENCE IN CROSS SECTICN MEASUREMENTS ANOD
OUNTEREC IN GAMMA-RAY SPECTRCMETRY FOR RADIOCHEMISTRY ANO
CUNTERED IN CAMMA-RAY SPECTROMETRY FOR RADIQCHEMISTRY ANO
L AND CHARACTERIZATICN OF THE SURFACE CONTAMI/ THE USE OF

LICATIONS NEUTRON
) . NEUTRON
NIC AND NUCLEAR CHEMISTRY OF TECHNETIUM - THERMAL NEUTRON

APPLICATION OF NEUTRON
UTRONS
H HELIUM-3 ICNS
4-MEV NEUTRONS WITE TECHNETIUM-99
4,8-MEV NEUTRCNS WITH TECHNETIUM-¢9

RECENT

rd Index

+KI02F2

s P{S)SH GROUPS AS SEPARATICN ANC ANALYTICAL REA/
yP{S)SH GROUPS AS SEPARATCRY ANC ANALYTICAL REA/
2P=S ANC PHCSPKECRO CI THIOATE, ,P(S)SH GROLPS A/
+P=S ANC PHCSPFCRC CI THIOATE, ,P(S)SH GROLPS A/
(NsP) CROSS SECTICN

(Ny2N} CROSS SECTICN

ABS ) CONTRCL FCR THE FOAF SEPARATICN PRCCESS
ABSENCE OF LCNG-LIVEC ISOTCPES OF PROMETHIUM FRO
ABSOLUTE COUNTING OF GAMMA ACTIVITY °

ABSOLUTE LICUIC SCINTILLATION COUNTING CF BETA E
ABSOREANCE SPECTRA OF SINGLE CRYSTALS

ABSORPTION ( DETERMINATION OF GOLD SILVER AND CO
ABSORPTICN AND CIFFUSE REFLECTANCE SPECTRA OF SO
ABSORPTION ANO REFLECTANCE SPECTRA OF IRRACIATED
ABSORPTION ECGE TECFNIQUE N
ABSORPTICN SPECTRAL MEASUREMENTS ( SOLAR CELL WI
ABSORPTICN SPECTROPHOTCMETRIC STUDIES RELATED TO
ABSORPTICN SPECTRUM OF COBALT(II) ION IN LITHILM
ABSORPTICN SPECTRUM OF 01 BORANE - BORCN-IC
ABSORPTION SPECTRUM OF THE URANYL ION IN PER CHL
ACCELERATORS IN PURE MATERIALS ANALYSES

ACCURACY IN NEUTRON ACTIVATICN ANALYSIS { DEAC T
ACCURACY METHOL { ELECTROCHEMISTRY / MOCEL-Q-19/
ACID GAS CHRCMATOGRAPHIC ANALYSIS
ACIO ALPKA RACIATION EFFECTS ON CCNCENTRA
ACID { TRNA ) ANALYTICAL STUCIES

ACI0 ( TRNA ) SYSTEM

ACID ( t-12-MOLAR )} WITH A CROPPING MERCURY ELEC
ACID CHRONCPCTENTICMETRIC OXIDATICN OF FERROQU/
ACID HYCROLYZABLE CATION REACTIONS IN CONCE
ACID OTHER GLASS CORROCING MEOIA - EVALUATI/
ACIO OTHER GLASS CORROTING MEOIA - EVALUATI/
ACIO ANC OTHER CGLASS CORROCING MEDIA ( EVALUATIO
ACIO ANC PCTASSIUM CHLORICE / TO LEAD METAL REDO
ACID CHLORICE SCLUTIONS

ACIO IN CONCENTRATED SODIUM CHLORIDE SOLUTION /E
ACIO SCLUTICNS CF URANIUM{IV) OXIDE /6C. GAMMA RA
ACID SPECTRCPHCTOMETRIC METHOD

ACID WITH HCRIZCNTAL CRIFICE TEFLON DROPPING ME/
ACIDS IN THEIR MIXTURES, PCTENTIOMETRIC SOOIUM H
ACIDS WITH KIGKF MOLECULAR WEIGHT AMINES - THE T/
ACCUISITION SYSTEM FOR MASS SPECTROMETRIC APPLIC
ACTINICE - LANTHANICE ELEMENTS /UTIONS CF ORGANI

/
ANC
ANC
ANC

ACTIVATION - SECIMENTATION METHOD

ACTIVATICN ANALYSIS

ACTIVATION ANALYSIS

ACTIVATION ANALYSIS

ACTIVATION ANALYSIS

ACTIVATICN ANALYSIS

ACTIVATION ANALYSIS ’
ACTIVATION ANALYSIS

ACTIVATICN ANALYSIS EVAL
ACTIVATION ANALYSIS THE EVAL
ACTIVATION ANALYSIS OUTPUT SPECTRA OF Ju-M
ACTIVATION ANALYSIS } /N HYDROGEN AND OXYGEN / O
ACTIVATION ANALYSIS - HELIUM-3 REACTIONS AS NEUT
ACTIVATION ANALYSIS — REACTOR NEUTRON FLUXES AND
ACTIVATION ANALYSIS ( CEAC TIME EFFECTS )
ACTIVATION ANALYSIS / SENSITIVITY / EXCITATION F
ACTIVATION ANALYSIS /EMENT CONTENT OF WCOL FROM
ACTIVATION ANALYSIS /EUTRCN GENERATORS - RAPID E
ACTIVATION ANALYSIS /CF ARTIFACTS ANO ERRORS ENC
ACTIVATION ANALYSIS /OF ARTIFACTS AND ERRORS ENC
ACTIVATION ANALYSIS IN PROCECURES FOR THE REMOVA
ACTIVATION ANALYSIS OF HUMAN HAIR - FORENSIC APP
ACTIVATION ANALYSIS OF RIVER WATER

ACTIVATION ANALYSIS OF TECHNETIUM INORGA
ACTIVATION ANALYSIS TC FORENSIC SCIENCE
ACTIVATION ANALYSIS WITH PARTICLES OTHER THAN NE
ACTIVATION ANALYSIS WITH {4-MEV NEUTRONS AND WIT
ACTIVATION CROSS SECTIONS FOR THE REACTIONS OF |
ACTIVATION CROSS SECTIONS FOR THE REACTICNS OF |
ACTIVATICN CF NICKEL-é4 WITH 14-MEV NELTRONS

ACVANCES IN ANALYTICAL EMISSION SPECTROMETRY
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65A-05-04F
65A~11-04B
65PRR-CIT
654-11-048
65PRR-CIT
65A-11-03C
&£SA~4 1 -02F
65PRR-183
&SPRR-089
¢5PRR-188
65PRR-0C14
65PRR-214
65A-07-018
65A-C2-0IC
65-C2-014A
65PRR-166
65A-05~0u¥
654-02-01
65A-C2-018
65PRR-079
65PRR-161
65PRR-178
¢5a-11-088
65A-01-03
65A-03-02
65PRR- 165
¢5A-C6-01
65A-06-02
6SPRR-Cu 1
65A-01-02
&5PRR-022
65PRR-C39
65PRR-CA40
65A-05-03A
65PRR-010
65A-03-01
65TR-08
65PRR-C21
65PRR~-132
65A-05-03a
6SPRR-§ 27
65SPRR~C3!
65PRR-192
6SPRR-C3{
6SPRR-154
65A-11-060
65A-11-08
65A-11-08C
65A-11-08E
65A-11-086
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CLAROGRAPHIC DETECTION LIMITS FOR LRANIUM / CCNCENTRATICON

GEQLOGICAL

CNIUM ALLOY . ELECTRCN OPTICAL STUDY OF THE EFFECT OF

CETERMINATION OF LEAC, BISMUTH, CACMIUM, TIN, AND ZINC IN

1TE CIFFUSION TUBES INVESTIGATICN OF

[ STUDIES ON THE PHENYL

/SOLAR CELL WINOCWS / RIBO NUCLEASE / BACILLUS-SUBTILIS /

/MINATION OF LOW CCNCENTRATICNS CF OXYGEN ANC HYDROGEN IN

CETERMINATICN OF OXYCEN IN ALKALI METAL/ ANALYSIS OF THE

CI OXICE IN GLOVE BOX ATMCSPHERES (N THE ANALYSIS OF THE

/ CARBON HYOROGEN AND OXYGEN / DETERMINATICN OF CXYGEN IN

AS EXTRACTANTS FOR METAL ICNS - SELECTIVE EXTRACTIO/ TRI
FCAM SEPARATION PROCESS

ANALYSIS OF

PAL-LO-426 / AMMCNIUM SALT OF A SLLFCNATED STRAIGHT CHAIN

FOR METAL ICNS - SELECTIVE EXTRACTIO/ TRI ALKYL AND HEXA

DETERMINATICN OF TRACE FETALS IN NIOBIUM - IRON

OF AGING ON CARBICES IN A NIOBILM® - TUNGSTEN - ZIRCCNIUM

: GRCSS

NEW RARE EARTH

STUDIES OF RARE EARTH

CTROPHOTOMETRIC CETERMINATICN OF NITRATED 4 SEC BUTYL 2 (

INTERACTICNS OF CACMIUM-106 WITH

S OF LITHIUM CHLORIDE CCNTAINING +YOROCHLORIC ACID
HIGH LEVEL
OF OXYGEN AND HYCROGEN IN ALKALI MATERIALS BY A MODIFIED
MASS FISSION YIELD CURVE FOR
NyNsN_TRI HEXYL PHOSPHORIC TRI
EXTRACTIO/ TRI ALKYL ANC HEXA A(KYL PHOSPHORO THICIC TRI
HEPTA DECYL
/US SOLUTIONS OF ORGANIC ACIDS WITH HIGH MCLECULAR WEIGHT
/WS / RIBO NUCLEASE / BACILLUS-SUETILIS 7/ ALIPAL-LO-436 /
/ OXALIC ACID / CHRCNOPOTENTIOMETRIC OXIDATICN CF FERRCUS
ZIRCONIUM IN MSRE FUEL,
ICN AND HIGH ACCURACY METHCD { ELECTROCHEMIS/ CCMPARATIVE
CHROMIUM IN MSRE FUEL,
/GRAPHY / PRECISICN OF DC POLAROGRAPHY / SLBTRACTIVE MCOE
REVIEW OF

APPLICATICN OF RADIQISCTCPES TO

SPECTRCMETRY IN

. MOCERN
STATISTICAL QUALITY CCNTROL REPORT, APR.-JUNE, 1965,
STATISTICAL QUALITY CCNTROL REPORT, JAN.-MAR.,1945,
STATISTICAL QUALITY CCNTROL REPORT, JAN.-SEPT.,I1964,
ANNUAL PROGRESS REPORT FOR PERIOD ENCIANG NCV.15,1964,
STATISTICAL QUALITY CCNTROL REFORT,

MANAGEMENT LCOKS AT

EIGHTH CCNFERENCE ON

A RESUME OF THE EIGHTR CCNFERENCE ON
. THE NEW IMAGE OF
REVIEW OF

OUP MCNTHLY SUMMARY - NOV., 1964 / DEC., 1964 / JAN.,1965 /
RECENT ADVANCES IN
HIGH RADIATICN LEVEL

A SURVEY OF
HIGH RADIATICN LEVEL
PLE PREPARATICN APPARATLS FOR THE MOLTEN SALT REACTOR EX/

REMOTELY CONTROLLEC CORROSICN RESISTANT PIPETTER
REMOTELY OPERATED FILTER PHOTOMETER
CRNL MASTER
CUMULATIVE INCEXES TC THE CRNL MASTER
MAINTENANCE OF THE CRNL MASTER
CRNL MASTER
INCEXES TC THE CRNL MASTER
NIUM { TRU ) PROCESS CTHER CRNL MASTER
CRNL MASTER

EFFECTS CF RADIATICN ON
/ ASSEMBLY FOR COEALT—&0 SOURCE ( EFFECTS CF RADIATICN CN
ND PHOSPKORO DI THIOATE,
NC PHOSPFORO DI THIQATE,

sP(S)SH GROUPS AS SEPARATCRY AND
sP{S)SH CROLPS AS SEPARATION AND

TRANSFER RIBO NUCLEIC ACID { TRNA )

CCNTROLLED POTENTIAL FOLARCGRAPHY AND COULCMETRY AS MICRO

/CLARQOCGRAPHY AND CCNTRCLLEC POTENTIAL COULOMETRY AS MICRO

RADIOACTIVATICN ANALYSIS AS AN

. v ALUTOMATED NUCLECTIDE

/NALYSIS OF SOLICS BY X-RAY FLUORESCENCE / ELECTRCN PRCBE
1964, ANALYTICAL CHEMISTRY DIVISICN

MSRE SAMPLE PREPARATICN

/JCAL LABORATORY KOV CELL ECUIPMENT 1. SAMPLE PREPARATICN

" /ey 1964 / DEC., 1964 / JBN.y 1965 / FEB., 1965 / MAR,.,1965 /

ADVANTAGE / SEAWATER ) /LOSS IN POLAROGRAPHY / P
AGE CETERMINATICN BY ISOTOPIC MEASUREMENT

AGING CN CARBICES IN A NIOCBIUM - TUNGSTEN - ZIRC
AIRBCRNE DUST SAMPLES

AIRBCRNE RACIO ICCINE SPECIES BY MEANS CF COMPOS
ALANYL TRANSFER RIBO NUCLEIC ACID { TRNA ) SYSTE
ALIPAL-LO-436 / AMMCNIUM SALT OF A SULFCNATED S/
ALKALI MATERIALS BY A MODIFIED AMALGAMATION TEC/
ALKALI METALS { FOR CARBON HYCROGEN AND OXYGEN /
ALKALY METALS /N, HYDROGEN, NITROGEN, AND CARBON
ALKALI METALS BY (4-MEV NEUTRON ACTIVATION ANAL/

ALKYL AND HEXA ALKYL PHOSPHORQO THIOIC TRI AMIDES
ALKYL BENZENE SULFCNATE.{ ABS ) CONTROL FOR THE

ALKYL BENZENE SULFCNATE DETERGENTS

ALKYL PHENOXY PCLY { ETHYLENE OXY ) ETHANOL ) /I
ALKYL PHOSPFCRC THIOIC TRI AMIDES AS EXTRACTANTS
ALLOY .

ALLOY ELECTRCN OPTICAL STUDY OF THE EFFECT
ALPHA

ALPHA EFMITTER, EURQPIUM-IUE

ALPHA EMITTING RACIONUCLICES

ALPHA METHYL BENZYL- ) PHENOL ( BAMBP ) SPE
ALPHA PARTICLES

ALPHA PROPORTICNAL COUNTER

ALPHA RADIATICN EFFECTS ON CONCENTRATEC SOLUTICN

ALPHA RACIATICN LABCRATORY

AMALGAMATION TECHNIQUE /ON OF LOW CONCENTRATIONS
AMERICIUM-241

AMIDE ( THPA ) AS AN EXTRACTANT FOR METAL IONS
AVMIDES AS EXTRACTANTS FOR METAL IONS - SELECTIVE
AMINE

AMINES - THE TRIVALENT ACTINIDE ~ LANTHANIDE EL/
AFNCNIUM SALT CF A SULFONATED STRAIGHT CHAIN AL/
AMPCNIUM SULFATE / CHRONOPOTENTEIOMETRY WITH PLA/
AMPERCMETRIC CUPFERRON TITRATION METHOD
AMPERQOMETRIC CC POLARCGRAPHY - A NEW HIGH PRECIS
AMPERCFMETRIC FERRQUS SULFATE TITRATION METHOD
AMPERCMETRIC PCLAROGRAPHY / COMPARATIVE POLARCG/
AMPERCMETRIC TITRATIONS

ANALYTICAL BIOCHEMISTRY

ANALYTICAL CFEMISTRY
ANALYTICAL CHEMISTRY
ANALYTICAL CHEMISTRY
ANALYTICAL CHEMISTRY
ANALYTICAL CFEMISTRY
ANALYTICAL CHENISTRY
ANALYTICAL CHEMISTRY
ANALYTICAL CHEMISTRY
ANALYTICAL CHEMISTRY
ANBLYTICAL CHEMISTRY
ANALYTICAL CEEMISTRY
ANALYTICAL CHEFMISTRY
ANALYTICAL CHENMISTRY
ANALYTICAL CHEFVISTRY
ANALYTICAL CHEMISTRY OF TEALLIUM -

ANALYTICAL CHEMISTRY RESEARCH AND DEVELOPMENT GR
ANALYTICAL EMISSICN SPECTRCMETRY
ANALYTICAL FACILITY ( HRLAF )

ANALYTICAL INSTRUMENTATION

ANALYTICAL INSTRUMENTATION CEVELOPMENT AT
ANALYTICAL LABCRATORY ( HRLAL )
ANALYTICAL LABCRATORY HOT CELL EQUIPMENT
ANALYTICAL LABCRATORY HOT CELL EQUIPMENT
ANALYTICAL LABCRATORY HOT CELL EQUIPMENT
ANALYTICAL MANLAL

ANALYTICAL MANUAL

ANALYTICAL MANUAL

ANALYTICAL FANUAL

ANALYTICAL MANUAL ( 1653-1964 ).
ANALYTICAL MANUAL METHFODS NEECEC IN THE TRANSURA
ANALYTICAL MANUAL, SUPPLEMENT 7

ANALYTICAL METFCLS

ANALYTICAL METKFCCS / REMOTELY CONTROLLEC INSTRU/
ANALYTICAL RADICCHEMISTRY CF TECHNETIUM

CIVISION

CIVISION

CIVISICN

CIVISION

CIVISION, JAN.-DEC.,1964
FOR REACTOR PRCJECTS

IN A NATIONAL LABORATORY
IN NUCLEAR TECHNOLOGY

IN NUCLEAR .TECHNOLCGY

IN NUCLEAR TECHNOLOGY

IN SCIENCE

ORNL
I. SAM
11. A
111. A

ANALYTICAL REAGENTS /G PHOSPHORO THIOATE, ,P=S A
ANALYTICAL REACENTS /N PHOSPHORQ THIOATE, ,P=S A
ANALYTICAL RESEARCH

ANALYTJCAL SERVICES FOR CHEMICAL ENGINEERS
ANALYTICAL STUCIES

ANALYTICAL STUCIES OF MOLTEN SALT SYSTEMS
ANALYTICAL TECHNIQUES .
ANALYTICAL TECHNIQUES ( DETERMINATION OF URANIU/
ANALYTICAL TCOL

ANALYZER

ANALYZER / CETERMINATION OF AREAL CENSITY OF GO/

ANNUAL PROGRESS REPORT FDR PERIOD ENDINC NOV.I!S,
APPARATUS

APPARATUS FOR THE MOLTEN SALT REACTOR EXPERIMEN/
APPARATUS, CENERAL

APR. 41965 / MAY, 1965 / JUNE, 1965 /7 JULY,1965 / /

65A-01-C6

-6S5PRR-215

65PRR=210
65a-07-024
4SPRR-C67
45A-C6-02
65A-05-04¥
65PRR-073
65A-Q4-034a
65PRR=1T5
65A-0u-034
4SPRR-015
4SPRR-183
65A-C5-0uK
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65PRR-C 1S
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65PRR~210
45PRR-150
65PRR-(56
65A-11-01F
65A-05-0UE
65PRR-179
65PRR-14T
65PRR-165
658-17-01
65PRR-0T3
65PRR-CUb
65A-11-04A
65PRR-(C15
65A-13-01E
65PRR-031
65A~05-0uM
654-01-02
45PRR-135
65a-01-03
65PRR-136
65A-05-034
65PRR-C40
65A-Cé
£SA-11-07
4SPRR-172
45PRR-209
45PRR-CBI
45PRR-(:82
65PRR-08L
65PRR-C91!
45PRR-C83
65A-04
65PRR-204
65PRR-(52
65PRR-CS3
65PRR-(54
45PRR-221
65PRR-C57
45PRR-1 04
65PRR-212
658-117-05
65A-C1
&5PRR-203
658-17-03
65PRR-027
45PRR-(28
45PRR-(126
65C-1 B
65C- 1 8~01
45C~18-02
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65PRR-(93
45PRR-128
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65a-03
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65A-01-07
6SPRR-187
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65A-07-01 4
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65A-04-01 A
4SPRR-027
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65PRR- 104



19 o

STATISTICAL QUALITY CCNTROL REFPORT,
CROPPING MERCURY ELECTROCE 0/ POLAROGRAPHY OF LEAD(II) IN
/OGRAPHY OF CIVALENT LEAC TO LEAC METAL RECOX REACTICN IN
BARIUM RADICACTIVITY IN
STRCNTIUM RADIQACTIVITY AND / OR BARIUM RADICACTIVITY IN
CERIUM RADIOCACTIVITY IN
NIOBILM RAQOIQACTEIVITY IN
TELLURIUM RADIQACTIVITY IN
ZIRCCNIUM RADIOQACTIVITY IN
IODINE RADIOACTIVITY IN
RUTHENIUM RADIOACTIVITY IN
/ DIVALENT LEAC TO LEAC METAL RECCX REACTICN REDUCTICN IN
ECULAR WEIGH/ LIQUID-LIQUIC EXTRACTICN OF METAL ICNS FROM
TROLLED POTENTIAL COULCMETRIC TITRATICN OF URANIUM{VI) IN
TOTAL LANTHA/ RAPIC REMOVAL OF TRANSURANIUM ELEMENTS FRDM
CESIUM RADIOQACTIVITY IN

ER
PROGRAM NETAREA ( GAMMA-RAY PHCTCPEAK
/LUORESCENCE '/ ELECTRCN PRCBE ANALYZER / DETERMINATICN OF
INFLUENCE OF THE RECORDING
SPECTROPHOTCMETRIC DETERFMINATICN CF URANIUM WITH
33 ) HALF-LIFE MEASUREMENTS ( CESIUM-137 / SAMARIUM-153 /
ECTROMETRY FOR RADIOCHEMISTRY ANC / EXPERIMENTAL STUCY OF
ECTRCMETRY FOR RAOIOCHEMISTRY ANC / EXPERIMENTAL STUDY OF

MOCIFICATIONS TO THE CCBALT-60 SCURCE
TION CN ANALYTICAL METHODS / REMCTELY/ SAMPLE IRRADIATION
F STANDARD CHRCMIUM(II) SOLUTIONS INTEGRATEC
F IGCINE WITK CYCLOHEXANE AND WITH BENZENE AT 30CC AND 20
/EN, HYCROGEN, NITROGEN, AND CARBCN DI OXICE IN GLCVE BOX
: THE ISOTOPIC CCMPOSITICN OF
THE ISCTOPIC COMPOSITICN OF
RACIGC RELEASE METHOCS FOR THE EVALUATICN OF
. RACIC RELEASE METHCLS FOR THE ‘EVALUATICN OF
AND COPPER )
THE PRESENT STATUS OF THE

LS GCLD
AR, 1965 /7 APR,,19¢5 / HAV'I965 / JUNE, 1965 /.JULY,1965 7/

LEAD-21t0 IN
Sy ELECTRONIC, CCNTRCLLEC POTENTIAL

/ REACING, LINEAR, RECOROING CONCULCTOMETRIC TITRATCR WITH
/SALT REACTOR EXPERIMENT { MSRE ) FUEL, HIGH SENSITIVITY,
URANIUM IN POLTEN SALT REACTOR EXPERIMENT { MSRE ) FUEL,
ING OF IRON-55 MEASLREMENT OF WEAR RATES IN
ING OF IRON-55 WEAR RATES IN
-~ NITRATE IN TRANSURANIUM ( TRU )

)
/TRAL MEASUREMENTS ( SOLAR CELL WINDOWS / RIBO NUCLEASE /
F NITRATED 4 SEC BLTYL 2 ( ALPHA METHYL BENZYL ) PHENOL {
/ATE MECIA I. MATHEMATICAL RESOLULTION OF THE CVERLAPPING
/11) CHLORIDE IN LANTHANUM CHLORILE / SOOIUM SUPERCXICE /
FLAME PHCTCMETRY ( COLLECTICN OF

SOLUTICNS,

ICNS
IONS STRCNTILUM RADICACTIVITY AND / OR
ROL OF CROPPING MERCURY ELECTRODE CROP TIME / LINEAR TIME
BBER SECTIONS OF CCMPOSITE DIFFUSICN TUBES CHEMICAL
ICENTITY, CHARACTER AND CHENMICAL
MEANS OF COMPOSITE OIFFUSI/ INVESTIGATION CF RAOIO ICDINE
IC STUCY OF THE STABILITY CF IODINE IN CYCLOHEXANE AND IN
CUCTS OF THE REACTICN OF ICDINE wITH CYCLOHEXANE AND WITH
PHENYL PHOSPHCNATE IN DI SEC BUTYL PHOSPHONATE - DI ETHYL
EPARATION PRCCESS ALKYL
ANALYSIS OF ALKYL
TION OF BERYLLIUM, CCPPER, NICKEL, COBALT, AND ZINC AS DI
IC CETERMINATION OF NITRATED 4 SEC BUTYL 2 { ALPHA METHYL
1 BUTYL PHOSPHCNIUM CHL/ QUATERNARY PHOSPHCNIUM HALICES (
SPHONIUF HALIOES { BENZYL TRI BUTYL PHCSPHCNIUM BRGMIDE /
CATICN TO PURIFICATICN AND RADIOCHKEMICAL DETERMINATICN OF
URIFICATION ANC RACIOCHEMICAL OETERMINATIO/ SEPARATICN COF
/AND REFLECTANCE SPECTRA OF IRRACIATED LITHIUM FLUCRIDE -
/LT SYSTEMS ( SILVER / IRON / NICKEL / LITHIUM FLUCRIDE -
I BENZOYL METHANE CCMPLEXES SOLVENT EXTRACTICN OF
HALF-LIVES CF LONG-LIVED BETA EMITTERS { CHLORINE-36
! PREPARATION BY ELECTRODEPOSITION OF MOUNTS FCR 4 PI
) PROCESS SOLUTICNS, & HYCROXY QUINCLINE PRECIPITATICN -
ABSOLUTE LIQUID SCINTILLATICN COUNTING OF
HALF-LIVES OF LCNG-LIVED
ANALYTICAL
/CAL ANC EXPERIMENTAL ASPECTS OF CUENCHING VARIABLES FRCM
SAMPLES DETERMINATICN OF LEAD,
JRNL MOCEL-Q-2564 { POTENTIOSTAT / CONTROLLED POTENTIAL /
/1C METHOD /7 CONTRCLLED POTENTIAL COULCMETRIC TITRATICN /
BORCN-10 OI
' SYNTHESIS AND [NFRARED ARSORPTICN SPECTRUM OF DI
ERHAL NEUTRON DETECTICN N¢NyN TRI METHYL
ERMAL NEUTRON DETECTICN NsNyN, TRI METHYL

SYNTHESIS AND INFRAREC ABSORPTION SPECTRUM OF CI BORANE -

APR.-JUNE, 1965, ANALYTICAL CHEMISTRY DIVISION

AQUECUS HYCROFLUORIC ACID { 1-12-MOLAR ) WITH A
ACUECUS HYCROFLUORIC ACID WITH HORIZONTAL ORIFI/
AQUECUS OR CRGANIC SOLUTICNS

AQUECUS OR CRGANIC SOLUTIONS

AQUEGUS OR. ORGANIC SOLUTIONS

ACUECUS OR CRGANIC SCLUTIONS

ACUECUS OR CRGANIC SOLUTIONS

ACUECUS OR CRGANIC SOLUTIONS

AQUECUS OR CRGANIC SOLUTIONS

AQUECUS SOLUTICNS

AQUECUS SOLUTICNS OF HYOROCHLORIC ACID AND POTA/
AQUECUS SOLUTICNS OF ORGANIC ACIDS WITH HIGH MOL
AQUECUS SOLUTICNS OF SDDIUM FLUORICE CON
ACUECUS SOLUTICNS PRICR TO THE DETERMINATION OF
ACUECUS SDLUTICNS, CHLORO STANNATE METHOC
ARBITRARY-SET, PRCPORTIONAL TEMPERATURE CONTROLL
AREA }

AREAL CENSITY CF GOLD COATING ON SILICCN RADIAT/
ARRANGEMENT ON THE FORM OF POLAROGRAPHIC CURVES
ARSENAZC-ITI

ARSENIC-77 / GCLC—I?B / I10CINE-123 / PHCSPHORLS-
ARTIFACTS ANC ERRCRS ENCOUNTERED IN GAMMA-RAY SP
ARTIFACTS ANC ERRORS ENCOUNTERED IN GAMMA-RAY SP
ARTIFACTS IN GAPHA RAY SPECTROMETRY

ASSEMBLY

ASSEMBLY FOR CCBALT-6C SOURCE { EFFECTS OF RACIA
ASSEMBLY FOR GENERATION, STORAGE, AND DELIVERY 0
ATMOSPHERES /S CF THE PROCUCTS OF THE REACTION O
ATVMOSPHERES CN THE ANALYSIS OF THE ALKALI METAL/
ATFOSPHERIC NECN

ATFOSPEERIC NECN

ATFOSPHERIC POLLUTION - SULFUR OI OXIDE
ATMOSPHERIC POLLUTION - SULPHUR DI OXIDE

ATCMIC ABSORPTICN ( DETERMINATION OF GOAC SILVER
ATCMIC WEIGFKTS

ATCMS SPUTTEREC FROM NEUTRCN IRRADIATEC COLD FO!
AUG.» 1965 / SEPT,.y196% / OCT.,1965 /EB.,1965 / M
AUTO EXHAUST FUMES ANC IN NATURAL MATERIALS
AUTCMATEC NUCLECTIDE ANALYZER

