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Prefaée

Analytical chemistry at ORNL is centralized
within the Analytical Chemistry Division. Conse-
quently, the activities of the Division reflect to a
considerable extent the diversity of the research
program at ORNL. The general mission of the
Division is to provide complete analytical support
for these programs — research in analytical chem-
istry, development of new and improved methods for
analysis, and performance of service analyses,

The research and development efforts within the
Division are oriented toward providing the most suit-
able analytical techniques for the analyses that the
Division is called upon to perform. Efforts are be-
ing made to provide more rapid analyses by using
automated or semiautomated procedures and, where
feasible, by using electronic data-acquisition and
-processing equipment. With small integrated-
circuit units becoming available at reasonable
prices, it will be necessary to evaluate the proper

iii

exploitation of such equipment in comparison with
larger time-sharing systems and the processing of
data by the central computer facilities. Constant
attention is given in the service laboratories to as-
suring a high standard of operation by institution of
new or improved methods of analysis and the use of
more efficient and refined instrumentation.

The objectives of the major research and develop-
ment studies in the Division continue to be to pro-
vide analyses for the MSRE and for the bioengineer-
ing programs. The effort in analytical biochemistry
has increased considerably during the last year, and
the staff has been strengthened by the acquisition
of scientists specifically trained in this field. Al-
though further expansion in analytical biochemistry
will probably be at a slower pace, this work will
continue to be considered one of the important
frontiers in analytical chemistry.
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Summary

PART A. ANALYTICAL RESEARCH

1. Analytical Instrumentation

The prototype of the controlled-potential con-
trolled-current cyclic voltammeter was released to
the Reactor Projects Group for obtaining analytical
and mechanistic data in molten-salt media. Satis-
factory results were obtained, although interference
from nearby rf sources caused difficulties. A
duplicate of the instrument was constructed in the
Department of Chemistry, University of Tennessee;
it-is performing satisfactorily in room-temperature
experiments with aqueous and nonaqueous solvent
systems. On the basis of the satisfactory pér-
formance of the prototype, a third instrument (ORNL
model Q-2943) was constructed by the ORNL In-
strumentation and Controls Division for the Reactor
Chemistry Division.

A dual set-point voltage comparator (ORNL model
Q-2950) was designed. It is needed to calibrate
accurately the scan rates used in the controlled-
potential controlled-current voltammeter, which
range from 0.005 to 500 v/sec. For this applica-
tion, the comparator controls a timer to measure
the time comesponding to a set 2-v scan interval.

A modular, solid-state, controlled-potential cou-
lometric titrator is being designed. The perform-
ance of the overall system will be optimized by
including design of the titration cell as part of
this project.

It has been found that a simple modification to
the circuit of the ORNL model Q-2564 high-sensi-
tivity controlled-potential coulometric titrator im-
proves the stability of the instrument and elimi-
nates amplifier limiting that otherwise can occur.

It is intended to field modify five titrators now in
use in the Division (Analytical Services Labora-
tories).

Several additions and revisions were made to .
the circuit of the prototype of the controlled- .

‘potential dc polarograph-voltammeter (ORNL model

Q-2792) that improve its performance. These
changes have also been incorporated into two of
the Q-2792 instruments that are in use in the
Division (Analytical Services Laboratories). The
performance of the improved instrument is being
tested extensively.

An apparatus (ORNL Q-2942) was developed for
the precise electromechanical control of the drop
time (¢) of a polarographic D.M.E., and its pet-
formance was evaluated. The t achieved with
this apparatus is independent of sample constitu-
ents, capillary characteristics, and electrode po-
tential; a short ¢t can be-obtained with a low flow
rate of mercury and negligible convective disturb-
ance to the current at a D.M.E. The ¢ is sub-
stantially more reproducible than that of a good
uncontrolled D.M.E. at constant potential. Two
additional units have been fabricated and checked
out and are being used with two of the Q-2792
polarographs now in service in the Services Lab-
oratories.

A study of the long-term precision attainable in
single-cell first-derivative dc polarography is under
way. By control of temperature, drop time, mercury
head, sparging, and instrument stability, a short-
term S = 0.03% can be achieved, but long-term
S'=1%. It is planned to investigate the utility of
controlling directly the average mercury flow rate
as a means to improve the long-term precision of
this polarographic method. .

An analog time integrator was fabricated. It has
been used by the X-Ray and Spectrochemistry
Group to calibrate a light-beam splitter that will
be used. in turn to calibrate photographic emulsions.

A current amplifier was built; it has a calculated
maximum error of £0.1%. It is now being used by
the Nuclear and Radiochemistry Group.

An automatic output sampler was designed for
obtaining samples from the output of a continuous-
flow analyzer and for transferring the samples to
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filter-paper disks. It is being used satisfactorily
by the Analytical Biochemistry Group for the semi-
-automated determination of transfer ribonucleic
acids.

A chapter, ‘‘Remote Pipetting,”’ has been pre-
pared for inclusion in Volume 10 of SERIES IX,
ANALYTICAL CHEMISTRY, Progress in Nuclear
Energy. Instruments and apparatus for pipetting,
designed specifically for and presently used in
fully enclosed shielded hot cells located in this
country and in Europe, are described.

The electronics unit of a model VI flame spec-
trophotometer has been redesigned to improve its
performance and reliability; the model VI-A instru-
ment is in use for remotely controlled determina-
tions by the X-Ray and Spectrochemistry Group.
The electronics units of two modified model Q-1887
flame spectrophotometers have also been redesigned
(model VI-B) and are in use by the X-Ray and
Spectrochemistry Group. A complete model VI-C
flame spectrophotometer is being designed; it will
be used by the Radioisotopes-Radiochemistry
Laboratory. '

The third and fourth papers of a series of five on
controlled-potential differential dc polarography
were published; the fifth was accepted for publica-
tion.. These three papers are on the subjects of
comparative and subtractive polarography.

The ultimate sensitivity with which a signal can
be measured in the inevitable presence of noise
depends on the signal-to—ﬁoise ratio, S/N. If the
noise that accompanies the signal is random and if
‘a large number of repeated measurements can be
made and summed in register with respect to the
signal, the S/N of the processed data is increased
relative to that of a single measurement in propor-
- tion to the square root of the number of measure-

. ments. It has been shown that the sensitivity of
measurement with a flame photometer is increased
substantially by use of a signal-averaging computer:
to enhance S/N. Several other investigations with

a signal-averaging computer have been planned.

2. Effects of Radiation on Analytical Methods

The effects of radiation on various analytical
methods and reagents were studied further. New
methods or conditions to minimize the deleterious
effects of radiation were evaluated.

A voltammetric method for micro amounts of
fluoride was developed. It is based on the reaction

of fluoride with the zirconium—alizarin red S com-
plex and the anodic reactions of alizarin red S at
the rotating pyrolytic-graphite electrode (R.P.G.E.).

For the separation of fluoride, a rapid distilla-
tion usable in hot cells was developed. Fluoride
is distilled as fluosilicic acid, which is then
measured spectrophotometrically as the alizarin
complexone. The chromophore is radiation sensi-
tive; its absorbance decreases 1% per 1000-rad
dose of gamma radiation from ¢°Co.

The uranium thiocyanate complex used in the
spectrophotometric determination of uranium was
proved to be radiation sensitive. Optimum condi-
tions for using the method under radiation were
established.

Relative to the Spray and Absorption Technology
Program of the Reactor Division, a study was be-

"gun of the effects of radiation on various radiation-

safeguard spray solutions. Solutions of thiosulfate
were investigated. In this connection, the anodic
reactions of thiosulfate at the R.P.G.E. were de-
termined in an effort to establish a highly sensi-
tive, rapid, and selective voltammetric method for
following the effect of gamma radiation on thio- -
sulfate. Thiosulfate has anodic waves at ~+0.8
and ~+1.1 v vs S.C.E. whose heights are propor-
tional to thiosulfate concentration. The +0.8-v
wave results from the oxidation of thiosulfate to
tetrathionate, the +1.1-v wave from oxidation of
tetrathionate. These findings indicate that a volt-
ammetric method for thiosulfate is feasible.

It was found possible to use radiolytically gen-
erated reagents for homogeneous separations. With
chloral hydrate as a source of radiolytically pro-
duced chloride and acid, silver was precipitated as
the chloride and barium as the sulfate. The use of
radiolytic reactions offers a fresh approach to the
study of nucleation processes. -

In conjunction with Project Salt Vault, studies
were made to determine the effects of the radia-
tion from the radioactive wastes on water and other
materials present in natural salt (NaCl). Hydro-
chloric acid was found to be a by-product of the
storage of highly radioactive wastes in salt forma-
tions. It was shown that the hydrolysis of iron
chloride in shale, which is an impurity in natural
salt, releases HCI. Irradiation of solid NaCl
caused no measurable release of chlorine at ele-
vated temperatures. The release of an unidentified
oxidant thought to be an organic peroxide was ob-
served at the demonstration site.
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3. Analytical Chemistry for Reactor Projects

The determination of oxide in highly radioactive
MSRE fuel samples was continued. Oxide con--
centrations of several samples from the second
ORR molten-salt loop were also determined. The
replacement of the moisture-monitor cell was the
first major maintenance performed since the oxide
equipment was installed in the hot cell. A method
was developed for the determination of u3tin
radioactive fuel by hydrogen reduction. Oxidized
species in molten fuel salt samples are reduced
by sparging the samples with hydrogen. The rate
of production of HF is a function of the ratio of
the oxidized to reduced species in the melt. A
computer program was developed to calculate the
expected HF yields for any melt composition. The
fuel samples run to date do not reflect the beryl-
lium additions made to reduce the reactor fuel, a
fact possibly accountable for by an interference
stemming from the radiolytic generation of fluorine
in the fuel samples. This problem will be investi-
gated further. Also, a method is being developed
for the remote measurement of ppm concentrations
of HF in helium or hydrogen gas streams. The
effects of BF , on MSRE pump oil were studied.
Measurements were made of increases in hydro-
carbon concentrations of an He-BF, gas stream
after contact with the oil. A thermal-conductivity
detector was used to monitor the BF ; concentra-
tion in the test gas stream. Development studies
are being made on the design of a gas chromato-
graph to be used for the continuous determination
of sub-ppm and ppm concentrations of permanent-
gas impurities and water in the helium blanket gas
of the MSRE. This problem of analyzing radio-
active gas samples prompted the design and con-
struction of an all-metal six-way pneumatically
actuated diaphragm valve. A helium breakdown-
voltage detector with a glass body was designed
and constructed to permit the observation of the
helium discharge. Under optimum conditions this
detector has exhibited a minimum detectable limit
below 1 ppb of impurity.

Design work was continued on the experimental
molten-salt test loop that will be used to evaluate
electrometric, spectrophotometric, and transpira-
tion methods for the analysis of flowing molten-
salt streams. Measurements of the potentials of
the Ni/Ni2* couple in molten fluoride salts have
indicated that this couple may be useful as a
reference electrode for fluoride melts. Controlled-
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potential, voltammetric, and chronopotentiometric
studies were carried out on the reduction of U(IV)
in molten fluoride salts; a new cyclic voltammeter
was used. It was concluded that the U(IV) —>
U(IID) reduction in molten LiF-BeF2—ZrF4 is a
reversible one-electron process but that adsorption
phenomena must be taken into account for volt-
ammetric measurements at fast scan rates or for
chronopotentiometric measurements at short
transition times.

To permit the observation of absorption spectra
of highly radioactive materials, it is planned to
install a spectrophotometric facility having an
extended optical path integral with a hot cell.

The basic spectrophotometer and associated equip-
ment have been ordered. Spectrophotometric evi-
dence has shown that 2LiF-BeF | is compatible
with SiO, in a system that contains excess SiF,
at temperatures up to ~1000°K. The ability to
contain 2LiF-BeF , melts in silica cells permitted
more precise measurement of the molar absorptivi-
ties of U(IV) than had been possible with window-
less cells. Studies of the solubility of Cr(IIl) in
2LiF-BeF  at 550°C were also made in silica
cells. An investigation of the spectra of U(V]) in
molten fluoride salts has been initiated. The
simultaneous electrochemical generation and spec-
trophotometric observation of species in molten
fluorides was demonstrated experimentally. The
spectra of these species are obtained in the
vicinity of the wotking electrode and should permit
the direct identification of unusual and perhaps
unstable solute species. The reduction of UIV)
and reoxidation of U(III) has been observed with
this system.

In the production of UO, microspheres by the
Sol-Gel Process, an important step is the removal
of carbonaceous impurities by treatment with
steam. A system was designed and constructed to
continuously sample and determine the hydrocarbon
content of the steam from tests on this procedure.
The system has been used to monitor the hydro-
carbon content of steam from the decarbonation of
various UO, samples as a function of temperature
and time. An in-line method was needed to moni-
tor the concentrations of the reagent reduction
products, BrF , and Br,, in the effluent from the
Fluidized-Bed Volatility Pilot Plant. Some success
was realized with a gas chromatographic technique
by use of a 7-ft Alcoa T-60 alumina column with a
10% Kel-F loading. Elution times were determined

for BrFS, BrF Br,, and UF,. This study was
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terminated when construction of the Fluidized-Bed
Volatility Pilot Plant was discontinued.

The design of an analytical system for the in-line
analysis of the gases generated by in-pile tests of
fuel elements was changed to incorporate a quad-
rupole residual-gas analyzer. The substitution of
the residual-gas analyzer will permit the measure-
ment of more components over greater ranges of
concentrations and at an acceptable analysis
frequency. Tests of a quadrupole residual-gas
analyzer in our laboratories indicate that the in-
strument will function properly in the proposed
application. Therefore, specifications have been
written and submitted for bids. It will still be
necessary to make a separate determination of CO.
A CO infrared analyzer was installed in the gas-
sampling hood at the ORR and was calibrated.
Actual tests carried out with irradiated gases from
an in-pile experiment showed that the instrument
and CO measurements are not affected by radiation
at the maximum anticipated level. The program
was continued on the gas chromatographic detemi-
nation of volatile organic air pollutants that are
most likely to form volatile organic iodides with |
fission product iodine. The results of the determi-
nation of total, unsaturated, and oxygenated hydro-
carbons are tabulated for samples taken from the.
secondary containment of each reactor at ORNL,
the Nuclear Safety Pilot Plant, various locations
external to research buildings, and the Clark Center
Recreation Park. Samples from the CVTR in
Columbia, South Carolina, were also analyzed.

4. Special Research and Development Activities

For gas chromatography a new preparative gas
chromatograph was acquired. Work with it has con-
sisted exclusively of the purification of organic
- compounds. The major factor in obtaining ultrapure
compounds is the proximity of the elution peaks of
the impurities to the peak of the parent compound.
A modification of the chromatograph developed at
ORNL allows different cut points to be selected on
each side of the parent peak and provides the possi-
bility of producing compounds of 99.99% purity. A
method was developed for the gas chromatographic
determination of ppm concentrations of sulfur hexa-*
fluoride in methane. The results from triplicate .
samples show a deviation from the mean of +5%.

A pyrolysis—gas-chromatographic technique was

used to determine the volatile organic substances
in a mold-release compound and in aluminum pow-
der that caused difficulty for the Metals and
Ceramics Division in extruding aluminum parts by
a powder metallurgical process.

Precise, procedures were developed for resolving
complex mixtures of constituents of tRNA by thin-
layer chromatography on PEI-cellulose. The tRNA
constituents in alkaline hydrolysates of E. coli B
and of yeast were isolated and identified. A
method was perfected to separate and identify the
mushroom toxins a-, 3-, and y-amanitin. Numerous
samples of methanol extracts of mushrooms and
mushroom pellets were analyzed as a means to
determine the efficiency of fermentation processes
for the production of the toxins in quantity. The
cross-linked dextran Sephadex G-75 Superfine Gel
was evaluated for the thin-layer chromatographic
separation of proteins according to molecular
weight. The few experiments made did not give
satisfactory separations. .

In electroanalytical studies a vertical-orifice
rapid Teflon D.M.E. was shown to be suitable for
rapidly obtaining reproducible and iheoretically
correct polarograms when the solution polarographed
contained 0.1 w/v % polyacrylamide to suppress
maxima. Data that justify this conclusion were ob-
tained for the TI* —> TI1° reference reaction. A
1 M hydroxylamine hydrochloride solution was
found to be a suitable supporting medium for the
polarographic determination of U(VI) in the presence
of Cu(Il), because the half-wave potentials are
separated by ~270 mv. Studies of ion-specific
electrodes revealed that an optimum pH range exists
for each electrode. Different makes of calcium,
divalent, fluoride, and nitrate ion-specific elec-
trodes were evaluated.

A new Beckman IR-12 infrared spectrophotometer
was put into operation, and many organic and in-
organic materials were examined with it.

A nuclear magnetic resonance spectrometer has
been used to elucidate the chemical structure and
configuration of a number of organic compounds as
a service to several research divisions.

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

"
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use of quartz or platinum combustion tubes; de-
termination of periodate, iodate, and iodide in
mixtures of the three; density-gradient determina-
tion of the density of pyrolytic carbon particles;
and study of the autodecomposition of bromate in
acid nitrate media. A Cary model 14 spectropho-
tometer is being fitted with a glove box to permit
spectrophotometric studies of highly radioactive
alpha-emitting-substances. Also, a Leco Nitrox-6
Analyzer was installed in a glove box in the High-
Radiation Analytical Facility (HRAF) to determine
oxide-to-metal ratios of alpha-emitting metal oxides.
The effect of salt content on the absorbance of
solutions of tRNA’s was studied. Two chapters
are being prepared for inclusion in Volume 10 of
SERIES IX, ANALYTICAL CHEMISTRY, Progress
in Nuclear Energy.

5. Analytical Biochemistry

Analytical assistance to the Biology and Chemi-
cal Technology Divisions was continued as part
of the Macromolecular Separations, Body Fluids .
Analysis, and Molecular Anatomy Programs. In the
analysis of transfer ribonucleic acids (tRNA’s), the
optimum conditions for the assay of valine- as well
as leucine- and phenylalanine-accepting tRNA’s .
were established. Techniques for the isolation of
aminoacyl synthetase enzymes were examined, and
an improved enzyme preparation of higher purity
and specific activity has been prepared. As part
of a continuing effort to improve the analysis,
various disk pretreatments were tested. The assay
procedure has been automated; 40 samples per hour
can be analyzed with precision and accuracy not
significantly different from those of manual assays.
Studies of the separation of nucleic acid components
by ligand-exchange chromatography were continued,
and this technique is now used routinely to de-
termine terminal nucleoside, base ratio, and molec-
ular weight.

In the Body Fluids Analysis Program, ultraviolet-
absorbing components isolated from urine by anion
exchange chromatography are being collected for
characterization by infrared, nuclear magnetic
resonance, and mass spectrometry. Because only
a very small quantity of many of these compounds
will be available, other techniques such as the
use of !*C-labeled compounds and preconcentration
by gel-permeation chromatography are also being
applied.

In the Molecular Anatomy Program, our main ob-
jective is to isolate and characterize antigen
activity in virally induced tumors. Gel electro-
phoresis, both analytical and preparative, is used
extensively. A new method, centriphoresis, in
which proteins migrate through a density gradient
in both electrical and centrifugal fields, is now
being used, and antigen activity has been concen-
trated. The amino acid content of various normal
tissues and of tumorous tissue was measured to
determine whether significant differences exist.
Urine samples from normal persons and from
patients with various pathological conditions were
also analyzed. At present the results of both these
studies are inconclusive.

The bulk of the amino acid analytical work is
now concerned with sequence analysis of proteins.
The sequence of the 8 chain of mouse hemoglobin

_has been partially determined.

6. X-Ray and Optical Spectrochemistry

Computer subroutines were written to calculate
and to plot chemical compositions from electron-
probe data by use of fundamental physical data
stored on tape. The ASTM Committee E-2 ‘““Tenta-
tive Recommended Practice in Photographic Pho-
tometry’’ was revised completely. A beam splitter
was designed and tested for use in calibrating
spectrographic emulsions. To facilitate the chemi-
cal collection of impurities in bone ash, phosphate
was removed by electrodialysis through anion-
permeable membranes; a similar method is being
used to prepare ultrapure reagents. Commercial
freeze-dried foods are being evaluated as possible
standards for the interlaboratory-check analysis
of tissue. The limits of sensitivity for the de-
termination of rare-earth elements in LiF-BeF ,
type nuclear fuel and of numerous trace elements
in 2°3J0 -ThO , were extended by combining pre-
concentration procedures with arc spectrographic
analysis.

7. Mass Spectrometry

Work with the MS-7 spark-source mass spectro-
graph increased 30%. Unusual alloys and metallic
samples made from separated stable isotopes were
analyzed for trace constituents. The spark-source
technique for the analysis of solutions was shown
to be satisfactory for determining Nb in 23'Pa and
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for studying the penetration of irradiated graphite
by constituents of MSRE salts.

. A single-magnetic-stage mass spectrometer was
constructed and put into use for the analysis of
organic compounds. A wide variety of samples of
mass up to 600 have been analyzed satisfactorily.

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

A mass spectrometric search was made for neon
in minerals and in volcanic glasses. The analyses
are important in distinguishing between primordial
and radiogenic components and their role in the
origin of the atmosphere and its relationship to the
origin of the solar system and the genesis of ele-
ments.

A high-resolution double-focusing mass spec-
trometer was assembled and tested. It has a reso-
lution of 4000 and accepts solid and gaseous in-
organic samples.

8. Optical and Electron Microscopy

Optical and electron microscopy and diffraction
studies were made on a wide variety of materials to
give research assistance in support of numerous
ORNL and other AEC-sponsored programs con-
cerned with nuclear technology. Four typical
studies involving fundamental and applied chemis-
try, metallurgy, and nuclear safety are discussed
briefly. '" :

The examination of highly radioactive materials
in the form of prepared particles, corrosion products,
and replica-stripped material has continued at the
electron microscopy facility in Building 3019. This
work is illustrated by an electron micrograph of
particulate ?3*Pu0 .

Several new instruments have been installed;
among them are a dark-field device for the Philips
EM 200 electron microscope and a precision plate
developer for electron-microscope plates. A
Philips EM 300 electron microscope has been
ordered for studying highly radioactive alpha emit-
ters at the Transuranium Processing Plant,

9. Nuclear and Radiochemical Analyses

Gamma branching in °5Zr and cross sections for
production of !!38n and 25%9Bk by neutron capture
were measured. Alpha decay of the new isotope
1540 was studied, and the standardization of

197Hg was firmed up through interlaboratory com-
parisons. A film-recording radiation-event monitor
for pulsed x and gamma radiation was developed,
the use of the beta-excited isotopic-light-source
photometer was extended to the ultraviolet region,
and a semiconductor x-ray emission spectrometer
that has an isotopic x-ray source was investigated.
The development of radiation-stimulated light
sources continued. Improvements to and computer
applications in analytical alpha spectrometry
were made.

A number of new facilities have been studied,
proposed, or commenced; these include a facility

- for activation analysis with a 252Cf source, a high-

intensity analytical cyclotron, an activation analy-

sis laboratory at the HFIR, target assemblies and )
pneumatic transfer for photon and fast-neutron -
activation at the ORELA, possibility of using the
86-in. cyclotron as a neutron source, and a proto-
type low-level radiation counting laboratory for

the Lunar Receiving Laboratory in Houston. Work
continued on interactions of He particles with
selected low-Z elements, and a method to calculate
sensitivities, interferences, and optimum bombard-
ment energies was developed. The recoil tech-
nique was evaluated as an aid in activation-
analysis nuclide identification. A number of ap-
plied activation analysis problems were solved,
and a chapter on radioactivation was prepared for

a handbook.

A new 14-Mev neutron generator facility for de-
termining oxygen in alkali metals was completed; -
the older system, however, has continued to be
used for some applied problems. Fluorine was
determined in fluorspar ores, and a dual-axis b
sample rotator was developed to assist in this and
other problems that require high précision. De-
velopment of the leached fuel element monitor was
completed.

The Cooperative Isotopes Program continued
with technical assistance, quality control, and aid
in isotope characterization being supplied. High-
energy gamma rays in 233U, 23%Pu, and 24'Am
were studied, the half-lives of a number of radio-
nuclides were redetermined, and a radiochemical
study was made of the HFIR cooling water. At-
tempts are under way to use radioisotopic tagging
as an aid in locating stolen copper wire.

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

i
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anion exchange, and liquid-liquid extraction of
niobium with TTA. Pure 245:246Py was prepared;
evidence for photofission of iron was reported. A
method to improve liquid-scintillation counting in
aqueous systems was developed. Water research
was broadened to include assistance in testing of
desalination plants, ecological investigations of
local watersheds, application of tracers and acti-
vation analysis in tracing the flow of rivers and
streams, and removal of sodium from activated
samples.

In the transuranium research program a laboratory
was equipped for special analytical service, a
number of lanthanide and actinide -diketones
were prepated, controlled-potential coulometric
titration of americium was reported, and the feasi-
bility of determining the formal potential of the
Bk(III)-Bk(IV) couple was studied.

10." Inorganic Preparations

Programs of the preceding year were continued.
These included the preparation of fused salts,
mostly rare-earth-metal halides, for the Chemistry
Division; and for the Solid State Division: the
preparation of compounds of the spinel (MgAl 204)
structure, the preparation of GeO, glasses, the
production of high-purity KCI, and the heat treat-
ment of rare-earth-metal alloys. In conjunction
with this latter work, a project was undertaken to
produce 50 g of the isotope 19°Gd in the metallic
form by the reduction of '°°GdF .

For the Physics Division a series of alloys and
compounds that contain isotopes of gemanium and
of nickel were prepared. Other miscellaneous
single preparations were made for various groups.

11. Organic Preparations

The Organic Preparations Laboratory, as in past
years, continued to support ORNL research divi-
sions through custom synthesis of organic com-
pounds needed for experimental activities. These
compounds included p-aminobenzylamine, hepta-
decylamine, tri-n-butylbenzylphosphonium chloride,
tetra-n-butylphosphonium bromide, a,a “~dipiperidyl,
cesium p-ethylbenzenesulfonate, and bicyclo-
[1.1.0]butane.

Divisions using the services of the Organic
Preparations Laboratory were: Analytical Chemis-
try, Chemistty, Chemical Technology, and Metals
and Ceramics, and the K-25 Technical Division.

PART B. SERVICE ANALYSES

12. Mass Spectrometric Analyses

The wortk of the Mass Spectrometry Service Lab-
oratory increased 25% over last year, an increased
number of samples being submitted from the Iso-
topes and Reactor Chemistry Divisions. Isotopic
abundances of samples from irradiated HFIR com-
ponents were determined. Purity of compressed
gases was certified. An electron bombardment
source that uses a five-sample wheel was developed
and tested for use with the 12-in. 90° mass spec-
trometer. .

The Transuranium Mass Spectrometry Laboratory
analyzed 88% more samples than last year, at the
same time decreasing the cost per analysis to
about half. The isotopic analysis of all elements
from thorium through californium was done routine-
ly. Sample types became increasingly diversified.

13. Emission Spectrochemical Analyses

The Spectrochemistrty Laboratory analyzed about
13% more samples than last year. Trace impurities
were determined in the stable isotopes of 45 ele-
ments. Also, a large number of samples of air,
water, metals, and unusual alloys were analyzed.

14. Process Analyses

The Process Analyses Laboratories performed
208,523 analyses, a 65% increase over the past
year with no increase in personnel. The increases
were samples received from the Transuranium
Process and Biochemical Programs. Brief state-
ments of the new developments and work in each
laboratory follow.

The High-Level Alpha Radiation Laboratory
determined californium and einsteinium in solu-
tions from the Transuranium Processing Plant.
Fluoride was isolated by pyrohydrolysis and
measured spectrophotometrically. Isotopic di-
lution and mass spectrometry were used to meas-
ure extremely low levels of plutonium.

The General Analyses Laboratory completed the
development on a new vacuum-fusion gas chro-
matographic analyzer; the cost of vacuum-fusion
analyses was thereby reduced to half. The pre-
cision of the detemination of tRNA’s was im-
proved significantly. New methods were used to



assist the Molten-Salt Reactor and coated-particle-
development work. Assays at the ppb level were
made in water-pollution studies.

The General Hot-Analyses Laboratory continued
to supply analytical support to other ORNL divi-
sions. A glove-box facility was installed and put
into service. The MSRE analyses continued with
no problems. Some analytical work was done for
facilities outside ORNL.

In the Radioisotopes-Radiochemistry Laboratory
most of the work was in support of the programs of
the Reactor and Reactor Chemistry Divisions.
Some analyses are being made on new experimental
targets from the 86-in. cyclotron. A 4096-channel
analyzer and a flame photometer were ordered.
~ The South Annex of Building 2026 (HRLAL) was
completed and has been occupied.

The number of control samples included in the
Statistical Quality Control Program decreased
during the past year by 14%; the overall quality of
the work improved.
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PART C. ORNL MASTER ANALYTICAL
MANUAL

15. ORNL Master Analytical Manual

The cumulative indexes to the ORNL Master
Analytical Manual were updated to make the in-
dexes cumulative for the years 1953 through 1966.
The updated indexes are available from the
Clearinghouse for Federal Scientific and Techni-
cal Information; they are de51gnated TID-7015°
(Indexes), Revision 4.

The ninth supplement to the reprinted form of
the Manual (TID-7015, Suppl. 9) was issued; it
includes two new methods and revisions to three
methods. Ten additional methods, not included in
Suppl. 8, were written for record only. 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

The research program of the Analytical Chemistry
Division is indicative of the diversification of the
total effort in analytical chemistry at the Oak
Ridge National Laboratory.

Investigations in analytical instrumentation,
nuclear methods of chemical analysis, electro-
analytical chemistry of the molten state, radiation
effects on analytical methods, and mass spectrom-
etry are carried out for the Physical Research
Division of the Atomic Energy Commission.
Studies of applications for radioisotopes are done
for the AEC Division of Isotopes Development.

Analyticél research and development is also be-
ing conducted in several areas of biochemistry and
bioengineering for the National Institute of General
Medical Sciences of the National Institutes of
Health. Programs were continued to provide
specific assistance to research divisions and
projects of the Oak Ridge National Laboratory,
for example, the Molten-Salt Reactor Project and
Transuranium Process Program.

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

1. Analytical Instrumentation

D. J. Fisher
R. W. Stelzner

1.1 CONTROLLED-POTENTIAL
CONTROLLED-CURRENT
. CYCLIC VOLTAMMETER

T. R. Mueller H. C. Jones

The prototype of the controlled-potential con-
trolled-current cyclic voltammeter®-?
for evaluation in voltammetry of molten salts in
December 1966. As a result of its initial applica-
tions, several design changes were made. An
instrument that incorporates some of the design
changes was constructed in the Department of
Chemistry, University of Tennessee.

was released

LT, R. Mueller and‘H. C. Jones, ‘‘Controlled-
Potential and Controlled-Current Cyclic Voltam-
meter,’”” Anal. Chem. Div. Ann. Progr. Rept. Oct. 31,
1966, ORNL-4039, p, 1.° :

2T. R. Mueller, ““Controlled-Potential and Controlled-

" Current Cyclic Voltammeter,”” presented at the Ana-

lytical Chemistry Instrument Demonstration Conference,
An Industrial Cooperation Conference, Oak Ridge
National Laboratory, Oak Ridge, Tenn., Oct. 16—17,
1967.

Because of the excellent performance of the
prototype, a third instrument (ORNL model
Q-2943) was constructed by the Instrumentation
and Controls Division for the Reactor Chemistry
Division. The maximum current capability of the
Q-2943 is 500 ma; its performance specifications
are identical with those of the prototype. It was
fabricated in the Standard Nuclear Instrument
Modules (NIM)® system (ORNL Q-2800) to facilitate
its use as a research instrument, to simplify its
duplication through the use of printed circuits,

‘and to provide for plug-in modules to extend its

capabilities by the addition of other functions
(e.g., current integration and current- or potential-
time differentiation).

Because the fast circuitry of the cyclic voltam-
meter requires wide amplifier bandwidth, consider-
able difficulty has been experienced in attempts
to eliminate the spurious response triggered by

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



noise pickup at the cell. Much of the noise was
traceable to modulated rf signals produced in
adjacent laboratories. Accordingly, data collec-
tion was restricted to periods when these noise
sources were not in operation. Radio-frequency
shielding of the cell has been recommended.

With some cells it is difficult to stabilize the
potentiostat. It is hoped that current investiga-
tions will reveal whether the cell configuration or
external noise pickup is the primary cause of
instability.

In spite of these annoyances, the prototype and
the second instrument have been used successfully
to obtain both analytical and mechanistic data in
molten-salt media. The results of these studies
will be published elsewhere, The second instru-
ment has also performed satisfactorily in room-
temperature experiments made at the University
of Tennessee with aqueous and nonaqueous sol-
vent systems.4

Although the voltammeter undoubtedly will
undergo further minor changes, the basic instru-
ment is a useful research tool. A manuscript that
describes the voltammeter is being prepared for
publication. A check-out and test procedure that
explains the operation of the instrument and indi-
cates the adjustments and calibration required
when it is put into use was written, This procedure
can also be used in servicing and routinely check-
ing the instrument. ’

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

T. R. Mueller

Generally when counter timers are dc coupled an
error of about +0.3% may be introduced in the
“‘time interval’’ mode. The error arises from
drift in the gating levels of the ‘‘start’’ and ‘‘stop”
inputs. Calibration of linear voltage ramps in the
controlled-potential controlled-current cyclic volt-
ammeter (Sect. 1.1) required that the timing error
be no greater than +0.05% for rates of rise in the
range 0.005 to 500 v/sec.

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

To achieve accurate timing, a low-drift com-
parator was developed that has an operational
amplifier in the input stage. When operated from
a power supply with £0.01% regulation, this de-
vice senses the input voltage with a maximum
error of 0.1 mv,

Two set points are obtained by electronically
switching the reference voltage. When the low-
voltage set point is reached, output and trigger
pulses are generated. The output pulse starts a
timer. The trigger pulse changes the state of a
bistable multivibrator to establish the high-voltage
set point. When the input voltage reaches the high-
voltage set point, output and trigger pulses are
again generated. The output pulse stops the timer.
The trigger pulse resets the multivibrator and thus
reestablishes the low-voltage set point.

The accuracy of the voltages of the set points
was ensured in the following way. Direct-current
voltages were applied to the input, and the ap-
pearances of the output pulses were observed.
Voltage ramps with rates of rise between 0.1 and
10 v/min, calibrated by independent absolute
methods, were then presented to the comparator.
Rates of rise calculated from time intervals ob-
tained with the comparator agreed with the known
values to within +0.01% for a 2-v interval. Meas-
urements on the 500-v/sec ramp in the cyclic
voltammeter indicated a relative standard devia-
tion (S) <0.1%, whereas previous measurements
that used the gating circuits in several time-
interval meters showed S >0.3%. Additional
characteristics of the comparator are given below.

Input
2 * 0.5 v; can be changed to 20 v

without change in other specifica-

Set-point interval:

tions
Set-point drift at 25°C: <0.1 mv; 10 pv short term

Rate of rise of ramp: dc to 20,000 v/sec

Output Pulse
Amplitude: —13 v
Rise time (90%): <0.2 psec

Duration: 10 lsec; can be shortened if required

Power

+15 v dc at 90 ma; —~ 15 v dc at 6 ma



1.3 SOLID-STATE CONTROLLED-POTENTIAL
COULOMETRIC TITRATOR

T. R. Mueller

H. C. Jones

The design of the solid-state controlled-potential
coulometric titrator’ is being modified to allow
the use of modular construction techniques (NIM).3
It is expected that the use of four modules in the
construction of this instrument will minimize the
downtime required for servicing by permitting
direct substitution of modules, The design of
cells currently used with our coulometric titrators

is being reevaluated to optimize overall performance.

1.4 MODIFICATIONS TO THE HIGH-
SENSITIVITY CONTROLLED-POTENTIAL
COULOMETRIC TITRATOR
(ORNL MODEL Q-2564)

T. R. Mueller H. C. Jones

We reported previously® that the design of the
model Q-2564 high-sensitivity controlled-potential
coulometric titrator’ was being changed to eliminate
titration errors which result from overload or
instability of the potentiostat and that the per-
formance of the modified instrument was to be
evaluated. One instrument was modified. Its
performance indicated that a modification less
extensive than that originally planned should be
adequate. Accordingly, the simple modification
was made in a second instrument, which was then
tested extensively with electroanalytical cells in
use in several of the Analytical Services Lab-
oratories. Both mercury-pool and platinum-gauze
working electrodes, as well as cells of different
geometries, were used. P.S. Gouge,® R. Burms,®
and J. R. Stokely!® assisted with the testing.

SH. C. Jones, ““Solid-State Controlled-Potential
Coulometric Titrator,’’ Anal. Chem. Div. Ann. Progr.
Rept. Oct, 31, 1966, ORNL-4039, p. 1.

61, R. Mueller and H. C. Jones, ‘““Modifications to
the ORNL Mode!l Q-2564 High-Sensitivity Controlled-
Potential Coulometric Titrator,’’ Anal. Chem. Div.
Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039; p. 7.

"H. C. Jones, W. D. Shults, and J. M. Dale, ‘‘High-
Sensitivity Controlled-Potential Coulometric Titra-
tor,”® Anal. Chem. 37, 680 (1965).

8General Analyses Laboratory.
9Genera1 Hot-Analyses Laboratory.
10Methodology Group.

Both instruments were stable, the titration times
were not materially lengthened, and errors due to
amplifier limiting were eliminated. The four other
instruments of this type in use in the Division will
be modified in the simpler way.

1.5 CONTROLLED-POTENTIAL DC
POLAROGRAPH-VOLTAMMETER
(ORNL MODEL Q-2792)

W. L. Belew D. J. Fisher
H. C. Jones M. T. Kelley
T. R. Mueller R. W. Stelzner

The circuit of the ORNL model Q-2792 controlled-
potential dc polarograph-voltammeter!!'12 was re-
vised to incorporate recently available superior
components and to make changes proved desirable
by operational experience. The following changes
or additions were made in the prototype instrument:

1. The current amplifier was changed from Phil-
brick Researches, Inc., type SP656 to type
SP2BU to decrease flicker noise and recovery
time.

2. The potential-control amplifier was changed
from type SP656 to type EP4SALU to decrease
recovery time after an overload in the po-
tentiostat circuit.

3. The amplifiers in the filter circuits were
changed from type EP85AU to type EP25AU
to reduce noise level.

4. The operational amplifiers in all derivative
and inverter circuits were changed from type
P35A to type EP25AU to eliminate tedious
trimming steps in the check-out procedure.

5. A potential-correction circuit was added for
the input to the X axis of the X-Y recorder to
produce polarograms having accurate E ,
values for the regular, first-, and second-
derivative modes at all available scan rates,
Figure 1.1 illustrates the effect of this cot-
rection circuit for first-derivative polarograms.

Uy, L. Belew, T. R. Mueller, and H. C. Jones,
‘‘Controlled-Potential DC Polarograph-Voltammeter,
ORNL Model Q-2792,*" Anal. Chem. Div. Ann. Progr.
Rept. Nov. 15, 1965, ORNL-3889, pp. 4—6.

12p. J. Fisher, M. T. Kelley, H. C. Jones, R. W.
Stelzner, and W. L. Belew, ‘‘Controlled-Potential
DC Polarograph-Voltammeter. Design and Evalua-
tion,’* Anal. Chem. Div. Ann. Progr. Rept. Nov. 15,
1964, ORNL-3750, p. 3.
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Fig. 1.1. First-Derivative Polarograms of 5 X 10_4 M Cd%" With and Without Potential Correction on the X Axis

of the Recorder.

6. A diode was placed across the Y input of the

X-Y recorder to prevent Y servo-amplifier
overload in the recording of a first-derivative
polarogram. .

7. The capacitors in the first- and second-
derivative computing circuits were changed
to a type of higher quality (polystyrene) to
increase the precision and accuracy of these
circuits.

8. Components affecting the frequency response
" in the first-derivative circuit were returned to
their original calculated values, because a
superior filtering system has now been in-

stalled.!3 -

13R. W. Stelzner, W. L. Belew, D. J. Fisher, and
M. T. Kelley, ‘“‘Improved Averaging Filters for
Polarographic Instrumentation,’’ Anal. Chem. Div.
Ann. Progr. Rept, Oct, 31, 1966, ORNL-4039, p. 3.

9. The initial-potential control was calibrated
* for greater convenience in operation.

10. A derivative-offset circuit with a range of 0
to 10 v was added for high-sensitivity polar-
ographic work.

11. Reed relay circuits with high leakage resist-
ance were added to the scan generator to
minimize drift.

12. A cell-potential indicator in the form of an
external voltmeter was added to assist the
operator. .

13. Buffer resistors (10 ohms each) were placed
in both the X and ¥ inputs of the recorder to
isolate circuit capacitance.

Existing drawings were revised to include these
changes (ORNL Dwgs. Q-2792-R3). Line drawings
of both the block diagram (ORNL Dwg. 67-3063A)
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Fig. 1.2. Reproducibility of Three Types of Readout for the ORNL Model Q-2792 Controlled-Potential DC

" Polarograph-Voltammeter:

and of the complete circuit diagram (ORNL Dwg.

68-6567R) were prepared for use in a publication.

Arrangements were made with the ORNL Instru-
mentation and Controls Division for field modifi-
cation of the serial Nos, RO-0002 and RO-0003
instruments to bring them up to date with the cur-
rent Q-2792-R3 drawings.

Extensive testing of the revised prototype
instrument to determine whether it adheres to
specifications under simulated and actual electro-
chemical cell conditions has been under way for
several months. This study has been facilitated
by preliminary design work on a simulated polar-
ographic cell. Figure 1.2 illustrates the repro-
ducibility of the three types of readout obtained
with the Q-2792 polarograph-voltammeter: regular,

first-derivative, and second-derivative dc polaro--

grams for 5 x 10=* M Cd?* solution. In each case,

Regular, First-Derivative, and Second-Derivative,

three replicate polarograms are superimposed by
the X-Y recorder.

The Q-2792 instrument has been described
orally;1*~ 1% also, a journal article about the

instrument is being written. In addition several

M T. Kelley, ‘“Electroanalytical Research at Qak
Rxdge Nat1ona1 Laboratory,’’ presented at a seminar
at Rudjer Boskovic Institute, Zagreb, Yugoslavia,
Sept. 11, 1967.

Sw. L. Belew, ‘‘A Solid-State, Controlled-Potential
DC Polarograph and a Precision Drop-Time Control-
ler,”” presented at the Eleventh Conference on Analyti-
cal Chemistry in Nuclear Technology, Gatlinburg,
Tenn , Oct, 10—12, 1967.

W. L. Belew, ‘‘Controlled-Potential DC Polaro-
graph-Voltammeter (Q-2792),”” presented at the Analyti-~
cal Chemistry Instrument Demonstration Conference,
An Industrial Cooperation Conference, Oak Ridge
Natipnal Laboratory, Oak Ridge, Tenn., Oct. 16-17,
1967.






Table 1.1. Comparison of Drop-Time Precision of Free-Falling vs Controlled-Drop-Time

Dropping-Mercury Electrodes

. Free-Fall Controlled
Type of Potential
D.M.E. Orifice (v vs S.C.E.) S £ S
(sec) (%) (sec) (%)

Horizontal 0 5.2002 0.25 0.5005 0.007
~1.0 5.3587 0.33 0.5005 0.005
—1.5 4.323 0.19 0.5005 0.008
-2.0 2.6563 0.34 0.5006 0.008

Vertical . 0 1.2515 0.27 0.5005 0.008
—1.0 1.2821 0.18 0.5005 0.007
—1.5 1.0153 0.46 0.5005 0.010
—2.0 0.6631 1.40 0.5004 0.033

bility of ¢t was <0.01% in all cases. For data col-
lected over a period of 20 days, the t's were re-
produced to S = 0,03%. Thus, for any one series
of polarograms the ¢’s should be reproducible to
better than S = 0.01%; for extended periods § s
0.03% can be expected.

To determine whether use .of the drop-time con-
troller increases the reproducibility of ¢, individual
drop times were measured with a seven-place
electronic counter. Measurements were made of
the S of both the controlled ¢ and the free-fall ¢
with vertical- and horizontal-orifice capillaries;
Table 1.1 gives the data. The data show that use
of the drop-time controller significantly increases
the reproducibility of ¢ and that a constant and
precise ¢ can be obtained at any potential from
0to—-2.0v. :

Oscilloscopic current-time curves obtained at
~0.8 v with 5 x 10~% M Cd?" in 1 M KCI indicate
that no problems caused by stirring or vibration
occur when ¢ 2 0.25 sec. ’

The prototype apparatus has been in use for ten
months and has proved to be reliable and precise;
it has not required adjustment during this period.
Both vertical- and horizontal-orifice capillaries
can be used with the device. In the replacement
of capillaries no adjustment of the apparatus is
required. Mechanical and electrical drawings for
the construction of the polarographic drop-time
controller have been completed. Two units,
designated model Q-2942, were fabricated. These
have been put into use in conjunction with two of
the Q-2792 polarographs now in the Analytical
Services Laboratories, '

1.7 INVESTIGATION OF PRECISION
ATTAINABLE IN SINGLE-CELL
FIRST-DERIVATIVE DC

POLAROGRAPHY
W. L. Belew D. J. Fisher
M. T. Kelley R. W. Stelzner

E. S. Wolfe??

Of the various polarographic methods, compara-
tive methods are the most precise but least simple.-
A simpler high-precision method would be more
useful in analyzing samples. Such a method is
being developed.

The S of wave heights of diffusion-controlled
polarograms of replicate solutions obtained in
regular dc polarography has been assessed typi-
cally as 1 to 2%.2%:26 An S of 0.5% has been ob-
tained for regular and 0.6% for first-derivative dc
polarography.?’ By comparative, dual-cell, fast-
lineat-scan polarography, substances in millimolar
concentration have been determined with § =
0.1%.26:2% In the one- and the two-cell compara-

24ORNL Graduate le-ogram Research Associate from
University of North Carolina, Chapel Hill.

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

26y 1. Shalgosky and J. Watling, ‘“High Precision
Comparative Polarography,’® Anal. Chim. Acta 26, 66
(1962).

27D, J. Fisher, W. L. Belew, and M. T. Kelley,
‘“‘Recent Developments in D.C. Polarography,’’ pp. 89—
134 in vol. 1 of Polarography 1964, ed. by G. J. Hills,
Macmillan, London, 1966.

Z_BH. M. Davis, ‘“Komparative Polarographie hoher
Prazision,’’ Chem. Ingr.-Tech. 37, 715 (1965).



tive methods?® (Sect. 1.13.a) with the controlled-
potential differential dc polarograph, residual-
current corrections to diffusion-currg_nt (Td) values
were made by subtracting averaged i, values in
measuring millimolar concentrations; S = 0.1% was
obtained by both methods. Our one-cell compara-
tive method has the advantage that it is easier to
maintain constancy of the characteristics of one
capillary electrode and of an electric current than
to maintain constancy (or matching) of the charac-
teristics of two capillary electrodes. The slope
of the residual current vs E curve is more reproduc-
ible than the magnitude of the residual current.?”
Hence, ‘it was decided to determine with what
precision concentration measurements can be made
by single-cell first-derivative dc polarography.

In this investigation, peak heights of derivative
polarograms of samples are measured relative to
those of polarograms of similar standards in order
to obtain concentration values for the samples.
Therefore, to perform a single polarographic
analysis with S £0.1%, an empirical proportionality
calibration factor determined with a standard just
prior to measuring polarograms of a sample must
have at least this good a precision. Also, the S
of factors determined over a period of time long
enough to establish a factor and to measure
polarograms of a sample must be 0.1% or less.
However, we believe that, to readily and reliably
determine sample concentrations with S 2o. 1%,
it is necessary to control experimental conditions
within limits such that this precision can be ob-
tained for measurements made over a longer term
(a reasonable work period) of at least several
hours. That is, conditions must be controlled
well enough so that measurements of polarograms
of replicates of a standard placed in the cell in
succession over a period of several hours have
$£0.1%. With well-performing polarographic
instrumentation, just as the sensitivity with which
concentration can be determined depends on the
signal-to-noise ratio of the D.M.E. itself?” and
is not limited by instrument performance, so the
precision with which concentration can be de-
termined depends on the behavior of the D.M.E.
itself. The experimental conditions that must be
controlled include temperature, average mercury
flow rate (m), D.M.E. drop time (t), sparging, and

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

instrument stability. Also, polarographic maxima
should be absent.

In work that has been done, temperature was -
controlled3® to +0.005°C, ¢t was controlled at 1/2
sec (S = 0.03%) (Sect. 1.6), the mercury head (h)
was maintained at a high constant value by manual
adjustment, and instrumentation was provided that
enables measurement of first-derivative peak
heights with high precision. With this degree of
control, over a short term (seven peak heights ob-
tained and measured in succession), S = 0.03%.
However, over a long term (several hours) S ~ 1%.
It was found that maintaining h at a constant high
value did not result in controlling m to the required
precision. The value of m also depends on the
back pressure, which is a function of the inter-
facial tension at the surface of the mercury drop.
It is planned to investigate the utility of directly
controlling m as a means for improving the long-
term precision of this polarographic method.

1.8 TIME INTEGRATOR AT TACHMENT

H. C. Jones

A self-powered analog time integrator was fab-
ricated that uses a Philbrick Researches, Inc.,
SP656 chopper-stabilized operational amplifier.
The integrator operates from an input voltage
source ‘and produces an output voltage that is
proportional to the time integral of the input
voltage. The input impedance of the integrator is
at least 1 megohm. The integrator is intended for
operation with input signals that range from about
+2 mv to +20 v with a maximum integral error of
about +0.1%. An input attenuator that has five
ranges is provided for varying the sensitivity of
the integrator. The integrator has been used by
the X-Ray and Spectrochemistry Group to calibrate
a light-beam splitter that will be used in turn to
calibrate photographic emulsions.

1.9 CURRENT AMPLIFIER

H. C. Jones T. R. Mueller

A self-powered current amplifier was fabricated
that uses a Philbrick Researches, Inc., P25AU

301, R Mueller, ‘“Arbitrary-Set, Proportional Tem-
perature Controller,’” Anal. Chem. 37, 172 (1965).






until one sampling sequence is completed. The
sampler is basically an assemblage of cams and
motors which, on command (relay closing in the
photometric circuit), moves the output tip into
contact with a filter-paper disk for a few seconds,
withdraws the tip, moves the disk receiver forward
one position, cuts itself off, and waits for the next
command,

Papers32:33 that describe this apparatus have
been presented; another is being submitted for
publication.3*

1.11 REMOTE PIPETTING
W. L. Maddox

2735 was pre-

A chapter titled ‘‘Remote Pipetting
pared for inclusion in the forthcoming book Vol.
10, Remote Analysis of Radioactive Materials,
SERIES IX, ANALYTICAL CHEMISTRY, of Prog-
ress in Nuclear Energy. The presentation consists
mostly of descriptions of instruments and apparatus
designed specifically for and presently used in
fully enclosed shielded hot cells located in this
country and in Europe.

1.12 MODEL VI FLAME
SPECTROPHOTOMETERS

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

The electronics unit of a model VI flame
spectrophotometer (located in Building 3019) that
had been used by the X-Ray and Spectrochem-

32W. L. Maddox and M. T. Kelley, ‘‘An Output
Sampler for the Technicon AutoAnalyzer,’’ 21st Inter-
national Congress of the International Union of Pure
and Applied Chemistry, Prague, Czechoslovakia,
Sept. 4—10, 1967,

33G. Goldstein, W, L. Maddox, and I. B. Rubin,
‘‘A Semi-Automated Filter Paper Disk Technique for
the Determination of Transfer Ribonucleic Acid,”’
1967 Technicon Symposium on Automation in Analyti-
cal Chemistry, New York, Oct. 2—4, 1967.

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

3Sw. L. Maddox, ‘‘Remote Pipetting,’’ to be included
in vol. 10, Remote Analysis of Radioactive Materials,
of SERIES IX, ANALYTICAL CHEMISTRY, ed. by H.
A. Elion and D. C. Stewart, in Progress in Nuclear
Energy, Pergamon, New York.

10

istry Group was redesigned to improve its per-
formance and reliability. The modified high-
impedance Brown amplifier system was replaced

by a modern solid-state operational amplifier and

a solid-state power supply. A multiplier-phototube
signal current of 1 na produces a stabilized out-
put voltage of 5 v and a full-scale deflection on

the chart recorder. The new photometer (designated
model VI-A) is used for the remotely controlled
determination of lithium for the MSRE and TRU
programs. ,

Two modified Q-1887 flame spectrophotometers
in use in Building 4500S (X-Ray and Spectro-
chemistry Group) have also been upgraded with
solid-state amplifiers and power supplies (model
VI-B). ‘

A complete model VI-C flame spectrophotometer
(burner, optics, monochromator, and electronics
units) is being designed to be installed in Build-
ing 3026 to replace an obsolete ORNL model
Q-1457 system. The new unit, when fabricated
and assembled, will be used by the Radioisotopes-
Radiochemistry Laboratory for the analysis of
radioactive materials.

1.13 CONTROLLED-POTENTIAL
DIFFERENTIAL DC POLAROGRAPHY

W. D. Shults D. J. Fisher
W. B. Schaap?®

1.13.a Comparativ2 Polarography

Two papers that describe our work in compara-
tive polarography have been published.2?:37 The
abstract of the first paper,?® which treats of the
technique itself, follows:

‘““Comparative polarography is a differential polaro-
graphic technique that involves the measurement of
the small difference between two diffusion currents,
one due to the electroactive species of intérest in

the unknown solution and one due to the same electro-
active species (present in accurately known concen-~

tration) in a similar reference solution. This compara-

36F‘h.D. Thesis Adviser; Professor’of Chemistry,
Indiana University, Bloomington.

37W. D. Shults and W. B. Schaap, ‘‘Controlled-
Potential Differential DC Polarography. Determinate
and Statistical Errors in Comparative Polarography,
Theory and Experiment,’’ Anal. Chem. 39, 1384 (1967).



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

under optimum experimental conditions.”’

The second paper®7 discusses the development
and experimental verification of the theory of de-
terminate and statistical errors in comparative
polarography; the abstract follows:

““Expressions for the determinate error and the statisti-
cal error associated with comparative polarographic
determinations are derived, and theoretically pre-
dicted errors are compared with experimentally ob-
served errors. An equation for the optimum compensa-
tion fraction, f = CR/CU' is also suggested; it may be
used as a guide in the design of comparative polaro-

graphic procedures.”’

1.13.b  Subtractive Polarography

A paper that describes our work in subtractive
polarography has been accepted for publication;38
the abstract follows:

‘‘Subtractive polarogx;aphy is a differential polarographic
technique that allows the measurement of wanted signals
in the presence of unwanted signals. The technique
requires two polarographic cells, with D.M.E.’s operated
at the same potential. The ‘unknown’ solution is
placed in one cell and gives rise to the total current.
The solution in the second cell contains those com-
ponents of the ‘unknown’ solution that give rise to

the unwanted portion of the total signal. Measurement
of the difference between the polarographic currents at
the electrodes in the two solutions thus yields the

wanted portion of the total signal. This technique has

3%y. D. Shults, D. J. Fisher, and W. B. Schaap,
“‘Controlled-Potential Differential DC Polarography.
V. Subtractive Polarography,’* accepted for publica-
tion in Chemical Instrumentation.
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been evaluated with a controlled-potential differential

dc polarograph that utilizes dropping-mercury electrodes
having uncontrolled drop times, and the results are
presented in this paper. The results indicate that
subtractive polarography affords improved sensitivity,
selectivity, and resolution over that of conventional dc
polarography, and an improvement in resolution over that
of derivative polarography. An additional improvement in
resolution can be achieved by means of derivative sub-
tractive polarography.”’

1.14 ENHANCEMENT OF FLAME-PHOTOMETRIC
SENSITIVITY BY INCREASING SIGNAL-TO-
NOISE RATIO (S/N) WITH A SIGNAL-
AVERAGING COMPUTER

D. J. Fisher H. C. Jones
R. W. Stelzner

Signals of interest are inevitably accompanied by
noise. The signal-to-noise ratio (S/N) establishes
the ultimate sensitivity with which S can be meas-
ured. A procedure for obtaining an instrument
system with which high-sensitivity measurements
can be made consists in: (1) designing the ana-
lytical procedure and the system components to
maximize S and to minimize N and thus to optimize
S/N, and (2) processing the system voltage that
has an optimized S/N in such a way as to obtain,
for final readout, a processed voltage having a
higher S/N. If the N that accompanies S is random
and if a large number of repeated measurements
can be made and summed in register with respect
to S, then the S/N of the processed data is in-
creased relative to that of a single measurement
in proportion to the square root of the number of
measurements. The signal-averaging computer is
an instrument designed for this purpose.

If a substantial part of N that accompanies S in
flame photometry is random, then the sensitivity of
measurement of flame photometry should be in-
creased by use of a signal-averaging computer.
The ORNL model VII flame spectrophotometer was
designed with beam chopping and with narrow-band
tuned amplificatiron to optimize S/N. A trigger

- circuit has now been built so that it is possible to

use this instrument with a signal-averaging com-
puter to determine whether a substantial portion of
N, at high measuring sensitivity, can be averaged
out by this means. We have demonstrated that
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the sensitivity of measurement with a well-designed
flame spectrophotometer is increased substantially -
by use of a signal-averaging computer.

A paper is in preparation that describes this work.
Several other investigations with a signal-averag-
ing computer have been planned.

2. Effects of Radiation

Hisashi Kubota

2.1 VOLTAMMETRIC METHOD FOR FLUORIDE

H. E. Zittel T. M. Florence'®

Of the procedures used currently to estimate
micro amounts of fluoride, most are colorimetric and
are affected detrimentally by radiation. Generally
an organometallic complex is bleached by formation
of a stronger metal-fluoride complex. Fluoride is
often determined in this way by its bleaching of
the zirconium—alizarin red S (Zr-ARS) complex.
Both ARS and Zr-ARS exhibit anodic reactions at
the rotating pyrolytic-graphite electrode (R.P.G.E.).?
A voltammetric method for micro amounts of fluoride
based on the anodic reaction of ARS at the R.P.G.E.
was developed; the procedure is simple and rapid.
The amount of free ARS liberated by fluoride from a
Zr-ARS complex is measured at +0.7 v vs S.C.E.
As little as 20 ppb of fluoride can be determined
with good accuracy and precision. Of the common
ions, only PO~ interferes at the levels of con-
centration studjed. An article on this work was
accepted for publication.?

2.2 EFFECTS OF GAMMA RADIATION IN THE
SPECTROPHOTOMETRIC DETERMINATION
OF URANIUM AS THIOCYANATE COMPLEX

H. E. Zittel Lucy E. Scroggie* -
Gamma radiation has an adverse effect in the
_spectrophotometric determination of uranium as the
‘thiocyanate complex in water and in acetone-water

on Analytical Methods

H. E. Zittel

solutions. When stannous chloride is present, the
absorbance of uranium thiocyanate decreases with
increasing radiation dose until radiolytically

formed elemental sulfur appears and causes an
apparent increase in the absorbance. In the absence,
of stannous chloride, the turbidity caused by the

“sulfur increases the absorbance over the whole dose -

range studied. These effects are more severe for
acetone-water than for water solution.

The experimental results of this study show that
the spectrophotometric thiocyanate method for
uranium is highly susceptible to radiation-caused
error, but that, under optimum conditions, reason-
able levels of radiation cause little or no error.
The conditions are: (1) low uranium concentration,
preferably <10 ppm; (2) water rather than acetone-
water medium; (3) presence of stannous chloride as
a protective agent; and (4) maximum radiation dose
of ~¥3 x 10* r in water medium and ~1 x 10% r in
acetone-water medium. Radiation doses above
these levels introduce appreciable positive or
negative error depending on the dose level.

An article on this work is to be published.?®

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

2H. E. Zittel and T. M. Florence, *‘Voltammetric and
Spectrophotometric Study of the Zirconium—Alizarin Red
S Complex,”® Anal. Chem. 39, 320 (1967).

3H. E. Zittel and T. M. Florence, ‘A Voltammetric
Method for Fluoride,’”” Anal. Chim. Acta (in press).

4Chemicals Division, Union Carbide Corporation, P.O.
Box 8361, South Charleston, W.Va.

5H. E. Zittel and L. E. Scroggie, ‘‘Effects of Gamma
Radiation on Spectrophotometric Determination of
Uranium as Thiocyanate Complex,’® Anal. Chim. Acta
(in press).



2.3 ANODIC REACTIONS OF THIOSULFATE AT
THE ROTATING PYROLYTIC-GRAPHITE
ELECTRODE (R.P.G.E.)

H. E. Zittel

‘In the study of the effects of gamma radiation on
thiosulfate, a way to follow the radiation damage
to dilute solutions of this reagent was required.
The available methods such as ultraviolet spectro-
photometry and reaction with I, are not suffi-
ciently sensitive, rapid, and selective. Since
voltammetry as a general method has these fea-
tures, the anodic behavior of thiosulfate at the
rotating pyrolytic-graphite electrode (R.P.G.E.)
was determined. Thiosulfate was .found to exhibit
anodic waves at ~+0.8 v and ~¥+1.1 v vs S.C.E. in
media of pH from 1 to 10. Neither wave is affected
significantly by change in pH or in thiosulfate con-
centration. The wave at ~+0.8 v is attributed to .
the oxidation of thiosulfate to tetrathionate. The
wave at ~+1.1 v is attributed to the oxidation of
tetrathionate, because voltammetry of tetrathionate
alone gave an anodic wave at ~¥+1.1 v vs S.C.E.
Each wave is highly irreversible, and its height is
proportional to thiosulfate concentration. Neither
sulfite nor sulfide interferes; therefore, a voltam-
metric method for thiosulfate that is both rapid and
specific seems feasible.

2.4 RADIOLYSIS OF RADIATION-SAFEGUARD
SPRAY SOLUTIONS

H. E. Zittel J. R. Lund

The study in-progress of the effects of radiation
on radiation-safeguard spray solutions is related to
the Spray and Absorption Technology Program of
the Reactor Division. A variety of proposed safe-
guard solutions such as aqueous solutions of boric
acid with and without added base -and acid and
alkaline solutions of thiosulfate are being evalu-
ated. Test portions of the solutions are given
total doses of 5 x 10° to 5 x 107 r of 4%Co gamma
radiation. The changes in pH and in iodine equiv-
alence of the irradiated solutions and the amounts
of radiolytic H, evolved in the samples are meas-
ured as functions of total radiation dose. The
effects of other variables such as temperature and

-pressure on the radiolytic behavior of these solu-

tions are now being determined.
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2.5 RAPID DISTILLATION SEPARATION
OF FLUORIDE

Hisashi Kubota

A rapid distillation separation of fluoride that
can be used in hot cells was developed. The -
separation and the subsequent analytical procedure
were planned to simplify fluoride determination in
a hot cell and to give accurate and reproducible
results. .

Fluoride is distilled under controlled conditions
as fluosilicic acid. The still head is a Kjeldahl
trap covered with asbestos and provided with
Nichrome heating wire. The vapor from a 1:1
H SO, solution transports the fluoride; no external
air or vapor stream is used.

The fluoride is determined as the alizarin com-
plexone;® La(lll) is used in place of Ce(III).
Alizarin tolerates sulfate up to a certain point. As
a result, the distillation temperature and distillate
volume must be kept within specified ranges to
ensure that the sulfate content is acceptable. Sul-
fate causes ~5% decrease in the absorbance of
the chromophore under the conditions used. A
single distillation requires about 15 min. When
present in the maximum amount that can be con-
tained in 1 ml of solution, silica is the only sub-
stance that will interfere. The relative standard

- deviations (S) of results from several analysts are:

Fluoride (ug) S (%)
5 12

10 4.7

15 2.2

20 2.1

25 1.3

The procedure can be scaled down to determine
1 to 5 ug of fluoride, a range for which the repro-
ducibility of fluoride determinations is generally
poor. The §’s of results by the procedure so modi-
fied were 14% at 1 ug, 10% at 2.5 pg, and 4% at
5 ug.

The principle of this separation can also be
utilized to separate larger amounts of fluoride.
For example, 500 ug can be separated in a distilled
volume of 20 ml with recovery of £95%.

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



Since this analysis was designed to be used in
a hot cell, the effect of radiation in the course of
the spectrophotometric procedure was studied. A
1% decrease in absorbance occurs per 1000 rads of
absorbed dose; this rate of bleaching is linear up
to doses as large as 50,000 rads, which radiation
stability is considered to be sufficient.

2.6 STUDIES RELATED TO PROJECT
SALT VAULT

Hisashi Kubota J. R. Lund

Project Salt Vault is a demonstration to show
the feasibility of storing highly radioactive solidi-
fied wastes in natural salt (NaCl) formations.
This demonstration has been under way at an old
salt mine in Lyons, Kansas, for several years.
Spent fuel elements were canned, placed in holes
dug in the mine floor, and allowed to cool there.
Since the radioactivity of these fuel elements was
somewhat lower than that anticipated for actual
disposal material, supplementary heat was sup-
plied. o

Tests over the past years indicated that water
stored in cavities within the salt can be released
by thermal effects and thus create corrosion prob-
lems. The salt from the Lyons mine was found to
shatter and to release its moisture at a temperature
slightly above 250°C.7 Other studies have indi-
cated that water also can be released by migration
to the warmer side of a cavity.® Recently, the
amounts of water involved have been a factor of
2 higher than the water contents previously de-
termined. As a result, the moisture deteminations
were repeated in tests in which the heating was
continued up to 600°C. Apparently, a considerable
amount of water is still trapped after the initial
large release at 250 to 300°C, and the salt is rid
of this water only after it is heated above 500°C.
~ Samples taken along a vertical profile showed
various moisture contents, which reflect the dif-
ferences in deposition conditions at different
geologic periods.

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

8R. L. Bradshaw, Health Physics Division, ‘‘Réport
on Joint Studies on Migration of Negative Crystals in
Salt,”” personal communication to Florentino Sanchez,
ORAU Student Trainee from St. Edward’s University,

_ Austin, Tex.
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The demonstration holes were rigged with air
lines whose outflows were continually monitored
for possible harmful products. Hydrochloric acid
appeared unexpectedly. A close study of the en-
vironment indicated that shale, present as an im-
purity in natural salt, could be the culprit. Sam-
ples of shale from the Lyons mine were heated in
a tube furnace while a stream of moist air was"
passed over them. The effluent air contained hy-
drochloric acid produced by hydrolysis of iron
chloride. Under the conditions of the measure-
ments, the amount of acid released was 1 to
5 meq/hr per gram of shale. The rate of release is
controlled by factors such as temperature, state of
subdivision and iron content of the shale, and
humidity. Thus, in this mode of disposal the pro-
duction of a corrosive compound is possible.

Irradiation of solid NaCl gave no measurable
release of chlorine,.particularly at elevated tem-
peratures.® The effluent air from the demonstra-
tion holes was analyzed periodically with an MSA-
type chlorine detector to check the validity of the
experimental results. No chlorine was detected at
the initial stages of the demonstration. When the
temperature was raised in compliance with one
phase of the experimental plan, the detector be-
came discolored and indicated the release of 0.1 to
1.2 ppm of chlorine. The impurity in the effluent
air was concentrated in a cold trap and was ana-
lyzed by gas chromatography. The results indi-
cated the absence of chlorine but the presence of
an organic compound. This fraction was collected
and analyzed by mass spectrometry. Several frag-
ments with mass numbers in the forties were de-
tected. It is believed that this unidentified ma-
terial was an organic peroxide formed and released
from organic impurities in the salt. The threshold
temperature for its release is about 180°C.

2.7 APPLICATIONS OF RADIOLYTICALLY
GENERATED REAGENTS IN
ANALYTICAL CHEMISTRY

Hisashi Kobota

The homogeneous occurrence of radiolytic reac-
tions indicates the possibility of using radiolyti-
cally produced reagents for homogeneous separa-

9H. Kubota, ‘““Effect of Radiation on Sodium Chloride,’’
Anal. Chem. Div. Ann. Progr. Rept. Nov. 15, 1963,
ORNL-3537, p. 45.

s



tions. An example of a homogeneously produced
reagent is the hydrochloric acid released by the
radiolysis of chloral hydrate. Studies were made
in which either the chloride or the acid component
was used to effect homogeneous precipitations.

Silver was precipitated as the chloride as follows.
An aliquot of & standard solution of Ag* was
placed in a beaker and was made 0.01 ¥ in chloral
hydrate and slightly acid with nitric acid. The
resulting solution was exposed to gamma radiation
from ®°Co. A grainy precipitate formed that was
dense and easy to filter. The precipitate was of
better quality (easier to filter and quantitatively
recoverable) when the dose rate was low.

Sulfate was complexed with ethylenediamine-
tetraacetic acid (EDTA) in a medium made basic
with sodium hydroxide. After the addition of
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chloral hydrate, the solution was irradiated. . The
large doses required to release sufficient acid to
precipitate BaSO , also deco’mposed the EDTA.
The decomposition products colored the solution
and the precipitate a dirty brown. The precipitate
attained constant weight at an ignition tempera-
ture of 550°C, which is considerably lower than
900°C, the ignition temperature recommended for
BaSO, precipitated by conventional methods.

Use of radiolytic reactions is a fresh approach to’
the study of nucleation processes. It is particu-
larly advantageous in that the rate of reagent gen-
eration can be readily controlled by control of the
dose rate. As the second example given above
indicates, this technique is complicated by the
possible degradation of some of the solution com-

" ponents, particularly organic compounds.

3. Analytical Chemistry for Reactor Projects

A. S. Meyer
J. M. Dale

3.1 MOLTEN-SALT REACTOR EXPERIMENT
3.1.a Determination of Oxide in MSRE Salts
R. F. Apple J. M. Dale
The results of the determinations of oxide in
radioactive MSRE salt samples for the period

October 1966 to July 1967 are summarized below:

Oxide Concentration

Sample
(ppm)
FP-8-7 (fuel) 44
FP-9-2 (fuel) 44
" FP-11-28 (fuel) 58
FP-12-4 (flush) 41
N FP-12-18 (fuel) 57

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

monitor cell was not replaced until March 1967,
The insensitive cell showed superficial evidence
of radiation damage; the potting compound used to
seal the tube that contains the spiral electrodes
in a stainless steel housing had shrunk and
cracked. Measurements of the flow revealed that
substantially all the flow was still passing through
the electrolysis tube; therefore, the damage to the
potting compound could not have caused the cell
failure. Electrical-resistance measurements indi-
cated that the failure was caused by either removal
or some alteration of the P,0O, electrolyte film. A

The replacement of the moisture-monitor cell was
the first major maintenance required for the hot-cell
apparatus since its installation in February 1966.
The cell had been in operation for several additional
months during laboratory tests of the apparatus.
This one-year operation represents a reasonable
service life for a moisture-monitor cell, even
under normal operating conditions in a nonradio-
active environment.

While the hot-cell equipment was inoperable, the
oxide development apparatus in Building 4500S was
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Table 3.1. Oxide Concentrations of Fuel and Solvent Salt Somples
from the Second ORR Molten-Salt Loop

Sample Condition of Salt Sample Weight Oxide Concentration

Designation as Received () (ppm)
9-29-66 Pellets 10.4 200
10-17-66 Pellets 10.1 220
11-21-66 Crushed 18.8 420
F-194 Crushed 18.4 820
Solvent salt Fused into ladle 48.4 115

batch No. 2
Solvent salt Fused into ladle 13.1 520

batch No. 17

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

Two samples of radioactive fuel (IPSL-19 and
IPSL-24) submitted from In-Pile Salt Loop 2 con-
tained 265 and 240 ppm of oxide respectively.
Sample IPSL-24 was stored under helium at 200°C
from the time of sampling to analysis (~ six months).

3.1.b Determination of Uranium(lil)
in Radioactive MSRE Fuel
by a Hydrogen-Reduction Method

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

A proposed explanation of the unexpected
distribution of certain fission products in the
MSRE system is that the fuel had become suf-
ficiently oxidizing to produce significant partial
pressures of volatile fission product fluorides
such as MoF , TeF6, and RuFG, which then
migrated into the graphite and the blanket gas.
Because prevention of the accumulation of fis-
sion products in graphite is vitally important to
the satisfactory operation of breeder reactors, a

method to determine U3*/U** ratios in the radio-
active fuel samples was needed. '
The possibility that major fractions of the iron
and nickel in the fuel are present as colloidal
metal particles! precluded any adaptation of the
hydrogen-evolution method for U3”, because these
components would also yield hydrogen on acid
dissolution. An alternate, suggested by C. F.
Baes,? is a transpiration method in which a
sample of the molten fuel is sparged with
hydrogen to reduce oxidized species according
to the reaction '

n—nm

MF +

n

H, —> MF_ + (n — m)HF ,

in which MF_ may be UF, NiF,, FeF,, CrF , or
UF, in order of their observed reduction potentials.
The rate of production of HF is a function of the
ratio of oxidized to reduced species in the melt.
Some components of the oxide apparatus?® were
adapted for the transpiration measurement on radio-
active fuel samples. The inlet of the hydrogenator
is connected to sources of thoroughly dried hydrogen
and helium, and the outlet is connected to a heated
manifold fitted with six liquid-nitrogen-cooled NaF
traps. This arrangement permits the separate col-
lection of the HF from four successive reduction

Leeyoltammetric Determination of Ionic Iron and
Nickel in Molten MSRE Fuel,”* MSR Program Semiann.
Progr. Rept. Feb. 28, 1966, ORNL-3936, p. 162,

“Reactor Chemistry Division.

3eepetermination of Oxide in MSRE Fuel,’”’ MSR
Program Semiann., Progr. Rept. Feb, 28, 1966, ORNL-
3936, p. 154. ’



steps with hydrogen and from two blank spargings
- with helium on the same 50-g fuel sample. When
the transpiration run is completed, the traps are
disconnected from the manifold and removed from
the hot cell for desorption and titration of the col-
lected HF.

The results of these titrations are interpreted in
terms of U3* concentrations in the samples by
comparing the HF yields for the reduction steps
with those calculated for hypothetical salt com-
positions. If U*? is the only reducible species
in the melt, a derivation based on a material
balance and the hydrogen-reduction equilibrium
yields the following rather simple relationship for
U3* as a function of hydrogen exposure:

- U
Uln [——— ) - u3t- B¢,
U-udt

in which

3E.1n

U = concentration of total uranium, mole
fractions,

+ . + .
U3* = concentration of U®”, mole fractions
s ’

. . +
t = reduction time from ¢‘0’> U3” concentra-

tion, min,
1/2
KPH2 VG
Bs—u —
SRT
where
3+
U™ Pup 172
K:————,atm s
a+ pl/2
U PH

2

P = partial pressure of H,, atm,

v
[

partial pressure of HF, atm,

<3
il

"sparge flow, liters/min,

S = quantity of fuel sample, total moles of
all components,

R = gas constant, liter-atm °K~! mole~?!,

T = temperature at which the sparge flow is
measured, °K.

: +
When corrosion products (M?*%) are present, the
relationship assumes a different form as each
corrosion-product ion successively undergoes
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reduction to the metal:

U—anU
anU—U3++U1n
U-U3t
j=m g2 /1 U
+4 ) —<— -——>=Bt , (32
; 2 a 3+ n
j=1 KM n U
j
in which
1
a.

iT 244172
, 1+(KMj/K)(M]. ) )

M2t = concentration at t, = 0 of the jth corrosion
product in order of reduction, mole frac-
tion,

t, = time from the instant reduction of the nth
corrosion product starts to the instant
reduction of the (nth + 1) corrosion product
starts, min,

L
KM = —

j 24y1/2 p1/2

0r2*y /2 Py

The yield of HF from any reduction step is
calculated from the initial and final concentra-
tions of U® " and corrosion products as follows:

H : + 3+
yield of HF, micromoles = {(U‘:' - U; >
j=n

e E ({0, - (1 00

j=1

3.3)

The relationship of Egs. (3.1) and (3.2) is

illustrated in Fig. 3.1, in which the yield of HF
is plotted as a function of Bt for an oxidized fuel
assumed to contain U* * and Fe?" in concentrations
approximating the elemental analyses of the MSRE
fuel. On a logarithmic plot the HF yield follows a

" near-linear relationship [Eq. (3.1)] derived for an
iron-free melt until a critical U3*/U*" ratio is
reached and reduction of Fe?" starts. The reduction
of Fe2? then predominates, with the rate of change
of U3* decreased in accordance with Eq. (3.2)
until essentially all the iron is reduced and the
HF yield approaches that derived from U+t
reduction alone. ‘
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Fig. 3.1. Calculated Yields of HF from the Hydrogenation of a 50-g MSRE

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

Figure 3.2 is a plot of hydrogen fluoride yields
from the first sample (FP-9-4) and from various
hypothetical initial fuel compositions. The four
reduction steps were selected on the criteria that
the first two steps at 496°C would reduce at least
99.9% of the Fe?* and Ni?* without materially
affecting the U3 concentration and that the last
two steps at 596°C would reduce U** without
reducing Cr?*. The HF yields from the latter
reductions thus indicate the ‘‘oxidation state’’ of
the fuel. Broken lines connect calculated yield
points, and a solid line connects the experimentally
measured yields of HF from the sample. The
relatively low yields of HF in the first two steps
are in agreement with earlier experimental
evidence! that only small fractions of the iron
and nickel were present in the ionic state. The
high yields in the last two steps indicate that the
fuel was in an oxidizing or near-oxidizing condi-
tion. On the basis of the HF yield of step III
(Fig. 3.2) and in consideration of estimated experi-
mental errors, a ratio of U3¥/U of 0.000 to 0.001
was assigned. '

A computer program was developed that permits
the calculation of HF yields expected for any
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Table 3.2. U3¥/U Ratios in MSRE Fuel Salt .

+
U 3 by Burnup

Integrated Be ~udt/U by U3*/U by Analysis (%)

Sample No. Power Oxidation Added Calculation® S 5 5
(Mwhr) (eq) (eq) tep III Step IV

FP-9-4 10,978 1.87 0.31 0 0.1
FP-10-25 16,450 0.93 3.61 0.58 0.35 0.45
FP-11-5 17,743 0.40 0.54 0.37 0.37
FP-11-13 20,386 0.26 2.59 0.77 0.37 0.42
FP-11-32 25,510 0.88 0.69 0.33 0.34
FP-11-38 27,065 0.26 0.66
FP-11-49 30,000 0.50 1.86 0.80
FP-12-6 32,450 0.40 .0.76 0.42 0.37
FP-12-11  ~ 33,005 0.10 3.95 1.14 0.38 1.2
FP-12-21 35,649 0.50 4,44 1.54 0.39 0.50

ZCalculated by W. R. Grimes. 2
See Fig. 3.2.

of U3*. Concentrations of U%* in samples were
determined by comparing/the experimental with
the calculated HF yields. Table 3.2 shows the
U3 " results obtained from the HF yields of the
third and fourth reduction steps of the analyses
compared with expected values calculated by

W. R. Grimes.? For the calculation of the results
it was assumed that: 0.16% of the uranium in

the fuel was originally present as U3*; the in-
crease in chromium concentration from 38 to 65
ppm, which occurred before the first sample was
taken, resulted in the reduction of Ut to U3,
each fission event results in the oxidation of 0.8
atom of U? +; and there have been no other losses
of U3H,

No results are listed for samples FP-11-38 and
FP-11-49. Although these samples were run in
the normal manner, a total of over 2000 micromoles
of HF was evolved for the four hydrogen-reduction
steps for each sample compared with about 55
micromoles for the previous runs. Since this in-
crease in HF yield coincided with an increase in
radioactivity in the traps used to collect the HF,
it appeared likely that the increase in sample
radioactivity duringv the extended period of reactor
operation might be responsible. If the induction
period for the radiolytic generation of fluorine
were shortened due to the increase in radioactivity
of the sample, the fluorine evolved during the
loading of the sample could-react with the inner
walls of the Monel hydrogenation vessel. The
copper fluoride and nickel fluoride formed would

be reduced subsequently during the hydrogenation
steps to produce HF.

This hypothesis appears to be supported by the
results of the following experiment. One of the
samples that produced the high HF yields was
allowed to stand in the hydrogenator at room tem-
perature for about a week. The sample was then
subjected to additional hydrogenation steps, and
HF was produced in quantities comparable with
those obtained in the original runs. After standing
several more days at room temperature, the sample
was removed from the hydrogenator. Smaller but
significant quantities of HF were obtained when
the empty hydrogenator was subjected to the high-
temperature hydrogenation procedure.

The last three samples (FP-12-6, FP-12-11, and
FP-12-21) were taken after a relatively brief period

_of reactor operation following a lengthy reactor
shutdown period. None of these analyses produced
the excessively high HF yields that were observed
for the previous two samples. These results appear
to be further confirmation that the excessive HF
yields were caused by a buildup in sample radio-
activity with extended reactor operation.

Since the first addition of beryllium to the fuel,
all the determinations of U3 ¥ not obviously affected
by radioactivity have been in the range 0.33 to
0.50% (the one result of sample FP-12-11 could be
explained by a leaky valve) and do not reflect the
beryllium additions in the periods between the
samplings. This discrepancy could be accounted
for by the evolution of fluorine in much smaller
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quantities than appeared to be the case in samples
11-38 and 11-39. If this is true, the only permanent
solution would be to maintain the samples at 200°C
during the time of transfer to the hot cell for
analysis. However, an apparatus is now beiné
designed that will permit the hydrogenation of
synthetic fuel samples under carefully controlled
conditions. This experiment should provide a check
of the validity of the transpiration method and
indicate further whether or not fluorine evolution

is a real problem.

Also, a method is being developed for the remote
measurement of ppm concentrations of HF in helium
and in hydrogen gas streams. The technique is
primarily for application to the U3 * transpiration
experiment but, if successful, should also be
applicable to the determination of HF in MSRE off-
gas. The method is based on the collection of HF
on a small NaF trap that is held at 70°C to prevent
the adsorption of water. The collection of HF is
followed by its desorption at a higher temperature
to give a concentrated pulse of HF that can be
measured by thermal conductivity.

A components testing facility has been set up
that includes a dilution system to produce HF
“‘standards’’ of concentration as low as 20 ppm,

a thermostated trap with self-resistance heating

for fast heat-up, and a thermal-conductivity cell
with nickel filaments. Initial tests have revealed
that the thermal-conductivity cell now being nsed
is too sensitive to perturbations in the carrier

flow and that the last traces of HF are desorbed
too slowly from commercial pelletized NaF. The
use of thermal-conductivity cells of different
geometry and having better flow-control valves is
expected to eliminate the first of these problems.
The second problem will require further development
.studies to determine whether the slow desorption
rate represents an inherent property of the NaF or
is a result of impurities in the NaF. Other trapping
materials will also be investigated.

A special Monel valve has been made and will
be used in the remote HF-measuring system. The
valve incorporates two valving systems in the same
metal body and will provide for the simultaneous
adsorption and desorption of HF from alternate
traps. This arrangement will eliminate any dead
legs in the HF trapping system and will permit
the measurement of incremental quantities of HF
evolved from one hydrogenation step in the U3™

transpiration experiment.

‘One additional step is being taken with regard
to the computer program used for data analysis.
Because of equilibrium shifts of oxidized and
reduced species in the molten fuel salt with tem-

" perature changes, the starting U3 * concentration

in the analysis sample at the temperature of the
initial hydrogenation steps will necessarily be
different from the U** concentration in the fuel

in the reactor. The computer program is presently
being modified to take this difference into account.

3.1.c Analysis of Off-Gas from Tests
of Compatibility of MSRE Pump-0Oil with BF

C. M. Boyd

A total-hydrocarbon detector and a thermal-
conductivity detector were used to determine
hydrocarbons and BF , in the gas from tests on the
effects of BF3 on MSRE pump oil (Gulf Spin 35).
A gas-sampling manifold permits measurement of
increases in hydrocarbon concentration of an He-
BF ; gas stream after contact with the oil. A
parallel stream of helium through a separate oil
reservoir is a reference. The hydrocarbon analyzer
was modified by the addition of a sampling pump,
which draws in the gas at near atmospheric pres-
sure, compresses it, and passes it through the
analyzer. The portions of the test gas to be
analyzed are first passed through a saturated
solution of KF to remove the BF, and thereby
to protect the pump and other components of the
analyzer. This solution has a low vapor pressure
of water, which prevents the condensation of water
in the analyzer. In the first tests, with the BF
concentration at the 2000-ppm level and the tem-
perature of the oil at 150°F, the hydrocarbon con-
centration in the off-gas was less than 50 ppm.

The thermal-conductivity detector was used to
monitor the BF , concentration in a test gas
produced by mixing flows of pure BF, and helium.
The detector and flow capillary were calibrated by
passing a known volume of the gas mixture through
the detector and then through a trap that contained
a dilute solution of NaOH. The solution was
analyzed for boron and fluoride, and the BF , con-
centration of the gas was then calculated. With
this detector, changes in BF3 concentration of
110 ppm can be measured.
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3.1.d Development of a Gas Chromatograph
for Analysis of the MSRE Blanket Gas

C. M. Boyd A. S. Meyer

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

The necessity to determine impurities at sub-
ppm and ppm concentrations calls for the use of
two types of systems or detectors. A helium-
breakdown detector can be operated either in the
high- and low-sensitivity modes or in the high-
sensitivity mode in conjunction with a thermal-
conductivity detector.

The chromatograph that is used to analyze the
reactor off-gas will be subjected to radiation from
samples whose radioactivity is at the 10-curie/cc
level. This condition precludes the use of organic
construction materials. An all-metal sampling
valve and a detector unaffected by this radiation
are necessary. The organic Porapak column can-
not be used at this level of radiation; therefore,
the determination of H,O in these samples will
not be possible. A silica-gel column will be used
to resolve CO,.

The problem of radioactive samples and the
transmittal of gas samples that contain ppm levels
of H,0 from the source to the detector require the
use of a heated all-metal sampling valve. Such
a valve was designed and constructed; it is similar
to the conventional Phillips pneumatically actuated
six-way diaphragm valve (Fig. 3.3). The Teflon
diaphragm was replaced by a 1-mil-thick Inconel
diaphragm, which contacts and seals the redesigned
entry orifices (Fig. 3.4). With this metal diaphragm
a spacer is required to permit the flow of gas with-
out excessive back pressure. Spacers made from
2-mil-thick gold were needed to give a leak-tight
seal between the diaphragm and the valve faces.

The gold was annealed at 1500°F and, after instal-
lation in the valve, was subjected to 32,000-1b
pressure. Pressure maintained by the assembly
screws was sufficient for retaining this seal.

Helium-ionization-type detectors are sensitive
to sub-ppm levels of permanent gases. A helium
breakdown-voltage detector was used on the MTR
Capsule Test Facility (Test 47-6).% It was not
affected by the radiation from the gas samples,
possibly because relatively high current levels
(microamperes) are used with it. A constant-
current power supply is used with this detector.
A decrease in breakdown voltage, rather than an
increase in ionization current, indicates an in-
crease in the electrical conductivity of the gas.
The breakdown voltage of pure helium was about
500 v and was decreased ~50 v by impurity of
1-ppm concentration. The minimum detectable
limit is controlled primarily by the noise level
but under optimum conditions is <1 ppb.

In previous attempts to improve the stability
of the detector discharge, electrodes of various
radii were used, the anode and cathode being in
a concentric arrangement. In this early model of
the detector, which was contained inside a Swagelok
tube fitting, it was impossible to observe the
helium discharge. A test detector was therefore
constructed that has a glass body with Kovar-seal
tube connections through which the electrodes are

mounted. The tips of these electrodes (Fig. 3.5)

are removable, which allows the testing of elec-
trodes of various shapes and spacings., The
effects on the helium discharge can be observed
through the glass. Tests with this detector indi-
cate that a minimum noise level is obtained with
a smooth glow discharge on the anode probe.
Maximum sensitivity dictates the use of very

pure helium carrier gas, but an excessively high
purity also causes sparking or arcing in the helium
discharge. The addition of mercury vapor by the
presence of a small source of the metal in the tip
of the anode stabilized the discharge. The more
practical solution of adding a contaminant by a -
controllable gas flow is being tested. This ap-
proach is also a possible method for adding larger
amounts of contaminant to allow the detector to
operate in the less sensitive mode if it should
ever be necessary to determine high levels of
impurities in the blanket-gas samples.

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

3.2.a In-Line Test Facility

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

Design work has been continuing with the as-
sistance of J. H. Evans® on the experimental
molten-salt test loop that will be used to evaluate
electrometric, spectrophotometric, and transpiration

SEquipment Design Section, General Engineering
Division.
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methods for the analysis of flowing molten-salt
streams.® The operation of flow equipment such
as capillaries, orifices, and freeze valves will
also be tested. Figure 3.6 is a schematic flow
diagram of the proposed test loop. The first
drafts of the engineering drawings have been
completed; it is planned to soon start construction
of the various components of the system.

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

in Molten Fluorides

H. W. Jenkins’ D. L. Manning
Gleb Mamantov?®

Potentiometric measurements on concentration-
type cells were conducted to evaluate the useful-
ness of the Ni-Ni2* couple as a reference electrode
for fluoride melts. The experiments were conducted
in a small vacuum dry box (24 in. long, 20 in. deep,
15 in. high) outfitted with a furnace, vacuum and
controlled-atmosphere facilities, and a moisture
monitor. The melt (~400 ml) is contained in a
graphite cell. The inner-electrode compartment
consists of a nickel electrode in contact with a
melt of fixed Ni?* concentration contained in a
thin-walled boron nitride thimble. From the
equation i

XNil
AE =

log 3.4)

2.3nF X

Ni2

and from plots of AE vs log X, ,it was demon-
2

strated that the Ni-Ni2* couple exhibits Nernstian

behavior at 500°C. Experiments were conducted

in which the Ni2" concentration (X, ) was varied
) .

from about 105 to 102 mole fraction in molten

LiF-BeF ,-ZrF (65.6-29.4-5.0 mole %) and also in
molten LiF-NaF-KF (46.5-11.5-42.0 mole %). From
the standpoint of Nernstian reversibility, therefore,

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

"ORAU Graduate Fellow from the University of
Tennessee, Knoxville,

8Consultant; Associate Professor of Chemistry,
University of Tennessee, Knoxville.
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the Ni-Ni2* couple appears to be a good choice for
a reference electrode for molten-fluoride environ-
ments. o

-So far the results of stability studies are
encouraging. For a run in molten: LiF-NaF-KF,
the emf was constantito within 2 mv over a two-
week period. These studies are continuing, and
studies of the stability over longer periods are
planned.

3.2.c Electroreduction of Uranium(lV)
in Molten LiF-Ber-ZrF4 at Fast Scon Rates
and Short Transition Times

D. L. Manning Gleb Mamantov®
Controlled-potential voltammetric and chrono-

potentiometric studies were carried out on the

reduction of U(IV) in molten LiF-BeF ,-ZrF



(65.6-29.4-5.0 mole %). The controlled-potential
controlled-current cyclic voltammeter used was
constructed by T. R. Mueller.® In the controlled-
potential mode, scan rates from 0.005 to 500 v/sec
are available, and cell currents as large as 100
ma can be measured. In the controlled-current
mode, currents in the range from a few microamperes
to 100 ma can be passed through the cell. The
built-in time base permits transition times from 4
msec to 400 sec to be measured. The instrument
can also be operated in a potential-step mode for
chronoamperometric experiments. Readout of the
curves is accomplished with a Tektronix type

549 storage oscilloscope.

