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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
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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).



r

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.






62

.. 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, a