AUTCMATIC CCULOMETRIC TITRATOR, ORNL MOCEL-Q-2CC
AUTONMATIC TEMPERATURE COMPENSATION OR PRCPORTIO/
AUTCMATIC, CCNTRCLLED POTENTIAL COULQMETRIC TIT/
AUTOMATIC, CONTROLLED POTENTIAL, COULOMETRIC TIT
AUTOMCTIVE ENGINES BY LIQUID SCINTILLATICN COUNT
AUTOFCTIVE ENGINES BY LIQUIC SCINTILLATICN COUNTY
AVAILABILITY ANC USE OF RACIOACTIVITY STANDARDS
AIC CYE FILTER PHOTOMETRIC METHOD

AZC CYES ( CALCICHROME / CELORQ PHCSPHCNAZO-II1I
BACILLUS-SUBTILIS / ALIPAL-LO-436 / AMMCNIUM SA/
BANMBP ) SPECTROPHOTQMETRIC DETERMINATION O
BAND STRUCTURE ANC STUDIES OF THE ENVIRONMENTAL/
BARIUM.BROMITE MONO HYORATE / SODIUM HEXA CHLCR/
BARIUFM FROM TAP WATER )

BARIUM RADICACTIVITY IN AQUECUS OR ORGANIC SOLUT
BARIUM RADICACTIVITY IN AQUEOUS OR ORGANIC SOLUT
BASE / SMOLER CROPPING MERCURY ELECTROCE ) /CONT
BEKAVICR OF THE RACIO IODINE SPECIES FOUND ON RU
BEHAVICR OF VAPCR FORFS OF RACIO IODINE

BEFAVIOR UNDER MOIST CONDITIONS IN MAY PACKS BY
BENZENE SPECTROPHOTOME TR
BENZENE AT 300C ANC 2C ATMCSPHERES /S OF THE PRO
BENZENE SOLUTICNS, CIELECTRIC CONSTANT METHOD /
BENZENE SULFCNATE ( ABS ) CONTROL FOR THE FOANM S
BENZENE SULFONATE CETERGENTS

BENZCYL METHANE COMPLEXES SOLVENT EXTRAC
BENZYL ) PHENOL ( BAMEP ) SPECTROPHOTOMETR
BENZYL TRI BUTYL PHOSPHONIUM BROMIDE / BENZYL TR
BENZYL TRI BUTYL PHOSPHCNIUM CHLORITE ) /ARY PHO
BERKELIUM /BERKELIUM FROM CTHER ELEMENTS - APPLI
BERKELIUM FRCM CTHER ELEMENTS - APPLICATION TO P
BERYLLIUM FLUORIDE - ZIRCCNIUM FLUORIODE - THORI/
BERYLLIUM FLUORICE 7/ LITHIUM FLUORICE - SODIUM /
BERYLLIUM, CCPPER, NICKEL, COBALT, ANO ZINC AS D
BERYLLIUM-IT )

BETA COUNTING

BETA CCUNTING METHOC /VITY IN TRANSURANIUM (
BETA EMITTERS

BETA EMITTERS ( CHLORINE-3¢ BERYLLIUM-IC )
BICCHENMISTRY

BICMECICAL SAMPLES IN LIQUID SC]NTILLATCR SYSTE/
BISMUTH, CACMIUN;, TIN, ANC ZINC IN AIRBCRNE DUST
BLANK CORRECTICNS IN CONTROLLEO POTENTIAL COULO/
BLANK CORRECTICNS IN COULOMETRY / POTENTIOSTATI/
BORANE

BORANE - BORCN-10

BORAZINE AS A LICUIC SCINTILLATOR SOLVENT FOR TH
BORAZINE AS A LIQUIC SCINTILLATOR SOLYENT FOR TH
BCRCN, SPECTROPHOTOMETRIC CURCUMIN METHCD
BO0RCN-10

BCRCN-10 DI BORANE

TRUY

65PRR-GBI
65PRR-011
654-05-034
6SPRR-139
65PRR-140
65PRR= 14
65PRR= 42 -
65PRR- 1 b
45PRR- 145
65PRR- 149
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65PRR-010
65PRR-C31
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65PRR~ ] 16
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65PRR-162
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65PRR-183
65A-05-CuK
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/OXYGEN, HYOROGEN, NITROGEN, AND CARBCN OI OXICE IN GLCVE
Iy ANC NEODYMIUM-14T GAMMA-RAY
: GAMMA-RAY

PCTENTIALS OF / EFFECT OF JUNCTICMN POTENTIALS AT THE SALT
/RNARY PHOSPHCNILM HALIOES ( BENZYL TRI BUTYL PHCSPHCNIUM
A NEw ISOMER OF

A NEw ISCMER OF BROMINE -

/CRICE IN LANTHANUM CHLORICE / SOCIUM SUPEROXICE / BARIUM
ANIUM - A COMPARISCN OF / COMMENTS CN THE PAPER BY LAUER,
RANIUM - A CCMPARISON OF/ COMMENTS ON THE PAPER BY LAUER,
NATE - CI ETHYL BENZENE SOLLTIONS, DIELECTRIC CCN/ DI SEC
CIELECTRIC CCN/ CI SEC BLTYL PHENYL PHOSPHCNATE IN DI SEC
SPHCNIUM CHL/ QUATERNARY PHOSPHONIUM HALIDES { BENZYL TRI
LIDES ( BENZYL TRI BLTYL PFOSPHONIUM BROMIDE / BENZYL TRI
TALS USE OF METAL DI N
SPECTROPHOTCMETRIC CETERMINATICN CF NITRATED 4 SEC

/APEY / POTENTIOSTATIC OC FOLAROGRAPHY / DETERMINATICN OF
CETERMINATION CF LEAC, BISMUTH,

INTERACTICNS OF

AZO DYES

CCMPUTER PRCGRA¥ FOR

CCMPUTER PRCGRAM FOR

SOLUTIONS, MEASUREMENT OF PRCMPT CAMMA-RAYS FRCM SFCNTAN/
/AVE POLAROGRAPH WITKF SOLIC STATE CIRCUITS / DCUBLE LAYER
0S ( S/N ) OF GLASS AND TEFLCN DRCPPING MERCURY ELECTRCDE
cy ELECTRON CPTICAL STUDY OF THE EFFECT CF AGING ON
CETERMINATION OF THE COATING DENSITY OF PYROLYTIC

/ IPPURITIES OF MOISTURE, CXYGEN, HYDROGEN, NITRCGEN, ANO
HE PYRCLYTIC GRAPHITE ELECTRODE ( P.G.E. } AND THE GLASSY
A GLASSY

YGEN IN ALKALI METAL/ ANALYSIS OF THE ALKALI METALS ( FOR
GLASSY

/ECTROGRAPHIC ANALYSIS { VISUAL INTERFOLATICN ) { LITHIUM
/Y ANC TEMPERATURE DEPENCENCE OF CISSOCIATION CCASTANT OF
METHYL METHANE SULFCNATE (

CE SOLUTION - CETERMINATICN OF FREE ACID‘AND HYCROLYZABLE

JALYTICAL DETERMINATICN OF URANIUNV / 0.5-ML POLAROGRAPHIC
FOR THE MOLTEN SALT REACTOR EX/ ANALYTICAL LABCRATORY HOT
ION RESISTANT PIPETTER ANALYTICAL LABCRATCRY KOQOT
PHOTCMETER ANALYTICAL LABCRATCRY FOT
/ ALIPAL-LO-42/ ABSCRPTICN SPECTRAL MEASUREMENTS ( SOLAR
ATION OF TRACE METALS FRCM URANIUFN BY CHROMATOCRAPHY CN A
ICN OF TRACES OF METALS FRCM URANILM BY CHRCMATCGRAPHY ON
ICNS

GAMMA-RAY BRANCHINGS IN THE DECAY OF INCIUM-t16,

/ANIC PREPARATIONS ( MAGCNESIUM CHLORIDE / ZINC CHLCRICE /
PREFARATION AND- RECOVERY OF
C STANNATE METHOC
8 / IODINE-133 / PFOSPHORUS=-33 ) FALF-LIFE MEASUREMENTS {
/7 ALIPAL-LO-M36 / AMMCNIUM SALT C(F A SULFCNATED STRAIGHT
L ANALYSIS, VOL. I1II. ( THECRY OF COULCME/ PREFPARATICN OF
f RACIC IODINE IDENTITY,
/0F ACTIVATICN ANALYSIS IN PROCECLRES FOR THE REMOVAL AND
REACTION OF METHYL ICDIDE WITF CHEMICALLY IMPREGNATED
NTROLLEC POTENTIAL CC PCLARCGRAPH VOLTAMMETER
REVIEW OF THE SOLVENT EXTRACTICN OF METAL
THE LSE CF ISOTCPIC NELTR(N SOURCES FOR
/ PREPARATION OF CHFAPTER FOR WELCHERS STANCARD METHODS OF
UND CN RUBBER SECTICKS OF COMPOSITE DIFFUSICN TUBES
IDENTITY, CHARACTER ANC
HIGH TEMPERATURE
N ANALYTICAL SERVICES FOR
VAPOR BY MEANS CF CCMPDSITE DIFFLSICN / INVESTIGATICN OF
REACTICN OF METHYL I0O0ICE WITH
APPLICATICN OF RADIOISOTOPES TO ANALYTICAL
SPECTRCMETRY IN ANALYTICAL

I RACIO ANC NUCLEAR

MOGCERN ANALYTICAL

STICAL QUALITY CCNTRCL REPCRT, APR.-JUNE,I1965, ANALYTICAL
STICAL QUALITY CCNTRCL REPCRTy JAN,-MAR.,1565, ANALYTICAL
TICAL QUALITY CONTROL REPORT, JAN.-SEPT.,196k4, ANALYTICAL
PROGRESS REPORT FOR PERIGD ENDING NOV.15,1964, ANALYTICAL
STATISTICAL QUALITY CCNTROL REPCRT, ANALYTICAL

ANALYTICAL

MANAGENMENT LDOKS AT ANALYTICAL

ANALYTICAL

EIGHTH CONFERENCE ON ANALYTICAL

A RESUME OF THE EIGHTH CONFERENCE CN ANALYTICAL

THE NEw IMAGE OF ANALYTICAL

INORGANIC AND NUCLEAR
REVIEW OF ANALYTICAL
SUMMARY = NCV.y 1964 / DEC., 1964 / JAN,, 1965 / ANALYTICAL

/1 CYANICE / CHRCNCPCTENTICMETRIC REDUCTION OF FERRIC PER

E OVERL/ THE ABSCRPTICN SPECTRUM (Ff THE URANYL ICN IN PER

HIGH PLRITY POTASSIUM
BUTYL PHOSPHCNILM BRCMICE / BENZYL TRI BUTYL PHCSPHCNIUM

TION ANALYSIS OF TECENETIUM

BOX ATMOSPHERES CN THE ANALYSIS OF THE ALKALI M/
BRANCHINGS IN TKE CECAY OF INCIUM-116, CERIUM-1I4
BRANCHINGS IN URANIUM-237

BRIDGE ON THE MEASURELC VALUES FOR THE HALF-WAVE
BRCMICE / BENZYL TRI BUTYL PHOSPHONIUM CHLORICE/
BRCMINE - BRCMINE-82M

BRCMINE-82M

BRCMITE MONC HYCRATE / SOCIUM HEXA CHLORO RHENA/
BRUCK, AND LEQUICOU, PRECISE CETERMINATICN OF UR
BRUCK, AND LEDUIGCU, PRECISE CETERMINATICNS OF U
BUTYL PHENYL PHCSPHONATE IN OI SEC BUTYL PHOSPHO
BUTYL PROSPKECNATE - DI ETRYL BENZENE SOLUTIONS,
BUTYL PHOSPFONIUM BROMIDE / BENZYL TRI BUTYL PHO
BUTYL PHOSPFONIUM CHLCRIDE } /ARY PHOSPECNIUM Ha
BUTYL PHOSPFCRC CI THIQOATES AS EXTRACTANTS OF ME
BUTYL 2 ( ALPHA METHYL BENZYL )} PHENOL [ BAMBP )
CACMIUM / CIFFERENTIAL POLARQGRAPHY / DIFFERENT/
CACMIUM, TIN, ANC ZINC IN AIRBORNE DUST SAMPLES
CACMIUM-106 WITE ALPHA PARTICLES )
CALCICHROME / CKFLORC PHOSPHONAZO-III )
CALCULATING CORRELATICN COEFFICIENTS

CALCULATING NELTRCN FLUX

CALIFORNIUM-252 IN TRANSURANIUM ( TRU ) PROCESS
CAPACITANCE MEASUREMENT / TEFLON DROPPING MERCU/
CAPILLARIES SIGNAL TO NCISE RATI(
CARBICES IN A NIOBIUM - TUNGSTEN - ZIRCCNIUM ALL
CARBCN COATELC NUCLEAR FUEL PARTICLES

CARBCN CI CXIDE IN GLCVE BOX ATMOSPHERES ON THE/
CARBCN ELECTROCE { G.C.E. ) /L TITRIMETRY WITH T
CARBCN ELECTROCE FOR VOLTAMMETRY

CARBCN
CARBCN INDICATCR ELECTRODE ( G.C.E. )

CARBCN=-14 PRCOUCTS

CARBCN=-I4, LIQUIC SCINTILLATION COUNTING METHQ
CARBCN-!'4, PROCUCT ANALYSIS GUIDE

CARBCNATE CILUTION METHOD CF SPECTROGRAPHIC ANA/
CARBCNIC ACIC IN CONCENTRATEC SODIUM CHLORIDE S/
CARCINCGEN )

CATALOG OF f4~MEV NEUTRON REACTIONS

CATICN REACTICNS IN CONCENTRATED LITHIUM CHLCRI
CAUTICN ANC PRECAUTICN IN FORENSIC APPLICATIONS
CELL / ELECTROCFEMISTRY / MOCEL-Q-1988-FES POLA/
CELL EQUIPMENT 1. SAMPLE PREPARATICN APPARATLS
CELL EQUIPMENT I1. A REMCTELY CONTROLLED CORROS
CELL EQUIPMENT [I11. A REMOTELY OPERATEC FILTER
CELL WINDOWS / RIBO NUCLEASE / BACILLUS-SUBTILIS
CELLULCSE COLUMN SEPAR
CELLULCSE COLUMN SEPARAT
CERIUM RADIQACTIVITY IN AQUEOUS OR ORGANIC SOLUT
CERIUM=-141y ANC NEOCYFIUM-IU4T

CERIUM-ILL PROCLCT

CESIUM CHLORIDE / SOCIUM OXICE / POTASSILM OXID/
CESIUM COMPCUNCS FOR CENSITY GRADIENT SOLLTIONS
CESIUM RADICACTIVITY IN AQUEOUS SOLUTICNS, CHLOR
CESIUM-137 / SAMARIUM-153 / ARSENIC-77 / GOLD-1%
CHAIN ALKYL PHENOXY PCLY { ETHYLENE OXY )} ETHAN/
CHAPTER FOR WELCHERS STANCARC METHOCS OfF CHEMICA
CHARACTER ANC CREMICAL BEHAVIOR OF VAPOR FORMS C
CHARACTERIZATICN OF THE SURFACE CONTAMINANTS CFf/
CHARCCAL

CHECK CUT ANC TEST PROCEDURE FOR MODEL-C-2792 CO
CHELATES

CHEMICAL ANALYSIS
CHEMICAL ANALYSIS, VOL. III. { THEQORY OF COULCME
CHEMICAL BEFAVICR QOF THE RADIO IODINE SPECIES FO
CHEMICAL BEFAVICR OF VAPOR FORMS OF RACIC IODINE
CHEMICAL DOSIMETRY
CHEMICAL ENGINEERS
CHEMICAL REACTIVITY OF NONELEMENTAL RADIC IODINE

CHEMICALLY IMPREGNATEC CHARCOAL
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY
CHEMISTRY

CIVISION

CIVISION

CIVISION

CIVISION

CIVISION, JAN.-CEC.,1964
FCR REACTOR PROJECTS

IN A NATICNAL LABORATORY
IN NUCLEAR TECHNCLOGY

IN NUCLEAR TECHNCLOGY

IN NUCLEAR TECHNCLOGY

IN SCIENCE

OF TECHNETIUM - THERMAL NEUTRCN ACTIVA
CHEMISTRY OF THALLIUM

CHEMISTRY RESEARCH ANC DEVELOPMENT GROUP MCNTHLY
CHLORATE / CHRCNQPOTENTIOMETRIC OXIDATICN OF OXx/
CHLORATE MECIA 1. MATHEMATICAL RESOLUTICN OF TH
CHLORICE

CHLORICE )} /ARY PHOSPFONIUM HALIDES ( BENZYL TRI

STAT]

STAT]

STATIS
ANNUAL

HYDRCGEN AND OXYGEN / CETERMINATION OF OXx
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YCRATE / SODIUM KEXA CHLORC RHENAIE(1V) / LRANIUM-235 TRI
SSTUM/ INORGANIC PREPARATICNS | MAGNESIUM CHLORIDE / ZINC
JEPARATIONS ( MAGNESIUM CHLORIDE s ZINC CHLORICE / CESIUM
/ / SOLIC SOLUTICNS CF URANITUM(III) CHLORIDE IN LANTHANUM
N IN AQUEQUS SCLLTIONS OF HYDROCHLORIC ACIC AND POTASSIUM
/OTASSIUM SUPEROXICE / RUBIDIUM SLPEROXIDE / URANIUMCIII)
TUM OXICE / POTASSIUM/ INORGANIC PREPARATICNS ( MAGNESIUM
FA RACIATION EFFECTS (N CCNCENTRATED SOLLTICNS OF LITHIUM
/ / URANIUM(III) ICDIDE / SOLID SCLUTIONS CF URANIUMI(III)
NC HYCRCLYZABLE CATICN REACTIONS IN CCNCENTRATED LITHIUM
OCIATION CONSTANT OF CARBCNIC ACIL IN CONCENTRATED SOCIUM
CAMMA RADIOLYSIS CF ACID
RATICN METHOC:

HALF-LIVES OF LCANG~LIVEQ BETA EMITTERS |
AZ0 DYES ( CALCICHRCME /
// POTASSIUM OXICE / LITHIUM HYPCEROMITE / POTASSIUM HEXA
UM SUPERCXIOE / EARILM BROMITE MONO HYORATE / SOOIUM HEXA
CESIUM RACICACTIVITY IN AQUEOUS SCLUTICAS,

RCNOFOTENTIOCGRAMS
NCPOTENTIOGRAMS ( HEYROVSKY-ILKOVIC EQUATICN / PCLARGRYM /

- TURES OF METKEANOL ANC HYCROCHLORIC ACIC GAS
* REACTION OF IOCINE WITH CYCLOHEXAME AND WITH BENZENE/ CAS
IN HELIUM AT RECUCED SAMPLE PRESSLRES GAS
CTRIC FILM PYROLYSIS ANO GAS
APORS GAS
APQRS GAS
GAS

GAS

NUCLEAR SAFETY PROCRAM ( IODINE /s METHYL ICDIOE / CAS
APPLICATICNS OF CAS

AND PYRIMIDINES GAS
SYSTEM RAOIQ GAS

SEPARATICN CF TRACE METALS FROM URANIUM BY
SEPARATICN OF TRACES OF METALS FROM URANIUM BY
ATE TITRATION METHCD
/HIC ANALYSIS OF RAOIOACTIVE MATERIALS ( DETERMINATICN OF
SSEMBLY FOR GENERATICN, STCRAGE, AND DELIVERY OF STANOARD
VOLTAMMETRY / SUBTRACTIVE FOLARCCRAPHY / POTENTIAL-SWEEP
/PH VOLTAMMETER, ORNL MODEL-Q-2792 ( CYCLIC VOLTAMMETRY /
CHRNCGRM - A CCMPUTER PROGRAM FOR ANALYSIS OF
/ POL/ COMPUTER PROGRAMS FOR ANALYSIS OF POLAROGRAMS ANC
EQUS CURRENTS I VOLTAMMETRY AT CCANTROLLED CURRENT )
EOUS CURRENTS )
/LORATE / CHRCNOFOTENTICMETRIC OXIDATION OF OXALIC ACIC /
/ CHRCNOPOTENTIQMETRIC REDLCTION (F FERRIC PFR CHLORATE /
/CNOPOTENTIOMETRIC REDUCTICN OF PCTASSIUM FERRI CYANIDE /
/RANEQUS CURRENTS ( VOLTAMMETRY % ITH CONTRCLLEC CURRENT /
C CURRENT / DERIVATIVE VOLTAMMETRY WITH CONTR/ DERIVATIVE

EOUS CURRENTS ( VOLTAMMETRY W/ EVALUATION CF TECHNIQUE OF
CNOPOTENTIOMETRIC CXIDATICN OF FERROUS AMMCNIUM -SULFATE /
( CERIVATIVE COMPUTER / INSTRUMENT OESI/ CIFFERENTIATING
TRANSTENT PROCESSES WITH PCTENTIOSTATIC REGULATING
/{ CESICN OF NEW SQUARE-WAVE POLAROGRAPH WITH SOLID STATE
AT THE INNER RESISTANCE OF PCTENTIOSTATIC REGULATING
. CETERMINATICN OF THE COATING DENSITY OF PYROLYTIC CARBON
AR FUEL PARTICLES DETERFINATICN OF THE
/ PROBE ANALYZER / DETERMINATION CF AREAL DENSITY CF GCLD
SOLVENT EXTRACTICN OF BERYLLIUM, COPPER, NICKEL,
F URANIUM(VI) IN PHOSPHORIC ACID SCLUTIONS OF / EFFECT OF
TICAL METHODS / REMOTELY/ SAMPLE IRRADIATICN ASSEMBLY FOR
MODIFICATICNS TC THE
RICE - POTASSIUM FLUCRIOE ABSORPTICN SPECTRUM OF
CCMPLUTER PROGRAM FOR CALCULATING CORRELATION
FLAME PHOTOMETRY {
YSTEMS BY USE OF AN ISOLATED INTERNAL STANCAROD
YSTEMS USING AN ISGLATED INTERNAL STANDARD
RACE METALS FRCM URANIUM BY CHROMATOGRAPHY ON A CELLULCSE
CES OF METALS FROM URANIUM BY CHROMATOGRAPHY ON CELLULCSE
AROGRAPHIC CURRENT IN RELATICN TO THE HEIGHT OF A MERCURY
HALF-LIVES ANC SPECIFIC ACTIVITIES OF
CHRCNOPOTENTICMETER WITH
RY AT CONTROLLED CURRENT ) CHRONOPOTENTICMETER WITH
RY W/ EVALUATION OF TECHNICUE OF C(HRONOPOTENTICMETRY WITH
/ROING CONDUCTOMETRIC TITRATOR WITH ALTOMATIC TEMPERATURE
EQUILIBRIUM DISIRIBUTICN OF METAL - ION
My COPPER, NICKEL, COEALT, AND ZINC AS OI BENZCYL METHANE
NVESTIGATION OF AIRBCRNE RADIQ TOCINE SPECIES BY MEANS OF
R OF THE RADIO ICCINE SPECIES FOUND ON RUBBER SECTICNS OF
BEHAVIOR UNCER MOIST CCNDITIONS IN MAY PACKS BY MEANS OF
REACTIVITY OF NONELEMENTAL RADIO IODINE VAPOR BY MEANS OF
- THE ISOTOPIC
THE 1SOTOPIC
/1T FOR THE CCNTROLLED POTENTIAL VOLTAMMETER ( DERIVATIVE
RAMS CHRNOGRNM - A
PCLARGRM - A
FFICIENTS

C CHRCNOPOTENTIOCRAMS { HEYROVSKY~ILKOVIC EQUATICN / PCL/
ACTIVATION ANALYSIS EVALUATICN OF
ACTIVATION ANALYSIS THE EVALUATICN OF

APPLICATICN OF

CHLORICE
CHLORICE
CHLORICE

) /M SUPEROXIDE / 'BARIUM BROMITE MONO H
/
/
CHLORICE /
/
/

CESITUM CFLORIDE / SOCIUM OXICE / POTA
SOCILM OXICE / POTASSIUM OXICE /7 LIT/
SODILM SUPEROXICE / BARIUM BRCMITE M/
TO LEAC METAL REDOX REACTION REDUCTIO
URANIUM(ITII} T10CICE / SOLID SOLUTION/
ZINC CHLORICE / CESTUM CHLORICE / SOD
CONTAINING HYCROCFLORIC ACID ALP
IN LANTHANUM CHLORICE / SOCIUM SUPERGCX/
SOLUTICN - DETERMINATION OF FREE ACIO A
SOLUTICN /EMPERATURE OEPENDENCE OF DISS
CHLORICE SOLUTICNS

CHLORICE, CISTILLATION ~ INCIRECT IOOOMETRIC TIT
CHLORINE-36 BERYLLIUM-10 )

CHLORO PHOSPHCNAZO-III )

CHLORC RHENATE({1V) / HOLMIUM SULFICE / ERBIUM S/
CHLORQ RHENATE(IV) / URANIUM-23S TRI CHLORIDE }
CHLORC STANNATE METHOC

CHRNOGRM - A COMPUTER PROGRAM FOR ANALYSIS OF CH
CHRNCGRM / KARACGLANOFF EQUATION ) /AMS ANO CHRC

CHLORICE
CHLORICE
CHLORICE /
CHLORICE
CHLORICE
CHLORICE
CHLORICE

CHROMATOGRAPHIC ANALYSIS OF GAMMA IRRADIATED MIX
CHRCMATCGRAPHIC ANALYSIS OF THE PRODUCTS OF THE
CHRCMATOGRAPHIC CETERMINATION OF PERMANENT GASES
CHRCMATOGRAPHIC OETERMINATICN OF STYROFCAM DIELE
CHRCMATOGRAPKIC IDENTIFICATION OF RADIO IODINE V
CHROMATOGRAPHIC ICENTIFICATION OF RAOIO IODINE V
CHRCMATOGRAPRY

CHRCMATCGRAPHY

CHRCMATOGRAPHY )

CHRCMATCGRAPHY IN NUCLEAR TECKNOLOGY
CHRCMATCGRAPKY CF PYRCLYTIC PROCUCTS OF PURINES
CHRCMATOGRAPHY CF THE TRITIUM - WATER - METHANE
CHROMATCGRAPFY CN A CELLULCSE COLUMN
CHROMATCGRAPHY CN CELLULOSE COLUMN

CHRCMIUM IN MSRE FUEL, AMPEROMETRIC FERROUS SULF
CHROMIUM IN RACIOACTIVE MSRE SALT / SEPARATION /
CHROMIUM{II) SCLUTIONS INTEGRATEC A
CHRCNCAMPERCMETRY ) /L VOLTAMMETRY / COMPARATIVE
CHRCNCAMPERCMETRY / HAMMER-CONTROL OF DROPPING /
CHRCNOPOTENT IOGRAMS

CHRCNCPOTENT IOCRAMS { HEYROVSKY-ILKOVIC EQUATION
CHRCNOPOTENTIOMETER WITH COMPENSATION FCR EXTRAN
CHRCNOPOTENTIOMETER WITH COMPENSATION FCR EXTRAN
CHRCNQPOTENT IOMETRIC OXIDATION OF FERROUS AMMCN/
CHRCNOPOTENTIOMETRIC OXIOATICN OF OXALIC ACID //
CHRCNCPOTENTIOMETRIC REQUCTION OF FERRIC PER CH/
CHRCNOPOTENTIOMETRIC REQUCTION OF POTASSIUM FER/
CHRCNCPOTENTIOMETRY ( VOLTAMMETRY WITH CONTROLLE
CHRCNOPOTENT IOMETRY OF THE IOCINE SYSTEM
CHRCNOPOTENTIOMETRY WITH COMPENSATICN FCR EXTRAN
CHRCNOPOTENTIOMETRY WITH PLATINUM ELECTRODES ) /
CIRCUIT FOR THE CONTROLLED POTENTIAL VOLTAMMETER
CIRCUITS

CIRCUITS / COUBLE LAYER CAPACITANCE MEASUREMENT/
CIRCUITS AND EXAMPLES OF THE USE OF A POTENTICST
COATED NUCLEAR FUEL PARTICLES .
COATING DENSITY OF PYROLYTIC CARBON COATED NUCLE
COATING ON SILICCN RACIATION CETECTORS BY USE €/
COBALT, ANC ZINC AS DI BENZOYL METHANE COMPLEXES
COBALT-60 GAMMA RADIATION CN THE DETERMINATION O
COBALT-60 SOURCE ( EFFECTS OF RADIATION ON ANALY
COBALT-60 SOURCE ASSEMBLY

COBALT{II) ICN IN LITEIUM FLUORIDE - SOCIUM FLUO
COEFFICIENTS .