In molten LiF-BeF ,-Z(F , at 500°C, the
UQIV) - U(II) reduction occurs at about — 1.2
v vs a platinum quasi-reference electrode. At
scan rates from ~0.02 to ~1 v/sec, the peak
current (I ) obeys the Randles-Sevcik equation,
that is, the peak current is proportional to the
concentration of U(IV) and also to the square root
of the rate of voltage scan (v!/?). The diffusion
coefficient for U(IV) at 500°C is ~2 x 10~°
cm?/sec. At faster scan rates, however, the i
vs v1’/2 plots frequently exhibit upward curva-
ture, particularly at platinum and platinum-rhodium
indicator electrodes. It appears that this devia-
tion from the Randles-Sevcik equation is caused,
in part, by adsorption of U(IV) on the surface of
the electrode. Correction for the adsorption was
made by plotting i _/v'/2. The slope reflects
adsorption effects, and the intercept contains the
Faradaic term, The diffusion coefficient calculated
from the intercept was in good agreement with the
value from the linear i _vs v!/? plots.

In chronopotentiometry, adsorption of reactant
causes the i 7!/? product, where i, = current
density, amp/cm?, to increase as transition
time 7 decreases; this effect was observed for
U(IV) at short transition times (<100 msec). In
general, the potential-time traces were not as
well defined as the voltammograms; however,
reasonably precise transition times could be
established. Approximate corrections for adsorp-
tion were made according to the method of
Tatwawadi and Bard.'® The diffusion coefficient

9Analytical Instrumentation Group.

195, V. Tatwawadi and A. J. Bard, **Chronopotentio-
metric Measurement of Adsorption. Riboflavin on a
Mercury Electrode,?’ Anal. Chem. 36, 2 (1964).
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calculated from chronopotentiometric data was in
agreement with the voltammetric value.

It is concluded that the U(IV) — U(III) reduction
in molten LiF-BeF ,-ZrF , is a reversible one-
electron process. However, for the analyses of
voltammograms at fast rates of voltage scan or
of potential-time curves at short transition times,
adsorption phenomena could be pronounced and
must be taken into account.

3.2.d Spectrophotometric Studies
of Molten-Salt Systems

J. P. Young

Spectrophotometer for Hot-Cell Use. — It is
planned to install a spectrophotometer having an
extended optical path that is integral with a hot
cell. The path will project into and out of the
cell so that absorption spectra of extremely radio-
active materials can be obtained routinely. The
facility will be similar to that proposed for the
continuous spectrophotometric determination of
U(IID) in the circulating fuel salt of a Molten-Salt
Breeder Reactor.!! It will be possible to use both
windowed and windowless cells, Experience
gained with this facility will be applicable to the
reactor installation. The arrangement of the com-
ponents to provide the extended path is being -
determined. Equipment and engineering funds have
been approved for the design, purchase, and instal-
lation of all components in the cell facility. The
basic spectrophotometer (Cary model 14H) has been
ordered.

Spectra of Uranium(li1) and Uranium(lV) in
Molten Fluoride Salts. — The spectra of U(III) and
U(IV) in molten 2LiF-BeF2, LiF-BeF ,-ZtF ,, and
LiF-NaF-KF were obtained at temperatures up to
540°C over the wavelength range 200 to 2400 nm.
From a comparison of these spectra with those
obtained in other molten-salt systems and in
aqueous systems, the coordination number of the
uranium species in the molten-fluoride media
studied is thought to be 8 or 9. It was not pos-
sible to obtain chemically a solution of U(III) free
of U(IV). Under the experimental conditions
studied, U(III) reacts with alkali-metal fluorides

! 1“Spectrophotometric Studies of Molten-Salt Reactor
Fuels,* MSR Program Semiann. Progr. Rept. Aug. 31,
1965, ORNL-3872, p. 145.



to form small amounts of alkali metals. A paper
on this work was published.!?

Compatibility of Silicon Dioxide with Molten
Fluoride Salts. — C. F. Baes, Jr.,'3 pointed out
that, according to the thermodynamics of chemical
reactions, molten fluoride salts such as 2LiF-BeF,
should be compatible with SiO, in a static system
that contains excess SiF4 at temperatures up to
~1000°K. In collaboration with C. F. Baes, Jr.,
and C. E. Bamberger,!3 experimental data were
obtained that support this postulate. Such
variables as melt composition and temperature
affect the equilibrium products. Dissolved 0%~
and SiF , probably are involved in the overall
reaction with SiO, and can react with components
in the melt.

From the constancy of the absorbance of U(IV)
at 640 and 1090 nm, the U(IV) concentrations of
melts held in SiO, containers under SiF , pressure
at 400 mm remained constant, within experimental
error, for at least 48 hr. During longer periods
(up to one week) the net absorbance of U(IV) did
not change, but the SiO, container became etched
and thus caused a shift in the absorbance of the
blank. Since UO, is more insoluble in molten
2LiF-BeF, than is BeO, U(IV) was used as an
“internal indicator’’ to measure any increase in
0%~ concentration. The fact that the U(IV) con-
centration did not decrease infers that the melt
did not react with the container. The cause of
the etching of the container is not completely
understood but may be the reaction of gaseous
or dissolved SiF , with SiO, to promote devitrifica-
tion. The ability to contain LiF-BeF, melts in
silica cells has permitted the molar absorptivities
(e’s) of U(IV) to be calculated more precisely.
The €’s of U(IV) in molten 2LiF-BeF, at 550°C
are reported to be ~7 and ~ 14 liters mole~?
cm~?! at 640 and 1090 nm respectively. These:
values are based on the spectra of melts contained
in windowless cells. From measurements in
silica cells of known path'length, the € of U(IV)
is 7.3 £ 0.3 and 14.4 # 0.5 liters mole~! cm~!
at 640 and 1090 nm respectively in molten 2LiF-
BeF at 560°C. The similarity of the windowless-
and windowed-cell data is evident; the improved
precision of the latter values is to be expected.

”j. P. Young, ‘‘Spectra of Uranium(IV) and Ura-
nium(IIl) in Molten Fluoride Solvents,*’ Inorg. Chem. 6,
1486 (1967).

! 3Reactor Chemistry Division.
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Table 3.3. Effect of Temperature on the €'s
of U(1V) in Molten 2LiF-BeF2

-1

.Temperature € (liters mole~! em™1)
o At 640 nm At 1090 nm

498 8.0 16.4

560 7.3 14.4

! 650 6.2 13.8

698 5.7 12.9

Also, the effect of temperature on the € of
U(IV) at several wavelengths in 2LiF-BeF , was
studied in silica cells; Table 3.3 gives the results.

Spectral Studies of Chromium(lll) in Molten
Lithium Fluoride—Beryllium Fluoride. — In further
work with C. E. Bamberger,!? it was demonstrated
spectrophotometrically that the solubility of Cr(III)
in 2LiF-BeF , at 550°C is relatively high (>0.4
mole %). The melts were contained in silica cells.
The € of Ct(II) at 690 nm was calculated to be
6.6 liters mole~! cm~!. Peaks also occur at 442
and 302 nm; the €’s of Cr(IIl) at these wavelengths
are ~ 10 liters mole™! em~ .

Spectral Studies of Uranium(VI) in Molten

"Lithium Fluoride—Beryllium Fluoride. — A study

of the spectrum of U(VI) in molten fluoride salts
was begun in collaboration with G. I. Cathers,'*
who furnished the solute Na,UF ;. It should be
possible to determine the solubility of U(VI) in
such solutions. The container material for molten-
salt solutions of U(VI) must be inert to oxidation.
Silica is unsatisfactory, because the spectrum of
Na ,UF, that was dissolved in 2LiF-BeF , under
SiF4 overpressure in a silica cell is identical

with that of UO,F, dissolved under similar
conditions. Apparently, the melt contained enough
oxide to cause the formation of 0022 ¥, At 550°C
the dissolved species exhibited an absorption peak
at 419 nm and the foot of a strong absorption peak
in the ultraviolet region that had a shoulder at 310
nm. The spectrum generally corresponds very well
to that reported for 0022 * in aqueous HCIO“.'1 5,16

!4 Chemical Technology Division.

'5J. T. Bell and R. E. Biggers, ‘“The Absorption
Spectrum of the Uranyl Ion in Perchlorate Media: Part -
O. The Effects of Hydrolysis on the Resolved Spectral
Bands,’’ J. Mol. Spectry. 22, 262 (1967).

16]. T. Bell and R. E. Biggers, ‘‘The Absorption
Spectrum of the Uranyl Ion in Perchlorate Media. Part
OI. Resolution of the Ultraviolet Band Structure,”®
submitted for publication in the Journal of Molecular
Spectroscopy.



Simultaneous Electrochemical Generation and
Spectrophotometric Study of Solutes in Molten
Fluoride Salts. — In collaboration with F. L.
Whiting'”? and G. Mamantov,® work was begun in
which solute species of interest are generated
electrochemically in a molten salt while the
spectra of the species in the vicinity of the
electrode are obtained simultaneously. Such
studies will be confined to fluoride melts. The
technique should permit the formation and direct
identification of unusual and perhaps unstable
solute species. The novel feature of this electro-
optical study is the ability to observe only the
region adjacent to the generating electrode.

To demonstrate the technique, U(III) was
generated and observed spectrally in molten LiF-
BeF -Z:F , that contained U(IV). In a modified
captive-liquid cell'® equipped with a three-wire
electrode system, a solution of 2 wt % U(IV) in
‘molten LiF-BeF -ZtF , at 540°C was maintained
at a potential sufficient to cause the reduction of .
U(IV) to U(III) at a working electrode of 0.1-cm?
area. About 0.75 microequivalent of U(IIl) was
generated; it was possible to observe spectro-
photometrically as little as 0.4 microequivalent of
U(III). By spectral observation at 360 nm during
intermittent electrolysis, the formation, diffusion,
and reoxidation of U(III) could be followed
readily. A note on this work was published.®

Apparatus was designed that permits further
studies in either windowless or silica cells in N
which the light beam is masked to an area slightly
larger than the generating electrode. Under the
experimental conditions used, large cathodic
currents result when SiF  at atmospheric pressure
is present over the melt. The presence of SiF
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does not affect anodic voltammograms. The reason

for this behavior is not understood. However,
since SiF , is a product of the reaction of fluoride
salts with SiO,, these results indicate that silica
containers are useful for the generation and spec-
tral study of only oxidized solute species.

.. 3.3 FUEL PROCESSING

3.3.a Determination of Hydrocarbon
Content of Steam

C. M. Boyd

In the production of UO, microspheres by the
Sol-Gel Process, an important step is the removal

of carbonaceous impurities by treatment with -
steam. The Reactor Chemistry Division desired a
method for the continuous determination of the
hydrocarbon content of the steam from tests on this
procedure. A dilution system was designed and
constructed for sampling this steam and passing

it through a Beckman model 109 total hydrocarbon
analyzer. This analyzer, which contains a flame-
ionization detector, has a maximum full-scale
sensitivity of 1 + 0.1 ppm. At this sensitivity the
output signal was attenuated so that a 2000-ppm
CH, standard could be used directly for calibra-
tion. Since the steam will be at atmospheric pres-
sure, it must be drawn into the analyzer and com-
pressed by a sampling pump. To prevent condensa-
tion of the steam, the system of valves and flow
capillaries was maintained at 110°C. It was pos-
sible to take a steam sample at a known flow and
to dilute it 20- or 50-fold with air to obtain a sam-
ple that was unsaturated with water vapor at room
temperature. Provisions were made for checking
this dilution by the addition of a more concentrated
CH, standard to the steam; tests indicated that a
dilution error as small as 5% was possible. This
technique of adding a standard to the steam before .
dilution permits the calculation of total evolved
hydrocarbons rather than hydrocarbon concentration
only. The system has been used to monitor the
hydrocarbon content of steam from the decarbona-
tion of various UO, samples as a function of tem-
perature and time.

3.3.b In-Line Analysis of the Components
of Gases from the Fluidized-Bed
Volatility Pilot Plant

D. R. Anderson?!
A. S. Meyer

W. F. Peed??

An interhalogen process had been chosen for the
selective volatilization of uranium from plutonium

17Student Guest from the Department of Chemistry,
University of Tennessee, Knoxville,

18]. P. Young, *“Windowless Spectrophotometric
Cell for Use with Corrosive Liquids,?® Anal. Chem.
36, 390 (1964).

lgj. P. Young, G. Mamantov, and F. L. Whiting,
“Simultaneous Voltammetric Generation of U(III) and
Spectrophotometric Observation of the U(III)-U(IV)
System in Molten Lithium Fluoride-Beryllium Fluoride-
Zirconium Fluoride,?” J. Phys. Chem. 71, 782 (1967).

20On loan from Thermonuclear Division.

21ORAU Student Trainee from Elizabethtown College,
Elizabethtown, Pa.
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in the Fluidized-Bed Volatility Process. The
uranium, dispersed in a fluidized alumina bed as
U,0,, is converted to volatile UF by treatment
with BrF ; at 450°C. Subsequently the plutonium
is volatilized by treatment with fluorine. Since
the BrF5 was to be regenerated and recycled, an
in-line method was needed to monitor the concen-
tration of reagent reduction products, BrF , and
Br,, in the effluent from the fluidized-bed reactor.
This stream would also be expected to contain

CF4, SF, HF, COF2, reagent contaminants, and
volatile fission products such as MoF .

A general survey of the physical properties of
these stream components indicated that, except for
the spectrophotometric measurement of Br,, no
direct determinations would be practical without
preliminary separations. Therefore, gas chro-
matography was selected. A Greenbrier laboratory
chromatograph was used that had been modified by
the installation of a Teflon-plug sampling valve, a
Gow-Mac gas-density detector, and a heated flow
system to permit the use of Freon-114 (1,2-
dichlorotetrafluoroethane) as a carrier. Freon-114
was selected to suppress the signal of the major
component, BrF _, by virtue of their comparable
densities. A system was constructed for the
preparation of calibration standards by saturating
helium with each of the interhalogen compounds
and UF 6

Screening tests of column packing materials were
run with relatively small columns (7-ft by 1/“-in.-OD
nickel tubing) to more rapidly obtain results. In
all cases Kel-F-10 oil was used as a substrate at
loadings from 5 to 50% and at temperatures of 55
and 80°C. Columns packed with Teflon-6 as sup-
port material exhibited excessive tailing, particularly
for the UF  peaks, apparently as a result of absorp-
tion of the solute by the support. It was calculated
that large columns (about 20 ft by l/2 in.) would be
required and that analysis time would exceed 1 hr,
a period unacceptable for process analysis.

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

10 ml/min were: BrF , 6.5; BrF , 9.5; Br,, 9.5;

~and UF , 12.5. No discemible resolution between

Br, and BrF; was obtained under any of the con-
ditions tested. Attempts to use various grades of
activated alumina were unsuccessful, because
the interhalogens and uranium were not eluted even
after repeated treatments with CIF _.

3

Theoretically it is possible to completely sup-
press the signal from BrF by using a mixed car-
rier of accurately matching density and thus to
permit the desired measurement of Br, in the
presence of BrF .. Mixtures of Freon-114 and
Freon-318 (octafluorocyclobutane) would be
suitable.

Although complete resolution was not demon-
strated in this study, extrapolations indicate that
it might be possible to obtain satisfactory analyses
within an acceptable period (15 to 20 min) by
using 20-ft columns packed with alumina-supported
Kel-F oil and operated above 100°C. This study
was terminated when construction of the Fluidized-
Bed Volatility Pilot Plant was discontinued.

3.4 NUCLEAR SAFETY

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

W. F. Peed?° R. F. Apple
A. S. Meyer

The design of an analytical system?? for the in-
line analysis of the gases generated by in-pile’
tests of fuel elements has been changed to in-
corporate a residual-gas analyzer (RGA). The
Analytical Chemistry Division is assisting the
Reactor Chemistry Division in the design of an
RGA system and in the procurement of components.
The substances to be determined include H,, 0,
N,, H2O, CO2, inert gases, fission products, and
other possible components, such as organoiodine
compounds, that are produced when fuel-element
specimens are purged in-pile with moist inert
gases or with dry or moist air. Requirements for
frequency of analyses will vary from several per
minute for a 5-min meltdown experiment to only
occasional analyses during steady-state exposure
of graphite-matrix GCR-type elements to an

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



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

In this application the RGA will replace the
originally planned combination of different analytical
transducers, each of which responds continuously
to a single component of the sample. The substi-
tution of the RGA will permit the measurement of
more components over greater ranges of concen-
trations and at an acceptable analysis frequency.
It will be necessary to make a separate determina-
tion of CO with a process infrared analyzer
(Beckman model 315), because the parent peaks
of CO and N, are not resolved in mass spectra.

The infrared analyzer has been installed in the
gas-sampling hood at the ORR. Absorption cells
and detector units have been calibrated to provide
full-scale responses in the range 250 ppm to 25%
CO. A gas-sampling technique was developed
to transfer samples from a simulated reactor con-
tainment vessel at reduced pressure to the
analyzer, and then to compress the sample to
atmospheric pressure for absorption measurements.
This technique was used to determine gas mixing
rates for in-pile meltdown experiments. When CO
was injected into air at 100°C to simulate an air
burnup test, the concentrations were within 1%
of those calculated for instantaneous mixing, even
when the injection rate was reduced to one-half the
designed flow. Similar results were obtained for
injections into unheated air. When injections were
made into unheated argon, however, the injected
gas stratified with the upper layer enriched in CO.
Mixing occurred within a 5-min interval after one of
the heaters had been turned on. Actual tests car-
ried out with irradiated gases from an in-pile ex-
periment showed that the instrument is not affected
by radiation. The manifold in the lead-shielded
gas-sampling hood at the ORR was modified so that
the absorption cell of the analyzer can be evacuated
and connected either to the reactor containment
vessel or to an evacuable 2-liter container, With
this arrangement a calibrating mixture of radioactive
vessel gas and CO was prepared and transferred
to the infrared cell, A comparison of these results
with those previously obtained for CO in nonradio-
active gas showed that the measurement of CO is
not affected by radiation at the maximum anticipated
level.

The analyzer has also been used throughout two
GCR-type experiments of about one-week duration
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each to record CO concentrations in the range 1000
to 2000 ppm.

To adapt the RGA to the continuous monitoring
of the purge gas, a small fraction of the effluent
stream will be bled at about 1 to 10 torrs into an
intermediate-pressure system located in a shielded
hood at the ORR. By way of a capillary, a con-
tinuous sample will be withdrawn from the inter-
mediate-pressure system and injected into the
ionizer section of the RGA, which is to be located
in an oven outside the hood. Since the pressure
in the analyzer will be of the order of 10~ torr,
no hazardous quantity of radioactive gases will
be present outside the shielded area. The vacuum
system, which includes a mechanical pump for the
intermediate-pressure region, a differential ion
pump for the RGA, and several isolation valves,

_will be completely contained within the sampling

hood.

Criteria considered in the selection of the com-
ponents of an RGA system included compactness
of the vacuum system with fail-safe interlocks to
prevent the buildup of activity during a power
failure and an RGA of adequate sensitivity,
resolution, and stability. ’

A quadrupole RGA was borrowed from the Ultek
Division of the Perkin-Elmer Corporation and was
tested in our laboratories on an approximate mock-
up of the proposed gas-inlet system. Although it
was not possible to obtain sensitivities below 100
ppm because of an inadequate pumping system and
severe contamination of the instrument (a demon-
strator), the equipment proved remarkably stable
and reproducible. Also, the sensitivity improved
throughout the limited period of these tests as
steps were taken to reduce the background from
adsorbed gases. It appears that the RGA will
function in this application within the specified
1-ppm sensitivity. It is anticipated that by use of
a picoammeter and a two-pen recorder, both of
which are available commercially, the operation
of the RGA can be centralized in the control room
rather than operated remotely on the reactor
balcony. By suitable choice of electrometer out-
put and recorder sensitivity, a dynamic range in
recording of more than 1000 can be achieved with-
out changing the sensitivity of the picoammeter.

Specifications for the components of this system
have, therefore, been written and submitted for
bids.
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3.4.b Gas Chromatographic Determination
of Volatile Air Pollutants. -

A. D. Horton A.S. MeyeF

In the vicinity of ORNL, samples of air were
collected?? from the secondary containment of
each reactor, the Nuclear Safety Pilot Plant, various
locations external to research buildings, and the
Clark Center Recreation Park.

Samples of air and of charcoal were received
from the-blower inlet and the primary containment
of the CVTR in Columbia, South Carolina. These
samples were taken by employees of the Phillips
Petroleum Company, who followed ORNL analytical
chemistry procedures and used equipment that was
developed, fabricated, and pretested by this lab-
oratory. The cooperative program with Phillips
is expected to continue at an accelerated pace
during the coming year. Several reactor-containment
systems in different localities are to be sampled.

Analysis of the volatile hydrocarbons in these
samples by gas chromatography gives the concen-
tration of certain classes of organic compounds,

Table 3.4.

namely unsaturated and/or oxygenated compounds
that are most likely to form volatile organic iodides
with fission product iodine. These volatile iodides
are very difficult to remove from reactor-containment
air. '
Volatile organic compounds from 2.5 liters of air
were trapped, 2% and the contents of the trap were
swept onto a 9-ft by l/4-in. column that contained
20 wt % silicone 550 on 60- to 80-mesh Anakrom
ABS. Total hydrocarbons were determined by use
of the flame-ionization detector. Unsaturated
hydrocarbons were determined on the same column
by subtracting from the total hydrocarbons the
hydrocarbons that passed through a mercuric
perchlorate olefin absorber.?4 Oxygenated hydro-
carbons were determined, also on the silicone
550 column, by subtracting the hydrocarbons that

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

2 . . .
) ‘R. L. Martin, “‘Determination of Hydrocarbon Types
in Gasoline by Gas Chromatography,’® Anal. Chem.
34, 896 (1962).

Results of Gas Chromatographic Determination

of Volatile Organic Air Pollutants

Hydrocarbon Concentration as CH4 Equivalent® (vol ppm)

Location
of Sample Total Total Unsaturated . Total Oxygenated
Outside entrance 2.782 2.548 b
to W corridor,
Bldg. 45008 .
E loading dock, 1.760 1.613 b
Bldg. 45008
NSPP 10.690 10.380 9.650
ORR 7.500 7.140 7.400
MSRE 5.500 5.150 2.900
BSR 1.247 1.185 0.749
HFIR 0.330 0.230 0.100
HPRR 0.213 0.146 0.067
Clark Center 0.188 0.139 0.087
Recreation v
Park
CVTR, Columbia, S.C. ,
Primary containment 54,300 47.900 37.300
Blower inlet 22.900 2.900 c

“Minimum detectable, 1 ppm. -

bprocedure not available when this sample was taken.

®Insufficient sample.



Table 3.5. ldentifiable Volatile Organic Air Pollutants

Pollutant Concentration as CH4 Equivalent (vol ppb)

w E Loading CVTR
Pollutant® Corridor, Dock, NSPP ORR MSRE BSR HFIR HPRR?  Clark Center Primary Blower
Bldg. 45008  Bldg. 45008 Recreation Park  containment  Inlet
Methane 230 210 47 20 42 56 39 45 36 1 9
Ethane 21 11 3 2 4 7 2 1 1 14
Ethylene i 1 70 3 3 2 3 <1 <1 14 2
Propane <1 1 1 1 4 3 2 1 1 9 6
Propylene ) 7 12 <1 1 140
Isobutane . 1 - 1 2
n-Butane 3 7 3 7 4 1 17 1 1
Butene-1 .8 9
Isobutylene + cis- )
butene-2 : 210
Isopentane 4 7 2 1 14 1 3
n-Pentane 4 1 1 2 2 6 <1 110 2
2-Ethylbutene-1 , 3
Pentene-1 5 90 7 12 . 4
Pentene-2 )
(cis and frans) 62 190 .
n-Hexane 18 100 16 6 3 3 23 2 . 2900 3
Hexene-1 160 66 ‘
n-Heptane 14 50 2 10 . 8 ~ 3000 770
Total ~ 526 815 88 ~61 63 85 118 ~51 ~46 6398 815

2Compounds listed in order of elution from the column.
No personnel in building — reactor had not operated for three weeks.

®Methane is not completely trapped by liquid nitrogen.

[£3



Table 3.6. Total Hydrocarbons in Charcoal Traps of the CVTR

C Paraffins
n

Hydrocarbon Content (wt %)

of Primary Containment May Pack Blower Inlet?
" Corresponding - b .
Boiling Run 1 Run 2 Single
. . Filter
Range Top Middle Bottom Top Middle Bottom: .
<C6 0.18 0.04 0.11 0.90 0.17 0.14 0.10
C7 0.85 0.45 0.02 0.14 <0.16 1.00 0.56
C8 0.72 0.05 0.002 0.32 0.42 2,04 0.81
C9 0.81 <0.001 <0.001 0.70 3.41 0.77 0.67
C 10 0.73 0.02 0.04 1.66 0.67 0.02 0.51
c, 0.17 0.005 4,09 0.05 0.01 0.10
c,, 0.03 0.002 1.41 0.02
>C 12 0.02 0.001 0.34 0.73 0.02 0.02
Total 3.51- 0.57 0.17 9.56 7.61 4.00 ’ 2.79

BTrap on stream 100 hr; rate of flow, 60 fta/hr.
bTrap on stream 1500 hr; rate of flow 60 ft>/hr.

passed through a 1% solution of NaHSO,** from
total hydrocarbons. Identifiable hydrocarbons
were determined by use of an 8-ft by 1/4-in. column
that contained 3 wt % squalane on 30- to 60-mesh
medium-activity silica gel.

Hydrocarbons were expelled from a'charcoal sam-
ple by heating it to 400°C in the Honaker-Horton
pyrolyzer?® and sweeping the volatile components
onto the silicone 550 column. Total hydrocarbons
in each of the boiling ranges that correspond to
the boiling points of the normal paraffins were
determined.

Table 3.4 lists the results of the determinations
of total, unsaturated, and oxygenated hydrocarbons;
identifiable hydrocarbons are listed in Table 3.5.
Results for the volatile organic compounds in the
charcoal traps are shown in Table 3.6.

25¢. F. Ellis, R. F. Kendall, and B. H. Eccleston,
‘Identification of Some Oxygenates in Automobile
Exhausts by Combined Gas Liquid Chromatography
and Infrared Techniques,’® Anal. Chem. 37, 511 (1965).

26C. B. Honaker and A, D. Horton, “‘A Simple
Pyrolyzer for Use with Gas Chromatography,’® J. Gas
Chroma(og. 3, 396 (1965).

The extent of contamination of air and of char-
coal by volatile organic compounds depends on the
environment; the amount will vary from day to day
or even from hour to hour. A major factor is the
number of internal-combustion engines operating
in the vicinity. Open cans of solvent; fresh paint;
the density of human population; the number and
intensity of heat sources adjacent to volatile or
easily decomposed organic compounds; the use
of pumps, compressors, or other oil-filled equip-
ment; tobacco smoke — all these and many unnamed
sources contribute to the contamination of the |
containment air. The newer buildings, in general,
are less contaminated than the older ones. In the
case of outdoor samples, the concentration of con-
taminants is directly proportional to the density of
automobiles operating in the immediate vicinity of
the sampling point. Of the samples taken, that
from the Clark Center Recreation Park contained
organic contaminants in lowest concentration.
This sample was taken as a control and was col-
lected at the extreme west end of the park in the
winter season.



4. ,Special Research and Development Activities

P. F. Thomason

W. D. Shults

4.1 CHROMATOGRAPHY

4.1.a0 Gas Chromatography

Preparative Gas Chromatography (A. D. Horton).
— A preparative gas chromatograph manufactured
by Varian-Aerograph has been in almost contin-
uous operation since February 1967. The work
with it has consisted exclusively of the purifica-
tion of organic compounds. Benzene, n-pentane,
n-hexane, n-heptane, dichloromethane, carbon
tetrachloride, chloroform, 2-ethylnaphthalene, and
aniline have been purified to >99.99 mole %.
Lesser purity (mole %) was achieved for 1-chloro-
propane (99.96), 1-chloronaphthalene (99,97), n-
hexylnaphthalene (99.60), and 1,2-dimethylnaph-
thalene (99.00). The purity of the reagents sub-
mitted varied from about 30 to 99.95 mole %; it
was always enhagxced after the chromatography.

The major factor in obtaining ultrapure com-
pounds is not the original purity of the compound
but the proximity of the elution peaks of impuri-
ties to that of the parent compound. Figure 4.1
illustrates both the typical problems that make it
difficult to collect ultrapure compounds and a
pattial remedy for some of these problems. Ac-

CUT POINT NO. 11—
( Switch Actuated
Only by Upscale
Pen Travel )

CONTAMINATION
BY THIS COMPOUND
EXTENDS HIGH

ON LEADING SIDE

THIS MUCH OF
PARENT COMPOUND
WASTED

CONVENTIONAL ARRANGEMENT

. TWO- SWITCH ARRANGEMENT

A. S. Meyer
J. M. Dale

cording to the manufacturer’s specifications, the
turntable that positions the sample-collecting
bottles under the exit tip of the column is ac-
tuated by a micro switch attached to the recorder
scale. The micro switch is actuated by the
pointer attached to the pen carriage. The down-
scale contact with the switch returns the bottle
to a standby position. Thus, as shown in Fig.
4.1 A, the ““cut’”’ must be made in the same posi-
tion on both the leading and tailing sides of the
peak.

A two-switch arrangement (Fig. 4.1 B) was de-
veloped at ORNL. It allows different cut points

-to be selected on each side of the peak or two

cuts on either side of the peak. This arrange-
ment has resulted in an improvement of several
percent in the purity achieved for some compounds
and makes possible the purification of compounds
to 99.99% purity (Fig. 4.1 C). Under the worst
conditions, only ~10% of the compound injected
into the chromatograph will be collected as pure
compound. :
Gas Chromatographic Determination of Sulfur
Hexafluoride in Methane (A. D. Horton). — The
size of the sulfur hexafluoride molecule is such .
that it cannot pass into a 5-A molecular sieve.

.

ORNL-DWG. 67-12645

c
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THEORETICAL TWO-SWITCH ARRANGEMENT

Fig. 4.1. Preparative Chromatogram of 1,2-Dimethylnaphthalene (4 and B) and Theoretical Chromatogram (C)

That lllustrate the Advantages of the Two-Switch Arrangement for Fraction Collection.



Therefore, it evolves from the gas chromatographic
column before hydrogen. This property makes pos-
sible the determination of as little as 5 ppm of
SF6 in large quantities of air, methane, or other
gases except neon. The thermal-conductivity de-
tector was used to analyze three different samples
of SF -CH, mixtures for D. R. Nelson.! The
samples were analyzed in triplicate with a de-
viation from the mean of +5%; their SF6 contents
were 14.4, 17.0, and 20.6 ppm.

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

Table 4.1. Volatile Organic Compounds Obtained
from the Pyrolysis of Fisk No. 604 Mold

Release and s-51 Aluminum Powder

Amount Obtained (wt ppm)

Compound? Fisk No. 604  S-51 Aluminum
436°C)® (600°C)"

Methane 250

Ethane 2 160

Ethylene ‘ 460

Propane 80

Propylene 19 ’

Isobutane 3

n-Butane .3 300

Butene-1 89

Isobutylene + 215 2

cis-butene-2

Isopeﬁtane 11 2

n-Pentane 44 130

Pentene-1 111 10 -

2-Methylbutene-1 30

n-Hexane 85 50

Hexene-1 246 60

Hexene-2 96 10

Hexene-3 80

i 3-Methylpentene-1 50

2-Ethylbutene-1 296

n~Heptane 152

n~Octane + 217 140

heptene-1

Heptene-2 . . ’ 5

Total 1668 1742

fCompounds listed in order of elution from the column.

berolysis temperature.
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parts by powder metallurgical processes, because

-gases freed from the mold-release compound or

from the aluminum powder itself caused the ex-
trusion to swell. Samples of the aluminum ex-
trusion powder and of a mold-release compound 7
(Fisk No. 604) were pyrolyzed in the Honaker-
Horton pyrolyzer?® at the temperature used in the
extrusion process. Oiganic volatiles evolved

from a silica gel-squalane column were determined
by use of the hydrogen flame-ionization detector;
Table 4.1 gives the results. These materials are
still being used in the extrusion process, but the
technique has been altered to prevent occlusion

of the gases by the aluminum powder.

4.1.b Thin-Layer Chromatography,

Thin-Layer Chromatography of Constituents of
Transfer Ribonucleic Acid (tRNA) (Helen P.
Raaen, Frances E. Kraus*). — Procedures were
developed for resolving complex mixtures of con-

* stituents of tRNA By thin-layer chromatography on

freshly prepared 500;p-thick layers of polyethyl-
eneimine (PEI)—cellulose MN-300. The proce-
dures are adaptations of those described by the
Randeraths.®~7 The effectiveness of the sep-
arations was demonstrated by isolating (with
.three exceptions) the individual components of
a mixture that contained 10 nucleobases, 10
nucleosides, and 12 nucleotides. On one chro-
matofilm, nucleobases and nucleosides are re- : =
solved by two-dimensional development, first
with water and then with n-butanol—methanol—
water—NH40H (60:20:20:1, v/v); on another,

conc

nucleotides are separated by sequential develop-

1I-Iealth‘Physics Division.
2Metals and Ceramics Division.

3¢. B. Honaker and A. D. Horton, ‘‘A Simple Pyro-
lyzer for Use with Gas Chromatography," J. Gas Chro-
matog. 3, 396 (1965).

‘ORAU Student Trainee from Nazareth College,
Nazareth, Ky.

SE. Randerath and K. Randerath, ‘‘Resolution of
Complex Nucleotide Mixtures by T'wo-dimensional
Anion-exchange Thin-layer Chromatography,?®® J.
Chromatog. -16, 126 (1964).

5K. Randerath, ‘‘Two-dimensional Separation of
Nucleic Acid Bases on Cellulose Layers,*’ Nature
205, 908 (1965).

7K. Randerath ard E. Randerath, ‘‘Ion-exchange
Thin-layer Chromatography. XV. Preparation, Proper-
ties and Applications of Paper-like PEI-Cellulose
Sheets,®® J. Chromatog. 22, 110 (1966).



ment in the first direction with 0.2, 1.0, and

1.6 M LiCl, washing with methanol, and then
sequential development in the second direction
with 0.5, 2.0, and 4 ¥ HCOOH-HCOONa buffer
of pH 3.4. The work included the evaluation of
several developing solvents and the comparison
of freshly prepared adsorbent layers of cellulose

- MN-300 and of PEI—cellulose MN-300 with com-

mercially available layers of the same types.

The method was used to isolate and identify the
tRNA constituents in the alkaline hydrolysates of
E. coli B and of yeast and in an eluate fraction
from an E. coli B solution separated on a
Sephadex-100 column. A journal article has been
prepared to be submitted for publication. Also,
the details of the separation procedures are re-
corded as a method?® for inclusion in the ORNL
Master Analytical Manual.

‘Thin-Layer Chromatography of Amanita Toxins
(Helen P. Raaen). — Amanita toxins are poly-
peptides that contain unusual amino acids. The
,crystalline structure of these high-molecular-weight
compounds is of interest to C. K. Johnson of the
Chemistry Division. These deadly toxins are
present in certain species of mushrooms, for ex-
ample, Amanita phalloides and Galerina margi-
nata. Sullivan, Brady, and Tyler® have published
a method to separate a- and fB-amanitin by thin-
layer chromatography on silica gel adsorbent and
to identify them by the characteristic violet color -
of their complexes with trans-cinnamaldehyde on
exposure to HCI vapor. The method was modified
somewhat to give sharper bands and better resolu-
tion of the amanitins. The improvement was
achieved by the use of shaped layers of adsorbent
and overrun of the development. It was found that
freshly prepared chromatoplates give much more
satisfactory results than do three- commercially
available plates. Some 130 samples were analyzed

" by the improved method. The results were used to

determine the effectiveness of the fermentation
runs being made by the Biology Division to pre-
pare the pure crystalline amanitin toxins in quan-
tity. The improved thin-layer chromatographic

8Helen P. Raaen, ‘‘Separation of Complex Mix-
tures of Nucleic Acid Bases, Nucleosides, and Nu-
cleotides by Two-Dimensional Thin-Layer Chromatog-
raphy on Polyethyleneimine-Cellulose,’’ Method No.
1 00703 (10-1-67), ORNL-Master Analytical Manual;
TID-7015, suppl. 10 (to be published).

9G. Sullivan, L. R. Brady, and V. E. Tyler, Jr., \
“‘Identification of - and 3-Amanitin by Thin-Layer
Chromatography,’ J. Pharm. Sci. 546), 921 (1965).
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method was written for inclusion in the ORNL
Master Analytical Manual.'® ,

Thin-Layer Chromatography of Proteins on
"Sephadex G-75 Superfine Gel (Frances E. Kraus,*
'Helen P. Raaen). — Limited experiments were

made to evaluate thin layers of Sephadex gel for
the chromatographic separation of proteins ac-
cording to molecular weight. Eleven proteins
(molecular-weight range, 12,400 to 69,000) were
chromatographed individually and as a mixture on
500-p-thick layers of Sephadex G-75 Superfine.
The procedure of Johansson and Rymo!! was fol-
lowed; the developer was 0.02 ¥ Na,PO,-0.2 M
NaCl of pH 7.0. Satisfactory resolution of the
protein mixture was not achieved under the ex-
perimental conditions used.

4.2 ELECTROANALYTICAL CHEMISTRY

4.2.a Polarographic Studies with the Teflon
- Dropping-Mercury Electrode (D.M.E.)

Helen P. Raaen

Evaluation of Vertical-Orifice Rapid Teflon
D.M.E.’s for Obtaining Fundamental Polarographic
Data. — In the continued evaluation of vertical-
orifice rapid Teflon D.M.E.’s,'? a D.M.E. was
used that consists of a 72-y-diam Teflon segment
and a 70-p-diam, 98-mm-long glass-capillary seg-
ment. The reference reaction studied was T1* —
T1° in 0.1 M KCl-1 mM HCI-0.1 w/v % polyacryl-
amide. The results show that 0.1 w/v % poly-
acrylamide adequately suppresses the maxima that
occur-on polarograms obtained with this D.M.E.
When polyacrylamide is used, the D.M.E. is suit-
able for rapidly obtaining reproducible and theo-

" retically correct polarograms. The data for the
T1* = T1° reference reaction that justify this con-
clusion are:

1. The average of five measured El./2 values
(-0.458 to ~0.460 v) is —0.459 v vs S.C.E.;
the accepted value is —0.460 v. ‘

!

10yelen P. Raaen, ‘‘Separation of Amanita Toxins
by Thin-Layer Chromatography on Silica-Gel G Chro-
matoplates,®® Method No. 1 00702 (8-23-67), ORNL
Master Analytical Manual, a method for record only.

g a. Johansson and L. Rymo, “Thin-Layer Gel
Filtration,”” Acta Chem. Scand. 16(8), 2067 (1962).

12Helen P. Raaen, *‘Evaluation of Vertical-Orifice,
Rapid Teflon D.M.E.’s for Obtaining Fundamental
Polarographic Data,’® Anal. Chem. Div. Ann. Progr.
Rept. Oct. 31, 1966, ORNL-4039, p. 28.




The known electron change for the reaction

(n = 1) is obtained both from measurement of
peak width of the first-derivative peak recorded
at the slow scan rate 0.3 v/min (0.95) and from
agreement between the measured value for the
slope of the log [i/(i; — i)] vs potential plot
(0.061) and the theoretical value (0.059).

The known reversibility of the reaction is
shown by the facts that the value for log
[i_/(i-d — 1) is zero at the measured E ,,, the
theoretical value is obtained for the slope of
the log [i—/id — 1)) vs potential plot, and the
average-curtent first-derivative peak recorded
at 0.3 v/min is symmetrical.

The value for 7&/111 /2 remains constant (0.591
to 0.596 pa/cm!/2) over a wide range of h (69
to 118 cm).

The value for Id remains constant [3.03 to 3.15
pa (millimoles/liter)~! (mg?/3/sec'’/2)~ '] over
a wide range of h (69 to 118 cm).

Both the [T1*] vs i_ and the [T1*]vs (di /'
df) .. relationships are linear up to [T1*]=
1 mM; data were not recorded at higher [T1*].

A joumal article that describes this work is
being prepared for publication.

4.2.b Controlled-Potential Coulometric
Determination of Uranium(VI) in the Presence

of Copper(ll)

Karen E. Pashman!3 W. D. Shults
Samples that contain U(VI) and Cu(II) are pres-
ently analyzed coulometrically by an indirect pro-

cedure. Both Cu(ll) and U(VI) are reduced cou-
lometrically; then copper is reoxidized, and U(VI)
is determined by the difference in amount of
charge in the reduction and reoxidation electrol-
yses.!? Ideally, uranium should be determined by
a direct procedure. We studied a number of media,
polarographically and coulometrically, in an at-
tempt to find conditions that allow the direct de--
termination of U(VI) in the presence of Cu(ll).
Citrate, acetate, and ascorbic acid media of

130RAU Student Trainee from McMurréy College,
Abilene, Tex. .

1%y, D. Shults and P. F. Thomasén, ‘¢Controlled-
Potential Coulometric Determination of Copper and
Uranium,?® Anal. Chem. 31, 492 (1959).
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various concentrations and pH’s were unsuitable,
but hydroxylamine sulfate proved to be a promising
supporting electrolyte. In 1 M (NH,OH), - H,S0,
the half-wave potentials of Cu(Il) and U(VI) differ
by ~ 270 mv; therefore, Cu(II) can be reduced
(-=0.05 v vs S.C.E.), and then the U(VI) can be
reduced (at —0.30 v vs S.C.E.). This medium
should be useful also for determining U(VI) in the
presence of other ions that are reduced chemically
by hydroxylamine, for example, Ci(VI), Fe(lll),
Pu(IV), and Pu(VI). Results are comparable with
those obtained when U(VI) is determined directly
in sulfuric acid medium.

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

W. D. Shults A. F. Roemer, Jr.'5
Susan S. Potterton®

Our studies of the performance of various ion-
selective electrodes have continued. In addition
to the electrodes mentioned in the last annual re-
port,!7 we have tested the Corning and the Orion
calcium activity electrodes and the Orion divalent
ion, fluoride activity, and nitrate activity elec-
trodes. We have purchased an Orion sulfide elec-
trode for future evaluation. In general, all these
electrodes respond in a Nernstian fashion to ac-
tivities of their particular ions in the plon range
1 to 4. More dilute solutions can be measured with
suitable calibration, but the electrode response
curve is not linear and the response itself is
rather sluggish. Invariably, there is an optimum
pH range for each electrode.

The fluoride and nitrate electrodes have been
tested more thoroughly than the others. Such
factors as working range, accuracy, precision,
response time, memory effects, interferences,
effect of temperature, type of reference electrode,
and mode of operation were studied. These elec-
trodes can be used to measure activities at the
10~! M level with an error of 1% and relative
standard deviation of ~1%; at 10> M the error

15Retired.

16ORAU Student Trainee from Randolph-Macon
Woman’s College, Lynchburg, Va.

17p. F. Thomason, W. D. Shults, and J. A. Bell,
“Studies of Specific-lon Electrodes,®® Anal. Chem.
Div. Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039,
p. 31.



is about +5% and the relative standard deviation
is ~¥3%. Their response times and memory effects
are similar to those of a glass pH electrode.
Sleeve-type reference electrodes are preferable to
fiber-tipped electrodes. The optimum mode of op-
eration is the ‘“two-standard’’ technique in which.
the instrument is calibrated with standards of com-
position similar to that of the unknown but con-
centrations both greater and less than that of the
unknown. Hence, measurements can be made with
about the same facility as a conventional pH meas-
urement, and results are comparable with those ob-
tained by colorimetric procedures. The major dis-
advantage of the nitrate electrode is the necessity
to reassemble it every two to three weeks; it in-
corporates a liquid ion exchange type of membrane.
A manuscript that describes our experience with
the nitrate electrode has been prepared for publi-
cation.!® '

4.3 SPECTROMETRY

4.3.a Infrared Spectrometry

M. M. Murray

The acquisition of a Beckman IR-12 spectro-
photometer has increased the capabilities of the
infrared laboratory. The new instrument has an ex-
tended range of 200 to 4000 cm~! (50 to 2.5 p);
that of the previous instrument was 600 to 4000
cm™?! (16.6 to 2.5 p). It is a four-grating instru-
ment that uses long-pass filters to eliminate sub-
ordinate orders and has the high resolution that is
characteristic of grating instruments.

The instrument is equipped with an ordinate-
scale expander and a tracking-accuracy control
(T.A.C.). The scale expander permits the expan-
sion of any absorbing band of 5% transmittance or
greater to full scale. The T.A.C. has two func-
tions for use in increasing definition. Whenever
a signal is generated, the first automatically nar-
rows the slits, and the second automatically re-
duces the scanning rate. Both functions are
triggered by any signal of magnitude greater than
that of the background noise.

Other attachments and ancillary equipment ob-
tained with the instrument include a purging ap-

185, san S. Potterton and W. D. Shults, *An
Evaluation of the Nitrate-Selective Electrode," Anal.
Letters 1, in press (1967).
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paratus for supplying the instrument with dry air,
thus eliminating interference from atmospheric
water vapor and possible damage to the CsI ther-
mocouple window; a micro die capable of making
1- by 5-mm alkali halide pellets; a 12-mm-diam die
for making alkali halide disks of that diameter; a
hydraulic press for use with the dies; a mirror-type
beam condenser for examining micro samples in the
long-wavelength end of the spectral range; an at-
tenuated total reflectance unit for examining in-
frared-opaque liquids, films, or semisolids;
minimum- and micro-volume gas cells; polyethylene
cells for liquids; and a programmed pyrolyzer pro-
vided with a cell for trapping gaseous pyrolysis
products and with a condenser attachment for trap-
ping liquid pyrolysis products. All this equipment
along with that already existent in the laboratory
provides considerable versatility and permits the
examination of nearly all types of samples capable
of being examined by infrared methods.

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

Fractions from compounds synthesized at ORNL
were examined for structure and purity (Table
4.2). Materials produced by irradiation, chemical
reaction, or other processes were identified; a
summary of the results follows. Irradiation of tall

Table 4.2, Compounds Synthesized at ORNL That
Were Examined by Infrared Spectroscopy

p-Aminobenzylamine Bicyclobutane

Didodecylnaphthalene a,-0-Dipiperidyl

Heptyldecylamine Phenylneotridecanoate

Didodecylnaphthalenesulfonic LiFeSO8 (ordered)
acid

Hydrobromide of diethyl-
guanidinodiacetate

LiFeSO8 (disordered)

p-Ethylbenzenesulfonic acid F20

Bromo-3-chlorocyclobutane




oil (a by-product of paper production) produces CO,
COZ, H,S, and C,H ; treatment of aqueous KOH
with F, produces F,0; and carburization of sol-
gel fuels produces a mixture of polynuclear hydro-
carbons as a by-product. Commercial products were
examined for impurities, water, radiation effects, or
signs of oxidation. Spectra were obtained for
Irtrans 1-6 (proprietary name for infrared window
materials), powdered and fused silicas, phenol-
aldehyde resins, MgO, lubricating oils, pentaphenyl-
trimethyltrisiloxane, NaBF ,, hydrolyzed esters,
powdered aluminum, and Teflon. Biological ma-
terials for which infrared spectra were taken in-
cluded RNA, water-soluble fractions of humic
acid, nucleic acids, hymatomelanic acid, humic
acid, fulvic acid, and fractions from a gel-filtra-
tion column. Other analyzed materials that are in
use or produced at ORNL included MoF , SiF ,
residue from the ignition of graphite-coated sol-gel
fuel, and a solution from an Orion calcium-ion °
electrode.

Future work includes a study, in cooperation
with L. C. Brown,'? of the production of C10,~
from C10,~ by irradiation and the possible pro-
duction of SiF ,Cl, in the solid state.

4.3.b Nuclear Magnetic Resonance Spectrometry
J. R. Lund-

Nuclear magnetic resonance spectrometry is a
convenient nondestructive way to elucidate chem-
ical structure and configuration — especially of
organic compounds, to determine quantitatively
components of some mixtures, and to estimate the
ratios of protons in liquid or soluble organic com-
pounds that absorb in different regions of the
spectrum. For recording spectra, the Varian A-60
and DP-60 spectrometers are available to the
Analytical Chemistry Division, which also offers
the service of spectra interpretation. The A-60
operates in the range + 1000 to — 2000 cps from
an arbitrary zero where most organic resonances
occur. It has an integrator circuit for counting
protons and a homonuclear spin decoupler to help
simplify complex spectra. The DP-60 is usable
over a considerably wider range and has provision
for observing fluorine resonances. '

19Chemistry Division.
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Over 160 spectra were recorded of a variety of
compounds that resulted from studies in progress
in many groups. Two groups of the Reactor Chem-
istry Division used gas chromatography to isolate
products from organic compounds that had been
exposed as mixtures to radiation. As part of the
Organic Synthesis with Isotopic Sources Program,
the products obtained from irradiation of a mixture
of tetrahydrofuran and cyclohexene were studied.
Although the spectra of all these fractions indi-
cated incomplete separation of the reaction prod-
ucts, it was possible to determine the ratios of
the types of protons (aliphatic, olefinic, aromatic)
present in each fraction. From an analysis of the
spectra, together with molecular-weight, elemental,
and infrared analyses, it was possible to postulate
likely configurations for the products. The Effects
of Radiation on Materials Group isolated 15 frac-
tions from an irradiated mixture of naphthalene and
n-hexane; these fractions were subjected to an in-
tensive spectroscopic study. Although only 1 to
5 mg of material was available, the spectrum was
recorded in a 25-pl sample holder, and the sample
was recovered and passed on for use in obtaining

the ulfraviolet, infrared, and mass. spectra of these

products. Interpretation and correlation of these

. spectra revealed that ethyl-, n-propyl-, isopropyl-,

sec-butyl-, n-hexyl-, and four different branched-
chain hexylnaphthalenes had been isolated. These
alkyl isomers were positioned alpha and/or beta

on the naphthalene ring; in addition three partially
saturated compounds, 1,1-, 1,2-, and 2,2-dihexyl-
dihydronaphthalene were identified.

Spectra recorded for members of the Biology Di-
vision include those of the optical and position
isomers of glutathione, a naturally occuring tri-
peptide that seems to arrest the effects of irra-
diation in mice. The synthesis of these isomers
requires a 22-step procedure involving the ‘‘block-
ing” and ‘‘unblocking’’ of reactive groups (-NH,,.
-SH, -COOH) in order to produce the desired com-
pound. The spectrum of several glutathione prod-
ucts compared favorably with the spectra of the
purest commercially available glutathione; how-
ever, spectra of the isoglutathione products showed
that signifiéant quantities of impurity remained in
the preparations. In connection with the study of
gramicidin A (a linear N-acylated pentadecapeptide
ethanolamide), spectra were recorded of crude and
refined gramicidin A, m-iodobenzoylgramicidin A,
tryptophan, and desformylgramicidin A—HI salt.



Of particular interest in these studies was the fate
of the terminal protons (alcoholic or formyl) in the
gramicidin A molecule on substitution of the other
groups.

The products from the steps of the synthesis of
didodecylnaphthalenesulfonic acid by members of
the Chemical Technology Division were examined.
The spectra were used to confirm that 2-lauroyl-
naphthalene, 2-dodecylnaphthalene, 2-dodecyl-6-
lauroylnaphthalene, and 2,6-didodecylnaphthalene
had been prepared. The orientations of the sub-
stitutents in the final product, 2,6-didodecyl-
naphthalene-1-sulfonic acid, were deduced from
the spectra.

The spectra of numerous materials were recorded
for membets of various groups for the purposes of
identification or comparison. Among these were
phenolic resins, tall oil, a silicon pump oil, di-
octyl phthalate, glycerolthioether, and a variety of
saturated aliphatic hydrocarbons.

4.4 NEW AND MODIFIED CHEMICAL METHODS

4.4.a0 Precise Determination of Oxygen in

Metals and Mixed Metal Oxides

Gerald Goldberg

A rapid direct method was needed to determine
oxygen at various concentrations in metals and in
mixed metal oxides. From experience the inert-gas-
fusion separation method was selected in combina-
tion with a gas chromatographic estimation of the
evolved catbon monoxide for increased precision
and accuracy. In the inert-gas-fusion method, the
sample is normally dissolved in a molten-metal
bath contained in an induction-heated graphite
crucible. The oxygen of the oxide, in contact with
the carbon, is reduced to carbon monoxide. The
catbon monoxide is then transferred with an inert
carrier gas to some suitable analytical apparatus.
The selection was further prompted by the fact
that the apparatus can be adapted to the handling
of alpha-emitting samples within a glove box as
is done at the Savannah River Laboratory.2?

20p g, Doherty, Precise Determination of Oxygen
in Refractive Oxides by .Inert Gas Fusion—Gas Chro-
matography, DP-1115 (July 1967).
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For our work a Leco in/duction furnace was used
in conjunction with a Leco Nitrox-6 Analyzer (Lab-
oratory Equipment Corporation, St. Joseph, Mich-
igan). With the Nitrox-6 Analyzer the carbon
monoxide and nitrogen are stored in a cold trap
until evolution is complete. The gases are then
separated chromatographically and are passed
through a thermal-conductivity detector. The de-
tector output is fed to an integrator, which trans-
lates the volume of gas into total counts. These
counts are plotted on a calibration curve. An
analysis for both oxygen and nitrogen can be com-
pleted in about 15 min. Samples that contain 5 pug
to 5 mg of oxygen and less nitrogen can be ana-
lyzed by use of the attenuator on the Nitrox unit.
Calibration curves are plotted for each attenuation.

For alpha-emitting samples, the furnace section
was removed from the tf generator and was mounted
in a metal glove box of special design. The box
is partitioned to protect an analytiAcal balance from
the heat radiated by the fusion system. A door in
the partition facilitates the transfer of samples
between compartments. The leads from the work
coil to the power supply pass through bulkhead
fittings located in a Teflon window at the back of
the glove box. The cooling-water- and gas-transfer
lines also connect to the furnace through this
window. A sensing device was installed in the
box that will automatically cut off the water and
power supplies if a rupture develops in the water
line within the box.

Series of blanks and oxygen standards were
analyzed prior to installation of the furnace in
the glove box. Leco tin capsules and standards
were used. The crucibles were baked at 2450°C.
The samples were analyzed at 2000°C, at which
temperaturé the blanks were most reproducible.
Some 70 blanks and standards were run by use of

. the same crucible with no difficulty. Samples of
* NBS U,0, and ThO, were also analyzed for oxy-

gen with an error no greater than ¥1%. The ac-
curacy remained the same for the standards after
the furace was installed in the glove box.

An attempt to use acetanilide as a standard for
nitrogen was unsuccessful. However, an average
deviation of <1% between integrator counts was
found from the ignition of samples of uranium
nitride. The accuracy of these nitrogen results
will be established after standard curves are de-
veloped with Leco nitrogen standards.



4.4.b Analysis of Tungsten-Rhenium
Thermocouple Wire

P. F. Thomason

The W:Re ratio in a W-Re alloy determines the
characteristics of its use as a thermocouple ma-
terial. Dissolution of this alloy by Na, O, fusion
in nickel crucibles is not feasible, because the
crucible also dissolves and thus contaminates the
melt. It was found that boiling 30% H,0O, attacks
the W-Re wire. On evaporation of the mixture to
dryness in a Pyrex beaker after several additions
of 30% H,0,, a residue of tungsten oxides and
thenium oxides remains. The residue is very
soluble in ~20% KOH solution. The resulting
solution can be diluted to a given volume with
2 M KOH. Aliquots of this solution can be di-
luted with concentrated H3P04 and then diluted
further to a known volume with distilled water to
give a solution that contains tungsten in proper
concentration for polarographic determination.

The most suitable supporting medium for the
polarographic determination of tungsten in W-Re
thermocouple wire appears to be 42 vol % H_ PO,
(~4.5 M) as proposed by Meites.?! The E1/2 of
the W(VI) — W(V) reduction in this medium is
-0.59v vs S.C.E. The i vs C curve is linear -
for W concentrations from 18 to 180 pg/ml (i, =
0.08 to 0.80 pa for t = 5 sec). The W-H, PO,
solution is stable for at least 4 hr.

Rhenium was determined spectrophotometrically
by the a-furildioxime method.

4.4. c Spectrophotometric Determination
of Plutonium

J- C. Guyon?? . W. D. Shults

The reaction between axsenaz.o (2-o0-arseno-
phenylazo-1,8-dihydroxy-3,6-naphthalenedisul-
fonic acid) and plutonium has been used to de-
termine Pu(IV) in weakly acid media. Waterbury?3

21L. Meites, ed., Handbook of Analytical Chemistry,
pp. 5—87, McGraw-Hill, New York, 1963.

220RAU Research Participant; Associate Professor
of Chemistry, University of Missouri, Columbia.

23G. R. Waterbury and J. Dahlby, unpublished data
cited in C. F. Metz and G. R. Waterbury, ‘*The Trans-
uranium Actinide Elements,’’ p. 309 in vol. 9 of
Treatise on Analytical Chemistry, Part II, ed. by 1. M.
Kolthoff and P J. Elving, Interscience, New York,
1962.
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has mentioned that Pu(IIl) and Pu(VI) also react
with the reagent in less acid media. An investi-

" gation was undertaken to adapt the system to the

determination of total plutonium and to consider
the possibility of developing a method for the de-
termination of the concentrations of the plutonium
ions in their individual oxidation states in the
presence of one another. "

The arsenazo-Pu(IV) reaction was shown to be
capable of measuring total plutonium as Pu(IV)
in the range 0.5 to 10 ppm. The system is sensi-
tive (6 = 25,900) and fairly selective. Condi-
tions somewhat different from those of Ockenden?*
were found to be optimal. The 1:1 complex forms
rapidly in acid solution and is stable for several
hours.

Preliminary studies of the complexes of Pu(IIT)
and Pu(VI) with arsenazo indicate that procedures
for oxidation-state determinations may be feasible;
however, further work will be required.

The results of these investigations are being re-

ported in a technical memorandum.?5

4.4.d Fluorometric Determination of Phosphate

‘ J. C. Guyon?? W. D. Shults

The approach used in this research involved the
premise that, if a metal ion forms a fluorescent
chelate and also forms a complex ion with phos-
phate, the phosphate should inhibit the formation
of the fluorescent species. The intensity of the
fluorescence should decrease with increasing |
phosphate concentration, thus making the deter-
mination of phosphate possible. The aluminum-
morin?® system was shown to be satisfactory for
the determination of 20 ppb to 1 ppm phosphate
and the tin-flavonol?7 system for measuring 40
to 200 ppm phosphate. For each system the ef-
fects of time, interferences, and concentrations

\

24p. w. Ockenden, Complexes of Plutonium(IV) with

PhenyI-Arsomc Acid Derivatives, IGO-RW-2 (Feb. 1,
1956)

J. C. Guyon and W. D. Shults, Spectrophotometric
Determination of Total Plutonium: Observations on the
Reactions Between Arsenazo and Pu(lll), Pu(IV), and
Pu(VI), ORNL-TM report in preparation.

26Y. H. Willard and C. A. Horton, ‘““Fluorometric De-
terminations of Traces of Fluoride,’* Anal. Chem. 24,
862 (1952)

’c. F. Coyle and C. E. White, ‘“Fluorometric De-
termination of Tin with Flavonol,’” Anal. Chem. 29,
1486 (1957). -



of various reagents were studied, and a recom-
mended analytical procedure was prepared. The
methods have been used to determine trace quan-
tities of phosphate in water. The results of this
work were presented orally;?® a paper is being
prepared for open-literature publication.

4.4.e Sealed-Tube Dissolutions

D. C. Canada

A sealed-tube technique?® has proved useful
for dissolving certain substances that are dif-
ficulty soluble or are being analyzed for trace
impurities or for a constituent that is evolved
on dissolution. By this technique, nitrogen in
UN_ was determined accurately. Also, high-
purity crystalline MgO was analyzed for trace
impurities. These materials were dissolved at
130°C without the use of an overpressure on the
sealed tubes.

4.4.f Separation and Determination of Fluoride

D. A. Costanzo

The pyrohydrolysis method for the separation of
microgram amounts of fluoride from TRU dissolver
solutions was evaluated.3%'3! In this method a
test portion of the sample is taken to dryness in a
combustion boat (Pt, Ni, or porcelain). To prevent
loss of fluoride during the evaporation, the sample
is neutralized with base and the fluoride is com-
plexed with aluminum nitrate. The flux (Na,WO,-
WO, or U,0,) is then added, and the sample is
pyrolyzed at 1000°C for 30 min in a combustion
tube (quartz, nickel, or platinum). The volatile
fluoride is collected in a dilute solution of NaOH.

28]. C. Guyon and W. D. Shults, ‘‘The Fluorometric
Determination of the Phosphate Ion,?’ presented at the
Eleventh Conference on Analytical Chemistry in Nu-
clear Technology, Gatlinburg, Tenn., Oct. 10--12,
1967.

29¢. F. Metz and G. R. Waterbury, Sealed-Tube Dis-
solution Method with Applications to Plutonium-Con-
. taining Materials, LA-3554 (Nov. 30, 1966).

30p, A, Costanzo, ‘‘Separation and Spectrophoto-
metric Determination of Fluoride,'’ Anal. Chem. Div.
Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039; p. 36.

31]. H. Edgerton, **Fluoride in Mixtures of Fluoride
Salts, Micro Pyrohydrolysis Method,”” Method Nos.
1 212890 and 9 00712890 (9-20-56), ORNL Master
Analytical Manual; TID-7015, sects. 1 and 9.
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The isolated fluoride is then determined spectro-
photometrically by the Zr-SPADNS bleaching
method.3? Satisfactory separation of fluoride

(0 to 30 pg) was obtained by use of a quartz- or
platinum-lined nickel combustion tube. Very poor
recovery of fluoride was obtained with the nickel
combustion tube and nickel boats because of the
reaction of fluoride with nickel and the retention
of fluoride on the nickel surfaces.

For use in remotely controlled operations a
platinum-lined nickel tube, platinum combustion
boats, and pyrohydrolyzer apparatus were designed
and fabricated. As a flux, U,0, was selected
rather than the Na ,WO,-WO, mixture because of
the ease with which the spent flux can be handled
and removed from the combustion boats.

4.4.9 Determination of Periodate, lodate,
and lodide in Mixtures of the Three Species

D. C. Canada ¢ .

In connection with the Fluidized-Bed Volatility
Process periodate, iodate, and iodide were deter-
mined in mixtures of the three species. In the
process the passage of fluorine gas through a
KOH-KI solution oxidizes the I~ to 10, ™ and
I0,~. The I0,~ is titrated with arsenious acid
at pH ~8 in bicarbonate buffer solution; 103‘ plus
10, are titrated in acid solution with a standard
solution of sodium thiosulfate. Total iodine is
found by reducing 10,~ and IO, ™ to I~ with solid
sodium arsenite and titrating the resultant solution
with a standard solution of silver nitrate.

4.4.h Spectrophotometric Determination of
Molybdenum and Tungsten

P. F. Thomason

A spectrophotometric method for the determina-
tion of molybdenum was requited in the analytical
service work for the Transuranium Processing

321—1,, W. Wharton, ““Isolation and Determination of
Microgram Amounts of Fluoride in Materials Contain-
ing Calcium and Orthophosphate,®” Anal. Chem. 34,
1296 (1962). ;
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Plant. The method of Nelson and Waterbury,3? in
which dithiol is the chromogenic reagent for both
molybdenum and tungsten, was evaluated.
The method is based on the fact that the Mo(VI)-
~dithiol complex is extractable into pentyl acetate
from 5 to 6 M HCl, whereas the W(V)-dithiol com-
plex is extractable from 9 to 11 M HCl. The ab-
sorbance of the molybdenum complex in pentyl
acetate is measured at 685 nm, the Beer’s law
relationship is obeyed, and the molar absorptivity
(€) is 24,000. The absorbance of the tungsten
complex in pentyl acetate is measured at 640 nm,
Beer’s law is obeyed, and € is 23,200. A resumé€
of the method and its evaluation was forwarded to
J. H. Cooper®* for possible use in the analysis
of TRU process. solutions.

4.5 NEW AND MODIFIED PHYSICAL METHODS
4.5.a Density Gradient Applications

D. C. Canada

phase of transuranium element processing.- Berke-
lium(IIl) is oxidized to Bk(IV) with bromate in 6 to
8 M KNOS. The Bk(IV) is separated from the tri-
valent actinide elements by selective extraction
into a decane solution of di-2-ethylhexylphos-
phoric acid. If the extraction is not done within a
few hours after the bromate reagent is prepared, ‘
autodecomposition of bromate occurs, and the
berkelium is not separated.

The effect of temperature on the rate of de-
composition of bromate in the reagent 0.2 ¥
KBrO,-2 M LiNO3—8 M HNO, was studied; the
results follow: .

Temperature (°C) Half-Time (hr)?

25 10
35 s 3 )
.50 0.6

“The time at which the concentration of bro- ¢
mate is 50% of the initial concentration.

 Also, the effect of nitric acid concentration on

The density-gradient technique3’ has been used
in several applications, one of which is the study
of the effect of radiation on the density of pyro-
lytic carbon particles. Minute differences in
density (£0.0002 g/cc) that are effects of radia-
tion-can be measured by comparing two particles
before and after irradiation. ‘

4.6 OTHER ACTIVITIES

4.6.a Avtodecomposition of Bromate in Acid
Nitrate Media

D. A. Costanzo

For the Chemical Technology Division, studies
were undertaken of the autodecomposition of bro-
mate in solutions under conditions representative
of those to be encountered-in the proposed BERLEX

33G. B. Nelson and G. R. Waterbury, *‘Spectro-
photometric Determination of Microgram Quantities
of Molybdenum and Tungsten in Plutonium Using
Dithiol,”® Analytical Chemistry in Nuclear Reactor
Technology, Fifth Conference, Gatlinburg, Temn.,
Oct. 10-12, 1961, TID-7629, pp. 62—-68.

34High--Level Alpha Radiation Laboratory.

35p. . Canada and W. R. Laing, ‘“Use of a Density
Gradient Column to Measure the Density of Micro-
spheres,’” Anal. Chem. 39, 691 (1967).

the rate of decomposition of bromate in the re-
agent 0.2 M KBrO,-2 M LiNO, was determined;
the results are:

HNO, Concentration (M)  Half-Time (hr)

100
26.5
10.5

3
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Two experiments were carried out to determine
the effect of elemental brominé on the rate of de-
composition of bromate and to follow the concen-
tration of hydrogen ion. - For the reagent 0.2 ¥
KBrO,-8 ¥ HNO,-0.035 ¥ Br,, 50% of the bro-
mate has been consumed after 17.5 hr compared
with 27.5 hr for the reagent 0.2 M KBrO,-8 M
HNO'3 (initial concentration of Br, equal to zero).
In the latter experiments the concentration of hy-
drogen ions was observed to remain constant
throughout the course of the decomposition re-
action. - ’

The data indicate the following: (1) For the
reagent 0.2 M KBrO,~2 M LiNO,—8 M HNO,, the
activation energy for the decomposition of bromate
is 15.6 kcal/mole; (2) for each 10°C rise in tem-
perature, the rate of decomposition of bromate in-
creases by a factor of 3.3; (3) for the reagent
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Remote-Controlled Titrimetry (P. F. Thomason).
— A chapter titled ‘‘Remote-Controlled Titrimetry’’
is being prepared for inclusion in Volume 10.3°

-

3%, F. Thomason, ‘‘Remote-Controlled Titrimetry,*’
to be included in vol. 10, Remote Analysis of Radio-
active Materials, of SERIES IX, ANALYTICAL CHEM-
ISTRY, ed. by H. A. Elion and D. C. Stewart, in Prog-
ress in Nuclear Energy, Pergamon Press, New York.

5. Analytical

Gerald Goldstein

5.1 MACROMOLECULAR SEPARATIONS
PROGRAM

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

Acids (1RNA'®Y and tRNAPhe)

I. B. Rubin A. D. Kelmers*?
Gerald Goldstein

The optimum conditions for the quantitative de-
terminations of picomole amounts of leucine- and
phenylalanine-accepting tRNA’s were established.
The effects of various factors on these determina-
tions are discussed in a published paper.?

5.1.b Determination of Yaline-Accepting Transfer
Ribonucleic Acid (tRNAVe')

D. W. Hatcher

Partially purified valine-accepting transfer ribo-
nucleic acid was recently made available for study,
and the optimum conditions for its determination
were established. The general techniques used in
this type study and the results of a preliminary
study on this partlcular tRNA have been described
by Rubin.?*

1Chemical Technology Division.

21. B. Rubin, A. D. Kelmers, and G. Goldstein, ‘‘The
Determination of Transfer Ribonucleic Acid by Amino-
acylation. I. Leucine and Phenylalanine Transfer
Ribonucleic Acid from E. coli B,”’ Anal. Biochem. 20,
533 (1967).

I. B. Rubin, ‘‘Studies on the Phenylalanyl Transfer
Ribonucleic Acid (tRNA) System,’”’ Anal. Chem. Div.
Ann. Progr. Rept. Nov. 15, 1965, ORNL-3889, p. 33.

‘L B. Rubin, ‘‘Determination of Valyl- and Alanyl-
Transfer Ribonucleic Acids (tRNA),”’ Anal. Chem. Div.
Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039, p. 38.

Bioche mistry

-

The following conditions were found to be
necessary for charging of tRNA with valine:

pH- 7.5 £0.5

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

ATP 0.0005 £0.0002 M

' 0.002 to 0.02 M

Mg2+ >0.0025 M (0.25 M has no adverse

effect) ‘

+ .
ATP:K :Mg2+ 1:4:10 mole ratio (for maximum

charging)
Na* T <002 M
Valine-14C 7.5 % 10~? mole per ODU® of tRNA .

The charging is complete within 10 min at 37°C,
5-x 10~ 1° mole of valine being incorporated per
ODU of partially purified valine-tRNA.® The order
of addition of reagents has no effect on charging.
Under these conditions and a 20-min incubation
time, a threefold increase in charging is realized
over that obtained under the conditions recommended
in the preliminary study. 4

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

from E. coli B
I. B. Rubin

Several procedures for the preparation of solu-
tions of mixed aminoacyl-tRNA synthetases were

sOne optical density unit (ODU) is the total absorb-
ance of 1.0 ml of solution of optical density 1.00 meas-
ured at 260 nm in a cell of 1-cm light path with dis-
tilled water as the solvent; ODU = OD X volume.



Table 5.1. Comparison of Specific Activities of
Aminoacyl-tRNA Synthetase Enzyme

Specific Activity

Amino (units® per milligram of protein)
Acid
Peak I Peak II Enz L-11°

Arg 0.3 - 7.5 0.7
His <0.01 0.4 0.05
Ile 3.5 0.2 0.2
Leu 0.01 3.2 0.3
Lys - <0.01 0.8 0.2
Met 2.1 <0.01 <0.01
Phe 2.0 0.1 1.6
Ser <0.01 1.2 0.3
Tyr 2.1 . 0.2 0.2 .
Val 0.1 3.8 0.4

“One unit = 1 nanomole of tRNA charged per minute
at 37°C. : . )

bEnzyme used by General ‘Analyses Laboratory.

studied quantitatively to establish a standard
method of processing E. coli B cells to obtain
these enzymes. The enzymes are critical factors
in the determination of specific tRNA’s.® A com-
bination of the procedures described by Kelmers,
Novelli, and Stulberg” and by Muench and Berg, ®
after modification, gave the most consistent
product. The resulting procedure is, in brief, as
follows. The lysate from fresh E. coli B cells is
centrifuged, and the supernatant liquid is diluted to
a protein concentration of 10 mg/ml. The nucleic
~acids are then separated by precipitation with
streptomycin sulfate. The supernatant liquid from
the precipitation is dialyzed, and the protein is
precipitated from it with ammonium sulfate (75% of
saturation). The precipitate is dissolved and is
chromatographed on a DEAE-cellulose column. A
stepwise elution with a phosphate buffer yields two
distinct ‘protein fractions. These final products
" contain less than 1% of the original nucleic acids;

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

“7A. D. Kelmers, G. D. Novelli, and M. P. Stulberg,
‘‘Separation of Transfer Ribonucleic Acids by Reverse
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Phase Chromatography,’” J. Biol. Chem. 240, 3979 (1965).

8K. H. Muench and P. Berg, ‘‘Preparation of Aminoacyl
Ribonucleic Acid Synthetases from Escherichia coli,”’ in
Procedures in Nucleic Acid Research, ed. by G. L.
Cantoni and D. R. Davies, pp. 375—83, Harper and Row,
New York, 1966.

however, apparently some ribonuclease does
accompany the synthetases. Synthetase activities
are divided between the two protein fractions.
Table 5.1 shows the distribution of the enzymes
between the fractions corresponding to the two
elution peaks and a comparison of their specific
activities with that of an enzyme preparation
currently in routine use. Specific activities for
the other amino acids are too low for their quanti-
tative measurement.

" 5.1.d Miscellaneous Studies on the Analysis of
Transfer Ribonucleic Acid (1RNA)

I. B. Rubin

Studies to evaluate the various steps of the pro-
cedure for the assay of tRNA have continued. ®
Pretreatment of the paper disks by soaking them in
trichloroacetic acid (TCA) led to apparently higher
count rates, but this increase was found to be due
to precipitation of the aminoacylated tRNA on the
surface of the paper disk instead of distribution
within the disk. Pretreatment of the paper disks
with the respective ‘‘cold”’ amino acid had no
effect. Drying time of the paper disk, once the
aliquot had dried for 30 sec, had no effect on the
results whether the disk was dried for as long as
30 min with a hot-air blower or 90 min at ambient
temperature. Reduction of the volume of the assay
solution from 0.5 to 0.25 ml had no deleterious
effects and allowed a 50% saving of !*C-labeled
amino acids. Exposure of the scintillation vials
and fluid to room fluorescent light for 5 hr did not
change the average background count rate or the
precision of this count rate, whereas repeated
usage of the vials and. scintillator, up to five times,
increased the background count rate by only
several counts per minute and did not change the
precision of this count rate. A number of washing
procedures, which varied from the eight-step pro-
cedure recommended by Bollum® to a three-step
procedure, were tested and compared with the
usual washing procedure; they did not change the
results. Methanol or isopropanol can be sub-
stituted for ethanol, and 3 vol % hydrachloric or

9F. J. Bollum, ‘“Filter Paper Disk Techniques for
Assaying Radioactive Macromolecules,’”’ in Procedures
in Nucleic Acid Research, ed. by G. L. Cantoni and
D. R. Davies, pp. 296—300, Harper and Row, New York,
1966. :
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perchloric acid can be substituted for TCA. How-
ever, blank disks processed along with series of
sample disks were found to have picked up an
‘average of 25 counts/min above background. These
tests on various aspects of the assay procedure for
tRNA will continue.

5.1.e Automated Determination of Transfer

Ribonucleic Acids (tRNA’s)

Gerald Goldstein W. L. Maddox

I. B. Rubin

The filter-paper-disk procedure for the determina-
tion of tRNA? was automated successfully. Tech- "
nicon AutoAnalyzer components were purchased
that withdraw a sample, mix it with reagent and
enzyme, and incubate the mixture at 37°C. The
flowing stream then passes through a debubbler and
a flow-cell colorimeter and back through the pro-
portioning pump to a stream sampler. A diagram of
the output mechanism is shown in Fig. 5.1. De-
tails of the stream-sampling mechanism are given
in Sect. 1.10. A dye is dissolved in the sampler
wash water; the appearance of the dye at the
colorimeter activates the output sampler, which
delivers a fixed volume of solution to the filter-
paper disk.

Correlation of the concentration of !*C-labeled
aminoacylated tRNA in the stream with the trans-
mittance reading from the flow cell (Fig. 5.2)
shows that, in the last 20-sec period before the
appearance of the dye, the amount of aminoacylated
tRNA delivered to the disk is reproducible and
that the count rate is almost the same as that of a
similar volume taken in manual assays. In routine

use, the automated method compares favorably both

in precision and accuracy with the manual method

(Table 5.2).

A paper that described this instrument was
presented. 1°

10Cz. Goldstein, W. L. Maddox, and I. B. Rubin, ‘“A
Semi-Automated Filter Paper Disk Technique for the
Determination of Transfer Ribonucleic Acid,”’ pre- _
sented at the Technicon Symposium, Automation in
Analytical Chemistry, New York, Oct. 2—4. 1967.
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Table 5.2, Comparison of AutoAnalyzer with Manual-Assay Results

13/
1/2 SINGLE  1/2 SINGLE, 0020 ENZYME RATIO: 3
MIXER MIXER
200000 2000 2000 . a 0.035 REAGENT \

Amino Number of Results .

Acid AutoAnalyzer- Counts per Minute Standard Deviation (%) .
Charged Replicates® AutoAnalyzer Manual AutoAnalyzer Manual
Phe 46 708 757 6 4
Tyr 64 547 481 5 4
Val 50 958 1138 6 5
‘Leu 46 1468 1633 5 4

“Number of replicates for manual assay = 3.

o~
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5.1.# Ligand-Exchange Chromafogra;;hy of
Nucleotides, Nucleosides, and
Nucleic Acid Bases

Gerald Goldstein-

Ligand-exchange chromatography with a copper-
loaded chelating resin (Chelex 100) is a useful
technique for the rapid separation of nucleic acid
components. Nucleotides are not retained on the
column and are eluted with water. Slightly basic
nucleosides and bases are retained only weakly
and can be resolved by elution with water; the more
basic nucleéosides can be separated by elution
with 1 ¥ NH ,OH. Nucleic acid bases are retained
more strongly than nucleosides but can be eluted
and separated with 2.5 ¥ NH ,OH. A paper that
describes this work has been published. !

5.1.g Terminal Nucleoside Assay of Ribonucleic
Acid by Ligand-Exchange Chromatography

C. A Burti§ Gerald Goldstein

The recent develdpment at the Oak Ridge National
Laboratory of methods for the separation of individ-
ual tRNA’s by reversed-phase chromatography has
necessitated a rapid micro method for the determi-
nation of the purity of tRNA. Alkaline hydroly-
sis of tRNA yields a mixture of 2 -~ and 3 “nucleo-
tides of the internal bases and a nucleoside derived
solely from the 5*-linked terminus. Enzymatic de-
phosphorylation prior to alkaline hydrolysis allows
the assay of nucleosides having primary phos-

phate residues in the 2~ or 3 “position of the termi-
nal nucleoside. .

To quantitatively separate the nucleosides from
the nucleotides in an alkaline hydrolysate of tRNA,
ligand-exchange chromatography was employed
(Sect. 5.1.f). An aliquot of the neutralized tRNA
hydrolysate was eluted from a copper-loaded
chelating column (0.9 by 50 cm) with 1 ¥ NH OH.
The column effluent was monitored at 260 nm. A
log-to-linear converter, which permits absorbance
to be recorded linearly, and a scale expander
were added!? so that at maximum sensitivity a
full-scale deflection on the recorder corresponded
to 0.10 ODU.5 The nucleoside-peak area was

integrated, and nucleoside concentration was cal-

culated from calibration factors derived from the
analysis of standard solutions of the nucleoside.
The resultant end-group values were then com-
pared with the biological assay (aminoacylation)
as a measure of purity (Table 5.3). To demonstrate
the feasibility of assaying for nucleosides other
than adenosine, homopolymers of RNA were
assayed for terminal nucleosides after prior en-
zymatic removal of terminal phosphate (Table 5.4).

The versatility of the method was further demon-
strated by end-group assay of commercial yeast
tRNA, which is known to have terminal nucleosides
other than adenosine (Table 5.5). °

Y16, Goldstein, ‘‘Ligand-Exchange Chromatography of
Nucleotides, Nucleosides, and Nucleic Acid Bases,?”’
Anal. Biochem. 20, 477 (1967).

IZJ. T. Hutton, ‘‘Multipoint Recorder Programmable
Range Converter,”’ Instrumentation and Controls Div.
Ann. Progr. Rept. Sept. I, 1966, ORNL-4091, p. 110.

Table 5.3. Purity Estimation of tRNA

’

Adenosine a
tRNA Source End Group I.Xmmoacylatxons . Purity

(picomoles/ODUs) (picomoles/ODU") (%)

Partially purified 990 (+2%) Methionine 820 (X5%) 83
methionine ) All others 140 (£5%)

Partially purified 1330 (£2%) Phenylalanine 880 (+5%) 66
phenylalanine All others 150 (+5%)

Purified leucine 1270 (£2%) Leucine 11200 (£5%) 95
All others 60 (£5%)

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

All others <10

fCalculated by dividing aminoacylation by terminal adenosine.
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Table 5.4.

End-Group Assay of Homopolymers of Ribonuclei¢ Acid _

Amount with Indicated Type of

» 5”Linked Terminus

Number of .
Homopolymer Determinations (picomoles/ODU)
N p
---pNp -—-p
Polyadenylic acid 4 ' 780 (14%) 0
Polycytidylic acid 4 1670 (£5%) 0
Polyguanylic acid 3 850 (15%) 0
Polyuridylic acid 3 790 (15%) 0

Table 5.5. End-Group Assay of Yeast tRNA

End Groupsa

i ODU
Nucleoside (picomoles/ODU)
N
--pNp -p
Adenosine 580 (14%) 170 (£5%)
Cytidine 270 (£4%) 930 (£5%)

- Total end groups 1950 §i4%)

®In each case three determinations were made.

Routine adenosine assays can be done in 60 to
70 min on a 50- by 0.9-cm column; cytidine,
guanosine, and uridine assays in about 120 min on
a 100- by .0.9-cm column. The method is sensitive,
since the teminal nucleoside content of a tRNA
sample of 10 ODU (equivalent to 3 to 4 pg of adeno-
sine) may be assayed with a relative standard
error of 13 to +6%.

A paper on this work will be presented orally,!?
and a manuscript was submitted for publication.!*

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

C. A. Burtis

Earlier methods for base-ratio determination of
nucleic acids have involved alkaline hydrolysis

13¢. A. Burtis and G. Goldstein, ““Assay of 3 ~Termi-
nal Nucleosides of Transfer Ribonucleic Acids by
Ligand-Exchange Chromatography,’’ presented at South-
eastern Regional Meeting, American Chemical Society,
Atlanta, Ga., Nov. 1-3, 1967.

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

followed by separation of the resultant nucleotides
by chromatography or electrophoresis and then

_ determination of nucleotide concentration by ultra-

violet spectrophotometry. Disadvantages of these
methods include possible degradation of the N-bases
by the alkaline hydrolysis and the long time re-
quired for chromatographic separation. A method
has been developed whereby RNA is hydrolyzed to
5 “nucleotides by venom phosphodiesterase and the
5 “nucleotides are subsequently dephosphorylated
to nucleosides by alkaline phosphatase. The re-
sulting nucleosides are separated and quantitative-
ly determined by ligand-exchange chromatography
as described for end-group assay (Sect. 5.1.g).
Samples of RNA were analyzed in duplicate, and
the results were compared with values derived from
a widely used cation exchange chromatographic
method!® for base composition (Table 5.6).

To further compare the two methods, hofnopoly-
mers of RNA were analyzed by each method, and
the results were compared with the results of
phosphate analyses after enzymatic dephosphoryla-
tion (Table 5.7). The results of the phosphate
analyses agree with the base compositions de-
termined by ligand-exchange chromatography, but
the ion exchange method gave high results for
uridylic acid and low results for adenylic and
cytidylic acids. The ligand-exchange method is
advantageous in that the chromatographic time is
relatively fast (1 to 2 hr) and the enzymatic hy-
drolysis reaction is relatively mild. In addition
very little sample is required (0.05 to 1.0 mg), and
12 to +3% relative standard error may be expected.

155. Katz and D. C. Comb, ‘A New Method for the
Determination of the Base Composition of Ribonucleic
Acid,” J. Biol. Chem. 238, 3065 (1963).
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‘Table 5.6. Base Composition of tRNA

Mole Percent®

tRNA Source Separation
Method Adenosine Cytidine Guanosine Uridine
Yeast Ion exchange 16.7 21.5 32.7 29.1
Ligand exchange 19.5 24.0 33.9 22.7
E. coli B
Crude . Ion exchange 17.0 26.2 32.9 23.9
Ligand exchange 18.4 28.8 33.9 18.9
Partially purified tRNAPPe® Ion exchange 16.6 26.1 32.2 25.0
- Ligand exchange 20.4 27.4 33.9 18.5
Purified tRNAPP® Ion exchange 16.3 26.3 32.2 25.3
Ligand exchange 21.4 29.5 31.7 17.4
®Each sample was analyzed in duplicate by each method.
Table 5.7. Base and Phosphate Composition of RNA Homopolymers
Composition (micromoles/ODU)
RNA . Base
Homopolymer Phosphate
Ion Exchange Ligand Exchange
Polyadenylic acid, (AMP)n 0.098 0.104 0.103
Polycytidylic acid, (CMF’)n 0.162 0.185 0.179
0.124 0.103 0.104

Polyuridylic acid, -(UMP)n

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

C. A. Burtis

For molecular-weight determination of RNA homo-
polymers the terminal nucleosides and the base
composition of each homopolymer were determined
by ligand-exchange chromatography. Homopolymers
of RNA were purchased from Miles Laboratories,
Elkhart, Indiana. Since the homopolymers terminate
in 3 “phosphates, the phosphates were enzymati-
cally removed before end-group assay. * The number
of nucleosides per homopolymer molecule was then
calculated by dividing the quantity of nucleosides

per ODU by the quantity of terminal nucleosides
per ODU. The molecular weight of the homopolymer
can then be calculated by multiplying the number

of nucleotides per chain by the molecular weight of
the polymer’s monomeric nucleotide. Table 5.8
gives the results. )

The molecular weights determined for poly-
adenylic and polycytidylic acids agree well with
those determined by spectrometric measurements.
The observed error with polyuridylic acid was not
unexpected, since end-group assay, when the
terminal nucleoside is uridine, requires a rechroma-
tography step, which would introduce an error into
the procedure. It is hoped that the method will
prove applicable to natural RNA.
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Table 5.8. Results of Determination of Molecular Weight of
RNA Homopolymers by Ligand-Exchange Chromatography

Terminal Nucleoside .Nucleosides
Polyribonucleic End Groups Concentration per Polymer Molecular
Acid (picomoles/ODU) (picomoles/ODU) Molecule Weight
Polyadenylic acid, (AMP)n R
Ligand exchange 7.8 x 102 9.89 x 10* 127 48,500
Miles . 120-150 48,0007
Polycytidylic acid, (CMP)n ) -
Ligand exchange 1.77 x 103 2.02 x 10° 113 36,500
Miles 120-150 34,2007
Polyuridylic acid, (UMP)n
Ligand exchange 7.5 % 102 9.89 x 104 131 42,500 .
Miles 120-150 35,4009 .

“Molecular weight determined from ultraviolet spectra and extinction coefficients supplied by Miles Laboratories,

Elkhart, Ind.

5.2 BODY FLUIDS ANALYSIS PROGRAM

5.2.a Automatic High-Resolution Analysis of Urine
for Ultraviolet-Absorbing Constituents

C. D. Scott?! J. E. Attrill
N. G. Arllderson16

A high-pressure high-resolution nucleotide
analyzer was adapted for the separation of the
ultraviolet-absorbing constituents of urine. More
than 100 chromatographic peaks were resolved.
Significant differences were detected among the
chromatograms of the urine of normal, leukemic,
and schizophrenic subjects. A report of this work
has been published. !’

5.2.b Fractionation of Urine by Gel-
Permeation Chromatography

C. A. Burtis

A 2.5- by 100-cm jacketed Sephadex column with
upward-flow adapters was packed with Sephadex
G-10 and was equilibrated with water at 37°C. A

1$Biology Division.

17¢. D. Scott, J. E. Attrill, and N. G. Anderson,
‘‘Automatic, High-Resolution Analysis of Urine for Its
Ultraviolet-Absorbing Constituents,’’ Proc. Soc. Exptl.
Biol. Med. 125, 181 (1967).
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Fig. 5.3. Chromatogram That Shows the Separation of
Urinary Components by Gel-Permeation Chromatography.

1-ml urine sample that had .been sterilized by
membrane filtration was placed on the column by
way of a Chromatronix sample valve. The sample
was then eluted with water (1.92 ml/min), and the
column effluent was monitored at 260 nm by a '
spectrophotometer and recorder. Effluent fractions
of 7.5 ml were collected for later assay. Six ultra-
violet absorbancy peaks were observed (Fig. 5.3)
and were analyzed for various components; Table

© 5.9 gives the results.



Table 5.9. Components Separated from Urine by
Gel-Permeation Chromatography

Peak No. Compﬁ)nents Found
1 Ninhydrin-positive
I - Inorganic phosphate, Na+, K+
111 Ninhydrin-positive, Na+, K+
v Ninhydrin-positive, uric acid, pentoses,
hexoses, chlorides, Na+, K+
v Ninhydrin-positive, urea
Vi Possibly N bases (low 280/260 ratio)

Tests for phenols and alcohols were negative
because of the insensitivity of the detection
methods. It was concluded that preparative gel
chromatography may prove useful for prior fractiona-
tion of urine whereby the resultant pooled fractions
may be further separated by ion exchange chroma-
tography or other techniques.

5.2.c ldentification of Chromatographically
Separated Urinary Constituents

C. A. Burtis

The use of a modified Anderson automatic nu-
cleotide analyzer for the analysis of human urine
has been developed to a point where 125 peaks are
resolved in 44 hr.- Identification of the components
comresponding to the 125 peaks has been difficult,
since the peaks represent microgram quantities of
components that are present in a relatively large
quantity of acetate buffer. It is planned to collect
fractions from urine runs and to separate the
urinary constituents from the buffer solution by
electrophoresis or by gel-permeation or thin-layer
chromatography. The isolated compound will then
be purified further and submitted for nuclear mag-
netic resonance and mass spectrometric analysis.

In addition, a monitoring system for a radioactive
flowing system was procured, and several '*C-
labeled urinary compounds were purchased. By
spiking a urine run with a '*C compound and com-
paring the resultant radiochromatogram with the
positions of the ultraviolet chromatographic peaks
from the nucleotide analyzer, possibly compounds
present in small amounts may also be identified.
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5.3 MOLECULAR ANATOMY PROGRAM

5.3.a Electrophoresis of Proteins

A. L. Travaglini

Electrophoresis is the movement of ions in solu-
tion under the influence of an electric field. It is
frequently used to separate proteins. The test
solution is supported in a more or less inert ma-
terial such as paper, cellulose acetate, starch gel,
agar gel, or polyacrylamide gel. Polyacrylamide
gel has the advantages of being inert, transparent,
mechanically strong, and thermostable; also, it can
be prepared to have any of a large range of pore
sizes. Thus, proteins similar in charge but dif-
fering in size can be separated by a molecular-
sieving effect. Disc electrophoresis as described
by Ornstein'® has been used to determine the
numbet of components in protein samples.

A current of 3 to 4 ma is used for each tube; a -
run requires 1 hr. After the run the gels are
stained in Buffalo Blue Black dye to fix the pro-
teins on the gel and to dye the protein bands. Ex-
cess dye is removed from the gel by electrophore-
sis. Figure 5.4 is a diagram of the apparatus cur-
rently being used for gel-disc electrophoresis and
destaining; Fig. 5.5 shows stained protein bands
in a gel slab and in a disc; each band is a different
protein from hamster serum.

Future work will involve identifying some of the
proteins.

5.3.b Preparative Gel Electrophoresis
of Proteins

A. L. Travaglini
Gel slabs (6 x 9 x 3{‘ in.) are used to separate
large quantities (200 to 300 mg) of protein.- When a
run is completed, an edge slice of gel is taken.
The remainder of the slab is frozen to —60°C to
minimize diffusion of the protein bands. The edge
slice is stained, and the positions of the protein
bands are determined. The main slab is then cut
in sections, each containing one band. Each
section is mashed in a small volume of buffer
solution, and the protein diffuses into the buffer,
from which it can be recovered.

