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ABSTRACT

CHEMISTRY GF SOURCE, FISSIONABLE AND STRUCTURAL ELEMENTS

Solution Chemistry. A much improved anion exchange column separation of
Pa(V) and U(VI) has been devised using a mixture of HF and HCl as zn eluent.
A separation of tetravalent uranium and Pa(V), however, was not effected in

this instance.

A study of the hydrolytic behavior of Th{IV) has been completed and will
appear in report OBRNL-765. The initial stages of the hydrolysis of thorium
tetrachloride HC10,-NaClO, solutions could be described quantitatively.

A method for the isolation of millicurie guantities of UX, from urapium

hexafluoride feed-tank concentrates has been developed and is described.

- Further studies of the chloride complexing of thorium up to an ionic strength

of four have demonstrated the applicability of the same two parameter equation

previously shown validﬁto w = 2°0. 1Initial studies of thiocyanate complexing

- of thorium in aqueous solutions have yielded data which fit an equation of the

~same form as for chloride systems. Formation constants for the mono- and

trithiocyanato thorium ions were obtained.

Phase Rule Studies—~Fuel Media for fiomogeneous Reactors. A phase study

- of the uranyl fluoride-water system from the ice eutectic (-13°C) up to the
~critical point for water (~377°) has been completed excepting for a few de-
- tails upen which work will continue. HBecause a two ligquid phase region forms

“above 313°, it appears that this system may not be of practical value above

roughly 300°9.

The agqueous UQ,F, solutions also were found to manifest abnormally small

~freezing point depressions. Accordingly, a special study of these weas made

and mean thermodynamic activity coefficients were computed. The low values

found suggest either an incomplete dissociation of the salt, or polymerization.

A program has been initiated for' the measurement of the solubilities of

‘fission product element salts in the sulfate systems at elevated temperatures
‘and pressures. Such information should be of value in anticipating changes in
‘the character of homogeneous reactor solutions with'operation and in determin-
‘ing the feasibility of various decontamination and recovery prbcesses@ The

solubility of lanthanum sulfate will be measured first.

9



NUCLEAR CHEMISTRY

‘Eléments in the Fission product Regien. JInvestigations on Lhe tin radio-
nuclides have continued. The assignment of the 9;7,day period to mass 125 has
' been made more definite. The radiations from a long-lived activity in Snl?!
have been measured on the magnetic. lens spéétrometer and a maximum beta energy
“of 0.42 & .02 Mev was found. A preliminary half-life for Sn!!®" of 270 & 20 d
“has been determined. This, and the measured K/L ratio of 0.35 are consistent
with the shell theory prediction of'a.h"‘”/2 state. The abnormal fission
yields of 136 d Snl23 and 9.7 d Sn!?5 can be expla1ned by branching in their

In!23 gnd In"s parents .

fens and scintillation spectrometer measurements on 22 h Cb®%® have given
o maximum beta energy of 0.75 ¢ 0.01 and a gamma ray of 0u85 + 0.10 Mev,
~Coincidence absorption studies indicate a simple spectrum with the gamma ray

' following the beta transition.

Further quantitative measurements on the previously Lknown 9.4 vy Kr®® have
revealed a beta branchlng of 0.65 + 0.15% in the decay of this isotope. The
branching was shown to consist of a 0.15 Mev maximum energy beta particle
~ followed by 0.54 Mev gamma. This discovery was made possible because of the
" extremely high purity of Kr obtained in the rare gas chromatographic studies

described previously.

A new radiocactive isotope of argon, presumably A39, has heen found. This
nuclide appears to decay with a half life greater than 15 years and with a
maximum beta energy of 0.565 Mev and no gamma. Both the Kr#®5 and 437 b?td

spectra indicate a forbidden transition.

High Level Fission Product Separations. Testing operations using the flow
sheet previously deseribed for the recovery of Np, Tc, Pm and other fission
product rare earths from CR-~1AW raffiqates have been continued. A number of
mechanical difficulties were discovered and minor alterations in the process
have been made. Studies of the radiation reduction of Cr(VI) and of the carry-

ing of Np(IV) by cerous hydroxide were made.

Szilard-Chalmers Reactions in the Chain Reacting Pile. A detailed in-
vestigation of the origins of the radiation decomposition of KBrO, in the OENL

pile has indicated that roughly one-half of this is caused by gamma rays.