COLLECTION OF BARIUM FROM TAP WATER )

COLOR CUENCH CCRRECTICN IN LIQUID SCINTILLATOR S
COLOR QUENCH CCRRECTICN IN LIQUID SCINTILLATOR §
COLUMN SEPARATION OF T
COLUMN SEPARATICN OF TRA
CCLUMN /HOD OF CETERMINING THE NATURE OF THE POL
COMMCN RADICNUCLICES

COMPENSATION FCR EXTRANEOUS CURRENTS
COMPENSATION FCR EXTRANEOUS CURRENTS { VOLTAMMET

COMPENSATION FCR EXTRANEOUS CURRENTS ( VOLTAMMET
CCMPENSATION OR PROPORTIONAL TEMPERATURE CONTRO/
COMPLEXES

COMPLEXES SOLVENT EXTRACTION OF BERYLLIU

COMPCSITE DIFFUSION TUBES -
COMPCSITE DIFFUSICN TUBES
COMPCSITE CIFFUSION TUBES /ATION OF RADIO IODINE
COMPCSITE CIFFUSION TUBES /TIGATION OF CHEMICAL
COFMPCSITION OF ATMOSPFERIC NECN

COMFCSITION OF ATMOSPHERIC NEON

—

CHEMICAL BEHAVIO

COMPUTER / INSTRUMENT DESIGN s/ ELECTROCHEMISTRY/
COMPUTER PRCGRAM. FOR ANALYSIS OF CHRONOPOTENTIOG
COMPUTER PROGRAM FOR ANALYSIS OF POLARQGRAMS
COMPUTER PRCGRAM FOR CALCULATING CORRELATION COE
COMPUTER PRCGRAN FOR CALCULATING NEUTRON FLUX
COMPUTER PROGRAMS FOR ANALYSIS OF POLARCGRAMS AN
COMPUTER PRCGRAMS FOR GAMMA-RAY SPECTROMETRY IN
COMPUTER PRCGRAMS FOR GAMMA-RAY SPECTROMETRY IN
COMPUTERS
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USE OF
LAROGRAPHY / FOLARCGRAPHIC OETECTICN LIMITS FOR URANIUF /

CF A RACIOISOTOPIC LIGHT SOURCE A NEW
RE C/ HIGH SENSITIVITY, CIRECT READING, LINEAR, RECOROING
CHNOLOGY EIGHTH
CHNOLCGY A RESUME OF THE EIGHTH

MIUM IN RADIOACTIVE MSRE SALT / SEPARATICN OF CURIUM FRCM
CURES FOR THE REMOVAL ANC CHARACTERIZATICN OF THE SURFACE
ISOTOPIC COMPARISCN OF LEAD FRCM TEKTITES AND

CUALITY

ATIC TEMPERATURE CCMPENSATICN OR FROPORTIONAL TEMPERATLRE
ALKYL BENZENE SULFONATE ( A8S )
STATISTICAL CQUALITY

STATISTICAL QUALITY

STATISTICAL CQUALITY

STATISTICAL QUALITY

11. A REMOTELY
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DERIVATIVE TECKENIQUES TO STATIONARY ELECTRODE PO
OERIVATIVE VOLTAMMETRY WITH CONTROLLED CURRENT /
DESIGN / ELECTRCCHEMISTRY /- ANALYSIS OF MOLTEN /
DESIGN CF NEW SCUARE-WAVE POLAROGRAPH WITH SOLID
DETECTION NyNyN TRI METHYL BORA
OETECTION NyNsNs TRI METHYL BCRA
OETECTION LIMITS FOR URANIUM / CONCENTRATION AO/
OETECTION OF NATURAL RADIDNUCLIDES BY WELL TYPE
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ICN OF AREAL DENSITY OF GOLD COATING CN SILICCN RADIATION
ANALYSIS OF ALKYL BENZENE SULFCNATE
CONTENT OF WOCL FROM TWIN WETHERS RAISED CN TWO SOILS AS
RACTICN OF BERYLLILM, COPPER, NICKEL, COBALT, AND Z2INC AS
BCRCN-I0
SYNTEESIS ANC INFRAREC ABSORPTICN SPECTRUM OF
/C BUTYL PHENYL FHOSPHCNATE IN DI SEC BUTYL PHCSPHCNATE -
/ALT REACTOR EXPERIMENT ( MSRE )} FUEL, SPECTROPHCTQOMETRIC
OF METALS USE OF METAL
HOCS FOR THE EVALUATICN OF ATMOSPHERIC PCLLLTICN - SULFUR
CCS FCR THE EVALUATICN OF ATMOSPHERIC POLLLTICN ~ SULPHUR
/TIES OF MOISTURE, OXYGEN, HYDROGEN, NITROGEN, AND CARBON
246
PHOSPFONATE - CI ETHYL BENZENE SOLLTICNS, DIELECTRIC CCN/
TIONS, CIELECTRIC CON/ OI SEC BUTYL PHENYL PHOSPHCNATE IN
NITRATE, PHENOL
/OUNDS THAT CCNTAIN PHOSPHCRO THICATE, ,P=S ANC PHOSPHCRO
/MPOUNDS CONTAINING PHOSPHCRO THICATE, ,P=S AND PHOSPHORO
LUSE OF METAL DI N BUTYL PHCSPHCRO
IN CI SEC BUTYL FHCSPHCNATE - DOl ETHYL 8ENZENE SOLUTICNS,
CLYSIS AND GAS CHRCMATOGRAPHIC DETERMINATICN OF STYRCFCAM
OGRAPEY / DELTA-E-CIFFERENTIAL PCLA/ CONTRCLLED POTENTIAL
/ENTIOSTATIC CC POLAROGRAPEY / DETERMINATICN OF CAOMIUNM /
RECORCING INTEGRO - CIFFERENTIATING POLAROGRAPH
ITE ELECTRODE ( P.G.E. ) AND THE CLASSY CARBCN ELECTROCE/
// CETERMINATION OF CACMIUM / DIFFERENTIAL FOLAROGRAPHY /
TIAL VOLTAMMETER { DERIVATIVE COMFLTER / INSTRUMENT LESI/
AL POLAROGRAPHY (N AN ELECTRONIC SELF~RECORDING INTEGRC -
NS ELECTRON AND CPTICAL MICRCSCOPY AND ELECTRON
ABSCRPTICN AND
BY MEANS OF COMPCSITE
SECTIONS OF CCMPCSITE

CN CF AIRBORNE RADIO IODINE SPECIES
ACIO IOCINE SPECIES FCUND CN RUBBER
UNDER MCIST CCNDITIDNS IN MAY PACKS BY MEANS OF CCMPOSITE
OF NONELEMENTAL RADIO IODINE VAPCR BY MEANS OF CCMPGSITE
HIC ANALYSIS { VISLEAL INTERPOLATICN ) ( LITHIUM CARBCNATE
PRCBLEMS IN
/EDICTICN OF THE SCLLUBILITY AND .TEMPERATURE DEPENDENCE OF
ATERIALS
00D CHLORICE,
// MCNOVALENT THALLIUM TC TRALLILF METAL REDOX REACTICN /
CID ANC OTHER GLASS CORRODING MECIA - EVALUATICN WITH THE
/LENT LEAD TO LEAD METAL REDOX REACTICN / POLAROGRAPHY OF
/7 THE MEASURED VALLES FOR THE HALF-WAVE POTENTIALS OF THE
OPY AND ELECTRCN OIFFRACTICN RESEZRCH ASSISTANCE TC CTHER
- HIGH TEMPERATURE CHEMICAL
/ NEW SQUARE-WAVE POLAROGRAPH WITF SOLID STATE CIRCUITS /
/PERCMETRY / FAMMER-CCNTROL OF DRCPPING MERCURY ELECTRCDE
G MERCURY ELECTRQOOE CROP TIME / LINEAR TIME BASE / SMOLER
CIRCUITS /7 DOUBLE LAYER CAPACITANCE MEASUREMENT 7 TEFLON
STUDIES wITH THE TEFLON
/AQUEOUS HYCROFLLORIC ACID WITH HCRIZONTAL ORIFICE TEFLON
SIGNAL TO NCISE RATIOS ( S/N ) OF GLASS AND TEFLON
/CLIC VOLTAMMETRY /7 CHRCNOAMPEROMETRY / HAMMER-CCNTROL OF
/CING MECIA ( EVALLATICN OF THE HCRIZCNTAL ORIFICE TEFLON
YCROFLUCRIC ACID AND OTHER GLASS CORRODING MEDIA / TEFLCN
ACU{II) IN AQUEQUS EYCROFLUCRIC ACID ( {-12-MQLAR } WITK A
RAPEY IN HYDROFLUDRIC ACID AND OTHER GLASS CCRROOING MED/
TION OF LEAD, BISMLTE, CADMIUM, TIN, AND -ZINC IN AIRBORNE

NITRATE IN TRANSURANILF ( TRU } SOLUTIGNS, A2C

AZ0

NEW RARE

STUDIES QF RARE

METHOC FOR SEPARATlNG TRANSPLUTCNIUM ELEMENTS FROM RARE
UCLEAR SPECTRQOSCCPY OF NEUTRCN DEFICIENT HAFNIUM AND RARE
REVIEW OF SPECTROSCCPIC PRCPERTIES CF RARE

QUANTITATIVE ANALYSIS BY THE X-RAY ABSORPTION
PERSCNNEL

LEAR TECENOCLOGY
LEAR TECENOQOLOGY A RESUME OF THE
C POTENTIAL CC PCLARCGRAPHY / POTENTIDSTATIC CCULOMETRY /
L VOLTAMMETER [ CERIVATIVE CCMPUTER / INSTRUMENT DESIGN /
/GRAPHY - A NEW FIGH PRECISIGN AN{ HIGH ACCURACY METHOC (
/L CETERMINATICN OF URANIUM / 0.5-ML PCLARCGRAPHIC CELL /

CTROCE

ELECTROCHEMISTRY WITF THE PYRCLYTIC GRAPHITE
IODINE, AND IOCATE WITH THE PYROLYTIC GRAPHITE INDICATING
CE CRCP TIME / LINEAR TIME BASE / SMOLER DROPPING MERCURY
E LAYER CAPACITANCE MEASUREMENT / TEFLON DRDPPING MERCURY
DTYASSIUM FLUORIDE / PYROLYTIC GRAFHITE ELECTRODE / SILVER
STUCIES WITH THE TEFLCN DROPPING MERCURY
GLASSY CARBCN INDICATDR
LYTIC GRAPHITE ELECTRODE { P.G.E. )} AND THE GLASSY CARBQON
DXICE FILM FORMATICN CN THE PYRCLYTIC GRAPHITE
RDDE/ ODIFFERENTIAL TITRIMETRY WITH THE PYRCLYTIC GRAPHITE
/CE ANALYSIS FCR URANILM / APPLICATION OF CUASI REFERENCE
/RIC ACIC WITH HCRIZCNTAL CRIFICE TEFLCN OROPPING MERCURY
SQOIUM FLUORIDE - POTASSIUM FLUQRIODE / PYRCLYTIC GRAPHITE
NOISE RATIOS ( S/N ) OF GLASS ANC TEFLCN DROPPING MERCURY
// CHRCNOAMPEROMETRY / HAMMER-CONIROL OF ODROPPING MERCURY
JUATION OF THE HCRIZCNTAL CRIFICE TEFLON OROPPING MERCURY
AND OTHER GLASS CORRCDING MEDIA / TEFLCN DROPPING MERCURY
A GLASSY CAREBON
OROPPING MERCURY

HYCRCFLUORIC ACIC { 1-12-MOLAR } }ITH A

DETECTCRS BY USE OF "X-RAY FLUORESCENCE ) /RMINAT
DETERGENTS

DETERMINED BY NEUTRON ACTIVATION ANALYSIS /EMENT
DI BENZOYL METHANE COMPLEXES SOLVENT EXT
OI BCRANE

DI BCRANE - BORCN-IT

DI ETHYL BENZENE SOLUTIONS, DIELECTRIC CCNSTANT/
DI METHYL GLYOXIME { PER SULFATE OXIDATICN } ME/
OI N BUTYL PHOSPHORO CI THICATES AS EXTRACTANTS
Ol OXICE RADIC RELEASE ¥MET
DI OXICE RADIO RELEASE METH
OI OXICE IN GLCVE BOX ATMOSPHERES ON THE ANALYS/
DI OXIMINO CYCLCHEXANCNE

DI SEC BUTYL PHENYL PFOSPHCNATE IN OI SEC BUTYL
DI SEC BUTYL PHCSPHONATE - DI ETHYL BENZENE SOLU
DI SULFCNIC ACIC SPECTRQOPHOTOMETRIC METHCD

DI THIOATE, o+P(S)SH GROUPS AS SEPARATION AND AN/
OI THICATE, +P{S)}SH GROUPS AS SEPARATORY AND AN/
DI THIOATES AS EXTRACTANTS OF METALS

DIELECTRIC CCNSTANT METEOC / PHENYL PHOSPHONATE
ODIELECTRIC FILWV PYR
DIFFERENTIAL CC POLAROGRAPRY ( COMPARATIVE POLAR
DIFFERENTIAL PCLARQOGRAPHY / CIFFERENTIAL VOLTAM/
DIFFERENTIAL PCLARQGRAPHY ON AN ELECTRCNIC SELF=~
DIFFERENTIAL TITRIMETRY WITH THE PYROLYTIC GRAPH
DIFFERENTIAL VOLTAMMETRY /.COMPARATIVE VOLTAMME/
DIFFERENTIATING CIRCUIT FOR THE CONTROLLED POTEN
OIFFERENTIATINC POLARCGRAPH CIFFERENTI
DIFFRACTION RESEARCH ASSISTANCE TO OTHER DIVISIQ
DIFFUSE REFLECTANCE SPECTRA OF SOLID MATERIALS
DIFFUSION TUBES INVESTIGATIL
DIFFUSICN TUBES CHEMICAL BEHAVIOR CF THE R
DIFFUSION TUBES /ATION OF RADOIO IOOINE BEHAVICR
DIFFUSION TUBES /TIGATION OF CHEMICAL REACTIVITY
DILUTICN METHOC OF SPECTROGRAPHIC ANALYSIS ) /AP
DISFCSAL OF RACICACTIVE LIQUIC WASTES IN SALT
DISSCCIATION CCNSTANT OF CARBONIC ACID IN CONCE/
DISSCLUTION OR CECOMPCSITON OF VARIOUS CRGANIC M
DISTILLATION — INDIRECT IOCOMETRIC TITRATION MET
DIVALENT LEAC TC LEAC METAL REDOX REACTICN / PO/
ODIVALENT LEAC TC LEAD METAL REDCOX REACTICN /IC A
DIVALENT LEAC TC LEAD METAL REDOX REACTICN IN A/
DIVALENT LEATC TC LEAD METAL REDOX REACTICN RECU/
DIVISICNS ELECTRCN ANC OPTICAL MICRCSC
DCSIMETRY

DCLBLE LAYER CAPACITANCE MEASUREMENT / TEFLON D/
DRCP TIME / LINEAR TIME BASE / SMOLER DROPPING /
DRCPPING MERCURY ELECTRODE ) /CONTROL OF DROPPIN
DRCPPING MERCURY ELECTRODE )} /H WITH SOLID STATE
ORCPPING MERCURY ELECTRODE ( C.M.E. )

DRCPPING MERCURY ELECTRODE / SIGNIFICANCE OF Ju/
DRCPPING MERCURY ELECTRODE CAPILLARIES

DRCPPING MERCURY ELECTRODE ORCP TIME / LINEAR T/
DRCPPING MERCURY ELECTRODE FOR DBTAINING FUNDAM/
DRCPPING MERCURY ELECTRODE FOR POLARQGRAPHY IN H
DRCPPING MERCURY ELECTRODE OF TEFLCN /APHY OF LE
DRCPPING MERCURY ELECTRODE OF TEFLON FOR PQOLAROG
DUST SAMPLES CETERMINA
DYE FILTER PHOTCMETRIC METHOC

DYES ( CALCICHRCME / CHLORQ PHOSPHONAZQ-III )
EARTH ALPHA EMITTERy EURCPIUM-148

EARTH ALPHA EMITTING RADIONUCLIDES

EARTE FISSICN PROCUCTS .
EARTHE RADIONUCLICES: N
EARTFS

ECGE TECHNIQUE

ECUCATIDN

EIGHTH CCNFERENCE CN ANALYTICAL CHEMISTRY IN NUC
EICHTH CONFERENCE ON ANALYTICAL CHEMISTRY IN NUC
ELECTRCCHEMISTRY ) / CC POLARCGRAPHY 7/ CCNTROLLE
ELECTROCHEMISTRY / ANALYSIS OF MOLTEN 'SALTS )} /A
ELECTRCCHEMISTRY / MCCEL-Q-)19EB~FES CONTRDLLED /
ELECTROCHEMISTRY / MOCEL-Q-19E8B-FES .POLAROGRAPH/

ELECTROCHEMISTRY WITH THE PYROLYTIC GRAPHITE ELE
ELECTRCCE

ELECTRCCE VOLTAMMETRY QF 10DIDE,

ELECTRCCE ) /CCNTROL CF DRQPPING MERCURY ELECTRQ
ELECTRCOE )} /H WITH SOLID STATE CIRCUITS / DOUBL
ELECTROCE )} /HIUM FLUORIDE - SOOIUM FLUCRIDE - P
"ELECTRCCE ( C.M.E. )

ELECTROCE { G.C.E. ) -

ELECTROCE { G.C.E. )} /L TITRIMETRY WITH THE PYROQ
ELECTROCE { P.C.E. )

ELECTRCCE ( P,GC.E. ) AND THE GLASSY CARBON ELECT
ELECTRCCE / ELIMINATICN OF IR LOSS IN PCLARQGRA/
ELECTRCCE / SIGNIFICANCE OF JUNCTICN POTENTIALS/
ELECTRCCE / SILVER ELECTROCE ) /HIUM FLUQRIDE -

ELECTRCCE CAPILLARIES SIGNAL TC

ELECTRCCE ORCP TIFE / LINEAR TIME BASE / SMOLER/
ELECTRODE FOR CETAINING FUNDAMENTAL POLARQGRAPH/

FOR PCLAROGRAPHY IN HYDROFLUQRIC ACID
FCR VCLTAMMETRY
QF TEFLCN /APHY

ELECTRCCE
ELECTRCCE
ELECTRCDE

OF LEAD{II) IN AQUEQUS
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ORIC ACIC AND QOTHER GLASS COR&ODING MED/ DROPPING MERCURY
APPLICATICN OF DERIVATIVE TECHNIQUES TO STATICNARY

C POTENTIOSTAT AND ITS LSE FOR THE INVESTIGATICN OF RAPID
NG PREPARATICN BY
STUD!ES WITH SOLIC INDICATOR

FILM FORMATICN CN PYRCLYTIC GRAPHITE

ROUS AMMONIUM SULFATE / CHRCNQOPQTENTICMETRY WITH PLATINUM

FOTENTIAL REVERSIBLE DEPOSITICN OF METALS CN SOLID
POTENTIAL REVERSIBLE DEPOSITICN OF METALS CN SOLID
FOTENTIAL REVERSIBLE DEPOSITION OF METALS CN SOLID

FRACTION RESEARCF ASSISTANCE TO CTHER DIVISIONS
R DIVISIONS ELECTRCN ANL OPTICAL MICROSCDPY ANC
CTIVE MATERIALS
CPTICAL ANC
YETHODS CEVELOPMENT FOR

CARBIDES IN A NIOBIUM -~ TUNGSTEN - ZIRCCNIUM ALLOY
/AY ANALYSIS ( ANALYSIS OF SOLIDS BY X-RAY FLUCRESCENCE /
STIGATION OF RAPID ELECTROCE REACTICNS THE
ING POLAROGRAPH CIFFERENTIAL POLAROGRAPHY CN AN
AUTQMATIC CCULOMETRIC TITRATOR, ORNL MODEL-C-2005,
HIGH VOLTAGE PAPER
/FOR URANIUM / APPLICATICN OF QUASI REFERENCE ELECTRCDE /
IRECT ICCOMETRIC TITRATION METHOC OXALATE IN
) RECENT ADVANCES IN ANALYTICAL
NEW RARE EARTH ALPHA
ABSOLLTE LIQUID SCINTILLATICN CCUNTING CF BETA
HALF-LIVES OF LCNG-LIVED BETA
STUCIES CF RARE EARTH ALPHA
HEMISTRY AND / EXPERIMENTAL STUDY OF ARTIFACTS AND ERRCRS
HEMISTRY AND / EXPERIMENTAL STUDY OF ARTIFACTS AND ERRCRS
TRACE HIGH
ANALYTIC#AL SERVICES FCR CHEMICAL
-55 MEASUREMENT OF wWEAR RATES N AUTOMCTIVE
-55 $EAR RATES IN AUTCMCTIVE
TION OF THE OVERLAPPINC BAND STRUCTURE AND STUDIES OF THE
SKY-ILKOVIC EQUATION / PCLARGRM / CHRNOGRM / KARAOGLANCFF
/ POLARQGRAMS ANC CHRCNOPOTENTIOGRAMS { HEYROVSKY-ILKOVIC

S

HE MOLTEN SALT REACTCR EX/ ANALYTICAL LABORATORY HOT CELL
ESISTANT PIPETTER ANALYTICAL LABQORATORY HOT CELL
METER ANALYTICAL LABORATORY HOT CELL
/ / POTASSIUM HEXA CHLORQO RHENATE(IV) / HOLMIUFM SULFIOE /
RACICCEEMISTRY ANC / EXPERIMENTAL STUDY OF ARTIFACTS AND
RACIOCFEMISTRY ANC / EXPERIMENTAL STUDY OF ARTIFACTS ANO
/N OF URANIUM, AND- THE PURIFICATI(N OF PROVMETHIUM FOR THE
QUTPUT SPECTRA OF Iu-MEV NELTRON GENERATCRS - RAPIC
€/ CUTPUT SPECTRUM FRCM tuL-MEV NELUTRON GENERATCRS - RAPID
CNATEC STRAIGHT CHAIN ALKYL PHENOXY POLY ( ETHYLENE OXY }
JUTYL PFENYL PHOSPHONATE IN DI SEC BUTYL PHOSPHCNATE - OI
SALT OF A SULFCNATED STRAIGHT CHZIN ALKYL PHENOXY POLY (
NEW RARE EARTH ALPHA EMITTER,
/REACTIONS { HELIUM-2 ACTIVATION ANALYSIS / SENSITIVITY /
LEAD-21C IN AUTO
/1ES OF URANIUM IN A TRI N OCTYL FHOSPHINE OXICE { TOPC )
POTENTIAL OC POLAROGRAPHY IN A TRI OCTYL PHOSPHINE OXIDE
NyNy,N TRI FEXYL PHCSPHORIC TRI AMICE { THPA ) AS AN
/ TRI ALKYL ANC FEXA ALKYL PHOSPHCRO THIOCIC TRI AMIDES AS
USE OF PETAL CI N BUTYL FHOSPRORO DI THIOATES AS
ANC ZINC AS DI BENZCYL METHANE C(MPLEXES SOLVENT
/0IC TRI AMIDES AS EXTRACTANTS FOR METAL ICNS - SELECTIVE
REVIEW OF THE SOLVENT
OF ORGANIC ACICS WITH HIGH MOLECULAR WEIGH/ LIQUID-LIQUID
/2 POLAROGRAPH / POTENTICSTATIC CC PCLARCGRAPHY / SOLVENT
CHRONOPQTENTIOMETER WITH CCMPENSATICN FOR
CURRENT ) CHRONOPOTENTIOMETER WITH CCMPENSATION FOR
/F TECHNIQUE OF CHRONOPOTENTIOMETRY WITH CCMPENSATICN FOR
JUP MCNTHLY SUMMARY ~ NOVey (964 / DEC.oI96U / JAN. 41965 /
/ED CURRENT / CHRCNOPOTENTIOMETRIC REDUCTICN OF POTASSIUM
/ASSIUM FERRI CYANIDE / CHRCNOPOTENTIOMETRIC REDUCTICN OF
/ATICN DF OXALIC ACIC / CHRCNOPOTENTICMETRIC OXIDATICN OF
CHROMIUM IN MSRE FUEL, AMPERCMETRIC
GAS CHRCMATOGRAPHIC OETERMINATION OF STYROFOAM DIELECTRIC

OXIDE

REMOTELY OPERATED

111. A REMOTELY QPERATED
TRU ) SOLUTICNS, AZQ CYE
RECENT

UTIONS, MEASUREMENT CF PROMPT GAMMA-RAYS FRCM SPCNTANEGUS
/OF THE ABSENCE CF LONG-LIVED ISOTOPES OF PROMETHIUM FROM
RAPIC SEPARATION OF TECHNETIUM FROM

RAPIC SEPARATICN OF TECHNETIUM FROM

CC FOR SEPARATING TRANSPLUTCNIUM ELEMENTS FROM RARE EARTH
SOLUTIONS PRIOR TO THE DETERMINATICN OF TCTAL LANTHANIDE
MASS
MASS

CE ( P.G.E. }

L LABORATORY HOT CELL EQUIPMENT
NITRATE IN TRANSURANIUM {

WATER )

LD COATING ON SILICON RACIATICN CETECTCRS BY USE OF X-RAY
NATICN OF A/ X-RAY ANALYSIS { ANALYSIS OF SOLIDS BY X=-RAY
OF OXICIZING POWER OF SCLUTICNS.CF HYCROLYZED XENCN HEXA

ELECTROCE OF TEFLON FOR POLAROGRAPHY IN HYDROFLU
ELECTROCE PCLARCGRAPHY

ELECTROCE REACTICNS THE ELECTRCNI
ELECTRCCEPOSITIEN OF FOUNTS FOR 4 PI BETA COUNTI
ELECTROCES

ELECTRCCES

ELECTRCCES ) /CNOPOTENTIOMETRIC OXICATION OF FER
ELECTROCES BY VELTAMMETRY WITH LINEARLY VARYING
ELECTRODES BY VCLTAMMETRY WITH LINEARLY VARYING
ELECTRCCES BY VCLTAMMETRY WITH LINEARLY VARYING
ELECTRCN ANC OPTICAL MICROSCOPY ANC ELECTRON DIF
ELECTRON DIFFRACTION RESEARCH ASSISTANCE TO OTHE
ELECTRCN MICROSCOPE FACILITY FOR STUDYING RADICA
ELECTRCN MICROSCCPY

ELECTRCN MICROSCOPY

ELECTRCN MICROSCOPY OF RACIOACTIVE MATERIALS
ELECTRCN OPTICAL STUBY OF THE EFFECT OF AGING CN
ELECTRON PROBE ANALYZER / CETERMINATION OF AREA/
ELECTRCNIC GAMMA-RAY SPECTRAL RESOLUTICN
ELECTRONIC PCTENTIOSTAT ANC ITS USE FOR THE INVE
ELECTRCNIC RESCLUTICN OF GAMMA-RAY SPECTRA
ELECTRONIC SELF-RECORCING INTEGRO - DIFFERENTIAT
ELECTRONIC, CCNTROLLEC POTENTIAL

ELECTRCPHORESIS

ELIMINATION OF IR LOSS IN POLAROGRAPHY / POLARO/
ELUATES FROM [RRACIATED ION EXCHANGE RESINS, IND
EMISSICN SPECTRCMETRY :

EVMITTER, EUROPIUM-1u4B

EMITTERS

EMITTERS ( CHLCRINE-3¢ BERYLLIUM-IC )

EMITTING RACICNUCLICES

ENCOUNTEREC IN €AMMA-RAY SPECTROMETRY FCR RADIOC
ENCOUNTERED IN CAMMA-RAY SPECTROMETRY FCR RADIOC
ENERGY GAMMA RACIOQACTIVITY IN ISOTOPE PRODUCTS
ENGINEERS

ENGINES BY LIQUIC SCINTILLATION COUNTING OF IRON
ENGINES BY LIQUIC SCINTILLATION COUNTINC OF IRCN
ENVIRCNMENTAL EFFECTS /A I. MATHEMATICAL RESCLU
EQUATICN } /AMS AND CHRONOPOTENTIOGRAMS ( HEYROV
EQUATICN / PCLARGRM / CHRNOGRM / KARAOGLANOFF E/
ECQUILIBRIUM CISTRIBUTION OF METAL - ION COMPLEXE

EQUIPMENT . SAMPLE PREPARATION APPARATUS FOR T
EQUIPMENT Il. A REMOTELY CONTROLLED CORROSION R
ECQUIPMENT 111. A REMCTELY OPERATED FILTER PHCTO

ERBIUM SULFICE / THULIUM PHOSPHICE / THULIUM NI/
ERRORS ENCOUNTEREC IN GAMMA-RAY SPECTROMETRY FCOR
ERRORS ENCOUNTEREC IN GAMMA-RAY SPECTROMETRY FOR
ESTABLISHMENT CF A PRIMARY SPECTROGRAPHIC STAND/
ESTIMATION AND INFLUENCE IN ACTIVATION ANALYSIS

ESTIMATION AND INFLUENCE IN CROSS SECTIGN MEASUR
ETHANOL ) /IPAL-LO-43¢ / AMMONIUM SALT CF A SULF
ETHYL BENZENE SCLUTIONS, CIELECTRIC CONSTANT ME/
ETHYLENE OXY' ) ETHANOL ) /IPAL-LO-436 / AMMONIUM
EUROPIUM-{ 4B

EXCITATION FUNCTIONS FOR HELIUM-3 INDUCEC NUCLE/
EXHAUST FUMES AND IN NATURAL MATERIALS

EXTRACT ( MICRCANALYTICAL DETERMINATION OF URAN/
EXTRACT /ACE QUANTITIES OF URANIUM BY CCNTROLLED
EXTRACTANT FCR METAL IONS

EXTRACTANTS FOR METAL IONS - SELECTIVE EXTRACTIO
EXTRACTANTS OF METALS

EXTRACTION CF BERYLLIUM, COPPER. NICKEL, COBALT,
EXTRACTION CF MERCURY(II), SILVER(I}, ANC COPPE/
EXTRACTION OF METAL CHELATES

EXTRACTION CF METAL ICNS FROM AQUEQUS SOLUTIONS

EXTRACTION PRECECING POLAROGRAPHIC OETERMINATI/
EXTRANEQUS CURRENTS

EXTRANEQUS CURRENTS { VOLTAMMETRY AT CCNTROLLED

EXTRANEQOUS CURRENTS ( VOLTAMMETRY WITH CONTROLL/
FEB. 1965 / MAR., 1965 / APR.y 1965 / MAY, 1965 /7 /
FERRI CYANICE / CHRCNCPOTENTIOMETRIC RECUCTION /
FERRIC PER CHLORATE / CHRCNOPOTENTIOMETRIC oOxID/
FERRCUS AMMCNIUM SULFATE / CHRONOPOTENTIOMETRY /
FERRCUS SULFATE TITRATION METHOC

FILM PYROLYSIS AND

FILM FCRMATION CN PYRCLYTIC GRAPHITE ELECTRODES

FILM FCRMATICN CN THE PYROLYTIC GRAPHITE ELECTRO
FILTER PHOTCMETER

FILTER PHOTCMETER

FILTER PHOTOMETRIC METHOD

FINDINGS IN RACIOCHEMISTRY .