18y, Ornstein, *‘Disc Electrophoresis — 1. Background
and Theory,”’ Ann. N.Y. Acad. Sci. 121, 321 (1964).
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Fig. 5.7. Concentration of Antibody Activity by

- Centriphoresis.

Figure 5.7 shows how antibody in serum is con-
centrated by centriphoresis. The goal of the work
is to isolate milligram quantities of antibody and
antigen.

5.3.d Amino Acid Analyses

J. E. Attrill

In an attempt to determine the pattern of free and
bound amino acids in mammalian tissues, analyses
were made on various tissues from hamsters.
Samples of brain, heart, lung, and tumorous ma-
terial were analyzed for free and bound amino
acids. The tumorous material came from tumors
originally caused by the injection of an adeno 31
type virus beneath the skin of a hamster. This is
a virus associated with humans infected with the
common cold. Although thought to be harmless to
man, when injected under the skin of a hamster
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this virus causes a large tumor that continues to
grow and eventually causes the death of the animal.
Another group at the laboratory has reported the
deficiency of the amino acid arginine in these
tumorous tissues. However, an attempt to verify
their results was unsuccessful, mainly because
arginine existed in such small quantities in all
the above tissues.that no clear-cut difference was
established. '
Several samples of human urine were analyzed for
amino acids. Most of these samples were from
patients of the ORAU Medical Division. It was of
interest to determine whether any major composi-
tion differences exist between the urine of nomal
persons and that of cancer or mental patients.
Since many variables contribute to the chemical
content of urine (e.g., water intake, diet, exercise),
no immediate conclusions were drawn from these
tests. However, the results were given to the
National Institutes of Health and to the ORAU
Medical Division for study and interpretation.

5.4 AMINO-ACID SEQUENCE ANALYSIS

J. E. Attrill R. A. Popp!®

An important aspect in the analysis of amino
acids has been the determination of the amino-
acid sequence of the peptides released by enzy-
matic hydrolysis of the 8 chain of hemoglobin from
the CS7BI type of laboratory control mouse. Hemo-
globin is a protein composed of heme prosthetic
groups united with polypeptide chains. These
peptide chains appear to be homologous for all
mammalian hemoglobins ?® and usually occur in

- two forms called a and B chains. The structure of

these chains is genetically controlled and differs
among mammals. Certain anemias have been
definitely traced to the substitution of a single
amino acid at various positions in one of these
chains. It has thus become important not only to
determine the sequence of the amino acids, but

also to determine which substitutions may occur
without interfering with the function of hemoglobin —
its capacity to transport oxygen throughout the body.

20M. F. Perutz, M. G. Rossmann, A. F. Cullis, H.
Muirhead, G. Will, and A. C. T. North, ‘“‘Structure of
Haemoglobin — a Three-Dimensional Fourier Synthesis

o
at 5.5-A. Resolution, Obtained by X-Ray Analysis,”’
Nature 185, 416 (1960).
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~ Work is now being done to complete the study on
the B-chain sequence; the amino acid sequence in

Table 5.10." Possible Amino-Acid Sequence of the

B Chain of C57B] Mouse Hemoglobin

the achain of the hemoglobin of this strain of
mouse has already been determined. ?! The red
cells are separated from the whole blood by cen-
trifugation and are lysed in water to obtain the
free hemoglobin. The a and 8 chains of the hemo-
globin are separated on an IRC-50 cation exchange
column. The f-chain protein is collected and
split into 15 smaller peptide fractions by enzy-
matic digestion with trypsin. These fractions are
separated by means of both anion and cation ex-
change resins. Each individual fraction is then
hydrolyzed, and the amino acid content is de-
termined to obtain the integral ratio of amino
acids. The larger peptides are also treated with
pepsin, papain, or chymotrypsin to obtain smaller
fragments. By means of the Edman degradation
method, 22~ 24 the N-terminal amino acid is split
off and is identified. Knowledge of where these.
enzymatic splits occur and previous information
from the @ chain and other hemoglobin studies have
led to a proposed sequence model shown in Table
5.10. Changes in this model are made as new in-
formation is obtained. Other methods of analysis
such as starch-gel electrophoresis and paper
chromatography are used in the identification,

- separation, and checks of the purity of these com-
pounds. '

2lR. A. Popp, ‘‘The Separation and Amino Acid Com-
position of the Tryptic Peptides of the @ Chain of Hemo-
globin from C57Bl Mice,’’ J. Biol. Chem. 240, 2863
(1965).

22p, Edman, ‘‘Preparation of Phenyl Thiohydantoin's
from Some Natural Amino Acids,”” Acta Chem. Scand. 4,
277 (1950).

23p, Edman, ‘‘Method for Determination of the Amino
Acid Sequence in Peptides,’’ Acta Chem. Scand. 4,
283 (1950).

24C. H. W. Hirs, S. Moore, and W. H. Stein, ‘““The
Sequence of Amino Acid Residues in Performic Acid-
Oxidized Ribonuclease,’’ J. Biol. Chem. 235, 633 (1960).

Peptide Sequence

BT-1 Val, His, Leu, Thr, Asp, Glu, Ala, Lys

BT-2 Ser, Ala, Val, Gly, Ala, Leu, Tyr, Gly,
Lys

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

BT-4 Leu, Leu, Val, Val, Tyr, Pro, Tyr, Thr,
Glu, Arg °

BT-5 Tyr, Phe, Ser, Ser, Phe, Gly, Asp, Leu,
Ser, Ser, Ala, Asp, Ala, Ile, Met, Gly,
Asn, Ala, Lys

BT-6 Val, Lys

BT-7 Ala, His, Gly, Lys

BT-8 Lys

BT-9 ~Val, Ile, Asn, Ala, Phe, Ser, Asp, Glu,
Leu, Thr, His, Leu, Asp, Asn, Leu, Lys

BT-10 Gly, Ser, Phe, Ala, Thr, Leu, Ser, Glu,
Leu, His, Cys, Asp, ’Lys

BT-11 Leu, His, Val, Asp, Pro, Glu, Asn, Phe,
Arg -

BT-12 Leu, Leu, Gly, Asn, Val, Leu, Val, Ile,
Gly, Leu, Met, His, His, Ile, Gly, Lys

BT-13 Asp, Phe, Thr, Pro, Ala, Ala, Gly, Ala,
Ala, Phe, Glu, Lys

BT-14 Val, Val, Ala, Gly, Val, Ala, Ala, Ala,
Leu, Ala, His, Lys

BT-15 Tyr, His
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6. . X-Ray and Optical Spectrochemistry

Cyrus Feldman

6.1 X-RAY SPECTROSCOPY

H. W. Dunn

A subroutine was written to plot relative inten-
sities and chemical percentages calculated from
pure standards; relative intensities or factors ob-

- tained by the XRA-E2 code; and chemical percent-
ages calculated from pure standards, absorption
coefficients, and fluorescence excitation poten-
tials by the electron probe code EP-2 (a highly
modified form of a code written by J. D. Brown?).
This plotting subroutine (DATAPLOT) calculates
a least-squares fit and draws the corresponding
curve, weighting individual points differently if
desired. Code EP-2, a successor to EP-1, now
obtains and/or calculates any necessary param-
eters from fundamental data stored on tape. It
makes absorption and fluorescence corrections by
several methods and uses the most consistent one
in calculating chemical concentrations. It prints
out results in final form for reporting, thus saving
time and eliminating transcription errors. Stand-
ards of wide composition range are being prepared
to test the accuracy of EP-2.

6.2 PHOTOGRAPHIC PHOTOMETRY

Cyrus Feldman

6.2.a Revision of ASTM ‘‘Tentative Recommended
Practices for Photographic Photometry -
in Spectrochemical Analysis’’

The ASTM ‘‘Tentative Recommended Practices
for Photographic’ Photometry in Spectrochemical
Analysis’’? was revised. Sections were added on
the diagnosis of difficulties from the appearance of

1_]’. D. Brown, A Computer Program for Electron Probe
Microanalysis, U.S. Bureau of Mines Report RI-6648
(1965). .

2C. Feldman, ‘‘Tentative Recommended Practices for
Photographic Photometry in Spectrochemical Analysis
(E-116-56T);”’ pp. 12-25 in Methods for Emission Spec-
trochemical Analysis, 4th ed., American Society for
Testing Materials, Philadelphia, Pa., 1964.

the Seidel-function preliminary curve and on the
external and internal illumination of the spectro—J
graph. The sections on the step-sector, two-line,
and line-group methods were omitted; only the two-
step method was retained.

6.2.b Beam Splitter for Use in Emulsion
Calibration

The methods most commonly used to calibrate
spectrographic emulsions require a light beam of
uniform intensity in the vertical direction where it
encounters the stepping device (filter, step-sector,
etc.) so that the intensity ratio of beams emerging
from this device will be known. However, the de-
sired degree of uniformity (+~1%) is difficult-to
achieve over the necessary ranges of height (5-10
mm) and of wavelength (e.g., 2000—4500 A). There-
fore, a way was sought to produce a pair of light
beams of known intensity ratio (preferably ~3:2 at
all wavelengths) without first having to produce an
illuminating beam of good vertical uniformity.

A beam splitter of the partially transparent mirror
type appéared to offer a way to do this. Since

. suitable devices are not available commercially, an
adjustable beam splitter with easily replaceable
optical parts was built for developmental work
(Fig. 6.1). When the incident beam strikes the par-
tially transparent (or beam-splitting) mirror, part of

ORNL-DWG. 67-12650

TOTALLY
REFLECTING
MIRROR
(Aluminum ) —

PARTIALLY
TRANSPARENT
MIRROR
(Rhodium)

Fig. 6.1. Schematic Diagram of Beam Splitter for Use

in Calibrating Spectrographic Emulsions.



the flux (e.g., 30%) is reflected onto the totally re-
flecting mirror and into the spectrograph. As the
remainder of the flux passes through the beam-
splitting mirror, about two-thirds is absorbed by the
coating on the mirror, and the rest (e.g., 20% of the
original flux) emerges almost undeviated. In this
example, the intensity ratio of the two emergent
beams would thus be 30:20 or 3:2.

The value of this ratio at a given wavelength de-
pends on the density and reflectivity of the coating
on the beam-splitting mirror, which in turn depend
on the coating material and preparative technique.

- If it is assumed that the upper mirror gives essen-
tially total reflection at all wavelengths, as is the
case for aluminum, the wavelength dependence of
the reflectance/transmittance (or beam-intensity)
ratio (ideally, a horizontal line) depends primarily
on the coating material. Several coating materials
(Ag, Pt, Al, Rh) were tested at the 20% transmit-
tance level by measuring separately the spectral
transmittance and reflectance curves and then cal-
culating the reflectance/transmittance ratio at each
wavelength. Of the elements tested, rhodium gave
. the flattest reflectance/transmittance vs wave-
length curve. Figure 6.2 shows its spectral trans-

~ ORNL- DWG. 67- 126514

T T T T T T T
LN T
- ‘REFLECTANCE .
i TRANSMITTANCE ]
1.0 -
0.8} .
- -
0.6} |
0.4} .
1 REFLECTANCE i
0.2 r JN/ P

. TRANSMITTANCE
o.1 1 | I 1 | | {
2500 3000 3500 4000 4500 5000 5500

WAVELENGTH |, A

Fig. 6.2, Spectral Characteristics of Rhodium Beam--
Splitting Mirror.
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mittance, reflectance, and reflectance/transmit-
tance ratio from 2400 to 4400 A.

This device will now be used to calibrate spec-
trographic films under working conditions. Other
beam-splitter constructions (e.g., prismatic beam
splitters and an inclined reflecting light chopper to
replace the beam-splitting mirror) are also being
considered.

6.3 SPECTROGRAPHIC ANALYSIS
OF TISSUE ASH

Cyrus Feldman F. S. Jones
6.3.a Chemical Preconcentration of Trace
Elements in Bone Ash

The concentrations of most trace elements in
bone ash are too low for their direct spectrographic
detection. Use of the Mitchell-Scott procedure?
was attempted to collect quantities sufficient for
detection, but high reagent blanks and coprecipita-
tion of calcium phosphate made this impractical.
Also, the procedure was ineffective for some trace
elements.

Circumvention of the coprecipitation problem by
extracting the trace elements from solutions of
bone ash was successful for only a few elements.
Again, the presence of phosphate hampered other-
wise successful extractions.

It was therefore decided that the development of
a general collection procedure would be greatly fa-
cilitated by first eliminating phosphate from the
sample. Electrodialysis through anion-permeable
resin membranes appeared to best suit the purpose.
This approach would permit the handling of large
samples without a commensurate increase in con-
tamination. Although other anions besides phos-
phate would be removed, few of these are of in-
terest in the present case.

A three-compartment cell was prepared; the
sample (a slightly acid solution of natural or syn-
thetic bone ash) was placed in the center compart-

5R. L. Mitchell, The Spectrographic Analysis of Soils,
Plants and Related Materials, with Addendum, Common-
wealth Bureau of Soil Science Technical Communication
No. 44 of the Commonwealth Bureau of Soil Science,
Harpenden, England; Commonwealth Agricultural

- Bureaux, Farnham Royal, Buckinghamshire, England

(1964).
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Table 6.1. Removal of Phosphate from Calcium Phosphate Solution by Electrodialysis

Through Anion Exchange Membrane

Time to Reduce

Voltage Current [PO 3_J by Half Remarks
) " (ma) 4 (min)
10 . 140-70 ' 820 ) All compartments Stirx;ed
10 135-88 500 Center compartment not stirred
23 365—160 320
23 410-60 ’ 270 20 vol % HCOOH in anode compartment
- 23 650 80 20 vol % HCOOH in anode compartment;

center compartment heated to 65—70°C

ment. To avoid migration of cations through a
cation-permeable membrane and their subsequent

deposition on the cathode, both walls of the center .

chamber were made of anion-permeable (i.e., cation-
impermeable).resin membrane. The acid used had
to be strong enough to dissolve the bone ash yet
weak enough to leave most of the phosphate as an
anion (e.g., H,PO, ~) rather than as neutral H3PO4.
The anions of the solvent acid also had to have a
relatively low affinity for the anionic resin; the
acid itself had to be easily purified and easily
eliminated from the solution after processing. .
Formic acid fulfills these requirements and was
chosen. Electrodialysis was carried out at ~20 v
and 600-700 ma.

Experiments done with 32P tracer showed that
the concentration of phosphorus in the center cell
decreased almost exponentially with time. Table
6.1 gives typical results. Unless otherwise noted,
the sample was prepared by dissolving 1 g of
Ca (PO,), in 5 ml of 90% HCOOH and adjusting
the pH to 3. The anode compartment was filled
with 10% HCOOH, and the cathode compartment
with 1 M NaOH. Under these conditions <4% of
the original phosphate remained after 6 hr. This
efficiency permits use of the Mitchell-Scott pro-
cedure and makes possible improvement of it for
collect}ing manganese and chromium. This proce-
dure will now be applied to bone ash and tested for
recovering trace elements.

6.3.b Purification of Water and Other Reagents

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

the procedure for the chemical collection of trace
elements, experiments were undertaken to purify
water by electrodialysis through anion- and cation-
permeable membranes. The first results obtained
with ®4Cu tracer indicate that this element can be
effectively removed from water in this way. Ex-
periments are continuing on other contaminants and
reagents; '

6.3.c Use of Commercial Freeze-Dried Food
as Tissve Standard

If a large amount of a homogeneous tissue
standard could be conveniently prepared, stored,
subdivided, and shipped, interlaboratory compara-
tive analyses could be made that would include the
ashing procedure as well as the determinations of
components. Commercially available freeze-dried
foods, especially meat, appear to be possible
standards. Therefore, work was begun to check
the suitability of Kraft freeze-dried chicken for
this use. Preliminary results indicate that the
chicken can be pulverized and blended satisfac-
torily by means of a hammer mill.* However, steri-
lization of the blended product seems to be neces-
sary to ensure adequate shelf life and to facilitate
shipping.

4F. S. Jones, ‘‘Tissue Analysis,”’” Anal. Chem. Div.
Ann. Progr. Rept. Nov. 15, 1965, ORNL-3889, p. 38.
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Table 6.2.

Limits of Detection for the Spectrographic Determination of Rare-Earth Elements,

Ba, Sr, and U in LiF-BeF2 Mixtures

Limit of Detection

Element Micrograms per Gram of Sample . Absolute (ug)
Without Preconcentration With Preconcentration®
- Ce 200 . 2 0.4
Nd, Sm 50 0.5 0.1
Dy, Pr, Tb, Tm 20 0.2 0.04
Eu 5 0.05 ‘ 0.01
Er, Gd, Lu, Y, Yb 2 0.02 0.004
Ba 4 0.008
Sr " 1 0.002 C.
U 230 0.5

al-g sample.

6.4 PRECONCENTRATION OF TRACE
ELEMENTS IN THE SPECTROCHEMICAL
ANALYSIS OF NUCLEAR FUELS

_Anna M. Yoakum Cyrus Feldman
6.4.a Determination of Traces of Rare-Earth

Elements, Barium, Strontium, and Uranium
in LiF-BeF ,-Type Nuclear Fuels

With use of specially synthesized standards and
the argon-atmosphere modification of the Kroonen-
Vader Li,CO,-graphite base technique,’ rare-earth
elements, Ba, Sr, and U were determined to the
limits given in Table 6.2. The sensitivities ob-
tained by direct analysis of sample material
(column 2) can be improved by chemical preconcen-
tration of impurities (column 3). Since most of
these trace elements are rarely encountered in the
blank, the sensitivities can probably be increased
by increasing the sample size.

The chemical preconcentration procedure used for
collecting rare-earth elements from large samples
includes fusion with ammonium bisulfate® to elimi-

SJ. Kroonenand D. Vader, Line Interference in Emis-
sion Spectrographic Analysis, Elsevier, New York, 1963.

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

nate fluoride and thus to convert the melt to a
soluble mixture of sulfates. This melt was dis-
solved and treated with lanthanum carrier and then
with NH F and HF. The combined fluorides im-
mediately and quantitatively precipitated the trace
elements; HF alone reacted much more slowly, al-
though also quantitatively. The effectiveness of
this procedure for collecting traces of barium,
strontium, and uranium is being checked.

6.4.b Determination of Trace Impurities in 233U0
Mixtures by Tributyl Phosphate (TBP) Extraction
and Solution-Residue Arc Method

In response to a request for determinations of
trace impurities in 233UO_-ThO_ mixtures at sen-
sitivity levels below the limits attainable by the
carrier-distillation technique, an attempt was made
to perform this analysis by dissolving the mixture
in HNOs, extracting the 233U and Th (in a glove
box) into 40% TBP in n-hexane, evaporating the
aqueous phase to dryness onto graphite powder,
and-arcing the residue. . :

The main questions to be answered before per-
forming such an analysis are:

1. Are the 23%U and Th completely extracted?
Since the aqueous layer is to be evaporated to a

\

- residue, even small amounts of uranium or thorium,
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if still present, would seriously interfere with the
spectrographic’determination of trace elements.
After five extractions of a 4-g sample of 233U0 -
ThO, from 10 M HNO, with 40% TBP, no alpha
radioactivity due to thorium or uranium could be
detected, nor could these elements be detected
spectrographically (sensitivity limits 0.02 and
0.6 ug respectively).

2. What is the degree of contamination by re-
agents, glassware, and environmental dust? Com-
plete process blanks were run using quartz-dis-
tilled»HNOs, deionized water, quartz laboratory
ware when possible, and acid-soaked borosilicate
ware when unavoidable. 'All operations up to the
extraction of the 233U and Th were conducted in a
glove box, as described above. Table 6.3 shows
the total blanks.

3. How should standards be prepared? Impurities
in samples may occur either in solid solution in the ’

sample lattices, as discrgfe (and possibly insol-
uble) particles, or in both ways. When the sample
is processed as above, good recovery would be ex-
pected for dissolved impurities, but particles that
resist dissolution might be lost at liquid-liquid
interfaces or on the walls of containers. -

In the present procedure the importance of the
degree of dissemination of the impurities was
tested by analyzing a ThO2 standard prepared by
grinding known amounts of solid impurities with
pure ThO,. Recoveries were satisfactory for all
trace elements except aluminum (40% recovery) and
silicon (10% recovery). A second portion of this
standard was then treated with soluble forms of
aluminum and silicon and analyzed by the above
procedures. Recovery of the soluble additions was
complete. These experiments indicated that finely
divided impurities are usually recovered in this

- procedure but that highly refractory particles, such

Table 6.3. Magnitude of Blanks for the Determination
of Trace Impurities in 233U02 Mixtures by TBP
Extraction and the Solution-Residue Arc Method

Blank
Element ¥
Absolute (ug) Concentrational (ug/g)®

Na >21 .. >5
Zn 21 5
K <6 <1.5
Ca 2 . 0.5
Fe 0.6 0.15
Al 0.6 0.15
Si . 0.6 0.15
Mg 0.3 0.075
Cu 0.2 0.05
Ba . 0.1 0.025
Cd 0.07 0.018
Cr 0.06 0.015
Ni 0.06 0.015
Pb <0.03 <0.0075
Sn <0.03 <0.0075
Ti- 0.02 0.005
Mn 0.02 0.005
Mo 0.02 0.005
Zr ~0.006 0.0015
Sr 0.006 © 0.0015
Ag 0.002 0.0005

“Calculated for a 4-g sample.

as Al O, and SiO,, may be lost. Thus, the most
reliable way to prepare standards is to simulate
the preparative history of the samples.

4. Are any trace elements lost by extraction?
This question is now under investigation.

7. Mass Spectrometry

7.1 SPARK-SOURCE MASS SPECTROMETRY

J. R. Sites J. A. Carter

The use of the MS-7 spark-source mass spectro-
graph increased 30% over the previous year. About
a third of the samples being received are Ni-Cr-Fe

base alloys to be analyzed for trace elements with
emphasis on their boron content. Twelve metallic
samples made from separated stable isotopes
(2%Mg, 57Fe, ?9Zr, 15%Sm, 156Gd, 164Dy, 167E;,
1900s, '9%pt) were checked for possible contami-
nants introduced during production. - Other samples
included very pure Ni, Cr, and W from different



vendors; ten rare-earth elements in the form of
metal, oxide, or salt; and Be, Bi, Pd, Th, Tl, UP,
US, and U N .. :

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

.

Table 7.1. Elements in W-25%Re Wire
Concentration
Identity (ppm)
Mass 188 (Os?) 1100
Mass 189 (Os?) 0.5
Ir? 6
Mo 200
Th N 2

aApproximate relative isotopic abundances of the Ir
. 191
isotopes: 9 Ir, 30%; 192Ir, 10%; 193Ir, 60%.

Table 7.2. Distribution of Radioactivity in Source

Radioactivity Present
Source Part

(%)
First slit 90.0
Electrode clamps 7.5
Shield 1.7
Insulators 0.4
Kidney plate 0.2
Window 0.1
Walls of source 0.1
2d slit nil
3d slit nil
Plate nil

Table 7.3. Results of Spark-Source Mass Spectrographic
Determination of Niobium in Niobium-Spiked Uranium
and in Purified 231Pa®

Niobium (wt %)

Sample
Identity Number Added Found
U 1 2.0 1.9
U 2 0.60 0.52
U 3 0.20 0.27
231p, 1 <0.05

“Indium used as intemal standard.
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" difficult analytical separations.

ents. Of particular interest is the amount of osmium
that grows into irradiated W-25%Re thermocouple
wire. For the spark-source analysis two 1/8-in.-long
pieces of 0.020-in.-diam thermocouple wire were
mounted on gold wire; Table 7.1 shows the results.
This direct analysis saved many man-hours of
Table 7.2 shows
the distribution of the radioactivity of the residual
material from the sparking of the W-25%Re wires.

The analysis of nonradioactive solutions by
spatk-source techniques was demonstrated pre-
viously.! This technique has now been applied to
the analysis of small samples of radioactive ma-
terials. To evaluate the technique for determining
niobium in 23'Pa (t,,,=32x 104 years), a series
of niobium-spiked uranium samples were analyzed.
Exactly 2 ug of uranium, which corresponds to the -
maximum amount of 23'Pa that the Health Physics
Division allows to be handled, was evaporated on
gold electrodes for the analysis. In the trans-
uranium program it was desired to be able to detect
as little as 0.5 wt % Nb in 23'Pa. Table 7.3 gives
the results for the niobium-spiked uranium samples
and a purified sample of 23'Pa. This spark-source
technique for solutions has also been used to
study the mechanism whereby constituents of MSRE
salts penetrate irradiated graphite.

Significant modifications were made to improve -
the electronics of the MS-7 mass spectrograph. An

easily accessible arrangement for the reference

battery of the magnet supply was added. Simple -
circuits that permit the stabilities of the magnet
and high-voltage supplies to be checked to one part
in 50,000 were added. Noise-free solid-state rec-
tifiers were also added. ) -

7.2 LOW-RESOLUTION MASS SPECTROMETRY
OF ORGANIC COMPOUNDS

W. T. Rainey W. H. Christie
H. S. McKown

During the past year a single-magnetic-stage
mass spectrometer was constructed and put into
service for the analysis of organic compounds.
The instrument (Fig. 7.1) uses a 12-in.-radius 90°
magnet with an electron bombardment source and

1_]. R. Sites and J. A. Carter, ‘‘Spark-Source Mass
Spectrometry,’”’ Anal. Chem. Div. Ann. Progr. Rept.
Oct. 31, 1966, ORNL-4039, p. 47.
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.. 7.4 MASS SPECTROMETRIC SEARCH FOR
NEON IN MINERALS AND IN
VOLCANIC GLASSES

L. C. Hall® -

Several minerals and volcanic glasses were
heated at 1800°C in vacuo, and the evolved gases
were examined mass spectroscopically for He, Ne,
and Ar, with the main emphasis on Ne. Spodumene
was examined to determine whether the 130(a,n)-
22Ne reaction, which was suggested by Aldrich
and Nier® as a neutron source for the reaction
®Li(n,a)*He, would produce detectable amounts of
neon in this lithium mineral. Several fluorine-
containing minerals, namely, lepidolite, amblygo-
nite, and fluorite (with embedded uraninite), were
studied to see if the reaction '°F(a,n)22Na ('B—)>
22Ne would be detectable. Pumice, pearlite, and
obsidian were also studied. No conclusive evidence
was obtained for the existence of neon in these ma-
terials. The extraction, pufification, and mass
spectrometric systems used in this study allow
detection of at least 5 x 103 cm?® (STP) of neon.
Since 1'x 10~% cm? (STP) per gram of sample is -
to date the largest reported amount of neon in
crystal samples, extensive changes need to be
made. This work indicates that the gas-liberation
and purification system needs to be modified ex-
tensively to increase the sensitivity by a factor of
10 to 100. A sensitive static mass spectrometer
that offers a gain in sensitivity of at least 1000,
over dynamic instruments should be used. It is

5ORAU Research Participant; Assistant Professor of
Chemistry, Vanderbilt University, Nashville, Tenn.

6L. T. Aldrich and A. O. Nier, ‘“The Occurrence of
He® in Natural Sources of Helium,”’ Phys. Rev. 74,
1590 (1948).

recommended that helium-containing fluorine
minerals (e.g., fluorite with uraninite) be studied
closely to evaluate 22Ne/2%Ne and ?!Ne/2%Ne
ratios. Also, quartz and muscovite samples that
have the highest 180 contents should be analyzed
for neon isotopes. Such analyses are currently
important in understanding the distinction between
primordial and radiogenic components and their
role in the origin of our atmosphere and its relation-
ship to the origin of the solar system and the
genesis of elements.

7.5 DOUBLE-FOCUSING MASS SPECTROMETER

W. T. Rainey W. H. Christie
H. S. McKown

A high-resolution double-focusing mass spec-
trometer was assembled and is being tested. This
type of mass spectrometer consists of an electro-
static deflection sector that is followed by a mag-
netic deflection sector; low-resolution instruments
have only a magnetic stage. This additional elec-
trostatic stage reduces aberrations caused by the -
spread of energy and of direction of the ions gen-
erated in the source. At present a resolution of
4000 has been attained. This means that two
peaks of equal height which differ in mass by one
part in 4000 can be resolved to the extent that the

height of the valley between them is only 0.1% of

the peak height.

The soutce accepts solid and gaseous samples.
The detection system uses ion-pulse counting.
With the existing instrumentation, only inorganic
samples can be accepted, because a spectrum of
only four or five mass units can be observed at one
time. Instrumentation for the long mass scans re-
quired for organic materials is being developed.












field to dark field by means of a single switch.
The beam can be deflected in either of two or-
thogonal directions to about 6% so that any dif-
fraction spot can be brought out to about the eighth
order onto the optic axis of the objective lens. The
device is especially useful in the study of dis-
locations and stacking faults in thinned metals
and in the resolving of subcrystallites in platelet,
tube-, and needle-shaped crystals.

To ensure uniform results in the photographic de-
velopment of electron-micrograph plates, a nitrogen-
bubble-agitation system was installed. This device
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makes possible temperature control to +0.5°F and"
contains a built-in plate dryer and viewer.

A Philips EM 300 electron microscope was
ordered; it is to be installed in the Transuranium

. Processing Plant. It will be used exclusively for

the study of radioactive materials, especially the
highly radioactive alpha emitters such as americium
and curium. To ensure the proper observation and
recording of sequential events that may take place
while such materials. are under observation, the
microscope is being equipped with an image- .
intensifying TV monitor and a video readout.

9. Nuéledr, and Radiochemical AnaIySes

W. S. Lyon
H. H. Ross

9.1 NUCLEAR PROPERTIES OF
RADIONUCLIDES

9.1.a New Nuclear Data

J. F. Emery

957¢. — The number of gamma rays per dis-
integration of 957 (ref. 1) was redetermined on a
freshly separated °°Zr source by use of two
Ge(Li) detectors and an Nal(Tl) detector. After
~ 90 hr a second separation was made to obtain
the 95MNb that had grown in. This *>™Nb was
measured to determine the branching of ?°Zr to
95mMNp, Table 9.1 summarizes the results,

The value obtained for the ratio of the intensities
of the 757- to the 726-kev gamma ray, 1.25, agrees
with the value 1.28 reported by Tsaletka and.
Vrzal.? Also, the value 1.35 x 10~ 2 for the
branching of ?°Zr to 9°™Nb agrees with the value
1.4 x 10~ 2 reported by Hudgens and Lyon.?

K. Way, “Nuclear Data Sheets,’”” NRC 60-5-119,
A = 95, Natl. Acad. Sci.—Natl. Res. Council, Wash-
ington, D.C.

2R. Tsaletka and Y. Vrzal, ‘‘Measurement of 957,
and 95Nb Mixture by Ge(Li) Detectors,’’ Nucl. Sci.
Abstr. 20, 36170 (1966).

3_]. E. Hudgens, Jr., and W. S. Lyon, “‘Radiation
from Columbium 95,'* Phys. Rev. 75, 206 (1949).

1125, _ The thermal-neutron cross section for
the reaction '!2Sn(n,y)!!3Sn was determined.
Irradiations were made in the ORR pneumatic tube
(¢,, =5 x 10'? neutrons cm~? sec™!; ¢ =1.5x

10'2 neutrons ;cim_2 sec™!) and in the D,0 tank
of the BSR (¢,, = 1.2 x 10*2 neutrons cm™ 2 sec™!;
b, 2 4 x 10® neutrons cm™ 2 sec™!). The thermal-
neutron cross section found is 0.65 barn; the
resonance integral is 24 barns. The reaction
197 Au(n,y)' 8 Au was used for neutron-flux de-
terminations; the values 98 and 1558 barns were
used for the thermal-neutron and resonance cross
sections of gold forthis reaction. ’
2498} _ A gamma-ray spectrum of an ~1l-pg
#49Bk0, source was obtained with a Ge(Li)
spectrometer, Gamma rays from the growth of
249Cf were observed. The gamma-ray energies

-are 108, 122, 254, 333, and 387 kev; those listed

in the literature are 260, 340, and 390 kev.

The 249BkO, was irradiated for 20 min in a
thermal-neutron flux of 5 x 103 neutrons cm™
sec™!. The effective activation cross section
was 210 barns, The gamma-ray emission of 23°Bk
consisted of a pair of approximately equal-intensity
gamma rays of 991 and 1034 kev energy.

The lower limit of detection of activation

2

‘analysis for 2Bk is about 1071? g,



Table 9.1. Gamma-Ray Intensities in 957,

Number of Gamma Rays per Disintegration:

E)/ (kev) - -
40-cc Ge(Li) 6-cc Ge(Li) NaI(T1)
726 ' 0.441 0.434
757 ’ 0.548 0.548
726 + 757 0.989 0.982 0.987
(Fraction to 95""Nb) 1.35 x 10~ 2

9.1.b Alpha Decay of Holmium Nuclei:
New lsotope, '54Ho

T. H. Handley R. L. Hahn*
K. S. Toth®

Neutron-deficient holmium isotopes were produced
by !56Dy(p,xn) reactions. Chemical separations
verified that the products were holmium nuclei;
excitation-function determinations served to as-
sign mass numbers to them. A new isotope,
154Ho, was found; it emits alpha particles of
3.91 £ 0.02 Mev and has a half-life of 11.8 £ 1.0
min, A search was made for an alpha-decay
transition from '°SHo, but none was observed.
The radionuclides '*2Ho and !*?Ho, already
known to exist, were found to have the following
respective alpha energies and half-lives: 4.37 +
0.02 Mev, 2.7 £ 0.2 min; 3.97 £ 0.02 Mev, 9.3 %
0.5 min. For !33Ho, the alpha-decay to electron-
capture ratio was measured to be (1.2 £ 0.7) x
10~ 3; from a comparison with semiempirical
estimates of alpha-decay rates, it was concluded
that the alpha transition of !33Ho is not hindered.
The results of this work were submitted for pub-
lication.®

9.1.c Nuclear Spectroscopy of
Neutron-Deficient Radionuclides

T. H. Handley Ben Harmatz®

The systematic study of neutron-deficient
radionuclides has continued. The radionuclides

4 . P
Chemistry Division.
5Electrr)nuc lear Division.

6R. L. Hahn, K. S. Toth, and T. H. Handley, ‘‘Alpha
Decay of Holmium Nuclei; New Isotope, 154Ho,”” ac-
cepted for publication in The Physical Review.

are produced by ‘proton or alpha bombardment in

_ the ORIC. Following chemical separations,

sources are prepared for study by use of permanent-
magnet spectrographs and gamma-scintillation
spectrometers. During recent months '73Ta and
1850s have been studied. Present work extends
earlier work’ done with weaker sources of !73Ta
and '850s; it is now possible to put together

more complete decay schemes of these nuclides.

A number of possible excited states are proposed.
The results of this work will be published-
eventually in the open literature.

9.1.d Standardization of '%7Hg

J. S. Eldridge

The results of the analyses of the interlab-
oratory comparison samples of '°7Hg, distributed -
by ORNL in 1966,% were reported at an IAEA
symposium.® They aroused sufficient concern
among many usets and suppliers of this medically
important radionuclide to justify a second inter-
laboratory comparison, Samples were prepared
and distributed by B. J. Jackson.!® Results
were collected and were reported on an anonymous
basis at ORNL. Participants were the laboratories

7B. Harmatz, T. H. Handley, and J. W. Mihelich,
‘“‘Nuclear Spectroscopy of Neutron-Deficient Lu, Ta,
and Re Isotopes,’” Phys. Rev. 119, 1345 (1960).

8y, s. Eldridge, ““Standardization of '?7Hg,”” Anal.
Chem. Div. Ann. Progr. Rept. Oct. 31, 1966, ORNL-
4039, p. 62.

°J. s. Eldridge, *‘Standardization of Mercury-197,*
pp. 313—-322 in Standardization of Radionuclides (Pro-
ceedings of the Symposium on Standardization of Radio-
nuclides held by the Atomic Energy Agency at Vienna,
October, 1966), IAEA, Vienna, 1965.

10Commerci;al Products Branch, Atomic Ene'rgy of
Canada, Ltd., Ottawa, Ontario.



who took part in the original intercomparison plus
two additional laboratories.

Whereas the original intercomparison showed
an interlaboratory standard deviation of 16% and
a range of values differing by a factor of 2.0, the
second intercomparison gave better results —
standard deviation, 6.8%; range difference lowered
to a factor of 1.3,

The marked improvement of results for inter-
laboratory comparison of !°7Hg attests to the
value of such intercomparisons for radionuclide
standardizations in those cases where absolute
standardizations are not possible or primary
standards are not readily available,

Interlaboratory comparisons are planned for
99Mo-29™MT¢ and ?°™Tc, which are radionuclides
that present difficult standardization problems
for their average hospital user.

9.2 NEW INSTRUMENTS AND TECHNIQUES

9.2.a A Film-Recording Radiation-Event -
Monitor for Pulsed X and Gamma Radiation

F. F. Dyer L. C. Bate
L. H. Thacker!!

A sentinel-type radiation detector was de-
veloped to provide time-stamped records of ex-
posure to rapid pulses of x and gamma radiation. -
The detector (Fig. 9.1) consists of a CsI(T1)
scintillator, photographic film, mercury micro-
coulometer, and time-reference scale — all housed
in a light-tight enclosure. Visible light generated
in the CsI by the radiation pulse is transmitted
to the photographic film through the time-reference
scale and the transparent gap of electrolyte in
the mercury microcoulometer. The image of the
time-reference scale and the gap formed on the
film together show the time at which the radia-
tion pulse occurred, .

The detector responds satisfactorily to radia-
tion doses in the range ~0.2 to ~ 50 mr received
during intervals from several nanoseconds to
several minutes. Full-scale timing can be ad-
justed to intervals from a few hours to-several
months. Exposure records can be read with un-

nstrumentation and Controls Division.
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Fig. 9.1. Schematic Diagram of the Detection and
Timing Mechanism of the Film-Recording Radiation-
Event Monitor for Pulsed X and Gamma Radiation.

certainties of £0.1% of the full-scale timing
interval. The detector is expected to be useful
around high-voltage accelerators, x-ray machines,
and in other areas where it is desirable to have a
record of exposure to rapid radiation pulses. De-
tails of the construction and operation of the
device are being published. *2

9.2.b Precision Photometric Analysis by Use
of a Beta-Excited Isotopic Light Source

H. H. Ross

The application of the isotopic-light-source |
photometer was extended into the ultraviolet
region with the development of a new light-soutce
system.'? The displacement factor (R) vs con-
centration curves of several organic substances
were determined; all exhibited the expected linear
response, Also, an exact analytical expression
for the mathematical model of the instrument was
developed with the aid of the Mathematics Divi-

12g | F. Dyer, L. C. Bate, and L. H. Thacker, ‘A
Film-Recording Radiation Event Monitor for Pulsed X
and Gamma Radiation,”’’ accepted for publication in
Nuclear Instruments and Methods.

134, H. Ross, “‘Precision Photometric Analysis by
Use of a Beta-Excited Isotopic Light Source,’’ Anal.
Chem. Div. Ann. Progr. Rept. Oct. 31; 1966, ORNL-
4039, p. 70.



sion. The details of this work are given in an
invited contribution.'?

9.2.c Analytical Capabilities of a Semiconductor
X-Ray Emission Spectrometer

T. H. Handley

Recent improvements in semiconductor crystals
and related circuitry have made possible an x-ray
emission spectrograph in which characteristic
x rays excited by a radioactive source are de-
tected by a semiconductor. Preliminary calibra-
tion, resolution determination, limits of detection,
and radioactive-source fabrication have been
studied with a view to quantitative analytical
applications. An annular 251 source (9 mc) was
used to excite characteristic x rays of the samples;
1251 is suitable for exciting Ka x rays of ele-
ments Z = 23 through 49 and La x rays of the
heavy elements. The lithium-drifted silicon
seniiconductor detector has resolutions of 0.6
and 0.8 kev for 20- and 7-kev x rays respectively.
If Ko x-ray peaks of equal intensity-are to be re-
solved, the energy separation of the peaks must
be equivalent to the resolution of the detector.
Therefore, in the region of cobalt and iron the
detector cannot resolve mixtures of adjacent ele-
ments; however, in the region of molybdenum ad-
jacent elements can be resolved and determined
when present in mixtures. A plot of channel
number vs energy of x rays (5 to 27 kev) gives a
straight line. Standardization with sources of
pure molybdenum showed that molybdenum can be
determined over the range 5 pg to 2.0 mg. A plot
of count rate vs total amount of molybdenum in
the sample is linear from 5 pug to 2.0 mg. In the
region of lead it is possible to determine mixtures
of elements three Z numbers apart. However,
preliminary chemical separations are always a
possibility. Tests also show that this instrument
can be used. for qualitative identification (e.g.,
distinction among different grades of steels and
alloys). It is planned to also use the instrument
in nuclear-decay studies.

144, H. Ross, ‘““‘Analytical Applications of the Sec-
ondary Effects of Radiation: Precision Photometry
Using a Radioisotopic Light Source,’’ Record of
Chemical Progress, Kresge-Hooker Science Library,
in press (1967).
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9.2.d Development of Radiation- Stimulated
Light Sources: Excitation with 147pm

H. H. Ross S. B. Lupica

The second phase of the program to develop
radiation-stimulated light sources, excitation of
selected phosphors with 1*7Pm, was recently
completed.’® The purpose was to study variables
associated with the construction of isotopic light
sources. The variables studied included chemical
form of the isotope, methods of combining isotope
and phosphor, isotope loading, phosphor thick-

-ness, and the spectral and intensity character-

istics of the stimulated emission. Also, the
problems associated with making self-supporting -

" isotope-phosphor pellets were examined.

The results indicate that a number of general
rules can be developed for predicting the effects
of many of the variables. A careful consideration
of these effects permits the construction of highly
efficient light-source modules with a minimum of
design effort. A complete résumé of the experi-
mental program, including the stimulated emission
spectra, is being prepared for publication. Also,
the third phase of the program, photovoltaic con-
version, has been started. '

9.2.e Analytical Alpha Spectrometry

T. H. Handley Erest Schonfeld!®
J. H. Cooper!?

~ Efforts have continued toward improving all
aspects and reducing the cost of analysis by
alpha spectrometry. Studies of reproducibility

of spectral response have shown that some elec-
tronic equipment in the Analytical Services Lab-
oratories must be improved or replaced to ensure
spectral stability and that it is possible to limit
spectral shifts to $2 kev for a period of four days
by use of the best electronic equipment. Spectral
stability is essential to the quantitative analysis
of alpha-spectral data. Spectral instability was
shown not to be associated with the sources, be-
cause quantitative electrodeposition produced

15H. H. Ross, ‘“‘Development of Radiation-Stimulated
Light Sources,’’ Anal. Chem. Div. Ann. Progr. Rept.
Oct. 31, 1966, ORNL-4039, p. 71.

16Chemical Technology Division.
1"High-Level Alpha Radiation Laboratory.

'






Intensity Analytical Cyclotron (HIAC). Two
manufacturers offer cyclotrons that meet the
specifications set for the HIAC: The Cyclotron
Corporation (T.C.C.), Berkeley, California; and
Philips, Eindhoven, The Netherlands: Each ac-
celerator is an isochronous, azimuthally varying
f1eld (AVF) cyclotron and is pr1ced in the range
$240,000 to $280,000.

Trials of the machines can be valuable in de-
ciding which accelerator approaches the HIAC
specifications more closely. A number of tests
were run at Berkeley on the T.C.C. 32-in.-diam’
cyclotron. These tests were aimed to appraise:
(1) ease of operation and of particle switching,
(2) maximum beam intensity and beam stability
during short and long high-current irradiations
with each of the particles, and (3) efficiency of
concrete shielding during irradiation of neutron-
generating targets. The cyclotron used was de-
signed to deliver 50 pa of any of the following
particles: 21-Mev 3He ions, 15-Mev protons, and
8-Mev deuterons; it was to be installed later at
the Sloan-Kettering Institute.

Neutrons were produced by the reactions °Be-
(®He,m''C, °Be(d,n)'°B, and ’Li(p,n)"Be; fast
and thermal neutrons and gamma rays were meas-
* ured at five different locations outside the shielded
cyclotron room. These measurements are useful
in calculating the shielding necessary for the
HIAC; the data of Table 9.2 illustrate the results.
It can be seen that, besides its known depend-
ence on shielding and distance, the dose depends
strongly on the angle of the observer with the di-

71

rection of the beam. Also, it is clear that, with

the 50- to 100-pza beam currents specified for the
HIAC, the shielding used at the T.C.C. would be
insufficient. In fact, it is estimated that 5 ft of

ordinary concrete would be required.

A stable 80-pa deuteron beam and a less-stable
50-pa proton beam could be obtained rather easily
at the T.C.C. cyclotron, Particle switching took
~1 hr, and the same time, or less, was neces-
sary to raise and lower the yoke in order to work
inside the dee chamber. Operation of the cyclo-
tron is reasonably simple, and its controls are
generally straightforward. Unfortunately, *He
beams more intense than 8 to 10 pya could not be
obtained because of the economical but marginal
design of the ion source. Since the cyclotron
current integrator was observed to drift, the *He
and the deuteron irradiations were repeated at the
ORIC to check the above intensities by activa-
tion. If it is assumed that the ORIC current
integrator is correct, the results indicate that the
T.C.C. integrator read a current 2.3 to 3.7 times
higher than' the real one for 3He particles; for
high-intensity deuterons the correct current was
found to be 17 to 40% lower than the one read at
the T.C.C.

Some other problems arose, apparently always
stemming from the difficult compromise between
cost and reliability of operation; for example, the
power supply for the deflector broke down and
had to be replaced by a larger unit, and the de-
flector resistance was damaged and had to be
complemented by another resistance.

Table 9.2. Neutron and Gamma-Ray Doses Measured at the T.C.C. Cyclotron

Normalized to beam intensities of 10 pa

t

Nuclear.

Neutron Dose
Gamma-~Ray Dose

. & (millirems /hr)
Reaction Location ‘ N (mr /hr)
Fast Thermal

9Be(®He,m!!C A 157 7 36
B 1.3 0.2 0.1

9Be(d,m1° A 230 19 70

B 3 0.5 4

"Li(p,n) Be A 160 15 . 100
B 4 0.4 0.8

fFor A, detectors were behind 40 in. of ordinary concrete, 58 in. from target in forward direction of beam. For B,
they were behind 36-in.-thick concrete entrance sliding door, 144 in. from target at 90° angle with beam direction.



This cyclotron seems to be basically sound,
generally reliable, and easy to operate. However,
redesign of certain components appears to be
necessary to assure minimum lost time in per-
formance. In fact, the T.C.C. possibly has al-
ready solved most, if not all, these difficulties,
because the cyclotron has recently passed the
acceptance test required by the Sloan-Kettering
Institute. '

We hope to run similar experiments with the
Philips cyclotron to compare the performance of
the two accelerators. '

9.3.c Proposed HFIR Activation Analysis
Laboratory

F. F. Dyer - L. C. Bate

A pneumatic transfer tube and a counting lab-
oratory proposed for the HFIR were evaluated.
The facility, designated the High-Flux Activation
Analysis Laboratory (HFAAL), would be used for
highly sensitive activation analysis and for other
neutron-capture studies of interest at ORNL. The
pneumatic tube would occupy vertical experimental
facility 9 (VXF-9) in the permanent beryllium re-
flector. The counting laboratory would be located
adjacent to the west wall on the first floor of the-
HFIR building. The Engineering Division has
provided enginéering drawings and cost estimates
($102,000 for materials and labor).

For activation analysis this irradiation facility
would have significant advantages over the facili-
ties in other ORNL reactors. Table 9.3 compares
the thermal-, resonance-, and fast-neutron fluxes
for the HFAAL with those of the facilities in the
ORR. A major advantage is the large thermal-
neutron flux planned for the HFAAL.. This flux
would permit the activation-analysis sensitivities
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for almost all elements that form short-lived radio-
isotopes to be increased by a factor of ~ 14 over
those obtainable in the ORR pneumatic tube. Be-
cause irradiations for many hours (e.g., overnight)
in graphite-and metallic rabbits will be possible,
sensitivities for elements that form long-lived
radioisotopes will also be increased. For many
types of samples the increased sensitivities will
reduce the time required for activation analyses
and will permit increased use of germanium-diode
detectors. For certain types of samples, the
proposed high ratio of thermal- to fast-neutron
flux in the HFAAL will significantly reduce inter-
ferences caused by fast-neutron reactions.

9.3.d Photon and Fast-Neutron Acfivufic;n
Analysis at the Oak Ridge Electron
Linear Accelerator (ORELA)

Enzo Ricci

In collaboration with J. A. Harvey,'® plans are
being made to install a facility at the Oak Ridge
Electron Linear Accelerator (ORELA) to carry
out research and development on photon and fast-
neutron activation analysis. The ORELA is cur-
rently being built on-Laboratory ‘grounds, and the
activation facility will be under the control of the
Analytical Chemistry Division.

The target room of the ORELA is a heavily
shielded cylinder that has provision for three
targets to be used alternatively. When one of the
targets is in the position to receive the particle
bombardment, the other two can be lowered into
shielded containers located below floor level.
Only one of these targets has been designed; it
is the one required for most physics experiments

1 8Physics Division.

Table 9.3. Comparison of Neutron Fluxes of the ORR Facilities with Those Proposed for the HFAAL

Neutron Flux (neutrons em™ 2 seg:_l)

Facility
Thermal (¢)th) Resonance (¢>r) Fast (gf)f) ¢>th/¢>r ¢)th/¢)f
ORR
Pneumatic tube 4.2 x 1013 1.5 x 1012 1.6 x 1013 28 2.6
Hydraulic tube 2x 104 1% 103 1x 104 20
HFAAL 6 x 10'* 1x10!'3 2 %103 60 30




Ll

and will have tantalum as electron converter for
neutron production. Our present plans call for
construction of a second target for photon produc-
tion, which will use tantalum or tungsten as
electron converter; this target will be used mainly
for activation analysis.

Samples and standards will be conveyed into
and out of the target room by a pneumatic rabbit
system. Irradiation locations will be provided
both for photon and for fast-neutron activation.
The former will be located past the target in the
forward direction of the electron beam, where the
photon flux is more intense; the latter will be at
a 90° angle with the direction of the beam to ob-
tain a higher proportion of neutrons.

9.3.e The 86-in. Cyclotron as a Source
of Fast Neutrons - ’

J. E. Strain

W. S. Lyon

An experiment was conducted to determine the
neutron flux and neutron energy obtainable from
the 86-in. proton cyclotron located at Y-12, A
thick (9.5-mm) beryllium target was positioned in
the external beam of 22-Mev protons. At the
maximum beam current of 5 pa, samples of carbon,
silicon, and germanium were irradiated for 30 sec
in a position adjacent to the beryllium target.
The >3.5-Mev-neutron flux was only 2.9 x 10°
neutrons cm~ 2 sec™!. No neutron flux of energy
greater than 20 Mev was detectable. Because the
150-kv Cockcroft-Walton generator will produce a
14-Mev-neutron flux of this same magnitude, the
use of the 86-in. cyclotron for activation analysis
appears to be impractical.

9.3.f Low-Level-Radiation Couﬁfing Facility

“P. R. Bell'? J. S. Eldridge
V. A. McKay!! G. D. O’Kelley”
R. E. Wintenberg!!

A low-level-radiation éount-ing facility to serve
as a prototype system for the Lunar Receiving
Laboratory (LRL) at NASA, Houston, is being as-
sembled at ORNL. The prototype is needed to

19Chief of Lunar and Earth Sciences Division and
Manager of the Lunar Receiving Laboratory, Manned
Spacecraft Center, National Aeronautics and Space
Administration, Houston, Tex.
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test materials and concepts under actual condi-
tions before the final version is assembled. The
goal is to achieve for the final facility a counting
sensitivity greater than that of any previous de-
vice for the assay of natural and induced radio-
activity in lunar and meteoritic materials by the
detection of gamma rays.

Figure 9.3 is a diagram of the prototype system
and gives details of some of its main features.
The central detectors, 9- by 5-in. Nal(T1) crystals,
are housed in 5-mil-thick aluminum foil cans. An
anticoincidence mantle (34 in. in diameter, 50 in.
high) made of NE-102 plastic scintillator sur-
rounds the main detectors. This detector as-
sembly (Nal detectors + anticoincidence mantle)
is housed in an 8-in.-thick lead shield of special
construction. The lead shield is covered with a
thin anticoincidence mantle as an active muon
shield.

The lead shield was cast in place by use of a
‘‘lead concrete’”’ made of Chemtree 82, lead shot,
1% LiF, and water. The LiF and water serve to
thermalize neutrons, which are produced in the
lead shield by muon interaction, and thus to
shorten their lifetime, The density of the proto-
type shield is about 9.5 g/cm?.

Figure 9.4 shows a preliminary background in

. the shield without either of the anticoincidence

mantles connected. The pulse outputs of the two
Nal(T1) detectors were summed. Under those
conditions, the background was 1170 counts/min
for the energy range 0.1 to 2.0 Mev or 0.112
counts/min per cubic centimeter of NaI(T1). Con-
necting the inner mantle in anticoincidence (with
less than optimum performance) lowered the back-
ground to 387 counts/min or 0.037 count/min per
cubic centimeter of Nal(T1) for the same energy
range. Figure 9.5 shows the spectrum of the
background made for the latter conditions. The
prominent peak in the spectrum at channel 90 is
due mainly to *°K from the glass in the 28 photo-
tubes that are attached to the Nal(T1) detectors
and anticoincidence mantle within the shield.
The peak at channel 140 is due to capture gamma
rays that accompany the neutron-capture events
in the hydrogén of the inner mantle. Final opera-
tion with the outer mantle is expected to elimi-
nate or to greatly decrease the contribution from
neutron-capture events,

Overall design goals for the final system in
Houston call for an effective background level
between 0.001 and 0.02 count/min per cubic



74

ORNL-DWG. 66-7092A

| LITHIUM-LEAD

INNER MANTLE END PLUG

. 66in.
PRINGIPAL BETEGTORS ///7
9in-Dia. x 5in. NalI{(T! )\\\|
82in, % 1
INNER '
ANTICOINCIDENCE MANTLE
NE-102 ,10 in. I.D. x 34 in. OD.
50in. HIGH \ E

INNER MANTLE END PLUG

SHIELDING (8in. thick)

OUTER - :
ANTICOINCIDENCE
MANTLE :

( NE-102 SCINTILLATOR)

D:D‘OUTER MANTLE
PHOTOTUBE

(TYPICAL)

I~ SOURGE POSITION

e

FLOOR LEVEL

1

38 in:

54 in.

Fig. 9.3. Schematic Diagram of Prototype Low-Level-Radiation Counting Facility. Outer anticoincidence montle

and outer-mantle phototubes are out of proportion.

centimeter of detector in the energy range 0.1 to
2.0 Mev.2% Since measurements under less than
ideal conditions at ORNL have produced a back-
ground as low as 0.037 count/min per cubic
centimeter of Nal(T1), the design goals for the
LRL should be attained with the entire system
operational and the extra shielding afforded by the
40 ft of overburden (the LRL counting room is

50 ft below ground).

The prototype counting system will be a per-
manent installation at ORNL and will be operated
with a 4096-channel dual-parameter analyzer sys-
tem. It will be useful in the quantitative analysis
of numerous low-level radionuclide mixtures. It

20_]. C. McLane, Jr., ““Collecting and Processing ‘
Samples of the Moon,’’ Astronaut. Aeron. 5(8), 34 (1967).

can be used to study the natural and induced
radioactivity in meteorites and the natural and
artificial radionuclides in many types of bulk
samples such as ocean sediments and various
environmental materials.

9.4 ACTIVATION ANALYSIS

9.4.a Interactions of 3He Particles with Boron,
Nitrogen, Sodium, and Beryllium

R. L. Hahn* Enzo Ricci
Thick-target yields for reactions of *He particles

with B, N, Be, and Na had been determined by ir-

radiating boron, beryllium nitride, and sodium iodide

]
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with 3He ions of energies from 6 to 18 Mev.?!
Excitation functions for the reactions ! !'B(*He,n)-
13N, 1°B(3He,d)1 lc’ “N(3He,a)1 3N, 14N(3He,d)-
150, °Be(®He,n)!!C, and %23Na(®He,2p)?*Na were
obtained by numerical differentiation of the
smoothed yield vs energy curves. The distorted-
22 was used to
compute excitation functions for comparison with
the data for the !*N(®*He,)!3N reaction and for

wave theory of nuclear reactions

21R. L. Hahn and E. Ricci, “Thick Target Yields
from Reactions of 3He Particles with Boron, Nitrogen,
and Sodium,’’ Anal. Chem. Div. Ann. Progr. Rept. Oct.
31, 1966, ORNL-4039, p. 64.

22R. H. Bassel, R. M. Drisko, and G. R. Satchler,

The Distorted-Wave Theory of Direct Nuclear Reactions.

I: ““Zero-Range’’ Formalism Without Spin-Orbit Cou-

pling, and the Code SALLY, ORNL-3240 (Jan. 26, 1962).

the (®He,d) reactions on '*N and '°B. Optical-
model potentials, not for the particular nuclides
observed, but determined for neighboring light
nuclei, were used in the calculations. This com-
parison of theoretical with experimental data
indicates that the !*N(®He,a) and °B(*He,d)
reactions proceed mainly by direct pickup and by
stripping processes respectively. For the
14N(3He,d) reaction a stripping calculation, in
which were considered only those 150 states with
known spins and parities, yielded a lower limit
of ~30% of the observed excitation function.

A paper on this work was published.??

23 L. Hahn and E. Ricci, ‘‘Interaction of 3He-
Particles with Boron, Nitrogen, Sodium, and Beryllium,”’
Nucl. Phvs. A101(2), 353 (1967).
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9.4.b Simple Method to Calculate Sensitivities,
Interferences, and Optimum Bombardment
Energies in SHe-Activation Analysis

R. L. Hahn*

To facilitate calculations of sensitivities and
interferences in terms of bombarding energies in
3He-activation -analysis, an approximate method
was developed for the rapid computation of the
average cross section, &.2%:2% This energy-

Enzo Ricci

24E. Ricei and R. L. Hahn, ‘*Theory and Experiment
in Rapid, Sensitive Helium-3 Activation Analysis,”’
Anal. Chem. 37, 742 (1965).

2SE. Ricci and R. L. Hahn, ‘‘Sensitivities for Acti-
vation Analysis of 15 Light Elements with 18 Mev ~ |
Helium-3 Particles,?’ Anal. Chem. 39, 794 (1967).

Ordinate gives counts per minute. -

dependent variable is difficult to obtain by rig-
orous mathematics, and yet it is vital in these cal-
culations, because the analytical sensitivity is
directly proportional to o (ref. 24) and because the
interference depends on the ratio of cross sec-
tions, Ei/ﬁs, for the interfering and the sought
reactions. In fact, the familiar charged-particle
activation equation?? leads to the following ex-
pression for the relative interference F:

—At
D. n(l—-e ') =
F=—"»F-—"1—-— 1 9.1
D_ Aty 7 ©-1)

where D, and D are the disintegration rates of the
interfering and the sought radionuclides, re-
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designates experimental points taken from ref. 26.

spectively, t is the length of irradiation, the n’s
are numbers of target atoms per unit weight of
sample, and the A’s are decay constants. Clearly,
the optimum bombarding energy is one that cor-
responds to a minimum value for F.

Interference may become serious in *He activa-
tion, because most of its products are positron
emitters, which can be determined best by meas-
uring their common 0.511-Mev gamma rays' or by
beta counting. Moreover, elements of neighboring
Z may produce the same radioactive product. In
this particular.case, because A, = A_, Eq. (9.1)
reduces to

9.2)

Our method is based on the straight-line fitting
of excitation functions, 2°:2% which facilitates

26R. L. Hahn and E. Ricci, ‘“‘Interactions of 3He
Particles with 9Be, 12C, 16Q, and 19F,’’ Phys. Rev.
146, 650 (1966).

’

integration of the definition of &

E
f cede, (9.3)

Ey

/(;EUEdE 2

5=—=P

_/(;VE € d‘€

where E is the bombarding energy, o is the value
of the excitation function at energy ¢, and E, is
either the corrected Coulomb barrier?” or the
threshold energy of the reaction, whichever is
greater. In Fig. 9.6 the fitting procedure is il-
lustrated for the reaction 1°0(*He,a)!50, where
O,» 0, and 0, are the approximated values of the
cross section within different energy intervals of
the excitation function, o, is the cross section
at the maximum of the fitting line and corresponds
to energy E_, and oy is the cross-section value
that corresponds to E,, which is the maximum
particle energy used in the fitting procedure.

The excitation curves can be expressed by the
equations

= 0 for the interval 0 S e S E,, 9.4
o, =m (e - Eo)
for the interval E, S€SE_,  (9.5)
o,=my(e—E_)+0,
for the interval E_| Ses E., (9.6)
where
o
m, = m
Em - EO
and -
o, — 0O
m,=_f m,
* E,-E
m
Substituting Egs. (9.4), (9.5), and (9.6) in Eq.
(9.3) and integrating leads to the simple equa-
tions c
2 1
5=?m1E —a +—
for the interval E | SES E_, 9.7)

271. Dostrovsky, Z. Fraenkel, and G. Friedlander,
‘‘Monte Carlo Calculations of Nuclear Evaporation
Processes. III. Applications to Low-Energy Re-
actions,’” Phys. Rev. 116, 683 (1959).
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’

2 b,
O'=-3—m2E - a2 +.E7
for the interval E SES E., (9.8)

which can be used directly to calculate & in terms
of E. The constants m, m,, a,, a,, b, and b,
have been computed for the 12 most significant
nuclear reactions of 3He ions with the elements
that display the highest sensitivities in 3He
activation: Be, B; C, N, O, and F. These values
can be easily applied to calculations of 3He-
activation sensitivities, interference ratios, and
optimum bombarding energies. By comparison of
the results of this method with data obtained
either by experiment or by graphical integration
of excitation functions, the average error was
found to be S$13.5%. A paper on this subject was

accepted for publication. 28

9.4.c Possible Use of Recoil Nuclei in

Activation Analysis
R. L. Hahn*

? used extensively

The nuclei-recoil technique, 2
in nuclear research, involves the collection and
assay of radioactive product nuclei that recoil
out of a target during irradiation., As a conse-
quence of the physics of the recoil process, for
a given irradiation energy, light recoil nuclei in
most instances have larger kinetic energies than
do heavy recoil nuclei (see Table 9.4). It may be
possible to use these differences in recoil prop-
erties to separate the different radioactive
products of an irradiation.

To evaluate this possibility, foils of copper
metal, previously heated at 900°C to cover their
surfaces with CuO, were irradiated with *He
particles at the ORIC. After each irradiation the
Cu-CuO target and an accompanying aluminum
recoil catcher were assayed with a gamma-ray
‘ spectrometer. Figure 9.7 shows typical results;
the differences between target and catcher are

285 Ricci and R. L. Hahn, ‘“Rapid Calculation of
Sensitivities, Interferences, and Optimum Bombarding
Energies in 3He-Activation Analysis,’” accepted for
publication in Analytical Chemistry.

29B. G. Harvey, ‘‘Recoil Techniques in Nuclear Re-
action and Fission Studies,’’ Ann. Rev. Nucl. Sci. 10,
235 (1960).

Toble 9.4, Calculated Maximum Recoil Energies (E)
for Reactions Induced by 20-Mev 3He Particles®

Reaction Qb (Mev) E? (Mev)
160(3He,p) ! 8F +2.0 7.4
65Cu(3He,2n)66Ga —4.8 2.5°¢
85 cuHe,a)%*cu +10.7 5.0
65cu(®*He,n)®"Ga 16.5 2.4
63Cﬁ(3He,n565Ga +3.9 2.4
63Cu(3He,2n)64Ga 7.9 2.3¢ -
83cuCHe, @)% 2Cu +9.7 5.0
1260CHe,a)!!c +1.9 15.2
12c(°He,d)!®N +10.0 17.1
160(3He, a)!%0 +4.9 13.8

+ 285i(3He, p)3°P +6.3 - 5.1
31p(3He, 3% +8.3 9.1
127713He,n)1%%Cs +5.5 1.2
1271(3He, )1 251 +11.4 2.7
238y(3He,m?*%Pu +4.0 0.79
238y(3He, )23y +14.4 1.69

#The recoiling nucleus has maximum energy when it
emerges from the target at an angle of 0~ with respect

to the 3He beam.
bQ is the ‘energy released during the nuclear reaction.

®Values based on the assumption that both neutrons
were emitted at the same angle, 180",

9The classical Coulomb barrier has the value 23 Mev

for the reaction of “He with 238U, Because of quantum-
mechanical effects, the reaction will proceed at 20 Mev.

readily apparent. The Cu-CuO target has a decay
curve that is complex and a gamma-ray spectrum
that contains the prominent 1.04- and 2.75-Mev
peaks of 65Ga from the reaction ®°Cu(3He,2n)-
66Ga. The catcher spectrum, on the other hand,
consists almost entirely of the 0.51-Mev gamma
ray, with small contributions from higher-energy
peaks., The decay data show that ~ 98% of the
catcher activity is due to'!®F from the !0(3He,p)-
18F reaction, whereas in the target the '8F/%%Ga
activity ratio is about 2/1. Thus, differences
between the recoil properties of the '®F and %6Ga
nuclei served to effectively separate these radio-
nuclides.

This result indicates that the nuclei-recoil
technique has potential use in activation analysis,
especially for the determination of surface im-
purities, such as oxygen or carbon, on medium-
weight elements. Of course, details of the recoil
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phenomena must be studied before the method can
be applied to an actual analysis.

A note that describes this work will be pub-
lished.39 o

9.4.d Applied Activation Analysis
J. F. Emery

Samples of paint from two paintings, one thought
to be a Rembrandt and the other from the Dutch

79

" of Pharmacology and Therapeutics.

School, were analyzed for silver. That from the
possible Rembrandt contained 32 ppm Ag and 70
ppm Co; that from the other contained 16 ppm Ag
and 20 ppm Co. Paints produced before ~ 1850
and after ~ 1850 are known to contain 18 to 27
and 0.5 to 20 ppm Ag respectively.®! Other ele-
ments found in these paints were Al, Au, Ba, Cl;
Co, Mn, Na, and Sb; all seemed to be present to
the same extent in each specimen,

The pneumatic tube of the ORR is used to de-
termine 235U by counting the delayed neutrons
produced after fission. The delayed-neutron
background of this system was equivalent to 1 x
10—9 g of 235U. After rupture of a rabbit that con-
tained 233U, used in an experiment for the Chem-
istry Division to determine independent fission

“yields, and subsequent cleanup of the system, the

delayed-neutron background was equivalent to

70 x 10~9 g of 235U, Any further cleanup was
considered to be impossible, and a new in-pile
section of the pneumatic tube was installed. The
delayed-neutron background of this system is
equivalent to 0.5 x 1079 g of 235U,

Several samples of bismuth metal powder to be
used for shielding in a gamma-ray telescope were
examined for the presence of low-level radio-
activity., ' They contained 0.1 picocurie of 2°7Bi
per gram of powder. Samples of bismuth powder
received later and marked ‘‘obtained from virgin
ore’’ were free of 2°”Bi. No explanation was given
by the manufacturer for the presence of 2°7Bi in the
original samples.

9.4.e Contribution to the International
Encyclopedia of Pharmacology
and Therapeutics

Enzo Ricci

A chapter titled ‘‘Radioactivation’ was written

to be included in the International Encyclopedia
32

30R’. L. Hahn, ‘“The Recoil Technique and Its Pos-
sible Use in Activation Analysis,”’ accepted for publi-
cation in Analytical Chemistry.

31J. P. W. Houtman and J. Turkstra, ‘‘Neutron Acti-
vation Analysis and Its Possible Application for Age
Determination of Paintings,’’ p. 85 in Radiochemical
Method of Analysis, vol. I (Proceedings of the Sym-
posium on Radiochemical Methods of Analysis held by
the International Atomic Energy Agency at Salzburg,
Oct. 19-23, 1964), IAEA, Vienna, 1965,

3% Ricci, **Radioactivation,’’ to be included as
chap. Ila of the International Encyclopedia of Pharma-
cology and Therapeutics, to be published by Pergamon
Press Ltd.



9.5 14-Mev NEUTRON GENERATOR

9.5.a 14-Mev Neutron Activation Analysis

J. E. Strain

The 14-Mev neutron generator for research and
for neutron activation analysis (Texas Nuclear
Corporation model 9900) has been used in a
variety of programs to determine oxygen in alumi-
num, in zirconium, and in ?°Tc and chlorine in
\organic compounds that are resistant to conven-
tional pyrolysis methods. :

In collaboration with N. C. Dyer33 the formation
and decay characteristics of >3Mn are being
studied. This isotope is formed by neutron bom-
bardment of an enriched *®Fe target.

9.5.b 14-Mev Neutron Activation Analysis for
Oxygen in Alkali and Refractory Metals

J. E. Strain

The facility®* designed for the determination of
oxygen in alkali and refractory metals by 14-Mev
neutron activation is now complete. Operational
tests showed the necessity to increase the neutron
shielding and to redesign the rabbit and the rabbit-
stopping mechanism. The analysis of standard
samples that contained known amounts of oxygen
indicated that the sensitivity of the method is
2350 counts per milligram of oxygen (10-sec ir-
radiation, 1.7-ma beam current, and 30-sec count-
ing interval). The sensitivity will increase as
higher beam currents are attained. The counter
background is 200 counts per 30 sec and is inde-
pendent of the neutron flux.

9.5.c Fluorine Determination by 14-Mev
Neutron Activation Analysis

L. C. Bate F. F. Dyer

At the request of the U.S. Bureau of Customs a
study was made to ascertain whether 14-Mev
neutron activation analysis is suitable for measur-

33Research Associate, Vanderbilt University, Nash-
ville, Tenn.

34]. E. Strain, ‘“14-Mev Neutron Activation Analysis.
for Oxygen in Alkali Metals,’’ Anal. Chem. Div. Ann.
Progr. Rept. Oct. 31, 1966, ORNL-4039, p. 75.
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ing fluorine in fluorspar ores. The Bureau desires
a method that is faster than the currently used
wet-chemistry methods and that has an error no
greater than about +0.1%. The method was shown -
to be precise and rapid, but the results may be
slightly biased by activation of impurities in the
ore,

The activation method is based on the measure-
ment of !8F produced by the reaction !°F(n,2n)!8F.
Two standards and three unknown samples are o
irradiated simultaneously in the biaxial sample -
rotator (Sect. 9.5.d). Crystalline CaF, obtained
from Harshaw Chemical Company was used for
standards. The induced !®F is measured in a
well-type scintillation detector after a-1-hr decay
period. Measurements of fluorine in reagent-grade
CaF, have consistently indicated a bias of about
+1.0%. Results obtained for three samples of
fluorspar were within +0.5% of the values obtained
by wet-chemistry methods.

9.5.d A Biaxial Sample Rotator for 14-Mev

Neutron Irradiation

. F. F. Dyer L. C. Bate
‘ ‘ J. E. Strain

Because the neutron flux of 14-Mev neutron
generators changes markedly with distance
from the target and with duration of the irradia-
tion, the measurement and reproduction of the
neutron dose to which samples are exposed are
difficult. To obtain uniform activation of samples,
a new type of sample holder was developed that
rotates several samples around two axes.

The rotator (Fig. 9.8) consists of two concentric
plastic cylinders; the inner one holds the samples
in cylindrical form (molded or machined material,
powders in vials, etc.). The outer cylinder is
rotated end over end by a motor-driven hollow
shaft, the inner one by an air jet. The air jet
is generated by applying a vacuum through the
hollow drive shaft of the outer cylinder. Air
enters the outer cylinder through a hole bored
tangentially to the vaned surface of the inner
cylinder, strikes this surface, and causes the
inner cylinder to rotate. .

The achievement of highly uniform neutron

+ activation of samples with the rotator has been

demonstrated by measurements of !8F induced in
samples of Teflon and of CaF,. The device has
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been used to precisely determine fluorine in
synthetic and natural fluorspar (Sect. 9.5.c). The

method of use and results obtained with the rotatof
are being published, 33

9.5.¢ Monitoring of Leached Fuel Elements
with a 14-Mev Neutron Generator

J. E. Strain W. J. Ross

Development of the leached-fuel-element monitor
was completed; a report summarizes its design
and performance.3® The most significant advance
during the year was the use of a '9B-lined neutron
detector in the monitor. This detector, developed
by the Reuter-Stokes Corporation, is essentially
independent ;of gamma-radiation dose rates as high
as 10° r/hr. Its inclusion in the leached-hull
monitor allows the use of the monitor on any type
of fuel cladding independently of fuel burnup or
cooling time.

As a result of the recovery and reprocessing of
Ni-Th alloy used in aircraft turbine blades, 232Th
is becoming an increasingly frequent contaminant

35k F. Dyer, L. C. Bate, and J. E. Strain, ‘A 3-
Dimensionally Rotating Sample Holder for 14-Mev Neu-
tron Irradiations,’’ accepted for publication in Ana-
Iytical Chemistry. .
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in stainless steel. To evaluate the effect of 232Th
in the leach-hull monitor, the delayed-neutron
yields of 232Th and of 235U were compared. One
gram of 235U was found to produce the same
delayed-neutron count as 1620 g of 232Th. There-
fore, 232Th will not introduce an analysis etror

at any foreseeable contamination level.

9.6 COOPERATIVE ISOTOPES PROGRAM

9.6.a Technical Assistance

S. A. Reynolds

The joint program®7 of the Isotopes and Analyt-
ical Chemistry Divisions to characterize and ana-
lyze isotopes has continued. Technical assistance
includes answering inquiries, making calculations
relative to production and purity of radioisotope
products, and reviewing and participating in re-
search on properties and analysis of isotopes.
Some of these activities are reported in the fol-
lowing subsections and in other sections of this

_report, as well as in a paper.3® The problem of °

measurement of fission-spectrum neutron flux con-
tinues to be studied by ASTM Committee E-10.
The work is being followed through membership
on the appropriate task group.

9.6.b Quality Control

S. A. Reynolds

The topic of quality control encompasses analyt-
ical methods for radioactive and stable constit-
uents of isotope products. Radioactivity standards
were obtained from various suppliers; agreement
among their measurements and local ones con-
tinues to be good. A summary of the availability .
of radioactivity standards was accepted for publi-
cation.®® Ninety-three nuclides were listed as

361 E. strain, W. J. Ross, G. A. West, and J. W.

Landry, Design and Evaluation of a Delayed-Neutron
Leached-Hull Monitor, ORNL-4135, in press (1967).

37“Cooperative Isotopes Program,’’ Anal. Chem. Div.
Ann. Progr. Rept. Oct. 31, 1966, ORNL-4039, pp. 60—62.

388. A. Reynolds, ‘‘Radioisotope Characteristics,
Measurements, and Standards,’’ Isotopes Radiation
Technol. 4(1), 46 (1966).

395. A. Reynolds, ‘“Availability of Standards for Com-
mon Radionuclides,’’ accepted for publication in Iso-
topes and Radiation Technology.



having significant current interest. Of these, 21
standards — solution or solid — are available -from
the NBS and 18 from a leading commercial sup-
plier; six of the latter duplicate the former. The
International Atomic Energy Agency (IAEA),
Vienna, supplies standards for eight of the nu-
clides, and the Radiochemical Centre, Amersham,
England, supplies them for 67. Twelve that are
not available in the United States were listed as
being urgently needed because of substantial use
of the nuclides, difficulty of precise measurement,
or both; they include *’Ca, 75Se, ?°™Tc, ''3sn,
133%e, and ?*'Pu. Because of the perennial prob-
lem of poor quality of some commercial standards,
the criteria®® of the National Research Council
subcommittee on standards were briefly reviewed
in the paper. :

In connection with production of *32Te-137],
methods of assay and determination of impurities
were reviewed. Products in radioactive equilib-
rium can be measured by a calibrated gamma ioni-
zation chamber. Determination of !3'I requires
radiochemical separation and overnight decay to
remove 321, The possible contaminants ?3Zr-
95Nb, ?2%Mo, and !°3Ru can be determined by con-
ventional methods. Other products for which
methods have been reviewed or modified, or special
analyses done, have included 35Cl, #5Ca, *Ca,
84Rb, %'y, 95Zr-?5Nb, and !8!Hf.

* 9.6.c Characterization of Isotope Materials

S. A. Reynolds J. F. Emery L. G. Farrar!’
J. E. Morton*1! J- S. Wike*?

The heat output of the ?°Sr-°°Y equilibrium mix-
ture was redetermined. The calorimetric meas-
urement will be described elsewhere by J. A.
Setaro®3 and C. L. Ottinger.*? Analytical work -
consisted in confirmation of purity by extraction
and measurement of °°Y and by gamma spectrom-
etry (only bremsstrahlung was found). Attainment
of equilibrium was confirmed by re-counting se-
lected beta mounts and observing that no growth
or decay occurred. The actual measurement was

495 B, Garfinkel, A. P. Baerg, and P. E. Zigman,
Certificates of Radioactivity Standards, Natl. Acad.
Sci.—Natl. Res. Council, Washington, D.C., 1966.

4 lRadioisotopes-Radiochemistry Laboratory.
42General Hot-Analyses Laboratory.

\

31s otopes Division.
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made by gross beta counting with end-window
proportional counters that had been calibrated
previously. The calibration was checked by use
of an IAEA 995 standard; the result was 1% lower
than the IAEA value, which was certified to +1%;
the relative standard deviation was ~2% overall,
and this is very satisfactory. The value is 6.86
w/kilocurie, in good agreement with values ob-
tained by other investigators who used calorimetric
and beta-spectral determinations.

A sample of dust suspected to contain erbium
tritide was analyzed for erbium by emission spec-
troscopy and for tritium by thermal decomposition,
oxidation over hot CuO, ** and trapping in chilled '
water, which was subsequently counted by liquid
scintillation. The tritium content was estimated
as about one atom per atom of erbium. Thus the
material contained a substantial amount of tritide
as well as an inert erbium salt, presumably the
hydrated oxide.

By combustion and by wet oxidation '37CsCl
products were shown to contain <0.1 wt % carbon.
Work is continuing in an effort to increase sensi-
tivity of the method for carbon and to determine
the chemical form of any trace carbon that may be
found. '

Activation analysis was used to determine in-
active phosphorus in an old 32?P product; the value
was 0.20 ppm. The original *?P content was 1.35
ppm (386 mc/ml); this concentration corresponds
to an isotopic abundance of 2.5 x 105 curies /g,
which is 88% of that of pure 32P.

9.6.d High-Energy Gamma Radiations
“from 233y, 239py, and ‘2“Am

S. A. Reynolds J. F. Emery

Samples of high-purity 233U, 23%Py, and 2*'Am
were examined by gamma spectrometry in a search
for high-energy gamma radiations that might inter-
fere with the intended uses of these radionuclides.
The gammas detected are listed in Table 9.5, to-
gether with the familiar low-energy ones associ-
ated with the principal components.

The 0.44- and 1.56-Mev radiations in the 233U
sample are from its daughters 2!3Bi and 2°°Tl.

If available decay-scheme data*® are assumed to

44T. H. Handley, Release of Tritium from Tritium-
Labeled Luminous Paints, ORNL-TM-1478 (January
1966).

4SNuclear Data B1(5), 1,3 (1966).



Table 9.5. Gamma Radiation Intensities in Samples

Gamma Radiation

s Percent
ample
E'y (Mev) of Principal
Radioactivity
x 103
233y 0.44 4
1.56 0.3
239py 0.38 6.7
0.76 ‘ 1
0.63—0.66 0.08
2418 0.34 1.6
0.66 0.6

be correct, the bismuth and thallium levels cor-
respond to a time of ingrowth since last separation
of ~1.5 years, which is in agreement with the his-
tory of the material. :

It is well known that in 23°Pu there is a group
of gammas of average energy ~ 0.38 Mev. The ob-
served intensity was in good agreement with the
recently reported values 6.6 x 10~3%%6 and 6.4 x
10-3%.47 The peak at ~0.76 Mev was first
thought to be due to 238Pu,*8 but its intensity
was too high. It was surmised that the peak came
from the contaminant fission products °>Zr and
95Nb, and this was confirmed by use of a Ge(Li)
spectrometer. Also, several peaks were detected
between 0.63 and 0.66 Mev that are believed to be
identical with radiation of ‘650 * 20 kev,’” which
is reported to have an intensity of (8 = 3) x 1075%
in 23%Pu.*° Gammas of similar energies reported
for 24%Pu and 2%!'Am would not have so high an
intensity in this plutonium sample, based on its
reported mass analysis.

In 24!Am, the 0.34-Mev radiation is due to a
combination of radiation from the 233Pa daughter

46R. S. Forsyth and N. Ronquist, A Study of the
“384°’ Kev Complex Gamma Emission from Plutonium-
239 AE-202 (November 1965).

47p. J. Fudge, A. Phillips, and E. Foster, Non-De-
structive Determination of Plutonium-239 in Ceramic
Fuel Element Pellets by Gamma Spectrometry, AERE -
R-3838 (January 1962).

By w. Strohm, ‘“765-keV Gamma Ray Assay of 238p,
in Waste Drums,”’ Trans. Am. Nucl. Soc. 10, 41 (1967).

C M. Lederer, The Structure of Heavy Nuclei: A
Study of Very Weak Alpha Branchmg, UCRL-11028
(Sept. 27, 1963).
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and the actual 24'Am. The intensity of the 0.66-
Mev gamma is consistent with published val-
ues, 5051

9..6.e Half-Life Measurements

S. A. Reynolds E. I. Wyatt*!

The measurement ®2 has continued of the half-
lives of radionuclides of importance in local pro-
grams. The value for !7°Tm was 128.6 + 0.3
days, which is the average of determinations by
decay measurements made with an ionization
chamber, a scintillation spectrometer, and scintil-
lation counters. This value is in agreement with
128 + 1 days 33 and with the adopted value in the
new ‘‘Table of Isotopes,”sj4 130 days. The value
for 199Cd was 450 * 5 days, in good accord with
453 + 2 days.®® The half-life of °2Nb was de-
termined to be 10.14 * 0.03 days by ionization-
chamber and gamma-spectrometer-measurements.
The half-life of !51Sm was measured (against an
63Nj standard) in a solution that contained a
weighed amount of fission product samarium in
which abundances had been determined by mass
spectrometry; the value calculated from the meas-
ured specific activity was 93 + 8 years.

The half-life of °Nb was redetermined because
the value 34.85 days was reported. 3% Frustratingly,
our new value, 35.15  0.03 days, agrees with
neither our old one, 35.0 + 0.1 days, 37 nor with

50, M. Lederer, J. K. Poggenburg, F. Asaro, 2} .
Rasmussen, and I. Perlman, ‘‘Energy Levels of 237Np
(I). The Alpha Decay of 241Am,’’ Nucl. Phys. 84, 481
(1966)

W Michaelis, ‘‘Precision Measurement of the 24 lAm
Gamma Spectrum,’’ Z. Physik 194, 395 (1966).

S. A. Reynolds and E. 1. Wyatt, ‘“Half-Life Meas-
urements,’’ Anal. Chem. Div. Ann. Progr. Rept. Oct. 31,
1966, ORNL-4039,.p. 59.

53W. R. Cornman, DP-1052 (February 1967) (classi-
fied).

54C. M. Lederer, J. M. Hollander, and I. Perlman, /
TabIe of Isotopes, 6th ed., Wiley, New York, 1967.

H Leutz, K. Schneckenberger, and H. Wenninger,
‘‘Electron Capture Ratios in Cd109 and Internal Con-
version Coefficients in Ag109m,’" Nucl. Phys. 63, 263
(1965)

S C. Anspach, L M. Cavallo, S. B. Garfinkel,

. J. M. R. Hutchinson, and C. N. Smith, ‘‘Half-Lives of

Materials Used in the Preparation of Standard Reference
Materials of Nineteen Radioactive Nuclides Issued by
the National Bureau of Standards,’’ Natl. Bur. Std.,
Misc. Pub. 260, 9 (1965).

57E. 1. Wyatt, S. A. Reynolds, T. H. Handley, W. S.
Lyon, and H. A. Parker, ‘‘Half-Lives of Radionuclides —
II,’* Nucl. Sci. Eng. 11, 74 (1961).
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34.85 days. The data were recomputed several
times, and no trend with time or other indication
of systematic error was found. (Data for the first
few days were discarded because of the ingrowth
of ?5Nb from 90-hr °5™Nb.) If it is assumed that
the value of 34.85 days is correct, computation
indicates that over 1% of 95Zr or another long-
lived nuclide would have been present. However,
examination with Ge(Li) and Nal(T1) gamma spec-
trometers excluded that possibility. Specifically,
the upper limit for Zr was 0.1%. Continuation of
the use of 35.0 days as the half-life is recom-
mended.

The decay of four sources of '*’Cs, originally
prepared from homogeneous-reactor off-gas, has
been followed for eight years. The present value,
30.23 £ 0.16 years, supersedes’ last year’s. 52

Various determinations of the half-life and related

decay-scheme data can now be reconciled. As an

example, a preparation called RC-137-ASTM con-
tained 1.72 x 10'* atoms of !37Cs-per milliliter
and emitted 1.07 x 10¥ gamma photons sec ™!
ml~1 58 By use of the ““best’’ value for gamma
branching (85%°°), the apparent half-life of 137Cs
is 30.0 years; use of this value is recommended.
We and other early investigators>* were unaware
of the presence of significant amounts of !7°Hf in
181Hf preparations, and our original value 6 was
therefore incorrect and must be lowered to 42.4 +
0.2 days. Determinations of the °°Mo half-life as
low as 66 hr°* led to computer treatment of decay
data from five early preparations and taking new
. data on a contemporary one. The new value is
66.69 + 0.06 hr; our old value of 66.96 hr must be
discarded. ' -
The determinations reported here and other re-
cent ones require that a few significant changes
be made in our list of recommended half-life val-
ues. %! The cortected values are: 226Ra, 1600
years;>? 23MNb, 13.6 years;®? '4°Pm, 5.5 years; 3
170Tm, 129 days; 181Hf, 42.5 days; 24Py, 14.2 £
0.2 years; and 2%'Am, 433 years.%* The 24!Pu,
value was deduced from the new value for 24Am
and from two determinations on 2*!Pu itself, the
results of which have not yet been released.

9.6.f Study of HFIR Coolant Water

S. A. Reynolds j. F. Emety

At the request of the Operations Division, analy- -

ses and calculations were made relative to the

i
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primary coolant water of the High Flux Isotope
Reactor (HFIR), especially with respect to the
detection of leaks in target rods that contain trans-
plutonium elements. The ideal was to find an in-
line monitoring device to immediately signal a
leak. Other objectives were to devise methods of
decontaminating the water and the coolant system
and to establish ‘‘background’’ conditions to permit
detection of possible future anomalies. For in-
line or “‘real time’’-monitoring, detection of neu-
trons from spontaneous-fission nuclides appears to
be the best approach. Neutrons were detected at
the top of one of the coolant demineralizers, and
the source was removable.by regeneration. Instal- ' '
lation of a neutron counter on each of the two de-
mineralizers was recommended.

Batch analyses are normally required for con-
firmation of leakage. The concentration levels of
components determined by such analyses must
override existing levels, whether the existing
levels result from prior target ruptures or fuel back-
ground (fission products). The appearance of-alpha
radioactivity is a good indicator of the leakage of
transuranic elements, but, once in the system, the '
alpha radioactivity behaves erratically. Two ap-
proaches were taken in the search for a key fission
product to distinguish target leaks from ?3°U con-
tamination. In one, a nuclide was sought whose
235y fission yield is low but whose 24°Cm yield
is appreciable because of the upshift of the lower-
mass peak. Such a one is '!!'Ag (0.019% in 23°U,
3.6% in 245Cm). Silver was separated chemically
from a sample of coolant, and no significant gamma
counts were found; the method therefore appears-to
be impracticable. The other method involves sep-

58D. S. Kim, Nuclear-Chicago Corp., personal com-
munication to S. A. Reynolds, March 2, 1965.

59Personal communications to S. ’A. Reynolds from
members of the ORNL Nuclear Data Group, directed by
Dr. Katharine Way. :

4. W. Wright, E. I. Wyatt, S. A. Reynolds, W. S.
Lyon, and T. H. Handley, ‘‘Half-Lives of Radionu-
clides. 1,”” Nucl. Sci. Eng. 2, 427 (1957).

blg, Goldstein and S. A. Reynolds, ‘‘Specific Activ-
ities and Half-Lives of Common Radionuclides,’’ Nu-
clear Data Al, 435 (1966).

6'ZK. F. Flynn, L. E. Glendenin, and E. P. Steinberg, .
‘‘Half-Life Determinations by Direct Decay,’’ Nucl.
Sci. Eng. 22, 416 (1965).

63L.. R. Bunney and E. M. Scadden, Decay Character-
istics of Pml46, USNRDL-TR-1109 (Nov. 7, 1966).

645. R. Gunn and F. L. Oetting, quoted by D. L. Davis
and F. L. Oetting, Analysis of Americium by Calorim-
etry, RFP-895 (Apr. 13, 1967).



aration of cesium and measurement of ‘the radio-
activity ratio 134Cs: '36Cs: '37Cs. The relative
concentration of !36Cs in a target is much higher
than in 235U fuel because of higher independent
yield and buildup by successive capture in cesium
isotopes beginning with fission product 133Cs.
Analytical data confirmed the expected ratios and
showed that the method is practicable.

An ion exchange method 6° for removal of cesium
from low-level waste was adapted for concentrat-
ing cesium from 1-liter samples and for the si-
multaneous separation of 24Na, the principal radio-
nuclide in the coolant. Carrier is added, and the
sample is made 0.01 M in NaOH and is passed
through a 5-cm-long column of Duolite CS-100
resin at a rate of ~10 ml/min. Over 90% of the
cesium but only part of the 24Na is retained by
the resin; most of the latter is washed off by 0.1 M
NaOH, overall decontamination being >103. Ce-
sium is eluted in 0.5 M HCI, in which solution it
is ready for final isolation by the usual chloro-
stannate method and for subsequent determination
of 134Cs, 136Cs, and '3’Cs by gamma spectrom-
etry. The ion exchange decontamination from 2*Na
is sufficient to permit performing the latter part of
the separation on the bench.

The appearance of unusually high amounts of
radioactivity in the primary coolant on one oc-
casion indicated release of fission products from
fuel. Several iodine isotopes, notably !**I, were

identified in the cation exchanger effluent. It was

desired to interpret the fission product concentra-
tions in terms of exposed uranium. Only a crude
approximation could be made because of lack of
knowledge of the location of the uranium, and
hence of the magnitude and character of the flux.
All concentrations indicated that only a few milli-
grams of uranium was exposed. Ratios of concen-
trations of the volatile iodine, gas daughters °!Sr
and !*%Ba, and nonvolatile ?°Mo and 23°Np indi-
cated that the uranium was in a thin film, that is,
surface contamination.

Spectrographic and flame spectrophotometric
analyses yielded the information that only ppb
levels of such elements as Na, Al, Be, Ca, and
Fe were present in solution. Centrifugation of a
water sample gave no indication of removal of .
51Cr and %°Co, the principal long-lived induced
radioactivities, but gross-alpha content was re-

85R. R. Holcomb, Low-Radioactivity-Level Waste
Treatment, ORNL-3322 (June 25, 1963).
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duced about 40% and barium by about half. The
centrifugate was made 0.01 ¥ in NaOH and was
passed through a Duolite CS-100 resin column.
All the chromium and ~20% of the cobalt were un-
adsorbed. Chromium is surely anionic, and cobalt
may be carried in part by a colloid (perhaps iron
oxide or alumina) that exists in the water or is
formed on adding base.