10



Shielding with lead therefore gives a two-fold increase im specific activity
of 35.9 h Br®? over that for an unshielded recoil reaction with KBrO,. Shield-
ing with Cd in an attempt to reduce the decompositibn caused by slow neutrons
actually gave a four-fold increase, presumably owing to the abundant capture
gamma radiation from the cadmium. Exact guantitative data on the enrichment
do not conform to expectations based on a simple production-decomposition rate

theory.

RADIO-~ORGANIC CHERISTRY

preparation of C-14 Labeled Compounds. Organic compounds prepared during
the past quarter include: (1) 36 mc of potassium acetate~2wC14; (2) 4.66 me
of acetic acid-2-C!*%, (3) 2.54 mc of sublimed malenic acid-2-C!'* from acetic
acid-2-C'* in 55% yield, and (4) 56 mc of potassium cyamide-C!'* by the modified
Loftfield procedure. An attempt to prepare methylene labeled maleic anhydride
from dibromoacetic acid anhydride by reaction with zinc failed because of

polymerization.

Reaction Studies. The rearrangement of 11-benz(b) fluorene-11-methanol-12-
C** by the action of phosphorus pentoxide in boiling xylene gave benzanthracene-
5j6wC114 in 93%yield. The relative proportions of C!* in the 5 and 6 positions
were shown to be 45:55. The distribution of C** in the 5 and 6 positions of
chrysenew5,6~C134w synthesized from 1,2-benzofluorene-9-methanol-10-C'% through

the Wagner rearrangement, was found to be 60:40.

Because of the importance and widespread use of decolorizing carbon,
chromatographic adsorption and fractional distillation for the purification of
organic compounds obtained by the technique of isotopic dilution, it was found
hecessary to determine whether isotope effects occurred during the use of these
procedures in order to validate the technique. During the use of decolorizing
carbon, no isotope effect was observed within the limits of error of the

procedure.

Radiation Effects. A progrem was initiated on the effects of radiation

on organic compounds.

Instruments and Standards. In a study of meterials for scintillation
counters, three lithium boralkoxides were prepared and suitable solvents from

which to grow large crystals were investigated. A gas sampling apparatus was

11



devised to permit determination of the radioactivity of vapors having high
specific activity. A very simple and inexpensive instrument for méasuring the
ion current praduc d by C** beta d&nlntegraulon was developed by combining a
Borkowski ionization chamber with a Lauritsen eleciroscope. Progress was made
in the absolute calibration of the vibrating reed electrometer for measurement

of C1%,

PHEMI‘}'ERY OF SEPARATIONS PROCESSES

Yolatility Studies. Studies on the interaction of thorium fluoride and
the phosphorus fluorides have continued. Thus far no definite evidence f{or
the formation of a2 cemplex compound stable above room temperasture has been
obtained although the occurrence of some interaction has been indicated in the

treatment of thorium fluoride with liquid or gaseons phosphorous fluorides.

Solvent Extraction Principles and Applications. Further Lovestigations
of the merhdntsm operative in TBP %olv»nt extraction processes have been con-

cerned with those factors governing the distribution of nitric acid between

aqueous and organic phases. Evidence for 1.1 HNO,.TBP in the organic phase
seems good. The partition coefficient was found to decrease with temperature
for nitric acid of concentrations lying between 0.005 and 5 f in water. The

quantity of acid extracted was dependent strongly on the nature of the organic

solvent for the THP solution.

Electrochemistry., DMeasurements of the electrodeposition of traces of
ruthenzum have shown that fractions unplatable on bright Pt electrodes may be
deposited completely on mercury cathodes at sufficiently negative pwi&ntiaisf
Essentially complete depositicn of ruthenium from very dilute ruthenium
soluticns can alse be effected by Pt black electrodes at potentials as low as

0.40 v (v=z. SCE). P&rhéps in this latver case a surface catalyzed hydrogen

reduction is operative.

fon Exchange. An enrichment of Li’ up to 94.397 & .021% from 2%t5 natural
abundance of 92.476% was observed in the first 0.05% of a Li band eluted
through a 146 cm bed of standard Dowex 50 (i.2., ca, 10% cross-linked).
Enrichment extended surprisingly far into the band. A fraction taken at 26.8%
of the total lithium showed 92.796 &+ .010% Li7. A second bed of 16% cross-
Jdinked Dowex 50 128 cwm deep showed only a very slight enrichuwent when operated

under the same conditions,

12



Basic studies on the equilibrium and rate precesses governing the per-
formance of ion exchangers have continued. TFurther evidence that an osmotic
‘membrane type equilibrium must hold was found. Fiate studies have shown the
great importance of ion charge and exchanger cross-linking in determining the
“wvelocity of approach to equilibrium. The occurrence of a practical degree of
cation-exchange from a variety of organic solvents was demonstratédm A variety

of inorganic ion separations using anien exchangers has been effected

CHEM ICAL PHYSICS

The group working on calorimetry of radicactivity has measured calori-
metrically the energy absorbed in graphite in Hole 12 of the ORNL Reactor and
compared it with the value computed from ion chamber measurements at the same
position. The wvalues agreed closely, and constitute the desired absoclute

~calibration of the ion chamber for use in the MTR.