ANALYTICA

FISSION 7252 IN TRANSURANIUM ( TRU ) PROCESS SOL
FISSION OF URANIUM, AND THE PURIFICATICN OF PRO/
FISSION PROTUCTS

FISSICN PROCUCTS

FISSION PROCUCTS METH
FISSION PROCUCTS /SURANIUM ELEMENTS FROM AQUEOUS
FISSION YIELC CURVE FCR AMERICIUM-2ui

FISSICN YIELC CURVE FCR NEPTUNIUM-237

FLAME PHOTOMETRY ( COLLECTION DF BARIUM FROM TAP
FLUORESCENCE ) /RMINATION OF AREAL OENSITY OF GO
FLUORESCENCE / ELECTRON PROBE ANALYZER / DETERMI
FLUORICE CETERMINATION
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C THIOCYANATE CETERMINATICN OF NICBIUM IN THE PRESENCE OF
I1) ION IN LITHIUM FLUORIDE - SOCIUM FLUQRIDE - POTASSIUM
C TITRATION OF URANTIUM{VI) IN AQLEQUS SOLUTIONS OF SQDIUM
ABSORPTION AND REFLECTANCE SPECTRA OF IRRADIATED LITHIUM

/FLUORICE SALT SYSTEMS ( SILVER / IRON / NICKEL / LITHIUM
N SPECTRUM OF COEALT{II)' ICN IN LITHIUM FLUCRIDE =~ SCDIUM
/LUQRIDE - BERYLLILM FLUORIDE / LITHIUM FLUORICE - SODIUM
ABSORPTICN SPECTRUM OF CCBALT(II) ION IN LITHIUM

/NICKEL / LITHIUM FLLORIDE - BERYLLIUM FLUCRIDE / LITHIUM
/OIATED LITHIUM FLLORIDE - BERYLLIUM FLUCRIDE - ZIRCCNIUM
CRICE - BERYLLIUM FLUORICE - ZIRCCNIUM FLUCRIDE - THORIUM
/TANCE SPECTRA OF IRRADIATEC LITHIUM FLUCRIDE - BERYLLIUM
/ { SILVER / IRON / NICKEL / LITHIUM FLUORIDE - BERYLLIUM
/LUORIDE / LITHIUM FLUORIDE - SOOIUM FLUCRIDE - PQTASSIUM
ICE - ZIRCONIUM FLUORIDE -~ THORIUM FLUORIDE - URANIUM{IV)

LITHIUM FLUORIDE - BERYLLILM FLUC/ VOLTAMMETRY CF MOLTEN
DETERMINATION OF ICDINE AND

CCMPLTER PROGRAFM FOR CALCULATING NEUTRON

STANDARDIZATION OF NEUTRON

ACTIVATICN ANZLYSIS - REACTOR NEUTRON

ALKYL BENZENE SULFCNATE { ABS ) CCNTROL FOR THE

GOLD ATQOMS SPLTTEREC FROM NEUTRON TRRACIATED GOLO

: REPORT ON

REPORT ON

REFORT ON

REPQRT ON

REPORT OF

REPORT ON

REPORT ON

NELTRON ACTIVATION ANALYSIS CF HUMAN HAIR -

. CAUTICN ANC PRECAUTICN IN

APPLICATICN CF NELTRGM ACTIVATICN ANALYSIS TO

INFLLUENCE OF THE RECCROING ARRANGEFMENT ON THE

- ICENTITY, CEARACTER AND CHEMICAL BEHAVICR OF VAPOR
CCNCENTRATEC LITEIUM CHLORIODE SOLLTION - DETERMINATICN OF
POLAROCRAPHIC CETERMINATICN OF NICKEL IN MSRE

COULCMETRIC TITRATICN OF LRANIUMIVI) IN A SYNTHETIC MSRE
MCNITORING OF LEACHED

OF THE CDATING DENSITY OF PYROLYTIC CARBCN COATEDC NUCLEAR
ZIRCONIUM IN MSRE

[feDy) . CHROMIUM IN MSRE
IC TI/ URANIUM IM MOLTEN SALT REACTOR EXPERIMENT ( MSRE )
T/ URANIUM IN THE MOLTEN SALT REACTOR EXPERIMENT ( MSRE )
URANIUM IN MSRE

FLUORIDE IN MSRE

R SUL/ NICKEL, IM MOLTEN SALT REACTOR EXPERIMENT ( MSRE )
RMINATICN OF URANILM{VI) IN URANILM OXIDE - THCRIUM OXIDE
LEAD-2IC IN AUTO EXHAUST

/ HELIUM=-3 ACTIVATION ANALYSIS / SENSITIVITY / EXCITATION
/ ORIFICE TEFLCN CROPPING MERCURY ELECTRODE FOR CBTAINING
GLASSY CARBCN INCICATOR ELECTRODE (

TE ELECTRODE ( P.G.E. ) AND THE GLASSY CARBON ELECTRCDE (
ABSOLLTE COUNTING OF

HLORIC ACID GAS CHR(MATOGRAPHIC ANALYSIS OF
VI) IN PHOSPHORIC ACID SCLUTICNS CF / EFFECT OF COBALT-60
TRACE HIGH ENERGY

CERIUM-141, AND NEOCYMIUM-14T

PRCGRAF NETAREA (

ELECTRONIC RESOLUTICN OF

ELECTRCNIC

ARTIFACTS IN

/XPERIMENTAL STUCY OF ARTIFACTS AND ERRQRS ENCCUNTERED IN

/XPERIMENTAL STUCY OF ARTIFACTS AN ERRORS ENCCUNTEREC IN

EVALLATION CF CCMPUTER PROGRAMS FOR

THE EVALUATION CF CCMPUTER PROGRAMS FOR

SURANIUF { TRU ) PROCESS SOLUTIONS, MEASUREMENT CF PRCNPT

MIXTURES OF METFANOL ANC HYDROCKLCRIC ACIC
THE REACTION OF IOCINE WITH CYCLOFEXANE ANDC WITH BENZENE/
ASES IN KELIUM AT RECUCED SAMPLE PRESSURES
TELECTRIC FILM

NE VAPCRS
NE VAPORS

PYROLYSIS AND

NUCLEAR SAFETY PROCRAM ( IODINE 7 METHYL ICDIDE /
APPLICATIONS OF
NES ANC PYRIMICINES

ANE SYSTEM RACIO
GAS CHRCMATOGRAPHIC DETERMINATICN OF PERMANENT
ROMIUM(TII) SOLUTICNS INTEGRATED ASSEMBLY FOR
I 4-FEV NELTRON
MCNITORINC CF LEACHED FUEL ELEMENTS WITE A NEUTRON
CTIVATICN ANALYSIS OUTPLT SFECTRA OF 14-MEV NEUTRON
ROSS SECTION MEASURE/ OUTPUT SPECTRUM FROM |u4-FEV NEUTRON

MENT
LLARIES SIGNAL TQO NOISE RATIOS ( S/N )} OF
INSTRUMENTATICN FOR POLARQGRAPHY OF
/LECTROCE FOR POLAROGRAPHY IN HYCROFLUORIC ACID AND CTHER
/F TEFLCN FOR POLAROCGRAPHY IN HYDRCFLUGRIC ACID AND OTHER
NTAL ORIFICE/ POLAROGRAPHY IN HYCROFLUCRIC ACIC AND OTHER

FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUORICE
FLUDRICE
FLUORICE
FLUORINE
FLUX

FLUX MEAS
FLUXES AN
FCAM SEPA
FOILS
FCREIGN T
FOREIGN T

SPECTROPHOTOMETRI
ABSORPTICN SPECTRUM OF COBALT{
CONTROLLEC POTENTIAL CCULOMETRIY
~ BERYLLIUM FLUORIDE ~ ZIRCONIUM FLUGRI
- BERYLLIUM FLUORIDE / LITHIUM FLUCRID/
- POTASSIUM FLUORIDE ABSORPTIQ
- POTASSIUM FLUORIDE / PYROLYTIC GRAPH/
- SCDIUM FLUCRIDE - POTASSIUM FLUORIDE
- SODIUM FLUCRIDE — POTASSIUM FLUORICE/
- TEQRIUM FLUDRIDE - URANIUM{IV} FLUCR/
- URANIUM(IV) FLUORICE /TED LITHIUM FLU
- ZIRCCNIUM FLUQORICE - THORIUM FLUORID/
/ LITEFIUM FLUORICE - SODIUM FLUORIDE -/
/ PYRCLYTIC GRAPHITE ELECTRODE / SILVE/
/TEC LITHIUM FLUORIDE - BERYLLIUM FLLOR
IN MSRE FUEL, PYROLYSIS METHOD
SALT SYSTEMS { SILVER / IRON / NICKEL /
IN ,KIC2F2

UREMENTS
D INTERFERENCES
RATICN PROCESS

RAVEL JAN.!16-FEB.20,1965
RAVEL JUNE-25-JULY-3C, 1965

FCREIGN TRAVEL JUNE-3C-JULY-IC, 1965
FOREIGN TRAVEL MAY-15-JUNE-9,1965

FOREIGN T
FOREIGN T
FCREIGN T
FORENSIC
FCRENSIC
FORENSIC

RAVEL CCT.10-28, 1564
RAVEL CCT.19-30,1964
RAVEL SEPT.2-0CT.&,1665
APPLICATICNS
APPLICATIONS

SCIENCE

FORM OF POLAROGRAPHIC CURVES

FORMS OF

RACIO IOCINE

FREE ACID ANC HYDROLYZABLE CATION REACTIONS IN

FUEL
FUEL

CCNTROLLED PCTENTIAL

FUEL ELEMENTS WITH A NEUTRCN GENERATOR

FUEL PART

ICLES DETERMINATION

FUELy AMPERQOMETRIC CUPFERRON TITRATION METHOD

FUEL, AMPERCMETRIC FERROUS SULFATE TITRATION MET
FUEL, AUTOMATIC, CCNTROLLEC POTENTIAL, CCULOMETR
FUEL, HIGH SENSITIVITY, AUTOMATIC, CONTROLLED PO

FUEL,» POL

ARCCRAPHIC METHOC

FUEL, PYROLYSIS METEOC
FUEL, SPECTROPHCTCMETRIC CI METHYL GLYOXIME ( PE

FUELS

DETE

FUMES AND IN NATURAL PATERIALS
FUNCTICNS FOR FELIUM-3 INCUCEC NUCLEAR REACTICN/
FUNDAMENTAL POLAROGRAPHIC CATA / MONOVALENT THA/

GeCeEo )
G.C.Es }
GAMMA ACT

/L TITRIMETRY WITH THE PYROLYTIC GRAPHI
IvITY

GAMMA [RRADIATEC MIXTURES QOF METHANOL ANC HYDROC
GAMMA RADIATICN ON THE DETERMINATION OF URANIUM(
GAMMA RACIDACTIVITY IN ISOTOPE PRONUCTS

GAMMA RADIOLYSIS OF ACID CKELORIDE SOLUTICNS

GAMMA-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA~-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA-RAY
GAMMA-RAY

BRANCFINGS IN THE CECAY OF INDIUM-116,
BRANCFINGS IN URANIUM-23T
PHCTCPEAK AREA )
SPECTRA
SPECTRAL RESOLUTION
SPECTROMETRY
SPECTROMETRY FOR RACIOCHEMISTRY AND A/
SPECTROMETRY FOR RACIQCHEMISTRY AND A/
SPECTROMETRY IN-ACTIVATICN ANALYSIS
SPECTROMETRY IN ACTIVATICN ANALYSIS

S FROM SPONTANEOUS FISSION /252 IN TRAN

GAS CHROMATCCGRAPHIC ANALYSIS CF GAMMA IRRADIATED
GAS CHROMATCGRAPHIC ANALYSIS OF THE PROCUCTS CF

GAS CHROMATCGRAPHIC DETERMINATION OF PERMANENT G
GAS CHROMATOGRAPHIC CETERMINATION OF STYROFOAM D
GAS CHRCMATCCGRAPHIC ICENTIFICATION OF RADIO ICOI
GAS CHROMATCGRAPHIC ICENTIFICATION OF RADIQ ICDI
GAS CHROMATCGRAPHY

GAS CHRCMATCGRAPHY

GAS CHROM
GAS CHROM
GAS CHROM
GAS CHROM
GASES IN,
GENERATIO
GENERATOR
GENERATOR
GENERATCR
GENERATOR
GECLCGICA
GLASS 2AND
GLASS CCR
GLASS COR
GLASS COR
GLASS COR

ATCGRAPHY ) !
ATCCRAPHY IN NUCLEAR TECHNOLOGY
ATCGRAPHY OF PYROLYTIC PRODUCTS OF PLRI
ATOGRAPHY OF THE TRITIUM - WATER - METH
HELIUM AT RECUCED SAMPLE PRESSURES

N, STCRAGE, AND CELIVERY OF STANDARD CH

S = RAPIC ESTIMATION aNO INFLUENCE IN A
S - RAPIC ESTIMATION AND INFLUENCE IN C
L AGE CETERMINATICN BY ISOTQOPIC MEASURE
TEFLCN CROPPING MERCURY ELECTRODE CAPI
ROCINC MECIA
ROCING MEDIA — EVALUATION WITH MONOVAL/
ROCING MEOIA - EVALUATION WITH THE DIV/
ROCING MEDIA { EVALUATION OF THE HORIZO
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WITH THE PYROLYTIC GRAPHITE ELECTRODE ( P.G.E. } ANC THE

>

/TUREs CXYGEN, HYCROGEN, NITROGEN, ANO CARBCN CI OXICE IN
OR EXPERIMENT ( MSRE ) FUEL, SPECTROPHOTCMETRIC DI METHYL
C FCILS

/CTRCN PROBE ANALYZER / DETERMINATICN CF AREAL OENSITY OF
GCLLC ATCMS SPLTTEREC FROM NEUTRON IRRADIATEO

ATOMIC ABSORFTION { OETERMINATICN OF

E MEASUREMENTS ( CESTUM-137 / SAMARTIUM-153 / ARSENIC-T77 /
PREPARATION AND RECCVERY QF CESIU¥ CCMPOUNDS FOR -DENSITY

ELECTROCHEMISTRY WITH THE PYRCLYTIC

OXIDE FILM FORMATION ON THE PYROLYTIC

BCN ELECTROOE/ OIFFERENTIAL TITRIMETRY WITH THE PYROLYTIC
UCRIDE - SOQOIUM FLLORIDE - POTASSIUM FLUCRIDE / PYROLYTIC
FILM FCRMATICN CN PYROLYTIC

TAMMETRY OF IOCICE, IODINE, AND ICOATE WITH THE PYROLYTIC

ACERS

NUCLEAR SPECTROSCGPY OF NELTRCN DEFICIENT

. TRACE ELEMENTS IN HUMAN

NELTRCN ACTIVATICN ANALYSIS OF HUMAN

. MOVAL ANC CHARACTERIZATION OF THE SURFACE CCNTAMINANTS OF

DETERMINATION OF MOLYBOENUM IN

53 / ARSENIC-77 /-COLO-198 / IODINE-)33 / PHOSPHORUS=~33 )

ICNUCLICES .

E-36 BERYLLIUM-IC )

ZIGNIFICANCE OF JUNCTICN PCTENTIALS IN THE MEASUREMENT OF

/NTIALS AT THE SALT BRIOGE CN THE MEASUREO VALUES FOR THE

BENZYL TRI BUTYL PHOSPHECONIUM CHL/ QUATERNARY PHCSPHCNIUM

/ MODEL-C-2762 ( CYCLIC VOLTAMMETRY / CHRONQAMPERQMETRY /

HE NATURE OF THE FCLAROGRAPHIC CUFRENT IN RELATICN TO THE

GAS CHFROMATOGRAPHIC CETERMINATICN CF PERMANENT GASES IN

S AS NEUTRON S/ THEQORY ANO EXPERINMENT IN RAPIO, SENSITIVE
ITATICN FUNCTICN/ STUDIES CF HELI(M—3 NUCLEAR REACTICNS
/VATION ANALYSIS / SENSITIVITY / EXCITATION FUNCTICNS FOR
ACTIVATICN ANALYSIS WITH [4-MEV NEUTRONS ANO WITH
ANALYSIS / SENSITIVITY / EXCITATICN FUNCTION/ STUCIES OF
RIMENT IN RAPIC, SENSITIVE KELIUM-3 ACTIVATICN ANALYSIS -

SPECTROPHCTCMETRIC
TANTS FOR METAL ICNS - SELECTIVE EXTRACTIO/ TRI ALKYL AND
/XICE / POTASSIUM CXICE / LITHIUM HYPQOBROMITE / POTASSIUM
/SOCIUM SUPEROXICE / BARIUM BROMITE MCNO HYORATE / SODIUM
ATION OF OXICIZING POWER OF SOLUTICNS OF HYDROLYZED XENON
TANT FOR METAL ICNS NoNyN TRI
/MS FOR ANALYSIS OF POLAROGRAMS AND CHRONOPOTENTIOGRAMS {
/ AMPEROMETRIC OC POLARQGRAPHY ~ A NEW HIGH PRECISION AND
CTS TRACE

/ METAL IONS FROM AQUEOLS SOLUTICAS OF ORGANIC ACIDS WITH
DCHEMIS/ COMPARATIVE AMPEROMETRIC OC POLARCGRAPHY — A NEW

APPLICATICNS OF ORNL SPARK SOLRCE MASS SPECTROGRAPH TO
)
AL )
C TITRATOR - CONTRCLLEO POTENTIAL COULCMETRIC DETERMINAT/
64

L-Q-2564 ( POTENTICSTAT / CCNTROLLEO POTENTIAL / BLANK C/
/IUM IN THE MOLTEN SALT REACTOR EXPERIMENT ( MSRE ) FUEL,
ING CCNCUCTOMETRIC TITRATOR WITH ZAUTOMATIC TEMPERATURE C/
COULOMETRIC TITRATOR, CCNTROLLED POTENTIAL,

TROMETRIC APPLICATION A PROGRAMMABLE
// ERBIUM SULFIDE / THULIUM PHOSPHIDE / THULIUM NITRIDE /
/ITHIUM KYPOBROMITE / PCTASSIUM HEXA CHLCRC RHENATE(1V) /
TISSUE ANALYSIS ( TISSUE

/ACID ANC OTHER CLASS CORRCCING MECIA ( EVALUATICN OF THE
/C METAL REDOX REACTICN IN AQUEOUS HYDRDFLLOQRIC ACID WITH
TUS FOR THE FMOLTEN SALT REACTOR EX/ ANALYTICAL LABCRATCRY
RROSICN RESISTANT PIPETTER ANALYTICAL LABQRATCRY
TER PHOTOMETER ANALYTICAL LABCRATQRY
HIGHE RACTATICN LEVEL ANALYTICAL FACILITY [

HIGH RACIATICN LEVEL ANALYTICAL LABCRATOQRY (

’ TRACE ELEMENTS IN

NEUTRCM ACTIVATICN ANALYSIS OF

/HANUM CHLORIOE / SOCIUM SUPEROXICE / BARIUM BRCMITE MCNO
HIC ANALYSIS OF GAMMA [RRADIATED MIXTURES CF METHANOL AND
CN CCNCENTRATED SOLLTECNS OF LITHIUM CHLORIDE CCNTAINING
AC METAL RECOX REACTICN RECUCTION IN AQUEOUS SOLUTICNS OF
MERCURY ELECTROCE O/ POLAROGRAPHY OF LEAD(II} IN AQUECUS
A { EVALUATICN OF THE HORIZCNTAL CRIFICE/ POLAROGRAPHY [N
A / TEFLON DROPPING MERCLRY ELECTRODE FQR POLARQGRAPHY IN
DROPPING MERCURY ELECTRODE OF TEFLCN FOR POLARQGRAPHY IN
/OF CIVALENT LEAC TO LEAC METAL REDOX REACTION IN AQUECUS
ALKALT METAL/ ANALYSIS OF THE ALKALI METALS ( FCR CARBON
/ RAPID CETERMINATION OF LOW CONCENTRATICNS OF OXYGEN AND
BO/ THE EFFECTS OF TRACE IMPURITIES OF MOISTURE, CXYGEN,
ITHIUM CHLORIOE SOLUTICN - DETERMINATION OF FREE ACID AND
CETERMINATICN OF CXIDIZING POWER CF SCLUTIQNS OF

G AND WEAK ACIDS IN THEIR MIXTURES, POTENTICMETRIC SODIUM

GLASSY CARBCN ELECTROCE ( G.C.E. } /L TITRIMETRY
GLASSY CARBCN ELECTROCE FOR VOLTAMMETRY

GLASSY CARBON INCICATOR ELECTROCE ( G.C.E. )
GLCVE BOX ATMQSPHERES ON THE ANALYSIS OF THE AL/
GLYOXIFME ( PER SULFATE OXICATION ) METHCD /REACT
GOLD ATOMS SPUTTEREC FROM NEUTRON IRRAOIATED GOL
GOLD COATING ON SILICON RACIATION DETECTORS BY /
GOLO FCILS

GOLO SILVER ANC COPPER )

GOLO~198 / 100INE-133 / PHOSPKORUS~33 )} HALF-LIF
GRAOIENT SOLUTICNS

GRAPHITE ELECTRCCE

GRAPHITE ELECTRCCE ( P.G.E. )

GRAPHITE ELECTROCE { P.G.E. ) ANO THE GLASSY CAR
GRAPHITE ELECTRCCE / SILVER ELECTROCE ) /HIUM FL
GRAPHITE ELECTRCCES

GRAPHITE INCICATING ELECTRODE voL
GRAVIMETRIC CETERMINATION OF SOOIUM WITE RAOIQOTR
GRCSS ALPHA

HAFNIUM AND RARE EARTH RADIONUCLIOES

HAIR

HATIR - FORENSIC APPLICATIONS

HAIR /TIVATION ANALYSIS IN PROCEOURES FCR THE RE
HAIR ANO WOOL BY NEUTRON ACTIVATION ANALYSIS
HALF-LIFE MEASUREMENTS ( CESIUM-137 / SAMARIUM-{
HALF-LIVES ANO SPECIFIC ACTIVITIES OF CCMMON RAOD
HALF-LIVES OF LCNG-LIVEO BETA EMITTERS ( CHLORIN
HALF-WAVE POTENTIAL VALUES / SENSITIVITY LIMIT /
HALF~-WAVE POTENTIALS OF THE DIVALENT LEAD TO LE/
HALICES { BENZYL TRI BUTYL PHOSPHONIUM BROMIOE /
HAMMER-CONTROL CF DROPPING MERCURY ELECTROOE CR/
HEIGKT OF A MERCURY COLUMN /HCD OF CETERMINING T
HELIUM AT RECUCEC SAMPLE PRESSURES

HELIUM-3 ACTIVATION ANALYSIS

HELIUM=-3 ACTIVATION ANALYSIS - HELIUM-2 REACTION
HELTUM-3 ACTIVATION ANALYSIS / SENSITIVITY / .EXC
HELIUM-3 INDUCELC NUCLEAR REACTIONS / CROSS SECT/
HELIUM-3 IONS

HELIUM-3 NUCLEAR REACTIONS { KELIUM-3 ACTIVATION
HELIUM~-3 REACTICNS AS NEUTRON SQURCES / AND EXPE

HEPTA CECYL AMINE

HETERCPOLY-BLUE CETERMINATION OF SILICCN

HEXA ALKYL PHOSPHORQO THIOQIC TRI AMICES AS EXTRAC
HEXA CHLORO RHENATE{IV) / ROLMIUM SULFICE / ERB/
HEXA CHLORO RHENATE(IV) / URANIUM-235 TRI CHLOR/
HEXA FLUORICE CETERMIN
HEXYL PHOSPHCRIC TRI AMIDE ( THPA ) AS AN EXTRAC
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LINEARLY VARYING POTENTIAL REVERSIBLE DEP
LIQUIC SCINTILLATION COUNTING OF BETA EMITTERS
LICUIC SCINTILLATICN COUNTING OF IRON-SS

LIQUIC SCINTILLATICN COUNTING OF IRON-EE

LICUID SCINTILLATCR SOLVENT FOR THERMAL NEUTRON
LICUIC SCINTILLATOR SCLVENT FOR THERMAL NELUTRCN
LICUIC SCINTILLATOR SYSTEM /AL AND EXPERIMENTAL
LICUID SCINTILLATCR SYSTEMS BY USE OF AN ISOLATE
LICUID SCINTILLATCR SYSTEMS USING AN ISOLATEO IN
LICUIC SCINTILLATORS

LICUIC WASTES IN SALT

LICUIC-LIQUIC EXTRACTION OF METAL ICNS FROM AQUE
LITHIUM CARBONATE DILUTION METHOO OF SPECTROGRA/
LITHIUM CHLCRICE CCNTAINING HYOROCHLORIC ACID
LITHIUM CHLORICE SOLUTION - CETERMINATICN OF FRE
LITHIUM FLUORICE - BERYLLIUM FLUORIOE - ZIRCONIU
LITHIUM FLUQRICE - BERYLLIUM FLUORIDE / LITHILM/
LITHIUM FLUORICE - SOCIUM FLUORIOE - POTASSIUM /
LITHIUM FLUCRICE - SOCIUM FLUCRIDE - POTASSIUM F
LITHIUM HYPOBROMITE / POTASSIUM HEXA CHLORO RHE/

LONG-LIVEO BETA EMITTERS ( CHLORINE-36 BERYLLIUM:

LCNG-LIVED ISOTCPES OF PROMETHIUM FROM FISSION O
LOCKS AT -ANALYTICAL CHEMISTRY IN A NATIONAL LABO
LCSS IN POLAROCRAPHY / POLAROGRAPHIC DETECTION /
LOw CONCENTRATIONS OF OXYGEN AND HYDROGEN IN ALK
LIQUIC SCINTILLATION COUNTING METHOD .
MAGCNESIUM CKLORICE / ZINC CHLORIDE / CESIUM CHLO
MACNESIUM IN PRCCESS WATER, SPECTROPHOTCMETRIC M
MAGNETIC RESONANCE SPECTROMETRY

MACNETIC RESCNANCE SPECTROMETRY

MAGCN METHOC

MAINTENANCE OF THE ORNL MASTER ANALYTICAL MANUAL
MANAGEMENT LOOKS AT ANALYTICAL CHEMISTRY IN A NA
MANUAL

MANUAL

MANUAL

MAKNUAL

MANUAL ( 1952-1564 )

MANUAL METHCCS MEEDED IN THE TRANSURANIUM
MANUAL, SUPPLEMENT 7

( TRU

65PRR~167
65A-08-04
65PRR-071
65PRR-208
65PRR-215
65PRR-C06
65PRR~ 104
65PRR-083
65PRR-(C82
65PRR-08Y
65PRR-101
65PRR-104
65PRR-CI0
65A-05-03a
65PRR-} 0y
65PRR-072 .
65PRR-C70
65A-Ci1-13
65TR-L9
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65PRR-040
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65A-11-058
65PRR-047
65A-11-05
65PRR-023
65PRR-031
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JUMMARY - NOV.,)9¢4 / DEC., 1964 / JAN.,1985 / FEB.,1965 /

SIS APPLICATICNS OF ORNL SPARK SCURCE
A PROGRAMMABLE HIGH SPEED DATA ACQUfSlTION SYSTEM FOR

SPARK SCURCE
TRANSURANIUM ELEMENT ( TRU )

ISOTCPIC ANALYSIS OF TRANSURANIUM ELEMENTS BY

ORNL

CUMULATIVE INCEXES TO THE ORNL

MAINTENANCE CF THE ORNL

ORNL

INCEXES TO THE ORNL

RANSURANIUM { TRU } PROCESS OTHER ORNL
ORNL

/10N SPECTRUM OF THE URANYL ICN IN PER CHLCRATE MEDIA 1.
/oo 1964 / JAN., 1565 / FEB., 1965 / PAR., 1965 / APR.,1965 /
REPORT CN FOREIGN TRAVEL