Efforts to estimate the average thermal-neutron
flux to which the water is exposed resulted in a
very crude estimate of 10?2 neutrons cm~ 2 sec™ 1.
This estimate was derived from the residence
times of coolant water in the core and in the rest
of the system, plus a slow migration from the re-
gion outside the beryllium reflector. An attempt
to estimate the flux from 3H concentration, 1.5 x
10°% dis min—?! m1~!, led to an unrealistically high
value, which indicates that 2H(n,y) is not the prin-
cipal source. Production from fission in contami-
nating 235U is insignificant. Based on crude
estimates of fission-spectrum- and thermal-neutron
fluxes at beryllium surfaces in contact with water,
the following reaction sequence approximately
accounts for the observed 3H: °Be(n,a)SLi,
6Li(n,a)3H. It was assumed that all tritons pro-
duced within ~ 14 range (~1 mg/cm?) of the beryl-
lium surface escape and remain in the water.

The circulating curium was removed success-
fully ®® from the system by using the ‘‘solubilizing”’
effect of lanthanum at ~1 ppm. 57 Thus no other
study of decontamination was required. Further
details may be obtained from reports of the Oper-
ations Division.

9.6.9 Radioisotope Tagging of Copper Wire

L. C. Bate F. F. Dyer

At the request of a power company, a study is
being made to determine whether copper wire can
be safely tagged with a radioisotope to aid in the
location and identification of stolen wire. Tests
indicate that '!°TAg, '°°Ru, and '°*Ir might be
suitable tags. About 50 to 100 pc of a radioiso-
tope that has a high yield of energetic gamma rays
is required for detection at a distance of ~1 m.

664, G. Samartseva, ‘‘Adsorption of Curium on a
Polished Platinum Surface,’’ Sov. Radiochem. 8, 253
(1966).

67]. A. Cox, Opérationé Division, personal communi-
cation to S. A. Rey?olds, Aug. 17, 1967.



With such a tag, copper junk piles could be scanned
fairly rapidly with a beta or gamma detector.

The radioisotope tag is applied between the’
strands of the multistrand copper wire with a hypo-
dermic syringe; the tag seeks the surfaces of the
inner wires where it dries. The strand is then
lacquered. After repeated exposure of the strand
to sun and to washing with water to simulate the
effects of rain, the radioactivity decreases ™~ 8%.
Tagging of single copper wire results in decreases
as great as 40%.

. 9.7 RADIOCHEMICAL STUDIES

9.7.a Separation of Californium from Curium

and of Berkelium from Cerium

by Extraction Chromatography
F. L. Moore Aart _]urriaanse""g

An extremely simple method was developed for

the separation of Cf(III) from Cm(IIl) and of Bk(III)
from Ce(III). *® The new method is based on ex-
traction chromatography by use of small.Teflon-
packed columns that contain di(2-ethylhexyl)ortho-
phosphoric acid as the stationary phase. Excellent
separations are achieved with dilute nitric acid '
eluents. Among the significant advantages of the
system are room-temperature operation, use of
nonchloride media, relatively high flow rates, and
applicability for glove-box or hot-cell work. The
method has many useful analytical and process
applications.

9.7.b Separation Method for Americium
Based on Liquid-Liquid Extraction
Behavior of Americium(V)

J. R. Stokely F. L. Moore

A new method for the separation and radiochem-
ical determination of 2*'Am and ?43Am was de-
veloped.”® Americium(Ill) is oxidized to Am(VI)

68Atien Guest from South African Atomic Energy
Board, Pelindaba, Private Mail Bag 256, Pretoria,
South Africa.

F. L. Moore and A. Jurriaanse, ‘‘Separation of
Californium from Curium and Berkelium from Cerium by
Extraction Chromatography,’’ Anal. Chem. 39, 733
(1967).

70]. R. Stokely and F. L. Moore, ‘“New Separation
Method for Americium Based on Liquid-Liquid Extraction
Behavior of Americium(V),”’ Anal. Chem. 39, 994 (1967).

86

with ammonium persulfate; Ag™ is used as a cata-
lyst. Addition of an acetate buffer solution to the
cooled solution of Am(VI) reduces Am(VI) to Am(V)
and raises the pH of the solution to between 4.8
and 5.2. Actinide(III), (IV), and (VI) and lantha-
nide(III) and (IV) ions are extracted into a 0.5 ¥
solution of 2-thenoyltrifluoroacetone in xylene:
Americium(V) remains in the aqueous phase and
thus is efficiently separated from many metal ions.
Absorption spectrophotometry was used to ascer-
tain the valence states of americium.

9.7.c New Method for the Rapid Separation
of Berkelium(lV) from Cerium(1V)
' by Anion Exchange

F.' L. Moore

A paper on this subJect was submitted to Ana-
IytzcaI Chemistry.”

9.7.d Use of Organic Additives to Induce
Selective Liquid-Liquid Extraction of Niobium
with 2-Thenoyltrifluoroacetone

68

. Aart Jurriaanse F. L. Moore

A new highly selective method for the liquid-

" liquid extraction of Nb(V) was developed.’? The

method is based on the ability of n-butanol in the
aqueous phase to enhance the formation of an ex-
tractable chelate of niobium with 2-thenoyltriflu-
oroacetone. Niobium can be recovered quanti-
tatively from aqueous solutions of concentrated
hydrochloric acid or hydrochloric acid—sulfuric
acid mixtures. Excellent separation of Nb(V)
from most metal ions is effected with. 0.5 M 2-
thenoyltrifluoroacetone—xylene solution.

9.7.¢ Ro_diochemicul Purification of 245Py-246py

J. R. Stokely C. E. Bemis*

Chemical separation of 245Pu-24%Py from fis-
sion products produced in the neutron irradiation

g L. Moore, "‘New Method for the Rapid Separation
of Berkelium(IV) from Cerium(IV) by Anion Exchange,”
AnaI Chem. 39, in press (1967).

A. Jurriaanse and F. L. Moore, ‘“Use of Organic Ad-
ditives to Induce Selective Liquid-Liquid Extraction of
Niobium with Thenoyltrifluoroacetone,’’ Anal. Chem.

39, 494 (1967).
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of 24%Pu was performed to permit study of the
nuclear properties of the heavier plutonium iso-
topes. Solvent extraction with 2-thenoyltrifluoro-
acetone and precipitation with lanthanum fluoride
effectively eliminated all fission product radio-
nuclides from the plutonium. The purified plu-
tonium, having americium daughters in equilibrium,
was absorbed on an anion exchange column from

8 M HNO,, and the americium daughters were
eluted continuously from the column with 8 ¥
HNO,. The column was positioned next to a
Ge(Li) detector connected to a multichannel ana-
lyzer. Gamma-ray spectra of mixtures of 245Pu

" and 24%Pu and of pure 24%Pu were recorded with-
out appreciable contribution from the gamma radio-
activity of the americium daughters. Gamma-ray
spectra of 245Am and ?%%Am were also obtained.

9.7.f E\;idence of Photofission of lron

I R. Williams7® T. H. Handley
L. N. Blumberg?®

C. B. Fulmer?®
G. F. Dell 7%

It has been pointed out that any nucleus can be
made to fission provided it is supplied with suf-
ficient excitation energy. Studies of proton-induced
reactions in the Gev energy region have given evi-
dence that fission occurs in nuclei at least as
light as silver. We have now obtained evidence
of photofission in iron foils that were bombarded
with high-energy electrons.

In a study of residual radioactivity produced in
targets exposed to electrons of energy in the Gev
region, radionuclides were identified over a wide
range of mass number. It was demonstrated that
the residual nuclei are produced predominantly by
photonuclear reactions that are induced by the
electron bremsstrahlung photons.

The experiments are done by exposing targets’
to monitored beams of electrons at the Cambridge
Electron Accelerator, Cambridge, Massachusetts,
and subsequently measuring the gamma spectra
from the exposed targets with a Ge(Li) gamma-ray
spectrometer. Radionuclides are identified by

73Chairman, Department of Mathematics and Physics;
Associate Professor of Physics, Knoxville College,
Tenn.

74Cambridge Electron Accelerator, Cambridge; Mass.

75Present address: Accelerator Department, Brook-
haven National Laboratory.

gamma energy and half-life. The results of this
work were published.”®

9.7.g Aqueous Liquid-Scintillation Counting
System for Weak-Beta Emitters

S. B. Lupica

Effort was made to develop an aqueous scintil-
lation-counting system for weak-beta emitters (°H,
4c, 33p, 355, ©3Ni, '47Pm, etc.). The use of a
Cab-0-Sil gel in which various inorganic rare-
earth-element phosphors were dispersed and sus-
pended gave low results. In addition a long pre-
counting period was required to allow for the
disappearance of the effect of room light on the
phosphors. Emulsions of anthracene, of 2,5-di-
phenyloxazole (PPO), and of other powdered or-
ganic scintillators in triethanolamine stearate
gave results that were no better than those ob-
tained with Cab-0-Sil gel. With colorless Triton -
X-100 as a solvent common for water and the scin-
tillator, promising results were obtained. To date,
the two organic scintillators 2,5-bis-[2-(5-tert-
butylbenzoxazoyl)l-thiophene (BBOT).and PPO,
each in p-dioxane, have been investigated. A

- Triton X-100 solution that contained 3 to 5 vol %

of a solution of PPO in p-dioxane (12 g/liter) has
given the highest efficiencies; examples of the
results follow:

Water in Aqueous Solution Counting Efficiency

of Triton X-100 (vol %) for 3H (%)
5.6 4.9
10.6 4.1
15.0 3.3

A Triton X-100-PPO-n-dioxane mixture offers
possibilities for counting certain aqueous samples
that at present cannot be counted in an all-organic
system.

9.7.h Analysis of Water Systems
W. J. Ross,

The increasing involvement of ORNL in projects
related to desalination and environmental control
is resulting in the initiation of a wide variety of °

76c. B. Fulmer, I. R. Williams, T. H. Handley, G. F.
Dell, and L. N. Blumberg, ‘‘Evidence for Photofission
of Iron,”’ Phys. Rev. Letters 19, 522 (1967).
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programs related to water chemistry. Consequently,
the Analytical Chemistry Division is being ap-
proached more frequently for advice, development
of methods, and service analyses pertaining to-
various aspects of these water programs. This
participation has been related primarily to (1) the
construction and testing of components of desali-
nation plants, (2) ecological investigations of
local watersheds, and (3) basic investigations of
the application of radiotracers and activation
analysis in tracing the flow of streams and rivers.

Desalination Program. — Participation in this
program has involved (1) developing chemical
methods for the determination of 1 to 7000 ppb of
dissolved O, and 1 to 200 ppm of dissolved CO,
in seawater and brackish artesian water; (2) using
these methods to evaluate the performance of a
deaerator in two series of engineering tests at the’
Freeport Desalination Facility operated by the
Office of Saline Water; (3) contributing technical
advice for the solicitation of instruments for de-
termining O2 and CO2 in saline water; (4) evalu-
ating an instrumented oxygen analyzer at the Free-
port and Wrightsville Beach Desalination Facilities
and installing and testing one of these analyzers
in a facility at ORGDP; (5) investigating the effect
of interferences on the Winkler method in an effort
to establish a ‘““standard’’ chemical method for O
to be incorporated in operating procedures of future
desalination plants; (6) studying the effects of
temperature, pH, and turbulence on the liberation
of CO, from saline solution; (7) applying the in-
formation relating to carbonate equilibria to the
design of a test facility at Freeport; and (8) in-
vestigating the carbonate-hydroxide equilibria of
saline solutions that contain calcium and mag-
nesium in an effort to interpret the results of anal-
yses of precipitates formed in a test facility at
Wrightsville Beach. Much of this work is described
in greater detail in ORNL-TM-1953.77

Ecological Program. — A cooperative effort has
been initiated to investigate thoroughly the origin
and movement of certain ions that are important in
the bollution of local watersheds. Plans have
been made with the Health Physics Division to
analyze local rivers and creeks for nitrate and
phosphate on an extensive and continuous scale.
For these determinations, methods are being se-

77B. E. Mitchell, R. K. Sood, and W. J. Ross, Tests
of the Deaerator at the Freeport Seawater Desalting
Plant and Evaluation of Dissolved Gas Analyses,
ORNL-TM-1953 (October 1967).

lected that can be adapted for use with a Technicon
AutoAnalyzef, which has been purchased for this
purpose.

Attempts are still being made to develop an ul-
trasensitive method for the determination of PO43_;A
however, little progress has been made.

Application of Activation Analysis to Water
Tracing. — The investigation of the use of trace
amounts of elements and activation analysis to
follow stream movement is continuing.’® Com-
pleted experiments with cadmium, cobalt, and cop-
per reveal that these elements are not sufficiently
stable to remain in solution in streams that are
slightly alkaline or that contain large amounts of
adsorbents such as clay and hydrous oxides of
iron or aluminum. However, these same elements,

. when complexed with EDTA, exhibit greatly en-

hanced stability in all these environments.
Experiments designed to establish the sensi-
tivity with which selenium can be detected in
water by activation analysis revealed that as little
as 0.001 yg of selenium can be measured by using
77MSe (tY, = 18 sec).- '

9.7.i Separation of Sodium
with Antimony Pentoxide

W. J. Ross

The sorptive properties of Sb 2b5 have been
studied in an effort to devise a method for removing
the interfering gamma radioactivity of 2*Na from
samples that are being analyzed for trace elements
by activation analysis. Preliminary results show
that sodium is retained quantitatively on columns
prepared with SbZOS, whereas cesium is eluted.
This work will be extended to study the adsorption
characteristics of several other ions of interest,
especially in biological samples.

i

9.8 ANALYTICAL CHEMISTRY
OF RADIONUCLIDES.

9.8.a Analytical Chemical Research Facilities
in the Transuranium Research Laboratory

J. R. Stokely

A laboratory in the Transuranium Research Lab-
oratory was equipped for performing specialized

78W. J. Ross, ‘‘Analytical Chemistry of Water En-
vironments,’’ Anal. Chem. Div. Ann. Progr. Rept. Oct.
31, 1966, ORNL-4039, p. 72.



chemical analyses and analytical chemical re-
search on the transuranium elements. The labora-
tory contains six glove boxes, each supplied with
normal laboratory services and capable of con-
taining curie levels of alpha radioactivity.

One glove box was modified to house the furnace
section of a Perkin-Elmer model 240 Automatic

Elemental Analyzer. This analyzer is used for the -

microchemical determination of carbon, hydrogen,
and nitrogen in organometallic compounds of the

transuranium elements. Associated with the ana-
lyzer is a remotely operated microbalance, which
is also enclosed in a glove box. A future report

will describe the operation of the analyzer.

E lectrochemical studies on the transuranium
elements are carried out in a specially designed
glove box. As many as ten electrical leads may
be used in the electrochemical studies.

9.8.b Preparation of Lanthanide
and Actinide 3-Diketones

J. R. Stokely  J. H. Bumns* L. J. Nugent*
B-Diketone chelates of some lanthanide and
actinide elements were prepared for x-ray crystal-
lographic and fluorescence spectroscopic studies.
The general formula of these compounds is
CsM(HFA),, where HFA is the hexafluoroacetyl-
acetonate anion and M is a trivalent actinide or
lanthanide metal ion. The reaction that leads to

the formation of a compound of this type is
MCL, + 4CsOH + 4H-HFA
— CsM(HFA), + 3CsCl, + 4H,0 . 9.7)

Chelates of Eu(IllI), Tb(III), Sm(III), and Am(III)
have been prepared.

9.8.c Controlled-Potential Coulometric
Determination of Americium’’

J. R. Stokely W. D. Shults 8°

Application of controlled-potential coulometry to
the accurate and precise determination of ameri-

‘cium was réported recently.®! The procedure in-

volves a rapid chemical oxidation of americium to
Am(VI), destruction of excess oxidant by heating,
and electrolytic reduction of Am(VI) to Am(V) at a
platinum electrode controlled at +1.05 v vs S.C.E.
Details of this work will be published.

9.8.d Feasibility of Deferminiﬁg the Formal
Potential of the Bk(IV)-Bk(lll) Couple

J. R. Stokely

Preliminary experiments were performed to de-
termine whether the potential of the Bk(IV)-Bk(III)
couple can be measured electrochemically with
~50 ug of berkelium. Cerium was used as a sub-
stitute for berkelium. The experimental procedure
involves complete oxidation of Ce(III) to Ce(IV)
at +1.60 v vs S.C.E. at a platinum electrode by
use of the ORNL model 2564 coulometric titrator
and a micro coulometric cell. Cerium(IIl) was
produced in known concentration ratios to Ce(IV)
by reduction-at +1.0 v vs S.C.E. with integration
of the current. The potential of the platinum eléc-
trode is determined at each Ce(IV): Ce(lII) ratio.
By this procedure the formal potential of the
Ce(IV)Ce(ll) couple in 0.5 M H, SO, was meas-
ured to be +1.4406 v vs N.H.E.; the literature
value is +1.4435 v vs N.H.E.#2 One problem is
the slow reduction of Ce(IV) by water at the low
concentration used (15 pg/ml). In 0.5 M H,SO, the
reduction rate is 0.02 pg/min for a Ce(IV): Ce(III)
ratio of 1. In 1 M HNO, the reduction rate is much
faster, 0.6 pg/min. It appears that although the
potential of the Bk(IV)-Bk(III) couple can be meas-
ured accurately in sulfuric acid, measurements in
nitric acid will be susceptible to large errors be-
cause of the reduction of Bk(IV) to Bk(II) by water.

79This work was done in the Transuranium Research
Laboratory.

80Methodology Group.

81]. R. Stokely and W. D. Shults, ‘“‘Controlled-Poten-
tial Coulometric Determination of Americium,’’ presented
at the Eleventh Conference on Analytical Chemistry in
Nuclear Technology, Oct. 10-12, 1967, Gatlinburg,
Tenn. . ’

824 1 Kunz, ‘“The 'Reduction Potential of the Ceric-
Cerous Electrode,’”’ J. Am. Chem. Soc. 53, 98 (1931).
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10. Inorganic Preparations

D. E. LaValle
R. B. Quincy

The fused-salts program continued with little

" change. It consisted chiefly in the preparation of

anhydrous rare-earth-metal halides for the High 4
Temperature and Structural Chemistry Group of the
Chemistry Division and of a few anhydrous salts
such as MgClz, CdC12, CaC12, and CsCl for the
Ion Spectroscopy Group of the Metals and Ceramics
Division. : '

Most of the programs for the Solid State Division
were also continued without significant change.
For the Neutron Spectrometry Group more com-
pounds of the spinel type (MgA12O4) structure were
prepared; various combinations of Fe, Mn, Co, Ni,
Ti, and Li were used in place of Mg and Al. Addi-
tional glasses of GeO,, GeS,, and 73GeO, were
made for the Spin Resonance Group. Details of
these preparations were described last year.! For
the Neutron Diffraction Studies Group, a new

.project was undertaken in addition to the usual

program of heat treatment of alloys that contain
rare-earth metals. Equipment was obtained and
procedures were developed to prepare gadolinium
metal from Gd203 by reduction of the intermediate
GdF , with calcium metal. These steps were in
preparation for the eventual treatment of 50 g of
160Gd when it shall have been isolated and ob-
tained as '¢°Gd,0,. '

For the Low Temperature, Nuclear, and Solid
State Physics Group of the Physics Division, the
preparation, made last year, of the solid solution
of 3 mole % FeBr, in CrBr, was repeated using
57Fe; also, the alloy AuLi (0.5 at. % Au) was
made.” For another section of this group a number
of isotopic compounds and alloys were prepared:

M. T. Kelley, D. E. LaValle, and R. B. Quincy,
‘““Inorganic Preparations,’® Anal. Chem. Div. Ann. Progr.
Rept. Oct. 31, 1966, ORNL-4039, p. 78.

73Ge12, 73GeCr (5 at. % "3Ge), °INiF , S*NiAl
(50 at. % ®*Ni), and °*NiV (85 at. % °*Ni).

‘Compounds prepared by well-known methods in-
cluded Na,O and ZiN for the Materials Compati-
bility Laboratory of the Metals and Ceramics Di-
vision and Mg;,'N2 for the Insulating Crystals Group
of the Solid State Division. The Special Electro-
magnetic Separations of Heavy Elements Group of
the Isotopes Division was provided with 100 g of
UCI, made from depleted U.

Among preparations .of particular interest, VF,
was made for the Neutron Diffraction Group of the
Solid State Division by passing a gas mixture of -
10 vol % HF and 90 -vol % H, over VF, at 1000°C..
Both the temperature and composition of the gas
mixture are critical in obtaining a pure product.
For the Neutron Scattering Cross Sections Studies
Group of the Neutron Physics Division, Be N,
was prepared by passing N, over 50-mesh beryl-
lium metal contained in a molybdenum boat at
1250°C. A preparation of 65 g of very pure (98%)
SmF, was achieved for the High Temperature and
Structural Chemistry Group of the Chemistry Di-
vision by the solid-state reaction of finely divided
SmF3 and SmH,. :

The production of high-purity KCl was continued
on a routine basis for the Research and Develop-
ment of Pure Materials Group of the Solid State Di-
vision. The preparation of high-purity MgO has
been resumed after a lapse of five years.? The
new objective is to produce much greater amounts |
of material at less cost.

’R. B. Quincy, Jr., 4Preparation of High-Purity Mag-
nesium Oxide, ORNL-TM-302 (Aug. 15, 1962).
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M. Organic Preparations

P. F. Thomason
"H. L. Holsopple

A number of organic compounds not readily avail-
able from commercial sources were custom syn-
thesized for research use at K-25 and in the Chem-
istry, Chemical Technology, and Metals and
Ceramics Divisions.

11.1 COMPOUNDS SYNTHESIZED
11.1.a p-Aminobenzylamine

p—AminoBenzylaminev (~100 g) was prepared for
the Physics Group of the K-25 Technical Division.
p-Nitrobenzonitrile was hydrogenated in ethyl ace-
tate at 750 psi and 90 to 100°C for 3 hr over Raney

nickel. The reaction is
c=N . CH,NH,
Hp
_—>
Raney Ni
NO, NH,

11.1.b Quaternary Phosphonium Halides

Two quaternary phosphonium compounds, tri-n-
butylbenzylphosphonium chloride and tetra-n-butyl-
phosphonium bromide, were prepared for the Metals
and Ceramics Division according to the reactions

(C,H,),P + C,H.CH,CIl > [(C4H9)3PCH2C6H5]C1 ,
(C,H,),P + CH,Br - [(C,H,) PlBr.
Results of elemental analysis were in good égree-
ment with calculated values (Table 11.1) based on
the formulas given above. The details for the

preparation of these compounds are similar to
those given elsewhere for analogous substances.

11.1.c Heptadecylamine

Heptadecylamine was prepared for the Chemical
Technology Division according to the three-step .

Table 11.1. Compositions of Two Quaternary

Phosphonium Halides

,

Weight Percent

_process of Barnes

Component In A® In B®
Theoretical Fgund Theoretical Found

Carbon 69.4 69.3 ' 56.6 57.3
Hydrogen 10.4 10.9 10.7 11.0
Phosphorus 9.4 9.6 9.1 9.1
Chlorine 10:8 10.8
Bromine 23.6 22.9
_ ®A = tri-n-butylbenzylphosphonium chloride,
C, oH;,PCL

'bB = tetra-n—but.ylphosphonium bromide, C1 6H36PBr.

2 in which heptadecanol is con-

verted to heptadecanone, from which N-(hepta-
decylidene)-2-ethylhexylamine is prepared. The
latter is then catalytically hydrogenated to hepta-
decylamine. The yield based on imine was 95%
(400 g, 1.55 moles).

11.1.d a,a “Dipiperidyl

Dipiperidyl (60 g) was prepared for the Chemical
Separation of Isotopes Group of the Chemistry Di-
vision by catalytic hydrogenation of a,a*dipyridyl
in ethyl alcohol.. . -

The product was purified by extraction into di-
ethyl ether; its purity was established by infrared-
absorption and elemental analyses. The details of
this preparation are given elsewhere.?3.

g, L. Holsopple, Syntheses of Three Quaternary
Phosphonium Halides, ORNL-TM-1572 (July 12, 1966).

2R. K. Barnes, Union Carbide, Chemicals Division,
South Charleston, W. Va., personal communication to
F. G. Seeley, Chemical Technology Division, March
1965. :

3H. L. Holsopple, Synthesis of a,a’-Dipiperidyl,
ORNL-TM-1470 (Mar. 30, 1966).



11.1.e Cesium p-Ethylbenzenesulfonate

Cesium p-ethylbenzenesulfonate (25 g) was pre-
pared for the Chemistry Division. Barium p-ethyl
benzenesulfonate was passed through a Dowex
50W-X4 resin column in H* form. Cesium carbonate
was neutralized with the acid solution; the cesium
p-ethylbenzenesulfonate thus formed was recovered
by filtration on a Biichner funnel.

11.1.f Bicyclo[1.1.0]butane

Bicyclo[1.1.0]butane (~7 ml) was prepared for re-
search members of the Chefnistry Division. This
compound is unique, because it has the greatest
amount of thermochemical destabilization (‘‘strain
energy’’) per catbon atom of any known.saturated
organic compound. It was prepared in three stages:
1,1-cyclobutanedicarboxylic acid to 3-chlorocyclo-
butane-1-carboxylic acid to 1-bromo-3-chlorocyclo-
butane to bicyclol1.1.0lbutane according to the re-
action sequence

COOH  SO,Cl,

-+ Na
<>< ——>a—<>—cooa —>C|—<>—Br—>®

COOH
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1,1-Cyclobutanedicarboxylic acid (88 g) was
chlorinated with sulfuryl chloride (51 ml) in the
presence of benzoyl peroxide (1.5 g) in benzene.
The benzene was distilled off, and the residue
was decarboxylated at 180°C for 30 min. The mix-
ture was distilled, and the product was collected
at 130 to 148°C/17 mm.

The resulting 3-chlorocyclobutane-1-carboxylic
acid was then brominated with bromine (21 ml) in
CCl, (300 ml) that contained a slurry of red mer-
cur1c oxide (61 g) in CCl (550 ml). Double distil-
lation gave a dihalide, wh1ch was collected at 38
to 40°C/5 mm,

The dihalide was .treated with sodium metal in -
dioxane to give bicyclo[1.1.0]butane. The volatile
(bp, 8°C) product was collected in gas-collection
bulbs at —78°C. Infrared analysis of the product
showed strong C-H bands in the positions indicated
in the 11terature for bicyclol1.1.0]butane.
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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 below.

Summary of Analytical Service Work
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. Y
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) 4
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- |
Process Analyses :
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General Hot-Analyses Laboratory 9|8 16 5,056 21 692 16 6,992 3,811 ‘ 1,898 452 ' 8 118 19,080
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12. Mass Spectrometric Analys{es

A. E. Cameron

12.1 MASS SPECTROMETRY SERVICE |

J. R. Sites . E. J. Spitzer

The number of analyses reported by the Mass
Spectrometry Service Laboratory increased 25%
over last year. This total increase includes a 15%
increase for the Isotopes Division and about a
tenfold increase for the Reactor Chemistry Divi-
sion.
- The relative isotopic abundances of samples of
Cr, Fe, and Ni from irradiated HFIR components
were determined to help decide whether such

~values might be used to indicate the magnitude of

the reactor’s very high neutron flux.
The major sample load for the gas mass spec-
trometers was the certification for Stores of the

- purity of the compressed gases He (15 trailers,

200 cylinders), N, (50 cylinders), and Ar (500
cylinders). '

An electron bombardment source that uses a five-
sample wheel was developed and tested for the
use with the 12-in. 90° mass spectrometer. This
source is an important complement to the usual

“surface-ionization source, ! N

.]2.2 TRANSURANIUM MASS SPECTROMETRY

R. E. Eby

The Transuranium Mass Spectrometry Laboratory
reported about 4500 results, an 88% increase over

the previous year. The cost per analysis decreased
from $20.86 in FY-1966 to $12.86 in FY-1967.

About a third of the work was for the Isotopes Divi-
sion, mostly analysis of separated isotopes of
uranium and plutonium; about a quarter was for the
Chemical Technology Division.

The types of samples received have become in-
creasingly diverse; many more of them are radio-
active samples of the lighter elements. Samples
of irradiated thulium have been analyzed to verify
values for cross sections and to indicate the possi-
bility of producing !7'Tm, which is being con-
sidered as an isotopic power source for a mechani-
cal heart. Radioactive samples of gadolinium
were analyzed to determine the possibility of pro-

" ducing !53Gd, which is a candidate for use in a

density-measuring device on the Mars probe.
Radioactive samples of strontium and samarium
have also been analyzed.

The isotopic analysis of all elements from
thorium through californium is done routinely.
Samples of synthetically mixed standards of 23°Puy,
242py, and ?*%Pu were analyzed for the Chemistry
Division in a program to determine a better value
for the half-lives of 242Pu and 24*Pu. Uranium
and plutonium isotopic analyses were made on a
series of samples for Westinghouse Atomic Power
Development Division as a part of the Yankee core
evaluation.program. Another series of samples
were analyzed for plutonium isotopic content for
the Los Alamos Scientific Laboratory.

The first sample of einsteinium was received
and analyzed with no difficulties.

1W. H. Christie and A. E. Cameron, ‘A Reliable
Sample Changer for Mass Spectrometer,’” Rev. Sci.
Instr. 37, 336 (1966). .

oy
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13. Emission Spectrochemical Analyses

A. E. Cameron
J. A. Carter
S. A. Maclntyre

The Spectrochemistry Laboratory reported about
42,000 results on some 2100 samples, which ‘repré-
sents an increase of 13.4%. The Isotopes Division
submitted about 18% more samples than last year.
The stable isotopes of the following 41 elements
were analyzed for trace impurities: Ag, B, Ba, Ca,
Cd, Ce, Cl, Cr, Cu, Dy, Gd, Ge, Hf, Hg, In, Ir, K,
La, Lu, Mg, Mo, Nd, Ni, Os, Pb, Pt, Rb, Ru, S,

Sb, Si, Sm, Sn, St, Te, Ti, T1, W, Yb, Zn, and Zr.
Over 500 samples of air and water were analyzed

for the Industrial Hygiene Department of the Health
Division. The analysis of metals and alloys in-
creased by some 400% over the previous year.

A number of unusual alloys whose base metals
are Co, Ti, V, Cb, Bi, Pb, Ta, and W are being
analyzed routinely by use of a modified rotating-
disk technique and the Paschen Direct Reader.
Developmental high-temperature alloys for the
Wright-Patterson Air Force Base are also being
analyzed.

14. Procéss Analyses

L. T. Cotbin

14.1 HIGH-LEVEL ALPHA RADIATION
LABORATORY

. J. H. Cooper

The High-Level Alpha Radiation Laboratory
reported some 20,000 results, more than twice as
many as were reported the previous year; ~95%
were for the Chemical Technology Division. The
large increase was due to the full-scale-operation
of the Transuranium Processing Plant (TRU).

Samples that simulated TRU process samples
were analyzed for gross alpha activity, plutonium
alpha activity, and acid to determine whether
biases exist in the methods. Although the simu-
lated samples did not contain all the constituents -
of process samples, their use demonstrated the
consistency of the methods and showed that no
biases exist.

A method for the determination of californium
was tested on highly radioactive samples and
found to be precise. Californium was separated
from curium and fission products by extraction
chromatography. A 0.3 M HNO, solution of the
sample was passed through a column of di(2-ethyl-
hexyl)orthophosphoric acid on Teflon powder.
Californium and einsteinium were adsorbed, where-
as curium, americium, and fission products were

eluted with 0.3 ¥ HNO,. A 4 M HNO, wash re-
moved the californium and einsteinium; the amount
of each was determined by alpha counting and
pulse-height analysis. Californium was determined
rapidly by counting the solution directly in a
neutron counter.

Fluoride in the ppm range was determined in
samples from the Fluoride Volatility Process after
separation from aluminum oxide by pyrohydrolysis.
The fluoride-containing sample was heated at
1000°C in a flux of sodium tungstate—tungstic acid.
A stream of moist oxygen swept the fluoride into
a solution of sodium hydroxide. The fluoride was
measured colorimetrically.

Plutonium in low concentration (1 to 2-ug/ml)
was determined for the Isotopes Division by iso-
topic dilution.and mass spectrometry.

14.2 GENERAL ANALYSES LABORATORY

W. R. Laing

Development work was completed on the vacuum-
fusion—gas-chromatographic analyzer. It was
operated for the past year with less than five days
downtime. A total of 1700 samples and standards
were analyzed; the results obtained were in good



agreement with. predicted values. The cost of
vacuum-fusion analyses was cut in half when this
instrument was put into service.

The work load in analytical biochemistry in-
creased sharply in the latter part of the year. Each
month since February at least 4000 results were °
_reported; one month the number was 6100. The
total for the year was 46,464.

Several small but significant improvements in
the analyses for transfer ribonucleic acids (tRNA)
were made. The standard deviation for the de-
termination of phenylalanine-accepting tRNA was
reduced from 10 to 4% by these changes.

Molten-salt development projects required several
new methods. Small amounts of bismuth in fuel
salts were measured polarographically in 5 vol %
H,SO, solution. In this supporting medium the
half-wave potential of Bi(Il) (E, ,, =-0.03 v vs

S.C.E.) is well separated from that of U(VI) (E = .

1/2
~0.20 v vs S.C.E.). Lithium metal in fluoride salts

was measured by a hydrogen-evolution technique.
Fluoride in NaBF | was titrated directly with
Th(1V) after fusion with Na,CO .

To aid in the study of the growth of algae in
lakes, samples of water weré analyzed for free
ammonia, total ammonia, inorganic phosphate, and
total phosphate. The concentrations ranged from
10 to 200 ppb. .

The method of Schreyer and Baes! was used to
determine total uranium in phosphoric acid solu-
tions of sol-gel urania. This method proved very
useful. Aftera 3.5 M H,PO ,—4.5 M H,SO, solu-
tion of the urania was passed through a Jones
reductor, no U(III) was found to be present in the
solution. Before the use of this method, all total
uranium analyses in H ;PO solution were done
coulometrically.

The methods for determining carbon and formate
in aqueous solutions were improved by using a
nitrogen stream to sweep the CO, into a caustic
absorber. With the Conway diffusion flasks former-
ly used, only a limited amount of heat can be
applied and the diffusion rate of the CO, is slow.

The physical and chemical analyses of coated
particles were continued. Of the analyses, the
most useful were measurement of mercury density
at 15, 80, and 15,000 psi and of grams of carbon
per gram of core. The density values were ob-

lj. M. Schreyer and C. F. Baes, ]Jr., ‘‘Volumetric De- |
termination of Uranium(VI) in Phosphate Solutions,’’
Anal. Chem. 25, 644 (1953).

tained with an American Instrument Company mer-
cury porosimeter. The carbon/core ratio was ob-

tained by burning a weighed sample and then

<

weighing the residue.

A cutoff wheel was obtained to cut samples of
tungsten, molybdenum, niobium, and titanium alloys.

Several other methods were modified by D. C.
Canada for use by the General Analyses Laboratory
(Sects. 4.4.e, 4.4.h, 4.5.a, and 4.6.¢). '

The addition of the analytical biochemistry work
increased the number of reported results from-
50,134 for last year to 99,125 for this year.

14.3 GENERAL HOT.ANALYSES LABORATORY

C. E. Lamb }
In the General Hot-Analyses Laboratory about
19,000 analyses were made on some 7100 samples,
an increase of 6% over the number done last year.
This increase was attained in spite of a 25% re-
duction in the staff. About two-thirds of the sam-
ples were received from the Operations, Chemical

Technology, Reactor, and Reactor Chemistry
Divisions; the balance was from seven other
sources.

A glove-box facility consisting of four boxes
was installed. Equipment for measuring certain
physical properties of solid samples, mainly from
the Chemical Technology Division’s Plutonia Sol-
Ge!l Program, was placed in the boxes. The meas-
urements include density by means of a mercury .
porosimeter, gas released, and surface area. Also,
carbon was determined by a Leco combustion—
gas-chromatographic method. A fifth box is now
being equipped with a combustion furnace and a ;
Nitrox-6 Analyzer for the determination of nitrogen
and oxygen. A sealed glove box in Laboratory 103
was used most of the past year by H. H. Ross ?
and S. B. Lupica? for special work with '*7Pm.

One of the major sources of work was from the
MSRE of the Reactor Division. Power runs 8
through 12 were completed, and about 200 fuel
samples were submitted. With few problems, the
samples were analyzed for major constituents,
corrosion products, and oxygen. -

A method to determine the U3*/U*¥ ratio in
MSRE fuel samples was developed by the Reactor
Projects Group (Sect. 3.1.b). The apparatus used

2Nuclear and Radiochemistry Group.



for this determination was installed in cell 3. Be-
cause of the potential radiation hazard of removing
the traps from the hot cell, the apparatus will be
modified to allow the entire operation to be made
within the hot cell.

Some work was done for facilities outside the Oak
Ridge National Laboratory. Total gas released
was determined in PuO -UO, samples received from
Nuclear Fuel Services, Erwin, Tennessee. More
tantalum-clad samples from the Argonne National
Laboratory were analyzed for Cu, Mg, Pu, and U.
Some EBR-II fuel (95% enriched uranium and 5%
fission products) samples for the determination of
Al and Fe were also received from Argonne. Alu-
minum was determined by the spectrophotometric
aluminon method after the interfering ions were
removed by liquid-liquid extraction with tricapryl-
amine (Alamine). Carbon was determined on some
scrapings from the surface of several fuel ele-
ments from the Puerto Rican Bonus Reactor. Car-
bon dioxide was evolved by oxidation of the carbon,
trapped on a 5A molecular-sieve column, and de-
termined by gas chromatography.

Carbon was also determined on some metal car-
bides and cesium chloride product samples from
the Isotopes Division. The carbides of metals
such as Nb, Ta, Ti, and W were dissolved in a
mixtufe of HNO, and HF. The resulting solution
was filtered through fine quartz, and the residue
was analyzed for carbon.

14.4 RADIOISOTOPES-RADIOCHEMISTRY
LABORATORY

E. I. Wyatt

The types of work performed in the Radioisotopes-
Radiochemistry Laboratory were essentially un-
changed this year. The routine determination of
oxygen with the 14-Mev neutron generator was
begun. The new experimental products 33P,
69.69mzn 132Te, and !7!Tm are now being as-
sayed. New equipment on order includes a 4096-
channel pulse-height analyzer and a new flame
photometer.

A large part of the work consisted in fission
product analyses in support of nuclear safety ex-
periments done by the Reactor and the Reactor
Chemistry Divisions. Another large fraction re-
sulted from fission product analysis associated
with both the fuel and graphite-moderator speci-
mens from the Molten-Salt Loop Experiment and

"was decreased from 4 to 3%.

the MSRE. The total number of analyses increased
from 58,000 in 1966 to 70,000 in 1967.

A paper was presented orally on the application
of computer programs by this laboratory.® A
chapter titled ‘‘Equipment and Techniques for
Handling Liquid Samples’’ was completed for
inclusion in Vol. 10 of SERIES 1X, Progress in
Nuclear Energy.*

14.5 QUALITY CONTROL

G. R. Wilson

In January a weighted average 25% was calcu-
lated for each control program by using the 2§
values obtained during the four quarters of 1966.
Based on these calculations, new limits were
established for some of the control programs. The
limit for the colorimetric thorium control program
in the General Analyses Laboratory was increased
from 2 to 3%, and the colorimetric uranium limit
The control limit
for high carbon content by the Leco method was

i

3M. E. Pruitt, ‘‘Application of Computer Programs for
Analysis of Radioisotopes,’’ presented at 153d Meeting
of the American Chemical Society, Miami Beach, Fla.,
Apr. 9-14, 1967.

. 4R. R. Rickard, ‘‘Equipment and Techniques for
Handling Liquid Samples,’’ to be included in Vol. 10,
Remote Analysis of Radioactive Materials, of SERIES
IX, ANALYTICAL CHEMISTRY, ed. by H. A. Elion and
D. C. Stewart, in Progress in Nuclear Energy, Pergamon ,
Press, New York.

Table 14,1, Distribution by Laboratories of Control
Tests for July 1966 -June 1967

Number of
Control Results Quality

Level (%)%

Laboratory Outside
. Total Fixed 1966 1967
Limits -
General Hot-Analyses 2129 130 85.9 93.89
General Analyses 2118 90 97.2 95.75
Total 4247 220 92.6 94.82

fControl results within prescribed 25 limits.



increased from 5 to 7%. The control limits for
the amperometric chromium, colorimetric iron, and
colorimetric nickel determinations in the MSRE
control program of the General Hot-Analyses Lab-
oratory were decreased from 15 to 10%.
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Although the number of control results decreased
by 14% from the like period a year ago, the overall
quality level has improved as shown by Table
14.1. Table 14.2 gives the number of control
results and their specific characteristics.

Table 14.2. Distribution by Methods of Control Results for July 1966—-June 1967

Number of Number of

Type of Method Constituent Control Programs Control Results
Amperometric Chromium 1 238
Zirconium i 2 210 448
Colorimetric Aluminum’ 1 107
(spectrophotometric) Chromium 2 109
* Iron 3 364
Molybdenum 1 30
Nickel 3 285
' Thorium 2 337
Uranium 2 N1i4 391 1623
Coulometric Uranium 3 3 1239 1239
Fluorometric Uranium 2 2 . 305 305
Gravimetric Carbon 2 02 ' 285 285
Photoneutron ’ Beryllium 1 1 278 278
Volumetric Aluminum 1 67
Sulfate 1 2 2 69
Total 26 ’ 4247




Part C. ORNL Master Analytical Manual

15. ORNL Master Analyﬁcdl Manual

M. T. Kelley

Helen P. Raaen

15.1 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
1966. The updated indexes are titled ‘‘Indexes to
the Oak Ridge National Laboratory Master Ana-
Iytical Manual (1953—-1966), TID-7015 (Indexes),
Revision 4.”” The document is available from the
Clearinghouse for Federal Scientific and Technical
Information, National Bureau of Standards, U.S.
Department of Commerce, Springfield, Virginia; the
price is $3.00. The indexes were issued as a com-
panion document to Supplement 9 of TID-7015.

The computer work required for the preparation of
the updated indexes was supervised by Ann S.
Klein.!

ITechnical Information Pivision.

15.2 MAINTENANCE OF THE ORNL MASTER
ANALYTICAL MANUAL

The ninth supplement to the reprinted form of the
ORNL Master Analytical Manual was published. It
contains the new methods and the revisions issued
in 1966. This supplement, designated TID-7015
(Suppl. 9), is available from the Clearinghouse for
Federal Scientific and Technical Information,
National Bureau of Standards, U. S. Department of
Commerce, Springfield, Virginia, at a price of
$3.00.

Altogether, three new methods were added to the
Manual; two of these were for the purpose of record
only. Revisions were made to one method. 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.



Part D. Activities Related to
Educational Institutions

16. 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 ORAU-ORNL Research Participant Program, and
students participate in the Summer Student Trainee Programs and in the Loanee Program for special work.
Often, a number 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 ap-
proximately 150 formal presentations of the research of the Division made during the past year, about 10%

" 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.

16.1 CONSULTANTS

The consultants who have worked under subcontract in collaboration with our division are:

J. A. Dean M. L. Moss*
University of Tennessee Institute for Muscle Disease, Inc.
H. A. Laitinen* ' A. O. C. Nier
University of Illinois ' University of Minnesota
Gleb Mamantov L. B. Rogers™
University of Tennessee ’ Purdue University
G. H. Morrison™* -
Cornell University *Advisory Committee Member.

16.2 ORAU RESEARCH PARTICIPANTS

Two ORAU Research Participants'were with us in the summer of 1967.

J. C. Guyon, Professor of Chemistry, University of Missouri, worked with W. D. Shults, Methodology
Group, to develop fluorometric methods for phosphate with aluminum-morin and tin-flavonol systems (Sect.
4.4.d) and to study the spectrophotometric determination of plutonium with arsenazo (Sect. 4.4.c).

100



in

101

L. C. Hall, Professor of Chemistry, Vanderbilt University, worked with A. E. Cameron in a mass
spectrometric search for neon in minerals and in volcanic glasses (Sect. 7.4).

16.3 ORNL POSTDOCTORAL PROGRAM

Under the ORNL Postdoctoral Program, C. A. Burtis, Jr. (Ph.D. in Biochemistry, Purdue University,
1966) came to our Division in October 1966 on a two-year assignment to work in the Analytical Biochemistry
Group with Gerald Goldstein. On October 1, 1967, he became a permanent member of the Division.

16.4 GRADUATE THESIS RESEARCH PROGRAMS
16.4.a ORAU Graduate Fellowship Program

H. W. Jenkins, a graduate student in the Department of Chemistry with Professor Gleb Mamantov at the
University of Tennessee, is continuing his work toward the Ph.D. degree. In the Reactor Projects Group
with J. C. White and D. L. Manning, he is studying reference electrodes in fluoride melts to develop a
practical reference electrode. Also, he is investigating the behavior of several metallic couples with the
objective of establishing an electromotive series for fluoride melts.

16.5 ORNL LOANEES

L. P. Turner lll, Department of Chemistry, University of Tennessee, Knoxville, continued the pyrolytic
gas chromatography of macromolecules with A. S. Meyer, Reactor Projects Group.

F. L. Whiting, a graduate student in the Department of Chemistry with Professor Gleb Mamantov at the
University of Tennessee, is continuing his doctoral thesis research. In the Reactor Projects Group with
J. C. White and J. P. Young, he is studying the simultaneous electrochemical generation and absorption
spectrophotometric identification and characterization of solute ions of unusual oxidation states in molten

fluoride melts.

16.6 SUMMER STUDENT PROGRAMS

In the summer of 1967, nine students participéted in summer student programs.

16.6.a ORAU Student Trainee Program

D. R. Anderson, a senior at Elizabethtown College, Elizabethtown, Pennsylvania, assisted in the gas
chromatographic work of the Reactor Projects Group. With W. F. Peed he studied the gas chromatography
of corrosive gases, especially interthalogen compounds; with A. S. Meyer he assisted in evaluating a helium-
discharge detector; and with 4, D. Horton he used gas chromatography as a preparative technique.

Frances E. Kraus, a senior at Nazareth College, Nazareth, Kentucky, worked with Helen P. Raaen,
Methodology Group, to investigate the thin-layer chromatography of transfer ribonucleic acids and of
proteins (Sect. 4.1.b).

Karen E. Pashman, a senior at McMurry College, Abilene, Texas, worked with W. D. Shults, Methodology
Group, in the study of the controlled-potential coulometric determination of U(VI) in the presence of Cu(Il)
(Sect. 4.2.b) .

Susan S. Potterton, a senior at Randolph-Macon Woman’s College, Lynchburg, Virginia, also worked with
W. D. Shults to evaluate the performance of ion-selective electrodes (Sect. 4.2.c). :
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16.6.b ORNL Graduate Program

G. C. Giesler, a second-year graduate student at Michigan State University, East Lansing, did special
problems in radiochemical separations and measurements, for example, the separation of 32Si and 3?P and
the measurement of the decay scheme of !°0. He worked with J. S. Eldridge of the Nuclear and Radio-
chemistry Group. :

Janice C. Laney, a graduate of Quachita University, Arkadelphia, Arkansas, now a first-year graduate
student at the University of Tennessee, Memphis, worked with Gerald Goldstein, Analytical Biochemistry
Group. She assisted in research to develop methods for the determination of partially purified individual
transfer ribonucleic acids. ’

J. B. Pressly, formerly a student at the University of Tennessee, Knoxville, did gamma-ray spectrome-
try and data analysis with E. I. Wyatt, Radioisotope-Radiochemistry Laboratory.

E. S. Wolfe, who has completed one year of graduate study at the University of North Carolma Chapel
Hill, worked with D. J. Fisher, Analytical Instrumentation Group, to investigate the short- and long-term
precision obtainable by single-cell first-derivative dc polarography and to explore ways of improving the
precision (Sect. 1.7).

16.6.c ORNL Undergraduate Program
T. G. Fox, a junior at the University of Tennessee, Knoxville, assisted J. R. Sites, Mass Spectrometry
Service Group, and J. A. Carter, Spectrochemistry Group, in mass spectrometric analyses with the spark-

source mass spectrometer and also in the analysis of gases by mass spectrometry with electron bombardment
sources.

16.7 ALIEN GUESTS IN RESIDENCY

Three scientists from three countries were guests part of the year in the Analytical Chemistry Division.

Guest Sponsor : Division Group See Section
T. M. Florence Australian Atomic Energy Methods Development 2.1
Australian Atomic Commission Group

Energy Commission
Research Establishment, .
Sutherland, New South Wales

Aart Jurriaanse South African Atomic Nuclear and Radio- 9.7.a,
Atomic Energy Board, Energy Board . chemistry Group 9.7d
Pretoria,

Republic of South Africa

Jun-Lan Wang International Atomic Energy Nuclear and Radio-
(Mrs. Kian-Chu Li) Agency chemistry Group
Institute of Nuclear Science, '
National Tsing Hua
University,
Hsinchu, Taiwan,
Republic of China
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Part E. Extralaboratory Professional Activities

The extralaboratory professional activities of members of the Division are numerous and varied. They
reflect participation in a diversity of work, especially at the national and international levels.

L. C. Bate

Member:

A. E. Cameron

Member:

L. T. Corbin

Member:

J. S. Eldridge

Secretary: -

D. J. Fisher

Member:

Lithium Metal Task Force

Division N, Nonferrous Metals

Committee E-3 on Chemical Analysis of Metals
American Society for Testing and Materials (ASTM)

International Commission on Atomic Weights
International Union of Pure and Applied Chemistry (IUPAC)

Advisory Board (1967—-1969)
Analytical Chemistry

Subcommittee N5.1, Fuel Manufacture and Fabrication
American Standards Association (ASA)

ASTM Committee E-10 on Radioisotopes and Radiation Effects

Subcommittee on the Use of Radioactivity Standards
Committee on Nuclear Sciences
National Academy of Sciences—National Research Council (NAS-NRC)

Editorial Board
Chemical Instrumentation

Gerald Goldberg

Member:

Division N, Nonferrous Metals
ASTM Committee E-3 on Chemical Analysis of Metals

Subcommittee I, Research
ASTM Committee G-1 on Corrosion of Metals

Task Group B, Liquid Sodium Systems—Alkali Metals Corrosion
Subcommittee VIII, Corrosion of Nuclear Materials
(Also of Committee G-1)

Task Groﬁp C, Liquid Potassium Systems—Alkali Metals Corrosion

- (Also of Subcommittee VIII)
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A. D. Horton

Mémber:

M. T. Kelley

Member:

'C. E. Lamb

Member:

Chairman:

W. S. Lyon
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Subcommittee III, Research
ASTM Committee E-19 on Chromatography

Chemistry Directors’ Meeting

Division of Research

United States Atomic Energy Commission
Washington, D.C. '

Analytical Specialists Group
Technology Subcommittee
Union Carbide Corporation

Program Review Committee

Chemistry Section _

Laboratory of Nuclear Science
Massachusetts Institute of Technqlogl

Committee on Analytical Chemistry (1966—1969)

Division of Chemistry and Chemical Technology .
National Academy of Sciences—National Research Council (NAS-NRC)

Advisory Committee

Microchemical Journal

Board of Editorial Advisors
Analytica Chimica Acta

Executive Committee (1967—1970)
Remote Systems Technology Division
American Nuclear Society (ANS)

Membership Committee (1966—1967)
(Also of ANS Remote Systems Technology Division) .

Liaison Officer, ASTM Committee E-10 on Radioisotopes and Radiation Effects .

Member:

Chairman:

Subcommittee I, Burnup
ASTM Committee E-10

Subcommittee III, Tracer Applications

(Also of Committee E-10)

Subcommittee V, Neutron Dosimetry
(Also of Committee E-10)

Editorial Board
Chemical Instrumentation
Scientific Committee 25 on Radiation Protection in the Use of Small Neutron Generators

National Council on Radiation Protection and Measurement

Committee N5-4, Use and Handling of Radioisotopes
United States of America Standards Institute

Referee Committee F, Industrial Wastes
Subcommittee on Radiological Methods for Biological and Environmental Samples
American Public Health Association (APHA)
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Emissary on activation analysis to:

S. A Reynolds

Member:

H. H. Ross

Chemistry and Biology Divisions

Thai Atomic Energy for Peace Laboratories

Bangkok, Thailand

(Negotiated by the Agency for International Development between the Thailand Atomic
Energy Commission for Peace and ORNL)

Subcommittee on Radiological Methods for Biological and Environmental Samples
American Public Health Association (APHA)

ASTM Committee D-19 on Industrial Water

{

Subcommittee IX, Methods of Radiochemical Analysis
ASTM Committee D-19

ASTM Committee E-10 on Radioisotopes and Radiation Effects

Subcommittee III, Tracer Applications
ASTM Committee E-10

Task Group on Neutron Cross Sections
(Also of Committee E-10)

Emissary on Radiochemistry to: -

Chemistry Division

Thai Atomic Energy for Peace Laboratories

Bangkok, Thailand

(Negotiated by the Agency for International Development between the Thailand Atomic
Energy Commission for Peace and ORNL) v

Participant: 1967 I-R 100 Competition sponsored by Industrial Research

E. J. Spitzer

Chairman:

J. R. Walton

Member:

J. C. White

(The Laboratory’s winning entry was the ORNL-Ross radioisotopic light source
photometer.)

Analytical Group
East Tennessee Section
American Chemical Society

Subcommittee VI, Practices and Procedures
ASTM Committee E-14 on Mass Spectrometry

Secretary-Treasurer:

Division of Analytical Chemistry (1967—-1969)
American Chemical Society (ACS)

Representative from the ACS to:

Project N11, Basic Materials and Materials Testing for Nuclear Applications
Nuclear Standards Board

United States of America Standards Institute

(Sponsored by ASTM)
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Member:  Editorial Board
Analytical Letters

Standing Committee for Sodium Impurities
New York Operations Office
United States Atomic Energy Commission

Committee on Analytical Chemistry
National Academy of Sciences—National Research Council (NAS-NRC)

Panel 310.00, Analytical Chemistry, of NAS-NRC Panels Advisory to:
Institute for Materials Research ’
United States National Bureau of Standards

Chairman: Subcommittee on Reference Materials
NAS-NRC Committee on Analytical Chemistry

Anna M. Yoakum

Secretary-Treasurer:

Southeastern Section
Society for Applied Spectroscopy

Delegate: National Governing Board
Society for Applied Spectroscopy



Presentation of Research Results

Seyeral of the presentations listed below are 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 Carter, J. A.

2 Costanzo, D.'A.

3 Eldridge, J. S.

'

\

5 Horton, A. D.,
A. S. Meyer, Jr.,
M. T. Kelley

PUBLICATIONS

’ Thesis, Contributions to Books

TITLE

“‘Analysis of Solution and Radioactive Samples
by Spark Source Mass Spectrometry,”” pp. 12-20
in MS-7 Users Meeting April 10—-11, 1967

A Resonant Cavity High Frequency Oscillometer
_(Ph.D. thesis) '

“Standardization of Mercury-197,*” pp. 313-322
in Standardization of Radionuclides (Proceed-
ings of a Symposium Organized by the Inter-
national Atomic Energy Agency, Vienna,
October 14—16, 1966) )

“Secondary Standardizations with Digital Com~
‘puter Techniques to Normalize Multiple Gamma-
Ray Spectra for Direct Efficiency Determina-
tion,”” pp. 639~646 in Standardization of Radio-
nuclides (Proceedings of_ a Symposium Orga-

" nized by the International Atomic Energy
Agency, Vienna, October 14-16‘, 1966)

¢Applications of Gas Chromatography in Nuclear
Technology,* pp. 337—349 in Chromatography
and Methods of Immediate Separation [Proceed-
ings of the Meeting Journees Hellénes.d’E/tude
des Me'thods de Se'paration Immediate et de
Chromatographie (III° J.I.S.I.C.) held at the
National Technical University, Athens, Greece,
September 19—-24, 1965. Union of the Greek
Chemists, Athens] ed. by G. Parissakis
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PUBLISHER '

Picker Nuclear, White Plains, N.Y.,

1967

Michigan State University, June 1967

International Atomic Energy Agency,
Vienna, March 1967

International 'Atomic Energy Agency,
Vienna, March 1967

Patrix Press, Athens, 1966



6 Kelley, M. T.

8 Laing, W. R.,
E. C. Lynn

9 Ricci, E,,
R. L. Hahn,
*J. E. Strain,
F. F. Dyer

10 Ross, H. H.

AUTHORC(S)

11 Bate, L. C., W. B.
Healy,1 T. G.
Ludwig2

12 Bell, J. T.,*
-R. E. Biggers

13 Candda, D. C.

14 Canada, D. C.,
W. R. Laing
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““The Accurate and Precise Determination of
Uranium with Special Reference to Coulometry,”’
pp. 54—71 in Technical Reports Series No. 62,
A;zalytical Chemistry of Nuclear Materials (Re-
port of Panel on Analytical Chemistry of Nu-
clear Materials Held in Vienna March 23-26,
1964)

¢‘Current Capabilitie_s in Analysis of Trace Sub-
stances: Electroanalytical Methods,"'’ pp.
45—50 in Proceedings University of Missouri’s
1st Annual Conference on Trace Substances in

Environmental Health

““Alkyl Benzene Sulfonate (ABS) Control for *
the Foam Separation Process,?’ pp. 158~159
in Technicon Symposia 1965, Automation in
Analytical Chemistry, New York, September
1965, ed. by L. T. Skeggs, Jr. N

“Helium-3 Activation Analysis,* pp. 200—205 in
Pro¢eedings of \the 1965 International Confer-
ence on Modern Trends in Activation Analysis,
College Station, Texas, April 19-22, 1965

‘“Theoretical and Experimental Aspects of
Quenching Variables from Biomedical Samples,
in Liquid Scintillator Systems,*’ pp. 409426
iﬁ Radioisotope Sample Measurement Tech-
niques in Medicine and Biology (Proceedings
of the Symposium on Radioisotope Sample
Measurement Techniques in Medicine and
Biology held by the International Atomic
Energy Agenby in Vienna, May 24-28, 1965)

. Articles

TITLE

¢“Microelement Content of Hair from New Zealand -

Boys as Determined by Neutron Activation

Analysis®’

¢“The Absorption Spectrum of the Uranyl Ion in
Perchlorate Media. Part II. The Effects of
Hydrolysis on the Resolved Spectral Bands’’

‘‘Spectrophotometric Thiocyanate Determination

of Niobium in the Presencé of Fluoride®’

¢“Use of a Density Gradient Column to Measure
the Density of Microspheres®’

L Alien Guest, 196364 from Soil Bureau, Department of Scient

Hutt, New Zealand. -

International Atomic Energy Agency,
Vienna, 1966

. 1
University of Missouri, Columbia,
1967 ‘ '

Mediad, New York, 1966

Activation Research Laboratory,
Texas A & M, College Station,
-Tex.

International Atomic Energy Agency,
Vienna, 1966

PUBLISHER -

New Zealand J. Sci. 9, 559 (1966)

J. Mol. Spectry. 22, 262 (1967) .

Anal. Chem. 39, 381 (1967) .

Anal. Chem. 39, 691 (1967)

ific and Industrial Research, Private Bag',' Lower

. 2Dental Research Unit, Medical Council, P.O. Box 3155, Wellington, New Zealar{d.

N
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15 Fulmer, C. B.,* I. R.. *Evidence for Photofission of Iron’*
Williams,® T. H.

Handley, G. F.

Phys. Rev. Letters 19, 522 (1967)

A. Jurriaanse

5

Berkelium from Cerium by Extraction Chro-

matography®’

Delt,* L. N.
Blumberg4
16 Goldstein, G. “Ligand-Exchange Chromatography of Nu- Anal. Biochem. 20, 477 (1967)
cleotides, Nucleosides, and Nucleic Acid
Bases"’ '
17 Hahn, R. L., “Interactions of He Particles with Boron, Nucl. Phys. A101, 353 (1967)
E. Ricci Nitrogen, Sodium, and Beryllium®*
18 Handley, T. H. Book Review of: Radiochemistry of Arsenic, Health Phys. 12, 1511 (1966)
H. C. Beard, J. G. Cunninghame, U.S. Atomic
Energy Commission, NAS-NS-3002 (Rev.), 1965 ‘
19 Hertel, G. R. “Surface Ionization. I Desorption of U+ Ions ]./ Chem. Phys. 47, 133 (1967)
' from W and Re Surfaces” '
20 #Surface Ionization. II. The First Ionization J. Chem. Phys. 47, 335 (1967)
Potential of Uranium®’ '
21 Jurriaanse, A.,° “Use of Organic Additives to Induce the Se- Anal. Chem. 39, 494 (1967)
F. L. Moore lective Liquid-Liquid Extraction of Niobium
with Thenoyltrifluoroacetone’’
22 Kelley, M. T. #Radioisotopes in Greece®’ Isotopes Radiation Technol. 3, 73
(1965-66)
23 ‘Comments,” p. 37A in ‘‘Education in Analytical Anal. Chem. 38(13), 29A (1966)
Chemistry — A View from Industry’’
24, Kubota, H. “Gamma Dosimetry at 150-250°C with Deaerated J. Inorg. Nucl. Chem. 28, 3053
Ferrous Sulfate Solution®’ (1966) - )
25 Lyon, W. S. Book Review of: Radioisotope Instruments in Mater. Res. Std. 7(2), 92 (1967)
Industry and Geophysics, vols. I and II, In- -
ternational Publications, New York, 1966
26 Lyon, W. S., ““Forensic Application of Neutron Activation Isotopes Radiation Technol. 4,
F. J. Miller Analysis”’ 325 (1967)
.27 Manahan,‘ s. E.S ¢Electron Exchange Between Copper(l) and Can. J. Chem. 45, 2451 (1967)
Copper(Il) in Acetonitrile®’
28 Moore, F. L. ““Selective Liquid-Liquid Extraction of Berke- Anal. Chem. 38, 1872 (1966)
lium(IV) with 2-Thenoyltrifluoroacetone-
Xylene: Applications to the Purification
and Radiochemical Determination of Berke-
lium”’
29 Moore, F. L., *‘Separation of Californium from Curium and Anal. Chem. 39, 733 (1967)

3Chairman, Department of Mathematics and Physics, Associate Professor of Physics, Knoxville College, Ten-
nessee.

4Cambridge Electron Accelerator, Cambridge, Mass.
5Alien Guest from the South African Atomic Energy Board, Pretoria, Republic of South Africa.

6ORAU Research Participant, summer 1966; Assistant Professor of Chemistry, Departfnent of Chemistry, Uni-
versity of Missouri, Columbia. '
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O'Brien, H. A., Jr.,* ‘A New Way to Make Pure Celdln
J. S. Eldridge
31 O'Brien, H. A., Jr.,* *‘The Thermal Neutron Cross Sections and
J. S. Eldridge, Resonance Integrals of 13904 and 140La"
R. E. Druschel,*
J. Halperin* »
32 Pappas, W. s.,7 ¢A Comparative Condensation Pressure
S. A. Maclntyre, Analyzer for Uranium Hexafluoride Purity?®’
C. w. Weber7 '
33 Reynolds, S. A. “#'Radioisotope Characteristics, Measurements,
‘ - and Standards®

34 Book.Review of: Radiometric Titrations, T.
Braun and J. Tolgyessy (translated by L
Finaly), ed. by A. Townshend, Pergamon,

’ New York, 1967
35 Ricci, E., “‘Sensitivities for Activation Analysis of 15
R. L. Hahn Light Elements with 18-MeV Helium-3
Particles®’
36 * “Simple Method to Calculate Sensitivities and
Interferences vs Bombardment Ehergy in 3He
) Activation Analysis®®
. 37 Ross, H. H.. ““The Balanced Quenching Method for Counting
Carbon-14"’
38 Rubin, I. B., ““The Determination of Transfer Ribonucleic
A. D. Kelmers, * Acid by Aminoacylation. I. Leucine and
G. Goldstein Phenylalanine Transfer Ribonucleic Acid
) from E. coli B”’
39 Scott, C. D.,* ‘‘Automatic, High Resolution Analysis of Urine
J. E. Attrill, -for Its Ultraviolet-Absorbiné Constituents®’
N. G. Anderson* .
40 Shults, W. D., ¢Controlled-Potential Differential DC Polarog-
w. B. Schaap8 raphy. II. The AE-Differential Polarographic
Technique’’ )

41 ¢‘Controlled-Potential Differential DC Polarog-
raphy. IV. Determinate and Statistical Errors
in Comparative Polarography, Theory and Ex-
periment”’ _

42 Shults, W. D., ‘‘Controlled-Potential Differential DC Polar6g~

D. J. Fisher, raphy. Comparative Polarography*’
"W. B. Schaaps
43 Shults, W. D., ‘¢Controlled-Potential Differential DC Polarog-
D. J. Fisher, raphy. L Instrumentation, Apparatus, and
H. C. Jones, Techniques®’
M. T.‘ Kelley,
w. B. Schaap8
"ORGDP.

8professor of Chemistry, Indiana University, Bloomington.

Nucleonics 25%2), 41 (1967)
J. Inorg. Nucl. Chem. 29,
584 (1967)

Anal. Chem. 38, 1570 (1966)

Isotopes Radiation Technol.
4, 46 (1966)

Anal. Chem. 39(13), 83A (1967)

Anal. Chem. 39, 794 (1967)

Trans. Am. Nucl. Soc. 10, 87
(1967)

Intern. J. Appl. Radiation Isotopes
18, 335 (1967)

Anal. Biochem. 20, 533 (1967)

Proc. Soc. Exptl. Biol. Med.
125, 181 (1967)

Z. Anal. Chem. 224, 22 (1967)

.

Anal. Chem. 39, 1384 (1967)

Anal. Chem. 39, 1379 (1967)

Z. Anal. Chem. 224, 1 (1967)



44 Sto_kely, J. R, Jr.,
F. L. Moore

45 Strain, J. E.,

W. J. Ross
46 White, J. C.

47

48 Willmarth, T. E.

49 Young, _] P.

50 Young, J. P.,
G. Mamantov,
F. L. Whiting'?

9

.

51 Zittel, H. E.,

T. M. Florencell

52

53 Zittel, H. E.,
F. J. Miller

54

i
55 Anonymous (work by

J. R. Stokely and
W. D. Shults)

AUTHOR(S)

56 Fisher, D. J. .

57 Goldstein, G.,
S. A. Reynolds
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““New Separation Method for Americium Based
on the Liquid-Liquid Extraction Behavior of

Americium(V)"

‘‘Reactions Between 14.7-MeV Neutrons and
Nickel-64"" \

- Book Review of: Trace Analysis: Physical

Methods, G. H. Morrison, ed., Interscience,
New York, 1965

Book Review of: Progress in Nuclear Energy,
SERIES IX, ANALYTICAL CHEMISTRY,
vol. 7, H. A. Elion, D. C. Stewart, eds.,
Pergamon, New York, 1966

¢“The Examination of Praseodymium -and
Europium Hydroxide Sols by Electron °

' Microscopy and Electron Diffraction’’

“‘Spectra of Uranium(IV) and Uranium(III)

in Molten Fluoride Solvents"\

“Simultanéous Voltamrﬁetric Generation
of U(III) and Spectrophotometric Ob-
servation of the U(III)—U(IV) System
in Molten Lithium Fluoride-Beryllium

Fluoride-Zirconium Fluoride®

“Voltammetric and Spectrol'.::hotometric Study
of the Zirconium-Alizarin Red S Complex”’

“Voltammetric Method for the Determination

of Zirconium”?

<~ “‘Anodic Reactions of the Halides in Dimethyl

Sulfoxide at the Pyrolytic-Graphite Elec-

trode’’

“Chronopoteritiometry of ‘the Iodine System at the

Pyrolytic-Graphite and Glassy;Carbbn Elec-

trodes®’

¢“Controlled-Potential Coulometric Titration

of Americium®’’

Reports

TITLE

‘Report on Foreign Travel of Dale J. Fisher
July 11, 1964 to August 30, 1964

Half-Lives and Specific Activities of Common

Radionuclides

Anal. Chem. 39,' 994 (1967)

J. Inorg. Nucl. Chem. 28, 2075
(1966)

Anal. Chem. 38(13), 77A (1966)

Anal. Chem. 39(3), 84A (1967)

\

/

" "The Microscope 15, 78 (1967)

Inorg. Chem. 6, 1486 (1967)

J. Phys. Chem. 81, 782 (1967)

Anal. Chem. 39, 320 (1967)
Anal. Chem. 39, 355 (1967)

Anal. Chim. Acta 37, 141 (1967)

J. Electroanal. Chem. 13, 193
.(1967)

Chem. Eng. News, Oct. 23, 1967,
p.-67

REPORT NO. AND DATE

April 10, 1967 (unpublished)

ORNL-TM-1318

9Consultant; Associate Professor of Chemistry, University of Tennessee, Knoxville.

10GRNL Loanee; Graduate Student, Department of Chemistry, University of Tennessee, Knoxville.

11 Atien Guest from Australian Atomic Energy Commission, Sutherland, New South Wales, Australia.
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Kelley, M. T.

Lewis, R. ‘E.,*
S. A. Reynolds

Lyon, W.'S.

Mitchell, B. E.,”
R. K. Sood, *
W. J’ Ross

Raaen, Helen P., ed.

Raaen, Helen P.,

Ann K. Haas,* eds.

Raaen, Helen P.,
Ann S. Klein,* eds.

Stelzner, R. W.

Stokely, J. R., Jr.

. White, J. C.

.
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Statistical Quality Control Report, Analytical
Chemistry Division, Qctober Through Decem-
ber 1966 - . '

Statistical Quality Control Report, Analytical
Chemistry Division, January Through March,
1967 - '

Statistical Quality Control Report, Analytical
Chemistry Division, April Through June, 1967.

Preparation of Phosphorus-33 by Irradiation of
Enriched Sulfur-33 in Highly Thermalized Flux

Report of Foreign Travel of W.'S. Lyon April
26, 1967 to May 17, 1967

Report of Foreign Travel of W.'S. Lyon October
14, 1966 to November 15, 1966 /

Tests of the Deaerator at the\Freeport Seawater
Desalting Plant and Evaluation of Dissolved

Gas Analysis -

Aqélytical Chemistry Division Annual Progress
Report for Perjod Ending October 31, 1966

Oak Ridge National Laboratory Master Ana-
Iytical Manual, Supplement 9

Cumulative Indexes to the Analytical Chemistry
Division Annual Progress Reports 1964—1966

.Indexes to the Oak Ridge National Laboratory
Master Analytical Manual (1953—-1966)

Report of Foreign Assignment of Robert W.
Stelzner November 27, 1964 to December
5, 1965

Solvent Extraction and Gas Chromatography of .

Metal Fluoroacetylacetonates

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — November
1966 ’

o Analytical Chemistry Research and Develop-

ment Group M_onthly'Summary — December,
1966 '

Analytical Chemistry Research and Develop-
ment Group Monthly Summary — January, 1967

Analytical Chemistry Research and Develop-
ment Group Monthly Summ_._ary — February,
1967 ’

Analytical Chemistry Re'searc,h and Develop-
ment Group Monthly Summary — May, 1967

\Analytical Chemistry Research and Develop-

ment Group Monthly Summary — June, 1967

’

Jan. 10, 1967 (unpublished)
Apr. 14, 1967 (unpublished)

July 11, 1967 .(L‘mpublished)
ORNL-4051 (January 1967)

May 26, 1967 (unpublished) ’
Nov. 30,-1966 (unpublished)

ORNL-TM-1953 (Oct. 3, 1967)

ORNL-4039 (January 1967)
TID-7015, suppl. 9 (March 1967)

ORNL-3904, rev. 1 (January 1967)

TID-7015, Indexes, rev. 4 (March
'1967) S

Aug. 25, 1967 (unpublished)

TID-23663 (May 1966)

» ' A
Nov. 30, 1966 (unpublished) .
Jan. 4, 1966 (unpublished)

Jan. 27, 1967 (unpublished)

Mar. 2, 1967 (unpublished)

May 26, 1967 (unpublished)

June 28, 1967 (unpublished)

2
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77 Analytical Chemistry Research and Develop- Aug. 28, 1967 (unpublished)

! ment Group Monthly Summary — August,
1967
78 Analytical Chemistry Research and Develop- Sept. 26, 1967 (unpublished)
' ‘ment Group Monthly Summary — September,
1967 .
79 : Analytical Chemistry Research and Develop- Oct. 27, 1967 (unpublished)
ment Group Monthly Summary — October, ) .
1967 ‘
80 White, J. C., Analytical Chemistry Research and Develop- Mar. 28, 1967 (unpublished)
C. Feldman ~ ment Group Monthly Summary — March, 1967
81 Analytical Chemistry Research and Develop- July 29, 1967 (unpublished)

ment Group Monthly Summary — July, 1967

82 White, J. C., " Analytical Chemisfry Research and Develop- April 27, 1967 (unpublished)
D. J. Fisher ment Group Monthly Summary — April, 1967 )

83 Anonymous “Pipetters’’ in Engineering Materials List, CAPE-1220 (March 1967)
TID-4100 (Supplement 37) :

84 “Filter Photometer’’ in Engineering Materials CAPE-1313 (May 1966)
List, TID-4100 (Supplement 33)

. Methods Issued to the ORNL Master Analytical Manual

REVISED METHODS

AUTHOR(S) TITLE NUMBER DATE

85 Wyatt, E. L. “Jodine-131, Product Analysis Guide®’’ 9 0733391 R. 3-27-67

RECORD-COPY METHODS

AUTHORC(S) ’ TITLE ~ NUMBER DATE
86 Raaen, Helen P. ‘*Separation of Amanita Toxins by Thin-Layer 1 00702 ' 8-23-67
Chrdmatography on Silica Gel G Chromato-
plates” '
87 Raaen, Helen P. ‘‘Separation of Complex Mixtures of' Nucleic 1 00703 10-1-67

Acid Bases, Nucleosides, and Nucleotides
by Two-Dimensional Thin-Layer Chro-
matography on Polyethyleneimine-Cellulose®’

ORAL PRESENTATIONS
Eleventh Conference on Analytical Chemistry in Nuclear Technology
More than 340 scientists, including 23 representatives from 9 foreign countries; attended the Eleventh

Conference on Analytical Chemistry in Nuclear Technology, which was held in Gatlinburg, Tennessee, on
October 10—12, 1967. Again, the Analytical Chemistry Division of ORNL sponsored the Conference.
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The theme of the Conference was ‘‘Instrumental Methods in Analytical Chemistry.”’ In addition to the
63 papers that were presented, panel discussions on the topics ‘‘Non-Reactor Methods of Activation Anal-
ysis’’ and ““The Apathy in Isotope Applications: What Can Be Done?”’ were informative contributions,
which added interest in the Conference.

The Conference Committee members were: M. T. Kelley, Division Director; L. J. Brady, Chaiman;
H. L. Holsopple, Treasuter; R. R. Rickard, H. H. Ross, W. D. Shults, E. J. Spitzer, and R. W. Stelzner.

Although the proceedings of the Conference will not be published, tape recordings were made of all
the presentations. Copies of these recordings are available on a loan basis.

The Twelfth Conference in this series is tentatively scheduled to be held at the Mountain View Hotel
and Motor Lodge, Gatlinburg, Tennessee, on October 8—10, 1968.

At Meetings of Professional Societies, Conferences, and the Like

AUTHOR(S) TITLE , PRESENTED AT
88 Belew, W. L. ¢¢A Solid-State, Controlled-Potential DC Po- 11th Conference on Analytical Chem- |
larograph and a Precision Drop-Time Con- istry in Nuclear Technology, Gat-
troller’? linburg, Tenn., Oct. 10-~12, 1967
89 ‘‘Controlled-Potential DC Polarograph- Analytical Chemistry Instrument
Voltammeter (Q-2792)*’ ' Demonstration Conference. An

Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.

16—-17, 1967
90 Botts, J. L.,12 A Vacuum Fusion—Gas Chromatographic 11th Conference on Analytical
H. G. Davis, Apparatus for Low Levels of Interstitial = - Chemistry in Nuclear Tech-
W. R. Laing Gases’’ . nology, Gatlinburg, Tenn.,
Oct. 1012, 1967
91 Canada, D. C.,12 ¢¢Use of a Density Gradient Column to o Southeastern Regional Meeting,
W. R. Laing Measure the Density of Microspheres®? "American Chemical Society,
Louisville, Ky., Oct. 2729,
1967
92 Carter, J. A. ““Analysis of Solution and Radioactive MS-7 Users Meeting, White Plains,
' Samples by Spark Source Mass Spectrometry®® N.Y., Apr. 10-11, 1967
93 Dyer, F. F. “Principles of Activation Analysis” South-Central Independent College
(Invited Lecture) Association of Chemists, Tennes-

. ‘ - see Wesleyan College, Athens,
Tenn., Oct. 6, 1967

94 Eldridge, J. S. ‘¢Gamma-Ray Spectroscopy’’ South-Central Independent College
(Invited Lecture) Association of Chemists, Tennes-
see Wesleyan College, Athe\ns,
Tenn., Oct. 6, 1967

95 Emery, J. F. “Nuclear Analysis Using a Large Volume 153d Meeting, American Chemical
Ge(Li) Detector”’ . . Society, Miami Beach, Fla., Apr.
10—~14, 1967
96 Goldstein, G.,12 A Semi-Automated Filter Paper Disk Tech- Technicon Symposium on Automation
W. L. Maddox, nique for the Determination of Transfer in Analytical' Chemistry, New
I. B. Rubin Ribonucleic Acids’? - . York, Oct. 24, 1967
~x

12Speaker.
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Guyon, J. C.,12’13

W. D. Shults

~

Hahn, R. L.;!2
E. Ricci

Hardy, C. J.,“
S. R. Buxton,*
T. E. Willmarth!?

Jones, H. C.

Kelley, M. T.

Lund, J. R.,12
H. Kubota

Lyon, W. S.
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¢“The Fluorometric Determination of the.
Phosphate Ion**

N

“Interactions of 3He Particles with Low-Z
Elements — Excitation Functions from Ex-
periment and from Direct-Interaction
Theory*’

\

¢“Chemical and Electron Optical Studies of the
Sols, Gels, and Oxide Microspheres Prepared
from the Rare-Earth Hydroxides®’’

¢“Controlled-Potential Coulometric Titrators
(Q-2005-X50 and Q-2564)""

“‘Comparison of Analytical Chemistry and

Activation Analysis”’

“Comparison of Activation Analysis to Other
Analytical Methods®’

¢“Current Capabilities in Analysis of Trace

Substances: Electroanalytical Methods®’

¢“Electroanalytical Research at Oak Ridge
National Laboratory®’’

“Properties of Rock Salt of Interest to Ra-

dioactive Waste Disposal®’

¢Systems Development — Analytical®’

¢““Physical Techniques of Activation Analysis®’

.

11th Conference on Analytical
Chemistry in Nuclear Technology,
Gatlinburg, Tenn., Oct. 10—12,

" 1967 oo

153d Meeting, American Chemical
Society, Miami Beach, Fla., Apr.
10-~14, 1967

6th Rare-Earth Conference, Gatlin-
burg, Temn., May 3-5, 1967

Analytical Chemistry Instfument
Demonstration Conference. An
Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.
16-17, 1967

ORAU Neutron Activation Analysis
Course, Sl:;ecial Training Division,
Oak Ridge, Termv., May 29—June
16, 1967

ORAU Summer Institute in Iso-
tope Technology, ORAU Special
Training Division, Oak Ridge,
Tenn., June 26—Aug. 14, 1967

1st Annual Conference on Trace
Substances in Environmental
Health, University of Missouri,
Columbia, July 10-11, 1967

Institut Ruder Bo‘s’kovic’, Zagreb,
Croatia, Yugoslavia, Sept. 11,
1967

76th Meeting, Tennessee Academy
of Science, Johnson City, Nov.
25-26, 1966 '

8th Annual Contractors’ Meeting,
Division of Isotopes Development,
U.S. Atomic Energy Commission,
Washington, D.C., Dec. 5-7, 1966

International Atomic Energy Agency’s
Symposium on Nuclear Activation
Techniques in Life Sciences,
Amsterdam, May 7-13, 1967

130RAU Research Participant; Associate Professor of Chemistry, University of Missouri, Columbia.

14 Guest Scientist, 1965—66, from Chemistry Division, Atomic Energy Research Establishment, Harwell, Eng-

land.
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Maddox, W. L.

Maddox, W. L.,
M. T. Kelley'?

Mamantov, G.,g"1 2

D. L. Manning,
H. W. Jenkins!®

9,1
Mamantov, G.,” '’ 2

D. L. Manning,
H. W. Jenkins, !5
J. M. Dale

"Manning, D. L., 12

G. Mamantov, °
H. W. Jenkins!®

Meyer, A. S., Jr.,}2
C. M. Boyd,
J. E. Attrill

Moore, F. L.

Mueller, T. R.
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“Practice of Activation®

¢sActivation Interferences®’

“Precision Pipetter, Remotely Controlled,

Corrosion Resistant®’

“Velocity-Servo Potentiometric Titrator®’

“An Output Sampler for the Technicon Auto-
Analyzer”?’

i
.

‘“Exchange Current Measurements on Nickel-
Nickel(Il) Couple in Molten Fluorides®’

¢“Electroanalytical Chemistry in Molten

Fluorides®’

$¢Voltammetric and EMF Measurements on
Nickel-Nickel(II) Couple in Molten Fluorides®?

‘Automation of Gas Chrorﬁatographic Analyses
at the Oak Ridge National Laboratory*’

¢‘Recent Developments in the Analytical
Chemistry of the Transplutonium Elements”’

“‘Instrumentation for Electrochemical Kinetics
Studies’’

(Series of Three Invited Lectures)

15ORAU Graduate Fellow; Graduaté Student, Department of CTlemistry,

ORAU Neutron Activation Analysis
Course, ORAU Special Training
Division, Oak Ridge, Tenn., May
29~June 16, 1967

ORAU Summer Institute in Isotope
Technology, ORAU Special Train- -
ing Division, Oak Ridge, Tenn.,
Aug. 14, 1967

Analytical Chemistry Instrument
Demonstration Conference. An
Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.
16--17, 1967

Analytical Chemistry Instrument .

An .
Industrial Cooperation Confer-

ence, Oak Ridge National Labo-

Demonstration Conference.

ratory, Oak Ridge, Tenn., Oct.
16-17, 1967

21st International Congress of Pure
and Applied Chemistry, Prague,
Sept. 4-10, 1967

153d Meeting, American Chemical
Society, Miami Beach, Fla., Apr.
10-14, 1967

Southwest Regional Meeting, Amer-
ican Chemical Society, Albuquer-
que, N.M., Nov. 30—~Dec. 2, 1966

153d Meeting, American Chemical
Society, Miami Beach, Fla., Apr.
10-14, 1967 ’

21st International Congress of Pure
and Applied Chemistry, Prague,
Sept. 4~10, 1967

153d Meeting,' American Chemical
Society, Miami Beach, Fla., Apr.
10-14, 1967

Course No. 645
Department of Chemistry, Uni-
versity of Tennessee, Knoxville,
May 20, 25, and 27, 1967

University of Tennessee, Knoxville.
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‘Ricci, E.,

Mueller, T. R.

Pruitt, M. E.

Raaen, Helen P.

Ricci, E.

12

R. L. Hahn

Ross, H. H.
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¢¢Controlled-Potential and Controlled-Current

Cyclic Voltammeter’’

¢

¢“Application of Computer Programs for

" Analysis of Radioisotopes®’’

¢Teflon Polarographic Dropping-Mercury
Electrode”

*3He Activation’ in Panel Discussion on

¢“Non-Reactor Methods of Activation Analysis?’’

“Simple Method to Calculate Sensitivities and
Interferences vs Bombardment Energy in 3He

Activation Analyses’’ .

‘““Present Status of the Helium-3 Activation
"Analysis Program at ORNL?’

.

. ““Development of Radiation Stimulated Light

Sources?®’

*Precision Photometric Analysis in the Ultra-
violet Using a Radioisotopic Light Source

Photometer’’

“The Analytical Applications of the Secondary
Effects of Radiation: Precision
Photometry Using a Radioisotopic Light

Source®’

“‘Radiochemical Separations®’’

‘‘Application of ’Radioisétopes to Problems of
Chemical and Physical Research”’

¢“ORNL-Ross Radioisotopic Light Source

Photometer”’

Analytical Chemistry Instrument
Demonstration Conference. An
Industrial Cooperation Confer-
encé, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.
1617, 1967

153d Meeting, American Chemical’
Society, Miami Beach, Fla., Apr.
10-14, 1967

»

Analytical Chemistry Instrument
Demonstration Conference. .An
Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Temn., Oct.
16-17, 1967

11th Conference on Analytical )
Chemistry in Nuclear Technology,
Gatlinburg, Tenn., Oct. 10-12,
1967

13th Annual Meeting of American
Nuclear Society, San Diego,
Calif., June 11-15, 1967

EURATOM Conference on Practical
Aspects of Activation Analysis
with Charged Particles, II, Lie‘ge,
Belgium, Sept. 21-22, 1967

8th Annual Contractors’ Meeting,
Division of Isotopes Develop-
ment, U.S. Atomic Energy Com-
mission, Washington, D.C.,
Dec. 5-7, 1966

153d Meeting, American Chemicél
Society, Miami Beach, Fla., Apr.
10-14, 1967

Frontiers in Chemistry Lecture,
Wayne State University, Detroit,
"Mich., June 5, 1967

Thai Atoms for Peace Laboratory,
Bangkok, Thailand, ‘Aug. 24, 1967

National Tsing Hua University,
Hsinchu, Taiwan, Republic of '
China, Aug. 29, 1967

Analytical Chemistry Instrument
Demonstration Conference. An
Industrial Cooperation Conference,

~ Oak Ridge National Laboratory,
Oak Ridge, Tenn., Oct. 16—17,
1967
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Sites, J. R.,12
J. A. Carter

Stelzner, R. W.

Stokely, J. R.,'?
W. D. Shults

White, J. C.

Yoakum, Anna M.

Young, J. P.

+ LECTURER

Cameron, A. E.

Hahn, R. L.

Ricci, E.

White, J. C.
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“Spark Source Mass Spectrometry of Radiocactive’

Samples?’

‘Fluorophotometer (Q-1165) and Fusion Device
(Q-1187)* i

.

¢Controlled-Potential Coulometric Determination

of Americium®’

“‘General Requirements of Modern Day Analytical

Chemistry’*

¢“The Analytical Chemist Looks at Standard

Reference Materials”’

*Recent Advances in Analytical Emission

Spectroscopy”’

" “Recent Advances in Emission Spectroscopy’’

“Windowless Spectrophotometric Cells for Use

with Corrosive Liquids®®

Under the Traveling Lecture Program

TITLE

‘“Geological Age Determination by Isotopic Meas-

urements’?

“Interaction of “He Particles with Low-Z Ele-
ments: A Nuclear Chemist Looks at Direct

Reactions?’

¢‘Recent Developments in Activation Analysis®’

“The New Image of Analytical Chemistry in

Science’”

11th Conference on Analytical
Chemistry in Nuclear Technology,
Gatlinburg, Temn., Oct. 10-12,
1967

Analytical Chemistry Instrument
Demonsiration Conference. An
Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.
16—~17, 1967

11th Conference on Analytical
Chemistry in Nuclear Technology,
Gatlinburg, Tenn., Oct. 10-12, .
1967

76th Meeting, Tennessee Academy
of Science, Johnson City, Nov.
25-26, 1966

_ Analytical Group, Chemical Society

of Washington, D.C., Feb. 9, 1967 ' -

18th Annual Mid-America Symposium
on Spectroscopy, Chicago, May
15—-18, 1967

Fall Meeting, Southeastern Section
of the Society for Applied Spec-
troscopy, Birmingham, Ala., Sept.
30, 1967 .

Analytical Chemistry Instrument
Demonstration Conference. An
Industrial Cooperation Confer-
ence, Oak Ridge National Labo-
ratory, Oak Ridge, Tenn., Oct.
16—17, 1967

PRESENTED AT

Vanderbilt University, Nashville,
Tenn., Apr. 28, 1967

Purdue University, Lafayette,
Ind., Nov. 19, 1966 -

University of Virginia, Charlottes-
ville, Feb. 27, 1967 ' oY

Alabama College,. Montevallo,
Dec. 12, 1966

Virginia Military Institute, Lexing-
ton, Feb. 28, 1967

Southern Illinois University, Car
bondale, Oct. 23, 1967



AUTHOR

147 Moore, F. L.

119

Patents -
TITLE
¢Method for Removing Lanthanides and Tri-

valent Actinides from Aqueous Nitrate

Solutions®’’

PATENT NO.

3,294,494

DATE ISSUED

Dec. 27, 1966



Translations

3

TRANSLATOR - ORIGINAL REFERENCE TRANSLATION
Author Translated ORNL-tr
(Transliterated) Source Language Language Title Number
1 Raaen, Helen P. K. Randerath J. Chromatog. 6, German English ¢¢Thin-Layer Chro- 1713
and H. 4S_truck 365-367 (1961) matographic
, Separation of
Nucleic Acid
. Derivatives on
. Cellulose Layers’’
2 K. Randerath Biochim. Biophys. German English ‘‘Polyethyleneimine- 1703
Acta 61, 852—854 Cellulose—A New
" (1962) Anion Exchanger for
the Chromatography
of Nucleotides”’
3 Su\sano, C. D. ! I. Mezzasoma Boll. Soc. Ital. Italian English ¢¢Separation of 1667
and B. Farina Biol. Sper. Bases, Nucleosides
42(20), 1449— and Nucleotides on

1452 (1966)

a Column of Dextran
(Sephadex G-10)”

'Retired.

120
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Articles Reviewed or Refereed for Periodicals

Number of Articles Reviewed or Refereed for Indicated Periodical

W © § 3 §
& < < O B

@ o . ) < ] @ K

Reviewer g . < B - g .| B3 = s

= § g S & E I8 ¢ = Q m £

or b g o g = g | K S . o O
§) < < Q. 5 o < w O [ 3 B -
Referee : -0 S 2 i 0 0. @ < 2 § - S

5 - . . 2 - . g- . . 9 “ g —_
2 s 3| s |. s 3| §|% S| S| S| 5|8 g
< 3 3 g 3 5 g |8 3 3 3 o 3 o
< < < < < 6} ~ < 2z, 2 2 !4 2] B
Attrill, J. E. 1 1
Dunn, H. W. 1 1
Eldridge, J. S. 1 1
Emery, J. F. 1 1
Feldman, Cyrus 3 3 1 7
Florence, T. M.1 1 1 ¢ ‘ 2
Goldstein, Gerald 3 3
Horton, A. D. 1 1
Jones, H. C. 1 1
Kelley, M. T. 1 1
Kubota, Hisashi 1 1
Lyon, W. S. 7 1 8
Maddox, W. S. 2 2
Manning, D. L. 3 3
Miller, F. J. 2 2
Moore, F. L. 1 3 1 5
Mueller, T. R. 6 6
Reynolds, S. A. 2 3 1 1 7
Ricci, Enzo 1 1 2
Ross, H. H. 6 6
Ross, W. J. 2 2
Shults, W. D. 2 1 3
Stelzner, R. W. 5 5
White, J. C. 3 3
Young, J. P. 1 1 2
Zittel, H. E. 1 1
Total 1 59 1 3 1 1 1 3 2 1 2 1 1 77

1Alien Guest from Australian Atomic Energy Commission, Sutherland, New South Wales, Australia.






Helen P. Raaen

Indexes are a part of the Analytical Chemistry
Division annual report for the fourth 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 in-
dexes for the years 1964-1967 are bound sep-

arately and are designated ORNL-3904 (Rev. 2).

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, supplementary 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
67A-09-08C, where 67 indicates the year of publica-
tion of the annual report, A designates a major
part or division of the report, 9 is the chapter
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,

123

Indexes

Ann S. Klein?