/ EFFECT OF JUNCTICN POTENTIALS AT THE SALT BRIDGE CN THE
INSTRUMENTATION FOR POLAROGRAPHY OF GLASS CORRCODING

/HE ABSCRPTION SPECTRUM CF THE URANYL ION IN PER CHLORATE
/AROGRAPKEY IN HYCRCFLUORIC ACID AND OTHER GLASS CORRCDING
/AROGRAPFY IN HYCRCFLUORIC ACID AND OTHER GLASS CORRODING
/AROGRAPHY IN HYCROFLUORIC ACID ANC OTHER GLASS CORRODING
THE POLAROGRAPHIC CURRENT IN RELATICN TO THE HEIGHT OF A

ELECTROCE DROP TIME / LINEAR TIME EASE / SMOLER OROPPING

/ COUBLE LAYER CAPACITANCE MEASUREMENT / TEFLCN DROPPING

STUDIES wWITH THE TEFLCN DROPPING

/YOROFLUORIC ACIC WITH HORIZCNTAL CRIFICE TEFLCN DROPPING
GNAL TO NOISE RATICS ( S£/N )} OF GLASS AND TEFLCN DRQPPING
/AMMETRY / CHRCNCAMPERCMETRY / HAMMER-CONTROL OF DROPPING
/A ( EVALUATICN CF THE HORTIZCNTAL ORIFICE TEFLCN OROPPING
IC ACIC AND OTHER GLASS CORRODING MEDIA / TEFLCN DROPPING
AQUEOUS HYDROFLUOQRIC ACID { 1-12-FOLAR )} WITH A DROPPING

HEYDROFLUCRIC ACIC ANC OTHER GLASS CORRODING MEC/ DROPPING

MEASUREMENT OF

MEASUREMENT OF

S AS EXTRACTANTS FCR METAL IONS -~ SELECTIVE EXTRACTICN OF
EQUILIBRIUM DISTRIBUTICN OF

REVIEW OF THE SOLVENT EXTRACTICN OF

TANTS QF METALS USE OF
HEXYL PHOSPHORIC TRI AMIDE { THPA ) AS AN EXTRACTANT FOR
/EXA ALKYL PHOSPHORO THICIC TRI AMIDES AS EXTRACTANTS FOR
CS WITH HIGH MOLECULAR WEIGH/ LIQUID-LIQUIC EXTRACTICN OF
/TAL POLAROGRAPHIC DATA / MCNOVALENT THALLIUM TO THALLIUM
/TO THALLIUM METAL RECOX REACTION / OIVALENT LEAD TO LEACD
RROCING MEDIA = EVALUATICN WITH THE DIVALENT LEAC TQ LEAD
/L RECCX REACTION / POLARDGRAPHY QOF DIVALENT LEAC TO LEAD
/0R THE HALF-WAVE PQTENTIALS OF THE DIVALENT LEAC TO LEAD
THE LASER IN

METAL CI N BUTYL PHCSPHCRC DI THICATES AS EXTRACTANTS OF
ACING SPECTROGRAPHIC CETERMINATICN OF THE RATIOS OF THREE
CACTIVE MSRE SALT / SEPARATICN OF CURIUM FRCPF CCNTAMINANT
INATION OF OXYGEN IN ALKALI METAL/ ANALYSIS OF THE ALKALI
CE IN GLOVE 80X ATMDSPHERES CN THE ANALYSIS OF THE ALKALI
N HYCROGEN AND OXYGEN / CETERMINATICN OF OXYGEN IN ALKALI
LOSE COLUMN SEPARATICN OF TRACE
SE COLUMN SEPARATICN OF TRACES OF
X DETERMINATICN OF TRACE
INEARLY VARYING FOTENTIAL REVERSIBLE DEPOSITICN OF
INEARLY VARYING FOTENTIAL REVERSIBLE DEPOSITICN OF
INEARLY VARYING FOTENTIAL REVERSIBLE OEPOSITICN OF
BERYLLIUM, COPPER, NICKEL, COEBALT, AND 2INC AS DI BENICYL
METHYL

RADIO GAS CHRCMATOCRAPHY CF THE TRITIUM - WATER -
CHROMATOGRAPHIC ANALYSIS CF GAMMA [RRADIATED MIXTURES OF
OTOMETRIC DETERMINATICN CF NITRATED 4 SEC BLTYL 2 ( ALPHA
FOR THERMAL NEUTRCN DETECTICN N+NyN TRI
FOR THERMAL NEUTRCN DETECTICN NyNyN, TRI
/ REACTOR EXPERIMENT ( MSRE ) FUEL, SPECTRCPHOTQMETRIC DI
NUCLEAR SAFETY PROGRAM ( IODINE /

AL REACTICN OF

CCNTROLLED FCTENTIAL FOLARCGRAPHY ANC COQULCMETRY AS

/E CC PCLAROGRAPHY AND CONTRQLLEC POTENTIAL COULOMETRY AS
RAISEC ON THO SOILS AS DETERMINEC BY NEUTRCN ACTIVATICN /
/NIUM IN A TRI N OCTYL PHOSPHINE CXIODE ( TCPQ ) EXTRACT
LLEC POTENTIAL COULOMETRIC DETERMINATION OF MILLIGRAM AND
/VATIVE CC POLARCGRAPHY - APPLICATION TO DETERMINATICN OF
ERIALS ELECTRON
OPTICAL AND ELECTRON

METHODS CEVELOPMEAT FCR ELECTRON

ISTANCE TO OTHER OIVISICNS ELECTRCN - AND OPTICAL
ELECTRON

/ATOR — CONTROLLEC POTENTIAL COULCMETRIC DETERMINATICN OF
TERMINATION OF L LEUCINE, L ISOLELCINE, ANC L VALINE IN A
/OLAROGRAPHY / PRECISICN OF DC POLAROGRAPHY / SUBTRACTIVE

MAR. ;1945 /7 APR.1965 / MAY, 1965 / JUNE,1965 /7 /
MASS FISSION YIELC CURVE FOR AMERICIUM-241

MASS FISSION YIELC CURVE FOR NEPTUNIUM-227

MASS SPECTROGRAPH TO HIGH PURITY MATERIALS ANALY
MASS SPECTRCMETRIC ANALYSIS

MASS SPECTRCMETRIC APPLICATION

MASS SPECTROMETRY .

MASS SPECTRCMETRY

MASS SPECTROMETRY

MASS SPECTRCMETRY

MASS SPECTRCMETRY

MASTER ANALYTICAL MANUAL

MASTER ANALYTICAL MANUAL

MASTER ANALYTICAL MANUAL

MASTER ANALYTICAL MANUAL

MASTER ANALYTICAL MANUAL ( 1953-19¢&L )

MASTER ANALYTICAL MANUAL METHODS NEEDEC IN THE T
MASTER ANALYTICAL MANUAL, SUPPLEMENT 7
MATHEMATICAL RESOLUTION OF THE OVERLAPPING BAND/
MAY, 1965 / JUNE,1965 /7 JULY, 1965 / AUG.,1965 /7 /
MAY=15-JUNE-9, 1665

MEASURED VALUES FCR TEE HALF-WAVE POTENTIALS CF
MECIA

MECIA 1. MATHEMATICAL RESOLUTION OF THE OVERLA/
MECIA -~ EVALUATICKN WITH MONOVALENT THALLIUM TC /
MECIA - EVALUATION WITH THE CIVALENT LEAD TO LE/
MECIA ( EVALUATION OF THE HDRIZONTAL ORIFICE TE/
MERCURY COLUMN /HOC OF DETERMINING THE NATURE OF
MERCURY ELECTRCCE ) /CONTROL OF DROPPING MERCLRY
MERCURY ELECTRCCE ) /K WITKE SOLID STATE CIRCUITS
MERCURY ELECTRCCE ( D.M.E. )

MERCURY ELECTROCE / SIGNIFICANCE OF JUNCTICN PO/
MERCURY ELECTRCCE CAPILLARIES SI
MERCURY ELECTRCCE DRQOP TIME / LINEAR TIME BASE /
MERCURY ELECTRCCE FOR OBTAINING FUNDAMENTAL POL/
MERCURY ELECTRQCE FOR POLARQOGRAPHY IN HYDROFLLOR
MERCURY ELECTRCCE OF TEFLON /APHY OF LEAC(II)} IN
MERCURY ELECTRCCE OF TEFLON FCR POLARQGRAPHY IN
MERCURY-197

MERCURY-197

MERCURY~ 197

MERCURY{II}, SILVER{I), ANC CCPPER{I) /TRI AMICE
METAL - ION COMPLEXES

METAL CHELATES

METAL CI N BUTYL PHOSPHORQ DI THIOATES AS EXTRAC
METAL IONS NyNsN TRI
METAL IONS - SELECTIVE EXTRACTION OF MERCURY(II/
METAL IONS FRQM ACUEQUS SOLUTIONS OF ORGANIC ACI
METAL REDOX REACTION / DIVALENT LEAC TO LEAD ME/
METAL REDOX REACTICN / POLAROGRAPHY OF CIVALENT/
METAL REDOX REACTION /IC ACIC AND OTHER GLASS CO
METAL REDOX REACTION- IN AQUEDUS HYDROFLLORIC AC/
METAL REOOX REACTION REDUCTION IN AQUEOQLS SOLLUT/
METALLURGICAL SPECTRQOSCOPY

METALS USE OF
METALS CIRECT RE
METALS ) /LS ( CETERMINATICN OF CHROMIUM IN RADI
METALS { FOR CARBCN HYDROGEN ANC OXYGEN / DETERM
METALS /Ns» HYDRCGEN, NITROGEN, AND CARBCN DI CXI
METALS BY 14—MEV NEUTRON ACTIVATION ANALYSIS ) /
METALS FROM URANIUM BY CHROMATOGRAPHY CN A CELLU
METALS FROM URANIUM BY CHRCMATOGRAPHY ON CELLULO
METALS IN NICBIUM - IRON ALLOY

METALS ON SOLIC ELECTRODES BY VOLTAMMETRY WITH L
METALS CN SCLIC ELECTRODES BY VCLTAMMETRY WITH L
METALS ON SOLIC ELECTRQDES BY VOLTAMMETRY WITH L
METHANE COMPLEXES SOLVENT EXTRACTION CF
METHANE SULFCNATE ( CARCINOGEN )

METHANE SYSTEM

METHANCL ANC HYCROCHLORIC ACIC GAS
METHYL BENZYL )} PEENOL { BAMBP ) SPECTROPH
METHYL BORAZINE AS A LIQUILC SCINTILLATOR SOLVENT
METHYL BORAZINE AS A LIQUIC SCINTILLATOR SOLVENT
METHYL GLYOXIME ( PER SULFATE OXIDATICN ) METHO/
METHYL IQODICE / GAS CHROMATOGRAPHY )

METHYL IODICE WITKH CHEMICALLY IMPREGNATEC CHARCO
METHYL METHANE SULFONATE ( CARCINOGEN )

MICRC ANALYTICAL TECHNIQUES

MICRO ANALYTICAL TECHNIQUES ( OETERMINATION OF /
MICRC ELEMENT CCNTENT OF WOOL FROM TWIN WETHERS
MICRCANALYTICAL CETERMINATION OF URANIUM / 0.5-/
MICRCGRAM QUANTITIES OF URANIUM AND IRON /CONTRO
MICROGRAM QUANTITIES OF URANIUM IN A TRI N OCTY/
MICRCSCOPE FACILITY FOR STUCYING RACICACTIVE MAT
MICRCSCCPY

MICRCSCOPY :

MICRCSCOPY AND ELECTRON DIFFRACTION RESEARCH ASS
MICRCSCOPY CF RACIQACTIVE MATERIALS

MILLIGRAM ANC MICROGRAM QUANTITIES OF URANIUM A/
MIXTURE BY INFRARED SPECTRCMETRY THE RAPID DE
MCCE AMPEROMETRIC POLARQGRAPHY / COMPARATIVE PQ/

65PRR-| 04
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65PRR-C94
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658-15
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ERS, REMOTELY SERVC CCNTROLLEQ, CCRROSION RESISTANT, ORNL
OTELY SERVO CCNTROLLEO CCRROSION RESISTANT PIPETTER, ORNL
ERVO CONTROLLEC, CORROSICN RESISTANT, ORNL MCDEL-Q-)34BA,
RROSION RESISTANT, ORNL MOCEL~-Q-1248A, MOOEL-Q-13488B, AND
/ PRECISION ANC KIGH ACCLRACY METHOD ( ELECTROCHEMISTRY /
JURANTIUF¥ / 0.5-ML POLARQGRAPHIC CELL / ELECTROCHEMISTRY /
CONTROLLEC POTENTIAL ANC DERIVATIVE PCLAROGRAPH,
ALTCMATIC CCLLCMETRIC TITRATOR, ORNL

HIGH-SENSITIVITY COULOMETRIC TITRATOR

IC TITRATOR, CONTROLLEO POTENTIAL, HIGH SENSITIVITY, ORNL
AL / BLANK C/ HIGH SENSTTIVITY CCULCMETRIC TITRATOR, ORNL
/TERMINATION OF IRCN BY CCNTROLLEC POTENTIAL CCULCMETRY /
ME/ CONTROLLEO PCTENTIAL OC POLARCGRAPH VOLTAMMETER, ORNL
VOLTAMMETER CHECK OLT AND TEST PRCCEQURE FOR
/CELL / ELECTROCHEMISTRY / MODEL-Q-1988-FES POLAROGRAPH /

ITE CIFFUSI/ INVESTIGATICN OF RADIO IO0OINE BEHAVIOR UNDER
‘CI OXICE IN GLOVE BO/\THE EFFECTS OF TRACE IMPURITIES OF
/L ICNS FROM AQUEOLS SOLLTICNS OF ORGANIC -ACIDS WITH HIGH
ICKEL / LITHIUM FLUQRICE - BERYLLILUM FLUO/ VOLTAMMETRY OF
TCMATICy CONTROLLEC POTENTIAL, CCLLOMETRIC TI/ URANIUM IN
GF SENSITIVITY, AUTOMATIC, CCNTROLLED POT/ URANIUM IN THE
ECTROPHOTOMETRIC DI METHYL GLYOXIME ( PER SUL/ NICKEL, IN
T CELL EQUIPMENT 1. SAMPLE PREPAFRATICN APPARATUS FOR THE
ANALYTICAL STUDIES OF
ABSORPTICN SPECTRCPHOTOMETRIC STUCIES RELATED TO
UTER / INSTRUMENT CESIGN /" ELECTRCCHEMISTRY / ANALYSIS OF
N ANALYSIS DETERMINATICN OF
PROCESS SOLUTIONS, € HYCRCXY QUINOLINE PRECIPITATION - /
DECAY OF

CN GENERATOR
JELECTRCCE FOR OETAINING FUNDAMENTAL FOLARCGRAPHIC DATA /
IC ACID AND OTHER GLASS CORRODING MEDIA - EVALUATICN WITH
965 / ANALYTICAL CHEMISTRY RESEARCH AND DEVELOPMENT GRCUP
PREPARATION BY ELECTRODEPOSITICN OF
ULOMETRIC TI/ URANIUM IN MCLTEN SALT REACTCR EXPERIMENT (
LLEC POT/ URANIUM IN THE MCLTEN SALT REACTCR EXPERIMENT (
ME ( PER SUL/ NICKEL, IN MOLTEN SALT REACTCR EXPERIMENT {
FOLAROGRAPHIC DETERMINATICN OF NICKEL IN
NTIAL COULOMETRIC TITRATICN OF URANIUM{VI) IN A SYNTHETIC

oc : ZIRCCNIUM IN
N METHOC CHROMIUM IN
URANIUM IN

~ FLUORIDE IN
/1IVE MATERIALS (. DETERMINATICN OF CHRCMIUM IN RADIQACTIVE

AN EXTRACTANT FOR METAL ICNS
CR SCLVENT FOR THERMAL NEUTRCN DETECTION
TOR SOLVENT FOR THERMAL NEUTRON DETECTION"
MANAGEMENT LOOKS AT ANALYTICAL CHEWISTRY IN A
LEAD-21C IN ALTO EXHAUST FUMES AND IN
DETECTICN OF
FETHOD OF CETERMINING THE
OTHER CRNL MASTER ANALYTICAL MANLAL METHCDS
IN THE DECAY OF INCIUM-116, CERIUM-I41, AND
THE ISCTCPIC COPPOSITICN OF ATWMOSPHERIC
THE 1SOTCPIC COMPOSITICN OF ATMOSPHERIC
MASS FISSION YIELD CURVE FOR
_ PRCGRAM
CETERMINATION CF NITRITE IN A
PARTICLE SIZE DISTRIBUTICN IN URANIUM{IV} OXICE,
CETERMINATICN OF TECHNETIUM=99 BY
APPLIEO
CETERMINATICN CF URANIUM IN SEAWATER BY
DETERMINATICN CF MOLYBCENUM IN HAIR AND WOOL BY
VGEN / CETERMINATICN OF OXYGEN IN ALKALI METALS BY l4=-MEV_
STUCY OF PRECISION AND ACCURACY IN
OL FROM TWIN WETHERS RAISEC CN TWC -SOILS AS DETERMINED BY
NSIC APPLICATIONS

COUNTERS
TO THE FEIGHT O/ CONCERNING THE

AY BRANCKINGS

10CICE

INORGANIC AND NUCLEAR CHEMISTRY OF TECHNETIUM - THERNMAL

! APPLICATICN OF

CLIDES NUCLEAR SPECTROSCOPY OF
HYL BORAZINE AS A LIQUID SCINTILLATOR SOLVENT FOR THERMAL
HYL BORAZINE AS A LICUID SCINTILLATOR SOLVENT FOR THERMAL
CCMPUTER PROGRAN FOR CALCULATING

STANDARCIZATICN OF

ACTIVATION ANALYSIS - REACTOR

I 4-MEV

MCNITCRING CF LEACFED FUEL ELEMENTS WITH A

NCE IN CROSS SECTION MEASURE/ QUTPLT SPECTRUM FROM |4-FEV
NCE IN ACTIVATION ANALYSIS CUTPLT SPECTRA OF |u4-MEV
GCLD ATCMS SPUTTERED FROM

STUDIES OF

CATALOG OF I4-MEV

t4=~MEV

TIVE HELIUM-3 ACT[VATICN ANALYSIS - HELIUM-3 REACTICNS AS
THE USE QF ISOTOPIC

ACTIVATION CF NICKEL-64 WITH I4-FEV

MOCEL-C-13484A,
MCCEL-C-13488
MOCEL-Q~1348B, ANC MQOCEL-Q-1348C /RS, REMOTELY S
MOCEL-Q-1348C /RS, REMOTELY SERVO CONTRCLLED, CO
MCCEL~-C-1988~-FES CONTROLLEC PCTENTIAL CC POLARD/
MCCEL-C-1988-~FES POLAROGRAPH / MOOEL-Q-2792 POL/
MOCEL~-Q-1988A
MOCEL-¢-2005,
MOCEL~C-2564
MOCEL-C-2564
MOCEL-C~2564
MCCEL-C-2564
MCCEL~-C-2792

MOCEL-C- 13488, ANO MODEL-Q-1348C

REM

ELECTRCNIC, CONTROLLED POTENTIAL

. COULOMETR
( POTENTIOSTAT / CONTROLLEC POTENTI
CCULCMETRIC TITRATOR / I-VERSUS-Q /
{ CYCLIC VOLTAMMETRY / CHRCNOAMPEROD
MCCEL=~Q-2792 CCNTROLLED POTENTIAL DC POLAROGRAPH
MOCEL-C~2792 POLAROGRAPH / POTENTIOSTATIC DC PO/
MCCERN ANALYTICAL CHEMISTRY
MCIST 'CONOITICNS IN MAY PACKS BY MEANS CF COMPOS
MCISTURE, OXYGEN, HYDROGEN, NITROGEN, AND CARBON
MOLECULAR WEIGKT AMINES - THE TRIVALENT ACTINIO/
MCLTEN FLUORIDE SALT SYSTEMS { SILVER / IRCN / N
MCLTEN SALT REACTCR EXPERIMENT
MCLTEN SALT REACTOR EXPERIMENT { MSRE ) FUEL,
MOLTEN SALT REACTOR EXPERIMENT ( MSRE ) FUEL,
MCLTEN SALT REACTOR EXPERIMENT { MSRE )} FUEL,
MOLTEN SALT REACTCR EXPERIMENT /AL LABORATORY
MCLTEN SALT SYSTEMS
MOLTEN SALT SYSTEMS
MCLTEN SALTS ) /AL VOLTAMMETER { DERIVATIVE CCMP
MCLYBCENUM IN KAIR ANC WOOL BY NEUTRON ACTIVATIO
MOLYEBDENUM RADICACTIVITY IN TRANSURANIUM ( TRU 1}
MOLYBCENUM-99 - TECHNETIUM-9GM
MCNITCRING GF LEACHEC FUEL ELEMENTS WITH A NEUIR
MCNOVALENT THALLIUM TC THALLIUM METAL REDOX REA/
MCNOVALENT THALLIUM TC THALLIUM REDOX REACTION /
MCNTHLY SUMMARY - NOV., 1964 / DEC., 1964 / JAN.,}
MOUNTS FOR 4 PI BETA COUNTING
MSRE ) FUEL, AUTOMATIC, CCNTRCLLED POTENTIAL, CO
MSRE ) FUEL, HICH SENSITIVITY, AUTOMATIC, CONTRO
MSRE ) FUEL, SPECTROPFOTOMETRIC DI METHYL GLYCXI
MSRE FUEL
MSRE FUEL
MSRE FUEL,
MSRE FUEL,
MSRE FUEL, POLAROQOGRAP+IC METHOD
MSRE FUEL, PYRCLYSIS METHOC
MSRE SALT / SEPARATION OF CURIUM FROM CONTAMINA/
MSRE SAMPLE PREPARATICN APPARATUS
NeNsN TRI HEXYL PHOSPHORIC TRI AMICE ( THPA ) AS
NeNeN TRI PMETHYL BORAZINE AS A LIQUID SCINTILLAT
NeNyN, TRI METEYL BORAZINE AS A LIQUID SCINTILLA
NATICNAL LABORATORY
NATURAL MATERIALS
NATURAL RADICNUCLIDES BY WELL TYPE SCINTILLATICN

AU
HI
Sp
HO

CONTROLLEC POTE
AMPERQOMETRIC CUPFERRON TITRATION METH

NATURE OF THE POLAROGRAPHIC CURRENT IN RELATION
NEEDEC IN THE TRANSURANIUM { TRU ) PROCESS
NECOYMIUM-HU4T GAMMA-R
NECN

NECN

NEPTUNIUM-237

NETAREA ( GAMMA-RAY PEOTOPEAK AREA )

NEUTRAL NITRATE CONTAINING SOLUTION OF POTASSIUM
NEUTRCN ACTIVATION - SEOIMENTATION METHQLD
NEUTRON ACTIVATION ANALYSIS

NEUTRCN ACTIVATION ANALYSIS

NEUTRON ACTIVATICN ANALYSIS

NEUTRON ACTIVATION ANALYSIS

NEUTRON ACTIVATICN ANALYSIS ) /N HYCROGEN AND CX
NEUTRON ACTIVATICN ANALYSIS { DEAD TIME EFFECTS
NEUTRON ACTIVATICN ANALYSIS /EMENT CONTENT OF WO
NEUTRON ACTIVATION ANALYSIS OF HUMAN HAIR - FORE
NEUTRON ACTIVATICN ANALYSIS OF RIVER WATER
NEUTRCN ACTIVATION ANALYSIS OF TECHNETIUM
NEUTRON ACTIVATION ANALYSIS TO FORENSIC SCIENCE
NEUTRON DEFICIENT HAFNIUM AND RARE EARTHE RADIONU
NEUTRON CETECTICN NoNsN TRI MET
NEUTRCN DETECTICN NeNsN, TRI MET
NEUTRON FLUX

NELTRON FLUX ME2SUREMENTS

NEUTRON FLUXES ANC INTERFERENCES

NEUTRCN GENERATCR

NEUTRCN GENERATCR

NEUTRON GENERATCRS - RAPIC ESTIMATION AND INFLUE
NEUTRON GENERATCRS - RAPIO ESTIMATION AND INFLUE
NEUTRCN IRRACIATEC GOLD FOQILS

NEUTRCN PROCUCING TARGETS

NEUTRON REACTICNS

NEUTRON REACTICNS

NEUTRON SOQURCES / AND EXPERIMENT IN RAPID, SENSI
NEUTRON SOURCES FOR CHEMICAL ANALYSIS

NEUTRONS

AMPEROMETRIC FERROUS SULFATE TITRAYI?
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85PRR-137
654-07-01¢C
65A-04-014
654-11-04A
65A-11-05A
65PRR-049
65PRR-20U
65A-11-02H
85a-11-038
65TR=-11
6SPRR~128
6SPRR- 169
65PRR-071
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65A-11-090



132

ACTIVATICN ANALYSIS WITH PARTICLES OTHER TEAN

ACTIVATION ANALYSIS WITH 14-FEV

ACTIVATICN CROSS SECTICNS FOR THE REACTICNS CF |4-MEV
ACTIVATION CROSS SECTIONS FOR THE REACTICNS OF 1u4.8-FEV
/MMETRY OF MOLTEN FLUORIDE SALT SYSTEMS ( SILVER / IRCN /
. FOLARCGRAPHIC DEIVERMINATICN OF
SCLVENT EXTRACTICN CF BERYLLIUM, COPPER,
ME ( PER SUL/
ACTIVATICN OF
DETERMINATION OF TRACE METALS IN

RCN OPTICAL STUDY OF THE EFFECT CF AGING ON CARBIDES IN A
SPECTRCPHOTCMETRIC THICCYANATE OETERMINATICN OF

CMPLEXES
) FUEL, SPECTROPHOTCMETRIC DI METHYL GLYOX!

TIONS
ATION DETERMINATICN OF
CETERMINATION CF NITRITE IN A NEUTRAL
YE FILTER PHOTOMETRIC METHCOD
RIC METKCOD
HENOL ( BAMBP ) SPECTROPHOTCMETRIC DETERMINATICN OF
/M SULFICE / ERBIUM SULFIDE / THULIUM PHOSPHIDE / THULIUM
/ SULFICE / THULIUM PHOSPHIDE / THULIUM NITRIDE / HOLMIUM
OF PCTASSIUM IOQCICE DETERMINATICN OF
/FECTS OF TRACE IMPURITIES OF MOISTURE, CXYGEN, HYOROGEN,
G MERCURY ELECTRCODE CAPILLARIES SIGNAL TO
OSITE DIFFUSICN / INVESTIGATION OF CHEMICAL REACTIVITY OF
JEMISTRY RESEARCF ANC CEVELOPMENT GROUP MONTHLY SUMMARY -
ANNLAL PRCGRESS REPORT FOR PERIOD ENDING

RADIC AND

N ACTIVATION ANALYSIS OF TECHNETILM INCRGANIC AND
INATICN OF THE CCATING OENSITY OF PYROLYTIC CARBCN COATED
INFRAREO AND

RACIOCHEMICAL ANO

/ SENSITIVITY / EXCITATION FUNCTION/ STUDIES CF HELIUM-3
/ SENSITIVITY / EXCITATION FUNCTICNS FOR HELIUM-3 INDUCED

/ GAS CHFROMATOGRAPFY }

M ANC RARE EARTH RADICNUCLIDES ,
ANALYTICAL CHEMISTRY
EIGFTH CCNFERENCE ON ANALYTICAL CHEMISTRY
APPLICATIONS OF GAS CHRCMATOGRAPHY IN
ESUME CF THE EIGKTHE CCNFERENCE ON ANALYTICAL CHEMISTRY IN
/JRPTICN SPECTRAL MEASUREMENTS ( SCLAR CELL WINDQOwWS / RIBO
TRANSFER RIBO
STUCIES CN THE PHENYL ALANYL TRANSFER RIBO
: AUTCMATED
Yy 1965 /7 JUNE, 1965 / JULY, 1965 / AUGa 1965 / SEPT.,1965 /
KEPORT COF FOREIGN TRAVEL
REPORT CN FOREIGN TRAVEL
/ERMINATION OF MICROGRAM QUANTITIES OF URANIUM IN A TRI N
URANIUM BY CCNTROLLEC PCTENTIAL CC POLAROGRAPHY IN A TRI
REMCTELY
A REMOTELY

IN
IN

ANALYTICAL LABORATCRY HOT CELL ECLIPMENT III.
ARCH ASSISTANCE TO OTHER DIVISIONS ELECTRON AND
IN A NIOBIUM - TUNGSTEN - ZIRCONIUM ALLOY ELECTRCN
/IQUIC EXTRACTION OF METAL ICNS FRCM ACUEQOUS SOLUTICNS OF
»P=S ANC PHOSPHORO DI THIOQATE, ,»P{(S)SH GROLP/ A REVIEW OF
y +P=S AND PHOSPHORO CI THIOATE, ,P{S)SH GROUP/ REVIEW OF
DISSOLUTECN OR CECCMPCSITON OF VARICUS

EARTUM
CERIUM
NICBIUM
TELLLRILM
ZIRCCNILN

RACICACTIVITY
RACICACTIVITY
RADICACTIVITY
RACICACTIVITY
RACICACTIVITY
ICOINE RACIGACTIVITY IN

RAOIOACTIVITY ANC / CR EARIUM RADIOACTIVITY IN
/0X REACTION IN AQUEOLS HYCROFLUOQORIC ACIC wITH HORIZCNTAL
/HER GLASS CORROCING MEDIA ( EVALUATICN DF THE HCRIZ(NTAL
A SURVEY OF ANALYTICAL INSTRUMENTATICN DEVELOPMENT AT
VETHCDS USED AT
METHCOS USED AT
METHCDS USED AT
METHCDS USED AT

IN
IN
IN
IN
IN

AQUEQUS
ACUEQLS
AQUEQUS
ACUEQUS
ACUEOUS
AQUEOQUS OR
AQUEOUS OR

OR
OR
OR
OR
OR

CLFMULATIVE INDEXES TC THE
MAINTENANCE OF THE

INDEXES TQO THE
THE TRANSURANIUM { TRU ) PROCESS OTHER
/PETTERS, REMOTELY SERVO CCNTROLLEDC, CORROSION RESISTANT,
REMOTELY SERVO CONTROLLEC CORRCSION RESISTANT PIPETTER,
TAL AUTOMATIC COULCMETRIC TITRATCR,
CMETRIC TITRATOR, CONTROLLED POTENTIAL, HIGH SENSITIVITY,
TENTIAL / BLANK C/ HIGH SENSITIVITY COULCMETRIC TITRATCR,
MPERCME/ CONTROLLEC POTENTIAL DC POLAROGRAPH VGLTAMMETER,
TY MATERIALS ANALYSIS APPLICATIONS OF
PID ESTIMATICN AND INFLUENCE IN ACTIVATICN ANALYSIS
RAPIC ESTIMATION ANC INFLUENCE IM CROSS SECTICN MEASURE/

NELUTRONS

NEUTRONS ANC WITH HELIUM-3 IONS

NEUTRONS WITH TECHNETIUM-99

NEUTRONS WITH TECHNETIUM-99

NICKEL / LITHIUM FLUORIDE - BERYLLIUM FLUORIDE /
NICKEL IN MSRE FUEL .