YEAR PART CHAPTER SECTION

67A-09-08C

SUBSECTION

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 Tnumbering system is of the type
67PRR-025, where 67 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 teport; for example,

LISTED UNDER
"PRESENTATION OF RESEARGH
RESULTS "

67PRR-025

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
teport, 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. Because special type
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

lTechnical Information Division.




. Roman numeral following the name of the element
or ion, and an isotope mass number is indicated by
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

124

state, appears as a capital M 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.



ALKYL BENZENE SULFCNATE {

IC, HIGH RESOLUTION ANALYSIS OF URINE FOR ITS ULTRAVICLET
/OMAT IC HIGH RESOLUTION ANALYSIS CF URINE FOR ULTRAVICLET
ATER1IALS ( CARY MODEL-!u4 SPECTROPHOTOMETER/ GLOVE BOX FOR
ORATE MEDIA II. THE EFFECTS OF HYDROLYSIS ON THE RE/ THE
./ IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / MCLAR
/PECTROPHOTOMETRIC STUDIES OF MOLTEN SALT SYSTEMS ( MCLAR
/ECTROMETRY SERVICE ( HFIR COMPONENTS / RELATIVE ISOTCPIC
INDUCED REACTIONS IN THE GEV REGION / CAVMBRIDGE ELECTRON
/RON ACTIVATION ANALYSIS AT THE OAK RIDGE ELECTRON LINEAR
L DENSITY OF TRANSFER RIBO NUCLEIC ACIDS ( PHENYL ALANINE
TRANSFER RNA } ( BICINE / NyN BI/ DETERMINATICN OF VALINE
- TRANSFER R/ DETERMINATION OF LELCINE AND PHENYL ALANINE
TH SPECIAL REFERENCE TO COULOMETRY THE
ICES ( INERT GAS FUSION METHOD / LECO NITROX-6 ANALYZER /
/BI CYCLO BUTANE / HYDRO BROMIDE Of DI ETHYL GUANICINC DI
/YTICALLY GENERATED ACID / EDTA / ETHYLENE DI AMINE TETRA
EXTRACTION AND GAS CHROYATOGRAPHY OF METAL FLUORO ACETYL
/1D EXTRACTION OF BERKELIUM{IV) WITH 2 THENOYL .TRI FLUCRC
IC-LIQUID EXTRACTION OF NIOBIUM WITH 2 THENOYL TRI FLUGRC
/) { AMERICIUM-2u41 / AMERICIUM-243 / 2 THENOYL TRI FLUORC
/MMA-RAY SPECTRUM OF AMERICIUM-2u4¢ / 2 THENOYL TRI FLUGORC
/HANIDE AND ACTINIDE BETA DI KETONES ( HEXA FLUORC ACETYL
QUIC-LIQUIC EXTRACTION OF NIOBIUM WITH THENOYL TRI FLUQRC
ELECTRON EXCHANGE BETWEEN COPPER({I)} AND COPPER(II} IN
SOLVENT EXTRACTION AND GAS CHROMATOGRAPHY OF METAL FLLCRC
/OF LANTHANIDE AND ACTINIDE BETA DI KETONES ( HEXA FLUCRC
POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY URICYLIC
IC ACIDS ( PHENYL ALANINE ACCEPTING TRANSFER RIBO NUCLEIC
POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY URIDYLIC
POLY CYTIDYLIC ACID / POLY GUANYLIC ACID / POLY URIDYLIC
ON CHROMATOGRAPHY / DI ( 2 ETHYL HEXYL ) ORTHO PHOSPHCRIC
LLANEOUS STUDIES ON THE ANALYSIS OF TRANSFER RIBO NUCLEIC
IA-COLI-/ PREPARATION OF AMINO ACYL TRANSFER RIBO NUCLEIC
/ DETERMINATION OF VALINE ACCEPTING TRANSFER RIBC ANUCLEIC
RAPIC DISTILLATION SEPARATION OF FLUORIDE ( FLUC SILICIC
/E / HEPTYL DECYL AMINE / DI DODECYL NAPHTHALENE SULFCNIC
/SH { MITCHELL - SCOTT PIOCEDURE / PHOSPHORUS-32 / FORMIC
/ ALPHA, ALPHA/ DI PIPERIDYL / PARA ETHYL BENZENE SLLFCNIC
/XANE / TEFLON / RIBO NUCLEIC ACIDS / HUMIC ACID / FULVIC
/CIPITATION OF BARIUM SULFATE BY RADIOLYTICALLY GENERATED
JETHYL TRI SILOXANE / TEFLON / RIBO NUCLEIC ACIDS / HUMIC
/NGE CHROMATOGRAPHY ( HO4OPOLYMERS OF RNA / POLY ADENYLIC
/OMATOGRAPHY { ESCHERICHIA-COLI-B / YEAST / POLY ADENYLIC
/LYMERS BY LIGAND EXCHANGE CHROMATOGRAPHY { POLY ADENYLIC
/OMOPOLYMERS OF RNA / POLY ADENYLIC ACID / POLY CYTIDYLIC
CHIA-COLI-B / YEAST / POLY ADENYLIC ACID / POLY CYTIDYLIC
ANGE CHROMATOGRAPHY { POLY ADENYLIC ACID / POLY CYTIDYLIC
POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY GUANYLIC
/Y GENERATED ACID / EDTA / ETHYLENE DI AMINE TETRA ACETIC
RAOIOLYSIS OF RADIATION SAFEGUARD SPRAY SOLUTICNS ( BCRIC
/SONANCE SPECTROMETRY { t ( 3 HEXYL ) NAPHTHALENE / CLEIC
/ROYL NAPHTHALENE 7/ 2,6 01 DODECYL NAPHTHALENE | SULFCNIC
NE } ANINC
E CHROMATOGRAPHY OF NUCLEOTIDES, NUCLEOSIDES, AND NUCLEIC
E CHROMATOGRAPHY OF NUCLEOTIDES, NLCLEOSIDES, AND ANUCLEIC
CIMENSIONAL TH/ SEPARATION OF COMPLEX MIXTURES OF ANUCLEIC
LANINE TRANSF/ THE DETERMINATION OF TRANSFER RIBO NUCLEIC
YMERS OF RNA // TERMINAL NUCLEOSIDE ASSAY OF RIBO NUCLEIC
THIN LAYER CHROMATOGRAPHIC SEPARATION OF NUCLEIC

/GENEQUS SEPARATIONS / RADIOLYTIC RELEASE OF HYDROCHLCRIC
TION I. LEUCINE AND PHENYL ALANINE TRANSFER RIBO NUCLEIC
/ BERKELIUM ) . AUTODECOMPOSI TICN OF BRONATE IN
/SALT VAULT ( WATER CONTENT OF BECOED SALT / HYDROCHLCRIC
ALPHA CHAIN OF MOUSE HEMOGLOBIN / AMINO ACID SEQUE/ AMINO
/ AMINO ACIO SEQUE/ AMINO ACID SEQUENCE ANALYSIS { AMINC
/ACID SEQUENCE OF ALPHA THAIN OF MOUSE HEMOGLOBIN / AMINC
TECHNIQUE FODR THE OETERMINATICN CF TRANSFER RIBO NUCLEIC
/UCINE AND PHENYL ALANINE ACCEPTING TRANSFER RIBO NUCLEIC
/ MEASUREMENT OF OPTICAL OENSITY OF TRANSFER RIBO NUCLEIC
) AUTOMATEDO ODETERMINATION OF TRANSFER RIBO NUCLEIC
/ CHROMATOGRAPHY OF CONSTITUENTS OF TRANSFER RIBO NUCLEIC
CON AUTODANALYZER / OETERMINATION OF TRANSFER RIBO NUCLEIC
/A PHENYL TRI METHYL TRI SILOXANE / TEFLON / RIBO NUCLEIC
/CUUM FUSION / GAS CHROMATOGRAPHY / TRANSFER RIBO NUCLEIC
LOTRON ( THE CYCLOTRON CORPOR/ EXPERIMENTS RELATEO TO THE
ELECTROPHORESIS OF PROTEINS ( DISC ELECTRCPHORESIS / POLY

Key Word Index

ABS ) CCNTRCL FOR THE FOAM SEPARATION PROCESS
ABSORBING CONSTITUENTS AUTOMAT
ABSORBING CONSTITUENTS ( NUCLEOTIDE ANALYZER / /
ABSORPTICN SPECTROPHOTOMETRY OF ALPHA EMITTING M
ABSORPTICN SPECTRUM OF THE URANYL ION IN PER CHL
ABSORPTIVITIES OF CHFROMIUM(III) IN MOLTEN LITHI/
ABSORPTIVITIES OF URANTUM({IV) IN MOLTEN LITHIUM/
ABUNDANCES OF CHRDMIUM, TRONs; AND NICKEL / MASS/
ACCELERATOR ) / CF PHOTOFISSION OF IRON C PROTON
ACCELERATGCR ( ORELA )} ( USE OF TANTALUM AS ELEC/
ACCEPTING TRANSFER RIBO NUCLEIC ACID ) /F DPTICA
ACCEPTING TRANSFER RIBD NUCLEIC ACID ( VALINE -
ACCEPTING TRANSFER RIBO NUCLEIC ACIDS ( LEUCINE
ACCURATE AND PRECISE CETERMINATION OF URANIUM WI
ACETANILICE / ALPHA EMITTING SAMPLES ) /METAL OX
ACETATE / PHENYL NEO TRI DECANOQATE / FLUORINE (/
ACETIC ACID / STUDY OF NUCLEATION PROCESSES BY /
ACETONATES SOLVENT
ACETONE - XYLENE - APPLICATIONS TO THE PURIFICA/
ACETONE ( N BUTANOL / TTA )} /DUCE SELECTIVE LIQU
ACETONE ( TTA ) / ACTINIDE IONS / LANTHANIDE 10/
ACETONE ( TTA ) / SOLVENT EXTRACTION / ION EXCH/
ACETONE / EUROPIUMCIII) / AMERICIUMIIII) / CHEL/
ACETONE /IC ACCITIVES TO INDUCE THE SELECTIVE LI
ACETONITRILE

ACETYL ACETONATES

ACETYL ACETCNE / EUROPIUM(III) / AMERICIUM(III)/

ACID ) /ATOGRAPHY ( ESCHFERICHIA-COLI-B / YEAST /
ACID /F OPTICAL DENSITY OF TRANSFER RIBO NUCLE
ACID /MERS BY LIGANEC EXCHANGE CHROMATOGRAPHY (
ACID /MCPOLYMERS OF RNA / POLY ADENYLIC ACID /
ACID /RCMAT OGRAPHY ( USE OF TEFLON IN EXTRACTI

ACID TRANSFER RNA '} MISCE
ACID TRANSFER RNA ) SYNTHETASES FROM ESCHERICH
ACID VALINE - TRANSFER RNA ) ( BICINE / N,N BI
ACID ALIZARIN COMPLEXONE )

ACID ALPHA, ALPFA/ DI PIPERIDYL / PARA ETHYL B/
ACID ANION PERMEABLE RESIN MEMBRANE / ELECTRO/
ACID BRCMC 3 CHLORO CYCLO BUTANE / BI CYCLO B/
ACID CALCIUM ICN ELECTRDDE / PARA AMINO BENZY/
ACID ECTA / ETHYLENE DI AMINE TETRA ACETIC AC/

ACID FULVIC ACID / CALCIUM ION ELECTRODE / PA/
ACID PCLY CYTICYLIC ACIO / POLY GUANYLIC ACID/
ACID POLY CYTICYLIC ACID / POLY URIDYLIC ACID/
ACID POLY CYTICYLIC ACID / POLY URIDYLIC ACID/
ACID POLY GUANYLIC ACIC / POLY URIDYLIC ACID /
ACID PCLY URIDYLIC ACIC ) /ATOGRAPHY ( ESCHERI
ACID POLY URICYLIC ACIC )} /MERS BY LIGAND EXCH
ACID POLY URICYLIC ACIC } /MOPOLYMERS OF RNA /
ACID STUDY OF NUCLEATION PROCESSES BY RADIOLY/
ACID THIO SULFATE )

}
)
)
)
{
(
(
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

ACIO
ACID
ACID
ACID
ACID
ACID
ACID
ACIO
ACID
ACID
ACID
ACID
ACID
ACID
ACIO
ACIO

2 (3 FEXYL ) NAPFTHALENE / 2,6 DI DODEC/
2 LAUORYL NAPHTHALENE / 2 DODECYL NAPHTH/
ADENO-31 VIRUS / ANALYSIS OF URI
L IGAND EXCHANG
L IGAND EXCHANG

/
ANALYSES
BASES
BASES ( CHELEX-100 )
BASES, NUCLEOSIDES, AND NUCLEOTIDES BY TwO
BY AMINO ACYLATION 1I. LEUCINE AND PHENYL A
BY LIGANC EXCHANGE CHROMATOGRAPHY ( ROMOPOL
CERIVATIVES ON CELLULOSE LAYERS

FRCM CHLORAL HYCRATE / HOMOGENEOUS PRECIPI/
FRCM ESCHERICHIA-COLI-B /CID BY AMINO ACYLA
NITRATE MECIA ( BERLEX PHASE OF TRU PROCESS
RELEASE FROV BEDCEO SALT / OXIDANT PRODUCE/
SECUENCE ANALYSIS { AMINO ACID SEQUENCE OF
SECUENCE OF ALPHA CHAIN OF MOUSE HEMOGLOBIN
SECUENCE OF BETA CKFAIN OF MOUSE HEMOGLOBIN/

ACIOS A SEMIAUTOMATED FILTER PAPER DISK
ACIDS ( LEUCINE - TRANSFER RNA ANO PHENYL ALANI/
ACIDS ( PHENYL ALANINE ACCEPTING TRANSFER RIBO /
ACIDS ( TRANSFER RNA ) ( TECHNICON AUTOANALYZER
ACIDS ( TRNA ) / POLY ETHYLENE IMINE ( PEI ) / /
ACIOS / AMARANTH REC / WELCH OENSICHRON ) /ECHNI
ACIDS / HUMIC ACIC / FULVIC ACID / CALCIUM ION /
ACIDS / PHENYL ALANINE / BISMUTH / URANIUM /7 LI/

ACCUISITION OF THE HIGH INTENSITY ANALYTICAL CYC
ACRYLAMIDE GEL / BUFFALD BLUE BLACK }

125

67PRR~0C8
6TPRR-039
67A-05-C2A
67A-04~-(6B
67PRR-012
67A-03-C2D
67A-03-020
678-12-Cl
67A-09~C7F
67A~09-03D
67A-04=-06C
67A-05-018
67A-05~CI A
67PRR-0C6
67A-04=-04 A
674-04-03A
67A-02-C7
67PRR-070
67PRR-028
67A-09-C7D
67A-09-L78
67A-09~-CTE
67A-09-C88B
67PRR-024
6TPRR-D027
67PRR-070
67A~09-C8B
67A-05-CIH
67A-04-C6C
67A-05-Cl I
67A-05-CIG
67A~09-CTA
67A-05-CID
67A-05-CIC
67A-05-CIB
67A-02-C5
67A-04~03A
67A-06~C3A
67A-04=-C34A
67A-04-C3A
67A-02-C7
67A-04=-C3A
67A~05-CI6
67A-05-CIH
67A-05-011
674-05-C16
67A-05-C1H
67A-05-Ci 1
67A-05-016
67A-02-C7
6TA~02-C4
67A-0u~C3B
67A-04-038
67A-05-C3D
6TPRR~0O16
67A-05-CIF
67PRR-087
67PRR-038
67A-05-016
67TR-01
67A-02-C7
67PRR-038B -
67A-0u-06A
67A-02-G6
67A-05-Cl
67A-05-CY
67A-05~Cl
6TPRR-096
67A-D5-C1A
67A-D4-C6C
67A-05-CIE
674-04-018
67A-01-1C
67A-04=-C34A
67B-14-(2
67A-09-038
67A-05-C3A




126

ETONE / EUROPIUM({III} / AM/ PREPARATION OF LANTHANIDE AND
/LINIUM=-153 / STRONTIUM / SAMARIUM / ISOTOPIC ANALYSIS OF
/ AMERICIUM-243 / 2 THENOYL TRI FLUORO ACETONE ( TTA )} /
METHOD FOR REMOVING LANTHANIDES AND TRIVALENT

PRACTICE OF

ITIES AND INTERFERENCES VS BOMBARDMENT ENERGY IN HELIUNM-3

HELIUM=-3
FORENSIC APPLICATION OF NEUTRON

. PRINCIPLES OF

COMPARISON OF ANALYTICAL CHEMISTRY ANC

PHYSICAL TECHNICUES OF

RECENT DEVELOPMENTS IN

ACTIVATION, IN PANEL DISCUSSION ON NON REACTOR METHODS OF
NT OF HAIR FROM NEW 2EALAND BOYS AS DETERMINED BY NEUTRON
/ERFERENCES, AND OPTIMUM BOMBARDMENT ENERGIES IN HELIUM~3
DER / DELAYED NEUTRON BACZKGROUND / VERIFICATICN / APPLIED
/ BIAXIAL SAMP/ FLUORINE OETERMINATION BY 1u4~MEV NEUTRON
ADIONUCL IDES / OAK RIOG/ POSSIBLE USE OF RECOIL NUCLEI IN
MODEL-9900 14-MEv NEUTRON GENERATOR / OXY/ 14-MEV NEUTRON
/ACKGROUNO / VERIFICATION OF AUTHENTICITY OF PAINTINGS BY
ITIES ANO INTERFERENCES VS BOMBAROMENT ENERGY IN HELIUM-3
NEw FACILITIES FOR

NEAR ACCELERATOR { ORELA ) { USE/ PHOTON AND FAST NEUTRON
RACTORY METALS . I4-MEV NEUTRON
PROPOSED HFIR ACTIVATION ANALYSIS LABORATORY ( HIGH FLUX
ATION ANALYSIS LABORATORY ({ HFAAL ) ) PROPOSED HFIR
-MEV HELIUM-3 PARTICLES SENSITIVITIES FOR
PRESENT STATUS OF THE HELIUN-3

COMPARISCN OF

/HATE / NITRATE / TECHNICON AUTOANALYZER / APPLICATICN OF
ON SOURCE { PNEUMATIC RABBIT SYSTEM / BIAXIAL ROTATOR / /

ETHOOS OF ACTIVATION ANALYSIS HELIUM-3
SYNTHETASES FROM ESCHERICHIA-COLI-/ PREPARATICN OF AMINC
THE DETERMINATION OF TRANSFER RIBO NUCLEIC ACID BY AMINC

ACTION OF NIOBIUM WITH 2 THENOYL TRI FLUO/ USE OF CRGANIC

EXTRACTION OF NIOBIUM WITH THENOYL TRI FL/ USE OF CRGANIC

AMINO ACID ANALYSES

/AND EXCHANGE CHROMATOGRAPHY ( HOMOPOLYMERS OF RNA / POLY

/HANGE CHROMATOGRAPHY ( ESCHERICHIA-COLI-B / YEAST / POLY

/NA HOMOPOLYMERS BY LIGANO EXCHANGE CHROMATOGRAPHY ( POLY

LES OF THORIUM OXIOE ( CRYST/ SURFACE CHEMISTRY STUOIES -

: RECENT
' RECENT
GECLOGICAL

OLS OF SAMARIUM, LUTETIUM, GAOOLINIUM, TERBIUM, EUROPIUMN/

{ CVTR ) } GAS CHROMATOGRAPHIC DETERMINATION OF VCLATILE

/1S OF STABLE ISOTOPES FOR TRACE IMPURITIES / ANALYSIS CF

// ALUMINUM / IRON / ALUMINON METHOD / TRI CAPRYL AMINE /

ER RIBO NUCLEIC ACIDS ( LEUCINE ~ TRANSFER RNA ANO PHENYL

/AS CHROMATOGRAPHY / TRANSFER RIBO NUCLEIC ACIDS / PHENYL

Ff OPTICAL CENSITY OF TRANSFER RIBO NUCLEIC ACIOS ( PHENYL

LEUCINE - TRANSFER R/ DETERMINATION OF LELCINE ANO PHENYL

/0 NUCLEIC ACID BY AMINO ACYLATION I. LEUCINE AND PHENYL

C PHOSPHATE ESTERS / POLY NUCLEAR HYDROCARBONS / ANINES /

/LL OIL / SOL-GEL FUELS / IRTRANS I=-6 / SILICA / PHENCL -

DISTILLATION SEPARATION OF FLUORIDE ( FLUC SILICIC'ACID /
RAPHITE ELECTRODE ( RAPGE. ) / ALIZARIN RED S / ZIRCCNIUM -
UORIDE ( ROTATING PYROLYTIC GRAPHITE ELECTRODE ( RPGE. ) /
TAMMETRIC AND SPECTROPHOTOMETRIC STUDY OF THE Z2IRCCNIUM -
I 4-MEV NEUTRON ACTIVATION ANALYSIS FOR OXYGEN IN

FOAM SEPARATION PROCESS
/ LOW RESOLUTION MASS SPECTROMETRY OF ORGANIC COMPCUNDS (
/SIUM CHLDRIDE / GADOL INTUM-16C / GERMANILM-73 ~ CHROMIUM
/UMINUM ALLOY / NICKEL-61 FLUORIDE / NICKEL-64 - VANADIUV
/IDE / HIGH PURITY MAGNESIUM OXIDE / NICKEL-64 -~ ALUMINUM
ROLLED OXIDE PRECIPITATION IN FLAKE ALUMINUM AND ALUMINUM
/MIUM - TRON BASE ALLOYS / MASS SPECTROME TRIC ANALYSIS OF
/SOURCE MASS SPECTROGRAPH / NICKEL - CHROMIUM - TRCN BASE
/SCHEN DIRECT READER / EMISSION SPECTROMETRIC ANALYSIS CF
UE/ AMINO ACID SEQUENCE ANALYSIS ( AMINO ACID SEQUENCE OF
TUM-154 ( HOLMIUM-152 / HOLMIUM-153 / HOLNIUM-155 / DISP/
PHOTOMETER/ GLOVE BOX FDX ABSORPTION SPECTROPHOTOMETRY OF
AS FUSION METHOD / LECO NITROX-6 ANALYZER / ACETANILIDE /
NGSTEN / SPECTROPHOTDMETR IC DE TERMINATION OF RHENIUM WITH
CESS SAMPLES / CALIFORNIUM / CURILM / EINSTEI/ HIGH LEVEL
ANALYTICAL

/TYL DECYL AMINE / DI ODDECYL NAPHTHALENE SULFCNIC ACID /
/ OXIDE - URANIUM OXIDE / EBR-II FUEL / ALUMINUM / IRCN /
MINATION DF PHOSPHATE ( WATER ANALYSIS / TIN - FLAVONCL /
/SED FROM PLUTONIUM OXIDE - URANILM OXIDE / EBR-II FUEL /
/PORATION MODEL-9900 !4-MEV NELTRON GENERATOR / OXYGEN IN
/STUM NITRIDE / HIGH PURITY MAGNE SIUM OXIDE / NICKEL-64 -
ES - CONTROLLED OXIDE PRECIPITATION IN FLAKE ALUMINUM AND
RDENING STUCIES - CONTROLLED OXIDE PRECIPITATION IN FLAKE
/-8B / YEAST / SEPHADEX-100 / THIN LAYER CHROMATOGRAPHY OF
ILICA GEL G CHROMATOPLATES SEPARATION OF
ANALYZER / DETERMINATION OF TRANSFER RIBO NUCLEIC ACIDS /
/S AND IN VOLCANIC GLASSES ( NEON IN LEPIDOLITE / NEON IN

CONTROLLED POTENTIAL COULOME TRIC DETERMINATICN OF

ACTINICE BETA DI KETONES ( HEXA FLUORO ACETYL AC
ACTINICE ELEMENTS / FALF-LIFE OF PLUTONIUM-242 /
ACTINIDE IONS / LANTHANIDE IONS /{ AMERIC IUM-24)
ACTINICES FROM ACUEQUS NITRATE SOLUTIONS
ACTIVATICN

ACTIVATICN ANALYSES /ETHOD TO CALCULATE SENSITIV
ACTIVATICN ANALYSIS
ACTIVATION ANALYSIS
ACTIVATION ANALYSIS
ACTIVATICN ANALYSIS
ACTIVATION ANALYSIS
ACTIVATICN ANALYSIS
ACTIVATICN ANALYSIS
ACTIVATICN ANALYSIS
ACTIVATICN ANALYSIS
ACTIVATICN ANALYSIS ( AVERAGE CROSS SECTION / 1/
ACTIVATICN ANALYSIS ( BISMUTH-207 IN BISMLTH POW
ACTIVATICN ANALYSIS ( FLUORINE IN FLUORSPAR ORES

(
(

HELIUM-3
MICROELEMENT CONTE

ACTIVATICN ANALYSIS HEL IUM=3 / SEPARATION OF R
ACTIVATION ANALYSIS TEXAS NUCLEAR CORPORATION
ACTIVATICN ANALYSIS / REMBRANOT PAINTING / QUTC/
ACTIVATICN ANALYSIS /ETHOD TO CALCULATE SENSITIV
ACTIVATICN ANALYSIS AND LOW LEVEL MEASUREMENTS
ACTIVATICN ANALYSIS AT THE 0OAK RIDGE ELECTRON LI
ACTIVATICN ANALYSIS FOR OXYGEN IN ALKALI AND REF
ACTIVATICN ANALYSIS LABORATORY ( HFAAL ) )
ACTIVATICN ANALYSIS LABORATORY ( HIGH FLUX ACTIV
ACTIVATION ANALYSIS OF 15 LIGHT ELEMENTS WITH IE
ACTIVATICN ANALYSIS PROGRAM AT ORNL

ACTIVATION ANALYSIS TO OTHER ANALYTICAL METHODS
ACTIVATION ANALYSIS TO WATER TRACING / CADMIUM /
ACTIVATION ANALYSIS WITH A CAL IFORNIUM-252 NEUTR
ACTIVATICN INTERFERENCES ,
ACTIVATICN, IN PANEL CISCUSSION ON NON REACTOR ¥
ACYL TRANSFER RIBO NUCLEIC ACID { TRANSFER RNA )
ACYLATICN I. LEUCINE ANC PHENYL ALANINE TRANSFE
ADDITIVES TC INCUCE SELECTIVE LIQUID-LIQUID EXTR
ACCITIVES TO INCUCE THE SELECTIVE LIQUID-LIQUID
ADENO-31. VIRUS / ANALYSIS OF URINE }

AODENYLIC ACID / POLY CYTIDYLIC ACID / POLY GUAN/
ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY URIO/
AGENYLIC ACID / POLY CYTIDYLIC ACID / POLY URID/
ADSORPTICN OF WATER ON POROUS AND NONPOROLS SAMp
AOVANCES IN ANALYTICAL EMISSION SPECTROSCOPY
ADVANCES IN EMISSION SPECTROSCOPY

AGE DETERMINATION BY ISOTOPIC MEASUREMENTS

AGING OF LANTHANIDE HYOROXIDE SOLS ( HYOROXIDE S
AIR POLLUTANTS (CAROLINAS VIRGINIA TUBE REACTOR
AIR SAMPLES / ANALYSIS OF WATER SAMPLES / PASCH/
ALAMINE / CESIUM CHLORICE / DISSOLUTION OF META/
ALANINE - TRANSFER RNA ) /ANINE ACCEPTING TRANSF
ALANINE / BISMUTE / URANIUM / LITHIUM / FLUORIO/
ALANINE ACCEPTING TRANSFER RIBD NUCLEIC ACIO ) /
ALANINE ACCEPTINC TRANSFER RIBO NUCLEIC ACIDS (
ALANINE TRANSFER RIBO NUCLEIC ACIO FROM ESCHERI/
ALCOHOLS / KETONES ) /ATIC HYOROCARBONS / ORGANI
ALDEHYDE RESINS / MAGNESIUM OXIOE / LUBRICATING/
ALIEN GUESTS IN RESICENCY

ALIZARIN COMPLEXCNE ) RAPID
ALIZARIN RED S } /LUORIDE (.ROTATING PYROLYTIC G
ALIZARIN RED S / ZIRCONIUM - ALIZARIN RED S ) /L
ALTZARIN REC S CCMPLEX voL
ALKALI ANC REFRACTORY METALS

ALKYL BENZENE SULFONATE ( ABS ) CONTROL FOR THE
ALKYL SUBSTITUTEC AROMATIC HYDROCARBON'S / ORGANI
ALLOY / GERMANIUM(II)~73 IODIDE / GERMANIULM{IV)/
ALLOY / HIGH PURITY POTASSIUM CHLORIDE / SAMARI/
ALLOY / NICKEL-61 FLUORIGE / NICKEL-64 -~ VANADI/
ALLOYS ( BOEHMITE ) /ON HARDENING STUDIES - CONT
ALLCYS / MAGNESIUM-26 / IRON-57 / ZIRCONILM-9C /
ALLOYS / MASS SPECTROMETRIC ANALYSIS OF ALLOYS /
ALLOYS CF COBALT, TITANIUM, VANADIUM, NIOBIUM, /
ALPHA CHAIN OF MCUSE HEMOGLOBIN / AMINO ACID SEQ
ALPHA CECAY OF HOLMIUM NUCLEI - NEW ISOTOPE HOLM
ALPHA EMITTING MATERIALS { CARY MODEL-14 SPECTRO
ALPHA EFMITTING SAMPLES ) /METAL OXIDES (. INERT G
ALPHA FURIL DI OXIME ) /PHIC DETERMINATION OF TU
ALPHA RACIATION LABORATORY { ANALYSIS OF TRU PRO
ALPHA SPECTROMETRY ’
ALPHA,ALPHA/ CI PIPERIDYL

ALPHA,ALPHA/ CI PIPERIDYL / PARA ETHYL BENZENE /
ALUMINON METHOD / TRI CAPRYL AMINE / ALAMINE / /
ALUMINUV - MORIN } FLUDROMETRIC DETER
ALUMINUFM / TRON / ALUMINON METHOD / TRI CAPRYL /

-ALUMINUNM / OXYGEN IN ZIRCONIUM / OXYGEN IN TECH/

ALUMINUM ALLOY / NICKEL-61 FLUORIDE / NICKEL-64/
ALUMINUM ALLOYS ( BOEHMITE ) /ON HARDENING STUDI
ALUMINUM ANC ALUMINUM ALLOYS ( BOEHMITE )} /ON HA
AMANITA TOXINS / THIN LAYER CHROMATOGRAPHY OF P/
AMANITA TOXINS BY THIN LAYER CHROMATOGRAPHY ON S
AMARANTH RED / WELCH DENSICHRON ) /ECHNICON AUTO
AMBLYGCNITE /7 NECN IN FLUORITE / NEON IN URANIN/
AMERICIUM

67A-09-C88
67B-12-C2
67A-09-078
6TPRR-14T
67PRR-1(8
67TPRR-125
67A-D9-Cl
67PRR-0C9
67PRR-026
67PRR-G93
67PRR~1 G}
67PRR-1C7
6TPRR=~1 43
STPRR-124
67PRR-011
67A-D9-C4B
67A-09-C4D
67A-09-05C
674-09-C4C
67A-09-C5A
67A-09-04D
67PRR-036
67A-09~C3 .
67A~09-C3D

67A-09-C58B.

67A-09-C3C
67A-09-C3C
67PRR-035
67PRR=126
67PRR-1 (2
67A-09-C7H

6TA-09-L3A

67PRR~1 L9
6TPRR-1 24
67A-05-01C
67PRR-038
67A-09-C7D
6TPRR-D21
67A-D5~C3D
67A-05-G16
67A-05-GIH
67A-05-C1 1
67A-08-C1 A
67PRR~ 138
6TPRR~1 39
67PRR-1 11
67A-08-TIC
67A-03-CuB
678-13
678B-14-C3
67A-05-01 A
67B-14-C2
67A-0u-C6C
67A-05-C1 A
67PRR-038
67A-07~C2
67A-D4-C3A
670-16-C7
67A-02-C5
67A-02-C1
67A-D2-C1
67PRR-051
674-09-C58
67PRR-0C8
67A-07-C2
67A-10
67A-1C
67A=1 0
6TA-08-C18
67A-07-C1
67A-07-C1
678-13
67A~05~Cl
67A-09-C1B
67A-0u-C68
67A-04-CLA
67A-04-04B
678-14-C1
67A-09-C2E
67A-11-C1D
67A-04-C3A
678-14-C3
67A-D4-CHD
67B-14-C3
67A-09-C5A
67A-10
67A-08-CIB
67A-08-CIB
67A-0u-CIB
6TPRR-086
674-01~10
67A-07-Cy
67A-09-CBC

33




[ 3]

CONTROLLED PITENTIAL COULOMETRIC TITRATICM CF

CONTROLLED POTENTIAL COULOMETRIC DETERMINATION OF

/U PROCESS SAMPLES / CALIFORNIUM / CURIUM / EINSTEINIUM /
VIOR OF AMERICIUM(V) ( AMERICIUM-2/ SEPARATION METHOD FOR
BEHAV IOR OF AMERICIUM({V) NEw SEPARATION METHCD FCR
DIUM-226 / PROMETHIUM-1u46 / HAFNILM-181 / PLUTCNIUNM-2W41 /
RGY GAMMA RAOIATIONS FROM URANIUM-233, PLUTONIUM-239, AND
/C ON LIQUID-LIQUID EXTRACTION BEHAVIOR OF AMERICILMI{V} (
/10 EXTRACTION BEHAVIOR OJF AMERICILM{v) ( AMERICIUNM-2u1 /
/MA-RAY SPECTRUM OF PLUTONIUM-246 / GAMMA-RAY SPECTRUM QF

© /MA-RAY SPECTRUM OF AMERICIUM-2u45 / GAMMA-RAY SPECTRUM OF

DI KETONES ( HEXA FLUORO ACETYL ACETDNE / EUROPIUM(III) /
ERICIUM BASEQ ON THE LIQUID-LIQUID EXTRACTION BEHAVIOR OF
/ AMERICIUM BASED ON LIQUID-LIQUID EXTRACTION BEHAVIOR CF
PARA ANINC BENZYL
HEPTA DECYL
/11 FUEL / ALUMINUM / IRON / ALUMINON METHOD / TRI CAPRYL
/ FULVIC ACID / CALCIUM ION ELECTRODE / PARA AMINO BENZYL
/INO BENZYL AMINE / DI DOIDECYL NAPHTHALENE / HEPTYL DECYL
/ TETRA N BUTYL/ ORGANIC PREPARATIONS ( PARA AMINO BENZYL
N OF URANIUM{VI) IN THE PRESENCE OF COPPERITI) { HYDRCXYL
/TE BY RADIOLYTICALLY GENERATED ACID / EDTA / ETHYLENE OI
/ ORGANIC PHOSPHATE ESTERS / POLY NUCLEAR HYDROCARBCNS /
QOF URINE )
CE OF ALPHA CHAIN OF MOUSE HEMOGLOBIN / AMINO ACID SECQUE/
GLOBIN / AMINO ACID SEQUE/ AMINO ACIDO SEQUENCE ANALYSIS {
/AMINO ACID SEQUENCE OF ALPHA CHAIN OF MOLSE HEMOGLOBIN /
RNA ) SYNTHETASES FROM ESCHERICHIA-COLI-/ PREPARATICN OF
RANSF/ THE DETERMINATION OF TRANSFER RIBO NUCLEIC ACID BY
PARA
/ HUMIC ACID / FULVIC ACID /7 CALCILM ION ELECTRODE / PARA
IUM CHLORIDE / TETRA N BUTYL/ ORGANIC PREPARATIONS ( PARA
/HIUM / FLUORIDE / WATER POLLUTION / FREE AMMCNIA / TOTAL
/ / URANIUM / LITHIUM / FLUORIDE / WATER POLLUTION / FREE
/R COLORIMETRIC GETERMINATION OF IRON / CONTROL LINMIT FOR
CURRENT
U / ORNL/ MODEL VI FLAME SPECTROPHOTOMETERS ( SOLID STATE
SYSTEMS DEVELOPMENT -

OF RADIATION - PRECISION PHOTOME TRY USING A RADICIS/ THE

/ OETERMINATION OF TRANSFER RIBO NU/ INSTRUMENTATION FOR
EMISSION SPECTROMETER { USE OF IODINE-125 TO EXCITE X-R/
RANSURANIUM RESEARCH LABORATORY ( MICROCHEMICAL ANALYSIS/
ATERIALS . THE
BOOK REVIEW OF, PROGRESS IN NUCLEAR ENERGY, SERIES IX.
GENERAL REQLIREMENTS OF MODERN DAY
COMMENTS LOCATED ON P.37A IN EDUCATICN IN
RA/ APPLICATIONS OF RADIOLYTICALLY GENERATED REAGENTS IN
COMPARISGCN OF

PORT FOR PERIOD ENDING DCT.31,1966
PORTS 196u4-1966 CLMULATIVE INDEXES TG THE
STATISTICAL QUALITY CONTROL REPCRT,
STATISTICAL QUALITY CONTROL REPCRT,
STATISTICAL QUALITY CONTROL REPCRT,

THE NEW IMAGE OF

NTS RECENT DEVELOPMENTS IN THE

QUP MONTHLY SUMMARY - NOV.,1966 / OEC. 1966 / JAN.,1967 /

OUP MONTHLY SUMMARY - MAR.,1967 / JULY,1967

OUP MONTHLY SUMMARY - APR.,1967

/RIMENTS RELATED TO THE ACQUISITION OF THE HIGH INTENSITY
RECENT ADVANCES IN

ORNL MASTER
CUMULATIVE INDEXES TO THE ORNL MASTER
MAINTENANCE OF THE ORNL MASTER
CRNL MASTER
INDEXES TO THE ORNL MASTER
CRNL MASTER
EFFECTS OF RADIATICMN CN
COMPARISON OF ACTIVATION ANALYSIS TC OTHER
OLTEN FLJORIDE SALTS

TOGRAPHICALLY SEPARATED URINARY CONSTITUENTS ( NUCLEOTIDE
F STEAM ( SOL-GEL PROCESS / BECKMAN MODEL-109 HYDRCCARBON
/C METAL OXIDES ( INERT GAS FUSION METHOD / LECO NITRCX-6
/RINE FOR ULTRAVIOLET ABSORBING CONSTITULENTS ( NUCLECTIDE
EACTOR FUEL ELEMENTS ( BECKMAN MODEL-315 PROCESS INFRARED
/ TELLURIUM-132 / THULIUM=I1T7I / 4C96 CHANNEL PULSE-HEIGHT
A COMPARATIVE CONDENSATICN PRESSURE
MCLECULAR
/ CARBON TETRA CHLORIDE CHLOROFORM / 2 ETHYL NAPHTHALENc /
THE RAPID SEPARATION OF BERKELIUM(IV) FRCM CERIUM{IV} BY
TIDES POLY ETHYLENE IMINE - CELLULOSE - A NEW
/ REAGENTS ( COPPER-6u4 / ELECTROOIALYSIS OF WATER THRCUGH
/TCHELL =~ SCOTT PROCEDURE / PHOSPHORUS-32 / FORMIC ACID /
1966 . ANALYTICAL CHEMISTRY DIVISION
CUMULATIVE 'INDEXES TO THE ANALYTICAL CHEMISTRY OIVISION

F OXICE AT THE PYROLYTIC GRAPHITE ELECTRODE
PYROLYTIC GRAPHITE ELECTRODE ( RRGE. ) ( TETRA THICNATE )
. SEPARATION OF SODIUM WITH
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AMERICIUM

AMERICIUM !

AMERICIUM / EXTRACTION CHROMATQGRAPHY / PULSE-H/
AMERICIUM BASEC CN LIQUIC-LIQUID EXTRACTION BEHA
AMERICIUM BASEC CN, THE LIQUID~LIQUID EXTRACTION
AMERICIUNM-24} } / NIOBIUM-95M / NIOBIUM-93M / RA

AMERICIUM-2u1
AMERICIUM=-244

AMERICIUM-245

PLUTONIUM-238 / DECAY SCHEMES )
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GAMMA-RAY SPECTRUM OF AMERICIUM/

(
/
AMERICIUNM=243 / 2 THENOYL TRI FLUORO ACETONE { /
/
/

AMERICIUM-2L46

2 THENOYL TRI FLUORO ACETONE ( /

AMERICIUM{TIT) /7 CHELATES ) / AND ACTINIOE BETA
AMERICIUM(V) NEW SEPARATIDN METHOO FOR AM
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AMINE
AMINE
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AMINE
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AMINO
AMINO
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/
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CI COCECYL NAPHTFALENE SULFONIC ACIO / /
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AMVYONIA / INORGANIC PHOSPHATE / TOTAL PHOSPHATE/
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ANALYTICAL
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ANALYTICAL CHEMICAL RESEARCH FACILITIES IN THE T
ANALYTICAL CHEMIST LOOKS AT STANDARD REFERENCE M
ANALYTICAL CHEMISTRY

ANALYTICAL CHEMISTRY

ANALYTICAL CHEMISTRY - A VIEW FROM INDLSTRY
ANALYTICAL CHEMISTRY ( HOMOGENEOUS SEPARATIONS /
ANALYTICAL CHEMISTRY AND ACTIVATION ANALYSIS
ANALYTICAL CHEMISTRY CIVISION ANNUAL PROGRESS RE
ANALYTICAL CHEMISTRY CIVISION ANNUAL PROGRESS RE
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ANALYTICAL EMISSION SPECTROSCOPY
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ANALYTICAL -MANUAL

ANALYTICAL MANUAL

ANALYTICAL MANUAL

ANALYTICAL MANUAL [ 1952-1966 )

ANALYTICAL MANUAL, SUPPLEMENT 9

ANALYTICAL METHOLS

ANALYTICAL METHCCS

ANALYTICAL METHOCS FOR THE IN-LINE ANALYSIS OF M
ANALYTICAL RESEARCH
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/ ACETANILICE / ALPHA EMITTING SAMPLES/
/ CHROMATOGRAMS OF URINE OF LEUKEMIA P/
/ CETERMINATION OF CARBON MONO OXIDE )
FISSION PRODUCT ANALYSES / MOLTEN SALT/
FOR URANIUM HEXA FLUORIDE PURITY

AN.AT OMY PROGRAM

ANILINE 7/ | CHLORO PROPANE / HEXYL NAPHTHALENE /
ANION EXCHANGE NEW METHOD FOR
ANION EXCHANGER FOR THE CHROMATOGRAPHY OF NUCLEO
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ANION PERMEABLE RESIN MEMBRANE / ELECTRODIALYSI/
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. /MIUM TRACER / COBALT TRACER / COPPER TRACER / SELENIUM /
A VACUUM FUSION - GAS CHROMATOGRAFHIC
DROPP ING MERCURY ELECTRODE ( D.M.E. )} { ORNL MCDEL-Q-29u4/
TENTIAL DIFFERENTIAL DC PDLAROGRAPHY I+ INSTRUMENTATION,
HEMISTRY RESEARCH AND DEVELOPMENT GROUPIMCNTHLY SUMMARY -
AL QUALITY CONTROL REPORT, ANALYTICAL CHEMISTRY DIVISICN,
REPORTTOE FOREIGN TRAVEL
WEAK BETA EMITTERS ( TRITIUM / CARBON-14 / PHOSPHCRUS-3/
HOD FOR REMOVING LANTHANIDES AND TRIVALENT ACTINIDES FRO¥V
€S BY TRI BUTYL PHOSPHATE EXTRACTION AND SOLUTION RESIDUE
" /AND NICKEL / MASS SPECTROMETRIC DETERMINATION OF HELIUF,
/5SS SPECTROMETRY OF ORGANIC COMPOUNDS { ALKYL SUBSTITUTEC
ONIUM{VI/ SPECTROPHOTOMETRIC OETERMINATION OF PLUTCNIUM (
BOOK REVIEW OF, RADIOCHEMISTRY OF
SPECTROGRAPHIC ANALYSIS OF TISSUE
/ F/ CHEMICAL PRECONCENTRATION OF TRACE ELEMENTS IN BONE
ROMATOGRAPRY ( HOMOPOLYMERS OF RNA // TERFINAL NUCLEOSIDE
: REPORT OF FOREIGN
APHIC PHOTOMETRY IN SPECTROCHEMICAL ANALYSIS/ REVISION OF
// NEON IN MUSCOVITE / O IGIN OF SOLAR SYSTEM / ORIGIN OF
AT DIRECT RE/ INTERACTION OF HELIUM~-3 PARTICLES WITH LCW
OM EXPERIMEN/ INTERACTIONS OF HELIUM-3 PARTICLES WITH LOW
TIME INTEGRATGR
LAROGRAPHY ( SIGNAL TO NJDISE / INVESTIGATION OF PRECISION
ECes 1966 / JAN., 1967 / FEB., 1967 / MAY,1967 / JUNE,I196T /
/TH POWDER / DELAYED NEUTRON BACKGROUND / VERIFICATICN OF
AN OUTPUT SAMPLER FCR THE TECHNICON
TRANSFER RIBO NUCLEIC ACIDS { TRANSFER RNA ) ( TECHNICON
/E EQUILIBRIA / ECOLOGY / PHOSPHATE / NITRATE / TECHANICCN
/ INSTRUMENTATION FOR ANALYTICAL BIOCHEMISTRY { TECHNICON
IA ( BERLEX PHASE OF TRU PROCESS / BERKELIUM )
ACIOS ( TRANSFER RNA ) ( TECHNICON AUTOANALYZER )
ULTRAVIOLET ABSORBING CONSTITUENTS ( NUCLEOTIOE ANALYZER/
ITS ULTRAVIOLET ABSORBING CONSTITUENTS
NL
UM BOMBARDMENT ENERGIES IN HELIUM-3 ACTIVATION ANALYSIS {
BY INCREASING SIGNAL TO NOISE RATIO ( S/N )} WITH A SIGNAL
/ALYSIS ( BISMUTH-207 IN BISMUTH POWOER / DELAYED NEUTRCN
THE
A II. THE EFFECTS OF HYOROLYSIS ON THE RESOLVED SPECTRAL
/ICALLY GENERATED CHLORIDE / HOMOGENEQUS PRECIPITATICN OF
DE - BER/ DETERMINATION DF TRACES OF RARE EARTH ELEFENTS,
/PARK SOURCE MASS SPECTROGRAPH / NICKEL - CHROMIUV - IRON
GE CHROMATOGRAPHY ( ESCHERICHIA-COLI-B / YEAST / PCLY AD/
OMATOGRAPHY OF NUCLEOTIDES, NUCLEOSIOES, 'AND NUCLEIC ACID
OMATOCRAPHY OF NUCLEOTIDES, NUCLEOSIOESs AND NUCLEIC ACIC
F DEXTRAN ( SEPHADEx G-10 ) SEPARATICN OF
SIONAL TH/ SEPARATION OF COMPLEX MIXTURES OF NUCLEIC ACID
/ 2,5 BIS (2 ( 5 TERT BUTYL BENZ OXAZOYL ) } THIOFHENE (

-GEL FUELS / IRTRANS 1-6 / SILIC/ INFRARED SPECTROMETRY (
ATION OF HYDROCARBON CONTENT OF STEAM ( SOL-GEL PRCCESS /
/ PURGE GAS FROM IN-PILE TESTS OF REACTOR FUEL ELEMENTS (
STUDIES RELATED TO PROJECT SALT VAULT ( WATER CONTENT OF

/ CONTENT OF BEDDED SALT / HYDROCHLORIC ACID RELEASE FROV
/ASE FROM BEDDED SALT / D XIDANT PRODUCED BY RADIOLYSIS OF
ETHOD FOR AMERICIUM BASED ON THE LIQUID-LIQUID EXTRACTICN
/N METHOD FOR AMERICIUM BASED ON LIQUID-LIQUID EXTRACTION
/45 DI PHENYL OXAZOLE ( PPO )} / 2,5 BIS (2 ({ 5 TERT BUTYL
/URIFICATION OF ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY /
CESIUM PARA ETHYL

EPARATION PROCESS ALKYL
/E SULFONIC ACID / ALPHA,ALPHA/ DI PIPERIDYL / PARA ETHYL
/GLUTATHIONE / IS0 GLUTATHIONE / GRAMICIDIN A / META 10DO
PARA ANINO

/ ACIC / FULVIC ACID / CALCIUM ION ELECTRODE / PARA AFINC
LORIDE / TETRA N BUTYL/ ORGANIC PREPARATIONS ( PARA AFMINC
/NIC PREPARATIONS ( PARA AMINO BENZYL AMINE / TRI N BUTYL
PHONTUM BROMIDE / BENZYL TRI BUTYL PHOSPHCNIUM CHLCRIDE /
/0OSPHONIUM CHLORIDE / TETRA N BUTYL PHOSPHONIUM BRCMIOE /
ATE IN ACID NITRATE MEOIA ( BERLEX PHASE OF TRU PRCCESS /
NS TO THE PURIFICATION AND RADIOCHEMICAL DETERMINATIOMN CF
HY ( USE OF/ SEPARATION OF CALIFORNIUM FROM CURIUM AND OF
HY SEPARATION OF CALIFORNIUM FROM CURIUF AND
CROSS SECTION OF BERKELIUM-249 / ZIRCONIUNM-95 / TIN-I112 /
/F DEUTERIUM OXIDE TANK JF BSR /. NEUTRON CROSS SECTICA OF
/ DETERMINING THE FORMAL POTENTIAL OF THE BERKELIUN(IV} -
E/ FEASIBILITY OF DETERMINING THE. FORMAL POTENTIAL OF THE
NEW METHOD FOR THE RAPID SEPARATION OF

— XYLENE - APPLICA/ SELECTIVE LIQUID-LIQUID EXTRACTICN OF
AUTODECOMPOSITION OF BROMATE IN ACID NITRATE MEDIA (

S OF HELIUM-3 PARTICLES WITH BORON, NITROGEN, SODIUM, AND
/ OF HELIUM-3 PARTICLES WITH BORON, NITROGEN, SODIUM, AND
COEFFICIENT FOR URANIUM{ IV} IN MOLTEN LITHIUM FLUCRIDE -

UMCTIII) - URANIUMCUIV) SYSTEM IN MOLTEN LITHIUM FLUCRIDE -
/TROREDUCTION OF URANIUM(IV) IN MOLTEN LITHIUM FLUCRIOE -
/SORPTIVITIES OF URANIUM{IV) IN MOLTEN LITHIUM FLUCRIDE -
/RPTIVITIES OF CHROMIUM(III) IN MOLTEN LITHIUM FLUCRIOE -
/TRAL STUDIES DF URANIUM(VI) IN MOLTEN LITHIUM FLUCRIOE -
/AL STUOIES OF CHROMIUM(TII) IN MOLTEN LITHIUM FLUCRIDE -
/RRIC MOLYBCATE CORROSION INHIBITORS / LITHIUM FLUCRIDE -
/TSy BARIUM, STRONTIUM, AND URANIUM IN LITHIUM FLUCRIDE -
LORIDE / GADDLINIUM~160 / GERMA/ INORGANIC PREPARATICAS (

It

ANTIMONY PENTA OXIDE / SEPARATION OF SODIUM AND/
APPARATUS FOR LOW LEVELS OF INTERSTITIAL GASES
APPARATUS FOR PRECISE CONTROL OF DROP TIME OF A.
APPARATUS, ANC TECHNIQUES CONTROLLED PO
APR.,1967 ANALYTICAL C
APR.=JUNE, 1967 STATISTIC
APR.26-FAY-1T, 1967

AQUEQOUS LTIQUIC SCINTILLATIDN COUNTING SYSTEM FOR
AQUEOUS NITRATE SOLUTIONS MET
ARC METhCC /IUM-233 OXICE - THORIUM OXIDE MIXTUR
ARGON, ANC NITROCGEN / ELECTRON BOMBARDMENT SQUR/
ARCMATIC HYCROCARBONS / ORGANIC PHOSPHATE ESTER/
ARSENAZC / PLUTONIUMCIIT) / PLUTONIUMCIV) / PLLT
ARSENIC

ASH |

ASH ( MITCHELL - SCOTT PROCEDURE / PHOSPHORUS-32
ASSAY OF RIBO NUCLEIC ACID BY LIGAND EXCHANGE CH
ASSIGNMENT NOV.27, 196U4-CEC.5,1965

ASTM TENTATIVE RECOMMENCED PRACTICES FOR PHOTOGR
ATFMOSPHERE / GENESIS OF ELEMENTS / OXYGEN-18 / /
ATCMIC NUMBER ELEMENTS - A NUCLEAR CHEMIST LOOKS
ATCMIC NUMBER ELEMENTS - EXCITATION FUNCTIONS FR
ATTACHMENT

ATTAINABLE IN SINGLE CELL FIRST DERIVATIVE DC PO
AUG. 1967 / SEPT., 1967 / 0CT., 1967 /0V.,1566 / D
AUTHENTICITY OF PAINTINGS BY ACTIVATION ANALYSI/
AUTOANALYZER
AUTOANALYZER ) AUTOMATED DETERMINATION OF
AUTOANALYZER / APPLICATION OF ACTIVATION ANALYS/
AUTOANALYZER / CETERMINATION OF TRANSFER RIBO NU
AUTODECCMPOSITION OF BROMATE IN ACID NITRATE MED
AUTOMAT-EC DETERMINATION OF TRANSFER RIBO NUCLEIC
AUTOMATIC HIGK RESOLUTION ANALYSIS OF URINE FOR
AUTOMATIC, HIGH RESOLUTION ANALYSIS OF URINE FOR
AUTOMATICN OF GAS CHROMATOGRAPHIC ANALYSES AT OR
AVERAGE CROSS SECTION / INTERFERENCE RATIO ) /IM
AVERAGING CCMPUTER /AME PHOTOMETRIC SENSITIVITY
BACKGROUNC / VERIFICATION OF AUTHENTICITY OF PA/
BALANCEC QUENCHING METHOC FOR COUNTING CARBON-14
BANDS /UM OF THE URANYL ION IN PER CHLORATE MEDI
BARIUM SULFATE BY RACIOLYTICALLY GENERATED ACID/
BARIUM, STRONTIUF, ANC URANIUM IN LITHIUM FLUORI
BASE ALLCYS / MASS SPECTROMETRIC ANALYSIS OF AL/
BASE RATIO CETERMINATION OF RNA BY LIGAND EXCHAN
BASES L IGAND EXCHANGE CHR
BASES ( CHELEX-100 ) L IGAND EXCHANGE CHR
BASES, NUCLEOSIDES AND NUCLEOTIDES ON A COLUMN O
BASES, NUCLEOSICES, AND NUCLEOTIDES BY TWO DIMEN
BBCT ) / PARA DICXANE / TRITON X-100. ) 7/ ( PPO }
BEAM SPLITTER FOR USE IN EMULSION CALIBRATION
BECKMAN IR-12 SPECTROPHOTOMETER / TALL OIL / SOL
BECKMAN MOCEL-109 HYCROCARBON ANALYZER } /TERMIN
BECKMAN MCDEL-315 PROCESS INFRARED ANALYZER / D/
BECDEC SALT / RYCROCHLORIC ACIO RELEASE FROM BED
BECDED SALT / OXIDANT PRODUCED BY RADIOLYSIS OF/
BECDED SALT / STORAGE OF RADIOACTIVE MATERIAL I/
BEHAVIOR CF AMERICIUM(V) NEW SEPARATION M
BEHAVIOR CF AMERICIUM(V} ( AMERICIUM-241 / AMER/
BENZ OXAZOYL ) ) THIOPHENE ( BBOT ) / PARA DIOX/
BENZENE / PENTANE / HEXANE / HEPTANE / DI CHLOR/
BENZENE SULFONATE

BENZENE SULFONATE { ABS ) CONTROL FOR THE FOAM ¢
BENZENE SULFONIC ACID / BROMD 3 CHLORO CYCLO BU/
BENZOYL GRAMICICIN A / CES FORMYL GRAMICIDIN A /
BENZYL AMINE .

BENZYL AMINE / CI COCECYL NAPHTHALENE / HEPTYL /
BENZYL AMINE / TRI N BUTYL.BENZYL PHOSPHONIUM CH
BENZYL PHOSPHONIUM CHLORIDE / TETRA N BUTYL PHO/
BENZYL TETRA BUTYL PHOSPFCNIUM BROMIDE ) /L PHOS
BENZYL TRI BUTYL PHOSPHONIUM CHLORIDE / BENZYL /
BERKELIUV ) AUTOCECOMPOSITION OF BROM
BERKELIUM /7 FLUGCRO ACETONE - XYLENE - APPLICATIO
BERKELIUM FROM CERIUM BY EXTRACTION CHROMATOGRAP
BERKELIUM FROM CERIUM BY EXTRACTION CHROMATOGRAP
BERKELIUNM-249 ) /UM OXIDE TANK OF BSR / NEUTRON
BERKELIUNM-249 / ZIRCONIUM-95 / TIN-112 / BERKEL/
BERKELIUM(III) COUPLE { ORNL MODEL-2564 COULOME/
BERKELTIUM(IV) - BERKELIUM(III) COUPLE ( ORNL M0D
BERKELIUM(IV) FRCM CERIUM(}V) BY ANION EXCHANGE
BERKELIUMCIV) WITH 2 THENOYL TRI FLUORO ACETONE
BERLEX PHASE OF TRU PROCESS / BERKELIUM ) .

BERYLLIUM INTERACTION
BERYLLIUM ( ‘EXCITATION FUNCTIONS / DISTORTED WA/
BERYLLIUM FLUORICE - ZIRCONTUM FLUORIOE ) /USION

BERYLLIUM FLUORICE ~ ZIRCONIUM FLUORIDE /E URANI
BERYLLIUM FLUORICE - ZIRCONIUM FLUORIDE AT FAST/
BERYLLIUM FLUORICE / MOLAR ABSORPTIVITIES OF CH/
BERYLLIUM FLUORICE / SILICON TETRA ,FLUORIDE / S/
BERYLLIUM FLUORICE / SIMULTANEOUS ELECTROCHEMIC/
BERYLLIUM FLUORICE / SPECTRAL STUDIES OF LRANIU/
BERYLLIUM FLUORICE MELTS / FUEL ELEMENTS / BORO/
BERYLLIUM FLUORICE TYPE NUCLEAR FUELS ( KROONEN/
BERYLLIUM NITRICE / CADMIUM CHLORIDE / CESIUM CH

t

67A-09-CTH
67PRR-09C
67A-01-06
67PRR-043
6TPRR-(82
6TPRR-060
6TPRR~(62
67A-09-C76
6TPRR-147
67A-06-CuB
678-12-C1
67A-07-C2
67A-0u-CHC
67PRR-018
67A-06-C3
67A-06-03A
67A-D5-01G
6TPRR-069
67A-06-C2A
67A-07-C4
6TPRR-1 142
6TPRR-098
67A-01~C8
6TA-DI-C7
67PRR-071
67A-09-CL4D
6TPRR-112
67A-05-CIE
67A-09-GTH
67A-01-10
67A-Du-C6A
67A-05-C1E
67A-05-C2A
6TPRR-039
6TPRR-116
67A-09-CuB
67A-01-1U
67A-09-C4D
67PRR-037
67TPRR-[12
67A-02-C7
67A-06-ClA
67A-07-01
67A-05-C1H
67PRR-016
67A-05-01F
67TR-03
6TPRR-087
67A-09-C7G
67A-06-C28
67A-D4~03A
67A-03-03A
67A-03-CuA
67A-02-C6
67A-02-06
67A-02-06
6TPRR-0UY
67A-09-G78
67A-09-C76
67A~0u~C1 A
67a-11-01E
67PRR~-0C8
67A-0u-D3A
67A-04-03B
6TA-11-CIA
6TA-04-C3A
6TA-1 |
67A-11
67A-11
67A-11
67A-0u-C6A
6TPRR-028
67A-09-07A
6TPRR-029
67A-09-CI A
67A-09-C1A
67A-09~C8D
67A-D9-C8D
67A-09-07C

"67PRR-028

6TA-Ou-Gb6A
67TPRR-017
6TA-09-CuA
67A-D3-C2C
67TPRR-050
6TA-03-02C
6TA-D3-C2D
6TA-03-02D
6TA-D3-C2D
67A-03~-G2D
67TA-08-C1E
67A-0o-CuyA
67A-10
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/ALPHA CHAIN OF MOUSE HEMOGLOBIN / AMINO ACID SEQUENCE OF
UROPIUM(III) / AM/ PREPARATION OF LANTHANIDE AND ACTINIDE
-3/ AQUEOUS LIQUID SCINTILLATION COUNTING SYSTEM FOR WEAK
ETA EXCITEC ISOTOPIC LIGHT SQURCE ( MATHEMATICAL MCDEL CF
L MODEL OF BE/ PRECISION PHOTOMETRIC ANALYSIS BY USE CF 4
/YL BENZENE SULFONIC ACIO / BROMO 3 CHLORO CYCLO BLTANE /
/LIFORNIUM-252 NEUTRCN SOURCE ( PNEUMATIC RABBIT SYSTEV /
EUTRON ACTIVATION ANALYSTS ( FLUORINE IN FLUORSPAR ORES /
ATION ( TEFLON / CALCIUM FLUORIOE )} A
/G TRANSFER RIBO NUCLETC ACID { VALINE - TRANSFER RNA ) [

ANALYTICAL
ATION OF TRANSFER RIBD NU/ INSTRUMENTATION FOR ANALYTICAL
/CAL AND EXPERIMENTAL ASPECTS OF QUENCHING VARIABLES FRCM
/B0 NUCLEIC ACIO ( VALINE ~ TRANSFER RNA ) ( BICINE / N,N
/3 / PROMETHIUM-147 / 2,5 DI PHENYL OXAZOLE ( PPO ) / 2,5
/0GRAPHY / TRANSFER RIBO NUCLEIC ACIDS / PHENYL ALANINE /
RIFICATION / APPLIED ACTIVATION ANALYSIS ( BTSMUTH-207 IN
NALYSIS OF ALLOYS OF COBALT, TITANIUM, VANADIUFM, NIOBIUM,
BACKGROUND / VERIFICATION / APPLIED ACTIVATION ANALYSIS (
DISC ELECTROPHORESIS / POLY ACRYLAMIOE GEL / BUFFALO BLUE
/ELOPMENT OF A GAS CHROMATOGRAPH FOR ANALYSIS OF THE NSRE
NS { CISC ELECTROPHORESIS / POLY ACRYLAMIOE GEL / BUFFALO

ICE PRECIPITATION IN FLAKE ALUMINUM AND ALUMINUM ALLOYS {
/D TO CALCULATE SENSITIVITIES, INTERFERENCES, AND CPTIMUM
/E METHOD TO CALCULATE "SENSITIVITIES AND INTERFEREANCES VS
/E METHOD TO CALCULATE SENSITIVITIES ANO INTERFERENCES VS
CS OF MANGANESE-58 / FORMATION OF MANGANESE-58 BY NEUTRON
C DETERMINATION OF HELIUM, ARGON, ANO NITROGEN / ELECTRON
US-32 / F/ CHEMICAL PRECONCENTRATION OF TRACE ELEFMENTS IN
ES IX. ANALYTICAL CHEMISTRY

STRY AND GEOPHYSICS

S
RADIOLYSIS OF RADIATION SAFEGUARD SPRAY SOLUTIONS (
UM FLUORIDE - BERYLLIUM FLUORIDE MELTS / FUEL ELEMENTS /
OFF-GAS FROM TESTS OF COMPATIBILITY OF MSRE PUMP OIL WITH
INTERACTIONS OF HELIUM-3 PARTICLES WITH
ION FUNCTIONS / / INTERACTIONS OF HELIUM-3 PARTICLES WITH
ORS / LITHIUM FLUORIDE / OTHER RESEARCH ASSISTANCE ( MOON
ITTING MATERIALS ( CARY MODEL-!14 SPECTROPHOTOMETER/ GLOVE
S MICROELEMENT CONTENT OF HAIR FROM NEW ZEALAND
ROMATOGRAPH FOR ANALYSIS OF THE MSRE BLANKET GAS ( HELIUV
TRU PROCESS / BERKELIUM ) AUTOOECOMPOSITICN OF
TYL PHOSPHONIUM CHLORIDE / BENZYL TETRA BLTYL PHOSPHONIUM
/ BENZYL PHOSPHONIUM CHLORIDE / TETRA N BLTYL PHCSPHCNIUM
/V) SULFIDE GLASS / IRON(TII)-57 BROMIDE IN CHROMIUM(III)
/10E GLASSES / GERMANIUM(IV) SULFIDE GLASS / IRON(III}=57
/ / BROMO 3 CHLORO CYCLO ‘BUTANE / BI CYCLO-BUTANE / HYDROC
/OF GASES FROM THE FLUIOIZEO-BED VOLATILITY PILOT PLANT (
/ALPHA/ DI PIPERIDYL / PARA ETHYL BENZENE SULFCNIC ACID /
/IN-112 / THERMAL NEUTRON FLUX OF DEUTERIUM OXIDE TANK OF
F PROTEINS ( OISC ELECTROPHORESIS / POLY ACRYLAMIOE GEL /
BICYCLG(Y.1.0)
/ PARA ETHYL BENZENE SULFONIC ACID / BROMO 3 CHLORC CYCLC
/E SULFONIC ACID / BROMD 3 CHLORO CYCLO BUTANE / BI CYCLO
TRACTION OF NIOBIUM WITH 2 THENOYL TRI FLUOROQ ACETCNE ( N
/47 / 2,5 Ol PHENYL OXAZOLE ( PPO )} / 2,5 BIS (2 [ 5 TERT
L/ ORGANIC PREPARATIONS ( PARA AMINO BENZYL AMINE / TRI N
/ { 2 HEXYL )} NAPHTHALENE / | N HEXYL NAPHTHALENE / | SEC
/1ES IN URAMIUM-233 OXIDE - THORIUM OXIDE MIXTURES BY TRI
DE / BENZYL TRI BUTYL PHOSPHONIUM CHLORIDE / BENZYL TETRA
/MINE / TRI N BUTYL BENZYL PHOSPHONIUM CHLORIDE / TETRA N
/HLORIDE / TETRA N BUTYL PHOSPHONIUM BROMIDE / BENZYL TRI
160 / GERMA/ INORGANIC PIEPARATIONS ( BERYLLIUM NITRIDE /
/ / APPLICATION OF ACTIVATIDN ANALYSIS TO WATER TRACING /
M-95 / CESIUM—137/ HALF-LIFE MEASLREMENTS { THULIUNV-1T70 /
/LUATION OF THE PERFORMANCE OF ION SELECTIVE ELECTROOES (
SAMPLE ROTATOR FOR I4~MEV NEUTRON IRRADIATION ( TEFLCN /
/TEFLON / RIRO NUCLEIC ACIDS / HUMIC ACID / FULVIC ACID /
/XENON-133 / PLUTONIUM-2u41 / TELLLRIUM-132 - IOQOINE-I132 /
113 / XENON-/ QUALITY CONTROL ( RADIOACTIVITY STANDARDS /
BARDMENT ENERGY IN HELIUM-3 ACTIVATION / SIMPLE METHCO TC
BARDMENT ENERGY IN HELIUY-3 ACTIVATION / SIMPLE METHOC TG
MUM BOMBARDMENT ENERGIES IN HELIUM-3 AC/ SIMPLE METHOD TO
BEAM SPLITTER FOR USE IN ENULSICN
/RACIATION LABORATORY ( ANALYSIS OF TRU PROCESS SAMPLES /
M BY EXTRACTION CHROMATOGRAPHY : SEPARATICN GF
RIUM BY EXTRACTION CHROMATOGRAPHY { USE OF/ SEPARATION OF
T SYSTEM 7/ BIAXIAL ROTATOR / / ACTIVATION ANALYSIS WITH A
ON OF IRON ( PROTON INDUCED REACTICNS IN THE GEV REGICN /
LECTROANALYTICAL METHODS CURRENT
LECTROANALYTICAL METHODS CURRENT
PECTROMETER ( USE OF IODINE-125 TO EXCITE X-R/ ANALYTICAL
/ / EBR-II FUEL / ALUMINUM / IRON / ALUMINON METHOD / TRI
AMINE / ALAMINE / CESIUM CHLORIDE / DISSOLUTICN OF METAL
/ INORGANIC PHOSPHATE /s TOTAL PHOSPHATE / TOTAL URANIUV /
/RAL HOT ANALYSES LABORATORY ( PLUTONIA SOL-GEL PRCGRAM /
R ME/ ANALYSIS OF WATER SYSTEMS ( DESALINATION / OXYGEN /
OF THE IODINE SYSTEM AT THE PYROLYTIC GRAPHITE AND GLASSY
AN MODEL-315 PROCESS INFRARED ANALYZER / DETERMINATION CF

‘BRCMIDE

BETA
BETA
BETA

CHAIN OF MOUSE HEMOGLOBIN / EDMAN DEGRADAT/
DI KETONES ( HEXA FLUORO ACETYL ACETONE / E
EMITTERS { TRITIUM / CARBON-t4 / PHOSPHORLS
BETA EXCITEC ISOTOPIC LIGHT SOURCE } /USE OF A B
BETA EXCITEC ISOTOPTC LIGHT SOURCE ( MATHEMATICA
BI CYCLC EBUTANE / HYCRO EBROMIDE OF DI ETHYL GUA/
BI AXI AL RCTATOR / FISSION SPECTRUM NEUTRONS / T/
BIAXIAL SAMPLE RCTATOR ) /ERMINATION BY JuU-MEV N
BIAXIAL SAMPLE RCTATOR FOR |4-MEV NEUTRON IRRADI
BICINE 7/ NyN BIS { 2 HYCROXY ETHYL } GLYCINE / /
8ICYCLC(1.1.0} BUTANE

BICCHEMISTRY

BICCHEMISTRY ( TECHNICON AUTOANALYZER / DETERMIN
BICMEDICAL SAMPLES IN LIQUIO SCINTILLATOR SYSTE/
BIS { 2 HYDRDXY ETHYL } GLYCINE / ESCHERICHIA-C/
BIS (2 ( 5 TERT BUTYL BENZ OXAZOYL ) ) THIOPHEN/
BISMUTH / URANIUM / LITHIUM / FLUORIDE / WATER /
BI SMUTH PCWCER / DELAYEC NEUTRON BACKGROUND / VE
BISMUTH, LEAD, TANTALUM, ANC TUNGSTEN ) /ETRIC A
BISMUTH-207 IN BISMUTH POWDER / DELAYED NEUTRON

BLACK ) ELECTROPHORESIS OF PROTEINS (

BLANKET GAS ( HELIUM BREAKCOWN VOLTAGE OETECTOR/
BLUE BLACK ) ELECTROPHORESIS OF PROTEI
BOLY FLUICS ANALYSIS PROGRAM

BOEHMITE '} /ON HARDENING STUDIES ~ CONTROLLEO OX
BOVMBARCMENT ENERGIES IN HELTIUM-3 ACTIVATION ANA/
BCVMBARCMENT ENERGY IN HELIUM-3 ACTIVATION ANALY/
BCMBARCMENT ENERGY IN HEL IUM-3 ACTIVATION ANALY/
BOVMBARDMENT OF IRON-58 ) 7/ / DECAY CHARACTERISTI
BOMBARCMENT SOURCE ) /NICKEL / MASS SPECTROMETRI
BONE ASH ( MITCRELL - SCOTT PROCEDURE / PHOSPHOR
BOCK REVIEW OF, PROGRESS IN NUCLEAR ENERGY, SERI
BOCK REVIEW OF, RADIOCHEMISTRY OF ARSENIC

BOOK REVIEW OF, RADIOISOTOPE INSTRUMENTS IN INDU
BOCK REVIEW OF, RADIOMETRIC TITRATIONS-

BOCK REVIEW OF, TRACE ANALYSIS - PHYSICAL METHOD
BORIC ACIC / THIO SULFATE )

BORON NITRICE / RADIOACTIVE SOURCES ) /RS / LITH
BORON TRI FLUORICE ( HYCROCARBONS )} ANALYSIS OF

BCRON, NITROGEN, SOCIUM, AND BERYLL IUM

BORON, NITROGEN, SOOIUM, ANO BERYLLIUM { EXCITAT
BOX / FERROUS FERRIC MOLYBDATE CORROSION INHIBIT
BOX FOR ABSORPTICN SPECTROPHOTOMETRY OF ALPHA EM
BCYS AS CETERMINEC BY NEUTRON ACTIVATION ANALYSI
BREAKDOWN VOLTAGE DETECTOR ) /OPMENT OF A GAS CH
BROMATE IN ACID NITRATE MEDIA { BERLEX PHASE OF

BRCMIDE ) /L PHOSPHONIUM BROMIDE / BENZYL TRI BL
BRCMIDE / BENZYL TRI BUTYL PHOSPHONIUM CHLORIDE/
BRCMIDE / MAGNESIUM CFLORIDE / MAGNESIUM NITRID/
BROMIDE IN CHROMIUMUIII) BROMICE / MAGNESIUM CH/
OF CI ETRYL GUANIDINO DI ACETATE / PHEN/
BRCMINE PENTA FLUORICE / CREENBRIER CHROMATOGRA/
BRCMO 3 CHLORO CYCLO BUTANE / BI CYCLO BUTANE //
BSR / NEUTRON CROSS SECTION OF BERKELIULM-2u9 / /
BUFFALO BLUE BLACK ) ELECTROPHORESIS O
BUTANE

BUTANE / BI CYCLC BUTANE / HYDRO BROMIOE OF DI /
BUTANE / HYCRO BROMICE OF DI ETHYL GUANIOINOQ,OI/
BUTANOL / TTA ) /DUCE SELECTIVE LIQUID-LIQUID EX
BUTYL BENZ CXAZOYL ) ) THIOPHENE ( BBOT ) / PAR/
BUTYL BENZYL PHOSPHONIUM CHLORIOE / TETRA N BUTY
BUTYL NAPHTHALENE'/ | N PROPYL NAPHTHALENE / I /
BUTYL PHOSPHATE EXTRACTION ANO SOLUTION RESIDUE/
BUTYL PHCSPFONIUM ERQOMICE )} /L PHOSPHONIUM BROMI
BUTYL PHCSPEONIUM BROMICE / BENZYL TRI BUTYL PH/
BUTYL PHCSPHONIUM CHLORICE / BENZYL TETRA BUTYL/
CACMIUM CHFLORIDE / CESIUM CFLORIDE / GADOLINIUM-
CACMIUM TRACER / COBALT TRACER / COPPER TRACER /
CACMIUM-109 / SAMARIUM-151 / NIOBIUM-92 / NIOBIL
CALCIUM ACTIVITY ELECTROCE / FLUORIDE ACTIVITY /
CALCIUM FLUORICE } A BIAXIAL
CALCIUM ION ELECTRODE / PARA AMINO BENZYL AMINE/
CALCIUM-47 / CHLORINE~36 / ZIRCONIUM-95 - NIOBI/
CALCIUM~u47 / SELENIUM=-75 / TECHNETIUM-99M / TIN-
CALCULATE SENSITIVITIES AND INTERFERENCES VS BOM
CALCULATE SENSITIVITIES ANO INTERFERENCES vS BOWM
CALCULATE SENSITIVITIES, INTERFERENCES, AND OPTI
CALIBRATICN

CALIFORNIUM / CURIUM / EINSTEINIUM / AMERICIUM /
CALIFORNIUM FROM CURIUM AND BERKELIUM FROM CERIL
CALIFORNIUM FROM CURIUM -AND OF BERKELIUM FROM CE
CALTFORNIUM~252 NEUTRON SOURCE { PNEUMATIC RABBI
CAVBRIDGE ELECTRCN ACCELERATOR } / OF PHOTOFISSI
CAPABILITIES IN ANALYSTS OF TRACE SUBSTANCES - E
CAPABILITIES IN ANALYSIS OF TRACE SUBSTANCES - E
CAPABILITIES OF A SEMICONDUCTOR X-RAY EMISSION S
CAPRYL AMINE / ALAMINE / CESTUM CHLORIDE / DISS/
CARBIDES } / IRON / ALUMINON METHOD / TRI CAPRYL
CARBON / FORMATE / COATELD PARTICLES / DENSITY )

CARBON / PROMETHIUM=-147 / MSRE / RATIO OF URANI/
CARBON DI OXIDE / DEAERATOR / SEA WATER / WINKLE
CARBON ELECTROCES CHRONOPOTENTIOMETRY

CARBON MCNO OXICE ) /ACTOR FUEL ELEMENTS { BECKM

6TA-05-Cl
6TA-09-C88
67TA-09-C76
67A-09-C28
67A-09-C28B
6TA-04=-G3A
67TA-09-C3A
67A-09-C5C
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67A-05-CIB
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6TPRR-010
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CENSITY GRADIENT APPLICATIONS ( DENSITY OF PYROLYTIC
/NZENE / PENTANE / HEXANE / HEPTANE / DI CHLORO METHANE /
/NSURANIUM RESEARCH LABORATORY ( MICROCHEMICAL ANALYSIS /

THE BALANCED QUENCHING METHOD FOR CCUNTING

/ATION COUNTING SYSTEM FOR WEAK BETA EMITTERS { TRITIUM /
/RBON DI OXIOE / OEAERATOR / SEA WATER / WINKLER METHCD /
BSORPTION SPECTROPHOTOMETRY OF ALPHA EMITTING MATERIALS |
64 / ELECTRODIALYSIS OF WATER THROUGH ANION PERMEABLE AND
A RESCAANT

O NOISE / INVESTIGATION OF PRECISION ATTAINABLE IN SINGLE
/IDE / SILICON TETRA FLUORIOE / SPECTROPHCTOMETER FOR HOT
WINDOWLESS SPECTROPHOTCMETRIC

ANSFER RNA ) SYNTHETASES FROM ESCHERICHIA-COLI-B ( DEAE -
TOGRAPHY OF NUCLEOTIDES POLY ETHYLENE IMINE -
SIONAL THIN LAYER CHROMATOGRAPHY ON POLY ETHYLENE IMINE -
CHROMATOGRAPHIC SEPARATION OF NUCLEIC ACID DERIVATIVES ON
/0 NUCLEIC ACIDS ( TRNA ) / POLY ETHYLENE IMINE { PEI ) /

FROM
FROM

SEPARATION OF CALIFORNIUM FROM CURFUM AND BERKELIUM
/ARATION OF CAL IFORNIUM FROM CURILM AND OF BERKELIUM
* A NEW WAY TO MAKE FPURE

NEW METHOD FOR THE RAPID SEPARATION OF BERKELIUM(IV) FRCWM
ELENIUM / ANTIMONY PENTA OXIOE / SEPARATION OF SODIUM AND
RGET ROOS / STUDY OF HFIR COOLANT WATER { REACTOR WATER./
/ / IRON / ALUMINON METHID / TRI CAPRYL AMINE / ALAMINE /
./1C PREPARATIONS ( BERYLLIUM NITRIDE / CADMIUM CHLCRIDE /
ACIATION EVENT MONITOR FOR PULSED X AND GAMMA RADIATICN (

/ STUDY OF HFIR COOLANT WATER ( REACTOR WATER / CESIUM /
// CACMIUM-109 / SAMARIUM-151 / NIOBIUM-92 / NIOBIUV=95 /
/NO ACID SEQUENCE ANALYSIS ( AMINO ACID SEQUENCE OF ALPHA
/ CHAIN OF MOUSE HEMOGLOBIN / AMINO ACID SEQUENCE CF BETA
/ TINC-69 - ZINC-69M / TELLURIUM-132 / THLLIUM-171 / 4096
ATION OF ELECTROCHEMICAL TECHNIQUES TO RE/ PREPARATICN OF
US-3t IN PHOSPHORUS~32 PRODUCT / STRONTIUFM-90 — YTTRIUM-/

SAFETY - RETENTION OF RADIOACTIVE IODIOES BY IMPREGNATED

FLUORO ACETYL ACETONE / EUROPIUM(IIT) / AMERICIUMUIII) /
PHY OF NUCLEOTIDES, NUCLEOSIDES, AND NUCLEIC ACID BASES
S, GELS, AND OXIDE MICROSPHERES PREPARED FROM THE RARE E/

APPLICATION OF RADIOISOTOPES TO PROBLEMS OF
NEW AND MCDIFIED
ONE ASH { MITCHELL - SCOTT. PROCEDLRE / PHOSPHORUS=32 / F/

RESEARCH LABORATORY (- MICROCHEMICAL ANALYSIS/ ANALYTICAL

M-3 PARTICLES WITH LOW ATOMIC NUMBER ELEMENTS - A NUCLEAR
THE ANALYTICAL

ELECTROANALYTICAL

GENERAL REQUIREMENTS OF MODERN DAY ANALYTICAL

IEW OF, PROGRESS IN NUCLEAR ENERGY, SERIES IX. ANALYTICAL
COMMENTS LOCATED ON P.37A IN EOUCATION IN ANALYTICAL
/TIONS OF RADIOLYTICALLY GENERATED REAGENTS IN ANALYTICAL
COMPARI SON OF ANALYTICAL

ANALYTICAL
ANALYTICAL
ANALYTICAL
ANALYTICAL
ANALYTICAL
ANALYTICAL
ELECTROANALYTICAL

THE NEW IMAGE OF ANALYTICAL

ANALYTICAL

RECENT DEVELOPMENTS IN THE ANALYTICAL

SUMMARY - NOV., 1966 / DEC.y 1966 / JAN.,1967 / ANALYTICAL

SUMMARY — MAR., 1967 / JULY, 1967 ANALYTICAL

SUMMARY - APR.,1967 ANALYTICAL
S AND NONPOROUS SAMPLES OF THORIUM OXIDE { CRYST/ SURFACE
/PARATIONS / RADIOLYTIC RELEASE OF HYDROCHLORIC ACID FROM

THE RE/ THE ABSORPTION SPECTRUM OF THE URANYL ION IN PER
/BUTYL PHOSPHONIUM BROMIDE / BENZYL TRI BUTYL PHOSPHONIUW
RMA/ INORGANIC PREPARATIOINS ( BERYLLIUM NITRIOE / CADMIUN
N / ALUMINON METHOD / TRI CAPRYL AMINE / ALAMINE / CESIUM
/ARATIONS ( BERYLLIUM NITRIDE / CADMIUM CHLORIOE / CESIUVM
/IPITATION OF SILVER CHLORIDE BY RADIOLYTICALLY GENERATED
/RON(II1)=57 BROMIDE IN CHROMIUM(III) BROMIDE / MAGNESIUM
TERMINATION OF URANIUM AS THIO CYANATE COMPLEX ( STANNOUS
/1DE / NICKEL-64 - VANAOIUM ALLOY / HIGH PURITY POTASSIUM
/PARA AMINO BENZYL AMINE / TRI N BUTYL BENZYL PHOSPHONIUM
/ FLUORIDE / SODIUM{I) OXIDE / SPINELS / LRANIUM(III)-238
/0M CHLORAL HYDRATE / HOMOGENEOUS PRECIPITATICN OF SILVER
/NE / HEXANE / HEPTANE / DI CHLORO METHANE / CARBGN TETRA
/UMINUM / OXYGEN IN ZIRCONIUM / OXYGEN IN TECHNETIUM-99 /
/LUTONIUM-241 / TELLURIUM-132 — IODINE-132 / CALCIUM-47 /
/1 PIPERIDYL / PARA ETHYL BENZENE SULFONIC ACID / BRCNC 3
/ROMATOGRAPHY / BENZENE / PENTANE / HEFANE / HEPTANE / DI
/A CHLORIDE CHLOROFORM / 2 ETHYL NAPHTHALENE / ANILINE / 1

FLUORIDE / GREENBRIER CHROMATOGRAPH / FREON-I14 / 1,2 DI,

RIOD ENDING DCT.31,1966
1966 - CUMULATIVE INDEXES TO THE
STATISTICAL QUALITY CONTROL REPORT,
STATISTICAL QUALITY CONTROL REPORT,
STATISTICAL QUALITY CONTROL REPORT,

»CESIUM IOCICE (

'

CARBON PARTICLES )}

CARBON TETRA CHLCRICE/CHLOROFORM / 2 ETHYL NAPH/
CARBON, NITROGEN, ANC HYCROGEN IN TRANSURANTUM /
CARBON-14

CARBON-1Y4 / PHOSPHORUS-32 / SULFUR-35 / NICKEL-/
CARBONATE - HYDRCXICE EQUILIBRIA-/ ECOLOGY / PH/
CARY MCCEL-14 SPECTROPHOTOMETER ) /OVE BOX FOR A
CATION PERMEABLE MEMBRANES } /REAGENTS { COPPER-
CAVITY FICGH FREQUENCY OSCILLOMETER

CELL FIRST CERIVATIVE DC POLAROGRAPHY ( SIGNAL T
CELL USE / SPECTRA OF URANTUM( III) AND URANIUM{/
CELLS FCR USE WITH CORROSIVE LIQUIDS

CELLULCSE ) /CYL TRANSFER RIBO NUCLEIC ACID ( TR
CELLULOSE - A NEW ANION EXCHANGER FOR THE CHROMA
CELLULOSE /EOSICES, AND NUCLEOTIDES BY TWO DIMEN
CELLULOSE LAYERS THIN LAYER,
CELLULCSE MN-300 / ESCHERICKFIA-COLI-B / YEAST //
CENTRIPHFCRESIS ( SEPARATION OF PROTEINS )

CERIUM BY EXTRACTION CHROMATOGRAPHY

CERIUM BY EXTRACTION CHROMATOGRAPHY { LSE OF TE/
CERIUM=-141

CERIUM{IV) BY ANION EXCHANGE

CESIUM )} /ER / COBALT TRACER / COPPER TRACER / S
CESIUM / CESIUM-136 / TRITIUM / LEAKS IN HFIR TA
CESIUM CHLORIDE / DISSOLUTION OF METAL CARBIDES/
CESIUM CHLORICE / GACOLINIUM-160 / GERMANILM-73/
THALLIUM )} SCINTILLATOR } /ING R
CESIUM PARA ETHYL BENZENE SULFONATE

CESIUM-136 / TRITIUM / LEAKS IN FFIR TARGET RODS
CESIUM-137 / MOLYBOENUM-99 / NICKEL-63 / NIOBIL/
CHAIN OF MOUSE HEMOGLOBIN / AMINO ACIO SEQUENCE/
CHAIN OF MOUSE HEMOGLOBIN / EDMAN DEGRAOATION M/
CHANNEL PULSE-HEIGHT ANALYZER FISSION PRODUCT A/
CHAPTERS FOR PROCRESS IN NUCLEAR ENERGY ( APPLIC
CHARACTERIZAT ION OF ISOTOPE MATERIALS ( PHOSPHOR
CHARCOALS NUCLEAR
CHELATES ) / AND ACTINIDE BETA DI KETONES ( HEXA
CHELEX-10D ) LTIGAND EXCHANGE CHROMATOGRA
CHEMICAL AND ELECTRON OPTICAL STUOIES OF THE SOL
CHEMICAL ANC PHYSICAL RESEARCH

CHEMICAL METHODS

CHEMICAL PRECONCENTRATION OF TRACE ELEMENTS IN B
CHEMICAL RESEARCF FACILITIES IN THE TRANSURANIUM
CHEMIST LOOKS AT DIRECT REACTIONS /TION OF HELIL
CHEMIST LCOKS AT STANDARC REFERENCE MATERIALS
CHEMISTRY

CHEMISTRY

CHEMISTRY '
CHEMISTRY - A VIEW FROM INDUSTRY
CHEMISTRY ( HOMOCENEOUS SEPARATIONS / RADIOLYTI/
CHEMISTRY AND ACTIVATION ANALYSIS

CHEMISTRY DIV ISION ANNUAL PROGRESS REPORT FOR PE
CHEMISTRY DIVISION ANNUAL PROGRESS REPORTS 196u-
CHEMISTRY DIVISICN, APR.-JUNE, 1967

CHEMISTRY DIVISICN, JAN.-MAR., 1967

CHEMISTRY DIVISICN, OCT.-DEC., 966

CHEMISTRY FOR REACTOR PROJECTS

CHEMISTRY IN MOLTEN FLUORICES

CHEMISTRY IN SCIENCE

CHEMISTRY OF RACIONUCLICES

CHEMISTRY OF THE TRANSPLUTONIUM ELEMENTS
CHEMISTRY RESEARCH ANC CEVELOPMENT GROUP MONTHLY
CHEMISTRY RESEARCH ANC CEVELOPMENT GROUP MONTHLY
CHEMISTRY RESEARCH ANC CEVELOPMENT GROLP MONTHLY
CHEMISTRY STULIES -~ ADSORPTION OF WATER ON POROL
CHLORAL HYDRATE / HOMOGENEOUS PRECIPITATION OF /

BO0OK REV

CHLORATE MECIA II. THKE EFFECTS OF HYOROLYSIS ON
CHLORIDE / BENZYL TETRA BUTYL PHOSPHONIUM BROMI/
CHLORICE / CESIUM CFLORICE / GADOLINIUM-1¢4C / GE
CHLORICE / CISSOLUTION OF METAL CARBIDES )} / IRO
CHLORIDE / GACOLINIUM-160 / GERMANIUM-73 - CHRO/
CHLORIDE / HOMOGENEOUS PRECIPITATION OF BARIUM /
CHLORICE / MAGNESIUM NITRIDE / HIGH PURITY MAGN/
CHLORICE / RADIOLYTICALLY GENERATED SULFUR ) /DE
CHLORIDE / SAMARIUM(II) FLUORIDE / SODIUM(I} ox/
CHLORIDE / TETRA N BUTYL PHOSPHONIUM BROMIDE / /
CHLORIDE / VANACIUM(II) FLUORIDE / ZIRCONIUM N1/
CHLORILCE BY RACICLYTICALLY GENERATEP CHLORIDE //

CHLORICE/CHLOROFORM / 2 ETHYL NAPHTHALENE/ ANIL/
CHLORINE IN ORGANIC COMPOUNCS / DECAY CHARACTER/
CHLORINE-36 / ZIRCONIUM-95 - NIOBIUM-95 / YTTRI/
CHLORO CYCLO BUTANE / 81 CYCLO BUTANE / HYORO B/
CHLORO METHANE / CARBON TETRA CHLORIDE/LHLOROFO/
CHLORO PROPANE / HEXYL NAPHTHALENE '/ 1,2 DI MET/
CHLORO TETRA FLUCRO ETHANE,/ KEL-F / TEFLON-6 )

/NE / HEPTANE / DI CHLORD METHANE / CARBON TETRA CHLORIDE/CHLORCFCRM / 2 ETHVLNAPFTPALENE / ANILINE / 1 C/

/TRAVIOLET ABSORBING CONSTITUENTS ( NUCLECTIDE ANALY2ER /
/ANALYZER / CHROMATOGRAMS OF URINE OF LEUKEMIA PATIENTS /
/TILITY PILOT PLANT ( BROMINE PENTA FLUORIDE / GREENBRIER
S BY GAS CHROM/ GAS CHROMATOGRAPHY ( VARIAN~AEROGRAPH GAS
AS ( MELIUM BREAKOOWN VOLTAGE DETEC/ DEVELOPMENT OF A GAS
. AUTOMATION OF GAS
RSTITIAL GASES A VACLUM FUSION - GAS
/ HORTON PYROLYZER / PREPARATIVE GAS CHROMATOGRAPHY / GAS

CHROMATOGRAMS OF URINE OF 'LEUKEMIA PATIENTS / C/
CHROMATOGRAMS OF URINE OF SCHIZOPHRENIC PATIENT/
CHROMATCGRAPH / FREON~-114 / 1,2 DI CHLORO TETRA/
CHROMATCGRAPH / PURIFICATION OF ORGANIC COMPOUND
CHROMAT CGRAPH_ FOR ANALYSIS OF THE MSRE BLANKET G
CHROMATCGRAPHIC ANALYSES AT ORNLC

CHROMATCGRAPHIC APPARATUS FOR LOW LEVELS OF INTE
CHROMATCGRAPHIC CETERMINATION OF SULFUR HEXA FL/

6TA-0L-05A
6TA-0u4-CIA
67A-09-(8A
&67PRR-037
67A-09-G76
6TA-09-CTH
6TA-04-Co6B
6TA~06-C38B
6TPRR-0C2
67TA-01-C7
67TA-03-C20
67PRR~I LD
6TA-05-CIC
67 TR-02
67PRR-087
67TR~0O1
67TA-0L4~-CIB
6TA-05-C3C
67TPRR-029
67A-09-C7A
&6TPRR-D3C
6TA-09-C7C
6TA-09-C7H
67A-D9-C6F
67B-14-03
67A-10
6TA-09-C2A
6T7TA-1L1-CLE
67A-09-C6F
6TA-09-C6E
6TA-D5-Cu
6TA-05-Cl
67B-1 4-Cu
6TA-DL4-C6D
67A-09-C6C
67A-08-C1D
6TA-09-C88B
6TA-D5-CIF
6TPRR-099
6TPRR-131
67TA-04~-CY
67A-06~C3A
6TA-09-C8A
67PRR-142
67PRR=~137
67A-0L-(C2
6TPRR-1 36
6TPRR-0U47
67TPRR-023
6TA-02-C7
67TPRR-1 C1
67PRR-065
6TPRR-06T7
67PRR-060
67PRR-059
6TPRR-058
6TA-03
6TPRR-1 1Y
6TPRR=1 4k
69A-09-C8
6TPRR-117
67PRR-0TI
6TPRR-08C
67PRR-082
67A-08-01 A
6TA-02-07
6TPRR-012
6TA-11
6TA-10
67B-14~03
67A-10
67A~02-C7
6TA-10
6TA-02-02
67A-10
67A-1I 1]
67A-1T
67A-02-C7
6TA-04-01A
67A-09-C5A
6TA-09-C6B
67A-04=-03A
6TA-DL-C1A
6TA-0L-CtA
67A-03-C38
67A-0u-CIA
6TA-05-C2A
67A-05-C2A
6TA-03~-C38
6TA-04-CIA
67A-03-CID.
6TPRR-116
67TPRR-G90
67A-0Lu~-CIA
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LLUTANTS (CAROL INAS VIRGINIA TUBE REACTOR
ATIVES ON CELLULOSE LAYERS
TS ( NUCLEOTIDE ANALYZER )

( CVTIR } }  GAS
THIN LAYER
IDENTIFICATICN OF

RNIUM FROM CURIUM AND BERKELIUM FROM CERILUM BY EXTRACTION
LY AD/ BASE RATID DETERMINATION OF RNA BY LIGAND EXCHANGE
/NUCLEOSIDE ASSAY OF RIBO NUCLEIC ACID BY LIGAND EXCHANGE
/MOLECULAR WEIGHTS OF RNA HOMOPOLYMERS BY LIGAND EXCHANGE
FRACTIONATION OF URINE BY GEL PERMEATION
NSTITUENTS OF TRANSFER RIBO NUCLEIC ACIDS ( T/ THIN LAYER
/M FROM CURIUM AND OF BERKELIUM FROM CERILM BY EXTRACTION
APH / PURIFICATION OF ORGANIC COMPOUNDS BY GAS CHRCM/ GAS
/CHROMATOGRAPH / PURIFICATION OF ORGANIC COMPOUNDS BY GAS
/ EXTRACTION CHROMATOGRAPHY ( USE OF TEFLON IN EXTRACTION
/0 RELEASE / HONAKER - HORTON PYROLYZER / PREPARATIVE GAS
/IFORNIUM / CURIyUM / EINSTEINIUM / AMERICIUM / EXTRACTION
HENYL / GENERAL ANALYSES LABORATORY ( VACUUM FUSION / GAS
APPLICATIONS OF GAS
// ESCHERICFIA-COLI-B / YEAST / SEPHAOEX-100 / THIN LAYER
NUCLEIC ACICS ( T/ THIN LAYER CHROMATOGRAPHY ( THIN LAYER
SOLVENT EXTRACTION AND GAS
THYLENE IMINE - CELLULOSE ~ A NEW ANION EXCHANGER FOR THE
NUCLEIC ACIC BASES ( CHELEX-10C ) LIGAND EXCHANGE
NUCLEIC ACID BASES LIGAND EXCHANGE
/THIN LAYER CHROMATOGRAPHY OF AMANITA TOXINS / THIN LAYER
/CLEOSIDES, AND NUCLEOTIDES BY TWO DIMENSIONAL THIN LAYER
SEPARATION OF AMANITA TOXINS BY THIN LAYER
/0F SULFUR HEXA FLUORIOE IN METHANE / APPLICATICNS OF GAS
ANITA TOXINS BY THIN LAYER CHROMATOGRAPHY ON SILICA GEL G
/ROMETRY ( MS-7 SPARK SOURCE MASS SPECTROGRAPH / NICKEL -
OF IRON / CONTROL LIMIT FOR AMPEROMETRIC DETERMINATION OF
/RICE / CESIUM CHLORIDE / GADOLINIUM-160 / GERMANILM-73 -
/VICE ( HFIR COMPONENTS / RELATIVE I1SOTOpPIC ABUNDANCES OF
/ / GERMANIUM{ IV} SULFIDE GLASS / IRON(III)-57 BROVMIDE IN
/ FLUORIOE - BERYLLIUM FLUORIOE / MOLAR ABSORPTIVITIES CF
/1 OXIDE WITH MOLTEN FLUDRIOE SALTS / SPECTRAL STUOIES OF
PYROLYTIC GRAPHITE AND GLASSY CARBON ELEC TRODES
TE / TOTAL PHOSPHATE / TOTAL URANIUM / CARBON / FORMATE /
/ ACTIVATION ANALYSIS TO WATER TRACING / CADMIUM TRACER /
/CT READER / EMISSION SPECTROMETRIC ANALYSIS OF ALLOYS OF
X-RAY SPEC TROSCOPY {( XRA-E2 CODE / EP-2
X-RAY SPECTROSCOPY ( XRA-E2
/ENTIAL CONTROLLEO CURRENT CYCLIC VOLTAMMETER / DIFFUSION
/COLORIMETRIC DETERMINATION OF NICKEL / CONTROL LINMIT FOR
/OLORIMETRIC DETERMINATION OF URANIUM / CONTROL LINMIT FOR
LIMIT FOR COLORIMETR/ QUALITY CONTROL ( CONTROL LINMIT FOR
/THALENE / 14,2 DI METHYL NAPHTHALENE / 5A MOLECULAR SIEVE
SEPARATION OF BASES, NUCLEOSIDES AND NUCLECTIDES CN A
USE OF A DENSITY GRADIENT
USE OF A DENSITY GRADIENT
USE OF
HALF-LIVES AND SPECIFIC ACTIVITIES CF
QUPLED COUNTER TIMERS ) DUAL SET POINT VOLTAGE
UORIDE ( HYDROCARBONS ) ANALYSIS CF OFF-GAS FROM TESTS OF
/ URANTIUM{TIII) AND URANIUM(IV) IN MOLTEN FLUORIDE SALTS /
PECTROPHOTOMETRIC STUDY OF THE ZIRCONIUM - ALIZARIN RED S
/CTROPHOTOMETRIC DETERMINATION OF URANIUM AS THIO CYANATE
DES, AND NUCLEOTIDES BY TWO DIMENSIONAL TH/ SEPARATICN OF
ION SEPARATION OF FLUORIDE ( FLUO SILICIC ACID / ALIZARIN
OMIUM, IRON, AND NICKEL/ MASS SPECTROMETRY SERVICE ( HFIR
ILITY PILOT PLANT ( BROMINE PENT/ IN-LINE ANALYSIS OF THE
ING SIGNAL TO NOISE RATIJ ( S/N ) WITH A SIGNAL AVERAGING
APPLICATION OF
IUM(III} TO URANIUM(IV) RATIOS IN MSRE FUEL SALT / USE OF
RAY SPECTRA FOR / SECONDARY STANDARDIZATIONS WITH DIGITAL
FLUORIDE PURITY A COMPARAYIVE
ESOLUTION ANALYSIS OF URINE FOR ITS ULTRAVIOLET ABSOREBING
IDENTIFICATION OF CHROMATOGRAPHICALLY SEPARATED LURINARY
/H RESOLUTION ANALYSIS OF WRINE FOR ULTRAVIOLET AABSORBING
THIN LAYER CHROMATOGRAPHY ( THIN LAYER CHROMATOGRAPHY OF

NATION OF URANIUM / CONTROL LIMIT FOR COLORIMETR/ CQUALITY
SELENIUM-T75 / TECHNETIUM-99M / TIN-113 / XENON-/ CQUALITY
ALKYL BENZENE SLLFCNATE ( ABS )
// CONTROL LIMIT FDR COLORIMETRIC DETERMINATICN CF IRCN /
URANTUM / CONTROL LIMIT FOR COLORIMETR/ QUALITY CONTROL (
/ONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF URANIUM /
/CONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF NICKEL /
RODE ( D.M.E. )} ( ORNL MODEL-Q-29u4/ APPARATUS FOR FRECISE
L LIMIT FOR AMPEROMETRIC DETERMINATION OF CHROMIUM / MSRE
PR.-JUNE, 1967 STATISTICAL QUALITY
AN.-MAR., 1967 STATISTICAL CUALITY
CT.~CEC.y 1966 STATISTICAL QUALITY
CONTROLLED POTENTIAL AND
TRY OF MOLTEN SALTS / ORNL MODEL-¢{~/ CONTROLLED POTENTIAL
/ RATES ANLC SHORT TRANSITION TIMES ( CONTROLLED POTENTIAL
AND ALUMINUM ALLOYS ( B2/ OISPERSION HARDENING STLDIES -
1C VOLTAMMETER .
/FLUORIDE AT FAST SCAN RATES AND SHORT TRANSITION TIMES (
OLTAMMETER ( VOLTAMMETRY OF MOLTEN SALTS / ORNL MODEL-Q-/
F URANIUM(VI) IN THE PRESENCE OF COPPER(II) ([ HYDRCXYL A/

CHROMATOGRAPHIC CETERMINATION ‘OF VOLATILE AIR PO
CHROMATCGRAPHIC SEPARATION OF NUCLEIC ACID DERIV
CHROMATCGRAPHICALLY SEPARATED URINARY CONSTITUEN
CHROMATCGRAPHY .
CHROMATCGRAPHY
CHROMAT CGRAPHY {
CHROMAT CGRAPHY (
CHROMAT OGRAPHY {
CHROMATOGRAPHY (
CHROMATCGRAPHY (
CHROMAT CGRAPHY {
CHROMATOGRAPHY (
CHROMATCGRAPHY /

/

/

/

SEPARATION OF CALIFO
ESCHERICHIA-COLI-B / YEAST / PO
HOMOPOLYMERS OF RNA / POLY ADE/
POLY ADENYLIC ACID / POLY CYTI/
SEPHADEX-G-10 )

THIN LAYER CHROMATOGRAPHY OF CO
USE OF TEFLON IN EXTRACTION CH/
VARTAN-AEROGRAPH GAS CHROMA TOGR
BENZENE / PENTANE / HEXANE / H/
DI ( 2 ETHYL KEXYL )} ORTHO PHO/
GAS CHROMATOGRAPHIC DETERMINAT/
PULSE-HEIGHT ANALYSIS / FLUORI/
TRANSFER RIBO NUCLEIC ACIDS / P
NUCLEAR TECHNOLOGY
AMANITA TOXINS / THIN LAYER C/
CONSTITUENTS OF TRANSFER RIBO
METAL FLUORO ACETYL ACETONATES
NUCLEOTIDES POLY E
NUCLEOT IDES, NUCLEOSIDES, AND
NUCLEOTIDES, NUCLEOSIDES, AND
PROTEINS ON SEPHADEX G-75 SuUP/
POLY ETHYLENE IMINE - CELLULO/
SILICA GEL G CHROMATOPLATES
PROBLEMS IN POWDER METALLURGY/
CHROMATOPLATES SEPARATION OF AM
CHROMIUM - IRON BASE ALLOYS / MASS SPECTROMETRI/
CHROMIUPM / MSRE CONTROL PROGRAM } /ETERMINATION
CHROMIUVM ALLOY / GERMANIUM( II)-73 IODIDE / GERM/
CHROMIUM, -TRONs AND NICKEL / MASS SPECTROMETRIC/
CHROMIUM(III) BROMICE / MAGNESIUM CHLORIDE / MA/
CHROMIUM(III) IN MOLTEN LITHIUM FLUORIDE - BERY/
CHROMIUM(III} TN MOLTEN LITHIUM FLUORIDE - BERY/
CHRONOPCTENT IOMETRY OF THE IODINE SYSTEM AT THE
COATED PARTICLES / DENSITY ) / INORGANIC PHOSPHA
COEALT TRACER / COPPER TRACER / SELENIUM / ANTI/
COBALT, TITANIUM, VANADIUM, NIOBIUM, BISMLTH, L/
COCE / CATAPLOT )
COCE / EP-2 CODE / DATAPLOT )
COEFFICIENT FOR URANIUM(IV) IN MOLTEN LITHIUM F/
COLORIVMETRIC CETERMINATION OF IRON / CONTROL LI/
COLORIMETRIC CETERMINATION OF NICKEL / CONTROL /
COLORIMETRIC DETERMINATION OF URANIUM / CONTROL
COLUMN / FISK 604 MOLD RELEASE / HONAKER - HORT/
COLUMN CF DEXTRAN { SEPHADEX G-10 )
COLUMN TO MEASURE THE DENSITY OF MICROSPHERES
COLUMN TO MEASURE THE DENSITY OF MICROSPHERES
COVMMERCIAL FREEZE DRIED FOOC AS TISSUE STANDARD
COMMON RACICNUCLIDES
COMPARATOR { ORNL MODEL-Q-2950 )} ( ERROR IN DC C
COMPATIBILITY OF MSRE PUMP OIL WITH BORON TRI FL
COMPATIBILITY OF SILICON DI OXIOE WITH MOLTEN F/
COMPLEX VOLTAMMETRIC AND $
COMPLEX ( STANNQUS CHLORIDE / RADIOLYTICALLY GE/
COMPLEX MIXTURES OF NUCLEIC ACID BASES, NLCLEOSI
COMPLEXCNE ) RAPID DISTILLAT
COMPONENTS / RELATIVE ISOTOPIC ABUNOANCES OF CHR
CONPONENTS OF GASES FROM THE FLUIDIZED-BED VOLAT
COMPUTER /AME PHCTOMETRIC SENSITIVITY BY INCREAS
COMPUTER PROGRAMS FOR ANALYSIS OF RADIOISOTOPES
COMPUTER-PROGRAMS IN ANALYSIS OF MSRE FUELS | /N
COMPUTER TECHNIQUES TO NORMALIZE MULTIPLE GAMMA-
CONDENSATION PRESSURE ANALYZER FOR URANIUM HEXA
CONST ITUENTS AUTOMATIC, HIGH R
CONSTITUENTS ( NUCLEOTIDE ANALYZER )
CONSTITUENTS ( NUCLEOTICE ANALYZER / CHROMATOGR/
CONSTITUENTS OF TRANSFER RIBO NUCLEIC ACIDS ( TR
CONSULTANTS -
CONTROL ( CONTROL LIMIT FOR COLORIMETRIC DETERMI
CONTROL ( RADIOACTIVITY STANDARDS / CALCIUM-U4T /
CONTROL FCR THE FOAM SEPARATION PROCESS
CONTROL LIMIT FOR AMPEROMETRIC DETERMINATION OF/
CONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF
CONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF/
CONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF/
CONTROL OF CROP TIME OF A CROPPING MERCURY ELECT
CONTROL PROGRAM ) /ETERMINATION OF IRON / CONTRO
CONTROL REPORT, ANALYTICAL CHEMISTRY DIVISION, A
'‘CONTROL REPORT, ANALYTICAL CHEMISTRY DIVISION, J
CONTROL REPORT, ANALYTICAL CHEMISTRY DIVISION, O
CONTROLLEC CURRENT CYCLIC VOLTAMMETER
CONTROLLEC CURRENT CYCLIC VOLTAMMETER { VOLTAMME
CONTROLLEO CURRENT CYCLIC VOLTAMMETER / DIFFUSI/
CONTROLLEC CXICE PRECIPITATION IN FLAKE ALUMINUM
CONTROLLELC POTENTIAL ANC CONTROLLED CURRENT CYCL
CONTROLLEC POTENTIAL CONTROLLED CURRENT CYCLIC /
CONTROLLED POTENTIAL CONTROLLED CURRENT CYCLIC V
CONTROLLEC POTENTIAL COULOMETRIC DETERMINATION O

CHROMAT CGRAPHY
CHROMAT CGRAPHY
CHROMATOGRAPHY
CHROMATOGRAPHY /
CHROMATCGRAPHY IN
CHROMATCGRAPHY OF
CHROMATCGRAPHY OF
CHROMATOGRAPHY OF
CHROMATCGRAPHY OF
CHROMATCGRAPHY OF
CHROMAT OGRAPHY OF
CHROMATOGRAPHY OF
CHROMATCGRAPHY ON
CHROMAT CGRAPHY ON
CHROMAT CGRAPHY TC

674~03-C4B
67TR-01
67A~05-02C
67A~04-CI
67PRR-029
67A~D5-CIH
67A~05-016
67A~05-CI1
67A-05-028
67A~04-CI8B
67A~09-07A
6TA~0u-CIA
67A~0u~01A
6TA~09-CTA
67A~0u=-Cl A
678~14-01
67B~1 4=02
67PRR-CLS
67A~D4-CIB
67A~04~CI B
67TPRR-070
67TR~02
67A~05-CIF
67PRR-016
67A~0u-C1B
67PRR-087
67PRR~086
67A~0u=-CIA
67PRR-086
67A~07-C!
67B~1 4=C5
67A~1 0
67B~12-Ct
67A~10
67A~03-C2D
67A~03-C2D
6TPRR-054
67B~14=(2
6TA~D9-CTH
67B~13
67A~06-Ci
67A~06-ClI
67A~03-C2C
67B~14-C5
678~1 4-C5
67B~14-C5
67A~D4-C1A
67TR-03 '
6TPRR-01Y
6TPRR=091
67A~06-C3C
6TPRR-057
6TA~01~02
67A~03~0IC
67A~03~C20D
67PRR-051
67A~02-02
6TPRR-087
67A~02-C5
678~12-C1
67A-03~C3B
6TA-DI~14
6TPRR-122
67A-03-CIB
6TPRR-0CU
6TPRR-032
67PRR-039
67A-05-C2C
67A-05~C2A
67A~Qu-CIB
67D-1 6-C1I
67B-14~C5
67A-09-C6B
67PRR-0C8
67B-14~C5
678-14-05
67B-14~C5
67B-1 4-(5
67A-01-06
678-14-05
6TPRR-060
47PRR-059
6TPRR-058
6TPRR-121
6TA-DI-D1
67A-03-C2C
478-08-C1B
6TPRR-1 2}
67A-03-02C
67A-01-Cl
67A-Du~C28B
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F AMERICIUM

F "AMERICIUM

ERICIUM

MODEL-Q-2564 ) MODIFICATIONS TO THE HIGH SENSITIVITY
DARD NUCLEAR INSTRUMENT MODULES ( NIM ) ) SOLID STATE
EL~-Q-2005-X50 AND MODEL-3-2564 )

R { MODEL-Q-2792 ) .
ION DROP TIME CONTROLLER A SOLID STATE,
( ORNL MODEL-Q-2792 ) (FIRST DERIVATIVE POLAROGRAMS / SE/
Y { ERRORS IN COMPARATIVE POLAROGRAPHY )

Y I1. THE DELTA-E DIFFERENTIAL PCLAROGRAPHIC TECHNICUE

Y IV. DETERMINATE AND STATISTICAL ERRORS IN COMPARATIVE/
Y - COMPARATIVE POLAROGRAPHY

Y 1. INSTRUMENTATION, APPARATLS, ANO TECHNIQUES

OF ELECTROCHEMICAL TECHNIQUES TO REMOTE ANALYSIS / REMCTE
PRECISION PIPETTER, REMCTELY
ROLLED POTENTIAL DC POLAROGRAPH AND A PRECISICN DRCP TIME
INEAR ACCELERATOR { ORELA ) ( USE OF TANTALUM AS ELECTRON
136 / TRITIUM / LEAKS IN HFIR TARGET RODS / STUDY CF HFIR
ANDARDS } .
/YSIS TO WATER TRACING / CADMIUM TRACER / COBALT TRACER /
IUM-192 ) RADIOISOTOPE TAGGING OF
ON PERMEABLE / PURIFICATION OF WATER AND OTHER REAGENTS (
. . ELEC TRON EXCHANGE BETWEEN
ULOMETRIC DETERMINATION OF URANIUM(VI) IN THE PRESENCE OF
ELECTRON EXCHANGE BETWEEN COPPER(I} AND
/ THE HIGH INTENSITY ANALYTICAL CYCLOTRON { THE CYCLOTRON
/ OXY/ I14-MEV NEUTRON ACTIVATION ANALYSIS ( TEXAS NUCLEAR
/ELECTRON MICROSCOPY OF PLUTONIUM-238 OXIDE / RAOICACTIVE
/ESEARCH ASSISTANCE ( MOON BOX / FERROUS FERRIC MOLYBDATE
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ALYSIS / FLUORIDE / PYROHYDROLYSIS / PLUTCNIUM / ISOTCPIC
/ NUCLEIC ACID BASES, NUCLEOSIDES, AND NUCLEOTIDES BY TWC
{ 5 TERT BUTYL BENZ DXAZOYL ) ) THIOPHENE (- BBOT ) / PARA
FALO BLUE BLACK » ELEC TROPHORESIS OF PROTEINS (
RIBD NUCLEIC ACIDS A SEMIAUTOMATED FILTER PAPER
PRECIPITATION IN FLAKE ALUMINUM AND ALUMINUM ALLOYS ( BO/
PROPERTIES OF ROCK SALT OF INTEREST TO RADIOACTIVE WASTE
E HOLMIUM=-154 { HOLMIUM-152 / HOLRIUM-153 / HOLMIUF-155 /
LED TUBE DISSOLUTIONS ( DISSOLUTION OF URANIUM NITRIDES /
N METFOD / TRI CAPRYL AMINE / ALAMINE / CESIUM CHLCRIDE /
CRYSTALLINE MAGNESIUM OXIDE ) SEALED TUBE DISSOLUTIONS [
DISSOLUTION OF CRYSTALLINE MAGNESIUM OXIDE "} SEALED TUBE
OF
ETHOD FOR/ SEPARATION ANO DETERMINATIGN OF FLUGRIDE ( TRU
IC ACID / ALIZARIN COMPLEXONE .} RAPID
NITROGEN, SODIUM, AND BERYLLIUM ( EXCITATION FUNCTIONS /
/C / CALCIUM ION ELECTRODE / PARA AMINO BENZYL AMINE / DI
/ NAPHTHALENE ! SULFONIC ACID / 2 LAUROYL NAPHTHALENE / 2
/HALENE / OLEIC ACID / 2 { 3 HEXYL ) 'NAPHTHALENE / 2,6 DI
/AMINE / DI DODECYL NAPHTHALENE / HEPTYL DECYL AMINE / OI
/L NAPHTHALENE / 2 DODECYL 6 LAUROYL NAPHTHALENE / 246 DI
/( 3 HEXYL ) NAPHTHALENE / 2,6 DI DODECYL NAPHTHALENE / 2
/RATION-( TCC )} 32-INCH CYCLOTRON / NEUTRON AND GAFNMA-RAY
FATE SOLUTION GAMNMA

- USE OF COMMERCIAL FREEZE
TATE, CONTROLLED POTENTIAL DC POLAROGRAPH AND A PRECISION
E. ) ( ORNL MODEL-Q-294/ APPARATUS FOR PRECISE CONTROL OF
TEFLCN POLARCGRAPHIC
VATIVE DC POLAROGRAPHY ( SIGNAL TO NOISE RATIO { S/N ) OF
ON OF VERTICAL ORI/ POLAROGRAPHIC STUDIES WITH THE TEFLCN
EL-Q-294/ APPARATUS FOR PRECISE CONTROL OF DRCP TIME CF A
/( 0.M.E. ) [ EVALUATION OF VERTICAL ORIFICE RAPID TEFLON
~2950 ) { ERROR IN DC COUPLED COUNTER TIMERS )}
F PAINTINGS BY ACTIVATION ANALYSIS / REMBRANDT PAINTING /
/ TRON-57 / ZIRCONIUM-90 / SAMARIUM-150 / GADOLINIUNV-t56 /
TALS OF LANTHANIDES / FIRST IONIZATION POTENTIALS CF RARE
N LITHIUM FLUORIDE - BER/ DETERMINATION OF TRACES CF RARE
SOLS, GELS, AND OXIDE MICROSPHERES PREPARED FROM THE RARE
/0TAL GAS RELEASED FROM PLUTONIUM OXIDE - URANIUM CXIDE /
/ER / WINKLER METHOO / CARBONATE - HYDROXIDE EQUILIBRIA /
/ AMINO.ACID SEQUENCE OF BETA CHAIN OF MOUSE HEMOGLOBIN /
/10N OF BARIUM SULFATE BY RADIOLYTICALLY GENERATED ACID /
INOUSTRY COMMENTS LOCATED CN P.37A IN
ACTIVITIES RELATEC TG
ACTIVITIES RELATEC TO
M-242 / HALF-LIFE OF PLUTONIUM-2u44 / ISOTOPIC ANALYSIS OF
/ANALYSIS OF TRU PROCESS SAMPLES / CALIFORNIUM / CURIUM /

CURRENT CAPABILITIES IN ANALYSIS OF TRACE SUBSTANCES -
CURRENT CAPABILITIES IN ANALYSIS OF TRACE SUBSTANCES -

/TEN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / SIMULTANECUS
INSTRUMENTATION FOR
/CHAPTERS FOR PROGRESS IN NUCLEAR ENERGY ( APPLICATION CF
CARBON, NITROGEN, AND HYOROGEN IN TRANSURANIUM ELEFENTS /
TEFLON POLAROGRAPHIC DROPPING MERCURY
HALIDES IN CI METHYL SULF OXIOE AT THE PYROLYTIC GRAPHITE
RAPHY ( SIGNAL TO NOISE RATIO ( S/N ) OF DROPPING MERCURY
ELECTRODE / NITRATE ACTIVITY ELECTRODE / SULFIDE ACTIVITY
I/ POLAROGRAPHIC STUDIES WITH THE TEFLON DROPPING FERCURY
US FOR PRECISE CONTROL OF DROP TIME OF A DROPPING FERCURY
CTIONS OF THIO SULFATE AT THE ROTATING PYROLYTIC GRAPHITE
/METRIC METHOD FOR FLUORIDE ( ROTATING PYROLYTIC GRAPHITE
/RFORMANCE OF 10N SELECTIVE ELECTRODES { CALCIUM ACTIVITY
/CTRODES ( CALCIUM ACTIVITY ELECTRODE / FLUORIDE ACTIVITY
/0 NUCLEIC ACIDS /7 HUMIC ACID / FLLVIC ACID / CALCIUM ION
LECTRODE / FLUORIDE ACTIVITY ELECTRODE / NITRATE ACTIVITY
TODINE SYSTEM AT THE PYROLYTIC GRAPHITE AND GLASSY CARBON
CE ACTIVI/ EVALUATION OF THE PERFORMANCE OF ICN SELECTIVE
/UATION OF VERTICAL ORIFICE RAPID TEFLON DROPPING FMERCURY
HORUS-32 / FORMIC ACID / ANION PERMEABLE RESIN MEMBRANE /
/ PURIFICATION OF WATER AND OTHER REAGENTS ( COPPER-64 /
NICKEL -~ NICKEL(II}-COUPLE IN MOLTEN FLUORIDES
{ PROTON INDUCED REACTIONS IN THE GEV REGION / CAVBRIDGE
CTROMETRIC DETERMINATION OF HELIUM, ARGON, AND. NITROGEN /
LECTRON LINEAR ACCELERATOR ( ORELA ) [ USE OF TANTALUM AS
. RESEARCH ASSISTANCE IN ELECTRON MICROSCCPY AND
UM ANC EUROPIUM HYDROXIDE SOLS 8Y ELECTRON MICROSCCPY AND
1) IN ACETONITRILE
/0N AND FAST NEUTRON ACTIVATION ANALYSIS AT THE OAK RIDGE
) INSTRUMENTATION ( PHILIPS EM-200
' CPTICAL AKNC
RE SEARCH ASSISTANCE IN
XAMINATION OF PRASEODYMIUM AND EUROPIUM HYDROXIDE SOLS BY
TOACTIVE / ELECTRON MICROSCOPY OF RADIOACTIVE MATERIALS (
LECTRON MICROSCOPY OF PLUTONIUM-238 OXIDE / RADICACTIVE /
OXIDE MICROSPHERES PREPAIED FROM THE RARE E/ CHEMICAL AND
BLUE BLACK } " ELECTROPHORESIS OF PROTEINS ( CISC
PREPARATIVE GEL

DILUTION ANALYSIS / MASS SPECTROMETRY ) /IGHT.AN
DIMENSICNAL THIN LAYER CHROMATOGRAPHY ON POLY E/
DICXANE / TRITON X-100 ) / ¢ PPO ) / 2,5 B1IS (2
DISC ELECTROPHORESIS / POLY ACRYLAMIDE GEL / BUF
DISK TECHNIQUE FCR THE CETERMINATION DF TRANSFER
CISPERSICN HARDENING STUCIES - CONTRDLLED OXIDE
DISPOSAL .

DI1SPROSTUM-156 } /0F HOLMIUM NUCLET - NEW ISOTOP
DISSOLUTICN OF CRYSTALL INE MAGNESIUM OXIDE } SEA
DISSOLUTICN OF METAL CARBIDES ) / IRON / ALUMINO
DISSOLUTION OF URANIUM NITRIDES / DISSOLUTION’OF
DISSOLUTICNS (* CISSOLUTION OF URANIUM NITRIDES /
DISSOLVED GAS ANALYSIS TESTS OF THE DEAERATOR A
DISSOLVER SOLUTICN / SPACNS SPECTROPHOTOMETRIC M
DISTILLATION SEPARATION OF FLUORIDE ( FLUO SILIC
DISTORTEC WAVE THEORY OF NUCLEAR REACTIONS } /N,
DODECYL NAPHTHALENE ./ HEPTYL DECYL AMINE / DI D/
DOCECYL NAPHTHALENE / ! ( 2 HEXYL ) NAPHTHALENE/
DOCECYL NAPRTHALENE / 2 CODECYL 6 LAURCYL NAPHT/
DOCECYL NAPHTHALENE SULFONIC ACID / ALPHA,ALPHA/
DODECYL NAPHTHALENE | SULFONIC ACID / 2 LAUROYL/
DOCECYL 6 LAUROYL NAPHTHALENE / 2,6 DI DODECYL /
DCSES AT THE TCC CYCLOTRON / PHILIPS CYCLOTRON /
OOSIMETRY AT 150-25CC WITH DEAERATEO FERROUS SUL
DOUBLE FOCUSING MASS SPECTROMETER

DRIED FOCC AS TISSUE STANCARC

DRCP TIME CONTROLLER A SOLID S
CRCP TIME OF A CROPPING MERCURY ELECTRODE ( D.M.
DRCPPING MERCURY ELECTROCE

DRCPPING MERCURY ELECTROCE ) /LE CELL .FIRST DERI
DRCPPING MERCURY ELECTROCE { D.M.E. ) { EVALUATI
DRCPPING MERCURY ELECTROCE ( D.M.E. )} ( ORNL MOD
ORCPPING MERCURY ELECTROOES FOR OBTAINING FUNDA/
DUAL SET POINT VOLTAGE COMPARATOR [ ORNL MODEL-Q
DUTCH SCHCOL PAINTING / URANIUM-235 } /NTICITY O
DYSPROSIUM=16L4 / ERBIUM-167 / OSMIUM-150 / PLAT/
EARTH ELEMENTS )} /TION { FIRST IONIZATION POTENT
EARTH ELEMENTS, BARIUM, STRONTIUM, AND URANIUM I
EARTH HYCROXIDES /ECTRON OPTICAL STUDIES OF THE-
EBR-II FUEL / ALUMINUM / [RON / ALUMINON METHOD/
ECCLOGY 7/ PHOSPHATE / NITRATE / TECHNICON .AUTOA/
EDFAN OEGRACATION METHOC ) /OF MOUSE HEMOGLOBIN
EDTA / ETHYLENE CI AMINE TETRA ACETIC ACID 7 ST/
EQUCATICN IN ANALYTICAL CHEMISTRY - A VIEw FROM °
EDUCATIONAL INSTITUTIONS

EOUCATIONAL INSTITUTIONS

EINSTEINIUM ) / ELEMENTS / HALF-LIFE OF PLUTONIL
EINSTEINIUM / AMERICIUM / EXTRACTION CHROMATOGRY/
ELECTROANALYT ICAL CHEMISTRY '
ELECTROANALYT ICAL CHEMISTRY IN MOLTEN FLUORIDES
ELECTROANALYT ICAL METHOCS

ELECTRCANALYT ICAL METFROCS

ELECTROANALYT ICAL RESEARCH AT ORNL N
ELECTROCHEMICAL GENERATION AND SPEC TROPHO TOME TR/
ELECTRCCHEMICAL KINETICS STUDIES

ELECTRCCHEMICAL TECPNIQUES TO REMOTE ANALYSIS 7/
ELECTROCHEMISTRY OF TRANSURANTUM ELEMENTS ) / /

ELECTROCE

ELECTROCE ANODIC REACTIONS OF THE

ELECTROCE } /LE CELL FIRST CERIVATIVE DC POLAROG
ELECTROCE ) /VITY ELECTRODE / FLUORIDE ACTIVITY

ELECTROCE ( D.M.E. ) ( EVALUATION OF VERTICAL OR
ELECTROCE ( DO.M.E. 1 ( ORNL MOOEL-Q-2942 } /ARAT
ELECTROCE ( RRGE.,) ( TETRA THIONATE ) ANODIC REA
ELECTROCE ( RPGE. ) / ALIZARIN RED S / ZIRCONIUM/
ELECTROCE / FLUORIDE ACTIVITY ELECTRODE / NITRA/
ELECTROCE 7 NITRATE ACTIVITY ELECTRODE / SLLFID/
ELECTROCE / PARA AMINO BENZYL AMINE / DI DODECY/
ELECTRODE / SULFIDE ACTIVITY ELECTRODE ) /VITY E
ELECTROCES CHRONOPOTENTIOMETRY OF THE

ELECTROCES ( CALCIUM ACTIVITY ELECTRODE / FLLORI
ELECTROCES FOR OBTAINING FUNDAMENTAL POLAROGRAP/
ELECTROCIALYSIS ) /ELL - SCOTT PROCEDURE / PHOSP
ELECTROCIALYSIS CF WATER THROUGH ANION PERMEASLE
ELECTROFCTIVE FORCE [ EMF ) MEASUREMENTS ON THE
ELECTRCN ACCELERATOR )} / OF PHOTOFISSION OF IRON
ELECTRON BOMBARDMENT SOURCE ) /NICKEL / MASS SPE
ELECTRON CONVERTER ) /NALYSIS AT THE OAK RIDGE E
ELECTRCN DIFFRACTION

ELECTRON CIFFRACTION / EXAMINATION OF PRASEODYMI
ELECTRON EXCHANGE BETWEEN COPPER(I) AND COPPER(I
ELECTRON LINEAR ACCELERATOR { ORELA ) { USE OF /-

ELECTRCN MICROSCCPE ) ,
ELECTRCN MICROSCCPY

ELECTRON MICROSCOPY AND ELECTRON DIFFRACTION
ELECTRON MICROSCOPY AND ELECTRON DIFFRACTION / E
ELECTRON MICROSCCPY OF PLUTONIUM-238 OXIDE / RAD
ELECTRCN MICROSCCPY OF RADIOACTIVE MATERIALS ( .E
ELECTRON OPTICAL STUCIES OF THE SOLS, GELS, AND

ELECTROPHORESIS / POLY ACRYLAMIDE GEL / BLFFALO
ELECTROPHCRESIS CF PROTEINS
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IS /7 POLY ACRYLAMIOE GEL / BUFFALO BLUE BLACK )
M FLUORIOE - BERYLLIUM FLUORIDE - ZIRCONIUM FLUORIDE AT /
: INSTRUMENTATION ( PHILIPS
UPLE IN MOLTEN FLUORIOES ELECTROMOTIVE FORCE (
N MOLTEN FLUORIDES " VOLTAMMETRIC AND
STABLE ISOTOPES FOR TRACE IMPURITIES / ANALYSIS OF AIR S/
ITE X-R/ ANALYTICAL CAPABILITIES OF A SEMICONDUCTOR X-RAY
/ES / ANALYSIS OF WATER SAMPLES / PASCHEN DIRECT. READER /
RECENT ADVANCES TN ANALYTICAL
RECENT ADVANCES IN
/UEQUS LIQUID SCINTILLATION COUNTING SYSTEM FOR WEAK BETA
ETER/ GLOVE BOX FOR ABSDRPTION SPECTROPHOTOMETRY OF ALPHA
ION METHDOD / LECO NITROX-6 ANALYZER / ACETANILIDE / ALPHA
BEAM SPLITTER FOR USE IN
CONTRIBUTION TO- THE INTERNATICNAL
/UCLEAR REACTIONS WITH HELIUM-3 PARTICLES / NUCLEI RECOIL
/TE SENSITIVITIES, INTERFERENCES, AND OPTIMUM BOMBARDMENT
€S TO RE/ PREPARATION OF CHAPTERS FOR PROGRESS IN NUCLEAR
IUM-239, ANC AMERICIUM-241 { PLUTCNIUM-238 / DECAY / HIGH
CALCULATE SENSITIVITIES AND INTERFERENCES VS BOMBARDMENT
CALCULATE "SENSITIVITIES AND INTERFERENCES VS BOMBARDMENT
BDOK REVIEW OF, PROGRESS IN NUCLEAR
INCREASING SIGNAL TO NOISE RATIO { S/N ) WITH A SIGNAL /
PREPARATION OF PHOSPHORLS-33 BY IRRADIATICAN CF
© X-RAY SPECTROSCOPY ( XRA-E2 CCCE /
/TDR / SEA WATER / WINKLER METHOD / CARBONATE - HYDROXIOE
OF SAMARIUM, LUTETIUM, GADOLINIUM, TERBIYM, EUROPILM, AND
31 IN PHOSPHORUS-22 PRODUCT / STRONTIUM-9C - YTTRIUM-90 /
/UM-90 / SAMARIUM-I5C / GADOLINIUM-156 / DYSPROSIUN-I64 /
DUAL SET POINT VOLTAGE COMPARATOR { ORNL MODEL-Q-2950 ) ¢
CONTROLLED POTENTIAL DIFFERENTIAL DC POLAROGRAPHY (
/RENTIAL DC POL AROGRAPHY IV. DETERMINATE AND STATISTICAL
ER RNA ) { BICINE / N,N BIS ( 2 HYDROXY ETHYL ') GLYCINE /
NSFER RIBO NUCLEIC ACID ( TRANSFER RNA ) SYNTHETASES FRCM
/DETERMINATION OF RNA BY LIGAND EXCHANGE CHROMATCGRAPHY (
/RNA ) / POLY ETHYLENE IMINE ( PEI ) / CELLULOSE MN-300 /
EUCINE ANO PHENYL ALANINE TRANSFER RIBO NUCLEIC ACID FROM
/YL SUBSTITUTED AROMATIC HYOROCARBONS / ORGANIC PHCSPHATE
ER CHROMATOGRAPH / FREON-114 / 1,2 DI CHLORO TETRA FLUORC
DIDE SALT / TALL OIL / OI OCTYL PHTHALATE / GLYCEROQOL THIO
( VALINE - TRANSFER RNA ) { BICINE / N,N BIS ( 2 HYDROXY
CESIUM PARA
/THALENE SULFONIC ACID / ALPHA,ALPHA/ DI PIPERIDYL / PARA
/0RO CYCLO BUTANE / BI CYCLO BUTANE / HYDRO BROMIDE CF DI
PHY ( USE OF TEFLON IN EXTRACTION CHROMATOGRAPHY / DI ( 2
/D1 CHLORO METHANE / CARBON TETRA CHLORIDE/CHLORQFCRFV / 2
/ / 1 N PROPYL NAPHTHALENE / 1 ISC PROPYL NAPHTHALENE / |
/BARIUM SULFATE B8Y RADIOLYTICALLY GENERATED ACID / EDTA /
ER FOR THE CHROMATOGRAPHY OF NUCLEOTIDES POLY
IDES BY TWO DIMENSIONAL THIN LAYER CHROMATOGRAPHY CN POLY
/STITUENTS OF TRANSFER RIBO NUCLEIC ACIDS ( TRNA )} / POLY
ND ELECTRON DIFFRACT/ THE EXAMINATION. OF PRASEODYMIUM AND
YDROX IDE SOLS OF SAMARIUM, LUTET!LM, GADOLINIUM, TERBIUM,
D ACTINIDE BETA DI KETONES { HEXA FLUORO ACETYL ACETCNE /
CESIUM IODIDE { THALLIUM ) S/ A FILM RECORDING RADIATICN
_ POLY ETHYLENE IMINE - CELLULOSE -~ A NEw ANION
/ PARTICLES WITH BORON, NITROGEN, SODIUM, AND BERYLLIUV (
/ OF HELIUM-3 PARTICLES WITH LOW ATOMIC NUMBER ELENENTS -
DEVELOPMENT OF RADIATICN STIMULATED LIGHT SOURCES -
DUCTOR X-RAY EMISSION SPECTROMETER ( USE OF IOOINE-125 TO
XCITEC ISOTOPIC LIGHT SOURCE ( MATHEMATICAL MODEL CF BETA
EL OF BE/ PRECISION PHOTOMETRIC ANALYSIS BY USE OF A BETA
CIUM-246 / 2 THENOYL TRI FLUORO ACETONE ( TTA } / SCLVENT
O ACETYL ACETONATES , SOLVENT
233 DXIDE - THORIUM OXIDE MIXTURES BY TRI BUTYL PHCSPHATE
EPARATION METHOD FOR AMERICIUM BASED ON THE LIQUID-LICUID
2/ SEPARATION METHOD FOR AMERICIUM BASED ON LIQUID-LICUID
N OF CALIFORNIUM FROM CURIUM AND PERKELIUM FROM CERIUN BY
/ CALIFORNIUM FROM CURIUM AND OF 8ERKELIUNM FROM CERIUV BY
/M CERIUM BY EXTRACTION CHROMATOGRAPHY ( USE OF TEFLON IN
/MPLES / CALIFORNIUM / CURIUM / EINSTEINILM / AMERICIUM /
LUORO ACETONE =~ XYLENE - APPLICA/ SELECTIVE LIGQUID-LIQUIC
/ ORGANIC ACDITIVES TD INDUCE THE SELECTIVE LIQUID-LICUID
/E OF ORGANIC ADDITIVES TD INDUCE SELECTIVE LIQUIO-LIQUID

OF THE RERKEL IUM(IV) - PERKELIUMCIII) COUPLE ( ORNL NCDE/
/UP MONTHLY SUMMARY ~ NOV.,1966 / DEC.,1966 / JAN.,1967 /
. ORAU GRADUATE
FLUORIDE / OTHER RESEARCH ASSISTANCE "{ MOON BOX / FERROUS
HENYL NEC TRI DECANOATE / FLUORINE ( DI ) OXIDE / LITHIUNV
LITHIUM FLUORIDE / OTHER RESEARCH ASSISTANCE ( MOOMN BCX /
GAMMA DOSIMETRY AT 150-250C WITH DEAERATED

D X AND GAMMA RADIATION ( CESIUM IODIDE ( THALLIUNM ) S/ A
N OF TRANSFER RIBO NUCLEIC ACIDS A SENIAUTCMATED

/ 152 DI METHYL NAPHTHALENE / 5A MOLECULAR,SIEVE CCLUMN /
/M=132 / THULIUM-171 / 4096 CHANNEL PULSE-HEIGHT ANALYZER
/RON SOURCE { PNEUMATIC RABBIT SYSTEM / BIAXIAL RCTATCR /
ION HARDENING STUCIES - CONTROLLED OXIDE PRECIPITATION IN
AL TO NOISE RATIO ( S/N )} WITH A SIGNAL / ENHANCEMENT OF
/ETERMINATION OF LITHIUM / MSRE / TRU / ORNL MODEL-Q-I457

ELECTRGPHCRES IS CF PROTEINS ( OISC ELECTROPHORE S
ELECTRORECUCT ION OF URANTUM({IV} IN MOLTEN LITHIL
EM-200 ELECTRON MICROSCOPE }

EMF ) MEASUREMENTS ON THE NICKEL ~ NICKEL(II) CO

EMF MEASUREMENTS ON NICKEL - NICKEL(II) COUPLE 1

EMISSION SPECTROCHEMICAL ANALYSES { ANALYSIS OF
EMISSICN SPECTROMETER ( USE OF IODINE-125 TO EXC
EMISSION SPECTROMETRIC ANALYSIS OF ALLOYS OF CO/
EMISSION SPECTROSCOPY :
EMISSICN SPECTROSCOPY

EMITTERS ( TRITIUM / CARBON-1L4 / PHOSPHORLS-33 /
EMITTING MATERIALS ( CARY MODEL-{1u4 SPECTROPHOTOM
EMITTING SAMPLES ) /METAL OXIDES { INERT GAS FUS
EMULSION CALIBRATION

ENCYCLOPECIA OF PHARMACOLOGY AND THERAPEUTICS
ENERGIES / Q@ VALUES OF HELIUM-3 INDUCED REACTIO/
ENERGIES IN HELIUM=~3 ACTIVATION ANALYSIS ( AVER/
ENERGY ( APPLICATION OF ELECTROCHEMICAL TECHNIQU
ENERGY GAMMA RALIATIONS FROM URANIUM-223, PLUTON
ENERGY IN HELIUM-3 ACTIVATION ANALYSES /ETHOD TO
ENERGY IN HELIUM-3 ACTIVATION ANALYSIS /ETHOD TO
ENERGY, SERIES IX. ANALYTICAL CHEMISTRY
ENHANCEMENT OF FLAME PHOTOMETRIC SENSITIVITY BY
ENRICHEL SULFUR-23 IN HIGHLY THERMALIZED FLUX
EP-2 COCE / DATAPLOT )

EQUILIBRIA / ECOLOGY / PHOSPHATE / NITRATE / TE/
ERBIUM ) /ANIDE FYDROXICE SOLS ( HYDROXIDE. SOLS
ERBIUM TRITIDE )} /SOTOPE MATERIALS ( PHOSPHORUS-
ERBIUM-£67 ./ OSMIUM=190 / PLATINUM-196 7 OSMIUM/
ERROR IN CC COUPLED COUNTER TIMERS )

ERRORS IN COMPARATIVE POLAROQGRAPHY ) .
ERRORS IN CCMPARATIVE POLAROGRAPHY, THEORY AND /
ESCHERICHIA-COLI-B ) /EIC ACID ( VALINE - TRANSF
ESCHERICHIA-COLI-B { DEAE - CELLULOSE ) /CYL TRA
ESCHERICHIA-COLI-B / YEAST / POLY ADENYLIC ACID/
ESCHERICHIA-COLI-B / YEAST / SEPHADEX-ICC / THI/
ESCHERICHIA-COLI-B /CID BY AMINO ACYLATION I. L
ESTERS / POLY NUCLEAR HYDROCARBONS / AMINES / A/
ETHANE / KEL-F / TEFLON-6 )} /FLUORIDE / GREENBRI
ETHER } /A / CES FORMYL GRAMICIDIN A HYDROGEN 10
ETHYL ) GLYCINE / ESCHERICHIA-COLI-B ) /EIC ACID
ETHYL BENZENE SULFONATE

ETHYL BENZENE SULFONIC ACID / BROMO 3 CHLORO CY/
ETHYL GUANICINO CI ACETATE / PHENYL NEO TRI DEC/
ETHYL HEXYL;) ORTHO PHOSPHORIC ACID ) /ROMATOGRA
ETHYL NAPHTHALENE / ANILINE / 1 CHLORO PROPANE //
ETHYL NAPHTHALENE / 2 N FEXYL NAPHTHALENE / 1,1/
ETHYLENE CI AMINE TETRA ACETIC ACID / STUDY OF /
ETHYLENE IMINE - CELLULOSE -~ A NEW ANION EXCHANG
ETHYLENE IMINE - CELLULOSE /EOSIDES, AND NUCLEOT
ETHYLENE IMINE ( PEI ) / CELLULOSE MN-200 / ESC/
EUROPIUM HYCROXICE SOLS BY ELECTRON MICROSCOPY A
EUROPIUM, AND EREIUM ) /ANICE HYDROXIDE SOLS ( H
EUROPIUM(TIII) / AMERICIUM(III) / CHELATES ) / AN
EVENT MCNITOR FOR PULSED X AND GAMMA RADIATION {
EXCHANGER FOR THE CHROMATOGRAPHY DF NUCLEOTIDES
EXCITATION FUNCTIONS / CISTORTED WAVE THEORY OF/
EXCITATION FUNCT IONS FROM EXPERIMENT AND FROM D/
EXCITATICN WITH PROMETHIUM-14LT .
EXCITE X-RAYS ) /TICAL CAPABILITIES OF A SEMICON
EXCITED ISOTOPIC LIGHFT SOURCE )} /USE OF A BETA E
EXCITED ISOTOPIC LIGHT SOURCE ( MATHEMATICAL MOD
EXTRACTION / ION EXChANGE ) /Y SPECTRUM OF AMERI
EXTRACTICN AND G2S CHROMATDGRAPHY DF METAL FLUOR
EXTRACTION AND SCLUTION RESIDUE ARC METHOD /IUM-
EXTRACTION BEHAVIOR OF AMERICIUM(V) NEW S
EXTRACTICN EEFAVIOR OF AMERICIUM{V) { AMERICIUM-
EXTRACTICN CHROMATOGRAPHY SEPARATIC
EXTRACTION CHROMATOGRAPHY ( USE OF TEFLON IN EX/
EXTRACTION CHROMATOGRAPHY / DI ( 2 ETHYL HEXYL /
EXTRACTICN CHROMATOGRAPFY / PULSE-HEIGKFT ANALYS/
EXTRACTICN OF BERKELIUM(IV) WITH 2 THENOYL TRI F
EXTRACTICN OF NIOBIUM WITH THENOYL TRI FLUORO A/
EXTRACTION OF NIOBIUM W.ITH 2 THENOYL TRI FLUORO/
EXTRALABGCRATORY PROFESSIONAL ACTIVITIES
FEASIBILITY OF CETERMINING THE FORMAL POTENTIAL
FEB. 1967 / MAY, 1967 / JUNE, 1967 / AUG., 1967 / /
FELLOWSHIP PRDGRAM

FERRIC MOLYBDATE CORROSION INHIBITORS / LITHIUM
FERRITE ) / OF CI ETFYL GUANIDINO DI ACETATE / P
FERROUS FERRIC MOLYBDATE CORROSION INHIBITORS /
FERROUS SULFATE SOLUTION

FILM RECORDING RADIATION EVENT MONITOR FOR PLULSE
FILTER PAPER CISK TECKENIQUE FOR THE DETERMINATIO
FILTER PHCTOMETER

FISK 604 MOLD RELEASE / HONAKER = HORTON PYROLY/
FISSION PRODUCT ANALYSES / MOLTEN SALT LOOP EXP/
FISSION SPECTRUM NEUTRONS / THERMALIZED NEUTRON/
FLAKE ALUMINUM AND ALUMINUM ALLOYS ( BOEHMITE )
FLAME PHOTOMETRIC SENSITIVITY By INCREASING SIGN
FLAME SPECTROPHOTOMETER / ORNL MODEL-Q-I18E7 FLA/

67A-05-034A
67A-03-02C
67A-08-C3
67A-03-C28
6TPRR=115
67B-13
67A-09-02C
67B-13
67PRR-1 38
6TPRR-139
67A-09-076
67A-0u~-C6B
67A-04=[4A
67A-06-028
67A-09-CHE
67A-09-04C
67A-09~04B
67A-0U=-C6D
67A-09-C6D
67PRR-125
67PRR-036
6TPRR-047T
6TA-01-14
6TPRR-061
67A-06-CI
67A-09-CTH
67A-08-CiC
67A-09-LC6C
67A-D7~CI
67A-01-02
67A-01-13
67PRR-04I
67A-05-C1B
67A-05-01C
67A~05-CIH
67A-0u-CtB
67PRR-038
67A-07-02
67A-03-C38
67A-0u-C38
67A-05-C1B
6TA-11~CIE
67A-04-034A
67A-0u-C3A
67A-09-L7A
67A-04-0I A
67A-0u-038
67A-02-C7
67TR-02
6TPRR-087
67A-0u-0IB
6TPRR-048
67A-08-CIC
67A-09~C8B
67A-09-024A
67 TR-02
67A-09-CUA
67PRR~098
674-09-020
67A-09-C2C
67A-09-C28
67A-09-C28
6TA-09~C7E
67PRR-07C
67A-06-C4B
6TPRR-0uY
67A-09-07B
67PRR-029
67A-09-07A
67A-09-CTA
678-14-C1
6TPRR-028
67PRR-021
67A-09~C7D
6TE .
67A-09-L8D
67PRR-071
67D~-16-ClA
67A-08-CIE
67A-04-C3A
67A-08~CIE

-67PRR-024

67A~-09-C2A
67PRR-096
67PRR-084
6TA-04=CI A
67B~14-CU
67A-09-C3A
67A-08-C19
67TA-0I-1Y
67A-01-12
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MODEL-Q- 1457 FLAME SPECTROPHOTOMETER / ORNL MCDEL-Q-1887
/ DETERMINATION OF LITHIUM / MSRE / TRU / ORNL/ MCDEL VI
ETRIC DETERMINATION OF PHOSPHATE ( WATER ANALYSIS / TIN -
ENT/ IN-LINE ANALYSIS OF THE COMPONENTS OF GASES FROM THE
TE, IODATE, AND IOOIDE IN MIXTURES OF THE THREE SPECIES
: aocy

RAPIO OISTILLATION SEPARATION OF FLUCRIOE {

THIO CYANATE OETERMINATION OF NIOBIUM IN THE PRESENCE CF
ROTATOR FOR 14~MEV NEUTRON ITRRADIATION ( TEFLCN / CALCIUM
OISSOLVER SOLUTION / SPADNS SPEC TROPHOTOMETRIC METHOO FOR
MOLTEN LITHIUM FLUORIOE - BERYLLILM FLLORIDE - ZIRCONIUVM
/ DIFFUSION COEFFICIENT FOR URANILM(IV} IN MOLTEN LITHIUM
/ THE URANIUM(III) - URANTIUM(IV) SYSTEM IN MOLTEN LITHIUF
OE AT / ELECTROREDUCTION OF URANIUM(IV) IN MOLTEN LITHIUM
/ ( MOLAR ABSORPTIVITIES OF URANILM(IV) IN MOLTEN LITHIUV
/ MOLAR ABSORPTIVITIES OF CHROMIUM{III) IN MOLTEN LITHIU¥
/RIDE / SPECTRAL STUDIES OF URANIUM{VI) IN MOLTEN LITHIUF¥
/TS / SPECTRAL STUDIES OF CHROMIUM{III) IN MOLTEN LITHIUM
/ FERROUS FERRIC MOLYBDATE CORROSION INHIBITORS '/ LITHIUM
/ARTH ELEMENTS, BARIUM, STRONTIUM, AND URANIUM IN LITHIUWV
NT FOR URANIUM(IV) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUWM
URANTUM{IV) SYSTEM IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM
/0N OF URANIUM{1v) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM
NE ) . RAPIO DISTILLATION SEPARATICN CF
OM TESTS OF COMPATIBILITY OF MSRE PUMP OIL WITH BORON TRI
( RRGE.) / ALIZARIN RED S 7/ ZIR/ VOLTAMMETRIC METHOD FOR
ROPHOTOMETRIC METHOD FOR/ SEPARATION AND ODETERMINATION OF
/THE FLUIDIZED-BEC VOLATILITY PILOT PLANT { BROMINE PENTA
/ES OF URANTIUM{ IV} IN MOLTEN LITHIUM FLUORIDE - BERYLLIUF
/MAGNESTUM OXIDE / NICKEL-64 - ALLMINUM ALLOY / NICKEL-61
/UM / EXTRACTION CHROMATOGRAPHY / PULSE-HEIGHT ANALYSIS /
/ OF CHROMIUM{III) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUV
/ES OF URANIUM(VI) IN MOLTEN LITHIUM FLUORIDE -~ BERYLLIUWV
/UM ALLOY / HIGH PURITY POTASSIUM CHLORIDE / SAMARIUM{II)
/ OF CHROMIUM(III) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM
/EN LITHIUM FLUORIDE.~ BERYLLIUM FLUORIDE / SILICON TETRA
/C ACIOS / PHENYL ALANINE / BISMUTH / URANIUM / LITHIUF /
XIDE / SPINELS / URANITUM{III)-238 CHLORIDE / VANADIUMI{II)
MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE - ZIRCONIUM
/ ION SELECTIVE ELECTRODES { CALCIUM ACTIVITY ELECTRODE /
/MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUDRIDE - ZIRCOANIUV
/RAPHY / GAS CHROMATOGRAPHIC DETERMINATION OF SULFUR HEXA
/DATE CORROSION INHIBITORS / LITHIUM FLUORIDE - BERYLLIUM
MPARATIVE CONDENSATION PRESSURE ANALYZER FOR URANILM HEXA
ANALYTICAL METHODS FOR THE IN-LINE ANALYSIS OF MOLTEN
ERATION AND SPECTROPHOTOMETRIC STLDY OF SCLUTES IN MGLTEN
/ USE / SPECTRA OF URANIUMI{III) AND URANIUM{IV) IN MOLTEN
/DE SALTS / COMPATIBILITY OF SILICON DI OXIDE WITH MOLTEN
L,SPECTRA OF URANIUM{TIV) AND URANTUM{III} IN MOLTEN
STRONT IUM, AND URANIUM IN LITHIUM FLUORIDE - BERYLLIUM
ELECTROANALYTICAL CHEMISTRY IN MGLTEN

RENT MEASUREMENTS ON NICKEL - NICKEL(II} COUPLE IN MOLTEN
EMF MEASUREMENTS ON NICKEL — NICKEL(IT) COUPLE IN MOLTEN
MEASUREMENTS ON THE NICKEL - NICKEL(II) COUPLE IN MCLTEN
I ETHYL GUANIDIND OI ACETATE / PHENYL NEO TRI OECANOATE /
ION ANALYSIS ( FLUORINE IN FLUORSPAR ORES / BIAXIAL SAMP/
/NE DETERMINATION BY 1u4-MEV NEUTRON ACTIVATION ANALYSIS (
/ OF ELEMENTS / OXYGEN-18 / NEON-20 / NEON-21 / NECN-22 /
/SES ( NEON IN LEPIDOLITE / NEON IN AMBLYGONITE / NEON IN
/ID-LIQUID EXTRACTION OF BERKELIUM(IV) WITH 2 THENCYL TRI
VE LIQUID-LIQUID EXTRACTION OF NIOBIUM WITH 2 THENCYL TRI
/ICIUM{VY ( AMERICIUM-2u4l / AMERICIUM-243 / 2 THENCYL TRI
/45 / GAMMA-RAY SPECTRUM OF AMERICIUM-2u46 / 2 THENCYL TRI
TIVE LIQUID-LIQUID EXTRACTION OF NIOBIUM WITH THENCYL TRI
SOLVENT EXTRACTION ANO GAS CHROMATCGRAPHY OF METAL
/RATION OF LANTHANIDE ANO ACTINIODE BETA DI KETONES ( HEXA
REENBRIER CHROMATOGRAPH / FREON-114 / 1,2 DI CHLORC TETRA
ANALYSIS / TIN -~ FLAVONOL / ALLUMINLM — MORIN )

X

THE
ICE ( MODEL-Q-1187 )
ATION BY I4-MEV NEUTRON ACTIVATION ANALYSIS ( FLUORINE IN
Y IRRADIATION OF ENRICHED SULFLR-33 IN HIGHLY THERMALIZED
PROPOSED HFIR ACTIVATION ANALYSIS LABORATORY ( HIGH
/IN-112 / RESONANCE INTEGRAL OF TIN-112 / THERMAL NEUTRON
ALKYL BENZENE SULFONATE ( ABS ) CONTROL FOR THE
DCUBLE
7 USE OF COMMERCIAL FREEZE DRIED
LUII) COUPLE IN MOLTEN FLUORIDES ELECTRCMOTIVE
REPORT OF
REPORT CF
REPORT ON
R REPORT CF
SIS
M(IT1) COUPLE ( ORNL MODE/ FEASIBILITY OF DETERMINING THE
IC PHOSPHATE / TOTAL PHOSPHATE / TOTAL URANIUM / CARBCN /
/ BONE ASH { MITCHELL - SCOTT PROCEDURE / PHOSPHORUS-32 /
/NE / GRAMICIOIN A / META 100D BENZOYL GRAMICIDIN A / DES
OGRAPHY { SEPHADEX-G-10 )
/SMUTH / URANIUM 7/ LITHIUM / FLUORIDE / WATER POLLUTICN /
OF DISSOLVED GAS ANALYSIS TESTS OF THE OEAERATOR AT THE
USE OF COMMERCIAL

FLAME SPECTROPHOTOMETERS ) / / MSRE / TRU / ORNL
FLAME SPECTROPHOTOMETERS ( SOL ID STATE AMPLIFIER
FLAVONGL / ALUMINUM - MORIN ) FLUOROM
FLUIDIZEC-BED VOLATILITY PILOT PLANT ( BROMINE P
FLUIOIZED-BED VOLATILITY PROCESS )} / OF PER IODA
FLUIDS ANALYSIS PROGRAM .

FLUO SILICIC ACIC / ALIZARIN COMPLEXONE )
FLUORILCE SPECTROPHOTOME TRIC

FLUORIDE } A BIAXIAL SAMPLE

FLUDRIDE ) /ANC CETERMINATION OF FLUORIOE ( TRU

FLUORICE ) /USION COEFFICIENT FOR URANIUM(IV} IN
FLUORICE ~ BERYLLIUM FLUORIDE - ZIRCONIUM FLUGR/
FLUORICE - BERYLLIUM FLUORIDE - ZIRCONIUM FLUOR/
FLUORIOE = BERYLLIUM FLUORICE - ZIRCONIUM FLUORI
FLUORICE -~ BERYLLIUM FLUORIDE / MOLAR ABSORPTIV/
FLUORICE - BERYLLIUM FLUORIDE / SILICON TETRA F/
FLUORICE - BERYLLIUM FLUORIDE / SIMULTANEOUS EL/
FLUORICE - BERYLLIUM FLUORICE / SPECTRAL - STUDIE/
FLUORIDE - BERYLLIUM FLUORIDCE MELTS / FUEL ELEM/
FLUORICE - BERYLLIUM FLUORIDE TYPE NUCLEAR FLUEL/
FLUORICE - ZIRCONIUM FLUORIDE ) /USION COEFFICIE
FLUORIDE - ZIRCONIUM FLUORICE /E URANIUM{III}--

FLUORICE - ZIRCONIUM FLUORIDE AT FAST SCAN RATE/
FLUORICE { FLUO SILICIC ACID / ALIZARIN COMPLEXO
FLUORIDE ( HYDROCARBONS ) ANALYSIS OF OFF-GAS FR
FLUORICE { ROTATING PYROLYTIC GRAPHITE ELECTRODE
FLUORIDE { TRU DISSOLVER SOLUTION / SPADNS SPECT
FLUORICE / GREENEBRIER CHROMATOGRAPH / FREON-11u4/
FLUORICE / MOLAR ABSORPTIVITIES OF CHROMILUM(III/
FLUORIDE / NICKEL-64 -~ VANADIUM ALLOY / HIGH PU/
FLUORIDE / PYROHYDROLYSIS / PLUTONIUM / ISOTOPI/
FLUORICE / SILICCN TETRA FLUORIDE / SPECTROPHOT/
FLUORIDE / SIMULTANEOUS ELECTROCHEMICAL GENERAT/
FLUORICE / SOCIUM(I) OXICE / SPINELS / URANIUM(/
FLUORIDE / SPECTRAL STUDIES OF URANTUM(VI} IN M/
FLUORIDE / SPECTROPHOTOMETER FOR HOT CELL USE //
FLUORIDE / WATER POLLUTION / FREE AMMONIA / TOT/
FLUORICE 7/ ZIRCONIUM NITRIDE ) /DE / SOOILM{I) O
FLUORICE /E URANIUM{TII) - URANIUM(IV) SYSTEM IN
FLUORICE ACTIVITY ELECTRODE / NITRATE ACTIVITY /
FLUORICE AT FAST SCAN RATES AND SHORT TRANSITIO/

FLUORICE
FLUORIOE
FLUORIDE
FLUORICE
FLUORICE
FLUORIDE
FLUORIDE
FLUORIDE
FLUORICE
FLUORIDES
FLUORICES
FLUORIDES

IN METHANE / APPLICATIONS OF GAS CHROM/
MELTS / FUEL ELEMENTS / BORON NITRIDE /
PURITY A CO
SALTS
SALTS ) /MULTANEOUS ELECTROCHEMICAL GEN
SALTS / COMPATIBILITY OF SILICON DI OXx/
SALTS / SPECTRAL STUDIES OF CHROMIUM({I/
SOLVENTS - ’
TYPE NUCLEAR FUELS ( KROONEN - VADER T/
EXCHANGE CUR
VOL TAMMETRIC AND
FLUORIBES ELECTROMDTIVE FORCE { EMF )
FLUORINE ( DI } CXIDE / LITHIUM FERRITE ) / OF D
FLUORINE CETERMINATION BY 1u4-MEV NEUTRON ACTIVAT
FLUORINE IN FLUORSPAR ORES / BIAXIAL SAMPLE ROT/
FLUORINE-19 / SOCIUM-22 / LITHIUM-6 / HELIUM-3 /
FLUORITE / NEON IN URANINITE / NEON IN PUMICE //
FLUORO ACETONE - XYLENE — APPLICATIONS TO THE P/
FLUORO ACETONE ( N BUTANOL / TTA ) /DUCE SELECTI
FLUORO ACETONE ( TTA ) / ACTINIDE IONS / LANTHA/
FLUORO ACETONE [ TTA ) / SOLVENT EXTRACTION / I/
FLUORO ACETONE /IC ACDITIVES TO INDUCE THE SELEC
FLUORO ACETYL ACETONATES
FLUORO ACETYL ACETONE / EUROPIUMIIII) / AMERICI/
FLUORO ETHANE / KEL-F / TEFLON-6 ) /FLUORIDE / G
FLUOROMETRIC CETERMINATION OF PHOSPHATE { WATER
FLUOROMETRIC CETERMINATION OF THE PHOSPHATE ION
FLUOROPHOTOMETER { MOCEL-Q-1165 ) AND FUSION DEV
FLUORSPAR ORES / BIAXIAL SAMPLE ROTATOR ) /ERMIN
FLUX PREPARATION OF PHOSPFORUS-33 B
FLUX ACTIVATION ANALYSIS LABORATORY ( HFAAL ) )
FLUX OF CEUTERIUM OXIGE TANK OF BSR / NEUTRON C/
FOAM SEPARATION PROCESS
FOCUSING MASS SPECTROMETER
FOCD AS TISSUE STANDARD
FORCE { EMF ) MEASUREMENTS ON THE NICKEL - NICKE
FOREIGN ASSIGNMENT NOV.27,1964~DEC.5,,1565
FGREIGN TRAVEL APR.26-MAY-17,1967 !
FOREIGN TRAVEL JULY-11-AUG.320, 1964 ’
FOREIGN TRAVEL OCT.IL-NOV.15,1966

"FORENSIC APPLICATION OF NEUTRON ACTIVATION ANALY

FORMAL PCTENT IAL OF TFE BERKEL IUM(IV} - BERKELIU
FORMATE / COATEC PARTICLES / DENSITY )} / INORGAN
FORMIC ACID / ANION PERMEABLE RESIN MEMBRANE / /
FORMYL GRAMICIDIN A HYDROGEN IODIDE SALT / TALL/
FRACTIONATIDN OF URINE BY GEL PERMEATION CHROMAT
FREE AMMCNIA / TCTAL AMMONIA / INORGANIC PHOSPH/
FREEPORT SEAWATER DESALTING PLANT AND EVALUATION
FREEZE CRIEDC FOOL AS TISSUE STANDARD

R -

67A-01-12
67TA-01-~12
6TA-0u4-CuD
67TA-03-038
67A-04-CuG
67TA-05-C2
67A-02-C5
67PRR-013
67A-09-C5D
67TA-D4-CUF
67A-03-C2C
67TA-03-02C
67PRR-050
67A-03-C2C
67A-03-C20
67A-03-C2D
67A-03-C20
67A-03-C2D
67A-08-CIE
6TA-06-CHA
67A-03-C2C
67PRR-050
67A-03-C2C
67A-02-C5 °
67A-03-C1C
67A-0B2~01I
6TA-04-Cu4F
67A-03-C3B"
67A-03-G20
67TA-10
67B-14-C1
67A-03-C20
67A-03~02D
67A-10
67A~-03-C20
67A-03-C2D
67B-14-C2
67TA~1 0O
67PRR-050
67TA-0Bu-C2C
67A-03-C2C
67TA~-0L-CI A
67A-08-CIE
67TPRR-C32
67TA-03-C2
67A-03-C2D
67A-03-C2D
67A~-03-C2D
67PRR-04Y
67TA-Do-CuA
6TPRR=114
67TPRR=-113
6TPRR=115
67A-03-C28B
67A-04-03A
67A-09-C5C
67A-09-C5C
6TA-07-Cu
67TA-07-Cu
67PRR-028
67A~-09-CT70
67A-09-C78
67A-09-CTE
67PRR-021
67PRR-070
67A-09-C88B
67A-03-C38
67A-0Q4~-C4D
67PRR-09T
6TPRR—-1 34
67A-09-C5C
67TPRR~06]
67A-09-03C"

67TA-09~-C1A -

67PRR-0C8
67A-07-C5
67A-06-C3C
67A-05-028
67PRR-069
67TPRR-062
67PRR-056
67PRR-063
67PRR-026
67A-09-C8D
678-14-C2
67A-D6-03A
67A-04-038
674-05-C28
678-14-C2
67TPRR-064
67A-06-C3C
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/NT { BROMINE PENTA FLUORIOE / GREENBRIER CHROMATQGRAPH /

A RESONANT CAVITY HIGH
/S RELEASED FROM PLUTONIUM OXIDE - URANIUM OXIDE / EBR-II
/47 / MSRE / RATIO OF URANIUM{III) |TO URANIUM(IV) IN MSRE
ION ME/ DETERMINATION OF URANIUM(IIT) IN RADIOACTIVE MSRE
IDE / RADIOACTIVE CORROSION AND REACTION PRODUCTS CN MSRE
EC A/ ANALYSIS OF PURGE GAS FROM IN~PILE TESTS OF REACTCR
/HIBITORS / LITHIUM FLUORIDE - BERYLLIUM FLUORIDE FELTS /
THORIUM-232 / URANIUM-232 ) MONITORING OF LEACHED

/EASUREMENTS / URANIUMUIEI) TO URANIUM{IV) RATIOS IN MSRE
TRACE ELEMENTS IN THE SPECTROCHEMICAL -ANALYSIS DF ANUCLEAR
FUEL SALT / USE DF COMPUTER PROGRAMS IN ANALYSIS CF NSRE
IUM IN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE TYPE NUCLEAR
/Y ( BECKMAN IR-12 SPECTROPHOTOMETER / TALL OIL / SOL-GEL
/RI SILOXANE / TEFLON / IBO NLCLEIC ACIDS / HUMIC ACID /
TOGRAPHIC PHOTOMETRY IN SPECTROCHEMICAL ANALYSIS ( SEIDEL
/WITH BORON, NITROGEN, SODIUM, AND BERYLLIUM ( EXCITATION
/3 PARTICLES WITH LOW ATJOMIC NUMBER ELEMENTS - EXCITATION
CE RAPID TEFLON DROPPING MERCURY ELECTRODES FOR OBTAINING
/ SPECTROPHOTOMETRIC DETERMINATION OF RHENIUM WITH ALPHA
EVELS OF INTERSTITIAL GASES A VACUUM
EIC ACIDS / PHENYL / GENERAL ANALYSES LABORATORY { VACUUM
FLUORQPHOTOMETER ( MODEL-Q~1165 ) AND
/N OF OXYGEN IN METALS AND MIXED METAL OXIDES { INERT GAS
AMANITA TOXINS BY THIN LAYER CHROMATOGRAPHY ON SILICA GEL
EQOSIDES ANC NUCLEOTIDES ON A COLUMN OF DEXTRAN ( SEPHADEX
OXINS / THIN LAYER CHROMATOGRAPHY OF PROTEINS CN SEPHADEX
CE HYDROXIDE SOLS ( HYDRJIXIDE SOLS OF SAMARIUM, LUTETIUV,
/AND PLUTONIUM / CR3SS SECTION OF THULIUM / THULIUM-1TI /
// MAGNESIUM-26 / IRON-S57 / ZIRCONIUM-90 / SAMARIUV-150 /
/BERYLLIUM NITRIDE / CADWIUM CHLORIDE / CESIUM CHLCRICE /
US SULFATE SOLUTION
/ FILM RECORDING RADIATION EVENT MONITOR FOR PULSED X AND
INATION OF URANIUM AS THIO CYANATE COMPLEX ( / EFFECTS OF
s AND AMERICIUM-2u41 ( PLUTONIUM~238 / DECAY / HIGH ENERGY
/TRON CORPORATION ( TCC ) 32-INCH CYCLOTRCN / NEUTRON AND
/S WITH DIGITAL COMPUTER TECHNIQUES TO. NORMALIZE MULTIPLE
/CIONUCLIDES  / JAK RIDGE ISOCHRONOLS CYCLOTRON ( ORIC )} /

/0F PLUTONIUM-245 / GAMMA-RAY SPECTRUM OF PLUTCNIUN-246 /
/OF PLUTONIUM-246 / GAMMA-RAY SPECTRUM OF AMERICIUN-245 /
/CHEMICAL PURIFICATION OF PLUTONILM-245 - PLUTCNIUNM-246 (
/ - PLUTONIUM-2u46 ( GAMMA-RAY SPECTRUM OF PLUTCNIUF-245 /
T OF A GAS CHROMATOGRAPH FOR ANALYSIS OF THE MSRE BLANKET
PORT SEAWATER DESALTING PLANT AND EVALUATION OF OISSOLVED
OUNDS BY GAS CHROM/ GAS CTHROMATOGRAPHY ( VARIAN-AEROGRAPH
ET GAS ( HELIUM BREAKDOWN VOLTAGE OETEC/ DEVELOPMENT CF A

AUTOMATICN OF

INTERSTITIAL GASES A VACUUM FUSICN -

./ER - HORTOW PYROLYZER / PREPARATIVE GAS CHROMATCGRAPHY /

R POLLUTANTS (CAROLINAS VIRGINIA TUBE REACTOR ( CVTR ) }
TOGRAPH / PURIFICATION OF ORGANIC COMPOUNDS BY GAS CHROM/
/GAS CHROMATOGRAPH / PURIFICATION OF ORGANIC COMPCLNDS 8Y
/ MOLD RELEASE / HONAKER - HORTON PYROLYZER / PREPARATIVE
/ PHENYL / GENERAL ANALYSES LABORATORY ( VACUUM FLSICN /
APPLICATIONS OF
ATES SOLVENT EXTRACTION AND
/ION OF SULFUR HEXA FLUORIDE IN METHANE / ApPLICATIONS OF
( BECKMAN MODEL-315 PROCESS INFRARED A/ ANALYSIS OF PURGE
/AT ION OF OXYGEN IN METALS AND MIXED METAL OXIDES { INERT
/ATIO OF URANIUM{ILII) TO URANIULM(IV) IN MSRE FUEL / TCTAL
CHROMATOGRAPHIC APPARATUS FOR LOW LEVELS OF INTERSTITIAL
ANT ( BROMINE PENT/ IN-LINE ANALYSIS OF THE COMPCNENTS OF
YER CHROMATOGRAPHY OF PROTEINS ON SEPHADEX G-75 SUPERFINE
ESIS OF PROTEINS ( DISC ELECTROPHORESIS / POLY ACRYLANMIDE
! PREPARATIVE
OF AMANITA TOXINS BY THIN LAYER CHROMATOGRAPHY ON SILICA
FRACTIONATION OF URINE BY
ARE E/ CHEMICAL AND ELECTRON OPTICAL STUDIES OF THE SOLS,
/ENEOUS PRECIPITATION OF BARIUM SLLFATE BY RADIOLYTICALLY

. /NEOUS PRECIPITATION OF SILVER CHLORIDE BY RADIOLYTICALLY

OGENEOUS SEPARATIONS / RA/ APPLICATIONS OF RAQIOLYTICALLY
THIO CYANATE COMPLEX ( STANNOUS CHLORIDE / RAQOIOLYTICALLY
/RIDE - BERYLLIUM FLUORIDE / SIMULTANEQUS ELECTROCHEMICAL
C OBSERVATION OF THE URANIUM{I/ SIMULTANEOUS VOLTAMMETRIC
V1 4=MEV NEUTRON
MONITORING OF LEACHED FUEL ELEMENTS WITH A I4-MEV NEUTRON
/1S ( TEXAS NUCLEAR CORPORATION MODEL-9900 t4-MEV NEUTRON
/LABORATORY ( DETERMINATION OF OXYGEN WITH tu4-MEV NEUTRON
/COVITE / ORIGIN OF SOLAR SYSTEM / ORIGIN OF ATMOSPHERE /
MENTS
BOOK REVIEW OF, RADIOISOTOPE INSTRUMENTS IN INOUSTRY AND
NUCLEAR ANALYSIS USING A LARGE VOLUME
/ / CADMIUM CHLORIDE / CESIUM CHLORIDE / GADOLINIUF-160 /
/ORIDE / GADOL INIUM=160 / GERMANIUM-73 - CHROMIUNV ALLCY /
/ERMANIUM-73 - CHROMIUM ALLOY /- GERMANIUM(II)-73 ICDIDE /
/ GERMANIUM(I1)-73 IODIDE / GERMANIUM(IV) OXIDE GLASSES /
OF PHOTOFISSION OF IRON { PROTON INDUCED REACTICNS IN THE
/DE / GERMANIUM(IV) OXIDE GLASSES / GERMANIUM(IV) SULFIDE
/PECTROMETRIC SEARCH FOR NEON IN MINERALS AND IN VCLCANIC

.6 CHROMATOPLATES .

,

FREON-I14 / },2 CI CHLORO TETRA FLUORO ETHANE //
FREQUENCY OSCILLCMETER

FUEL / ALUMINUM / IRON / ALUMINON METHOD / TRI./
FUEL / TOTAL GAS RELEASEC FROM PLUTONILM OXIDE /
FUEL BY A HYDROGEN REDUCTION METHOD ( TRANSPIRAT
FUEL ELEMENTS ) / MICROSCOPY DF PLUTONIUM-238€ 0OX
FUEL ELEMENTS ( BECKMAN MODEL=~315 PRDCESS INFRAR
FUEL ELEMENTS / BORON NITRIDE / RADIOACTIVE SQU/
FUEL ELEMENTS WITH A I4-MEV NEUTRDN GENERATOR (
FUEL PRCCESSING .