NICKEL, COBALT, AND ZINC AS D! BEN2OYL METHANE C
NICKEL, IN MCLTEN SALT REACTOR EXPERIMENT { MSRE
NICKEL-64 WITH (4-MEV NEUTRONS

NICBIUM - IRCN ALLOY

NICBIUM - TUNGSTEN ~ ZIRCONIUM ALLOY ELECT
NICBIUM IN THE PRESENCE OF FLUORIDE

NICBIUM RADIOACTIVITY IN AQUEQUS OR ORGANIC SGLU
NITRATE BY CCNTROLLED POTENTIAL COULOMETRIC TITR
NITRATE CONTAINING SOLUTICN OF POTASSIUM IO00IOE

NITRATE IN TRANSURANIUM { TRU ) SOLUTICNS, AZC D
NITRATE, PHENOL CI SULFONIC ACID SPECTRCPHOTOMET

NITRATED 4 SEC BUTYL 2 ( ALPHA METHYL BEN2YL ) P
NITRICE / HOLMIUM NITRIDE / POTASSIUM SUPEROXID/
NITRICE / POTASSIUM SUPEROXIDE / RUBIDIUM SUPER/
NITRITE IN A NEUTRAL NITRATE CONTAINING SOLUTICN
NITRCGEN, ANC CZRBON CI OXIDE IN GLOVE BOX ATMO/
NOISE RATIOS { S/N ) OF GLASS AND TEFLCN DROPPIN
NCNELEMENTAL RACIC IOCINE VAPOR BY MEANS OF CCOMP
NOV. 964 / DEC.o 1964 / JAN., 1965 / FEB.,1965 //
NOVe 15,1964, ANALYTICAL CHEMISTRY DIVISION

NUCLEAR AND RACIOCHEMICAL ANALYSES

NUCLEAR CHEMISTRY

NUCLEAR CHEMISTRY OF TECHNETIUM - THERMAL NEUTRO
NUCLEAR FUEL PARTICLES DETERM
NUCLEAR MAGNETIC RESONANCE SPECTROMETRY

NUCLEAR MAGNETIC RESONANCE SPECTROMETRY

NUCLEAR METHCDS

NUCLEAR PROPERTIES OF RAOIONUCLIDES

NUCLEAR REACTICNS ( HELIUM=-3 ACTIVATIDN ANALYSIS
NUCLEAR REACTICNS / CROSS SECTIDNS } / ANALYSIS

NUCLEAR SAFETY

NUCLEAR SAFETY PROGRAFV

NUCLEAR SAFETY PRDGRAM ( IODINE / METHYL IODICE

NUCLEAR SPECTRCSCOPY CF NEUTRCN ODEFICIENT HAFNIU
NUCLEAR TECHNOLCGY

NUCLEAR TECHNOLCGY

NUCLEAR TECHNOLCGY

NUCLEAR TECHNOLCGY

AR
NUCLEASE / BACILLUS-SUBTILIS / ALIPAL-LC-U436 /7 /
NUCLEIC ACIC ( TRNA } ANALYTICAL STUDIES
NUCLEIC ACIC ( TRNA ) SYSTEM
NUCLECTIDE ANALYZER
OCTes 1965 /EB. 91965 / MAR., 1965 / APR. 1565 /7 MA
OCT.10~-28, 1964
0CT.19-30,1964
OCTYL PHOSPHINE CXICE ( TOPO ) EXTRACT ( MICRCA/
OCTYL PHOSPHINE OXICE EXTRACT /ACE QUANTITIES OF
OPERATEC FILTER PEOTOMETER
OPERATEC FILTER PHOTOMETER

OPTICAL ANC ELECTRON MICRCSCOPY

OPTICAL MICRCSCCPY ANC ELECTRON OIFFRACTION RESE
OPTICAL STUCY CF THE EFFECT OF AGING ON CARBICES
ORGANIC ACICS WITK HIGH MOLECULAR WEIGHT AMINES/
ORGANIC COMPOUNCS CCNTAINING PHOSPHORO THIQATE.
ORCGANIC COMPCUNCS THAT CONTAIN PHOSPHORC THIDATE
ORCANIC MATERIALS

ORGANIC PREPARATIONS

ORGANIC SOLUTICNS

ORCANIC SOLUTICNS

ORGANIC SOLUTICNS

ORGANIC SOLUTICNS

ORCANIC SOLUTICAS

ORCANIC SOLUTICANS

CRGANIC SOLUTICNS STRONTIUM
ORIFICE TEFLCN CROPPING MERCURY ELECTROCE / SIG/
ORIFICE TEFLCN CROPPING MERCURY ELECTRDCE FOR 0O/
ORNL

ORNL FOR THE PRECISE CETERMINATION OF PLUTCNIUM
ORNL FOR THE PRECISE CETERMINATION OF PLUTCNILM
ORAL FCR THE PRECISE CETERMINATION OF URANIUM
ORNL FOR THE PRECISE CETERMINATION OF URANIUM
ORNL MASTER ANALYTICAL MANUAL

ORNL MASTER ANALYTICAL MANUAL

ORNL MASTER ANALYTICAL MANUAL

ORAL MASTER ANALYTICAL MANUAL

ORNL MASTER ANALYTICAL MANUAL { 1953-19¢y )

ORNL MASTER ANALYTICAL MANUAL METHOCS NEEOED IN
ORNL MASTER ANALYTICAL MANUAL, SUPPLEMENT 7

ORNL MOCEL-Q-1248A, MCDEL-Q-1248B, ANO MODEL-Q-/
ORNL MOCEL-Q-|2488

ORML MCREL-Q-2CCS, ELECTRONIC, CONTROLLEC POTENT
ORML MCCEL-~QC~25¢64 ccuL
ORNL MOCEL-Q-25¢4 ( POTENTIOSTAT / CONTROLLED PO

ORNL MOCEL-C-2792 { CYCLIC VOLTAMMETRY / CHRONDA
ORNL. SPARK SOURCE MASS SPECTRCGRAPH TO HIGH PLURI
OUTPUT SPECTRA CF 14-MEV NEUTRON GENERATCRS - RA
OUTPUT SPECTRUM FROM I4-MEV NEUTRON GENERATORS -

65PRR-189
65PRR-176
65A-11-09€,
65PRR-075
654-02-02
65A-04-01E
65TR-1C
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654-11-09D
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654-05-04E
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65PRR~1175
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65PRR-10Y
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65A-09-02
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65A-11-084
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65a-10-02
65a-04-0uA
65a~11~-01E
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65PRR-053
65PRR-1 80
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65A-05-0uM
654-06-01
65A-06-02
65PRR-207
65PRR-| 04
65PRR-087
65PRR-C99
65a-01-06
65PRR~- | 60
65a-04-01C
65PRR-026
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65A-1C-04
65PRR-210
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65A—11-048
65A-06-04
65413
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65a-05-034
654-05-034
65PRR-203
65PRR-103
65PRR-206
65PRR~ | 02
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65a-04-018
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654-01-05
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65PRR-OUY
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/IN PER CHLORATE MEDIA I. MATHEMATICAL RESOLUTICN OF THE
RESINS, INDIRECT ICODCMETRIC TITRATICN METHCD
/ FERRIC PER CHLCRATE / CHRCNOPDTENTICMETRIC OXICATICN OF
FUEL, SPECTROPHDTCMETRIC DI METHYL GLYOXIME { PER SULFATE
/IOMETRIC OXIDATICN CF OXALIC ACIC / CHRCNCPOTENTICMETRIC
/ RECUCTION OF FERRIC PER CHLORATE / CHRCNCPOTENTIOQMETRIC
S FOR THE EVALUATION OF ATMOSPHERIC POLLUTICN - SULFUR DI
FOR THE EVALUATICN OF ATMOSPHERIC PCLLUTICN - SULPHUR DI
. CETERMINATICN OF URANIUM{VI) IN URANIUM
TIAL CCULOME/ URANIUNM{IV} TO URANILM{VI) RATIO IN THORIUM
/CROGRAM QUANTITIES OF URANIUM IN A TRI N CCTYL PHOSPHINE
/NC CHLORIDE / CESIUM CHLORIDE / SODIUM OXIDE / POTASSIUM
/STUM CKHLORIOE / ZINC CHLORIDE / CESIUM CHLORICE / SODIUM
F URANIUM{VI) IN PPOSPHORIC ACID SCLUTIONS OF LRANIUM(IV)
ROLLEC POTENTIAL CC POLARQOGRAPHY IN A TRI CCTYL PHCSPHINE
LECTROOE { P.G.E. ) .

CETERMINATICN OF URANILM(VI) IN LRANIUM CXIDE - THCRIUM
/S CF MCISTURE, OXYGEN, FYCROGEN, NITROGEN, AND CARBCN DI
/NIUMUIV) TO URANILM(VI) RATIO IN THORIUM CXIDE - URANIUM
PARTICLE SIZE DISTRIBLTICN IN URANIUM{IV)

DETERMINATICN OF

. 2,46 01

A SULFONATED STRAIGHT CHAIN ALKYL PHENOXY POLY ( ETHYLENE
/ ANALYSIS OF THE ALKALI METALS ( FOR CARBCN HYDROGEN AND
IFIEC A/ THE RAPIO OETERMINATION CF LOW CONCENTRATICNS OF
/TALS ( FOR CARBCN HYCROGEN AND CXYGEN / OETERMINATICN OF
IN GLOVE BO/ THE EFFECTS OF TRACE IMPURITIES OF MOISTURE,
XIDE FILM FORMATICN CN THE PYROLYTIC GRAPHITE ELECTROCE
/NTIAL TITRIMETRY WITH THE PYROLYTIC GRAPHITE ELECTROOE (
(N OF RACIO TOCINE BEHAVIOR UNOER MOIST CONOITICNS IN MAY
RELEASE OF TRITILM BY TRITIATED

ERMINATIONS OF URANIUM - A COMPARISCN CF/ COMMENTS ON THE
ERMINATICN OF URANIUM ~ A COMPARISCN OF / CCMMENTS ON THE
HIGH VOLTAGE

HEXA FLUORIOE

NEUTRON ACTIVATICN - SECIMENTATICN METHOD
INTERACTICNS CF CAOMIUM-106 WITH ALPHA
E CCATING DENSITY OF PYRCLYTIC CARBCN COATEO NUCLEAR FLEL
ACTIVATION ANALYSIS WITH
/FERRI CYANICE / CHRCNOFOTENTIOMETRIC RECUCTION OF FERRIC
F THE OVERL/ THE ABSCRPTION SPECTRUM OF THE URANYL ICN IN
NT ( MSRE ) FUEL, SPECTROPHOTCMETRIC OI METHYL GLYOXIME {

IRCNy 1,10
INATION OF NITRATEC 4 SEC BUTYL 2 ( ALPHA PETHYL BEN2YL 1)
C . . NITRATE,
-436 / AMMONTIUM SALT OF A SULFONATED STRAIGHT CHAIN ALKYL

) SYSTEM © STUDIES CN THE
DI ETHYL BENZENE SOLLTIONS, OIELECTRIC CON/ Ol SEC BUTYL
/RHENATE(IV) / HOLMILM SULFIOE / ERBIUM SULFIDE / THULIUM
/TICN OF MICROGRAM QUANTITIES OF (RANIUM IN A TRI N OCTYL
UM BY CONTROLLED POTENTIAL OC POLARQOGRAPHY IN A TRI OCTYL
TRIC CON/ O@ SEC BUTYL PHENYL PHCSPHONATE IN OI SEC BUTYL
YL BENZENE SOLUTICNS, CIELECTRIC CCN/ OI SEC BUTYL PHENYL
. . AZ0 OYES ( CALCICHRCFME / CHLCRO
UM CHL/ QUATERNARY PHOSPHCNIUM HALIDES ( BENZYL TRI BUTYL
{ BENZYL TRI BUTYL PFOSPHONIUM BRCMIDE / BENZYL TRI BUTYL
UM BROMICE / BENZYL TRI BUTYL PHOSPHONIUM CHL/ QUATERNARY
€0 GAMMA RAQTATICN ON THE CETERMINATICN OF URANIUM{VI) IN
OR METAL IONS NeNsN TRI HEXYL
/GANIC COMPOUNDS THAT CCNTAIN PHCSPHORO THIOATE, 4P=S ANO
/CRGANIC COMPOUNCS CCNTAINING PHCSPHORO THIDATE, ,P=S ANO
USE OF METAL OI N BUTYL

v +P(S)SH GROUP/ REVIEW OF ORGANIC CCMPOUNDS THAT CONTAIN
v+ +P{S)SKE GROUP/ A REVIEW CF ORGANIC COMPOUNDS CONTAINING
ETAL IONS - SELECTIVE EXTRACTIO/ ‘TRI ALKYL AND HEXA ALKYL
137 / SAMARIUM—1£53 / ARSENIC-77 / GOLD-1!98 / IODINE-133 /

! REMOTELY CPERATED FILTER
I11. A REMOTELY CPERATED FILTER
A NEW CONCEPT IN PRECISION
SOLUTICNS, AZO OYE FILTER
FLAME

PRCCRAM NETAREA ( GAMMA-RAY

PREPARATICN BY ELECTRODEPCSITION CF MOUNTS FOR &4
EQUIPMENT I1. A REMOTELY CCNTROLLED CORRCSION RESISTANT
REMOTELY SERVO CCNTROLLEO CORRCSION RESISTANT

ATORY HOT CELL EQUIPMENT

GHT SOURCE

NITRATE IN TRANSURANIUM
) .

¢ TRU )

RESISTANT, ORNL MOCEL~Q-134€A, MCCEL-Q-13488, AND MOODEL-/
(N OF FERROUS AMMCNIUM SULFATE / (HRONOPOTENTIGMETRY WITH
METRIC CETERMINATION OF PLUTONIUM ) UTILITY OF I-VERSUS-Q
METHOOS USED AT CRNL FOR THE FRECISE OETERFINATICN OF
METFODS USED AT CRNL FCR THE FRECISE DETERMINATICN OF
OLLEC POTENTIAL COULCMETRY ( COULCMETRIC DETERMINATICN OF
/UM BY CONTROLLEC POTENTIAL COULOPETRY / DETERMINATICN OF
LARQOGRANMS
MS ANC CHRONOPOTENTIOGRAMS ( HEYRCVSKY=-ILKCVIC EQUATION /
’ POLARGRM - A COMPLTER PROGRAM FOR ANALYSIS OF
ILKOVIC EQUATION / POL/ COMPUTER FROGRAMS FOR ANALYSIS OF
SPEED OF RESPCNSE OF A
CN AN ELECTRCNIC SELF-RECOROING INTEGRO - OIFFERENTIATING
APH WITE SOLID STATE CIRCUITS / DCUBLE LAY/ A SQUARE-WAVE
/CTROCHEMISTRY / MODEL-Q-1S88~FES CCNTROLLED PCTENTIAL OC
/POLAROGRAPHIC CELL / ELECTROCHEMISTRY / MCDEL-Q-1988-FES

OVERLAPPING BANC STRUCTURE ANC STUDIES OF THE €/
OXALATE IN ELUATES FRCF IRRADIATED ION EXCHANGE
OXALIC ACIC / CHFRONOPOTENTIOMETRIC OXIDATION CF/
OXIOATION ) METHEOC /REACTOR EXPERIMENT ( MSRE )
OXIDATICN OF FERRCUS AMMONIUM SULFATE / CHRONOP/
OXIDATICN OF OXALIC ACID / CHRONOPOTENTICMETRIC/
OXIDE RADIO RELEASE METHOO
OXIDE RACIO RELEASE METHOOS
OXIDE - THORIUM OXICE FUELS

OXIDE - URANIUM OXICE MIXTURES, CONTROLLED POTEN
OXIDE ( TOPO ) EXTRACT ( MICROANALYTICAL DETERM/
OXIOE / LITEIUM HYPOBROMITE / POTASSIUM HEXA CH/
OXIDE / POTASSILM OXICE / LITHIUM HYPOBRCMITE //
OXIDE /60 GAMMA RADIATION ON THE DETERMINATION O
OXIDE EXTRACT /ACE QUANTITIES OF URANIUM BY CONT
OXIDE FILM FORMATION CN THE PYROLYTIC GRAPHITE E
OXIDE FUELS

OXIDE IN GLCVE 80X ATMOSPHERES ON THE ANALYSIS /
OXIDE MIXTURESy CONTRCLLEC POTENTIAL COULOMETRI/
OXIDE, NEUTRCON ACTIVATION - SEQIMENTATICN METHOO
OXIDIZING PCWER OF SOLUTICNS OF HYDROLYZED XENON
OXIMINC CYCLOHEXANONE

OXY ) ETHANOL ) /IPAL-LO-43¢& / AMMONIUM SALT OF
OXYGEN / DETERMINATION OF DXYGEN IN ALKALI METAL
OXYGEN ANO HYORCGEN IN ALKALI MATERIALS BY A MCD
OXYGEN IN ALKALI METALS BY I4-MEV NEUTRON ACTIV/

OXYGEN. HYDROGEN, NITROGEN, ANO CARBON CI OXIOE
‘P.CeEo } 0
P.G.E. ). ANC THE GLASSY CARBON ELECTROOE { G.C./

PACKS BY MEANS CF COMPOSITE CIFFUSION TUBES /ATI
PAINT

PAPER BY LAUER, BRUCK, ANC LECUIGOU, PRECISE OET
PAPER BY LAUER, BRUCK, ANC LECUIGOU, PRECISE CET
PAPER ELECTRCPHCRESIS

PARTICLE ACCELERATORS IN PURE MATERIALS ANALYSES

PARTICLE SIZE CISTRIBUTION IN URANIUM{IV) OXICE,
PARTICLES
PARTICLES CETERMINATICN OF TH

PARTICLES OTHER THAN NEUTRCNS

PER CHLORATE / CHRCNOPOTENTIOMETRIC OXICATION 0/
PER CHLORATE MECIA 1I. MATHEMATICAL RESCLUTION ©
PER SULFATE OXICATION )} METHOC /REACTOR EXPERIME
PERSCNNEL ECUCATION

PHENANTHROLINE SPECTRCPHOTOMETRIC METHOC

PHENCL ( BAFEP ) SPECTROPHOTCMETRIC OETERM
PHENCL OI SULFCNIC ACIC SPECTROPHOTOMETRIC METHO
PHENCXY POLY ( ETHYLENE OXY )} ETHANOL ) /IPAL-LO
PHENYL ALANYL TRANSFER RIBO NUCLEIC ACIC { TRNA
PHENYL PHOSPHONATE IN O1 SEC BUTYL PHOSPHONATE -
PHCSPHICE / THULIUM NITRICE / FOLMIUM NITRIDE //
PHCSPHINE OXIDE [ TOPO ) EXTRACT ( MICROANALYTI/
PHCSPHINE OXIDE EXTRACT /ACE QUANTITIES OF URANI
PHCSPHONATE -~ CI1 ETHYL BENZENE SOLUTIONS, OIELEC
PHCSPHONATE IN CI SEC BUTYL PHOSPHONATE - OI ETH
PHCSPHCNAZO-IIT )

PHCSPHONIUM BROMICE 7 BENZYL TRI BUTYL PHOSPHCNI
PHCSPHONIUM CHLCRIDE ) /ARY PHOSPHCNIUM HALIDES
PHCSPHCNIUM HALIOES { BENZYL TRI BUTYL PHOSPHONI
PHCSPHORIC ACIC SOLUTIONS OF URANIUM{IV) OXIDE ¢/
PHCSPHCRIC TRI AMIDE ( THPA ) AS AN EXTRACTANT F
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/C POLARQGRAPHY / CETERMINATICN CF CADMIUM / DIFFERENTIAL
/0F QUAST REFERENCE ELECTRCDE / ELIMINATION OF IR LOSS IN
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OGRAPHY ( COMPARATIVE POLARQOGRAPHY / DELTA-E-DIFFERENTIAL
AS MICRO ANALYTICAL / CCNTROLLEC POTENTIAL DERIVATIVE OC
TECHENIQUES CONTRCLLED POTENTIAL
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PRECISE OETERMINATION OF PLUTONIUM

PRECISE DETERMINATION OF PLUTONIUM

PRECISE OETERMINATICN OF URANIUM

PRECISE CETERMINATICN OF URANIUM

PRECISE DETERMINATICN OF URANIUM - A COMPARISCN
PRECISE OETERMINATIONS OF URANIUM - A CCMPARISON
PRECISION "ANC ACCURACY IN NEUTRON ACTIVATION ANA
PRECISION ANC ¥FIGH ACCURACY METROD ( ELECTROCHEM
PRECISICN OF CC PCLARCGRAPFY / SUBTRACTIVE MOCE/
PRECISION PKCTCMETRIC ANALYSIS - USE OF A RADIOI
PREOICTION OF THE SOLUBILITY ANO TEMPERATURE CEP
PREPARAT IONS

PREPARATIONS ( MACGNESIUM CFLORICE / ZINC CHLORID
PRESSURES . GAS CHROMATOGRAPHIC CET
PRIMARY SPECTRCCRAPFIC STANDARODO /F URANIUM, ANO
PRIOR TO THE DETERMINATION OF TOTAL LANTHANIOE /
PRCBE ANALYZER / CETERMINATION OF AREAL CENSITY/
PRCDUCT

PRCOUCT ANALYSIS CUIDE

PRCDUCT ANALYSIS GUIDE

PRCGRAMMABLE HIGH SPEED OATA ACQUISITICN SYSTEM
PRCGRAMS FOR ANALYSIS OF POLAROGRAMS ANC CHRONOP
PRCGRAMS FOR GAMMA-RAY SPECTROMETRY IN ACTIVATIO
PRCGRAMS FOR GAMMA-RAY SPECTROMETRY IN ACTIVATIO
PRCGRESS REPORT FCR PERIOC ENCING NOV.IS,1964, A
PRCJECTS

PRCMETHIUM FOR THE ESTABLISHMENT OF A PRIMARY S/
PRCMETHIUM FROM FISSION OF URANIUM, AND THE PURI
PRCMETHIUM-I147

PRCMPT GAMMA-RAYS FROM SPONTANEOUS FISSION /252
PRCPCRTIONAL CCUNTER

PRCPCRTIONAL TEMPERATURE CCNTROL /DING CCNDUCTQM
PRCPCRTIONAL TEMPERATURE CCNTROLLER

PURE MATERIALS ANALYSES

PURIFICATION ANC RADIOCHEMICAL DETERMINATION OF/
PURIFICATION OF PROFETHIUM FOR THE ESTABLISHMEN/
PURINES ANO PYRIMICINES
PURITY MATERIALS ANALYSIS
PURITY POTASSIUM CKFLORIOE
PYRIMICINES

PYROLYSIS ANC GAS CHRCMATOGRAPHIC CETERMINATION
PYROLYSIS METHCC

PYROLYTIC CARBCN COATED NUCLEAR FUEL PARTICLES
PYROLYTIC GRAPKFITE ELECTROCE

PYROLYTIC GRAPKFITE ELECTROCE ( P.G.E. )
PYROLYTIC GRAPHITE ELECTROCE ( P.G.E. ) ANC THE
PYROLYTIC GRAPHITE ELECTROCE / SILVER ELECTROCE/
PYROLYTIC GRAPHITE ELECTROCES

PYROLYTIC GRAPHITE INCICATING ELECTRODE
PYROLYTIC PRCOUCTS OF PURINES AND PYRIMIDINES
QUALITY CONTROL

QUALITY CONTROL REPORT,
QUALITY CONTROL REPORT,

AP

ANALYTICAL CHEMISTRY DIV
APR.-JUNE, 1965, ANALYTIC
QUALITY CONTROL REPORT, JSAN.-MAR., 1965, ANALYTIC
QUALITY CONTROL REPORT, JAN.-SEPT.,1964, ANALYTI
QUANTITATIVE ANALYSIS BY THE X-RAY ABSORPTION ED
QUANTITATIVE ANALYSIS OF HIGHLY RADIDACTIVE MATE
QUASI REFERENCE ELECTROOE / ELIMINATION OF IR L/
QUATERNARY PHOSPHONTUM HALIDES { BENZYL TRI BUTY
QUENCH CORRECTICN IN LIQUIC SCINTILLATOR SYSTENMS
QUENCH CORRECTICN IN LIQUIC SCINTILLATOR SYSTENMS
QUENCHING VARIAEBLES FROM BIOMEDICAL SAMPLES IN L
QUINOLINE PRECIPITATION - BETA COUNTING METHOC /
RACIATION DETECTORS BY USE OF X-RAY FLUCRESCENC/
RACIATION EFFECTS CN CONCENTRATED SOLUTICNS OF L
RACTATION LABORATORY

RACTATION LEVEL ANALYTICAL FACILITY { HRLAF }
RACIATION LEVEL ANALYTICAL LABORATORY ( HRLAL )
RACIATION ON ANALYTICAL METHOCS

RACIATION ON ANALYTICAL METHOCS / REMOTELY CONT/
RACIATION ON THE CETERMINATION OF URANIUM(VI) IN
RACIC AND NUCLEAR CHEMISTRY

RACIO GAS CFROMATOGRAPHY OF THE TRITIUM - WATER
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ENTITY, CHARACTER ANC CHEMICAL BEFAVIQR QOF VAPCR FQRMS OF
MAY PACKS BY MEANS OF CCMPCSITE CIFFUSI/ INVESTIGATICN OF
SION TURES INVESTIGATICN CF AIRBORNE
COMPQSITE DIFFUSION TUBES CHEMICAL BEHAVICR QOF THE
CN / INVESTIGATICN OF CHEMICAL. REACTIVITY OF NCNELEMENTAL
GAS CHROMATOGRAPHIC IDENTIFICATICN OF
EFFECTS OF SURFACE MATERIALS ON
GAS CHROMATOGRAPHIC IDENTIFICATICN OF
SPHERIC POLLUTION - SULPHUR DI OXIDE
SPHERIC™ POLLUTION - SULFUR DI OXICE
REVIEW OF

PROBLEMS IN CISFCSAL OF

ELECTRON MICRCSCOPY OF

ELECTRCN MICROSCOFE FACILITY FCR STUDYING

Y TECHNIQUES THE QUANTITATIVE ANALYSIS CF HIGHLY
M IN RACIOACTIVE MSRE SALT / / SPECTROGRAPHIC ANALYSIS OF
/ OF RACIOACTIVE MATERIALS ( DETERMINATICN OF CHRCMIUM IN
MEASUREMENT OF
STRONTIUM
BARIUM
STRONTIUM RADICACTIVITY AND / CR EARIUM
CERIUM

NICBIUM

TELLURIUM

ZIRCCNIUM

ICDINE

RUTHENIUM

CESIUM

TRACE HIGH ENERGY GAMMA

8 HYCROXY QUINOLINE PRECIPITATICN - / MCLYBDENUM
AVAILABILITY AND USE OF

NUCLEAR AND

CUEOUS CR ORCANIC SOLLTICNS

ATE METKQD

LUTICNS,

IUM FROM OTHER ELEMENTS - APPLICATICN TO PURIFICATICN AND

RECENT FINDINGS IN

ACTS ANC ERRORS ENCOUNTEREL IN GAFMA-RAY SPECTRCMETRY FOR
ACTS ANC ERRORS ENCOUNTEREC IN GAFMA-RAY SPECTROMETRY FQR
RADICISOTOPES ~