FUEL SALT / USE CF COMPUTER PRDGRAMS IN ANALYSI/
FUELS PRECONCENTRATION OF
FUELS ) /NIUMCIII) TO URANIUM(IV) RATIOS IN MSRE
FUELS ( KRDONEN =~ VADER TECHNIQUE ') /M, AND URAN
FUELS / IRTRANS -6 / SILICA / PHENOL - ALDEHYD/
FULVIC ACIC / CALCIUM ION ELECTRODE / PARA AMIN/
FUNCTION PRELIMINARY CURVE ) / PRACTICES FOR PHO
FUNCTIONS / DISTORTEC WAVE THEORY OF NUCLEAR RE/
FUNCTIONS FROM EXPERIMENT AND FROM DIRECT INTER/
FUNDAMENTAL POLAROGRAPHIC DATA ) /VERTICAL ORIFI
FURIL DI OXIME )} /PHIC CETERMINATION OF TUNGSTEN
FUSION - GAS CHROMATOGRAPHIC APPARATUS FOR LOW L
FUSION / GAS CHRCMATOGRAPHY / TRANSFER RIBO NUCL
FUSION CEVICE ( MODEL-Q-1187 }

FUSION METHOD / LECO NITROX-6 ANALYZER / ACETAN/
SEPARATION OF
G-10 ) . SEPARATION OF BASES, NUCL
G-75 SUPERFINE GEL )} /HROMATOGRAPHY OF AMANITA T
GACOLINIUM, TERBIUM, EUROPIUM, AND ERBIUM ) /ANI
GADOLINIUM=I53 / STRONTIUM / SAMARIUM / ISOTOPI/
GADOLINIUM=-156 / OYSPROSIUM—164 / ERBIUM=16T / /
GACOLINIUM-160 / GERMANIUM-T73 - CHROMIUM ALLOY /
GAMMA CCSIMETRY AT 150-250C WITH DEAERATED FERRO
GAMMA RACIATION ( CESIUM IOCIOE ( THALLIUM ) SC/
GAVMMA RADIATION IN THE SPECTROPHOTOMETRIC DETERM
GAVMMA RACIAT IONS FROM URANIUM=-233,; PLUTONIUM-23¢
GAMMA-RAY DOSES AT THE TCC CYCLOTRON / PHILIPS /
GANMA-RAY SPECTRA FOR OIRECT EFFICIENCY DETERMI/
GAVMMA-RAY SPECTROMETRY / NUCLEAR REACTIONS WITH/

. GAMMA-RAY SPECTROSCOPY

GAMMA-RAY SPECTRUM OF AMERICIUM-245 / GAMMA-RAY/
GAMMA-RAY SPECTRUM OF AMERICIUM-246 / 2 THENOYL/
GAVMMA-RAY SPECTRUM OF PLUTONIUM-245 / GAMMA-RAY/
GAVMMA-RAY SPECTRUM OF PLUTONIUM-246 / CGAMMA-RAY/
GAS ( HELIUM BREAKDOWN VOLTAGE DETECTOR ) /OPMEN
GAS ANALYSIS TESTS OF THE CEAERATOR AT THE FREE
GAS CHRCMATOGRARE / PURIFICATION OF ORGANIC COMP
GAS CHRCMATOGRAPH FOR ANALYSIS OF THE MSRE BLANK
GAS CHRCMATCGRAPHIC ANALYSES AT ORNL ’

GAS CHRCMATOGRAPHIC APPARATUS FOR LOW LEVELS OF
GAS CHROMATOGRAPHIC DETERMINATION OF SULFLR HEX/
GAS CHRCMATOGRAPFIC CETERMINATION OF VOLATILE Al
GAS CHRCMATCGRAPHY { VARIAN-AEROGRAPH GAS CHROMA
GAS CHRCMATOGRAPHY / BENZENE / PENTANE / HEXANE/
GAS CHRCMATOGRAPFHY / GAS CHROMATOGRAPHIC DETERM/
GAS CHROMATOGRAPFY / TRANSFER RIBO NUCLEIC ACIDS
GAS CHRCMATCGRAPFY IN NUCLEAR TECHNOLOGY

GAS CHRCMATOGRAPHY OF METAL FLUORO ACETYL ACETON
GAS CHRCMATOGRAPHY TO PROBLEMS IN POWOER METALL/
GAS FROM IN-PILE TESTS OF REACTOR FUEL ELEMENTS
GAS FUSICN METHOC / LECO NITROX-6 ANALYZER / AC/
GAS RELEASEC FROM PLUTONIUM OXIDE - URANILM OXI/
GASES - A VACUUM FUSION - GAS
GASES FROM THE FLUICIZED-BED VOLATILITY PILOT PL

GEL ) /HROMATOGRAPHY OF AMANITA TOXINS / THIN LA
GEL / BUFFALO BLUE BLACK } ELEC TROPHOR
GEL ELECTROPHORESIS OF PROTEINS

GEL G CHROMATOPLATES SEPARATION

GEL PERMEATION CHROMATOGRAPHY ( SEPHADEX-G-1C )

GELS, ANC OXIDE MICROSPHERES PREPARED FROM THE R
GENERATED ACIO / EDTA / ETHYLENE DI AMINE TETRA/
GENERATEC CHLORICE / FOMOGENEOQUS PRECIPITATION /
GENERATED REAGENTS IN ANALYTICAL CHEMISTRY { HOM

"GENERATELC SULFUR ) /DETERMINATION OF URANIUM AS

GENERATICN AND SPECTROPHOTOMETRIC STUQOY OF SOLU/
GENERATICN OF URANIUM(III} AND .SPECTROPHOTOMETRI
GENERATCR

GENERATOR ( THORIUM-232 / URANIUM-232 )
GENERATOR / OXYGEN IN ALUMINUM / OXYGEN IN ZIRC/
GENERATCR / PHOSPHORUS-33 / ZINC-69 - ZINC-69M /
GENESIS OF ELEMENTS / OXYGEN-18 / NEON-2C / NEO/
GEOLOGICAL AGE CETERMINATION BY ISOTOPIC MEASURE
GECPHYSICS

GERMANIUM ( LITHIUM ) DETECTOR

GERMANIUM-T3 - CHROMIUM ALLOY / GERMANIUM(II)-T7/
GERMANIUM{I1)-73 IODIDE / GERMANIUM(IV) OXIDE G/,
GERMANIUM(IV) OXIDE GLASSES / GERMANIUM(IV) SuUL/
GERMANIUM(IV) SULFICE GLASS / IRON(III)}=57 BROM/
GEV REGION / CAMBRIDGE ELECTRON: ACCELERATOR ) /
GLASS / IRON(III)=57 BROMIDE IN CHROMILM(III) B/
GLASSES { NEON IN LEPIDOLITE / NEON IN AMBLYGON/
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/UM ALLOY / GERMANTUM(II}-73 JODIDE / GERMANIUM(IV) CXIDE
OMETRY OF THE IODINE SYSTEM AT THE PYROLYTIC GRAPHITE ANC
PHA EMITTING MATERIALS ( CARY MODEL-!u4 SPECTROPHOTCMETER/
/ / 2,2 DI HEXYL DI HYDR) NAPHTHALENE / GLUTATHIONE / ISC
/ HYDRO NAPHTHALENE / 2,2 DI HEXYL DI HYDRO NAPHTHALENE /

A HYDROGEN IODIDE SALT / TALL OIL / DI OCTYL PHTHALATE /

E - TRANSFER RNA } ( BICINE / N,N BIS ( 2 HYDROXY ETHYL )
BON PARTICLES ) " CENSITY
PHERES USE OF A DENSITY
PHERES® USE OF A DENSITY
CRAU
CRNL

/ONE -/ 1SO GLUTATHIONE / GRAMICIDIN A / META I0DO BENZOYL
/L DI HYDRO NAPHTHALENE / GLUTATHIONE / I1SO GLUTATHIONE /
/AMICIDIN A / META I0DO BENZOYL GRAMICIDIN A / DES FCRMYL
CHRONOPOTENTIOMETRY OF THE IODINE SYSTEM AT THE PYROLYTIC
S OF THE HALIDES IN DI METHYL SULF OXIDE AT THE PYROLYTIC
NODIC REACTIONS OF THIO SULFATE AT THE ROTATING PYROLYTIC
IR/ VOLTAMMETRIC METHOD FOR FLLORIDE ( ROTATING PYROLYTIC
. . RADIOISOTCPES IN
/ED-BED VOLATILITY PILOT PLANT ( BROMINE PENTA FLUCRICE /
/CLO BUTANE / BI CYCLO BUTANE / HYDRO BROMIDE OF DI ETHYL
OF RNA / POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / PCLY
: ALIEN
NIOBIUM-95M / NIOBIUM-93M / RADIUM-226°/ PROMETHIUV-1U6 /
/.  CHLORINE-36 / ZIRCONIUM-95 - NIOBIUM-95 / YTTRIUM-9} /
RON ACTIVATION ANALYSIS MICROELEMENT CONTENT OF
09 / SAMARIUM-151 / NIOBIUM-92 / NIOBIUM-95 / CESIUM-13T7/
/UM / SAMARIUM / ISOTOPIC ANALYSIS OF ACTINIDE ELEVENTS /
/YSIS OF ACTINIDE ELEMENTS / HALF-LIFE OF PLUTONIUM-2L42 /
TONUCL IDES
QUA TERNARY PHCSFHGNIUN
GRAPHITE ELECTRODE ANODIC REACTIONS OF THE
ON IN FLAKE ALUMINUM AND ALUMINUM ALLOYS ( BO/ DISPERSION
GAS CHROMATOGRAPH FOR ANALYSIS OF THE MSRE BLANKET GAS (
/s IRONy, AND NICKEL / MASS SPECTROME TRIC DETERMINATION OF
NEON-24 / NEON-22 / FLUDRINE-19 / SODIUM-22 / LITHIUrV-6 /
G/ POSSIBLE USE OF RECOIL NUCLEI -IN ACTIVATION ANALYSIS (
SENSITIVITIES AND INTERFERENCES vS BOMBARDMENT ENERGY IN

/TIES, INTERFERENCES, AND OPTIMUM BOMBARDMENT ENERGIES IN
SENSITIVITIES AND INTERFERENCES VS BOMBARDMENT ENERGY IN
PRESENT STATUS OF THE

REACTOR METHOOS OF ACTIVATION ANALYSIS
HELIUM-3 PARTICLES / NUCLEI RECOIL ENERGIES / Q VALUES OF
FOR ACTIVATION ANALYSIS OF 15 LIGHT ELEMENTS WITH |8-MEV
/ORIC ) / GAMMA-RAY SPECTROMETRY / NUCLEAR REACTIONS WITH
AND BERYLLIUM ( EXCITATION FUNCTIONS / / INTERACTIONS OF
ANO BERYLL IUM INTERACTIONS OF
TS - EXCITATION FUNCTIONS FROM EXPERIMEN/ INTERACTIONS OF
TS - A NUCLEAR CHEMIST LOOKS AT DIRECT RE/ INTERACTION OF
/E ANALYSIS ( AMINO ACID SEQUENCE OF ALPHA CHAIN OF FCUSE
E HEMOGLOBIN / AMINO ACID SEQUENCE OF BETA CHAIN OF MQUSE

/NDS BY GAS CHROMATOGRAPHY / BENZENE / PENTANE / HEXANE /
/ODE 7/ PARA AMINO BENZYL AMINE / DI DODECYL NAPHTHALENE /
/MATOGRAPHY / GAS CHROMATOGRAPHIC DETERMINATICN OF SULFUR
A COMPARATIVE CONDENSATION PRESSLRE ANALYZER FOR URANIUM
PREPARATION OF LANTHANIDE AND ACTINIDE BETA DI KETONES (
/1C COMPOUNCS BY GAS CHRDMATOGRAPHY / BENZENE / PENTANE /
NAPHTHA/ NUCLEAR MAGNETIC RESONANCE SPECTROMETRY (¢ ( 3
/ DODECYL NAPHTHALENE / | ( 2 HEXYL )} NAPHTHALENE / 2 ( 2
./ / 2'LAUROYL NAPHTHALENE / 2 DODECYL NAPHTHALENE / 1 ( 2
/ROMETRY ( | ( 3 HEXYL ) NAPHTHALENE / OLEIC ACID /7 2 ( 3
USE OF TEFLON IN EXTRACTION CHROMATOSRAPHY / DI ( 2 ETHYL
/NAPHTHALENE / 1,2 DI HEXYL DI HYDRO NAPHTHALENE / 2,2 DI
/E / | ETHYL NAPHTHALENE / 2 N HEXYL NAPHTHALENE / |,) DI
/NAPHTHALENE / 1,1 DI HEXYL DI HYDRO NAPHTHALENE / !,2 DI
/ 2 HEXYL ) NAPHTHALENE / 2 ( 2 HEXYL ) NAPHTHALENE / 1 N
/E / | 1SO PROPYL NAPHTHALENE / 1| ETHYL NAPHTHALENE /2 N
/FORM / 2 ETHYL NAPHTHALENE / ANILINE / 1 CHLCRG PRCPANE /
S LABORATORY ( HIGH FLUX ACTIVATION ANALYSIS LABORATORY (
ACTIVATION ANALYSIS LABORATORY ( HFAAL ) ) PROPCSED
F CHROMIUM, IRON, AND NICKEL/ MASS' SPECTROMETRY SERVICE I
SIUM-136 / TRITIUM / LEAKS IN HFIR TARGET/RODS / STUDY CF
/REACTOR WATER / CESIUM / CESIUM-136 / TRITIUM / LEAKS IN
LUTONIUM-239, AND AMERICIUM-241 { PLUTONIUM-238 / DECAY /
) ) PROPOSED HFIR ACTIVATION ANALYSIS LABORATORY {

' . A RESCNANT .CAVITY
RON CORPDR/ EXPERIMENTS RELATED TO THE ACQUISITION OF THE
OF TRU PROCESS SAMPLES 7/ CALIFORNIUM / CURIUM / EINSTEI/
/(I11) BROMIDE / MAGNESIUM CHLORIDE / MAGNESIUM NITRIDE /
/LLOY / NICKEL-61 FLUORIDE / NICKEL-64 - VANADIUM ALLCY /
IOLET ABSORBING CONSTITUENTS ~ AUTCMATIC,
T ABSORBING CONSTITUENTS ( NUCLEOTIDE ANALYZER/. AUTOMATIC
C TITRATOR ( ORNL MODEL~-QJ-2564 ) MODIFICATIONS TO THE
UM=-152 / HOLMIUM-153 / HOLMIUM-155 / DISP/ ALPHA DECAY OF
/LPHA DECAY OF HOLMIUM NUCLEI - NEW ISOTOPE HOLMIUN-I5b (
HOLMIUM NUCLEI - NEW ISDITOPE HOLMIUM-154 ( HOLMIUNV-I152 /
M-155 / DISP/ ALPHA DECAY OF HOLMIUM NUCLEI - NEW ISOTOPE

GLASSES / -GERMANIUM(IV) SULFIDE GLASS / IRON(II/
GLASSY CARBON ELECYRODES CHRONOPOTENTI
GLCVE BCX FOR ABSORPTION SPECTROPHOTOMETRY OF AL
GLUTATHICNE / CGRAMICIDIN A / META I0ODO BENZOYL /
GLUTATHICNE / ISO GLUTATEIONE / GRAMICIDIN A / /
GLYCEROL THIO ETHER ) /A / DES FORMYL GRAMICIDIN

GLYCINE / ESCHERICHIA-COLI-B ) /EIC ACID ( VALIN
GRADIENT APPLICATIONS ( CENSITY OF PYROLYTIC CAR
GRADIENT .COLUMN TO MEASURE THE DENSITY OF MICROS
GRADIENT COLUMN TO MEASURE THE DENSITY OF MICROS
GRADUATE FELLOWSHIP PROGRAM

GRADUATE PROGRAM

GRADUATE THESIS RESEARCFH PROGRAMS

GRAMICICIN A / CES FORMYL GRAMICIDIN A HYDROGEN/
GRAMICICIN A / META 10DO BENZOYL GRAMICIDIN A //
GRAMICICIN A HYCROGEN IOCIDE SALT_ / TALL OIL [/ /
GRAPHITE ANC GLASSY CARBON ELECTRODES

GRAPHITE ELECTROCE ANODIC REACTION
GRAPHITE ELECTROCE ( RRGE. ) ( TETRA THIONATE ) A
GRAPHITE ELECTROCE ( RPGE. ) / ALIZARIN RED § / 2
GREECE

GREENBRIER CHROMATOGRAPH / FREON-tI1W / 1,2 DI C/
GUANIDINC DI ACETATE / PFENYL NEO TRI DECANOATE/
GUANYLIC ACID / POLY URICYLIC ACID )} /MOPOLYMERS

GUESTS IN RES ICENCY
HAFNIUM-181 / PLUTONIUM-24| / AMERICIUM-2u4{ ) /
HAFNIUM-18} / RUBIDIUM-84 )} /NE-132 / CALCIUM-47

HAIR FRCM NEW ZEALANC BOYS AS DETERMINED BY NEUT
HALF-LIFE MEASUREMENTS { THULIUM-170 / CADMIUM-1
HALF-LIFE OF PLUTONIUM-242 / HALF-LIFE OF PLLTO/
HALF-LIFE OF PLUTONIUM-244 / ISOTOPIC ANALYSIS /
HALF-LIVES ANC SPECIFIC ACTIVITIES OF COMMON RAD
HALIDES

HALIDES IN CI METHYL SULF OXIDE AT THE PYROLYTIC
HARDENING STUDIES — CONTROLLED OXIDE PRECIPITATI
HELIUM BREAKDOWN VOLTAGE DETECTOR ) /OPMENT OF A
HELIUM, ARGON, AND NITROGEN / ELECTRON BOMBARDM/
HELIUM-3 ) /OF ELEMENTS / OXYGEN-18 / NEON=20 /
HELIUM-3 / SEPARATION OF RADIONUCLIDES / OAK RID
HELIUM-3 ACTIVATION ANALYSES /ETHOO TO CALCULATE
HELIUM-3 ACTIVATION ANALYSIS

HELIUM-3 ACTIVATION ANALYSIS { AVERAGE CROSS SE/
HELIUM~-3 ACTIVATION ANALYSIS /ETHOD TO CALCULATE
HELIUM-3 ACTIVATION ANALYSIS PROGRAM AT ORNL
HELIUM-3 ACTIVATION, IN PANEL DISCUSSION ON NON -
HELIUM-3 INCUCEC REACTIONS ) /AR REACTIONS WITH
HELIUM-3 PARTICLES SENSITIVITIES
HELIUM-3 PARTICLES / NUCLEI RECOIL ENERGIES / Q/
HELIUM-3 PARTICLES WITH BORON, NITROGEN, SODIUM,
HELIUM-3 PART ICLES WITH BORON, NITROGEN, SODIUM,
HELIUM-3 PARTICLES WITH LOW ATOMIC NUMBER ELEMEN
HELIUM-3 PARTICLES WITH LOW ATOMIC NUMBER ELEMEN
HEFMOGLOBIN / AMINO ACID SEQUENCE OF BETA CHAIN /
HEMOGLOBIN / EDMAN CEGRACATION METHOD ) /OF MOUS
HEPTA CECYL AMINE

HEPTANE / DI-CHLCRO METHANE / CARBON TETRA CHLO/
HEPTYL CECYL AMINE / DI CODECYL NAPHTHALENE SUL/
HEXA FLUCRICE IN METHANE / APPLICATYIONS OF GAS /
HEXA FLUORICE PURITY

HEXA FLUQORQ ACETYL ACETONE / EUROPIUM{III) / AME
HEXANE / HEPTANE / CI CHLORO METHANE / CARBON T/
HEXYL )} NAPHTHALENE / OLEIC ACID / 2 ( 3 HEXYL )
HEXYL ) NAPHTHALENE /7 1 N HEXYL NAPHTHALENE / 1/
HEXYL } NAPHTHALENE / 2 ( 2 HEXYL )} NAPHTHALENE/
HEXYL ) NAPHTHALENE / 2,6 DI DODECYL NAPHTHALEN/
HEXYL )} ORTHO PHCSPHORIC ACID ) /ROMATOGRAPHY (
HEXYL O HYCRO NAPHTFALENE / GLUTATHIONE / IS0 /
HEXYL DI HYCRO NAPHTHALENE / 1,2 DI HEXYL DI HY/
HEXYL DI HYDRO NAPHTHALENE / 2,2 DI HEXYL DI HY/
HEXYL NAPHTHALENE / 1| SEC BUTYL NAPHTHALENE / 1/
HEXYL NAPHTHALENE / 1,1 CI FEXYL DI HYDRO NAPHT/
HEXYL NAPFTHALENE / 1,2 DI METHYL NAPHTHALENE //
HFAAL )} ) PROPOSED HFIR ACTIVATION ANALYSI
HFIR ACTIVATION ANALYSIS LABORATORY [ HIGH FLUX
HF IR CCMPCNENTS / RELATIVE ISOTOPIC ABUNDANCES O
HF IR COOLANT WATER ( REACTOR WATER / CESIWM / CE
HF IR TARGET RODS / URANIUM-235 / CURIUM-245 / S/
HIGH ENERGY GAMMA RACIATIONS FROM URANIUM-233, P
HIGH FLUX ACTIVATION ANALYSIS LABORATORY ( HFAAL
HIGH FREQUENCY OSCILLOMETER

HIGH INTENSITY ANALYTICAL CYCLOTRON ( THE CYCLOT
HIGH LEVEL ALPHA RACIATION LABORATDRY ( ANALYSIS
HIGH PURITY MAGNESIUM OXIDE / NICKEL-6u4 - ALUMI/
HIGH PURITY POTASSIUM CHLORIDE / SAMARIUM(II) F/
HIGH RESOLUTION ANALYSIS OF URINE FOR ITS ULTRAYV
HIGH RESOLUTION ANALYSIS OF URINE FOR ULTRAVIOLE
HIGH SENSITIVITY CONTROLLED POTENTIAL COULOMETRI
HOLMIUM NUCLEI - NEW ISOTOPE HOLMIUM-1Z4 ( HOLMI
HOLMIUM~-152 / HOLMIUM-153 / HOLMIUM-155 / DISPR/
HOLMIUM=~153 / HOLMIUM-155 / DISPROSIUM-156 ) /OF
HOLMIUM=154 { HOLMIUM-152 / HOLMIUM-152 / HOLMIL
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1 - NEW ISOTOPE HOLMIUM-154 ( HOLMIUM-152 / HOLMIU¥-153 /
/F SILVER CHLORIDE BY RAOIOLYTICALLY GENERATED CHLCRIDE /
/YTIC RELEASE OF HYDROCHLORIC ACID FROM CHLORAL HYDRATE /
/IOLYTICALLY GENERATED REAGENTS IN ANALYTICAL CHEMISTRY (
POLY ADENYLIC/ DETERMINATION OF MOLECULAR WEIGHTS OF RNA
/0F RIBO NUCLEIC ACIO BY LIGAND EXCHANGE CHROMATOGRAPHY {
/NE./ SA MOLECULAR SIEVE COLUMN / FISK 604 MOLD RELEASE /
/LECULAR SIEVE COLUMN / FISK 604 MOLD RELEASE / HOKNAKER -
AM / CARBON / PROMETHIUM-147 / MSRE / RATIO OF U/ GENERAL
/LUORIDE / SILICON TETRA FLUORIDE / SPECTROPHOTOMETER FOR
/ TRI METHYL TR SILOXANE / TEFLON / RIBO NUCLEIC ACIDS /
/S / RADIOLYTIC RELEASE JF HYDROCHLORIC ACID FROM CHLCRAL
/C ACID / BROMO 3 CHLORO CYCLO BUTANE / BI CYCLO BUTANE /
/NE / 1,2 OI HEXYL DI HYORO NAPHTHALENE / 2,2 OI HEXYL DI
/YL NAPHTHALENE / 2 N HEXYL NAPHTHALENE / 1, DI HEXYL OI
/NE / 1,1 DI HEXYL OI HYDRO NAPHTHALENE / 1,2 DI HEXYL DI
RANIUM(VI) IN THE PRESENCE OF COPPER(II) ( HYDROXYL AMINE
ON CONTENT OF STEAM (° SOL-GEL PROCESS / BECKMAN MODEL-109
BECKMAN MOCEL~109 HYDROCARBON ANALYZER/ OETERMINATION OF
COMPATIBILITY OF MSRE PUMP OIL WITH BORON TRI FLUCRIDE (
IC HYCROCARBONS / ORGANIC PHOSPHATE ESTERS / POLY AUCLEAR
/OMETRY OF ORGANIC COMPOUNDS ( ALKYL SUBSTITUTED ARCMATIC
/MISTRY ( HOMOGENEQUS SEPARATIONS / RADIOLYTIC RELEASE OF
/D TO PROJECT SALT VAULT ( WATER CONTENT OF BEDDED SALT /
/ORATORY ( MICROCHEMICAL ANALYSIS / CARBON, NITROGEN, AND
/META 10D0 BENZOYL GRAMICZIDIN A / DES FORMYL GRAMICIDIN A
/ERMINATION OF URANITUM(III) IN RADIOACTIVE MSRE FUEL 8Y A
THE URANYL ION IN PER CHLORATE MEDIA 1II. THE EFFECTS OF
/E / DEAERATOR / SEA WATER / WINKLER METHOD / CARBCNATE -
ETIUM, GADOLINIUM, TERBIUM, EUROPIUM/ AGING OF LANTHANIOE
ON DIFFRACT/ THE EXAMINATION OF PRASEQOYMIUM AND EUROPIUN
+ TERBIUM, EUROPIUM/ AGING OF LANTHANIOE HYDROXIDE SCLS |
GELSy AND OXIDE MICROSPHERES PREPARED FRQOM THE RARE EARTH
EIC ACID ( VALINE - TRANSFER RNA ) ( BICINE / N,N BIS ( 2
ERMINATION OF URANIUMIVI) IN THE PRESENCE OF COPPER(II} {
. THE NEW

E CHROMATOGRAPHY OF NUCLEOTIDES POLY ETHYLENE
WO DIMENSIONAL THIN LAYER CHROMATOGRAPHY ON POLY ETHYLENE
/ OF TRANSFER RIB0 NUCLEIC-ACIDS ( TRNA } / POLY ETHYLENE
NUCLEAR SAFETY - RETENTION OF RADIOACTIVE IODIDES BY
/HEMICAL ANALYSES ( ANALYSIS OF STABLE ISOTOPES FOR TRACE
ADIOACTIVE MATERIAL IN SALT MINES / RADIOLYTIC RELEASE OF
MIXTURES BY TRI BUTYL PHOSPHATE E/ DETERMINATION OF TRACE
. ANALYTICAL METHCDS FOR THE

THE FLUIDIZED-BEC VOLATILITY PILOT PLANT. { BRCMINE PENT/

MODEL-315 PROCESS INFRARED A/ ANALYSIS OF PURGE GAS FROM
UAL PROGRESS REPORTS 196L4-1966 CUMULATIVE
CUMULATIVE

953-1966 ) ,

BIUM WITH 2 THENOYL' TRI FLUO/ USE OF ORGANIC ADDITIVES TO
NIOBIUM WITH THENOYL TRI FL/ USE OF ORGANIC ADDITIVES TO
P.374 IN EDUCATION IN ANALYTICAL CHEMISTRY - A VIEW FROV

BOOK REVIEW OF, RADIOISOTOPE INSTRUMENTS IN

/TERMINATIDON OF OXYGEN IN METALS AND MIXED METAL OXIDES {

/STS OF REACTOR FUEL ELEMENTS ( BECKMAN MODEL-315 PROCESS

TOMETER / TALL OIL / SOL-GEL FUELS / IRTRANS -6 / SILIC/

/SISTANCE { MOON BOX / FERROUS FERRIC MOLYBDATE CORROSION

/ORIDE / WATER POLLUTION / FREE AMMONIA / TOTAL AMMONIA /

MIUM CHLORIDE / CESIUM CHLORIDE / GADOLINIUM-160 / GERMA/

ACTIVITIES RELATED TO EDUCATICNAL
ACTIVITIES RELATED TO EDUCATICNAL

TROLLED POTENTIAL COULOMETRIC TITRATOR { STANDARD KUCLEAR

SALTS / ORNL MODEL~Q-2943 VOLTAMMETER / STANDARD NUCLEAR
ANALYTICAL

COPE )

CHNICON AUTOANALYZER / DETERMINATION OF TRANSFER RIBO NU/

DIES .

CONTROLLED POTENTIAL DIFFERENTIAL DC POLARGGRAPHY I.

NEW

BOOK REVIEW OF, RADIOISOTOPE
/M / THERMAL NEUTRON CROSS SECTION OF TIN-112 / RESONANCE
THE THERMAL NEUTRON CROSS SECTIONS AND RESONANCE

TIVE

ORPOR/ -EXPERIMENTS RELATED TO THE ACQUISITION OF THE HIGH

C NUMBER ELEMENTS - A NUCLEAR CHEMIST LOOKS AT DIRECT RE/

TS - EXCITATION FUNCTIONS FROM EXPERIMENT AND FROM DIRECT
ITROGEN, SODIUM, AND, BERYLLIUM { EXCITATION FUNCTICNS / /
ITROGEN, SODIUM, AND BERYLLIUM
IC NUMBER ELEMENTS — EXCITATION FLNCTIONS FROM EXPERIVEN/
IN FELIUM-3 ACTIVATION ANALYSIS { AVERAGE CROSS SECTICN /

, ACTIVATION

ACTIVATION / SIMPLE METHOD TO CALCULATE SENSITIVITIES AND

ACTIVATION / SIMPLE METHOD TO CALCULATE SENSITIVITIES AND

IN HELIUM-3 AC/ SIMPLE METHOD TO CALCULATE SENSITIVITIES,

HERAPEUT ICS CONTRIBUTION TO THE
(FUSTON - GAS CHROMATOGRAPHIC APPARATUS FOR LOW LEVELS GF
IES ( FLUIDIZED-BED VOLATIL/ DETERMINATION OF PER IODATE,

REE SPECIES { FLUIDIZED-BED VOLATIL/ DETERMINATICN OF PER

N EVENT MONITOR FOR PULSED X AND GAMMA RADIATICN ( CESIUM

/M=160 / GERMANIUM-73 - CHROMIUM ALLOY / GERMANIUM(II)-73

HOLMIUM-155 7/ CISPROSIUM-15¢ ) /0F HOLMIUM NUCLE
HOMOGENECUS PRECIPITATION OF BARIUM SULFATE BY /
HOMOGENECUS PRECIPITATION OF SILVER CHLORIDE BY/
HOMOGENEQUS SEPARATIONS / RADIOLYTIC RELEASE OF/
HOMOPOLYMERS, BY LIGANO EXCHANGE CHROMATOGRAPHY {
HOMOPOLYMERS OF RNA / POLY ADENYLIC ACID / POLY/
HONAKER ~ HORTON PYROLYZER / PREPARATIVE GAS CH/
HORTON PYROLYZER / PREPARATIVE GAS CHROMATOGRAP/
HOT ANALYSES LABCRATORY ( PLUTONIA SOL-GEL PROGR

"HOT CELL USE 7/ SPECTRA OF URANIUMCIII)} AND URAN/

HUMIC ACIC / FULVIC ACIC / CALCIUM ION ELECTROO/
HYCRATE / HOMOGENEOUS PRECIPITATION OF SILVER C/
HYORO BROMICE OF DI ETHYL GUANIODINO D! ACETATE /
HYDRO NAPHTHALENE / GLUTATHIONE / ISO GLUTATHIO/
HYDRO NAPHTHALENE / -1,2 CI KEXYL DI HYDRO NAPHT/
HYCRO NAPHTHALENE / 2,2 DI HEXYL OI HYDRO NAPHT/
HYCRO SULFATE ) / COULOMETRIC OETERMINATION OF U
HYDROCARBON ANALYZER ) /TERMINATION OF HYDROCARB
HYDROCARBCN CONTENT OF STEAM ( SOL-GEL PROCESS /
HYCROCARBCNS ) ANALYSIS OF OFF-GAS FROM TESTS OF
HYOROCARBCNS 7 AMINES / ALCOHOLS / KETONES ) /AT
HYDROCARBONS / ORGANIC PHOSPHATE ESTERS / POLY /
HYDROCHLCRIC ACILC FROM CFLORAL HYDRATE / HOMOGE/

HYCROCHLCRIC ACIC RELEASE FROM BEDDEO SALT / OX/°

HYCROGEN IN TRANSURANIUM ELEMENTS / ELECTROCHEM/
HYCROGEN IOCIDE SALT / TALL OIL / DI OCTYL PHTH/
HYCROGEN REDUCTICN METHOC ( TRANSPIRATION MEASU/
HYCROLYSIS ON THE RESOLVED SPECTRAL .BANDS /UM OF
HYCROXICE EQUILIBRIA /7 ECOLOGY / PHOSPHATE / NI/
HYDROXICE SOLS ( HYDROXIDE SOLS OF SAMARIUM, LUT
HYDROXIDE SOLS BY ELECTRON MICROSCOPY ANO ELECTR
HYCROXICE SOLS OF SAMARIUM, LUTETIUM, GADOLINIUM
HYCROXIDES /ECTRON OPTICAL STUDIES OF THE SOLS,
HYDROXY ETHYL ) GLYCINE / ESCHERICHIA-COLI-B )} /
HYDROXYL AMINE HYDRO SULFATE ) / COULOMETRIC DET
IMAGE CF ANALYTICAL CFEMISTRY IN SCIENCE

IMINE - CELLULOSE-- A NEW ANION EXCHANGER FOR TH
IMINE - CELLULOSE /EOSIDESy AND NUCLEOTIDES B8Y T
IMINE { PEI ) / CELLULOSE MN-300 / ESCHERICHIA-/
IMPREGNATED CHARCOALS

IFMPURITIES / ANALYSIS OF AIR SAMPLES / ANALYSIS/
IMPURITIES IN NATURAL SALT ) /ALT / STORAGE OF R
IMPURITIES IN URANIUM-232 OXIDE - THORIUM OXIDE
IN-LINE ANALYSIS OF MOLTEN FLUORIDE SALTS
IN-LINE ANALYSIS OF THE COMPONENTS OF GASES FROM
IN-LINE TEST FACILITY

IN-PILE TESTS OF REACTOR FUEL ELEMENTS { BECKMAN
INDEXES TC THE ANALYTICAL CHEMISTRY DIVISION ARN
INCEXES TC THE ORNL MASTER ANALYTICAL MANUAL

- INCEXES TO THE ORNL MASTER ANALYTICAL MANLAL ( 1

INOUCE SELECTIVE LIQUID~LIQUID EXTRACTION OF NIO
INCUCE THE SELECTIVE LIQUID-LIQUID EXTRACTION OF
INDUSTRY COMMENTS LOCATED ON
INDUSTRY ANC GEOPHYSICS

INERT GAS FUSION METHOD / LECO NITROX-6 ANALYZE/
INFRAREC ANALYZER / CETERMINATION OF CARBON MON/
INFRAREC SPECTROMETRY ( BECKMAN IR-12 SPECTROPHO
INHIBITORS / LITFIUM FLUORICE ~ BERYLLIUM FLUOR/
INCRGANIC PHOSPHATE / TOTAL PHOSPHATE / TOTAL LU/
INCRGANIC PREPARATIONS { BERYLLIUM NITRIDE / CAD
INSTITUTICNS
INSTITUT ICNS -
INSTRUMENT MODULES ( NIM ) } SOLIO STATE CON
INSTRUMENT MOCULES ¢ NIM ) ) /TAMMETRY OF MOLTEN
INSTRUMENTAT ION '
INSTRUMENTATION ( PHILIPS EM-200 ELECTRON MICROS
INSTRUMENTATION FOR ANALYTICAL .BIOCHEMISTRY ( TE
INSTRUMENTATION FOR ELECTROCHEMICAL KINETICS STU
INSTRUMENTATION, APPARATUS, AND TECHNIQUES
INSTRUMENTS ANO TECHNIQUES

INSTRUMENTS IN INDUSTRY AND GEOPHYSICS

INTEGRAL CF TIN-112 / THERMAL NEUTRON FLUX OF D/
INTEGRALS OF LANTHANUM=-139 AND LANTHANUM-I4C ~
INTEGRATOR ATTACHFMENT

INTENSITY. ANALYTICAL CYCLOTRON { THE CYCLOTRON C
INTERACTION OF HELIUM-3 PARTICLES WITH LOW ATOMI
INTERACTION THEORY /ITH LOW ATOMIC NUMBER ELEMEN
INTERACTIONS OF HEL IUM-3 PARTICLES WITH BORON, N
INTERACTIONS OF FELIUM~3 PARTICLES WITH BORON, N
INTERACTICNS OF +ELIUM-3 PARTICLES WITH LOW ATOM
INTERFERENCE RATIO ) /IMUM BOMBARDMENT ENERGIES
INTERFERENCES .

INTERFERENCES VS BOMBARDMENT ENERGY IN HELIUM-3
INTERFERENCES VS BOMBARCMENT ENERGY IN HELIUM-3
INTERFERENCES, AND OPTIMUM BOMBARDMENT ENERGIES
INTERNAT IONAL ENCYCLOPECIA OF PHARMACOLOGY AND T
INTERSTITTIAL GASES A VACUUM
IOCATE, AND IOCICE IN MIXTURES OF THE THREE SPEC
IOCATE, IODATE, AND IODICE IN MIXTURES OF THE TH
IOCIDE ( THALLIUM ) SCINTILLATOR ) /ING RADIATIO
I0DIDE / GERMANIUM(IV) OXIDE GLASSES / GERMANIU/
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1ED-BED VOLATIL/ DETERMINATION OF PER IODATE, IODATE, AND
/ BENZOYL GRAMICIDIN A '/ DES FORMYL GRAMICIDIN A HYDRCGEN

NUCLEAR SAFETY - RETENTION OF RADICACTIVE
SY CARBON ELECTRODES CHRONOPOTENTIOMETRY OF THE
S OF A SEMICONDUCTOR X-RAY EMISSION SPECTRCMETER ( USE OF

/ / TIN-113 / XENON-133 / PLUTONIUM-2u4t / T§LLURIUN—I32 -
FIR TARGET RODS / URANIUM-235 / CLRIUM-245 / SILVER-11} /
/NE / GLUTATHIONE / ISO GLUTATHIONE / GRAMICIDIN A / FNETA
THE FLUOROMETRIC DETERMINATION OF THE PHCSPHATE

/ RIBO NUCLEIC ACIDS / HUMIC ACID / FULVIC ACID / CALCIU¥
THENOYL TRI FLUORO ACETONE ( TTA ) / SOLVENT EXTRACTICN /
CROLYSIS ON THE RE/ THE ABSORPTION SPECTRUM OF THE URANYL
TRODE / FLUORIDE ACTIVI/ EVALUATION OF THE PERFORMANCE OF
M TUNGSTEN AND RHENIUM SURFACES SURFACE
F URANIUM SURFACE
HANIDES / F/ IONIZATION POTENTIAL MEASUREMENTS BY SURFACE
IZATION ( FIRST IONIZATION POTENTIALS OF LANTHANIDES / F/
SURFACE IONIZATION 1II. THE FIRST

/ION POTENTIAL MEASUREMENTS BY SURFACE IONIZATICN ( FIRST
TION ( FIRST IONIZATION POTENTIALS OF LANTHANIDES / FIRST
SURFACE

TTA } / ACTINIDE
/ ACTINIDE IONS / LANTHANIDE
SURFACE IONIZATION [I. DESORPTICN OF URANIUN({+)

LS / IRTRANS 1-6 / SILIC/ INFRARED SPECTROMETRY { BECKMAN
7 / OSMIUM~190 / PLATINUM-196 / OSMIUM-188 / OSMIUNV-I89 /
PE TAGGING OF COPPER WIRE ( SILVER-110M / RUTHENIUN-106 /
/ PLATINUM-196 / OSMIUM-188 / OSMIUM-189 / IRIDIUF-IQI /
6 / OSMIUM-188 / OSMIUM-189 / IRIDIUM-191 / IRIDIUN-192 /
EVIDENCE FOR PHOTOFISSICN OF

N / CAMBRIDGE ELECTRON ACCEL/ EVIDENCE OF PHOTOFISSION OF
/UTONIUM OXIDE - URANIUM OXIDE / EBR-II FLEL / ALUNINUV /
/NICKEL / CONTROL LIMIT FOR COLORIMETRIC DETERMINATION OF
/5-7 SPARK SOURCE MASS SPECTRDGRAPH / NICKEL - CHRCMIUM -
/R COMPONENTS / RELATIVE ISOTOPIC ABUNDANCES OF CHROMIUM,
// MASS SPECTROMETRIC ANALYSIS OF ALLOYS / MAGNESIUM-26 /
-58 / FORMATION OF MANGANESE-58 BY NEUTRON BOMBARDVMENT OF
/MANTUM{ IV)-OXIDE GLASSES / GERMANIUM{IV) SULFIDE -GLASS /
A BIAXIAL SAMPLE ROTATOR FOR IL-MEV ANEUTRON

MALIZED FLUX - PREPARATION OF PHOSPHORUS-33 BY
/MAN IR-12 SPECTROPHOTOMETER / TALL OIL / SOL-GEL FUELS /
/LENE / 2,2 DI HEXYL-DI HYDRQ NAPHTHALENE / GLUTATHIONE /
/E./ | SEC BUTYL NAPHTHALENE / | N PROPYL NAPHTHALENE / 1
/SIS ( HELIUM-3 / SEPARATION OF RADIONUCLIDES / OAK RIDGE
/ HOLMIUM-155 / DISP/ ALPHA DECAY OF HOLMIUM NUCLEI - NEW
32 PRODUCT / STRONTIUM-90 - YTTRIUM~/ CHARACTERIZATION OF
S/ EMISSION SPECTROCHEMICAL ANALYSES { ANALYSIS OF STABLE
N OF THULIU/ TRANSURANIUM MASS SPECTROMETRY ( ANALYSIS CF
. - COOPERATIVE

L/ MASS SPECTROMETRY SERVICE ( HFIR COMPONENTS / RELATIVE
/ / THULIUM-171 / GADQLINIUM-153 / STRONTIUM / SAMARIUM /
HALF-LIFE OF PLUTONIUM-242 / HALF-LIFE OF PLUTONIUN-24L /
/EIGHT ANALYSIS / FLUDRIDE / PYROHYOROLYSIS / PLUTCNIUM /
SOTOPIC LIGHT SOURCE ( MATHEMATICAL MODEL OF BETA EXCITED
/ PRECISION PHOTOMETRIC ANALYSIS BY USE OF A BETA EXCITED
GEOLOGICAL AGE DETERMINATION BY

BOOK REVIEW OF, PROGRESS IN NUCLEAR ENERGY, SERIES
/ELOPMENT GROUP MONTHLY SUMMARY — NOV. 1966 / DEC.,1966 /
AL QUALITY CONTROL REPORT,. ANALYTICAL CHEMISTRY DIVISION,
EARCH AND CEVELOPMENT GROUP MONTHLY SUMMARY - MAR.,1967 /
REPORT ON FOREIGN TRAVEL

OV.,1966 / DEC.,1966 / JAN., 1967 / FEB.,1967 / MAY,1967 /
TOGRAPH / FREON-#14 / 1,2 DI CHLORO TETRA FLUORO ETHANE /
ESTERS / POLY NUCLEAR HYDROCARBONS / AMINES / ALCCHOLS /
111} / AM/ PREPARATION OF LANTHANIDE AND ACTINIDE BETA DI
’ INSTRUMENTATION FOR ELECTROCHEMICAL

ITHIUM FLUORIDE - BERYLLIUM FLUORIDE TYPE NUCLEAR FUELS (
LUORO ACETYL ACETONE -/ EUROPIUM(III) / AM/ PREPARATION OF
MARIUM, LUTETIUM, GADOLINIUM, TERBIUM, EUROPIUM/ AGING OF
/ 2 THENOYL TRI FLUORO ACETONE { TTA ) / ACTINIDE ICNS /
/S BY SURFACE IONIZATION { FIRST IONIZATION POTENTIALS OF
NITRATE SOLUTIONS METHOD FOR REMCVING
THERMAL NEUTRON CROSS SECTIONS AND RE SONANCE INTEGRALS OF
0SS SECTIONS AND RESONANCE INTEGRALS OF LANTHANUM-{39 AND
/THALENE / 2,6 DI DDDECYL NAPHTHALENE 1 SLLFCNIC ACID /7 2
/) NAPHTHALENE / 2,6 DI DODECYL NAPHTHALENE / 2 DODECYL 6
DERIVATIVES ON CELLULOSE LAYERS THIN
OF CONSTITUENTS OF TRANSFER RIBO NUCLEIC ACIDS ( T/ THIN
/N-300 / ESCHERICFIA-COLI-B / YEAST / SEPHADEX-100 / THIN
RIBO NUCLEIC ACIDS ( T/ THIN LAYER CHROMATOGRAPHY ( THIN
/100 / THIN LAYER CHROMATOGRAPHY OF AMANITA TOXINS / THIN
/ES, NUCLEOSIDES, AND NUCLEOTIDES BY TWO DIMENSIONAL THIN
TES SEPARATION OF AMANITA TOXINS BY THIN
APHIC SEPARATION OF NUCLEIC ACID DERIVATIVES CN CELLULOSE
RATOR ( THORIUM-232 / URANIUM-232 ) MCNITORING OF
F ALLOYS OF COBALT, TITANIUM, VANADIUM, NIOBIUM, BISMUTH,
/ WATER { REACTOR WATER / CESIUM / CESIUM-136 / TRITIUM /
INERT GAS FUSION METHOD /
/H FOR NEON IN MINERALS AND IN VOLCANIC GLASSES ( NEON IN
/D PHENYL ALANINE ACCEPTING TRANSFER RIBO NUCLEIC ACIDS (

IUM-243 / 2 THENOYL TRI. FLUODRO ACETONE {
L TRI FLUORO ACETONE ( TTA )

"10CO BENZOYL

10CIDE IN MIXTURES OF THFE THREE SPECIES ( FLUIDI
10CIDE SALT / TALL OIL / DI OCTYL PHTHALATE / G/
IOCIDES BY IMPRECNATEC CHARCOALS
IOCINE SYSTEM AT THE PYROLYTIC GRAPHITE AND GLAS
IOCINE-125 TO EXCITE X-RAYS ) /TICAL CAPABILITIE
IOCINE-131, PROCUCT ANALYSIS GUIDE
TODINE~-132 / CALCIUM-47 / CHLORINE-36 / ZIRCONI/
IOCINE-13L4 ) / CESIUM-126 / TRITIUM / LEAKS IN H
GRAMICIDIN A / DES FORMYL GRAMICID/
10N .
ION ELECTRODE / PARA AMINO BENZYL AMINE / DI DO/
ION EXCHANGE ) /Y SPECTRUM OF AMERICIUM-246 / 2
TON IN PER CHLORATE MED!A II. THE EFFECTS OF HY
ION SELECTIVE ELECTROOES { CALCIUM ACTIVITY ELEC
IONIZATICN 1. DESORPTION OF URANIUM({+} IONS FRO
ICANIZATICN II. THE FIRST IONIZATION POTENTIAL C
TONIZATICN ( FIRST IONIZATION POTENTIALS OF LANT
TIONIZATION POTENTIAL MEASUREMENTS 'BY SURFACE ION
IONIZATICN POTENTIAL OF URANIUM
IONIZATION POTENTIALS OF LANTHANIDES / FIRST 10/
IONIZATICN POTENTIALS OF RARE EARTH ELEMENTS )} /
IONIZATICN STUCIES .
IOKNS / LANTHANIDE IONS /(- AMERICIUM-241 / AMERIC
IONS /( AMERICIUM-241 / AMERICIUM-243 / 2 THENOY
IONS FRCM TUNGSTEN ANC RHENIUM SURFACES
iR-12 SPECTROPHOTOMETER / TALL OIL / SOL-GEL FUE
IRIDIUM=191 / IRIDIUM~192 / IRIDIUM-192 } /UM-16
IRIDIUM-192 ) RADIOISOTO
IRIDIUM=-192 / IRIDIUM-193 ) /UM=-167 / OSMIUM-19C
IRIDIUM=193 ) /UM=16T7 / OSMIUM-190 / PLATINUM-19
IRCN : .
IRCN { PRCTCN INCUCEC REACTIONS IN THE GEV REGIO
IRCN / ALUMINON METHOD / TRI CAPRYL AMINE / ALA/
IRCN / CONTROL LIMIT FOR AMPEROMETRIC DETERMINA/
IRCN BASE ALLOYS / MASS SPECTROMETRIC ANALYSIS /
IRCN, AND NICKEL / MASS SPECTROMETRIC DETERMINA/
IRCN-57 / ZIRCONIUM-90 / SAMARIUM-150 / GADOLIN/
TRCN-58 ) / / DECAY CHARACTERISTICS OF MANGANE SE
IRCN(III}-57 BROMIDE IN CHROMIUM(III) BROMIDE //
IRRADIATICN ( TEFLON / CALCIUM FLUORIDE )
TRRADIATICN OF ENRICHED "SULFUR-32 IN HIGHLY THER
IRTRANS 1-6 / SILICA / PHENOL - ALDEHYDE RESINS/
ISC GLUTATHIONE / GRAMICIDIN A / META 10DO BENZ/
ISC PROPYL NAPHTHALENE / | ETHYL NAPHTHALENE / /
ISCCHRONQUS CYCLCTRON ( ORIC ) / GAMMA-RAY SPEC/
ISCTOPE HOLMIUM-I54 { HOLMIUM-152 / HOLMIUM-153
ISCTOPE MATERIALS ( PHOSPHORUS-3) IN PHDSPHORUS-
ISCTOPES FOR TRACE IMPURITIES / -ANALYSIS OF AIR
ISCTOPES OF URANIUM AND PLUTONIUM / CROSS SECTIO
ISCTOPES PROGRAM { STRONTIUM-90 / STANDARDS )
ISCTOPIC ABUNDANCES OF CHROMIUM, IRON, AND NICKE
ISCTOPIC ANALYSIS OF ACTINIDE ELEMENTS / HALF-L/
ISCTOPIC ANALYSIS OF EINSTEINIUM )} / ELEMENTS /
ISOTQOPIC CILUTION ANALYSIS / MASS SPECTROMETRY /
ISCTOPIC LIGHT SOURCE ) /USE OF A BETA EXCITED I
ISCTOPIC LIGHT SCURCE ( MATHEMATICAL MODEL OF BE
ISCTOPIC MEASUREMENTS
IX. ANALYTICAL CHEMISTRY
JAN., 1967 / FEB.,1967 / MAY, 1967 / JUNE, 1967 / /

JAN.—MAR., 1967 STATISTIC
JULY, 1967 ANALYT ICAL CHEMISTRY RES
JULY=I11-AUG.30, 1964

JUNE, 1967 / AUG.,1967 / SEPT., 1967 / 0CT.,1967 /
KEL-F / TEFLON-6 ) /FLUORIDE / GREENBRIER CHROMA
KETONES ) /ATIC EYDROCARBONS / ORGANIC PHOSPHATE
KETONES { HEXA FLUORO ACETYL ACETONE / EUROPIUM(
KINETICS STUDIES

KRCONEN - VADER TECHNIQUE )} /M, AND URANILM IN L
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BD NUCLEIC ACIDS ( LEUCINE - TRANSFER R/ DETERMINATIDN CF
/ION OF TRANSFER RIBO NUCLEIC ACID BY AMINO ACYLATION |I.
/TUENTS { NUCLEOTIDE ANALYZER / CHROMATOGRAMS CF URINE CF
A VACUUM FUSION - GAS CHROMATOGRAPHIC APPARATUS FOR LOW
I-B / YEAST / POLY AD/ BASE RATIO DETERMINATICN OF RNA BY
RNA // TERMINAL NUCLEOSIUE ASSAY OF RIBO NUCLEIC ACID BY
"/ETERMINATION OF MOLECULAR WEIGHTS OF RNA HOMOPOLYVMERS BY
UCLEOSIDES, AND NUCLEIC ACID BASES { CHELEX-100 )}
UCLEOSIDES, AND NUCLEIC ACID BASES
SENSITIVITIES FOR ACTIVATION ANALYSIS OF (5
IGHT SOURCE ( MATHEMATICAL MODEL OF BETA EXCITED ISOTCPIC
/N PHOTOMETRIC ANALYSIS BY USE OF A BETA EXCITED ISOTCPIC
OF RACIATION - PRECISION PHDTOMETRY USING A RADIOISOTCPIC
ORNL = ROSS RADIOQISOTCPIC
OMETRIC ANALYSIS IN THE ULTRAVIOLET USING A RADIOQISOTCPIC
OEVELOPMENT OF RADIATION STINULATED
DEVELOPMENT OF RADIATION STIFULATED
/L LIMIT FOR COLORIMETRIC DETERMINATION OF IRON / CONTROL
/LIMIT FOR COLORIMETRIC DETERMINATION OF NICKEL / CONTROL
/IMIT FOR COLORIMETRIC DETERMINATION OF URANIUFM / CONTROL
/ CONTROL LIMIT FOR COLOIIMETR/ QLALITY CONTRCL ( CONTROL
/ST NEUTRON ACTIVATION ANALYSIS AT THE OAK RIDGE ELECTRON
TA EMITTERS ( TRITIUM / CARBON-14 / PHOSPHORUS-3/ AQUEOUS
ASPECTS OF QUENCHING VARIABLES FROM BIOMEDICAL SAMFLES IN
) { AMERICIUM-2/ SEPARATION METHOD FOR AMERICIUM BASED CN
) NEW SEPARATION METHOD FOR AMERICIUM BASED ON THE
THENOYL TRI FLUORO ACETONE - XYLENE - APPLICA/ SELECTIVE
TRI FL/ USE OF ORGANIC ADOITIVES TO INDUCE THE SELECTIVE
YL TRI FLUO/ USE OF DRGANIC ADDITIVES TO INDUCE SELECTIVE
INDOWLESS SPECTROPHOTOMETRIC CELLS FDR USE WITH CORRCSIVE
NUCLEAR ANALYSIS USING A LARGE VOLUME GERMANIUM (
/1BO NUCLEIC ACIDS / PHENYL ALANINE / BISMUTH / URANIUM /
/ROPHOTOMETERS { SOLID STATE AMPLIFIER / DETERMINATICN OF
TATE / PHENYL NEO TRI DECANDATE / FLUORINE ( DI ) CXIDE /
/MMETER / DIFFUSION COEFFICIENT FOR URANILM(IV) IN MOLTEN
/ATION OF THE URANIUM(III}) - URANIUM(IV} SYSTEM IN MOLTEN
M FLUORIOE AT / ELECTROREOUCTION OF URANILM{IV) IN MCLTEN
/ SYSTEMS ( MOLAR ABSORPTIVITIES OF URANIUM(IV} IN MCLTEN
/UORIDE / MOLAR ABSORPTIVITIES OF CHROMIUM{III)} IN MOLTEN
/IUM FLUORIUE 7/ SPECTRAL STUDIES OF URANILM(VI) IN MOLTEN
/RIDE SALTS / SPECTRAL STUDIES OF CHROMIUM(III) IN MOLTEN
/ON BOX / FFERROUS FERRIC MOLYBDATE CORROSION INHIBITORS /
/F RARE EARTH ELEMENTS, BARIUM, STRONTIUM, AND URANIUM IN
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R CRNL
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S FROM EXPERIMEN/ INTERACTIONS OF HELIUM-3 PARTICLES WITH
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SOLUT ION OF URANIUM NITRIDES / DISSOLUTION OF CRYSTALLINE
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/E / MAGNESIUM CHLORIDE / MAGNESIUM NITRIDE / HIGH PURITY
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E ALL/ SPARK SOURCE MASS SPECTROMETRY { MS-7 SPARK SOURCE
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UBSTITUTED AROMATIC HYDROCARBONS / ORGANI/ LOW RESCLUTION

SPARK SOURCE

LEUCINE AND PHENYL ALANINE ACCEPTING TRANSFER RI
LEUCINE AND PHENYL ALANINE TRANSFER RIBO NUCLET/
LEUKEMIA PATIENTS / CHROMATOGRAMS OF URINE OF S/

LEVELS CF INTERSTITIAL GASES

LIGAND EXCHANGE CHROMATOGRAPHY ( ESCHERICHIA-COL
LIGAND EXCHANGE CHROMATOGRAPHY { HOMOPOLYMERS OF
LIGAND EXCHANGE CHROMATOCGRAPHY ( POLY ADENYLIC /
LI GAND EXCHANGE CHROMATOGRAPHY OF NUCLEOTIDES, N
LIGAND EXCHANGE CHROMATOGRAPHY OF NUCLEOTIDES, N
LIGHT ELEMENTS WITH [A-MEV HEL IUM-3 PARTICLES
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LIGHT
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LIMIT
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SCURCES
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LICUID SCINTILLATOR SYSTEMS /L AND EXPERIMENTAL
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LIQUID-LIQUID EXTRACTION BEHAVIOR OF AMERICILM(V

PRECISION PHOT

LIQUID-LIQUID EXTRACTION OF BERKELIUM(IV) WITH 2
LICQUID-LIQUID EXTRACTION OF NIOBIUM WITH THENOYL
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LIQUIDS W
LITHIUM } DETECTOR

LITHIUM / FLUORICE / WATER POLLUTION / FREE AMM/
LITHIUM / MSRE / TRU-/ ORNL MODEL-Q-t457 FLAME /
LITHIUM FERRITE ) / OF DI ETHYL GUANIDINO DI ACE
LITHIUM FLUORIOE - BERYLLIUM FLUORIDE - ZIRCONI/
LITHIU¥ FLUORICE - BERYLLIUM FLUORIDE - ZIRCONI/
LITHIUM FLUORICE - BERYLLIUM FLUORIDE - ZIRCONIL
LITHIUM FLUORIOE - BERYLL JUM FLUORIDE / MOLAR A/
LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / SILICON/
LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / SIMULTA/
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LITHIUM=6 / HELIUM-3 ) /OF ELEMENTS / OXYGEN-18

LOANEES

LOCATEL ON P.37A IN ECUCATION IN ANALYTICAL CHEM
LOOKS AT CIRECT REACTIONS /TION OF HELIUM-3 PART
LOCKS AT STANDARC REFERENCE MATERIALS

LCCP EXPERIMENT / MSRE ) /171 / 4096 CHANNEL PUL
LOW ATOMIC NUMBER ELEMENTS - A NUCLEAR CHEMIST L
LOW ATOMIC NUMBER ELEMENTS - EXCITATION FUNCTION
LOW LEVEL MEASUREMENTS

LOW LEVEL RADIATION COUNTING FACILlTY { LUNAR RE
LOW LEVELS OF INTERSTITIAL GASES
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LRL } ) LOW LEVEL R
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LUNAR RECEIVING LABORATORY ( LRL ) )
LUTETIUM, GADOLINIUM, TERBIUM, EUROPIUM,
MACROMOLECULAR SEPARATIONS PROGRAM
MAGNESIUM CHLORICE / MAGNESIUM NITRIDE / HIGH P/
MAGNES IUM NITRICE / HIGH PURITY MAGNESIUM OXIDE/
MAGNES ItUM OXICE } SEALEC TUBE DISSOLUTIONS ¢ DIS
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MANGANESE-58 / FCRMATION OF MANGANESE-58 BY NEU/
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MANUAL
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MANUAL
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LATIVE ISOTOPIC ABUNDANCES OF CHROMIUM, IRON, AND NICKEL/
RNL

CUMLLATIVE INDEXES TO THE CRNL

MAINTENANCE CF THE CRNL

: CRNL

INDEXES TO THE CRNL

B CRNL
/NALYSIS BY USE OF A BETA EXCITED ISOTGPIC LIGHT SCURCE (
/UMMARY - NOV.y 1966 / DEC.31966 / JAN.,1967 / FEB.,1967 /
USE OF A DENSITY GRADIENT COLUMN TO

USE OF A DENSITY GRADIENT COLUMN TC

/HE ABSORPTION SPECTRUM OF THE URANYL ION IN PER CHLORATE
) AUTODECOMPOSITION OF BROMATE IN ACID NITRATE
/0SION INHIBITORS / LITHIUM FLUGRIDE - BERYLLIUM FLUORIDE
URE / PHOSPHORUS-32 / FORMIC ACID / ANION PERMEABLE RESIN
SIS OF WATER THROUGH ANION PERMEABLE AND CATICN PERMEABLE
TEFLON POLAROGRAPHIC DROPPING

POLARQGGRAPHY ( SIGNAL TD NDISE RATIO { S/N ) OF DROPPING
TICAL ORI/ POLARDGRAPHIC STUDIES wWITH THE TEFLCN DROPPING
APPARATUS FOR PRECISE CONTROL OF DROP TIME OF A DROPPING
/) ( EVALUATION OF VERTICAL ORIFICE RAPID TEFLCN DROPPING
STANDARIZATION OF

TECHNETIUM-99M / STANDARDIZATION OF / STANDAROIZATICN OF
/THALENE / GLUTATHIONE / IS) GLUTATHIONE / GRAMICIDIN A /
CAPRYL AMINE / ALAMINE / CESIUM CHLORIDE / DISSOLUTION OF
SOLVENT EXTRACTION AND GAS CHROMATOGRAPHY OF

TROX/ PRECISE DETERMINATION OF OXYGEN IN METALS AND MIXED.

APPL ICATIONS OF GAS CHROMATOGRAPHY TO PROBLEMS IN POWDER
N ACT IVATION ANALYSIS FOR OXYGEN IN ALKALI AND REFRACTORY
METHOD / LECO NITROX/ PRECISE DETERMINATION OF OXYGEN IN
/CHROMATOGRAPHIC DETERMINATION OF SULFUR HEXA FLUORIDE IN
/RAPHY / BENZENE / PENTANE / HEXANE / HEPTANE / DI CHLORC
/ ANILINE 7/ 1 CHLORO PROPANE / HEXYL NAPHTHALENE / 1,2 OI
TRODE ANODIC REACTIONS OF THE HALIOES IN DI
/ / MAGNESIUM OXIDE / LUBRICATING OILS / PENTA PHENYL TRI
/RCH FACILITIES IN THE TRANSURANILUM RESEARCH LABORATORY {
YS AS DETERMINED BY NEUTRON ACTIVATION ANALYSIS R
INSTRUMENTATION ( PHILIPS EM-200 ELECTRON
OPTICAL AND ELECTRON
. RESEARCH ASSISTANCE IN ELECTRCN
N OF PRASEODYMIUM AND EUROPIUM HYDROXIDE SOLS BY ELECTRON
/ ELECTRON MICROSCOPY DF RADIOACTIVE MATERIALS ( ELECTRON
ICROSCOPY OF PLUTONIUM-238 OXIOE / RADIOACTIVE / ELECTRON
SE OF A OENSITY GRADIENT COLUMN TO MEASURE THE DENSITY OF
SE OF A DENSITY GRADIENT COLUMN TO MEASURE THE DENSITY OF
/ND ELECTRON OPTICAL STUDIES OF THE SOLS, GELS, AND OXIDE
OLITE / NEON IN AM/ MASS SPECTROMETRIC SEARCH FOR NEON IN
/OF BEODED SALT / STORAGE OF RADIOACTIVE MATERIAL IN SALT
R RIBO NJCLEIC ACID ( TRANSFER RNA }
/HEMICAL PRECONCENTRATION OF TRACE ELEMENTS IN BONE ASH (
ECO NITROX/ PRECISE OETERXMINATIDN OF OXYGEN IN METALS AND
/ACIDS ( TRNA ) / POLY ETHYLENE IMINE ( PEI )} / CELLULOSE
) FLLOROPHQTCMETER (
FLUORDPHOTOMETER { MODEL-Q-1165 ) AND FUSION DEVICE (
/AMPLIFIER / OETERMINATION JOF LITHIUM / MSRE / TRU / ORNL
/ TRU / ORNL MODEL-Q-1457 FLAME SPECTROPHOTOMETER / ORNL
CONTROLLED POTENTIAL COULOMETRIC TITRATORS (
EC POTENTIAL COULOMETRIC TITRATORS{ MODEL-Q-2005-%50 AND
SITIVITY CONTROLLED POTENTIAL COULOME TRIC TITRATOR ( CRNL
CONTROLLED POTENTIAL OC POLAROGRAPH - VOLTAMMETER (
E/ CONTROLLED POTENTIAL DC POLAROGRAPH VOLTAMMETER ( CRNL
OP TIME OF A DROPPING MERCURY ELECTRODE ( D.M.E. ) ( CRNL
/ CYCLIC VOLTAMMETER ( VOLTAMMETRY OF MOLTEN SALTS / CRNL
ERS 1} DUAL SET POINT VOLTAGE COMPARATOR ( CRNL
HYDROCARBON CONTENT DF STEAM ( SOL-GEL PROCESS / BECKMAN
TION SPECTROPHOTOMETRY OF ALPHA EMITTING MATERIALS ( CARY
NTIAL OF THE BERKELIUM(IV) - BERKELIUM{III) COUPLE ( CRNL
/AS FROM IN-PILE TESTS OF REACTOR FUEL ELEMENTS ( BECKMAN
/ NEUTRON ACTIVATION ANALYSIS ( TEXAS NUCLEAR CORPCRATION
GENERAL REQUIREMENTS OF
ENTIAL COULOMETRIC TITRATOR { STANDARD NUCLEAR INSTRUFMENT
NL MOCEL-Q-29L43 VOLTAMMETER / STANDARD NUCLEAR INSTRUFENT
/UMUIV) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUCRIDE /
THIU/ SPECTROPHOTOMETRIC STUDIES OF MOLTEN SALT SYSTEMS (
/ETHYL NAPHTHALENE / 5A MOLECULAR SIEVE COLUMN / FISK 60u

/ANE / HEXYL NAPHTHALENE / 1,2 DI METHYL NAPHTHALENE / 5A
EXCHANGE CHROMATOGRAPHY ( POLY ADENYLIC/ DETERMINATION OF
ANALYTICAL METHODS FOR THE IN-LINE ANALYSIS OF

CAL GENERATION AND SPECTROPHOTOME TRIC STUDY OF SCLUTES IN
/0T CELL USE / SPECTRA OF URANIUM(III) AND URANIUM(IV) IN
/ FLUORIDE SALTS / COMPATIBILITY OF SILICON OI OXIDE WITH
SPECTRA OF URANIUM(IV) AND URANIUM(III) IN
ELECTROANALYTICAL CHEFISTRY IN

NGE CURRENT MEASUREMENTS ON NICKEL - NICKEL(II) COUPLE IN
RIC AND EMF MEASUREMENTS ON NICKEL - NICKEL(II} COUPLE IN
( EMF ) MEASUREMENTS ON THE NICKEL -~ NICKEL(II) COUPLE IN
/C VOLTAMMETER / DIFFUSION COEFFICIENT FOR URANIUM(IV) IN
/ OBSERVATION OF THE URANTUM(TIII) - URANIUM(IV} SYSTEV IN
IRCONIUM FLUORIDE AT / ELECTROREDLCTION OF URANIUM(IV) IN
/EN SALT SYSTEMS ( MOLAR ABSORPTIVITIES OF URANIUM(IV) IN

MASS SPECTROMETRY SERVICE { HFIR COMPONENTS / RE
MASTER ANALYT ICAL MANUAL
MASTER ANALYT ICAL MANUAL

MASTER ANALYTICAL MANUAL

MASTER ANALYT ICAL MANUAL

MASTER ANALYT ICAL MANUAL ( 1953-1966 )

MASTER ANALYT ICAL MANUAL, SUPPLEMENT 9

MATHEMAT ICAL MOCEL OF BETA EXCITED ISOTOPIC LIG/
MAY31967 / JUNE, 1967 / AUG., 1967 / SEPT., 1667 //
MEASURE THE DENSITY OF MICROSPHERES

MEASURE THE DENSITY OF MICROSPHERES

MECIA II. THE EFFECTS 'OF HYDROLYSIS ON THE RES/
MECIA ( BERLEX PFASE OF TRU PROCESS / BERKELIUM
MELTS / FUEL ELEMENTS / BORON NITRIDE / RADIOAC/
MEMBRANE / ELECTRODIALYSIS ) /ELL - SCOTT PROCED
MEMBRANES ). /REAGENTS ( COPPER-64 / ELECTRODIALY
MERCURY" ELECTROCE

MERCURY ELECTRODE ) /LE CELL FIRST DERIVATIVE OC
MERCURY ELECTROCE { C.M.E. } ( EVALUATION OF VER
MERCURY ELECTROCE ( C.M.E. )} ( ORNL MODEL-Q-29u2
MERCURY ELECTRODES FOR OBTAINING FUNDAMENTAL PO/
MERCURY-197

MERCURY-197 ( STANDARDIZATION OF MOLYBDENUM-69 -
META ICCO BENZOYL GRAMICIDIN A / DES FORMYL GRA/
METAL CARBICES ) / IRON / ALUMINON METHOD / TRI
METAL FLUORQ ACETYL ACETONATES .

METAL CXICES ( INERT GAS FUSION METHDD / LECO NI
METALLURGY )} / SULFUR HEXA FLUORIDE IN METHANE /
METALS t4-MEV NELTRO
METALS ANC MIXED METAL OXIDES { INERT GAS FUSION
METHANE / APPLICATICNS OF GAS CHROMATOGRAPHY TO/
METHANE / CARBON TETRA CFLORIDE/CHLOROFORM / 2 /
METHYL NAPHTHALENE / S5A MOLECULAR SIEVE -COLUMN /
METHYL SULF OXICE AT THE PYROLYTIC GRAPHITE ELEC
METHYL TRI SILOXANE / TEFLON / RIBO NUCLEIC ACI/
PICROCHEMICAL ANALYSIS / CARBON, NITROGEN, AND /
MICROELEMENT CONTENT OF KAIR FROM NEW ZEALAND B0
MICROSCOPE )

MICROSCCPY

MI CROSCCPY ANC ELECTRON CIFFRACTION

MICROSCOPY AND ELECTRON DIFFRACTION / EXAMINATIO
MICROSCOPY OF PLUTONIUM-238 OXIDE / RADIOACTIVE
MICROSCOPY OF RACIOACTIVE MATERIALS ( ELECTRON M
MI CROSPHERES
MI CROS PHERES
MICROSPHERES PREPARED FROM THE RARE EARTH HYDRO/
MINERALS AND IN VOLCANIC GLASSES ( NEON IN LEPID
MINES / RADIOLYTIC RELEASE OF IMPURITIES IN NAT/
MISCELLANEQUS STUDIES ON THE ANALYSIS OF TRANSFE
MITCHELL -~ SCOTT PROCEDURE / PHOSPHORUS-32 / FO/
MIXED METAL OXIDES ( INERT GAS FUSION METHOD / L
MN-300 / ESCHERICHIA-COLI-B / 'YEAST / SEPHADEX-/
MOCEL-C-1165 )} AND FUSION DEVICE ( MODEL-Q-1187
MOCEL-C-1187 )

MODEL-Q-!1457 FLAME SPECTROPHOTOMETER / ORNL MOD/
MODEL-C-1887 FLAME SPECTROPHOTOMETERS )} / / MSRE
MCDEL-C-2005-X50 ANC MOCEL~Q-2564 .)

MOCEL-Q-2564 }
MOCEL-Q-2564 )
MOCEL-Q-2792 )
MODEL-C-2792 ) (FIRST DERIVATIVE POLAROGRAMS / ¢
MOCEL-C-2942 ) /ARATUS FOR PRECISE CONTROL OF DR
MOCEL-C-2943 VOLTAMMETER / STANDARD NUCLEAR INS/
MOCEL-C-2950 ) ( ERROR IN DC COUPLED COUNTER TIV
MODEL-109 HYDROCARBON ANALYZER ) /TERMINATION OF
MODEL-t4 SPECTROPHOTOMETER } /DVE BOX FOR ABSORP
MOCEL-2564 COULOMETRIC TITRATOR ) /E FORMAL POTE
MOCEL-3153 PROCESS INFRARED ANALYZER / DETERMINA/
MOCEL-9900 14-MEV NEUTRON GENERATOR / DXYGEN IN/
MODERN CAY ANALYTICAL CHEMISTRY

MODULES ( NIM ) ) SOLID STATE CONTROLLEO POT
MCCULES ( NIM ) ) /TAMMETRY OF MOLTEN SALTS / OR
MOLAR ABSORPTIVITIES OF CHROMIUM(III) IN MOLTEN/
MOLAR ABSORPTIVITIES OF URANIUM{IV) IN MOLTEN LI
MOLD RELEASE / KCNAKER - HORTON PYRDLYZER / PRE/
MOLECULAR ANATOMY PROGRAM

MOLECULAR SIEVE COLUMN / FISK 604 MOLO RELEASE /
MOLECULAR WEIGHTS OF RNA HOMOPOLYMERS BY LIGAND
MOLTEN FLUORIDE SALTS

MOLTEN FLUORICE SALTS ) /MULTANEOUS ELECTROCHEMI
MOLTEN FLUORIDE SALTS / COMPATIBILITY OF SILICOV/
MOLTEN FLUORIDE SALTS / SPECTRAL STUDIES OF CHR/
MOLTEN FLUORIDE SOLVENTS

MOLTEN FLUORICES

MOLTEN FLUORICES ° X E XCHA
MOLTEN FLUORIDES . VOLTAMMET
MOLTEN FLUORICES EL ECTROMOTIVE FORCE
MOLTEN LITHIUM FLUORICE - BERYLLIUM FLUORIDE - /
MOLTEN LITHIUM FLUORICE - BERYLL IUM FLUORIOE - /
MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLULORIDE - Z
MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUDRIDE / /

[l =

CONTROLL
MODIFICATIONS TO THE HIGH SEN

678-12-C1
67C-15
67C-15-01
67C-15-C2
67C
67PRR-068
67PRR-066
67A-09-C28
67PRR-0T71
67PRR-014
67PRR-091

6TPRR-012

S6TA-0L-C6A
67A~-08-CIE
67A-06-03A
67A-06-038
6TPRR-123
67A-01-07
67A-04-C2A
67A-01-C6
6TA-O4-C2A
67PRR-0C3
67A-09-CID
67A-04-038
67B-14-03
6TPRR-070
6TA-0u4~CUA
67A-0L~-CIA
67A-09-C58
67A-D4-ClA
67A-04~C1A
67A-0L-TI A
67A-DL-C1 A
67PRR-053
67A-04-C3A
67A-09-C8A
67PRR-011
67A-08-03
67A-08
67A-08-CI
67PRR-0u8
67A-08-C2
67A-08-C2
67PRR-014
67PRR-0G1
67PRR-099
67TA-07-Cu4
67A-02-C6

67TA-05~CI0 -

67A-06-03A
67A-OL-CU A
67A-0u-C18
6TPRR=134
67PRR-1 34
67A-DI~12
67A-01-12
6TPRR=-1CO
67PRR—100
67A-01-Ct
67PRR-(189
67A-01~C5
67a-01-Cé6
67A-01-01
67A-01-C2
67TA-03-03A
6TA-0u=C6B
67A-09-G8D
67A-03-04 A
67A~09-C54
67PRR~1 36
67A-01-03
67A-01-C1
67A-03-C20
67A-03-C20
67A-04-C1A
67A-05-03
67A-D4-CiA
67A-05-01 1
67A-03-C2
67A-03-(20
67A-03-020
67A-03-020
67PRR-0U9
6TPRR-1 14
67PRR-113
67PRR-115
674-03-C28
67A-03-C2C
67PRR-050
67A-03-02¢C
674-03-G20

w
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s /LIYM FLUORIDE / MOLAR ABSORPTIVITIES OF CHROMIUM(III) IN
IN

/EN FLUORIDE SALTS / SPECTRAL STUDIES OF CHROMIUM(IIT)

/ BERYLLIUM FLUORIDE / SPECTRAL STLDIES OF URANIUM(VI) [N
DETERMINATION OF OXIDE IN MSRE SALTS ( ORR

CHANNEL PULSE-HEIGHT ANALYZER: FISSION PRODUCT ANALYSES /

ANIUM(IV) IN MOLTEN LITHIU/ SPEC TROPHOTOMETRIC STUDIES OF
/L CONTROLLEO CURRENT CYCLIC“VOLTAMMETER ( VOLTAMMETRY OF
E / OTHER RESEARCH ASSISTANCE ( MOON BOX / FERROUS FERRIC
DI THIOL ) SPEC TROPHOTOMETRIC DETERMINATION OF
OF / STANOARDIZATION OF MERCURY-197 ( STANDARDI ZATION OF
/ / SAMARIUM-151!/ NIOBIUM-92 /*NIOBIUM-95 / CESIUM=~I37 -/
M I0DIDE ( THALLIUM ) S/ A FILM RECORDING RADIATION EVENT
vV NEUTRON GENERATOR { THORIUM-232 / URANIUM-232 )
ANALYTICAL CHEMISTRY RESEARCH AND DEVELOPMENT GROUP
ANALYTICAL CHEMISTRY RESEARCH AND DEVELOPMENT GROUP
967 / ANALYTICAL CHEMISTRY RESEARCH.AND DEVELOPMENT GROUP
HIBITORS / LITHIUM FLUORIDE / OTHER RESEARCH ASSISTANCE (
PHOSPHATE ( WATER ANALYSIS / TIN - FLAVONOL / ALUMINUM -
/EQUENCE ANALYSIS ( AMIND ACID SEQUENCE OF ALPHA CHAIN OF
F MOUSE HEMOGLOBIN / AMINO ACID SEQUENCE OF BETA CHAIN OF
HROMIUM - TRON BASE ALL/ SPARK SOURCE MASS SPECTRCMETRY {
FISSION PRODUCT ANALYSES / MOLTEN SALT LOOP EXPERIMENT /
/Y. { PLUTONIA SOL-GEL PRIGRAM / CARBON / PROMETHIUNM-ILT /
/ERS ( SOLID STATE AMPLIFIER / DETERMINATION OF LITHIUM /
C/ DEVELOPMENT OF A GAS CHROMATOGRAPH FOR ANALYSIS OF THE
ONTROL LIMIT FOR AMPEROMETRIC DETERMINATION OF CHRCMIUM /
/IUM-147 / MSRE / RATIO JF URANIUM({III)} TO URANIUM(IV) IN
PIRATION ME/ DETERMINATION OF URANTUM(III)} IN RADICACTIVE
38 OXIDE / RADIOACTIVE CORROSION. AND REACTION PRODUCTS ON
/10N MEASUREMENTS / URANTUM{III) TO URANILM(IV) RATICS IN
MSRE FUEL SALT / USE OF COMPUTER ‘PROGRAMS IN ANALYSIS CF
BONS ) ANALYSIS OF OFF-GAS FROM TESTS OF COMPATIBILITY OF
. DETERMINATION OF OXIDE IN
/ROIZATIONS WITH OIGITAL COMPUTER TECHNIQUES TO NORMALIZE
/N PEARLITE / NEON IN OBSIDIAN / NEON IN QUARTZ' / NEON IN
/R RIBO NUCLEIC ACID ( VALINE - TRANSFER RNA } ( BICINE /
/ORO METHANE / CARBON TETRA CHLORIDE/CHLOROFORM / 2 ETHYL
/32 DI HEXYL DI HYDRO NAPHTHALENE / 2,2 OI HEXYL OI HYDRO
/1UM ION ELECTRODE / PARA AMINO BENZYL AMINE / OI OODECYL
/ NUCLEAR MAGNETIC RESONANCE SPECTROMETRY (‘1 ( 3 HEXYL )
JLENE | SULFONIC ACID / 2 LAUORYL NAPHTHALENE / 2 DODECYL
JUTYL NAPHTHALENE / 1 N PROPYL NAPHTHALENE / 1 ISO PROPYL
/HEXYL NAPHTHALENE / | SEC BUTYL NAPHTHALENE / 1 N PROPYL
/ NAPETHALENE / | ( 2 HEXYL ) NAPHTHALENE / 2 ( 2 HEXYL )
JEXYL )} NAPHTHALENE / 1 N HEXYL NAPHTHALENE / | SEC BUTYL
/YL ) NAPHTHALENE / 2 ( 2 HEXYL ) NAPHTHALENE / | N HEXYL
/1S0 PROPYL NAPHTFALENE / | ETHYL NAPHTHALENE / 2 N HEXYL
/HTHALENE / 2 N HEXYL NAPHTHALENE / 1,1 DI HEXYL DI HYDRO
/ 2 ETHYL NAPHTALENE / ANILINE / 1 CHLORO PROPANE / HEXYL
/ORYL NAPHTHALENE / 2 DOOECYL NAPHTHALENE /1 ( 2 HEXYL )
/7 2,6 DI DODECYL NAPHTHALENE | SLLFONIC ACID / 2 LAUORYL
/ OLEIC ACID / 2 ( 3 HEXYL ) NAPHTHALENE / 2,6 DI DODECYL
/ PROPYL NAPHTHALENE / | IS0 PROPYL NAPHTHALENE / | ETHYL
/+1 DI HEXYL DI HYDRO NAPHTHALENE / 1,2 DI HEXYL DI HYDRO
/¢ + ( 3 HEXYL ) NAPHTHALENE / OLEIC ACID / 2 { 3 HEXYL )
/ALENE / 2,6 DI DODECYL NAPHTHALENE / 2 DODECYL 6 LAUROYL

./E / 1 CHLORO PROPANE /.HEXYL NAPHTHALENE / 1,2 DI METHYL

/D1 DODECYL NAPHTHALENE / HEPTYL DECYL AMINE / DI DOOECYL
/ALENE / 2 DODECYL 6 LAUROYL NAPHTHALENE / 2,6 DI DODECYL
ERTAL IN SALT MINES / RADIOLYTIC RELEASE OF IMPURITIES IN
/ HYDRO BROMIDE OF DI ETHYL GUANIDINO DI ACETATE / PHENYL
/ MINERALS AND IN VOLCANIC GLASSES { NEON IN LEPIDCLITE /
/NIC GLASSES ( NEON IN LEPIDOLITE / NEON IN AMBLYGCNITE /

" /1C SEARCH FOR NEON IN MINERALS AND IN VOLCANIC GLASSES (

IN LEPIDOLITE / NEON IN AM/ MASS SPECTROMETRIC SEARCH FOR
// NEON IN PEARLITE / NEON IN OBSIDIAN / NEON IN QUARTZ /
/ NEON IN URANINITE / NEDN IN PUMICE / NEON IN PEARLITE /
/ NEON IN FLUORITE / NEON* IN URANINITE / NEON IN PUMICE /
/ IN AMBLYGONITE / NEON IN FLUORITE / NEON IN URANINITE /
// NEON IN PUMICE / NEON IN PEARLITE / NEON IN OBSIDIAN /
/IN LEPIDOLITE / NEDN IN AMBLYGONITE / NEON IN FLUCRITE /
/ORIGIN OF ATMOSPHERE / GENESIS OF ELEMENTS / OXYGEN-18 /
/ATMOSPHERE / GENESIS OF ELEMENTS / OXYGEN-18 / NECN-20 /
/ /4 GENESIS OF ELEMENTS / OXYGEN-18 / NEON-20 / NECN-21 /
. FORENSIC APPLICATICN OF

NT CONTENT OF HAIR FROM NEW ZEALAND BOYS AS DETERMINED BY
PAR ORES / BIAXIAL SAMP/ FLUORINE DETERMINATION BY IL-MEV
ORATION MODEL-9900 !14=MEY NEUTRON GENERATOR / OXY/ I4-MEV
CTRON LINEAR ACCELERATOR ( ORELA ) ( USE/ PHOTON AND FAST
AND REFRACTORY METALS - I ~NMEV

./ { THE CYCLOTRON CORPORATIDN ([ TCC ) 32-INCH CYCLCTRCN /

/ATION ANALYSIS ( BISMUTH-207 IN BISMUTH POWDER / DELAYED

"CTERISTICS OF MANGANESE-5€ / FORMATION OF MANGANESE-58 BY

/ / THERMAL NEUTRON FLUX OF DEUTERIUM OXIDE TANK OF BSR /
EGRAL OF TIN-11/ NEW NUCLEAR DATA *( NIOBIUM-95M / THERMAL
F LANTHANUM-139 AND LANTHANUM-I14O0 THE THERMAL
OSMIUM-185 ) NUCLEAR SPECTROSCOPY OF

/ION OF TIN-112 / RESONANCE INTEGRAL OF TIN-112 / THERMAL
14 -NMEV

MONITORING OF LEACHED FUEL ELEMENTS WITH A 1L-MEV

MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / /
MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUORIDE / /
MOLTEN LITHIUM FLUORICE - BERYLLIUM FLUORIDE / /
MOLTEN SALT }

MOLTEN SALT LOOP EXPERIMENT / MSRE ) /171 / u096
MOLTEN SALT REACTOR EXPERIMENT |

MCLTEN SALT SYSTEMS ( MOLAR ABSORPTIVITIES OF LR
MOLTEN SALTS / ORNL MODEL-Q-29u43 VOLTAMMETER / /
MOLYBDATE CORROSION INHIBITORS / LITHIUM FLUORID
MOLYBDENUM ANC TUNGSTEN ( TRU PROCESS SAMPLES /

MOLYBOENUM-99 - TECHNETIUM-99M / STANDARDIZATION
MOLYBDENUNM-99 / NICKEL-63 / NIOBIUM-95M / NIOBI/
MONITOR FOR PULSED X AND GAMMA RADIATION ( CESIU
MONITORING' OF LEACHEC FUEL ELEMENTS WITH A 1u4-ME
MCATHLY SUMMARY - APR., 1967

MCNTHLY SUMMARY - MAR., 1967 / JULY,1967

MONTHLY SUMMARY =- NOV., 1966 / DEC.,1966 / JAN.,1

MOCN

MORIN )

80X / FERROUS FERRIC MOLYBOATE CORROSION IN
FLUOROMETRIC DETERMINATION OF

MOUSE HEMOGLOBIN / AMINO ACID SEQUENCE OF BETA /
MOUSE HEMCGLOBIN / EDMAN DEGRADATION METHOD ) /0

MS -7
MS RE
MS RE
MS RE
MSRE
MSRE
MS RE
MS RE
MSRE
MS RE
MSRE
MS RE
MS RE

SPARK SOURCE MASS SPECTROGRAPH / NICKEL - C
} /171 / 4096 CHANNEL PULSE-HEIGHT.ANALYZER
/ RATIO OF URANIUM(TIT} TO URANIUM{IV) IN /
/ TRU / ORNL MODEL-Q-1L457 FLAME SPECTROPHO/
BLANKET GAS { HELIUM BREAKDOWN VOLTAGE DETE
CONTROL PROGRAM ) /ETERMINATIDN OF IRON / C
FUEL / TOTAL GAS RELEASED FROM PLUTONIUM 0/
FUEL BY A HYDROGEN REDUCT ION METHOD ( TRANS
FUEL ELEMENTS ) / MICROSCOPY OF PLUTONIUM-2
FUEL SALT / USE OF COMPUTER PROGRAMS IN AN/
FUELS ) /NIUM{IIIY TO URANTUMUIV)} RATIOS IN
PUMP OIL WITH BORON TRI FLUORIDE ( HYDROCAR
SALTS { ORR MOLTEN SALT )}

MULTIPLE GAMMA-RAY SPECTRA FOR DIRECT EFFICIENC/
MUSCOVITE / ORIGIN OF SOLAR SYSTEM: / ORIGIN OF /

NyN BJS { 2 FYCRCXY ETHYL ) GLYCINE / ESCHERICH/
NAPHTHALENE/ ANILINE / | CHLORO PROPANE / HEXYL/
NAPHTHALENE / GLUTATHIONE / IS0 GLUTATHIONE / G/
NAPHTHALENE / HEPTYL CECYL AMINE / OI DOOECYL N/
NAPHTHALENE / OLEIC ACID / 2 ( 3 HEXYL ) NAPHTHA
NAPHTHALENE / | ( 2 HEXYL ) NAPHTHALENE /7 2 ( 2/
NAPHTHALENE / | ETHYL NAPHTHALENE /7 2 N HEXYL N/
NAPHTHALENE / | ISO PROPYL NAPHTHALENE / | ETHY/
NAPHTHALENE./ | N HEXYL NAPHTHALENE / | SEC BUT/
NAPHTHALENE / | N PROPYL NAPHTHALENE / ! I1SO PR/
NAPHTHALENE / | SEC BUTYL NAPHTHALENE / 1 N PRO/
NAPHTHALENE / 1,1 DI HEXYL CI HYDRO NAPHTHALENE/
NAPHTHALENE / 1,2 DI hEXYL CI HYDRO NAPHTHALENE/
NAPHTHALENE / 1,2 DI METHYL NAPHTHALENE / 5A MO/
NAPHTHALENE / 2 ( 2 HEXYL )} NAPHTHALENE / | N H/
NAPHTHALENE / 2 CODECYL NAPHTHALENE / 1 ( 2 HEX/
NAPHTHALENE / 2 COOECYL 6 LAUROYL NAPHTHALENE //
NAPHTHALENE / 2 N HEXYL NAPHTHALENE / t,t DI HE/
NAPHTHALENE / 2,2 DI HEXYL DI HYDRO NAPHTHALENE/
NAPHTHALENE / 2,6 DI COCECYL NAPHTHALENE / 2 DO/
NAPHTHALENE / 2,6 DI COCECYL NAPHTHALENE | SULF/

NAPHTHALENE / 5A MOLECULAR SIEVE COLUMN / FISK /
NAPHTHALENE SULFONIC ACIC / ALPHA,ALPHA/ DI PIP/
NAPHTHALENE t SULFONIC ACID / 2 LAUORYL NAPHTHA/
NATURAL SALT ) /ALT / STORAGE OF RADIOACTIVE MAT
NEC TRI CECANOATE / FLUORINE ( DI ) OXIDE / LIT/

NECN
NECN
NECN
NEON
NECN
NECN
NECN
NEON
NEON
NECN

NE CN-
NEON-
NE CN-
NEUTRON ACTIVATICN ANALYSIS
NEUTRON ACTIVATICN ANALYSIS

IN AMBLYGCNITE / NEON IN FLUORITE / NEON 1/
IN FLUORITE / NEON IN URANINITE / NEON IN /
IN LEPIDOLITE / NEON IN AMBLYGONITE / NEON/
IN MINERALS ANC IN VOLCANIC GLASSES ( NEON

IN MUSCOVITE / ORIGIN OF SOLAR SYSTEM / OR/
IN OBSIDIAN / NEON IN QUARTZ / NEON IN MUS/
IN PEARLITE / NEON IN.OBSIDIAN / NEON IN Q/
IN PUMICE / NEON IN PEARLITE / NEON IN OBS/
IN QUARTZ / NEON IN MUSCOVITE / ORIGIN OF /
IN URANINITE / NEON IN PUMICE / NEON IN PE/
20 / NEON-21 / NEON-22 / FLUORINE-19 / SOD/
21 / NEON-22 / FLUORINE-19 / SODILM-22 / L/
22 / FLUORINE-19 / SOOIUM-22 / LITHILM=6 //

r

MICROELEME

NEUTRON ACTIVATION ANALYSIS ( FLUORINE IN FLUORS
NEUTRON ACTIVATICN ANALYSIS ( TEXAS NUCLEAR CORP
NEUTRON ACTIVATICN ANALYSIS AT THE OAK RIDGE ELE
NEUTRON ACTIVATICN ANALYSIS FOR OXYGEN IN ALKALI
NEUTRON AND GAMMA-RAY DOSES AT THE TCC CYCLOTRO/
NEUTRON BACKGROUND / VERIFICATION OF AUTHENTICI/
NEUTRON BCMBARCMENT OF IRON-5B-) / / DECAY CHARA
NEUTRON CROSS SECTION OF BERKEL IUM-249 / ZIRCON/
NEUTRON CROSS SECTION OF TIN-112 / RESONANCE INT
NEUTRON CROSS SECTIONS AND RESONANCE INTEGRALS O
NEUTRON DEFICIENT RACIONUCLIDES ( TANTALUM-173 /
NEUTRON FLUX OF CEUTERIUM OXIDE TANK OF BSR / N/
NEUTRON GENERATOR

NEUTRON GENERATOR { THORIUM-232 / URANIUM-232 )

67A-03-C2D
67A-03-02D
674-03-C2D
67A-03-Cl A
678~14-Cl
67A-03-CI
67403020
67A-01-01
67A-08-CIE
674-04=CuH
67A-09-CID
67A-09-C6E
67A-09~02A
67A-D9-CSE
6TPRR-082
67PRR-0€0
67PRR-0T1
67A-08-CIE
67A-04~C4D
67A-05-Cl4
67A-05-Cb
67A-07-C1
678-14-Cb
67B-14-C3
67A-01-12
67A-03-C10
678-14-C5
67B-14-G3
67A-03-01B
674-08-02
67A-D3-CtB
67A-03-CI B
67A-03-CIC
67A-03-00 A
6TPRR~OCY
67A-07-Cl
67A-05-Ct8
67A-04-014
67A-04-038
67A-04~C3A
67A-0u~-038
67A-04-038
67A-Du-038
67A-04-C38
67A-04-C38
67A-04-038
67A-04-038
67A-04-538
6TA-Qu-C3B
67A-0u-GI A
6TA-04-C38
67A-04-C38
67A-04-C38
67A-04-038
67A-04-038
67A-04-C38
67A-04-C38
6TA-0u-01A
67A-0u-03A
67A-04-038
674-02-C6
67A-04-03A
67A-07-Ch
6TA-07-Cb
67A-07-0k
67A-07-Cl
67TA-D7-CU
67A-07-C4
67A-07-C4
67A-07-Cl
67A-07-Cb
67A-07-Cu
67A-D7-Cl4
6TA-07-C4
67A-07-Cb
67PRR-026
6TPRR-OI
674-09-05C
6TA-09-C5A
67A-09- 03D
67A-09-C5B
67A-09-038
67A-09-L4D
67A-09-054A
67A-09-CI A
67A-D9-Cl A
67PRR-03I
67A-09-CIC
6TA-09-CI A
67A-09-C5
67A-09-C5E
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~

/N ANALYSIS ( TEXAS NUCLEAR CORPORATION MCDEL-9900 Iu-NEV
/EMISTRY LABORATORY.{ DETERMINATION OF OXYGEN WITH 1L-MEV
) ’ A BIAXIAL SAMPLE ROTATOR FOR lu~-MEV
AL ROTATOR / / ACTIVATION ANALYSIS WITH A CALIFORNIUM-252
THE 86~INCH CYCLOTRON AS A SOURCE CF FAST

/MATIC RABBIT SYSTEM / BIAXIAL ROTATOR / FISSION SPECTRUM
BIAXTAL ROTATOR / FISSION SPECTRUM NEUTRONS / THERVMALIZEO
REACTIONS BETWEEN Ju4.7-NEV

/ASS SPECTROMETRY- { MS~-7 SPARK SOLRCE MASS SPECTROGRAPH./
ELECTROMOTIVE FORCE ( EMF ) MEASUREMENTS ON THE

EXCHANGE CURRENT MEASUREMENTS ON

VOLTAMMETRIC AND EMF MEASUREMENTS ON

/RANIUM / CONTROL LIMIT.-FOR COLORIMETRIC DETERMINATION OF
/TS / RELATIVE ISOTOPIC ABUNDANCES OF CHROMLUM, IRCN, AND
/GH PURITY MAGNESIUM OXIOE / NICKEL-64 — ALUMINUM ALLCY /
// NIOBIUM-92 / NIOBIUM-95 / CESILM-137 / MOLYBDENUM-99 /
/JTERS { TRITIUM / CARBON-14 / PHDSPHORUS-33 / SULFUR-35 /
REACTIONS BETWEEN Iu4.7~-MEV NEUTRCNS AND

/RIDE / MAGNESTUM NITRIDE / HIGH PURITY MAGNESIUM CXIDE /
/XIDE / NICKEL—-64 - ALUMINUM ALLOY / NICKEL-61 FLUCRIDE /
ELECTROMDTIVE FORCE ( EMF ) MEASLREMENTS ON THE NICKEL -
EXCHANGE CURRENT MEASUREMENTS ON NICKEL -

VOLTAMMETRIC AND EMF MEASUREMENTS ON NICKEL -

LOMETRIC TITRATOR { STANDARD NUCLEAR INSTRUMENT MODULES (
~2943 VOLTAMMETER / STANDARD NUCLEAR INSTRUMENT MODULES {
SPECTROPHOTOMETRIC THIO CYANATE DETERMINATION DF

TIVES TO INCUCE THE SELECTIVE LIQUID-LIQUID EXTRACTION OF
/DDITIVES TD INDUCE SELECTIVE LIQUID-LIQUID EXTRACTION OF
/METRIC ANALYSIS OF ALLOYS OF COBALT, TITANIUM, VAKNADIUV,
/EASUREMENTS ( THULTUM-1T70 / CADMIUM-109 / SAMARIUM-151 /
// CESIUM-137 / MOLYBDENUM-99 / NICKEL-63 / NIOBIUM-95M /
/ THULTIUM-370 / CADMIUM-109 / SAMARIUM-151 / NIOBIUM-92 /
/- IDCINE-122 / CALCIUM-4T / CHLORINE~36 / ZIRCONIUM-95 -
/ / NIOBIUM-95 / CESIUM-137 / MOLYBDENUM-99 / NICKEL-63 /
IN-112 / RESONANCE INTEGRAL OF TIN-11/ NEW NUCLEAR DATA (
/CARBDNATE - HYDROXIDE EQUILIBRIA / ECDLOGY / PHGSPHATE /
/LCIUM ACTIVITY ELECTRODE / FLUORIDE ACTIVITY ELECTRODE /
RKELIUM ) AUTIDECOMPOSITION OF BROMATE IN ACID
REMOV ING LANTHANIDES AND TRIVALENT ACTINIDES FROM AQUEQUS
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PER DISK TECHNIQUE FOR THE DETERMINATION CF TRANSFER RIBC
/ON OF LEUCINE AND PHENYL ALANINE ACCEPTING TRANSFER RIBC
/T IN THE MEASUREMENT OF OPTICAL DENSITY OF TRANSFER RIBC
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/IN LAYER CHROMATOGRAPHY OF CONSTITUENTS OF TRANSFER'RIBC
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/ A / DES FORMYL GRAMICIDIN A HYDROGEN IODIDE SALT / TALL
/ED SPECTROMETRY ( BECKMAN IR-12 SPECTROPHOTOMETER / TALL
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POLAROGRAPHIC DROPP ING MERCURY ELECTRODE
POLAROGRAPHIC STUDIES WITH THE TEFLON DROPPING M
POLAROGRAPHIC TECHNIQUE CONTROLLED POTENTIAL O
POLAROGRAPHY .

POLAROGRAPHY

POLAROGRAPHY CONTRO
POLAROGRAPHY I. INSTRUMENTATIDN, APPARATUS, AND
POLAROGRAPHY [I1. THE DELTA-E DIFFERENTIAL POLAR
PCLAROGRAPHY IV. DETERMINATE AND STATISTICAL ER
POLAROGRAPHY } CONTROLLED POTEN
POLAROGRAPHY - COMPARATIVE POLAROGRAPHY
POLARDGRAPHY { ERRORS IN COMPARATIVE POLARQOGRAPH
POLAROGRAPHY ( SIGNAL TO NOISE RATIO { S/N ) OF/
POLAROGRAPHY, THEORY AND EXPERIMENT / POLAROGRAP
POLLUTANTS (CAROLINAS VIRGINIA TUBE REACTOR ( CV
POLLUTION / FREE AMMONIA / TOTAL AMMONIA / INOR/
POLY ACRYLAMIDE €GEL / BUFFALO BLUE BLACK )

POLY ACENYLIC ACID / POLY CYTIDYLIC ACID / POLY/
POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY/
POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY/
POLY CYTICYLIC ACID / POLY GUANYLIC ACID / POLY/
POLY CYTICYLIC ACID / POLY URIOYLIC ACID ) /ATOG
POLY CYTICYLIC ACID / POLY URIDYLIC ACID ) /MERS
POLY ETHYLENE 'IMINE - CELLULDSE - A NEW ANION EX
POLY ETHYLENE IMINE - CELLULOSE /EOSIDES, AND NU
POLY ETHYLENE IMINE ( PEI ) / CELLULOSE MN-3CO0 /
POLY GUANYLIC ACID / POLY URIDYLIC ACID ) -/MOPOL
POLY NUCLEAR HYCROCARBONS / AMINES / ALCOHOLS //

POLY URIDYLIC ACID ) /ATOGRAPHY ( ESCHERICHIA-CO®

POLY URIDYLIC ACID. ) /MERS BY LIGAND EXCHANGE CH
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DENYLIC ACID / POLY CYTIDYLIC ACIO / POLY GUANYLIC ACIO /
CRYST/ SURFACE CHEMISTRY STUOIES - ADSORPTION OF WATER ON

CRNL
/L—bl FLUORIOE / NICKEL-6Y4 ~ VANADIUM ALLOY / HIGH PURITY
TER CCNTROLLED
{ VOLTAMMETRY OF MOLTEN SALTS / ORNL MODEL-Q-/ CCNTROLLED
/ FAST SCAN RATES AND SHORT TRANSITION TIMES { CONTROLLED

CCNTROLLEO

CCNTROLLED

I) IN THE PRESENCE OF COPPER(II) ( HYOROXYL A/ CONTROLLED
’ CONTRCLLED

6y } MODIFICATIONS TO THE HIGH SENSITIVITY CONTRCLLED

R INSTRUMENT MODULES ( NIM ) )
50 ANC MODEL-Q-2564 )
-2792 ) . CONTRCLLED
ME CONTROLL ER A SOLID STATE, CONTROLLED
L-Q-2792 } (FIRST DERIVATIVE POLAROGRAMS / SE/ CCNTROLLED
UMENTATION, APPARATUS, AND TECHNIQUES CONTROLLED
DELTA-E DIFFERENTIAL POLARDGRAPHIC TECHNIQUE CONTROLLED
RMINATE AND STATISTICAL ERRORS IN COMPARATIVE/ CONTROLLED
TIVE POLAROGRAPHY CCNTRCLLED
IN COMPARATIVE POLAROGRAPHY ') CONTROLLED
[RST IONIZATION POTENTIALS OF LANTHANIDES / F/ IONIZATION
COUPLE { ORNL MODE/ FEASIBILITY OF DETERMINING THE FCRMAL
SURFACE IONIZATION II. THE FIRST IONIZATION
/AL MEASUREMENTS BY SURFACE IONIZATION ( FIRST IONIZATION
T IONIZATION POTENTIALS OF LANTHANIDES / FIRST IONIZATION
i VELOCITY - SERVC
ON / APPLIED ACTIVATION ANALYSIS { BISMUTH-207 IN BISMUTH
THANE / APPLICATIONS OF GAS CHROMATOGRAPHY TO PROBLENMS IN
/5 / NICKEL-63 / PROMETHIUM-147 / 2,5 DI PHENYL OXAZOLE (

SOLID STATE CONTROLLED
CONTROLLED

CHEMICAL ANALYSIS/ REVISION OF ASTM TENTATIVE RECOFMMENDED
TRON MICROSCOPY AND ELECTRON DIFFRACT/ THE EXAMINATION OF
0YS ( BO/ OISPERSION HAROENING STUDIES - CONTROLLED OXIOE
/ORIDE BY RADIOLYTICALLY GENERATED CHLORIDE / HOMOGENEOUS
/ OF RYDROCHFLORIC ACID FROM CHLORAL HYDRATE / HONCGENECUS
RY ELECTRODE ( D.M.E. } ( ORNL MODEL-Q-29%94/ APPARATUS FOR
XED METAL OXIOES ( INERT GAS FUSION METHOD / LECO NITROX/
FERENCE TO COULOMETRY | THE ACCURATE AND
- TIVE CC POLAROGRAPHY ( SIGNAL TO NOISE / INVESTIGATION CF
A SOLIO STATE, CONTROLLED POTENTIAL DC POLAROGRAPH AND A
EXCITED ISOTOPIC LIGHT SDURCE:-( MATHREMATICAL MODEL OF BE/
T USING A RADIDISOTOPIC LIGHT SOURCE PHOTOMETER
/CAL APPLICATIONS OF THE SECONDARY EFFECTS OF RADIATICN -
ON RESISTANT

MITCHELL - SCOTT PROCEDURE / PHOSPHORUS-32 / F/ CHEMICAL
OCHEMICAL ANALYSIS OF NUCLEAR FUELS

IDE / CESIUM CHLORIOE '/ GADOLINIUM-1460 / GERMA/ INCRGANIC
UTYL BENZYL PHOSPHONIUM CHLORIDE / TETRA N BUTYL/ CRGANIC
- /N / FISK 604 MOLD RELEASE / HONAKER - HORTON PYROLYZER /

TY A COMPARATIVE CCNDENSATION
/0N OF ISOTOPE MATERIALS ( PHOSPHORUS-3I IN PHCSPHCRUS-32
/THUL IUM-1T1 /7 4096 CHANVEL PULSE—HEIGHT ANALYZER FISSION
IODINE- 131,

EXTRALABCRATORY

GRADUATE THESIS RESEARCH

SUMMER STUDENT

APPLICATION OF CCMPUTER

TO URANIUM(IV) RATIOS IN MSRE FUEL SALT / USE OF CCMPUTER
TROCHEMICAL TECHNIQUES T) RE/ PREPARATION OF CHAPTERS FOR
L CHEMISTRY BOOK REVIEW OF,
ANALYTICAtL CHEMISTRY DIVISICN ANNUAL

ATIVE INDEXES TO THE ANALYTICAL CHEMISTRY DIVISICN ANNUAL
T / HYOROCHLORIC ACID RELEASE FROM BE/ STUDIES RELATED TO
ANALYTICAL CHEMISTRY FOR REACTOR

-/9 / NICKEL-63 / NIOBIUM-95M / NIOBIUM-93¥ / RADIUN-226 /
T OF RADIATION STIMULATEO LIGHT SCURCES - EXCITATICN WITH
/NALYSES LABORATORY ( PLUTONIA SOL-GEL PROGRAM / CARBCN /
/UM / CARBON-14 / PHOSPHJRUS-334/ SULFUR-35 / NICKEL-63 /
/IDE CHLOROFORM / 2 ETHYL NAPHTHALENE / ANILINE / | CHLCRC
/1 SEC BUTYL NAPHTHALENE / | N PROPYL NAPHTHALENE / 1 ISO
/ 7/ 1 N HEXYL NAPHTHALENE / 1 SEC BUTYL NAPHTHALENE / ) N
PREPARATIVE GEL ELECTROP40RESIS OF

CENTRIPHORESIS ( SEPARATICN CF

E GEL / BUFFALD BLUE BLACK ) ELECTROPHQORESIS OF
TOGRAPHY OF AMANITA TOXINS / THIN LAYER CHROMATOGRAPHY OF
BRIDGE ELECTRON ACCEL/ EVIDENCE OF PHOTOFISSICN OF IRCN {
/ / EINSTEINIUM / AMERICIUM / EXTRACTION CHROMATOGRAPHY./
/ ~ ZINC-69M / TELLURIUM-132 / THLLIUM-1TI / 4096 CHANNEL
HALLJIUM ) S/ A FILM RECORDING RADIATION EVENT MCNITOR FOR
/YGONITE / NEON IN FLUORITE / NEON IN URANINITE / NEON IN
} ANALYSIS OF OFF-GAS FROM TESTS OF COMPATIBILITY CF NSRE
A NEW WAY TO MAKE

MENTS ( BECKMAN MODEL-315 PROCESS INFRARED A/ ANALYSIS OF
/HENOYL TRI FLUORO ACETONE ~ XYLENE - APPLICATIONS TO TRHE
/AS CHROMATOGRAPHY ( VARIAN-AEROGRAPH GAS CHROMATOGRAPH /
GAMMA-RAY SPECTRUM OF PLUTONIUM-245 / GAMM/ RADIQCHEMICAL
R-64 / ELECTRODIALYSIS OF WATER THROUGH ANION PERMEABLE /
CONDENSATION PRESSURE ANALYZER FOR URANIUM HEXA FLUORIDE

POLY URIDYLIC ACID ) /MOPOLYMERS OF RNA / POLY A
POROUS ANC NONPOROUS SAMPLES OF THORIUM OXIDE (
POSTDOCTCRAL PRCCGRAM

POTASSIUM CHLORICE / SAMARIUM(II) FLUORIDE / S0/
POTENTIAL AND CONTROLLEO CURRENT CYCLIC VOLTAMME
POTENTIAL CONTROLLEC CURRENT CYCLIC VOLTAMMETER
POTENTIAL CONTROLLEO CURRENT CYCLIC VOLTAMMETER/
POTENTITAL COULOMETRIC OETERMINATION OF AMERICIUM
POTENTIAL COULOMETRIC OETERMINATION OF AMERICIUM
POTENTIAL COULOMETRIC DETERMINATION OF URANIUM(V
POTENTIAL CCULOMETRIC TITRATION OF AMERICIUM
POTENTIAL COULOMETRIC TITRATOR ( ORNL MOOEL-Q-25
POTENTIAL COULOMETRIC TITRATOR ( STANDARD NUCLEA
POTENTIAL CCULOMETRIC TITRATORS { MODEL-Q-2005-X
POTENTIAL OC POLAROGRAPH — VOLTAMMETER ( MODEL-Q
POTENTIAL OC POLAROGRAPH AND A PRECISION OROP TI
POTENTIAL DC POLAROGRAPH VOLTAMMETER ( ORNL MODE
POTENTIAL DIFFERENTIAL DC POLAROGRAPHY 1. INSTR
POTENTIAL DIFFERENTIAL CC POLAROGRAPHY II. THE
POTENTIAL CIFFERENT IAL CC POLAROGRAPHY [IV. OETE
POTENTJAL OIFFERENTITAL DC POLAROGRAPHY - COMPARA
POTENTIAL DIFFERENTTAL DC POLAROGRAPHY ( ERRORS
POTENTIAL MEASUREMENTS BY SURFACE IONIZATION { F
POTENTIAL OF THE BERKEL IUM( Iv) - BERKELIUM(III)
POTENTIAL OF URANIUM

POTENTIALS OF LANTHANIDES / FIRST IONIZATION PO/
POTENTIALS CF- RARE EARTH ELEMENTS } /TION { FIRS
POTENTICMETRIC TITRATOR .

POWCER / CELAYEC NEUTRON BACKGROUND / VERIFICATI
POWOER METALLURGY ) / SULFUR HEXA FLUORIDE IN ME
PPO )'/ 2,5 BIS (2 ( 5 TERT BUTYL BENZ OXAZOYL /
PRACTICE CF ACTIVATION

PRACTICES FOR PHCTOGRAPHIC PHOTOMETRY IN SPECTRO
PRASEODYMIUM AND EUROPIUM HYDROXIDE SOLS BY ELEC
PRECIPITATION IN FLAKE ALUMINUM AND ALUMINUM ALL
PRECIPITATION OF BARIUM SULFATE BY RADIOLYTICAL/
PRECIPITATION OF SILVER CHLORIOE-BY RADIOLYTICA/
PRECISE CONTROL OF CROP TIME OF A DROPPING MERCU
PRECISE CETERMINATION OF OXYGEN IN METALS ANO MI
PRECISE DETERMINATION OF URANIUM WITH SPECIAL RE
PRECISICN ATTAINABLE IN SINGLE CELL FIRST DERIVA
PRECISION DROP TIME CONTROLLER

PRECISION PHOTOMETRIC ANALYSIS BY USE OF A BETA
PRECISICN PHOTOMETRIC ANALYSIS IN THE ULTRAVIOLE
PRECISICN PHOTOMETRY USING ‘A RADIOISOTOPIC LIGH/
PRECISICN PIPETTER, REMOTELY CDNTROLLED, CORROSI
PRECONCENTRAT ION OF TRACE ELEMENTS IN BONE ASH (
PRECONCENTRAT ION OF TRACE ELEMENTS IN THE SPECTR
PREPARATICNS ( EBERYLLIUM NITRIDE. / CADMIUM CHLOR

PREPARATIONS ( PARA AMINO BENZYL AMINE / TRI N B~

PREPARAT IVE GAS CHROMATOGRAPHY / GAS CHROMATOGR/
PREPARATIVE GEL ELECTROPEORESIS OF PROTEINS
PRESSURE ANALYZER FOR URANIUM HEXA FLUORIDE PURI
PRCDUCT / STRONTIUM-90 - YTTRIUM-90 / ERBIUM TR/
‘PRODUCT ANALYSES / MOLTEN SALT LOOP EXPERIMENT /
PRCDUCT ANALYSIS GUIDE

PRCFESSICNAL ACTIVITIES

PRCGRANMS

PRCGRAMS

PROGRAMS FOR ANALYSIS OF RAOIOISOTOPES

PRCGRAMS IN ANALYSIS OF MSRE FUELS ) /NIUM(IIT)
PRCGRESS IN NUCLEAR ENERGY { APPLICATION OF ELEC
PRCGRESS IN NUCLEAR ENERGY, SERIES IX. ANALYTICA
PRCGRESS REPORT FOR PERIOD ENDING OCT.21, 1966
PRCGRESS REPORTS 1964~1966 cumMuL
PRCJECT SALT VAULT { WATER CONTENT OF BEDDED SAL
PRCJECTS

PRCMETHIUM-146 / HAFNIUM-181 / PLUTONIUM=241 / /
PRCMETHIUM~147 DEVELOPMEN
PROMETHIUM=147 / MSRE / RATIO OF URANIUM(III) T/
PRCMETHIUM=I4T / 2,5 DI PHENYL OXAZOLE ( PPO ) /
PRCPANE / HEXYL NAPHTEALENE / 1,2 DI METHYL NAP/
PRCPYL NAPHTHALENE / | ETHYL NAPHTHALENE / 2 N/
PRCPYL NAPHTHALENE / 1 ISO PROPYL NAPHTHALENE //
PROTEINS

PRCTEINS ) :

PROTEINS ( GISC ELECTROPHORESIS / POLY ACRYLAMID
PROTEINS ON SEPHADEX G-75 SUPERFINE GEL ) /HROMA
PROTON INCUCED REACTIONS IN THE GEV REGION / CAM
PULSE~HEIGHT ANALYSIS / FLUORICE / PYROHYDROLYS/

PULSE-HEIGHT ANALYZER FISSION PRODUCT ANALYSES /.

PULSED X AND GAMMA RADIATION ( CESIUM IODIDE ( T
PUMICE / NEON IN PEARLITE / NEON IN OBSIDIAN / /
PUMP OIL WITH BORON TRI FLUORIDE { HYDROCARBONS

PURE CERIUM-141

PURGE GAS FROM IN-PILE TESTS OF REACTOR FUEL ELE
PURIFICATION ANC RADIOCHEMICAL DETERMINATION OF/
PURIFICATION OF CRGANIC COMPOUNDS BY GAS CHROMA/
PURIFICATION OF PLUTONIUM-2L45 — PLUTONIUM-2u46 (

PURIFICATION OF WATER AND OTHER REAGENTS ( COPPE
PURITY ’ A COMPARATIVE
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/ BROMIDE / MAGNESIUM CHLORIDE / MAGNESIUM NITRIDE / HIGH
// NICKEL-61 FLUORIGE / NICKEL-64 - VANADIUM ALLCY / HIGH
/TION CHROMATOGRAPHY / PULSE-HEIGHT ANALYSIS / FLUCRICE /
DENSITY GRADIENT APPLICATIONS ( DENSITY CF
CHRONOPOTENTIOMETRY OF THE IODINE SYSTEM AT THE

C REACTIDNS OF THE HALIDES IN DI METHYL SULF OXIDE AT THE
IONATE ) ANODIC REACTIONS OF THIO SULFATE AT THE RCTATING
REC S / Z1R/ VOLTAMMETRIC METHOO FOR FLUORIDE ( RCTATING
/ SIEVE COLUMN / FISK 604 MOLO RELEASE / HONAKER - HCRTON
CTIONS WITH HELIUM-3 PARTICLES / NUCLEI RECOQOIL ENERGIES /
DETERMINATION OF URANIUM / CONTROL LIMIT FOR COLORIMETR/
TUM-u7 / SELENIUM-75 / TECHNETIUM-99M / TIN-113 / XENCN-/
ISION, OCT.-0EC., 1966 STATISTICAL
ISION, JAN.-MAR., 1967 STATISTICAL
ISION, APR.-JUNE, 967 . STATISTICAL
/N PUMICE / NEON IN PEARLITE / NEON IN QOBSIDIAN / NECN IN

THE BALANCEC

IQUID SCINTILLAT/ THEODRETICAL AND EXPERIMENTAL ASPECTS OF
/ALYSIS WITH A CALIFORNIUM-252 NELTRON SOLRCE { PNEUMATIC
/ THE ANALYTICAL APPLICATIONS OF THE SECONDARY EFFECTS OF
/RECOROING RADIATION EVENT MONITOR FOR PULSED X AND GAMMA
BORATORY ( LRL ) } LOW LEVEL
ACIATION ( CESIUM IODIDE ( THALLILM ) S/ A FILM RECORDING
N OF URANIUM AS THIO CYANATE COMPLEX ( / EFFECTS OF GAMMA
AMPLES / CALIFORNIUM / CURIUM / EINSTEI/ HIGH LEVEL ALPHA
EFFECTS OF
RADIOLYSIS OF
DEVELOPVMENT OF
WITH PRDMETHIUM-1LT DEVELOPFMENT OF
AMERICIUM-241 ( PLUTONIUM-238 / DECAY / HIGH ENERGY GAMMA
/MATERIALS ( ELECTRON MICROSCOPY OF PLUTONIUM-238 CXIOE /
NUCLEAR SAFETY — RETENTICN OF

/IDANT PRDDUCED BY RADIOLYSIS OF BEDDED SALT / STORAGE CF
LUTONIUM-238 OXIDE / RAOIOACTIVE / ELECTRCN MICROSCOPY OF
THOD ( TRANSPIRATIDN ME/ DETERMINATION OF URANIUM(III} IN
SPARK SOURCE MASS SPECTROMETRY OF

METRY : ANALYSIS OF SCLUTICN AND
METRY ANALYSIS OF SOLUTION ANC
ERYLL IUM FLUORIDE MELTS / FUEL ELEMENTS / BORCN NITRIOE /
. PROPERTIES OF ROCK SALT OF INTEREST TO

75 / TECHNETIUM-99M / TIN-113 / XENON-/ QUALITY CONTRCL (
NUCLEAR AND

O ACETONE - XYLENE - APPLICATIONS TO THE PURIFICATION AND
UTONIUM-246 { GAMMA-RAY SPECTRUM OF PLUTONIUM-245 / GAMM/

/ THIO SULFATE }

GEN WITH I4=MEV NEUTRON GENERATOR / PHOS/ RADIOISOTOPES -
BOOK REVIEW OF,
STANDARDS
ICs . BOOK REVIEW OF,
M / RUTHENIUM-106 / IRIDIUM-192 )
APPLICATION OF COMPUTER PROGRAMS FOR ANALYSIS OF
RMINATION OF OXYGEN WITH |4-MEv NEUTRON GENERATOR / PHOS/

AL RESEARCH APPLICATION OF
NDARY EFFECTS OF RADIATION - PRECISION PHOTOMETRY USING A
PRECISION PHOTOMETRIC ANALYSIS IN THE ULTRAVIOLET LSING A
) . CRNL - ROSS
/0RIC ACID RELEASE FROM BEODED SALT / OXIDANT PRODUCED BY
S ( BORIC ACID / THIO SULFATE )
MINE TETRA ACETIC.ACID / STUDY DF NUCLEATION PROCESSES BY
/ENTS IN ANALYTICAL CHEMISTRY { HOMOGENEOUS SEPARATIONS /
/D SALT / STORAGE OF RADIOAC TIVE MATERIAL IN SALT MINES /
/HLORIDE / HOMOGENEOUS PRECIPITATION OF BARIUM SULFATE BY
/YDRATE / HOMOGENEOUS PRECIPITATION OF SILVER CHLORIDE BY
CHEMISTRY ( HOMOGENEOUS SEPARATIONS / RA/ APPLICATIONS OF
OF URANIUM AS THIO CYANATE COMPLEX { STANNQOUS CHLCRIDE /
. BOOK REVIEW CF,
‘ NUCLEAR PROPERTIES OF
HALF-LIVES AND SPECIFIC ACTIVITIES OF CO¥MON
ANALYTICAL CHEMISTRY OF
NUCLEAR SPEC TROSCOPY OF NEUTRCN DEFICIENT
/NUCLEY TN ACTIVATION ANALYSIS ( HELIUM-3 / SEPARATIOQON OF
/ MOLYBDENUM-99 / NICKEL~63 / NIOBIUM-95M / NIOBIUFM-93M /
SILICIC ACID 7/ ALIZARIN COMPLEXONE )
} BY ANION EXCHANGE NEW METHDD FCR THE
/RY ELECTRODE ( D.M.E. } ( EVALUATION OF VERTICAL CRIFICE
OTENTIALS OF LANTHANIDES / FIRST IONIZATION POTENTIALS OF
IUM IN LITHIUM FLUORIDE - BER/ DETERMINATION OF TRACES OF
THE SOLS, GELS, AND OXIDE MICROSPHERES PREPARED FRGCM THE
/E - BERYLLIUM FLUORIDE - ZIRCONIUM FLUORIDE AT FAST SCAN
CTIVATION ANALYSIS ( AVERAGE CROSS SECTION / INTERFERENCE
€ CELL FIRST DERIVATIVE DC PDLAROGRAPHY ( SIGNAL TC NCISE
AME PEOTOMETRIC SENSITIVITY BY INCREASING SIGNAL TC NCISE
ROMATOGRAPHY ( ESCHERICHIA-COLI-B / YEAST / POLY AD/ BASE
/TONIA SOL-GEL PROGRAM / CARBON / PROMETHIUM-I47 / MSRE /
/TRANSPIRATION MEASUREMENTS / URANIUM(III) TO URANIUM{IV)
0SCOPY OF PLUTONIUM-238 DXIDE / RADIOACTIVE CORROSION ANC
S / NUCLEI RECOIL ENERGIES / Q@ VALUES OF HELIUM-3 INDUCED
ACETIC ACID / STUDY OF NUCLEATION PROCESSES BY RADIOLYTIC

PURITV ¥ AGNES IUM OXICE / NICKEL-64 ~ ALUMINUM A/

PURITY POTASSIUM CHLORIDE / SAMARIUM(II} FLUORI/
PYROHYDROLYSIS / PLUTONIUM / ISOTOPIC DILUTION /
PYROLYTIC CARBON PARTICLES ‘) .
PYROLYTIC GRAPHITE AND GLASSY CARBON ELECTRODES
PYROLYTIC GRAPHITE ELECTRDDE ANDDI
PYROLYTIC GRAPHITE ELECTRDCE ( RPGE. ) { TETRA TH
PYROLYTIC GRAPHITE ELECTRODE { RPGE.) / ALIZARIN
PYROLYZER / PREPARATIVE GAS CHROMATOGRAPHY / GA/
Q VALUES OF HELIUM-3 INDUCED REACTIONS ) /AR REA
QUALITY CONTROL ( CONTROL L IMIT FOR COLORIMETRIC
QUALITY CONTROL ( RACIDACTIVITY STANDARDS / CALC
QUALITY CONTROL REPORT, ANALYTICAL CHEMISTRY DIV
QUALITY CONTROL REPORT, ANALYTICAL CHEMISTRY DIV
QUALITY CONTROL REPORT, ANALYTICAL CHEMISTRY DIV
QUARTZ / NEON IN MUSCOVITE /7 ORIGIN OF.SOLAR SY/
QUATERNARY PHOSPFONIUM HKALIDES

QUENCHING METHOC FOR COUNTING CARBON-1IL
QUENCHING VARTABLES FROM BIOMEDICAL SAMPLES IN L
RABBIT SYSTEM / BIAXIAL ROTATOR / FISSION SPECT/
RACIATICN - PRECISION PHOTOMETRY USING A RADIOIS
RACIATION ( CESIUM IODIDE ( THALLIUM ) SCINTILL/
RACIATION COUNTING FACILITY ( LUNAR RECEIVING LA
RACIATICN EVENT MONITOR FOR PULSED X AND GAMMA R
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CCURATE AND PRECISE DETERMINATION OF URANIUM WITH SPECIAL
-MEV NEUTRON ACTIVATION ANALYSIS FOR OXYGEN IN ALKALI AND
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ABSORBING CONSTITUENTS AUTOMATIC, HIGH
ORBING CONSTITUENTS ( NUCLEOTIDE ANALYZER/ AUTOMATIC HIGH
S { ALKYL SUBSTITUTED AROMATIC HYDROCARBONS / ORGANI/ LOW
PER CHLORATE MEOIA II. THE EFFECTS OF HYDROLYSIS ON THE
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/R / CESIUM / CESIUM-13¢6 / TRITIUM / LEAKS IN HFIR TARGET
ORNL -
TETRA THIONATE } ANODIC REACTIONS OF THIO SULFATE AT THE
ALIZARIN RED S / ZIR/ VILTAMMETRIC METHOD FOR FLUCRIDE (
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/T OF BEDOED SALT / HYDROCHLORIC ACID RELEASE FROM BEODED
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TH 2 THENOYL TRI FLUO/ USE OF ORGANIC ADDITIVES TO INDUCE
TH THENOYL TRI FL/ USE OF ORGANIC ADDITIVES TO INDUCE THE
/ACING / CACMIUM TRACER / COBALT TRACER / COPPER TRACER /
QUAL ITY CONTROL ( RADIODACTIVITY STANDARDS / CALCIUM-47 /
E DETERMINATION OF TRANSFER RIBO NUCLEIC ACIDS
OF IOCINE-125 TO EXCITE X~R/ ANALYTICAL CAPABILITIES CF A
NERGY IN HELIUM-3 ACTIVATION / SIMPLE METHOD TO CALCULATE
NERGY IN HELIUM-3 ACTIVATION / SIMPLE METHOD TO CALCULATE
T ELEMENTS WITH I1B-MEV HELIUM-3 PARTICLES
DMENT ENERGIES IN HELIUM-3 AC/ SIMPLE METHOD TO CALCULATE
YZER ) IDENTIFICATION OF CHROMATOGRAPHICALLY
ISSOLVER SOLUTION / SPADNS SPECTROPHOTOMETRIC PETHCD FOR/
LIQUID EXTRACTION BEHAVIOR OF AMERICIUM(V) ( AMERICIUM-2/
"UID-LIQUID EXTRACTION BEHAVIOR OF AMERICIUM(V) NEW
ATOGRAPHY ON SILICA GEL G CHROMATOPLATES
ON A COLUMN OF DEXTRAN ( SEPHADEX G-10 )
NION EXCHANGE NEW METHCD FOR THE RAPIC
IUM FROM CERIUM BY EXTRACTION CHROMATOGRAPHY .
KELIUM FROM CERIUM BY EXTRACTION CHROMATOGRAPHY ( LSE OF/
ASES, NUCLEOSIDES, AND NUCLEOTIDES BY TWO DIMENSIONAL TH/
ZARIN COMPLEXONE } RAPID DISTILLATICN
OSE LAYERS THIN LAYER CHROMATOGRAPHIC
CENTRIPHORESIS |
/USE OF RECOIL NUCLEI IN ACTIVATION ANALYSIS ([ HELIUF-3 /
RACER / COPPER TRACER / SELENIUM / ANTIMONY PENTA CXIDE /
SODIuM-2u )
ALKYL BENZENE SULFONATE ( ABS ) CONTROL FOR THE FOA¥

ROCS / URANIUM=235 ./ CURIUM=-245 / SILVER-IH]
RCSS RACIOISOTOPIC LIGHT SOURCE PHOTOMETER
ROTATING PYROLYTIC GRAPHITE ELECTRODE ( RPGE. } (
RCTATING PYROLYTIC GRAPHITE ELECTRODE { RRGE.) /
RCTATOR ) /ERMINATION BY 1u-MEV NEUTRON ACTIVATI
ROTATOR / FISSION SPECTRUM NEUTRONS / THERMALIZ/
ROTATOR .FOR 1u4~MEV NEUTRON IRRADIATION ( TEFLON
RPGE ) ( TETRA TrIONATE ) ANODIC REACTIONS OF TH
RPGE ) / ALIZARIN REC S / ZIRCONIUM - ALIZARIN /
RUBIDIUM-B4 ) /NE-132 / CALCIUM-47 / CHLORINE-36
RUTHENTUM-106 / IRICIUM-192 )

S/N ) OF ORCPPING MERCURY ELECTRODE } /LE CELL F
S/N ) WITH A SIGNAL AVERAGING COMPUTER /AME PHOT
SAFEGUARC SPRAY SOLUTIONS { BORIC ACID / THIO SL
SAFETY

SAFETY - RETENTION OF RADIOACTIVE IODIDES BY IMP
SALT )
SALT
SALT

) /ALT / STORAGE OF RADIOACTIVE MATERIAL IN
/
SALT /
/
/

HYCROCHLORIC ACTO RELEASE FRDM BEDDED SA/
OXIDANT PRODUCED BY RADIOLYSIS OF BEDOEOD/
STORAGE OF RACIOACTIVE MATERIAL IN SALT /
SALT TALL OIL / DI OCTYL PHTHALATE / GLYCEROL/
SALT / USE OF COMPUTER PROGRAMS IN ANALYSIS OF /
SALT EFFECT IN TFE MEASUREMENT OF OPTICAL DENSIT
SALT LCCP EXPERIMENT / MSRE ) /171 / uC96 CHANNE
SALT MINES / RACIOLYTIC RELEASE OF IMPURITIES I/
SALT OF INTEREST TO RADIOACTIVE WASTE DISPOSAL
SALT REACTOR EXPERIMENT

SALT SYSTEMS [ MCL:AR ABSORPTIVITIES OF URANIUM(I
SALT VAULT ( WATER CONTENT OF BEDOED SALT / HYCR
SALTS ANALY
SALTS ) /MULTANEOUS ELECTROCHEMICAL GENERATION A
SALTS ( CRR MOLTEN SALT )

SALTS / CCMPATIBILITY OF SILICON OI OXIOE WITH /
SALTS / ORNL MOCEL-Q-29u43 VOLTAMMETER / STANDAR/
SALTS / SPECTRAL STUDIES OF CHROMIUM(III} IN MO/
SAMARIUM / ISOTOPIC ANALYSIS OF ACTINIDE ELEMEN/
SAVARIUVM, LUTETIUM, GADOLINIUM, TERBIUM, EUROPIU
SAVARIUM=-150 / GADOLINIUM-156 / DYSPROSIUM-164 /
SAMARIUM-151 / NIOBIUM=92 / NIOBIUM=95 / CESIUM-
SAMARIUM{II) FLUORICE / SODIUM(I) OXIDE / SPINE/
SAMPLE ROTATOR ) /ERMINATION BY Iu4-MEV NEUTRON A
SAMPLE ROTATOR FOR I4-MEV NEUTRON ITRRADIATION (
SAMPLER FOR THE TECENICON AUTOANALYZER

SCAN RATES AND SHORT TRANSITION TIMES { CONTROL/
SCHEMES ) /GY GAVMMA RADIATIONS FROM URANIUM-233,
SCHIZOPHRENIC PATIENTS ) /LYZER / CHROMATOGRAMS
SCHOOL 'PAINTING / URANIUM-235 ) /NTICITY OF PAIN
SCIENCE

SCINTILLATION COUNTING SYSTEM FOR WEAK BETA EMIT
SCINTILLATOR ) /ING RADIATION EVENT MONITOR FOR
SCINTILLATOR SYSTEMS /L AND EXPERIMENTAL ASPECTS
SCOTT PROCECURE / PHOSPHORUS-32 / FORMIC ACID //
SEA WATER / WINKLER METHOD / CARBONATE - HYDROX/
SEALED TUBE DISSCLUTIONS { DISSOLUTION OF URANIU
SEARCH FCR NEON IN MINERALS AND IN VOLCANIC GLAS
SEAWATER CESALTING PLANT AND EVALUATION OF DISSO
SEC BUTYL NAPHTHALENE / | N PROPYL NAPHTHALENE /
SECOND CERIVATIVE POLAROGRAMS ) /OGRAPH VOLTAMME
SECONDARY EFFECTS OF RACIATION ~ PRECISION PHOTO
SECONDARY STANDARDIZATIONS WITH DIGITAL COMPLTER
SEIDEL FUNCTION PRELIMINARY CURVE ) / PRACTICES
SELECTIVE ELECTRCDES ( CALCIUM ACTIVITY ELECTROD
SELECTIVE LIQUID-LIQUID EXTRACTION OF BERKELIUM(
SELECTIVE LIQUIC-LIQUID EXTRACTION DF NIOBIUM WI
SELECTIVE LIQUIC-LIQUID EXTRACTION OF NIOBIUM WI
SELENIUM / ANTIMCNY PENTA OXIDE / SEPARATION OF/
SELENIUM=-75 / TECHNETIUM=99M / TIN=-1§3 / XENON-i
SEMIAUTOMATED FILTER PAPER CISK TECHNIQUE FOR TH
SEVMICONDUCTOR X-RAY EMISSION SPECTROMETER ( USE
SENSITIVITIES ANC INTERFERENCES VS BOMBARDMENT E
SENSITIVITIES ANC INTERFERENCES VS BOMBARDMENT E
SENSITIVITIES FOR ACTIVATION ANALYSIS OF 15 LIGH
SENSITIVITIES, INTERFERENCES, AND OPTIMUM BOMBAR
SEPARATEC URINARY CONSTITUENTS ( NUCLEOTIDE ANAL
SEPARATICN AND CETERMINATION OF FLUORIDE ( TRUD
SEPARATICN METHOC FOR AMERICIUM BASED ON LIQUID-
SEPARATICN METHOC FOR AMERICIUM BASED ON THE LIQ
SEPARATION OF AMANITA TOXINS BY THIN LAYER CHROM
SEPARATION OF BASES, NUCLEOSIDES AND NUCLEOTIDES
SEPARATICN OF BERKELIUM({IV) FROM CERIUM(IV} BY A
SEPARATICN OF CALIFORNIUM FROM CURIUM AND BERKEL
SEPARATION -OF CALIFORNIUM FROM CURIUM AND OF BER
SEPARATICN OF COMPLEX MIXTURES OF NUCLEIC ACID B8
SEPARATION OF FLUORICE ( FLUQ SILICIC ACID / ALI
SEPARATICN OF NUCLEIC ACID DERIVATIVES ON CELLUL
SEPARATICN OF PRCTEINS )

SEPARATICN OF RACIONUCLICES / OAK RIDGE ISOCHRO/
SEPARATION OF SOCIUM ANC CESIUM ) /ER / COBALT T
SEPARATICN OF SOCIUM WITH ANTIMONY PENTA OX[DE (
SEPARATION PROCESS

SALT

/1

67A-09-06F
67PRR-132
67A-02-03
67A-02-CI
67A-09-05C
674-09-034A
67A-09-C5D
67A-02-C3
67A-02-C1
67A-09-06B
67A-09-C6G
674-01-07
6TA-0I~1U
67A-02-CY
67A-03-04
67A-08-C1D
67A-03-C1 A
67A-02-C6
674-02-06
674-02-06
674-02-06
67A-04~G38
67A-03-CIB
67A-04-06C
67B-14~Cl
67A-02-C6
67PRR-1T5
67A-03-CI
67A-03-02D
67A-02-C6
67A-03~C2
67A-03-02D
67A-03~C1 A
67A-03-C2D
67A-01-CI
67A-03~020
678-12-02
67A-08~-CIC
67A-07-C1
67A-09-C6E
67A-10
674-09~C5C
67A-039-C50
6TPRR-112
67A-03-02C
674-09-C6D
67A-05~C24
67A-09-CLD
6TPRR-1 bl
67A-09-C76
67A-09-C24
67PRR-010
67A-06~03A
67A-09-07H
6TA-0u-CUE
67A-07-Cy
6TPRR-06l
67A-04-03B
67A-01-C5
67PRR-129
67PRR-OCY
67A-06-024
67A~04-02C
67PRR~028
67A-09-07D
bTPRR-021
674-09-07H
67A-09-068
6TPRR-096
67A-09-C2C
67TPRR-036
67TPRR-125
67PRR-035
67A~09-CuB
67A-05-02C
67A-04~0uF

"67A-09-078

6TPRR-Clk
67PRR-0D86
67TR-C3
67A-09-07C
67PRR~-029
67A-09-C7A
67PRR-087
67A-02-05
67TR-01
67A-05-C3C
67A-09-Cu4C
67A-09-07H
67A-09-G71

"67PRR-0C8
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RADI CCHEVMICAL

/GENERATED REAGENTS IN ANALYTICAL CHEMISTRY {( HOMCGENEOUS
MACROMCLECULAR

SES, NUCLEOSIDES AND NUCLEOTIDES ON A COLUMN OF DEXTRAN (
AMANITA TOXINS / THIN LAYER CHROMATOGRAPHY OF PROTEINS ON
FRACTIONATION OF URINE BY GEL PERMEATION CHROMATQGRAPHY (
/ PEI )} / CELLULOSE MN-300 / ESCHERICHIA-COLI-B / YEAST /
AN.y 1967 / FEB., 1967 / MAY,1967 / JUNE,1967 / AUG. 1967 /
CHAIN OF MOUSE HEMOGLOBIN / AMINQ ACID SEQUE/ AMINO ACIO
INO ACID SEQUE/ AMINO ACID SEQUENCE ANALYSIS ( AMINO ACID
/SEQUENCE OF ALPHA CHAIN OF MOUSE HEMOGLOBIN / AMINC ACID
’ BOOK REVIEW OF, PROGRESS IN NUCLEAR ENERGY,
UNDANCES OF CHROMIUM, IRON, AND NICKEL/ MASS SPECTROMETRY

. : VELCCITY -

} ( ERROR IN DC COUPLED COUNTER TIMERS ) DUAL
/L NAPHTHALENE / 1,2 DI METHYL NAPHTHALENE / 5A MOLECULAR
TIVITY BY INCREASING SIGNAL TO NOISE RATIO ( S/N ) WITH A
/INABLE IN SINGLE CELL FIRST DERIVATIVE DC POLAROGRAPHY (
/HANCEMENT OF FLAME PHOTOMETRIC SENSITIVITY BY INCREASING
/TROPHOTOMETER / TALL OIL / SOL-GEL FUELS / IRTRANS 1-6 /
ARATION OF AMANITA TOXINS BY THIN LAYER CHROMATOGRAPHY ON

RAPID DISTILLATION SEPARATION OF FLUORIDE ( FLUC

/ URANIUM(IV} IN MOLTEN FLUORIDE SALTS / COMPATIBILITY CF
/ZMUTIT) IN MOLTEN LITHIUM FLUORIDE ~ BERYLLIUM FLUCRIDE /
/M OXIDE / LUBRICATING OILS / PENTA PHENYL TRI METHYL TRI
/ACID FROM CHLORAL HYDRATE / HOMOGENEQUS PRECIPITATION OF
RADIDISOTOPE TAGGING OF COPPER WIRE (

/ LEAKS IN HFIR TARGET 20DS / URANIUM-235 / CURIUNM-245 /
IGNAL TO NOISE / INVESTIGATION OF PRECISION ATTAINABLE IN

TRACER / SELENIUM / ANTIMONY PENTA OXIDE / SEPARATION OF

‘ SEPARATION OF

INTERACT IONS OF HELIUM-3 PARTICLES WITH BORON, NITRCGEN,

INTERACTIONS OF HELIUM-3 PARTICLES WITH BORON, NITRGGEN,
/ OXYGEN-18 / NEON-20 / NEON-2t / NEON-22 / FLUORINE-19 /
. SEPARATION OF SODIUM WITH ANTIMONY PENTA CXIDE ¢
/HIGH PURITY POTASSIUM CHLORIDE / SAMARIUNM(II} FLUCRIDE /
/CTROMETRY { BECKMAN IR-12 SPECTROPHOTOMETER / TALL CIL /
ANALYZER/ DETERMINATION OF HYDROCARBON CONTENT OF STEAM (

/ RATIO OF U/ GENERAL HOT ANALYSES LABORATORY ( PLUTCNIA
/BSIDIAN / NEON IN QUARTZ / NEON IN MUSCOVITE /.ORIGIN OF

/ MSRE / TRU / ORNL/ MODEL VI FLAME SPECTROPHOTOMETERS (
RATOR ( STANDARD NUCLEAR INSTRUMENT MODULES ( NIM ) )

AND A PRECISION DROP TIME CONTROLLER A
OLINIUM, TERBIUM, EUROPIUM/ AGING OF LANTHANIDE HYDROXIDE
T/ THE EXAMINATION OF PRASEODYMIUM AND EUROPIUVM HYDRCXIDE

EUROPIUM/ AGING OF LANTHANIDE HYDRDXIDE SOLS ( HYDROXIDE

THE RARE E/ CHEMICAL AND ELECTRON OPTICAL STUDIES OF THE
LECTROCHEMICAL GENERATION AND SPECTROPHOTOMETRIC STUDY OF
OF AMERICIUM-246 / 2 THENOYL TRI FLUDRO ACETONE ( TTA ) /
AL FLUORO ACETYL ACETONATES
PECTRA OF URANTUMIIV) ANO URANTIUM(III} IN MOLTEN FLUCRIDE
ION OF HELIUM, ARGON, AND NITROGEN / ELECTRON BOMBARDMENT
OURCE { MATHEMATICAL MODEL OF BETA EXCITED ISOTOPIC LIGHT
/OMETRIC ANALYSIS BY USE OF A BETA EXCITED ISOTOPIC LIGHT
OR / / ACTIVATIDN ANALYSIS WITH A CALIFORNIUM-252 NEUTRON
IATION - PRECISION PHOTOMETRY USING A RADIOISOTOPIC LIGHT
RON BASE ALL/ SPARK SDURCE MASS SPEC TROMETRY ( MS-7 SPARK

ANALYSIS OF SOLUTION AND RADIOACTIVE SAMPLES BY SPARK
ANALYSIS OF SOLUTION AND RADIOACTIVE SAMPLES BY SPARK

S SPECTROGRAPH / NICKEL - CHROMIUM - IRON BASE ALL/ SPARK
SPARK

THE B6-INCH CYCLOTRCN AS A

ORNL - ROSS RADIOISOTOPIC LIGHT

C ANALYSIS IN THE ULTRAVIOLET USING A RADIOISOTOPIC LIGHT
DEVELOPMENT OF RADIATION STIMULATED LIGHT

ORIDE MELTS / FUEL ELEMENTS / BORON NITRIDE / RADIOACTIVE
DEVELOPMENT OF RADIATION STIMULATED LIGHT

AND "DETERMINATION OF FLUORIDE ( TRU DISSOLVER SOLUTICN /

UM - IRON BASE ALL/ SPARK SOURCE MASS SPECTROMETRY ( ¥S-7

ANALYSIS OF SOLUTION ANO RAQOIOQACTIVE SAMPLES BY

ANALYSIS OF SOLUTION AND RADIOACTIVE SAMPLES BY

CE MASS SPECTROGRAPH / NICKEL - CHROMIUM - TRCN BASE ALL/

MPLES

F PER IODATE, IODATE, AND IODIDE IN MIXTURES OF THE THREE

: HALF-LIVES AND

GITAL COMPUTER TECHNIQUES TO NORMALIZE MULTIPLE GAFMA-RAY

/ON TETRA,FLUORIDE / SPECTROPHOTOMETER fOR HOT CELL USE /
N FLUORIDE SOLVENTS

RATE MEDIA II. THE EFFECTS OF HYDROLYSIS ON THE RESOLVED

/18ILITY OF SILICON OI OXIDE WITH MOLTEN FLUORIDE SALTS /

/M{III1) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUCRIDE /

OTOPES FOR TRACE IMPURITIES / ANALYSIS OF AIR S/ EMISSION

/IVE RECOMMENDED PRACTICES FOR PHOTOGRAPHIC PHOTOMETRY IN

PRECONCENTRATION OF TRACE ELEMENTS IN THE

X-RAY AND CPTICAL

/ SPARK SOURCE MASS SPECTROMETRY ( MS-7 SPARK SOURCE WMASS

DOUBLE FOCUSING NASS
/NALYTICAL CAPABILITIES DF A SEMICONDUCTOR X-RAY ENMISSION
VASS

SEPARATICNS

SEPARATICNS / RACIOLYTIC RELEASE OF HYDROCHLORI/
SEPARAT ICNS PROGRAM

SEPHADEX G-10 } SEPARATION QOF BA
SEPHADEX G-75 SUPERFINE GEL ) /HROMATOGRAPHY OF
SEPHADEX-G-10 }

SEPHADEX-100 / TFHIN LAYER CHROMATOGRAPHY QOF AMA/
SEPT. 1967 / OCT., 1967 /OV.s1966 / DEC.s1966 / J
SECUENCE ANALYSIS { AMINO ACID SEQUENCE OF ALPHA
SECUENCE CF ALPHA CHAIN OF MOUSE HEMOGLOBIN / AM
SECUENCE CF BETA CHAIN OF MOUSE HEMOGLOBIN / ED/
SERIES IX. ANALYTICAL CHEMISTRY

SERVICE ( HFIR COMPONENTS / RELATIVE ISOTOPIC AB
SERVICE ANALYSES

SERVO PCTENTIOMETRIC TITRATOR -

SET POINT VOLTAGE COMPARATOR ( ORNL MODEL-Q-295C
SIEVE COLUMN / FISK 604 MOLD RELEASE / HONAKER /
SIGNAL AVERAGING COMPUTER /AME PHOTOMETRIC SENSI
SIGNAL TO NOISE RATIO { S/N ) OF DROPPING MERCU/
SIGNAL TC NGISE RATIO  S/N ) WITH A SIGNAL AVE/
SILICA / PHENGOL - ALCEHYCE RESINS / MAGNESIUM O/
SILICA GEL G CHROMATOPLATES SEP
SILICIC ACID / ALIZARIN COMPLEXONE )

SILICON OI OXIDE WITH MOLTEN FLUORIDE SALTS / &/
SILICON TETRA FLUORICE / SPECTROPHOTOMETER FOR /
SILOXANE / TEFLON / RIBO NUCLEIC ACIDS / HUMIC /
SILVER CHLORIDE BY RADIOLYTICALLY GENERATED CHL/
SILVER-!110M / RUTHENIUM-106 / IRIDIUM-192 )
SILVER-111 / IOCINE-134 ) / CESIUM-136 / TRITILM
SINGLE CELL FIRST DERIVATIVE DC POLAROGRAPHY ({ S
SODIUM ANC CESIUM ) /ER / COBALT TRACER / COPPER
SODIUM WITH ANTIMONY PENTA OXIDE ( SODIUM-24 )
SODIUM, AND BERYLLIUM

SOCIUM, AND BERYLLIUM ( EXCITATION FUNCTIONS 7/ D
SODIUM=-22 / LITHIUM=6 / HELIUM-3 ) /OF ELEMENTS
SODIUM=-24 '}

SODIUM{I) OXIDE / SPINELS / URANITUM(III)-238 CH/
SOL-GEL FUELS / IRTRANS 1-6 / SILICA / PHENQL -/
SOL-GEL PROCESS / BECKMAN MOOEL-109 HYDROCARBON
SOL-GEL PROGRAM / CARBON / PROMETHIUM-147 / MSRE
SOLAR SYSTEM / ORIGIN OF ATMOSPHERE / GENESIS 0/
SOLID STATE AMPLIFIER / DETERMINATION OF LITHIUM
SOLID STATE CONTROLLED POTENTIAL COULOMETRIC TIT
SOLID STATE, CONTROLLED POTENTIAL DC POLAROGRAPH
SOLS ( HYCROXIDE SOLS OF SAMARIUM, LUTETILM, GAD
SOLS BY ELECTRON MICROSCOPY AND ELECTRON DIFFRAC
SOLS OF SAMARIUM, LUTETIUM, GADOLINIUM, TERBIUM,
SOLS, GELSy AND CXIDE MICROSPHERES PREPARED FROM
SOLUTES IN MOLTEN FLUORICE SALTS )} /MULTANEDLS E
SOLVENT EXTRACTICN / ION EXCHANGE ) /Y SPECTRUM
SOLVENT EXTRACTIGCN AND GAS CHROMATOGRAPHY OF MET
SOLVENTS S
SOURCE ) /NICKEL / MASS SPECTROMETRIC DETERMINAT
SOURCE ) /USE OF A BETA EXCITEC ISOTOPIC LIGHT ¢

"SOURCE ( MATHEMATICAL MODEL OF BETA EXCITED ISO/

SOURCE ( PNEUMATIC RABBIT SYSTEM / BIAXIAL ROTAT
SOURCE /ICATIONS OF THE SECONDARY EFFECTS OF RAD
SOURCE MASS SPECTROCRAPE / NICKEL - CHROMIUM - 1
SOURCE MASS SPECTROMETRY - .
SOURCE MASS SPECTROMETRY

SOURCE MASS SPECTROMETRY ( MS~7 SPARK SOURCE MAS
SOURCE MASS SPECTROMETRY OF RADIOACTIVE SAMPLES
SOURCE OF FAST NEUTRONS .

SOURCE PHOTOMETER
SOQURCE PHCTOMETER
SOURCES

SOURCES ) /RS / LITHIUM FLUORIDE - BERYLLIUM FLU
SOURCES - EXCITATION WITH PROMETHIUM-147

SPADNS SPECTROPHCTOMETRIC METHOD FOR FLUORIDE )
SPARK SQURCE MASS SPECTROGRAPH / NICKEL - CHROMI
SPARK SCURCE MASS SPECTROMETRY

SPARK SCURCE MASS SPECTROMETRY

SPARK SCURCE MASS SPECTROMETRY ( MS-7 SPARK SOLR
SPARK SOQOURCE MASS SPECTROMETRY OF RADIOACTIVE SA
SPECIES ( FLUIDIZED-BED VOLATILITY PROCESS ) /7 O
SPECIFIC ACTIVITIES OF COMMON RADIONUCLIDES
SPECTRA FCR DIRECT EFFICJIENCY DETERMINATION / DI
SPECTRA OF URANIUM(III) AND URANIUM(IV) IN MOLT/
SPECTRA OF URANIUM(IV) AND URANTUM{III) IN MOLTE
SPECTRAL BANDS /UM OF THE URANYL ION IN PER CHLO
SPECTRAL STUDIES OF CFROMIUM{III} IN MOLTEN LIT/
SPECTRAL STUDIES OF URANIUM{VI) IN MOLTEN LITHI/
SPECTROCHEMICAL ANALYSES ( ANALYSIS OF STABLE IS
SPECTROCHEMICAL "ANALYSIS { SEIDEL FUNCTION PREL/
SPECTROCHEMICAL ANALYSIS OF NUCLEAR FUELS
SPECTROCHEMISTRY ‘
SPECTROGRAPH / NICKEL - CHROMIUM - IRON BASE ALL
SPECTROGRAPHIC ANALYSIS OF TISSUE ASH
SPECTRCFMETER .

SPECTROMETER ( USE Of IOCINE-125 TO EXCITE X-RA/
SPECTROMETRIC ANALYSES

PRECISION PHO TOME TRI

67PRR-130
67A-02~-C7
67A-05-C!\
67TR-03
6TA-04-CIB
67A-05-C2B
67A-04-0IB
67PRR-0T)
67A~05-Cu
6TA-05-Cu
67A-05~Cu
6TPRR-04T
67B-12-0)
678
67TPRR=~111
67A-01-C2
67TA-Cu4-014
6TA-01-14
67A-01-C7
6TA-Di-1h
67A-04-03A
67PRR-086
67A-02-C5
67A-03-C2D
67A-03-C20
67TA-O4-03A
67A-02-C7
67A-09-C66
6TA~-09-Cé6F
6TA-01-C7
67A-09-C7H
67A-09-CT71
67PRR~-017
67TA-09-CLA
67TA-07-Ch
67A-09-C71
67A-10
67TA-04-03A
67TA-03-C3A
67B-14-C3 "
6TA-07-Cu4
6TA-01~12
67A-01-03
67PRR-088
67A-08-CIC
67PRR-048
67A-08-CtC
67PRR-099
67A-03-C20
67A-09~C7E
67TPRR-07C
67PRR~049
678-12-CI
67TA-09-C28B
67A-09-C28
67TA-09-03A
67PRR-129
67A-07-CI
67PRR-0C!
67PRR~092
67A-07-01
67PRR-133
67A-09-C3E
67PRR-1 32
67PRR~-128
6TPRR-127
67A-08-CIE
67A-09-C2D0
6TA~D4-04F

6TA-07-01

67PRR-0CI
67PRR-0G92
67A-07-01
6TPRR~| 33
67TA-Ou4-CHG
67PRR-057
6TPRR-0CH
67A~03-C20
6TPRR~-049
67PRR-012
67A-03-C20
67A-03-02D
678-13
6TA-06~C2A
67A-06~Ch
67A-06
67A-07-C1
67A-06-C3
67A-07-C5
67A-09-C2C
678-12

»
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/ECTROGRAPH / NICKEL - CHROMIUM - IRON BASE ALLOYS / MASS
/YS1S OF WATER SAMPLES / PASCHEN DIRECT READER / EMISSION
/ISOTOPIC ABUNCANCES OF CHROMIUM, IRON, AND NICKEL / MASS
VOLCANIC GLASSES { NEON IN LEPIDOLITE / NEON IN AN/ NASS

MASS
ANALYTICAL ALPHA
OF SOLUTION AND RADIDACTIVE SAMPLES BY SPARK SOURCE MASS
OF SOLUTION AND RADIQACTIVE SAMPLES BY SPARK SOURCE MASS
YDROLYSIS 7/ PLUTONIUM / ISOTOPIC DILUTION ANALYSIS / MASS
ND PLUTONIUM / CROSS SECTION OF THULIU/ TRANSURANIUM FMASS
TALL OIL / SOL-GEL FUELS / IRTRANS I=6 / SILIC/ INFRARED
PH / NICKEL - CHROMIUM - JRON BASE ALL/ SPARK SOURCE NASS
ACIC / 2 { 3 HEXYL ) NAPHTHA/ NUCLEAR MAGNETIC RESONANCE
/S / OAK RIOGE ISOCHRONOUS CYCLOTRON { ORIC ) / GAMMA-RAY
TUTED ARDMATIC HYDROCARBONS / ORGANI/ LOW RESOLUTICN MASS
SPARK SOURCE PASS
E ISOTOPIC ABUNDANCES OF CHROMIUM, TRON, AND NICKEL/ MASS
TROPHOTOMETRY OF ALPHA EMITTING MATERIALS ( CARY MCDEL-i4
/NATION OF LITHIUM / MSRE / TRU / ORNL MODEL-Q-1u57 FLAME
RTRANS 1~6 / SILIC/ INFRARED SPECTROMETRY ( .BECKMAN 1R-12
/FLUORIDE - BERYLLIUM FLUORIDE / SILICON TETRA FLUCRICE /
-Q-1457 "FLAME SPECTROPHOTOMETER / ORNL MODEL-Q-18B7 FLAVNE
ERMINATION OF LITHIUM / MSRE / TRU / ORNL/ MODEL VI FLAME
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CESIUM PARA ETHYL BENZENE

N PROCESS ALKYL BENZENE
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ALYTICAL CHEMISTRY RESEARCH AND DEVELOPMENT GRCUP MONTHLY
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) 32-INCH CYCLOTRON / NEUTRON AND GAMMA-RAY DOSES AT THE
/R / OXYGEN IN ALUMINUM / OXYGEN IN ZIRCONIUM / OXYGEN IN
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/SINS / MAGNESIUM OXIDE / LUBRICATING OILS / PENTA PHENYL
N BUTYL/ ORGANIC PREPARATIONS ( PARA AMINO BENZYL AMINE /
/ESIUM OXIDE-/ LUBRICATING OILS / PENTA PHENYL TRI METHYL
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/D SCINTILLATION COUNTING SYSTEM FOR WEAK BETA EMITTERS (
/IR COOLANT WATER ( REACTOR WATER / CESIUVM / CESIUN-136 /
UTYL BENZ OXAZOYL ) } THIOPHENE ( BBOT ) / PARA DICXANE /
NS METHOD FOR REMOVING LANTHANIDES AND
/OGRAPHY OF CONSTITUENTS OF TRANSFER RIBO NUCLEIC ACIDS |
/0OLID STATE AMPLIFIER / DETERMINATION OF LITHIUM / MSRE /
IC METHOD FOR/ SEPARATION AND DETERMINATION OF FLUCRIDE (
SITION OF BROMATE IN ACID NITRATE MEDIA ( BERLEX PHASE OF
STEI/ HIGH LEVEL ALPHA RADIATION LABORATORY { ANALYSIS OF
TROPHOTOMETRIC DETERMINATION OF MOLYBDENUM AND TUNGSTEN {
CIUM-24] / AMERICIUM-243 7/ 2 THENOYL TRI FLUORO ACETCNE (
PECTRUM OF AMERICIUM-246 / 2 THENOYL TRI FLUORO ACETONE I
F NIOBIUM WITH 2 THENOYL TRI FLUORO ACETONE ( N BUTANCL /
DES / DISSOLUTION OF CRYSTALLINE MAGNESIUM OXIDE ) SEALED
ERMINATION OF VOLATILE AIR POLLUTANTS (CAROLINAS VIRGINIA

TITANIUM, VANADIUM, NIOBIUM, BISMLTH, LEAD, TANTALLM, AND|TUNGSTEN )
PHIC DETERMINATION OF TUNGSTEN / SPECTROPHOT/ ANALYSIS OFITUAGSTEN
SPECTROPHOTOMETRIC DETERMINATION OF MOLYBDENUM AND, TUNGSTEN

/ENTUM THERMOCOUPLE WIRE { POLAROGRAPHIC DETERMINATION OF
SURFACE TONIZATION 1I. DESORPTION OF URANIUM{+}
AUTOMATIC,
ANALYZER/ AUTOMATIC HIGH RESOLUTION ANALYSIS OF URINE FOR
HOTOMETER PRECISION PHOTOMETRIC ANALYSIS IN THE
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JOLITE / NEON [IN AMBLYGGNITE / NECN IN FLUORITE / NEON IN
SURFACE IONIZATION [II. THE FIRST IONIZATION POTENFIAL OF
/ AMMONTIA 7/ INORGANIC PHJOSPHATE / TOTAL PHOSPHATE / TCTAL
/ONTROL ( CONTROL LIMIT FOR COLORIMETRIC DETERMINATICN OF
/TRANSFER RIBO NUCLEIC ACIDS / PHENYL ALANINE / BISMUTH /
TRANSURANIUM MASS SPECTROMETRY ( ANALYSIS OF ISOTCPES OF
/MMA RAOIATION IN THE SPECTROPHOTOMETRIC DETERMINATION OF
A COMPARATIVE CONDENSATION PRESSURE ANALYZER FOR

/0F TRACES OF RARE EARTH ELEMENTS, BARIUM, STRCNTIUM, ANC
GNESIUM OXICE ) SEALED TUBE OI SSOLUTIONS ( DISSOLUTION OF
/IN MSRE FUEL / TOTAL GAS RELEASED FROM PLUTONIUM CXIDE -
THE ACCURATE ANO PRECISE DETERMINATICK OF

ELEMENTS ‘WITH A 1u4-MEV NEUTRON GENERATOR { THORIUM-232 /
I BUTYL PHOSPHATE E/ DETERMINATION OF TRACE IMPURITIES IN
PLUTONIUM-238 / OECAY / HIGH ENERGY GAMMA RADIATIONS FRCWM
N ANALYSIS / REMBRANDT PAINTING / DUTCH SCHOOL PAINTING /
/IUM / CESIUM-136 / TRITIUM / LEAKS IN HFIR TARGET RODS /
/F URANTUM(III) AND SPECTROPHOTOMETRIC OBSERVATION OF THE
OF THE URANIUM{I/ SIMULTANEOUS VOLTAMMETRIC GENERATION OF
/UORICE / SPECTROPHOTOMETER FOR HOT CELL LSE / SPECTRA OF
SPECTRA OF URANIUM(IV) ANC

GEN REDUCTION METHOD ( TRANSPIRATION ME/ DETERMINATION OF
/-GEL PROGRAM / CARBON / PROMETHIUM~IL7 / MSRE / RATIC OF
/HYDROGEN REDUCTION METHID { TRANSPIRATION MEASUREVMENTS /
/DE / SAMARIUM{ II) FLUORIDE / SODIUM{I) OXIDE / SPINELS /
SOLVENTS SPECTRA OF
/HOTOMETER FOR HOT CELL USE / SPECTRA OF URANIUM(III)} AND
/D CURRENT CYCLIC 'VOLTAMMETER / DIFFUSION COEFFICIENT FOR
/STUDIES OF MOLTEN SALT SYSTEMS ( MOLAR ABSORPTIVITIES OF
UM FLUORIDE - ZIRCONIUM FLUORIDE AT / ELECTROREDUCTION OF
/ARBON / PROMETHIUM-I4T / MSRE / RATIO OF URANIUM{III} TO
/ON METHOD ( TRANSPIRATION MEASUREMENTS / URANIUMCIII} TC
/AND SPECTROPHOTOMETRIC JBSERVATION OF THE URANIUMIIII) -
/HIUM FLUORIDE - BERYLLIUM FLUORIDE / SPECTRAL STUDIES OF
OXYL A/ CONTROLLED POTENTIAL COULOMETRIC DETERMINATICN OF
ES SURFACE IONIZATION 1. DESORPTICN CF
S OF HYDROLYSIS ON THE RE/ THE ABSORPTION SPECTRUM OF THE
/ YEAST / POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / POLY
OGRAPHY ( POLY ADENYLIC ACID / POLY CYTIDYLIC ACID / PCLY
IC ACID / POLY CYTIDYLIC ACID ./ POLY GUANYLIC ACID / POLY
IDENTIFICATION DF CHRDMATOGRAPHICALLY SEPARATED

AMINO ACID ANALYSES ( ADENO-31 VIRUS / ANALYSIS OF

X-G-10 ) FRACTICNATION OF
AUTOMATIC, HIGH RESOLUTION ANALYSIS OF

UCLEOTIDE ANALYZER/ AUTOMATIC HIGH RESOLUTION ANALYSIS OF
/NG CONSTITUENTS ( NUCLEOTIDE ANALYZER./ CHROMATOGRAMS OF
ATOGRAMS OF URINE DF LEUKEMIA PATIENTS / CHROMATOGRAMS CF
R LOW LEVELS OF INTERSTITIAL GASES A
BO NUCLEIC ACIDS / PHENYL / GENERAL ANALYSES LABORATORY (
ORIDE - BERYLLIUM FLUCRIDE TYPE NLCLEAR FLELS ( KRCONEN -
/INATION OF VALINE ACCEPTING TRANSFER RIBO NUCLEIC ACID (
LINE ~ TRANSFER RNA ) ( BICINE / N,N BI/ DETERMINATION OF
IONS WITH HELIUM-3 PARTICLES / NUCLET RECCIL ENERGIES / ¢
/L-64 - ALUMINUM ALLOY / NICKEL-61 FLUORIDE / NICKEL-64 -
/ON SPECTROMETRIC ANALYSIS OF ALLOYS OF COBALT, TITANIUV,
/ SODIUMIT) OXIOE / SPINELS / URANIUMI{III1)-238 CHLCRIDE /
TILLAT/ THEORETICAL AND EXPERIMENTAL ASPECTS OF QUENCHING
N OF ORGANIC COMPOUNDS BY GAS CHROM/ GAS CHROMATOGRAPHY (
RIC ACID RELEASE FROM BE/ STUDIES RELATED TO PROJECT SALT

/UTH-207 IN BISMUTH POWDER / DELAYED NEUTRON BACKGROUND /
/ON DROPPING MERCURY ELECTRODE ( D.M.E. ) ( EVALUATION OF

IONS FROM
HIGH RESJOLUTION ANALYSIS OF URINE FOR ITS

TRI FLUCRC ACETONE /IC ACDITIVES TO INDUCE THE S
TR1 METHYL TRI SILOXANE / TEFLON / RIBO NLUCLEIC/
TRI N BUTYL BENZYL PHOSPFONIUM CHLORIDE / TETRA

TRI SILOXANE / TEFLON / RIBO NUCLEIC ACIDS / HU/
TRITIDE ) /SOTOPE MATERIALS ( PHOSPHORLS-21 IN P
TRITIUM / CARBON-14 / PFOSPFORUS-33 / SULFUR-35/
TRITIUM / LEAKS IN HFIR TARGET RODS / LRANIUM-2/
TRITON X-100 ) / € PPO ) / 2,5 BIS (2 ( S TERT B
TRIVALENT ACTINICES FROM AQUEOUS NITRATE SOLLTIO
TRNA ) / POLY ETHYLENE IMINE ( PEI )} / CELLULOS/
TRU / ORNL MOCEL-Q-1u457 FLAME SPECTROPHOTOMETER/
TRU DISSOLVER SOLUTION / SPADNS SPECTROPHOTOMETR
TRU PROCESS / BERKELIUM ) AUTODECOMPO

TRU PRCCESS SAMPLES / CALIFORNIUM / CURIUM / EIN
TRU PROCESS SAMPLES / DI THIOL )} SPEC
TTA ) / ACTINICE IONS / LANTHANIDE IONS /( AMERI

TTA ) / SOLVENT EXTRACTION / ION EXCHANGE ) /Y S
TTA )} /CUCE SELECTIVE LIQUIE-LIQUID EXTRACTION O
TUBE DISSOLUTIONS { DISSOLUTION OF URANIUM NITRI
TUBE REACTOR ( CVTR } )} GAS CHROMATOGRAPHIC DET
/ETRIC ANALYSIS OF ALLOYS OF COBALT,
-~ RHENIUM THERMOCOUPLE WIRE ( POLAROGRA
( TRU PROCESS SAMPLES / DI THIOL }
TUNGSTEN / SPECTROPHOTOMETRIC DETERMINATION OF /
TUNGSTEN AND RHMENIUM SURFACES

ULTRAVICLET ABSORBING CONSTITUENTS

ULTRAVICLET ABSORBING CONSTITUENTS ( NUCLEOTIDE
ULTRAVIOLET USING A RADIOISOTOPIC LIGHT SQURCE P
UNDERGRACUATE PROGRAM
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URANIUM
URANIUM
URANIUM
URANIUM
URANIUWV
URANIUM
URANIUM
URANIUM
URANIUM

/ CARBON / FORMATE / COATED PARTICLES //
/ CONTROL LIMIT FOR COLORIMETRIC DETERM/
/ LITHIUVM / FLUORIDE / WATER POLLLTION /
AND PLUTCNIUM / CROSS SECTION OF THULIUM
AS THIO CYANATE COMPLEX { STANNOUS CHLO/
HEXA FLUCRICE PURITY

IN LITHIUM FLUQRIDE - BERYLLIUM FLUORID/
NITRIDES / CDISSOLUTION OF CRYSTALLINE MA
URANIUM OXICE / EBR-II FUEL / ALUMINUM / IRON //
URANIUM WITH SPECIAL REFERENCE TO COULOMETRY
URANTUM=-232 ) MONITORING OF LEACHEO FUEL
URANIUM-233 OXIOE - THORIUM OXIOE MIXTURES BY TR
URANIUM-233, PLUTONIUM-239, ANO AMERICIUM-2u4l (
URANIUM-235 ) /NTICITY OF PAINTINGS BY ACTIVATIO
URANIUM-235 / CURIUM-245 / SILVER-I1]1 / IODINE-/
URANIUM(III} - URANIUM(IV) SYSTEM IN MOLTEN LIT/
URANIU¥(III} ANC SPECTROPHOTOMETRIC OBSERVATION
URANIUMCIII) AND URANIUM( IV} IN MOLTEN FLLORIDE/
URANIUM(III} IN MOLTEN FLUORIDE SOLVENTS
URANIUM{III) IN RADIOACTIVE MSRE FUEL 8Y A HYDRO
URANIUM(III) TO URANIUM(IV) IN MSRE FUEL / TOTA/
URANTUMUTII) TO URANIUM(IV) RATIOS IN MSRE FLUEL/
URANIUM{III)-238 CHLORICE / VANADIUM(II) FLUORI/
URANIUM{IV) AND URANIUM(III) IN MOLTEN FLUORIDE
URANIUM{IV} IN MCLTEN FLUORIDE SALTS / COMPATIR/

URANIUM(IVY IN MCLTEN LITHIUM FLUDRIDE - BERYLL/
URANIUM(CIV) IN MOLTEN LITHIUM FLUODRIDE - BERYLL/
URANIUM(IV) IN MOLTEN LITHIUM FLUORIDE - BERYLLI

URANIUM(TIV)
URANIUM( IV}
URANIUM{IV)
URANIUM(VI)

IN MSRE FUEL / TOTAL GAS RELEASED F/
RATI0S IN MSRE FUEL SALT / USE OF C/
SYSTEM IN MOLTEN LITHIUM FLUORIDE -/
IN MCLTEN LITHIUM FLUORIOE - BERYLL/
URANIUM(VI) IN THE PRESENCE OF CDOPPER(II) ( HYDR
URANIUM({+) IONS FROM TUNGSTEN AND RHENIUM SURFAC
URANYL ICN IN PER CHLORATE MEDIA II. THE EFFECT
URIDYLIC ACID ) /ATOGRAPEY ( ESCHERICHIA-COLI-B
URIDYLIC ACID ) /MERS BY LIGAND EXCHANGE CHROMAT
URIDYLIC ACID ) /MDPOLYMERS OF RNA / POLY ADENYL
URINARY CONSTITUENTS ( NUCLEDTIDE ANALYZER )
URINE ) ’ .
URINE BY GEL PERMEATION CHROMATOGRAPHY ( SEPHADE
URINE FCR ITS ULTRAVIOLET ABSORBING CONSTITUENTS
URINE FOR ULTRAVIOLET ABSORBING CONSTITUENTS ( N
URINE OF LEUKEMIA PATIENTS / CHROMATOGRAMS OF U/
URINE OF SCHIZOPFRENIC PATIENTS ) /LYZER / CHROM
VACUUM FUSION - GAS CHROMATOGRAPHIC APPARATUS FO
VACUUM FUSION / GAS CHROMATOGRAPHY / TRANSFER RI
VACER TECHNIQUE ) /M, ANC URANIUM IN LITHIUM FLU
VALINE - TRANSFER RNA ) { BICINE / N,N BIS { 2 /
VALINE ACCEPT ING TRANSFER RIBO NUCLEIC ACID ( VA
VALUES OF HEL IUM-3 INDUCED REACTIONS ) /AR REACT
VANADIUM ALLOY / HIGH PURITY POTASSIUM CHLORIDE/
VANADIUVM, NIQOBIUM, BISMUTH, LEAD, TANTALUM, AND/
VANADIUM(II) FLUCRIDE / ZIRCONIUM NITRIDE ) /DE
VARIABLES FROM -BIOMEDICAL SAMPLES IN LIQUID SCIN
VARIAN-AEROGRAPH GAS CHROMATOGRAPH / PURIFICATIO
VAULT ( WATER CONTENT OF BEODED SALT / HYDROCHLO
VELOCITY - SERVO POTENTJOMETRIC TITRATOR
VERIFICATION OF AUTHENTICITY OF PAINTINGS BY AC/
VERTICAL ORIFICE RAPID TEFLON DROPPING MERCURY /

67PRR-021
67A-04-C3A
67A-11
67A-04-C34
67A-09-C6C
67A-09-C76
67A-09-C6F
67A-09-076
6TPRR=- 147
67A-0b-CIB.
67A-01-12 -
67A-0u-OuF
67A-0u—C6A
67B-14-CI
67A-D4~ClH
67A-09-C78
67A-D9-Q7E
67A-09-C7D
67A-0U-CHE
674-03-04B
678-13
67A-04-04B
67A-04=-CUH
67A-DU-04B
67PRR-019
67PRR-039
67A-05-C2A
67PRR-128
67D~-16-C6C
6TA-07-Cl
67PRR-020
67B~14-C2
678-14-C5
67B-14-02
678-12-C2
67A-02-C2
67PRR-032
67A-06-ClA
67A-0u-CUE
678-14-C3
67PRR-006
67A-09-05E
67A-06-CuB
67A-09-C6D
67A-09-CUD
67A-09-06F
67PRR-050
6TPRR-050
67A-83-C2D
67PRR-049
67A-03-C18B
678-14-C3
674-03-C18B
67A-10
6TPRR-049
67A-03-C2D
67A-03-C2C
67A-03-02D

'6TA-03-C2C

678-1u-03
6TA-03-C18
67PRR-050
67A-03-C20
6TA-Qu—-D2R
67PRR-019
67PRR-012
67TA-05-CiH
67A-05-011
67A-05~-016
67A-05-C2C
67A~-05-C3D
6TA-05-C28
67PRR-039
67TA-05-C2A
67A-05-C2A
67A-D5-C2A
67PRR-090
678-14~0C2
67TA-06-CLA
67TA-05-C1B
67A-05-018
6TA-09~-0uC
6TA-1C
678-13
67TA-1 0
6TPRR-010
67TA-04-01 A
67TA-02-C6
67TPRR=-111
67A-09-0uD
6TA-Ou=~02A
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LOCATED ON P.37A IN EDUCATION IN ANALYTICAL CHEMISTRY - A
APHIC DETERMINATION OF VOLATILE AIR POLLUTANTS (CAROLINAS
AMINO ACIO ANALYSES ( AOENC-31
REACTOR ( CVTR } )} GAS CHROMATOGRAPHIC OETERMINATICN OF
/ALYSIS OF THE COMPONENTS OF GASES FROM THE FLUIDIZED-BED
C IOOIDE IN MIXTURES OF THE THREE SPECIES ( FLUIDI ZED-BED
AM/ MASS SPECTROMETRIC SEARCH FOR NEON IN MINERALS AND IN
IN DC COUPLEO COUNTER TIMERS ) DUAL SET PCINT
H FOR ANALYSIS OF THE MSIE BLANKET GAS ( HELIUM BREAKCOWN
CONTROLLED POTENTIAL AND CONTROLLED CURRENT CYCLIC
CONTROLLED POTENTIAL DC POLAROGRAPH -
IVE POLAROGRAMS / SE/ CONTROLLEO POTENTIAL DC POLAROGRAPH
MODEL-Q-/ CONTROLLED POTENTIAL CONTROLLED CURRENT CYCLIC
/N TIMES { CONTROLLED POTENTIAL CONTROLLED CURRENT CYCLIC
/MMETER ( VOLTAMMETRY OF MOLTEN SALTS / ORNL MODEL-Q-29u3
CKEL(IT) COUPLE IN MOLTEN FLUORIOQES
ZIRCONIUM - AL IZARIN RED S COMPLEX
TROPHOTOMETRIC OBSERVATION OF THE URANIUM(I/ SIMULTANEOUS
LYTIC GRAPHKITE ELECTROOE ( RRGE.) /. ALIZARIN RED S / ZIR/
CONTUM
/ROLLED POTENTIAL CONTROLLED CLRRENT CYCLIC VOLTAMMETER (
X NUCLEAR ANALYSIS USING A LARGE
PROPERTIES OF ROCK SALT OF INTEREST TO RADICACTIVE
ITIUM / LEAKS IN HFIR TARGET RODS / STUDY OF HFIR COOLANT
HFIR TARGET RODS / STUDY OF HFIR COOLANT WATER ( REACTOR
/ESAL INATIDN / OXYGEN / CARBON DI OXIDE / DEAERATOR / SEA
IN 1} FLUOROMETRIC DETERMINATION OF PHOSPHATE {
ALYSIS OF WATER THROUGH ANION PERMEABLE / PURIFICATION OF
RELEASE FROM BE/ STUDIES RELATED TO PROJECT SALT VAULT (
“OXIDE { CRYST/ SURFACE ZHEMISTRY STUOIES - ADSORPTICN OF
/HENYL ALANINE / BISMUTH / URANIUM / LITHIUM / FLUGRIDE /
/TRACE IMPURITIES / ANALYSIS OF AIR SAMPLES / ANALYSIS OF
1 OXIDE / DEAERATOR / SEA WATER / WINKLER ME/ ANALYSIS OF
/ATER AND OTHER REAGENTS ( COPPER-64 / ELECTRODIALYSIS OF
/CON AUTOANALYZER / APPLICATION OF ACTIVATION ANALYSIS TO
SODIUM, ANDC BERYLLIUM { EXCITATION FUNCTIONS / DISTORTED
HORUS -3/ AQUEOUS LIQUID SCINTILLATION COUNTING SYSTEM FOR
HROMATOGRAPHY { POLY ADENYLIC/ DETERMINATION OF MCLECULAR
RMINATION OF TRANSFER RIBO NUCLEIC ACIDS / AMARANTH RED /
CORROSIVE LIQUIDS
/ION / OXYGEN / CARBON DI OXIDE / DEAERATOR / SEA WATER /
SPECTROPHOT/ ANALYSIS OF TUNGSTEN - RHENIUM THERMCCCUPLE
) RADIOI SOTOPE TAGGING OF CCPPER
) S/ A FILM RECORDING RADIATION EVENT MONITOR FOR PULSED

TO EXCITE X-R/ ANALYTICAL CAPABILITIES OF A SEMICOANDUCTOR
ATAPLOT } :
X-RAY EMISSION SPECTROMETER ( USE OF IODINE-125 TO EXCITE
NZ OXAZOYL ) ) THIOPHENE { BBOT ) / PARA DIOXANE / TRITON
/ / CALCIUM=47 ./ SELENIUM=75 / TECHNETIUM-99M / TIN-113 /
X-RAY SPECTRCSCOPY (
/10N OF BERKELIUM{IV) WITH 2 THENOYL TRI FLUORQ ACETONE -
/BY LIGAND EXCHANGE CHROMATOGRAPHY ( ESCHERICHIA-CCLI-B /
/ IMINE ( PEI } / CELLULOSE MN-30C / ESCHERICHIA-CCLI-B /
{ PHOSPHORUS-3! IN PHOSPHORUS-32 PRODUCT / STRCNTIUM-90 -
/ CALCIUM-U47 / CHLORINE-36 / ZIRCONIUM-95 - NIOBIUM-95 /

ANALYSIS + MICROELEMENT CONTENT OF HAIR FROM NEW
/F OXYGEN WITH I4-MEV NEUTRON GENERATOR / PHOSPHORLS=-33 /
/ITH 14-MEV NEUTRON GENERATOR / PHOSPHORUS-33 / ZINC-69 -

VOLTAMMETRIC METHOD FOR THE- DETERFINATION CF
_PYROLYTIC GRAPHITE ELECTRODE ( RPGE. ) / ALIZARIN RED S /
VOLTAMMETRIC AND SPEC TROPHOTOMETRIC STUDY OF THE
/4%-MEV NEUTRON GENERATOR / DXYGEN IN ALUMINUM / OXYGEK IN
IUM{IV) IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUCRIDE -
SYSTEM IN MOLTEN LITHIUM FLUORIDE - BERYLLIUM FLUCRIDE -
JUMUIV) IN MOLTEN LITHIUM FLUORIQOE - BERYLLIUM FLUCRICE
ELS / URANIUM(III)-238 CHLORIDE / VANADIUM{II) FLUCRIDE
/CTROMETRIC ANALYSIS OF ALLOYS / MAGNESIUM-26 / IRCN-57
*/ TELLURIUM-132 - [DDINE-132 / CALCIUM-47 / CHLORINE-36
DE TANK OF BSR / NEUTRDN CRDSS SECTION OF BERKELIUF-249
/C ACID / 2 LAURCYL NAPHTHALENE / 2 DODECYL NAPHTHALENE
EXYL )} MAPHTHA/ NUCLEAR MAGNETIC RESONANGE SPECTROMETRY
/TRA CHLORICE CHLOROFORM 7 2 ETHYL NAPHTHALENE / ANILINE
J/NE 7/ | N PROPYL NAPHTHALENE / I IS0 PROPYL NAPHTHALENE
/ENE / | SEC BUTYL NAPHTHALENE / | N PROPYL NAPHTHALENE
/ | { 2 HEXYL ) NAPHTHALENE / 2 ( 2 HEXYL ) NAPHTHALENE
JLENE / | N HEXYL NAPHTHALENE / | SEC BUTYL NAPHTHALENE
JNE / 2 ( 2 HEXYL ) NAPHTHALENE / | N HEXYL NAPHTHALENE
/DECYL 6 LAUROYL NAPHTHALENE / 2,6 DI DODECYL NAPHTHALENE
JHTHALENE / | ETHYL NAPHTHALENE / 2 N HEXYL NAPHTHALENE /
/ PENTA FLUORIDE / GREENBRIER CHROMATOGRAPH / FREON-114 /
/ HEXYL NAPETHALENE / 1,1 DI HEXYL DI HYDRO NAPHTHALENE /
/ALENE / ANILINE 7/ | CHLORO PROPANE / HEXYL NAPHTHALENE /
/2 SPECTROPHOTOMETER / TALL OIL / SOL-GEL FUELS / IRTRANS
o REACTIONS BETWEEN
FLUORSPAR ORES / BIAXIAL SAMP/ FLUORINE .DETERMINATICN BY
AR CORPORATION MDDEL-9900 14-MEV NEUTRON GENERATOR / CXY/
ALKALI AND REFRACTORY METALS

NN NN NN ANNNNN

-232 ) MONITORING OF LEACHED FUEL ELEMENTS WITH A
/TIVATION ANALYSIS ( TEXAS NUCLEAR CORPORATION MCDEL-9900

VIEW FRCM INDUSTRY

VIRGINIA TUBE REACTOR ( CVTR ) )
VIRUS / ANALYSIS OF URINE )
VOLATILE 8IR POLLUTANTS (CAROL INAS VIRGINIA' TUBE
VOLATILITY PILOT PLANT ( BROMINE PENTA FLULORIDE/
VOLATILITY PROCESS ) / OF PER IODATE, I0DATE, AN
VOLCANIC GLASSES { NEON IN LEPIDOLITE / NEON IN
VOLTAGE COMPARATCR ( ORNL MODEL-Q-2950 )} ( ERROR
VOLTAGE CETECTOR ) /OPMENT OF A GAS CHROMATOGRAP
VOLTAMMETER
VOLTAMMETER
VOLTAMMET ER
VOLTAMMETER

COMMENTS
GAS CHROMATOGR

( MOCEL-Q-2792 ) 3

{ ORNL MODEL-Q-2792 ) (FIRST DERIVAT

{ VOLTAMMETRY OF MOLTEN SALTS / ORNL
VOLTAMMETER / CIFFUSION COEFFICIENT FOR URANIUM/
VOLTAMMETER / STANDARD NUCLEAR INSTRUMENT MODUL/
VOLTAMMETRIC ANC EMF MEASUREMENTS ON NICKEL - NI
VOLTAMMETRIC ANG SPECTROPHOTOMETRIC STLDY OF THE
VOLTAMMETRIC GENERATION OF URANIUM{III) AND SPEC
VOLTAMMETRIC METHOD FOR FLUORIDE ( ROTATING PYRO
VOLTAMMETRIC METFOD FOR THE DETERMINATION OF ZIR
VOLTAMMETRY OF MCLTEN SALTS / ORNL MODEL-Q-2943/
VOLUME GERMANIUM ( LITHIUM ) DETECTOR
WASTE DISPOSAL
WATER ( REACTOR WATER / CESIUM / CESIUM-136 / TR
WATER / CESIUM / CESIUM-136 / TRITIUM / LEAKS IN
WATER / WINKLER METHOD / CARBONATE - HYDROXIDE /
WATER ANALYSIS / TIN - FLAVONOL / ALUMINUM - MOR
WATER AND OTHER REAGENTS ( COPPER-64 / ELECTRODI
WATER CCNTENT OF BECDED SALT / HYDROCHLORIC ACID
WATER CN POROUS AND NONPOROUS SAMPLES OF THORIUM
WATER POLLUTION / FREE AMMONIA / TOTAL AMMONIA /
WATER SANMPLES / PASCHEN DIRECT READER / EMISSIO/
WATER SYSTEMS ( CESALINATION / OXYGEN / CARBON D
WATER THROUGH ANION PERMEABLE AND CATION PERMEA/
WATER TRACING / CADMIUM TRACER / COBALT TRACER /
WAVE THEORY OF NUCLEAR REACTIONS ) /N, NITROGEN,
WEAK BETA EMITTERS ( TRITIUM / CARBON-14 / PHOSP
WEIGHTS OF RNA HCMOPOLYMERS BY LIGAND EXCHANGE C
WELCH DENSICHRON ) /ECHNICON AUTOANALYZER / DETE
WINDOWLESS SPECTROPHOTOMETRIC CELLS FOR USE wITH
WINKLER METHOD / CARBONATE - HYDROXIDE EQUILIBR/
WIRE ( PCLAROGRAPHIC DETERMINATION OF TUNGSTEN /
WIRE ( SILVER-1(OM / RUTHENIUM-ICé / IRIDIUM-192
X AND GAMMA RADIATION ( CESIUM IODIDE ( THALLIUM
X-RAY ANG OPTICAL SPECTROCHEMISTRY
X-RAY EMISSION SPECTROMETER ( USE OF IODINE-125
X-RAY SPECTROSCOPY ( XRA-E2 COOE / EP=2 CODE / D
X-RAYS ) /TICAL CAPABILITIES DF A SEMICONDUCTOR
X-100 ) / ( PPO ) / 2,5 8IS (2 ( 5 TERT BUTYL BE
XENON~133 / PLUTCNIUM-241 / TELLURIUM-132 - 10D/
XRA-E2 COCE / EP-2 COCE / DATAPLOT )
XYLENE - APPLICATIONS TO THE PURIFICATION AND R/
YEAST / POLY ADENYLIC ACID / POLY CYTIDYLIC ACI/
YEAST / SEPHADEX-100 / THIN LAYER CHROMATOGRAPH/
YTTRIUM-90 / ERBIUM TRITIDE )} /SOTOPE MATERIALS
YTTRIUM-9| / HAFNIUM-181 / RUBIDIUM-84 ) /NE-132
ZEALAND BOYS AS CETERMINED BY NEUTRON ACTIVATION
ZINC-69 - ZINC-69M / TELLURIUM=132 / THUL IUM=-17/
ZINC-69M / TELLURIUM=132 / THULTUM-1TE / 4096 C/
ZIRCONIUM
ZIRCONIUM
ZIRCONIUM
ZIRCONIUW
ZIRCONIUM
ZIRCONIUM

- ALIZARIN RED S } /LUORIDE ( ROTATING
- ALIZARIN REC S COMPLEX

/ OXYGEN IN TECHNETIUM-99 / CHLORINE /
FLUORICE ) /USIDN COEFEICIENT FOR URAN
FLUORICE /E URANIUM{III) = URANIUM{IV}
Z1RCONIUM FLUORICE AT FAST SCAN RATES AND SHORT/
ZIRCONIUM NITRIDE } /DE / SODIUM{I) OXIDE / SPIN
ZIRCONIUM=90 / SAMARIUM-150 / GADDLINIUM-156 / /
ZI1RCONIUM-95 - NIOBIUM-95 / YTTRIUM-91 / HAFNIU/
ZIRCONIUM-95 / TIN=112 / BERKELIUM-249 ) /UM OXI
I (2 HEXYL ) NAPHTHALENE / 2 (

( 3 HEXYL ) NAPHTHALENE / OLEIC ACID /7 2 ¢ 3 H
CHLORC PROPANE / HEXYL NAPHTHALENE / 1,2 DI M/
ETHYL NAPHTHALENE / 2 N HEXYL NAPHTHALENE / 1/

1

1

|

{ ISO PROPYL NAPHTHALENE / | ETHYL NAPHTHALENE /
| N HEXYL NAPHTHALENE / | SEC BUTYL NAPHTHALENE/
I N PROPYL NAPHTFALENE / 1 ISO PROPYL NAPHTHALE/
I SEC RUTYL NAPHTHALENE / | N PROPYL NAPHTHALEN/
1 SULFONIC ACID / 2 LAURQOYL NAPHTHALENE / 2 DOD/
f,1 DI HEXYL DI HYDRO NAPHTHALENE / §,2 DI HEXY/
$42 DI CHLORO TETRA FLUORQO ETHANE / KEL-F / TEF/
1,2 DI HEXYL DI FYDRO NAPHTHALENE / 2,2 DI HEXY/
1,2 DI METHYL NAPHTHALENE / SA MOLECULAR SIEVE /
1-6 / SILICA / PFENOL - ALDEHYDE RESINS / MAGNE/
t4 . 7-MEV NEUTRONS AND NICKEL-64

14~-MEV NEUTRON ACTIVATION ANALYSIS ( FLUORINE IN
14 -MEV NEUTRON ACTIVATION ANALYSIS ( TEXAS NUCLE
14 -MEV NEUTRON ACTIVATION ANALYSIS FOR OXYGEN IN
t4~MEV NEUTRON GENERATOR
14 -MEV NEUTRON GENERATOR ( THORIUM-232 / LRANIUM
14-MEV NEUTRON GENERATOR / OXYGEN IN ALUMINUM //

2 HEXYL )} NAPHT/

67PRR-G23
67A-03-0uB
67A-05-C3D
67A-03-0uB
67A4-03~-038
6TA-Du~-CuG
67A-07-Cu
67A-01-02
67A-03-0iD
67PRR-121
67PRR-089
67A-01~-C5
67A-0t-01
67A-03-02C
67A-0i-01
6TPRR-115
67PRR-051
67PRR-050
67A-02-01
67PRR-052
67TA-01-01
67PRR-095
67PRR-105
67A-09-C6F
6TA-09-C6F
67A-09-07H
67A-D4-0u4D
67A-06-C38
67A-02-Cé6
67A-08~-C1 A
67B-14-02
678-13
67TA~D9-CTH"
67A-D6-038
67A-09-07H
67A-09-CuA
67A~-09-C76
67A-05-011
67TA-DI-10
67PRR~1 40
67A-09-C7H
67A-0u-CuB
67A-09-066
6TA-09-02A
67A-006
67A-09-C2C
67A-06-CI
67A-09-02C
67A-09-C76
67A-09-Cé8
6TA-06~-Cl
67PRR-028
67A-05-01H
67A~04-C18
67A-09-C6C
67A-09-C68
67TPRR-011
678-14-Cy
67B-1u4-CY4
67PRR-052
67A-02-C1
67PRR-05!
67A-09-C5
67A-03-02
67PRR~050
67A-03-02
67A-10
6TA-07-C1
67A-09-C6
6TA-09-C1
67A-04-03
674-0u4~C3
6TA-D4~CI
67TA-04-03
67A-0u4-03
67A-0u4-03
6TA-0u4-C3
67A-04-03
67A-04-03
67A-04-03
67A-03-03
67A-04-03
67A-04-01
67TA-04~03
6TPRR-045
67A-09-C5
67A-09-C5
67A-09-CS
67A-09-C5
67A-09-C5
67A-09-05
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/RAOIOCHEMISTRY LABORATORY ( DETERMINATION OF OXYGEN WITH
UORIDE ) A BIAXIAL SAMPLE ROTATOR FOR
SENSITIVITIES FOR ACTIVATION ANALYSIS OF

GANMA DOSIMETRY AT

IVITIES FOR ACT IVATION ANALYSIS OF 15 LIGHT ELEMENTS WITH
INDEXES TO THE ORNL MASTER ANALYTICAL MANUAL (

THE ANALYTICAL CHEMISTRY DIVISION ANNUAL PROGRESS REPCRTS
/NE / 2 DODECYL NAPHTHALENE / | ( 2 HEXYL )} NAPHTHALENE
/ SPECTROMETRY ( I ( 3 HEXYL } NAPHTHALENE / OLEIC ACID
/YL NAPHTHALENE 1 SULFDNIC ACID / 2 LAUROYL NAPHTHALENE
/72 [ 3 HEXYL ) NAPHTHALENE / 2,6 Ol DODECYL NAPHTHALENE
RAPHY ( USE OF TEFLON IN EXTRACTION CHROMATOGRAPHY / DI
// D! CHLORD METHANE / CARBON TETRA CHLORIDE/CHLORCFORM
/ 2 DODECYL NAPHTHALENE / t { 2 HEXYL ) NAPHTHALENE / 2
/1D 7 2 LAUROYL NAPHTHALENE / 2 DODECYL NAPHTHALENE / )
/LEIC ACID ( VALINE - TRANSFER RNA ) ( BICINE / N,N BIS
/PHTHALENE / 2,6 DI DODECYL NAPHTHALENE | SULFONIC ACID
JALENE 7/ 1 ISO PROPYL NAPHTHALENE / | ETHYL NAPHTHALENE
SELECTIVE LIQUIO~LIQUID EXTRACTION OF BERKELIUM{IV) WITH
/NDUCE SELECTIVE LIQUIO-LIQUID EXTRACTION OF NIOBIUM WITH
/HAVIOR OF AMERICIUM{V) ( AMERICILM-241 / AMERICIUN-2L3 /
/0F AMERICIUv-2L5 / GAMMA-RAY SPECTRUM OF AMERICIUNM-2L6
/ HYDRO NAPHTHALENE / 1,2 DI HEXYL DI HYDRO NAPHTHALENE
/EL-63 / PROMETHIUM-14Y / 2,5 Ol PHENYL OXAZOLE ( PPO )
/PHOSPHORUS-33 / SULFUR-35 / NICKEL-63 / PROMETHIUNM-1ULT
/) NAPHTHALENE / OLEIC ACID / 2 ( 3 HEXYL ) NAPHTHALENE
/ DODECYL NAPHTHALENE / 2 DODECYL 6 LAUROYL NAPHTHALENE
./ Ol PIPERIDYL / PARA ETHYL BENZENE SULFONIC ACID / BROMG
} NAPHTHA/ NUCLEAR MAGNETIC RESONANCE SPECTROMETRY ( |
/CTROMETRY ( 1-( 3 HEXYL )} NAPHTHALENE / OLEIC ACID / 2 (
/ANALYTICAL CYCLOTRON ( THE CYCLOTRON CORPORATION ( TCC }
/-33 / ZINC-69 ~ ZINC-69M / TELLURIUM-132 / THULIUNM=1T7I /
/THIUM=1LT7 / 2,5 DI PHENYL OXAZOLE ( PPO ) / 2,5'BIS (2 (
/ROPANE / HEXYL NAPHTHALENE / 1,2 DI METHYL NAPHTHALENE /
/L ) NAPHTHALENE / 246 DI DODECYL NAPHTHALENE / 2 OODECYL
/CI METHYL NAPHTHALENE / 5A MOLECULAR SIEVE COLUMN / FISK
THE

ORNL MASTER ANALYTICAL MANUAL, SUPPLEVMENT

N N

/
/
/
/
/
/

14 -MEV NEUTRON GENERATOR / PHOSPHORUS-23 / ZINC/
14 ~MEV NEUTRON IRRACIATION ( TEFLON / CALCIUM FL
15 LIGHT ELEMENTS WITH 18-MEV HELIUM-3 PARTICLES
150-250C WITH CEAERATED FERROUS SULFATE SOLUTION
18-MEV HELIUM-3 PARTICLES SENSIT

1953-1966 )

1964-1966 CUMULATIVE INDEXES TO
( 2 HEXYL ) NAPHTHALENE / 1 N HEXYL NAPHTHALE/
( 3 HEXYL } NAPHTHALENE / 2,6 DI DODECYL NAPH/
COOECYL NAPHTHALENE / 1 { 2 HEXYL ) NAPHTHALE/
CODECYL 6 LAUROYL NAPHTHALENE / 2,6 DI DODECY/
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