. ANALYTICAL

APPLICATICNS OF

APPLICATICN OF

IN PRECISICN PHOTOMETRIC ANALYSIS - USE OF A
GAMMA

NUCLEAR PRCPERTIES OF

STUCIES OF RARE EARTH ALPEA EMITTING

_ FALF-LIVES AND SPECIFIC ACTIVITIES CF COMMON
SPECTRCSCOPY OF NEUTRCN DEFICIENT HAFNIUM AND RARE EARTH
S DETECTICN CF NATURAL

. NEW CONCEPT

GRAVIMETRIC DETERMINATICN OF SODIUM WITH
IVATICN / MICRO ELEMENT CONTENT CF WCOL FRCM TWIN WETHERS
ANC L VALINE IN A MIXTURE BY INFRAREO SPECTRCMETRY THE
CEN ANO KYDROCGEN IN ALKALI MATERIZLS BY A FODIFIED A/ THE
CTRONIC POTENTIOSTAT AND [TS USE FOR THE IANVESTIGATICN OF
LYSIS OUTPLT SPECTRA OF I4-FEV NEUTRCN GENERATCRS -
MEASURE/ QUTPUT SPECTRUM FROM I(4-FEV NEUTRCN GENERATCRS -

0US SOLUTIONS PRIOR TO THE DETERMINATICN OF TOTAL LANTHA/
ucrTs
ucTs

HEL IUM=-3 REACTIONS AS NEUTRCN S/ THEORY ANC EXPERIMENT IN

NEW

STUDIES OF

METHOD FOR SEPARATING TRANSPLUTCNIUM ELEMENTS FROM
NUCLEAR SPECTROSCOPY OF NEUTRCN DEFICIENT HAFNIUM AND
REVIEW OF SPECTRCSCOPIC PRCPERTIES OF
ICN COUNTING OF IRON-55 MEASUREMENT CF WEAR
ICN COUNTING OF IRCN-55 WEAR
CONTROLLEO POTENTIAL COULCME/ URANIUM{IV) TO URANIUM(VI)
URY ELECTRODE CAPILLARIES SIGNAL TC NOISE
CIRECT READING SPECTROGRAPHIC DETERMINATICN OF THE
/APHIC CATA / MCNCVALENT THALLIUF TO THALLIUVM FETAL RECOX
/METAL REDOX REACTION / CIVALENT LEAD TQO LEAD METAL RECOX
A - EVALUATICN WITE MCNOVALENT THALLIUM TO THALLIUM RECOX
A - EVALUATICN WITE THE CIVALENT LEAC TO LEAD METAL RECOX
/TION / POLAROGRAPHY OF DIVALENT LEAD TO LEAD FMETAL RECOX
2ENE/ GAS CHROMATOGRAPHIC ANALYSIS OF THE PRODUCTS OF THE
NATED CFARCOAL
/WAVE PCTENTIALS OF THE DIVALENT LEAD 10 LEAD METAL RECOX
CETALOG QF 14-MEV NEUTRON
14-FEV NEUTRON
STAT ANC ITS LUSE FOR THE INVESTIGATICN OF RAPID ELECTRCDE
TIVITY / EXCITATICN FUNCTICN/ STUCIES CF HELIUM-3 NUCLEAR
IVITY / EXCITATICN FUNCTIONS FOR EELIUM-3 INDUCED NUCLEAR
RAPIC, SENSITIVE KELIUM-3 ACTIVATION ANALYSIS - HELIUM-3
ICN - CETERMINATICN OF FREE ACID AND HYDROLYZABLE CATICN
9 ACTIVATICA CROSS SECTTCNS FOR THE
ACTIVATICMA CROSS SECTICNS FOR THE
MEANS COF COMFOSITE CIFFLSICN / INVESTIGATICN CF CHEMICAL
MOLTEN SALT
MEOIUM FOWER

RAPIC

RACIC [QDINE 10
RACIC IODINE BEHKAVIGR UNDER MCIST CONDITIONS IN
RACIC IODINE SPECIES BY MEANS OF COMPQSITE DIFFU
RACIO IODINE SPECIES FOUNC ON RUBBER SECTIONS OF
RACIC IODINE VAPOR BY MEANS OF COMPOSITE DIFFUSI
RACIC I0OINE VAPCRS

RACIC IQOINE VAPORS

RACIC IODINE VAPORS

RACIC RELEASE METHOCS FOR THE EVALUATICN OF ATMO

RACIC

RACICACTIVATICN ANALYSIS
RACIOACTIVATION ANALYSIS AS AN ANALYTICAL TOOL

RACICACTIVE
RACICACTIVE
RACICACTIVE
RACIOACTIVE
RACIOACTIVE
RACICACTIVE
RACICACTIVITY
RACIOACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
RACICACTIVITY
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RACICACTIVITY
RACICCHEMICAL
RACICCHEMICAL
RACICCHEMICAL
RACICCHEMICAL
RACICCHEMISTRY
RACICCHEMISTRY
RACICCHEMISTRY
RACICCHEMISTRY
RACICCHEMISTRY
RACICISCTOPES
RACICISCTOPES
RACICISOTOPES
RACICISCTOPIC
RACICLYSIS CF
RACICNUCLICES
RACICNUCLICES
RACICNUCLIDES
RACICNUCLICES

ANC /

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

AQUECUS
AQUECUS
AQUEQUS
AQUEQUS
AQUEQUS
AQUECUS
AQUEOUS
AQUECUS
AQUECUS
ISOTCPE

TRANSURANIUM { TRU )

STANDARCS
ANALYSES

ANC NUCLEAR METHOCS
CETERMINATION OF BERKELIUM /BERKEL
STUCIES

LICGUIC WASTES IN SALT
MATERIALS
MATERIALS
MATERIALS ~ SPECTROCHEMICAL AND Xx~RA
MATERIALS { DETERMINATION OF CHROMIU
MSRE SALT / SEPARATION OF CLRIUM FR/

OR
OR
OR
OR
OR

ORGANIC
ORGANIC
ORGANIC
ORGANIC
ORGANIC
OR ORGANIC
OR ORGANIC
SOLUTIONS
SOLUTIONS,
PRODUCTS -

RELEASE METHOCS FOR THE EVALUATICN OF ATMO

OR BARIUM RADICACTIVITY IN A

SOLLTIONS
SOLLTICNS
SQLUTIONS
SOGLUTICNS
SOLLTICNS
SOLUTIONS
SOLUTICNS

CHLCRO STANN

PRQCESS SO

ANC ACTIVATION ANALYSIS /OF ARTIF
ANC ACTIVATION ANALYSIS /OF ARTIF

LABORATORY

CF TECENETIUM

- RADIOCHEMISTRY LABORATORY
TC ANALYTICAL CHEMISTRY

LIGKT SOURCE
ACIC CHLORICE SOLUTIONS

NUCLEAR

RACICNUCLIOES BY WELL TYPE SCINTILLATION COUNTER

RACICTRACER METEOL FOR THE DETERMINATICN

RACICTRACERS

OF LEAD

RAISEC ON TWO SCILS AS DETERMINED BY NEUTRCON ACT

RAPIC
RAPIC
RAPIC
RAPIC
RAFIC

ESTIMATI
ESTIMATI
REMOVAL

SEPARATI
SEPARATI

RAPIC
RAPIC
RAPIC,
RARE
RARE
RARE
RARE
RARE
RATES

EARTHS

CN
CN
CF
(4}

CN
SENSITIVE
EARTH ALPKA
EARTH ALPHA
EARTH FISSICN PROOUCTS
EARTH RADICNUCLICES

CETERMINATICN OF L LEUCINE, L
CETERMINATION OF LOW CONCENTRATIONS OF OXY
ELECTRODE REACTIONS

ISOLEUCINE,

THE ELE

ANC INFLUENCE IN ACTIVATION ANA
ANC INFLUENCE IN.CRQOSS SECTICK

TRANSURANIUM ELEMENTS FROM AQUE
CF TECHNETIUM FROFM FISSION PRCD
OF TECHNETIUM FROM FISSION PRCOD
EELIUM-3 ACTIVATION ANALYSIS -

EUROP IUM= 1148

EMITTING RACIONUCLIDES

EMITTER,

IN AUTOMCTIVE ENGINES BY LIQUIO SCINTILLAT

RATES IN AUTOMCTIVE ENGINES BY LIQUID SCINTILLAT
RATIC IN THCRIU¥ OXIDE - URANIUM OXIDE MIXTURES,

RATICS

RATICS OF THREE METALS

S/N ) CF GLASS ANC TEFLON DROPPING MERC

REACTION
REACTICN
REACTION
REACTICN
REACTION
REACTICN
REACT ICN
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REACTICONS
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REACTICNS
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REACTCR E

/ CIVALENT LEAD TO LEAC METAL REDOX RE/
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/IC ACIC AND OTHER GLASS CORROCING MEDI
/1C ACIC AND OTHER GLASS CORROCING MEDI
IN AQUEOUS HYDROFLUORIC ACID WITH HORI/
OF TOCINE WITH CYCLOHEXANE AND WITH BEN
OF METHYL IQCIDE WITH CHEMICALLY IMPREG
RECUCTICN IN AQUEOUS SOLUTIQONS OF HYDR/

THE ELECTRONIC POTENTIO
( HELIUM-3 ACTIVATICN ANALYSIS / SENSI
/ CRCSS SECTIONS ) / ANALYSIS / SENSITY
AS NEUTRON SOURCES / AND EXPERIMENT IN
IN CCNCENTRATED LITHIUM CHLORICE SOLUT
OF 14.8-MEV NEUTRONS WITH TECHNETIUM-9
OF I4-MEV NEUTRONS WITH TECHNETIUM-GOQ
Y OF NCNELEMENTAL RACIO IOCINE VAPOR 8Y
XPERIMENT
XPERIMENT
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TROLLED POTENT!AL, COULCMETRIC TI/ URANIUM IN
TY, AUTCMATIC, CCNTROLLEC POT/ URANIUM IN THE
TRIC CI METHYL GLYCXIME ( PER SUL/ NICKELy IN FOLTEN SALT
MENT I. SAMPLE PREPARATICN APPARATUS FOR THE FOLTEN SALT
ACTIVATION ANALYSIS -

ANALYTICAL CHEMISTRY FOR

0S OF TKREE METALS OIRECT
OR WITH AUTOMATIC TEMPERATURE C/ FIGH SENSITIVITY, DIRECT
0 OI THIOATE, »P(S)SH GROUPS AS SEPARATORY ANO ANALYTICAL
0 DI THIGATE, ,P(S)SH GRQUPS AS SEPARATICN ANO ANALYTICAL
IC CURVES INFLUENCE OF THE
TEMPERATURE C/ FIGH SENSITIVITY, DIRECT REAOING, LINEAR,
/LAROGRAPHIC OATA / PCNOVALENT THALLIUM TO THALLIUM METAL
JLLIUM METAL REOOX REACTICN / DIVELENT LEAC TO LEAC METAL
G MECIA -~ EVALUATICN WITH MCNOVALENT THALLIUM TO THALLIUM
G MECIA - EVALUATIGCN WITH THE OIVELENT LEAC TO LEAC METAL
/X REACTION / POLAROGRAPHY OF DIVALENT LEAC TO LEAC METAL
/ HALF-WAVE POTENTIALS OF THE DIVELENT LEAC TO LEAC METAL
MATOGRAPFIC OETERMINATICN CF PERMANENT GASES IN HELIUM AT
/NTIALS OF THE DIVALENT LEAD TO LEAD METAL REDCX REACTION
JUCTICN OF POTASSIUM FERRI CYANIDE / CHRCNCPOTENTIOMETRIC
JLTAMMETRY WITH CCNTROLLED CURRENT / CHRCNCFOTENTICMETRIC
/NIUM 7 TRACE ANALYSIS FOR URANILFV / APPLICATICN OF CUASI
CE - BERYLLIUM FLUORIDE - ZIRCONIUM FLUOR/ ABSCRPTICN AND
ABSORPTION AND DIFFUSE

TRANSI'ENT PROCESSES WITH POTENTICSTATIC

MOLTEN SALT
MOLTEN SALT

POTENTIOSTAT THE INNER RESISTANCE GCF POTENTICSTATIC
C POLLUTION - SULPHUR DI OXIDE RACIO
RACIO

C POLLUTION - SULFLR DI OXIDE

R ANALYTICAL LABCRATORY HCT CELL EQUIPKMENT 1I1. A
-60 SOURCE ( EFFECTS OF RACIATION ON ANALYTICAL METHCDS /

ANALYTICAL LABORATORY HCT CELL EQUIPMENT III. A
PETTER, ORNL MODEL-Q-i3u€EB ~

ORNL MOCEL-Q-12u4eA, MODEL-C-13488, AND MCDEL-/ PIPETTERS,

OXALATE IN ELUATES FROM IRRADIATED ICN EXCHANGE

AND EXAMPLES OF TFE LUSE OF A POTENTIOSTAT THE INNER

Y HOT CELL ECUIPMENT I1. A REMOTELY CCNTRCLLEC CORRCSION

REMOTELY SEFVO CONTRCLLEC CORROSION

REMCTELY SERVO CCNTROLLEDs CORROSION

ELECTFCONIC GAMMA-RAY SPECTRAL

ELECTRCNIC

IN PER CHLORATE MEDIA [I. MATHEMATICAL

INFRARED AND NLCLEAR MAGNETIC

NLCLEAR MAGNETIC

SPEED OF

A

C MODEL-/ PIPETTERS,

/OF THE URANYL ICN

EMISTRY IN NUCLEAR
QES BY VOLTAMMETRY
CES BY VOLTAMMETRY
© CES BY VOLTAMMETRY

TECHNCLCGY

WITH LINEARLY VARYING PCTENTIAL
WITH LINEARLY VARYING PCTENTIAL
WITH LINEARLY VARYING PCTENTIAL

THIOATE, ,P=S AND PHOSPHORO DI TFIOQATE, ,P{S}SH GROUP/ A
RO THIOATE, ,P=S AND PHOSPFORO DI THIOATE, ,P{S)SH GROUP/
S
ES

CN COUNTING

/S1UM OXIDE / LITHIUM HYPOBROMITE / POTASSIUM HEXA CHLCRO
ROXICE / BARIUM BROMITE MCNQO HYDRATE / SODIUM HEXA CHLCRO
/ ABSORPTION SPECTRAL MEASUREMENTS ( SCLAR CELL WINDOWS /
TRANSFER

STUDIES ON THE PHENYL ALANYL TRANSFER

. NEUTRCN ACTIVATICN ANALYSIS OF
CHEMICAL BEHAVICR OF THE RADIC IOCINE SPECIES FOUND ON
JULIUM NITRIDE / HCLMIUM NITRIOE /s POTASSIUM SUPEROXIDE /

RODE CAPILLARIES SIGNAL TO NOISE RATIOS (
NUCLEAR

NUCLEAR

RCMATCGRAPHY } NUCLEAR
PROBLEMS IN CISPOSAL CF RADICACTIVE LIQUIC WASTES IN
JATERIALS ( OETERMINATICN CF CHROMIUM IN RADIOACTIVE MSRE
WAVE POTENTIALS OF / EFFECT OF JUNCTICN PQTENTIALS AT THE
/ NUCLEASE / BACILLUS-SUBTILIS / ALIPAL-LO-436 / APMCNIUM
MOLTEN
MOLTEN
MOLTEN
MOLTEN
MOLTEN

+ CONTROLLED FOTENTIAL, ,COULOMETRIC TI/ URANIUM IN
ITIVITY, AUTCMATIC, CCNTROLLED POT/ URANIUM IN THE
OTOMETRIC DI METHYL GLYOXIME ( PER SUL/ NICKEL, IN
EQUIPMENT I, SAMPLE PREPARATION APPARATUS FCR THE
v ANALYTICAL STUDIES OF MOLTEN

ABSORPTION SPECTROPHOTCMETRIC STUDIES RELATED TO MOLTEN
FLUORICE - BERYLLIUM FLUO/ VOLTAMFETRY OF MOLTEN FLUORIDE
INSTRUMENT DESIGN / ELECTRCCHEMISTRY / ANALYSIS OF MOLTEN
3 / PHOSPHDRUS-32 ) HALF-LIFE MEASUREMENTS ( CESIUM~137 /
( EFFECTS OF RACIATICN CN ANALYTICAL METHCDS / REMOTELY/
MSRE

REACTOR EX/ ANALYTICAL LABORATORY HOT CELL EQUIPMENT .
HIC DETERMINATION OF PERMANENT GASES IN HELIUM AT REDUCED
APPLICATICN OF NEUTRCN ACTIVATICN ANALYSIS TC FCRENSIC

137

.

REACTOR
REACTCR
REACTCR
REACTCR
REACTOR
REACTCR

EXPERIMENT
EXPERIMENT

{ MSRE ) FUEL,
( MSRE ) FUEL,

AUTOMATIC, CON
HIGH SENSITIVI
EXPERIFENT ( MSRE ) FUEL, SPECTROPHOTOME
EXPERIMENT /AL LABORATORY HOT CELL EQUIP
NEUTRON FLUXES ANC INTERFERENCES
PROJECTS

READING SPECTRCCRAPEIC DETERMINATICN OF THE RATI
REACINGy LINEAR, RECORCING CONDUCTOMETRIC TITRAT
REAGENTS /G PHCSPFORO THIOATE, ,P=S AND PHOSPHOR
REAGENTS /N PHCSPHORO THIQATE, P=S ANC PHOSPHCR
RECORCING ARRANGEMENT CN THE FORM OF POLAROGRAPH
RECORCING CCNOUCTOMETRIC TITRATOR WITH AUTOMATIC
RECOX REACTION / CIVALENT LEAC TO LEAD METAL RE/
RECOX REACTICN / POLAROGRAPHY OF DIVALENT LEAD /
RECOX REACTICN /IC ACID ANC OTHER GLASS CORROCIN
RECOX REACTICN /IC ACID ANC OTHER GLASS CORRODIN
RECOX REACTION IN AQUEOUS HYDROFLUORIC ACID WIT/
RECOX REACTION RECUCTION IN AQUEOQUS SOLLTIONS 0O/
RECUCEC SAMPLE PRESSURES GAS CHRO
RECUCTION IN AQUEQUS SOLUTIONS OF HYDROCHLORIC /
RECUCTION OF FERRIC PER CHLORATE / CHRCNOPOTENT/
RECUCTION OF POTASSIUM FERRI CYANIDE / CHRONOPO/
REFERENCE ELECTROCE / ELIMINATION OF IR LOSS IN/
REFLECTANCE SPECTRA OF IRRADIATED LITHIUM FLUORI
REFLECTANCE SPECTRA OF SOLID MATERIALS
REGULATING CIRCLITS
REGULATING CIRCUITS AND EXAMPLES OF THE LSE OF A
RELEASE METHQOS FOR THE EVALUATION OF ATMDSPHERI]
RELEASE METHCOS FOR TKE EVALUATION OF ATMOSPHERI
RELEASE OF TRITIUM BY TRITIATED PAINT

REMOTELY CONTRCLLEC CCRROSION RESISTANT PIPETTER
REMOTELY CONTRCLLED INSTRUMENT } /BLY FOR COBALT
REMOTELY OPERATEC FILTER PHOTOMETER

REFOTELY OPERATEC FILTER PHOTOMETER

REMOTELY SERVO CCNTROLLED CORROSION RESISTANT Pl
REMOTELY SERVO CCNTROLLED, CORROSION RESISTANT,
RESINS, INODIRECT 10COMETRIC TITRATION METHOD
RESISTANCE CF FOTENTICSTATIC REGULATING CIRCUITS
RESISTANT PIPETTER ANALYTICAL LABORATOR
RESISTANT PIPETTER, ORNL MODEL-Q-!2u88
RESISTANT, ORNL MODEL-Q-1348A, MODEL-Q-1248B, AN
RESOLUTION

RESOLUTION CF GAMMA-RAY SPECTRA
RESOLUTION CF THE OVERLAPPING BAND
RESCNANCE SPECTROMETRY

RESCNANCE SPECTROMETRY

RESPCNSE OF A PCLAROGRAPH

RESUME CF THE EIGHTH CONFERENCE ON ANALYTICAL CH
REVERSIBLE CEPOSITION OF METALS ON SOLIC ELECTRO
REVERSIBLE CEPCSITION OF METALS ON SOLIC ELECTRO
REVERSIBLE CEPCSITICN OF METALS ON SOLIC ELECTRO
REVIEW OF AMPERCMETRIC TITRATIONS

REVIEW OF ANALYTICAL CHEMISTRY OF THALLIUM
REVIEW OF ORGANIC COMPOUNCS CONTAINING PHOSPHCRO
REVIEW OF ORGANIC COMPOUNCS THAT CCNTAIN PHOSPHO
REVIEW OF RACICACTIVATION ANALYSIS

REVIEW QF SPECTROSCOPIC PROPERTIES OF RARE EARTH
REVIEW OF TEE SCLVENT EXTRACTION OF METAL CHELAT
REVIEW OF THE TEECRY AND PRACTICE OF SCINTILLATE
REVIEWS AND TECHENICAL ASSISTANCE

RHENATE(IV) / ECLMIUM SULFICE / ERBIUM SULFIDE /
RHENATE({IV) / URANIUM-235 TRI CHLORIDE ) /M SLPE
RIBO NUCLEASE / BACILLUS-SUBTILIS / ALIPAL-LO-43
RIBO NUCLEIC ACIC ( TRNA } ANALYTICAL STUDIES
RIBO NUCLEIC ACIC { TRNA ) SYSTEM

RIVER WATER .

RUBBER SECTICNS OF COMPOSITE CIFFUSION TUBES
RUBICIUM SUPERCXIDE / URANIUM{III1} CHLORIDE / U/
RUBICIUM=-85 (Ny2N) CRGCSS SECTION

RUTHENIUM RACICACTIVITY IN AQUEOUS SOLLTIONS

S/NKN } OF GLASS AND TEFLON CROPPING MERCURY ELECT
SAFETY

SAFETY PROGRAM
SAFETY PROGRAM (
SALT
SALT
SALT
SALT
SALT
SALTY
SALT
SALT
SALT
SALT

STRUCTURE AN/

IOCINE / METHYL IOCIDE / GAS CH

/ SEPARATICN OF.CURIUM FROM CONTAMINANT ME/
BRIDGE CN THE MEASUREC VALUES FOR THE HALF-
CF A SULFCNATEC STRAIGHT CHAIN ALKYL PHENO/
REACTOR EXPERIMENT
REACTOR EXPERIMENT
REACTOR EXPERIMENT
REACTOR EXPERIMENT
REACTOR EXPERIMENT
SYSTEMS

SALT SYSTEMS

SALT SYSTEMS ( SILVER / TRON / NICKEL / LITHIUM
SALTS } /AL VOLTAMMETER ( CERIVATIVE COMPUTER /
SAMARIUM-153 / ARSENIC-77 / GOLD-198 / I0CINE-13
SAMPLE IRRACIATICN ASSEMBLY FOR COBALT-4C SOURCE
SAFPLE PREPARATICN APPARATUS

SAMPLE PREPARATICN APPARATUS FOR THE MOLTEN SALT
SAMPLE PRESSURES GAS CHRCMATOGRAP
SCIENCE

AUTOMATIC
HIGH SENS
SPECTRCPH
HOT CELL

{ MSRE ) FUEL,
( MSRE ) FUEL,
( MSRE ) FUEL;
/AL LABORATORY

65PRR-] 21
65PRR~122
65PRR-1 34
65PRR-027
65PRR-197
65A-Cu
65PRR-086
65PRR-036
65PRR-017
65A-11-0uB
65TR-CH
65PRR-036
65A-05-034
65A-C5-034
65PRR-(39
65PRR-040
65A-05-034A
65PRR-010
6SPRR-CO7
6SPRR-C10
65a-01-02
65A-01-02
65A-01-06
65-C2-014A
65A-02-01C
65TR-03
65TR-07
65A-11-078
65PRR-005
65A-11-026
65PRR-028
65A-01-12
654-0u-0IC
65PRR-026
65A-04-018
65PRR- 124
65PRR-158
65TR-07 .
65PRR-028
65A-04-018
65PRR- 124
65A-11-064A
65PRR-168
65PRR- 161
65A-C9
65A-06-02
65TR-C4
65PRR-054
65A-C2-02A
65PRR-030
65PRR-191
6SPRR=C60
65PRR~-057
45PRR-CIT
65A-11-048

"65PRR-CH2

65PRR-059
45PRR-058
65PRR-025
65A—-1 1-024A
65A-12
65A-12
65A~05-04M
65A-06-01"
65A-06-02
65A-11-08H
65PRR-069
65A-12
65A-H1-02F
65PRR-143
65A-05-038
65A-04-04
65A-1C-02
65A-04~-044
65PRR-023
65A-07-01C
45PRR-010
65A-05-04¥
65A-04-01
65PRR-121
45PRR~-{22
65PRR-1 34
65PRR-027
65A-02
65A-02-01
65A-02-02
65A-01-11¢
65A-11-03D
65A-01-12
65A-0u-014A
6SPRR-027
45PRR-007
65PRR-185
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THE NEW IMAGE OF ANALYTICAL CHEMISTRY IN
DETECTICN OF NATURAL RACIONUCLIDES BY WELL TYPE
REVIEW OF THE THEORY AND PRACTICE OF

CARBCN-tu4, LQIUID

ABSOLUTE LIQUID

IN AUTCMOTIVE ENGINES BY LIQUID
IN AUTOMOTIVE ENGINES BY LIQUID

MEASUREMENT OF WEAR RATES
“WEAR RATES

CN NoN,N TRI METHYL BORAZINE AS A LIQUID
CN NsN,No TRI METHYL BORAZINE AS A LIQUIC
OF QUENCHING VARIABLES FRCM BIOMECICAL SAMPLES IN LIQUID
NAL STANCARD COLOR QUENCH CORRECTION IN LIQUID

LIculD
LIQuIt
DETERMINAYICN OF TITANIUM IN

DETECTION LIMITS FOR URANIUM / CCNCENTRATION ADVANTAGE /
OETERMINATION OF URANIUM IN

SPHONATE - DI ETHYL BENZENE SOLUTICNS, DIELECTRIC CDN/ 0!
NS, DIELECTRIC CCN/ CI SEC BLTYL PHENYL PHCSPHCNATE IN DI
ep ) SPECTROPHOTOMETRIC DETERMINATION OF NITRATEC 4
E OISTRIBUTICN IN LURANIUM(IV) OXICE, NEUTRCN ACTIVATICN -
/SPHORO THIOIC TRI AMIDES AS EXTRACTANTS FCR METAL ICNS -
RAPH DIFFERENTIAL POLARCGRAPHY ON AN ELECTRCNIC
L INTERPOLATICN } ( LITHIUM CARBCNATE CILUYION METHOO CF/
3 REACTIONS AS NELTRCN $/ THEORY AND EXPERIMENT IN RAPIO,
TH FISSION PROCUCTS METHGOD FOR
THIOATE, »P=S AND PHOSPKCRC DI THIQATE, ,P(S)SH GROUPS AS
PLICATICN TO PURIFICATICN AND RADIQCHEMICAL OETERMINATIO/
LS ( CETERMINATICN OF CHRQMIUM IN RADIOACTIVE MSRE SALT /
RAPIO
RAPID

STANDARC COLOR QUEMH CORRECTION IN

ATOGRAPFY ON A CELLULOSE COLUMN
HROMATCCRAPHY ON CELLULOSE COLUMN
ALKYL BENZENE SULFCNATE ( ABS )} CONTRCL FCR THE FCAM
THIQCATE, +P=S ANO PHOSPHFCRC DI THIQATE, ,P{S)}SH GRCUPS AS
PR., 1965 / MAY,16&5 / JUNE,1965 / JULY,196S5 / AUG.,1965 /
REPORT CN FOREIGN TRAVEL

ANALYTICAL
REMCTELY
REMOTELY

RNL MOCEL-Q-13u48E
L-Q-13484A, MODEL-Q-1248B, AND MOCEL-/ PIPETTERS,
CN CROPPING MERCURY ELECTRCDE CAPILLARIES
SPECTROPHOTCMETRIC HETEROPOLY-BLUE DETERMINATICN OF
/YZER / CETERMINATICN OF AREAL DENSITY OF GOLO CCATING ON
LLIUM FLUO/ VOLTAMMETRY CF MOLTEN FLUQRIDE SALT SYSTEMS (
ATOMIC ABSORPTION ( DETERMINATICN CF GCLC
ICE - PCTASSIUM FLUGRICE / PYROLYTIC GRAPHITE ELECTRODE /
NTS FOR METAL IONS - SELECTIVE EXITRACTION OF MERCURY(II),
ABSORBANCE SPECTRA OF
OROPPINGC MERCURY ELECTROCE DROP TIME / LINEAR TIME BASE /
OF DISSCCIATICN CCNSTANT OF CARBCNIC ACID IN CCNCENTRATED
LCMETRIC TITRATICN OF URANIUM(IVI) IN AQUECOLS SOLUTIONS OF
SORPTICN SPECTRUM CF COEALT(II) ICN IN LITHIUM FLUCRIDE -
/THIUM FLUORIDE - BERYLLIUM FLUORICE / LITHIUM FLUCRIDE -
/RIDE / SODIUM SUPEROXIDE / BARIUM BRCMITE MONC HYDRATE /
STRONG AND WEAK ACIOS IN THEIR MIXTURES, POTENTICMETRIC
/{ MACGNESIUM CHLCRIDE / ZINC CHLCFIDE / CESIUM CHLORIDE /
/LUTIONS OF URANIUM(III) CHLORIDE IN LANTHANUM CHLORIDE /
GRAVIMETRIC DETERMINATICN OF
/ ELEMENT CONTENT OF WOOL FROM TWIN WETHERS RAISEC CN TWO
STILIS 7 ALIPAL-LO-43/ ABSCRPTION SPECTRAL MEASUREMENTS !
RYING POTENTIAL REVERSIBLE CEPOSITICN OF METALS ON
RYING PCTENTIAL REVERSIBLE DEPOSITICN OF METALS ON
RYING PCTENTIAL REVERSIBLE OEPOSITICN OF METALS ON
. STUCIES WITH
ABSOFPTICN AND DIFFUSE REFLECTANCE SPECTRA OF
/PEROXICE / URANTUM(III)} CHLORIOE / URANIUM(III) ICDIDE /
/FOLARQCRAPH ( DESIGN OF NEW SQUARE-WAVE POLARCGRAPH WITH
ALYZER / DETERMINATICN OF A/ X-RAY ANALYSIS ( ANALYSIS OF
ATION CCNSTANT OF CARBCNIC ACID IN CCN/ PREDICTICN OF THE
COBALT, AND ZINC AS DI BENZOYL METHANE COMPLEXES
REVIEW OF THE
/EL-Q-2792 POLARCGRAPH / PCTENTICSTATIC CC POLARCGRAPHY /
N¢NeN TRI METHYL BORAZINE 2#S A LIQUID SCINTILLATOR
NyNeNy TRI METFYL BORAZINE AS A LIQUID SCINTILLATOR
ISION PHCTOMETRIC ANALYSIS - USE (F A RADIQISQTOPIC LIGHT
. CCS / REMOTELY/ SAMPLE IRRAOIATICA ASSEMBLY FOR COBALT-60
MODIFICATICNS TC THE CORALT-60
APFLICATICNS OF ORNL SPARK
SPARK
1UM=-3 ACTIVATION ANALYSIS - HELIUM-3 REACTIONS AS NEUTRON
THE USE OF ISOTOPIC NEUTRON
APPLICATICNS CF ORNL

S ANALYSIS

TERIALS ANALYSIS

INVESTICATION CF AIRBCRNE RADIO IODINE
CHEMICAL BEHAVIOR GF THE RADIO ICOINE
HALF-LIVES AND

ELECTRCNIC RESQLUTICN OF GAMMA-RAY

UM FLUORIDE - ZIRCONIUM FLUOR/ ABSORPTICN AND REFLECTANCE
ABSCREANCE

ABSCRPTION AND CIFFLSE REFLECTANCE

IMATION ANC INFLUENCE IN ACTIVATICN ANALYSIS QuUTPUT
O NUCLEASE / EACILLUS-SUBTILIS / ALIPAL-LO-43/ ABSCRPTICN
ELECTRONIC GAMMA-RAY

FFUSION TUBES

SCIENCE
SCINTILLATICN
SCINTILLATICN
SCINTILLATICN
SCINTILLATICN
SCINTILLATICN
SCINTILLATICN
SCINTILLATOR
SCINTILLATOR
SCINYILLATOR
SCINTILLATOR

CCUNTERS
CCUNTING
CCUNTING
CCUNTING

METHOC

OF BETA EMITTERS

COUNTING OF IRON-55

CCUNTING OF IRON-S5

SCLVENT FOR THERMAL NEUTRCN DETECTI
SCLVENT FOR THERMAL NEUTRCN DETECTI
SYSTEM /AL ANC EXPERIMENTAL ASPECTS
SYSTEMS BY USE OF AN ISOLATED INTER

SCINTILLATOR SYSTEMS USING AN ISOLATEC INTERNAL
SCINTILLATOQRS

SEAWATER

SEAWATER ) /LOSS IN PCLAROGRAPHY / POLARCGRAPHIC

SEAWATER BY NEUTRCN ACTIVATION ANALYSIS
SEC BUTYL PHENYL PHOSPHONATE IN DI SEC BLTYL PHC
SEC BUTYL PHOSPFONATE - DI ETHYL BENZENE SOLUTIO
SEC EUTYL 2 ( ALPHA METHYL BENZYL ) PHENCL ( BAM
SECIMENTATICN METHOC PARTICLE SIZ
SELECTIVE EXTRACTION OF MERCURY[I1), SILVER(1),/
SELF~RECORDING INTEGRQ - CIFFERENTIATINC POLAROG
SEFMIQUANTITATIVE SPECTROGRAPHIC ANALYSIS { vISUA
SENSITIVE HELIUM-3 ACTIVATION ANALYSIS - HELIUM-
SEPARATING TRANSPLUTONIUM ELEMENTS FROM RARE EAR
SEPARATION ANO ANALYTICAL REAGENTS /N PHOSPHORO
SEPARATION OF BERKELIUM FROM CTHER ELEMENTS - AP
SEPARATION CF CLURIUM FROM CONTAMINANT METALS ) /
SEPARATION CF TECHNETIUM FROM FISSION PRODUCTS
SEPARATION OF TECENETIUM FROM FISSION PRODLCTS
SEPARATION CF TRACE METALS FROM URANIUM BY CHROM
SEPARATICN OF TRACES CF METALS FROM URANIUM BY C
SEFARATION PROCESS
SEPARATORY ANO ANALYTICAL REAGCENTS /G PHOSPHORO
SEPT., 1965 / O0CT.,1965 /EB.,1965 / MAR.,19&5 / A
SEPT.2-0CT.£€,19€5
SERVICE ANALYSES
SERVICES FOR CHEMICAL ENGINEERS
SERVC CONTRCLLEC COQRRCSION RESISTANT PIPETTER, O
SERVC CCNTRCOLLEC, CORROSION RESISTANT, ORNL MCDE
SIGNAL TO NCISE RATIOS { S/N ) OF GLASS AND TEFL
SILICON
SILICON RACIATICN DETECTORS BY USE OF X-RAY FLU/
SILVER / TRCN / NICKEL / LITHIUM FLUORICE ~ BERY
SILVER ANO CCPPER )
SILVER ELECTROCE ) /HIUM FLUGRIDE - SODIUM FLUOR
SILVER{I), ANO COPPER{I} /TRI AMIDES AS EXTRACTA

SINGLE CRYSTALS

SMCLER CROPPINC MERCURY ELECTRODE ) /CCNTROL OF

SOCIUM CHLORIDE SOLUTION /EMPERATURE DEPENDENCE

SOCIUM FLUGRIDE CONTROLLEO POTENTIAL COU
SOCIUM FLUORIOE - POTASSIUM FLUCRICE AB
SOCIUM FLUORIDE - POTASSIUM FLUORIDE / PYROLYTI/
SOCIUM HEXA CHLCRO RHENATE(IV) / URANIUVM-235 TR/

SOCIUvV
SCCIUM
SQCIUY
SOCIuM
SOILS
SOLAR
SOLIC
sgLIC
SgLIC
SCLIC
SOLIC

HYDROXICE TITRATION METHOD

OXIDE / PCTASSIUM OXICE / LITHIUM HYPOBR/
SUPERCXICE / BARIUM BROMITE MONQO HYODRATE/
WITH RACIOTRACERS

AS DETERMINEO BY NEUTRON ACTIVATICN ANALY/
CELL WINCCWS / RIBO NUCLEASE / BACILLUS-SU
ELECTRODES BY VOLTAMMETRY WITH LINEARLY VA
ELECTRODES BY VOLTAMMETRY WITH LINEARLY VA
ELECTRODES BY VCLTAMMETRY WITH LINEARLY VA
INDICATOR ELECTRODES

MATERIALS

SOLIC SOLUTICNS OF URANIUM{III) CHLORIDE IN LAN/
SOLIC STATE CIRCUITS / DOUBLE LAYER CAPACITANCE/
SOLICS BY X-RAY FLUORESCENCE / ELECTRON PROBE AN
SOLUBILITY AND TEMPERATURE DEPENDENCE OF DI1SSOCI
SOLVENT EXTRACTICN OF BERYLLIUM, COPPERy NICKEL,
SOLVENT EXTRACTICN CF METAL CHELATES

SOLVENT EXTRACTICN PRECEECING POLAROGRAPHIC DET/
SOLVENT FOR THERMAL NEUTRON CETECTICON

SCLVENT FOR THERMAL NEUTRON CETECTION

SOURCE A NEW CCNCEPT IN PREC
SOURCE ( EFFECTS CF RADIATION ON ANALYTICAL METH
SOURCE ASSEMBLY

SQURCE MASS SPECTROGRAPH TO HIGH PURITY MATERIAL
SOURCE MASS SPECTROMETRY

SOURCES / ANC EXPERIMENT IN RAPID,
SOQURCES FOR CHEMICAL ANALYSIS
SPARK SCURCE MASS SPECTROCGRAPH TO HIGH PURITY MA
SPARK SOURCE MASS SPECTROMETRY

SPECIES BY MEANS OF CCMPOSITE DIFFUSION TUBES
SPECIES FOUNC CN RUBBER SECTICNS OF COMPOSITE DI

SENSITIVE HEL

SPECIFIC ACTIVITIES OF COMMON RADIONUCLICES
SPECTRA

SPECTRA OF IRRACIATEC LITHIUM FLUQRIDE - BERYLLI
SPECTRA OF SINGLE CRYSTALS

SPECTRA OF SOLIC MATERIALS

SPECTRA OF 14-MEV NEUTRON GENERATORS - RAPID EST

SPECTRAL MEASUREMENTS ( SOLAR CELL WINDCWS / RI®
SPECTRAL RESOLLUTIGN

65PRR-221
654-11-038
65PRR-(25
65PRR=-13]
65PRR~C 14
654-11-07C
65PRR-CU8
65A-11-05A
65PRR-049
65PRR=-199
65a~11-058
65PRR-04T
65A-11-05
65A~05-0uA

65A-01-06

65A~-11-086
65PRR-156
65PRR-156
65A-05-04E
65PRR-154
65PRR-(C15
65TR-02
65A-07-0I1F
65PRR-CU45
65PRR-223
65A-11~-0uB
65PRR-(033
65A-07-01C
65A-11-0uC
65PRR~076
65A-11-04E
65PRR-037
65PRR-183
65PRR-CIT
65PRR-| 04
65PRR-G85
658

65PRR~- 182
65A-04-018
65PRR-124
65A~-C5-038
65A-05-0u1
65A-CT-0t A
65A-02-02
65A-07-018
65A-02-02
65PRR-CI15
65PRR=214
65A-01-0u
65TR-(8
65PRR-C34
65A-02-018
65A-02-02
65A-12
65PRR-1 27
65A-12
65A~12
65PRR-LCS0
65PRR-019
65A-05-0uM
65A-02-02A
65PRR-(030
65PRR=] 9t
65A-05-02
65A-C2-0I1C
65A-12
65A-Ci-14
65A-07-014A
6STR-C8
65TR-1C
65PRR-058
65A-01-06
65A~-11-054A
65PRR-C49
65A-11-074A
654-01-12
65A-03-0u
65PRR-201
65A-0€-0t
65PRR-0U5
65PRR-008
65PRR-201
65A-0€-01
6SPRR-G6T
65PRR=-069
65PRR-(0T78
65PRR-~168
65-C2-0taA
65PRR=214
65A-02-01C
65PRR-(04Y
65A-05-04 M
65A-11~06A
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X-RAY AND
X-RAY AND
X~RAY AND

*E QUANTITATIVE ANALYSIS CF HIGHLY RADIOACTIVE MATERIALS -

APPLICATIONS OF ORNL SPARK SQURCE MASS

AL INTERPOLATION ) ( LITHILM CARBCNATE DILLTION METHOD OF
{ LITHIUM CARBONATE CILUTICN METHOD OF/ SEMIQUANTITATIVE
( CETERMINATICN OF CHRCMILUM IN RACIOACTIVE MSRE SALT / /
REE METALS DIRECT READING
FICATION OF PRCMETHIUM FCR THE ESTABLISHMENT OF A PRIMARY
MASS

PROGRAMMABLE HIGH SPEED DATA ACQUISITION SYSTEM FCR MASS
’ ' MASS

SPARK SOURCE MASS

TRANSURANIUM ELEMENT { TRU ) MASS

INFRARED AND NUCLEAR MAGNETIC RESCNANCE

INFRARED

NUCLEAR MAGNETIC RESCNANCE

ARTIFACTS IN GAMMA-RAY

MASS

ISOTOPIC ANALYSIS OF TRANSLRANILM ELEMENTS BY MASS

RECENT AOVANCES IN ANALYTICAL EMISSION

CINE, L ISOLEUCINE, ANC L VALINE IN A MIXTURE BY INFRARED
/L STUCY OF ARTIFACTS ANC ERRORS ENCCUNTERED IN GAMMA-RAY
/L STUDY OF ARTIFACTS ANC ERRORS ENCOUNTERED IN GAVMMA-RAY
EVALUATICN OF COMPUTEF PROGRAMS FOR GANMA~RAY

THE EVALUATICN OF COMPUTER PROGRAMS FOR GAMMA-RAY

BCRCN,
EC BUTYL 2 ( ALPEA METHYL BENZYL ) PHENOL ( BAMBP )
ARSENAZO-111
NICKEL, IN FOLTEN SALT REACTOR EXPERIMENT { MSRE ) FUEL,
OF SILICON :
MAGNESTIUM IN PROCESS WATER,
NITRATE, PHENCL DI SULFCNIC ACIC
IRCN, t,1C PHENANTHRCLINE
T SYSTEMS ABSCRPTICN
INE IN,CYCLOHEXANE AND IN BENZENE
NIOBIUM IN THE PRESENCE OF FLUORILE
REVIEW OF
THE LASER IN METALLURGICAL
RE EARTE RACICNUCLIDES NUCLEAR
ESTIMATION AND INFLUENCE IN CROSS SECTION MEASURE/ QUTPUT
SOCIUM FLUORICE - PCTASSILM FLUCRIOE ABSCRPTICN
’ SYNTHESIS AND INFRARED ABSCRPTICN
1. MATHEMATICAL RESOLUTICN OF THE OVERL/ THE ABSCRPTION
TRIC APPLICATION A PRCGRAMMABLE HIGH

PROCESS SOLUTIONS, MEASUREMENT CF PRCMPT GAMMA-RAYS FROM

: GOLC ATCMS

AVE POLAROGRAPH WITH SQLID STATE CIRCUITS / DOUBLE LAY/ A
S / DOUBLE LAY/ A SQUARE-WAVE POLAROGRAPH { DESIGN OF NEW
E . ’ SPECTRCPHOTCMETRIC STUCY OF THE
IN LIQUIC SCINTILLATOR SYSTEMS USING AN ISCLATED INTERNAL
TIQUID SCINTILLATCR SYSTEMS BY USE CF AN ISCLATED INTERNAL
METHIUM FOR THE ESTABLISKEMENT OF A PRIMARY SPECTROGRAPHIC
EGRATEC ASSEMBLY FCR GENERATICN, STORAGE, AND CELIVERY OF
[ THEEORY OF COULCME/ PREPARATION OF CHAPTER FCR WELCHERS

AVAILABILITY AND USE OF RACICACTIVITY
CESIUM RACIOACTIVITY IN AQUEOUS SOLUTICNS, CHLCRO
APPLICATICN OF CERIVATIVE TECHNIGQUES TO
KEMISTRY DIVISION, JAN.-CEC.,|964
65, ANALYTICAL CHEMISTRY DIVISION
65, ANALYTICAL CHEMISTRY DIVISION
964, ANALYTICAL CHEMISTRY CIVISICN
. THE PRESENT
CLUTICNS INTEGRATED ASSEMBLY FOR GENERATICN,
/SUBTILIS / AUIPAL-LO-43¢ / AMMONIUM SALT CF A SULFCNATED
CMETRIC SODIUM HYDROXIDE TITRATIOM METHOD
IVITY IN AQUEOUS OR CRGANIC SOLUTICNS
/EDIA 1. MATHEMATICAL RESCLUTION CF THE OVERLAPPING BAND
PYROLYSIS AND GAS CHRCMATOGRAPHIC DETERMINATICN OF
/Y LIMIT OF POLAROGRAPHY / PRECISICN OF DC POLARCGRAPHY /
RATIVE POLAROGRAPHY / DELTA-E~DIFFERENTIAL FOLARCGRAPHY /
/Y / CIFFERENTIAL VOLTAMMETRY / CCMPARATIVE VOLTAMMETRY /
/CIC / CHRONOPOTENTIOMETRIC OXIDATICN OF FERROUS AMMCNIUM
MSRE ) FUEL, SPECTROPHOTOMETRIC T1 METHYL GLYOXIME { PER
CHRCMIUM IN MSRE FUEL, AMPERCMETRIC FERRCUS
/YPOBROMITE / POTASSIUM HEXA CHLCRO RHENATE(IV) / HOLMIUM
/SSTUM FEXA CHLORO REENATE(IV) / KEOLMIUM SULFIDE / ERBIUM
N PRCCESS \ ALKYL BENZENE
- ' METHYL METHANE
ANALYSIS OF ALKYL BENZENE
// BACILLUS-SUBTILIS / ALIPAL-LO-436 / AMMCNIUM SALT OF A
NITRATE, PHENOL DI
ASE METFODS FOR THE EVALUATICN OF ATMOSPHERIC POLLUTION -

ASE METFODS FOR THE EVALUATICN OF ATMOSPHERIC POLLUTICN ~
/LYTICAL CHEMISTRY RESEARCH AND CEVELOPMENT GRCUP MCNTHLY
/ OF URANIUM(III) CHLORIDE IN LANTHANUM CHLORIDE / SODIUM

SPECTRCCHEMICAL ANALYSES

SPECTRCCHEMICAL ANALYSES ( x-1IC )
SPECTROCHEMICAL ANALYSES ( Y-12 )
SPECTROCHEMICAL ANALYSIS LABORATORY
SPECTRCCHEMICAL AND X-RAY TECHNIQUES TH
SPECTROGRAPE TC HIGH PURITY MATERIALS ANALYSIS
SPECTRCGRAPHFIC ANALYSIS ) /APKIC ANALYSIS ( VISU
SPECTRCGRAPHFIC ANALYSIS ( VISUAL INTERPCLATION )
SPECTRCGRAPHIC ANALYSIS OF RACIOACTIVE MATERIALS
SPECTROGRAPHFIC CETERMINATICN OF THE RATICS OF TH
SPECTROGRAPKIC STANOARC /F URANIUM, ANDC THE PLRI
SPECTRCMETRIC ANALYSIS

SPECTRCMETRIC APPLICATION A
SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY

SPECTRCMETRY THE RAPIC CETERMINATION OF L LEU
SPECTRCMETRY FCR RACIOCHEMISTRY ANC ACTIVATION /
SPECTRCMETRY FCR RACIOCHEMISTRY AND ACTIVATION /
SPECTROMETRY IN ACTIVATICN ANALYSIS

SPECTROMETRY IN ACTIVATION ANALYSIS
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/HOSPHICE / THULIUM NITRIDE / HOLMIUM NITRIDE / POTASSIUM
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OF TECKNETIUM INORGANIC ANO NUCLEAR CHEMISTRY OF TECHNETIUM - THERMAL NEUTRCN ACTIVATION ANALYSIS
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SIGNAL TC NOISE RATIOS { S/N )} OF GLASS AND TEFLCN CROPPING MERCURY ELECTROCE CAPILLARIES
/S CORRCCING MEDIA ( EVALUATION CF THE HORIZONTAL CRIFICE TEFLCN CROPPINC MERCURY ELECTROCE FOR OBTAINING/
HY IN HYCROFLUORIC ACID AND OTHER GLASS CORRODING MEDIA / TEFLCN CROPPINC MERCURY ELECTROCE FOR PCLAROGRAP
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R WITH AUTOMATIC TEMPERATURE COMPENSATICN OR PROPORTICNAL
ARBITRARY-SET, PROPORTICNAL
CF CARBONIC ACID IN CCN/ PREDICTICN OF THE SOLUBILITY ANC
REVIEW OF ANALYTICAL CHEMISTRY OF
/ FUNCAMENTAL POLAROCGRAPHIC OATA / MONOVALENT THALLIUM TO
CORROCING MEDIA - EVALUATICN WITF MCNCVALENT THALLIUM TO
/O0R OBTAINING FUNDAMENTAL POLAROGRAPHIC CATA / MCNCVALENT
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REVIEW OF THE
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/UNDS CONTAINING PHOSPHORO THIOATE, ,P=S ANO PHOSPHORO OI
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SENSITIVITY, AUTOMATIC, CCNTROLLED POTENTIAL COULOMETRIC
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TROLLEC POTENTIAL / BLANK C/ HWIGH SENSITIVITY COULCMETRIC
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THIOCYANATE CETERMINATION OF NIOBIUM IN THE PRES
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THULIU¥ NITRIDE / HOLMIUM NITRICE / POTASSIUM S/
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TITRATION METHCE /M(VI) RATIO IN THORIUM OXIDE -
TITRATION METHCC /TEN SALT REACTOR EXPERIMENT {

TITRATION
TITRATION
TITRATICNS
TITRATOR - CCNTROLLED POTENTIAL COULOMETRIC DETE
TITRATOR / I-VERSUS-Q COULOMETRIC METHOL 7/ CONT/
TITRATCR MOCEL-C-2564

TITRATCR WITK AUTCMATIC TEMPERATURE COMPENSATIO/
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RADIOACTIVATION ANALYSIS AS AN ANALYTICAL
/QUANTITIES OF URANIUM IN A TRI N OCTYL PHCSPHINE CXIDE (
ENTS FROM AQUEOUS- SOLUTICNS PRIOR TO THE DETERMINATICN OF
/TION PRECEEDING FCLARQGRAPHIC DETERMINATICN OF URANIUM /

PRODUCTS
NITROGEN, AND CARBON DI OXIDE IN GLOVE BO/ THE EFFECTS OF
CELLULCSE COLUMN SEPARATICN OF
DETERMINATICN OF
IAL DC POLAROGRAPHY IN A TRI OCTYL PHOS/ DETERMINATICN OF
CN CELLULOSE COLUMN SEPARATICN OF

STUCIES CN THE PHENYL ALANYL
NG CIRCUITS '
PRODUCTS METHOD FOR SEPARATING
OTHER ORNL MASTER ANALYTICAL MANLAL METHCDS NEEDED IN THE
ENT OF PROMPT GAMMA-RAYS FROM SPCNTAN/ CALIFORNIUM-252 IN
Y QUINOLINE PRECIPITATICN - / MOLYBDENUM RADIQACTEIVITY IN
HOTOMETRIC METHOC NITRATE IN

I1SOTOPEC ANALYSIS OF

OR TO ‘THE DETERMINATICN OF TOTAL LANTHA/ RAPID REMQVAL OF
REPORT CN FOREIGN

REPORT CN FOREIGN

REPORT CN FOREIGN

REPORT CN FOREIGN

REPCRT OF FOREIGN

REPORT CN FOREIGN

REPORT CN FOREIGN

ICES AS EXTRACTANTS FOR METAL IONS - SELECTIVE EXTRACTIO/
NS NosNo,N TRI HEXYL PHOSPHORIC
TIVE EXTRACTIO/ TRI ALKYL AND HEXA ALKYL PHOSPHORO THICIC
PHOSPHONIUM CHL/ QUATERNARY PHOSFHCNIUM HALIDES ( BENZYL
M HALICES ( BENZYL TRI BUTYL PHOSFHCNIUM BRCMIDE / BENZYL
NO HYCRATE / SODIUM HEXA CHLORO RHENATE(IV) / URANIUM-235
TRACTANT FOR METAL ICNS NoNoN
VENT FOR THERMAL NEUTRCN DETECTICN NyNyN
VENT FOR THERMAL NEUTRCN DETECTICH NoNyN,
/TO DETERMINATICN CF MICROGRAM QUANTITIES CF URANIUM IN A
S OF URANIUM BY CCNTROLLED POTENT:IAL DC POLARDGRAPHY IN A
POLAROGRAPHY WITH A

RELEASE OF TRITIUM BY

RADIO GAS CHROMATOGRAPHY OF THE

RELEASE OF

OF ORGANIC ACIDS WITH HIGH MOLECLLAR WEIGHT AMINES - THE
TRANSFER RIBO NUCLEIC ACIC

STUCIES CN THE PHENYL ALANYL TRANSFER RIBO NUCLEIC ACIC (
TRANSURANIUM "ELEMENT (

ER ANALYTICAL MANUAL METHODS NEEDED IN THE TRANSURANIUM (
AMMA-RAYS FRCM SFCNTAN/ CALIFORNIUM-252 IN TRANSURANIUM {(
CIPITATION - / MCLYBCENKUM RADICACTIVITY IN TRANSURANIUM (
oc NITRATE IN TRANSURANIUM (
CRNE RACIO IODINE SPECIES BY MEANS OF COMPCSITE DIFFUSION
€ SPECIES FOUND CN RUBBER SECTIONS OF CCMPOSITE OIFFUSION
T CONDITIONS IN MAY PACKS BY MEANS OF COMPCSITE DIFFUSION
MENTAL RADIO IODINE VAPOR BY MEANS OF CCMPCSITE DIFFUSION
L STUCY OF THE EFFECT OF AGING ON CARBIDES IN A NIOBIUV -
Y NEUTRON ACTIVATION / MICRO ELEMENT CONTENT OF wWOCL FROM
METHODS USED AT CRNL FCR THE FRECISE DETERMINATICN OF
METKODS USED AT CRNL FCR THE FRECISE DETERMINATICN OF

R BY LAUER, BRUCK, AND LEDUIGOU, FRECISE DETERMINATICN OF
BY LAUER, BRUCK, ANC LECUIGOU, PRECESE DETERMINATICNS OF
/BROGRAPHIC DETERMINATICN CF URANIUM / TRACE ANALYSIS FOR
LCSS IN POLAROGRAPKY / POLAROGRAPHIC DETECTION LIMITS FOR
/ENT EXTRACTICN PRECECING FOLARCGRAPHIC DETERMINATICN OF
/XI0DE { TOPO ) EXTRACT ( MICROANALYTICAL DETERMINATICN OF
IC CETERMINATICN OF MILLIGRAM ANC MICROGRAF QUANTITIES OF
SEPARATICN OF TRACE METALS FROM

SEPARATION (F TRACES OF METALS FRQOM

JURANIUM BY CERIVATIVE OC POLAROGRAPHY / DETERMINATICN OF
IN A TRI OCTYL PHOS/ OETERMINATICN OF TRACE QUANTITIES OF
/CMETRY AS MICRO ANALYTICAL TECHNIQUES ( DETERMINATICN OF
/ APPLICATION TQ DETERMINATICN OF MICROGRAM QUANTITIES QF
) FUEL, AUTOMATIC, CCNTROLLED POTENTIAL, COULCMETRIC YI/

IS DETERMINATICN OF
MSRE ) FUEL, HIGK SENSITIVITY, AUCTOMATIC, CCNTROLLED PCT/
. CETERMINATICN OF URANIUM(VL) IN

LCME/ URANTUM(IV) TO URANIUM(VI) RATIO IN THORIUM OXIDE -
SPECTROPHOTCMETRIC DETERMINATICN OF

/NCE OF LONG-LIVEC ISOTOPES OF PRCMETHIUM FROM FISSICN OF
M BROMITE MONO HYCRATE / SCDIUM HEXA CHLORC RHENATE(IV) /
GAMMA-RAY BRANCHINGS 1IN

/® NITRICE / FOTASSIUM SUPEROXIDE / RUBIDIUM SUPEROXIDE /
/111) CHFLORIDE / URANIUM{IIL) IOOIDE / SCLID SCLUTICNS OF
/PEROXICE / RUBICIUM SUPERCXIDE / URANIUNM{III) CHLORIDE /
YLLIUM FLUORIDE < ZIRCCNIUM FLUCRIDE - THORIUM FLUQRIDE -
ERMINATION OF URANIUM(VI) IN PHOSFHORIC ACID SOLUTIONS OF
ATICN METHOO PARTICLE SIZE DISTRIBUTICN IN
E - URANIUM OXIDE MIXTURES, CONTRCLLED POTENTIAL CCULCME/
CCNTROLLED POTENTIAL COULCMETRIC TITRATICN OF

IDE CCNTROLLED POTENTIAL COULOMETRIC TITRATICN OF

TCCL

TOPD } EXTRACT { MICRCANALYTICAL DETERMINATION /
TOTAL LANTHANICE FISSION PRODUCTS /SURANIUM ELEM
TRACE ANALYSIS FCR URANJUM / APPLICATICN OF QuA/
TRACE ELEMENTS IN HUMAN HAIR

TRACE FIGH ENERCY GAMMA RACIOACTIVITY IN ISOTOPE
TRACE IMPURITIES OF MCISTURE, DXYGEN, HYDROGEN,
TRACE METALS FRCM URANIUM BY CHROMATOGRAPHY ON A
TRACE METALS 1IN NIOBIUM - IRON ALLOY

TRACE QUANTITIES OF URANIUM 8Y CONTROLLED POTENT
TRACES OF METALS FROM URANIUM BY CHROMATCGRAPHY
TRANSFER RIBC NUCLEIC ACIC ( TRNA )} ANALYTICAL S
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