The new neutron spectrometer has been completed, and is being tested and

calibrated.

RADIATION CHEMISTRY

The work for the Homogeneous Heactor Experiment has been summarized in
the feasibility report for that preject. The principal radiation chemical

'problem appears to be the effect of radiation on corrosion.

The decomposition of water and aqueous sclutions is being sctudied with
the radiation from the new cobalt gamma ray source. A good deal of suxiliary.

equipment has been developed to make possible highly precise measurements.

A spectroradiometer has been built for studying the spectral distribution
of the light emitted from irradiated alkali halide crystals. Tt consists of a
Beckmann spectrophotometer as a moncchromator and a photomultiplier and count-
rate meter as detector and is sensitive encugh to measure the fluorescence

spectra of such crystals under gamma irradiation.

13



INSTRUMENTATION

Some faults which have appeared in the alpha energy analyzer after a

.

year’'s use have been corrected.

Preliminary work has been done on & method of energy anaiysis in which
electronic pulses from a counter are displayed on an oscilloscope, photographed,
and analyzed for energy distribution by subsequent examination of the photo-

. graph.

A highly precise and stable pulse generator has been built for testing

- high-gain wide-band amplifiers and differential discriminatorsh

14
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- SOLUTYION CHEMISTRY

ANXON EXCHANGE STUDIES OF URANIUM (Y1) IN HCI-BF MIXTUBES.
SEPABATION OF .Pa(¥) AND U(VIYV.

George E. Moore  Kurt A. Kraus

Urenium (VI) had previously beenymhuwnqi) to be strongly taken up from
hydrochloric acid solutions by the amivn exchange resin Dowex-1. Tts exchange
has been studied in some detail throughout the HCl concentration range 0.25 -
9 M, and was found to increase very rapidly with increasing HCl concentration.
The adsorbable species, though not yet uniguely identified appears to be
either U0,C1," or HUO,C1,”, with the latter ion being somewhat more probable.

Addition of 0.01 ¥ HF to the chleoride solutions causes no significant
change in the adsorbability of U{VI}). Some decrease in dissribution coeffi-
cients, however, 18 noted on addition of 0.1 # HF particularly av HUL con-
centrations of the order of 1 to 5 M. Based on these data the preliminary
estimate of the stability consztanzt of the vranium {(VI) fluoride complex

Kf-: 15 was obtained for the assumed reaction

Since the absorbability of protactinium in HCl solutions is dramatically de-
:creased through addition of swsll amounts of HF(%? and uvraniam (VI) is aon,
it appeared that separatian of these two elements could be greavly iamproved
‘through use of HCI-HF mixtures, vacthér than HCI aloneegé) Fursher eguili-
‘bratien studies of Pa{(V) in BCL-HF wmixtures (0.01 to 0.1 ¥ HF and I te 9 ¥ HCI)
‘showed that in these media adsorption of PalV) is consistently poor (Kd s 1)
permitting thus a wide choice of conditions for the separation of Pa(V) and

{(VI}. For example excellent separation was achieved with a 6§ cm column of
0.023 em® cross section using tracer Pa®®? and tracer {6y) U**2, absorbing

from 9 M HC1, eluting Pa?®® with 7 g HC1 - 0.11 # HF, in a very sharp bsnd and

(13 EKesus, K. A. and Mowrs, . E., Chemistry of Protectiniumn. ¥, Separation of Thorism, Protactininm
: and Uranium with dnion Exchange Columns in HCl Solutioms, ORNEL 330 (aprid 27. 1949,

{2 Krsus, K. A and Meore. G. E.. Anion Bschenge Stadies JIY. Protactiniun in Some HOI-HF Mictures.
Separation of Niobiun, Tantaism and Protactiniam, OBNL 873 (Jume 1. 1550} :

{3) XKrnus, K. A. and NMoove, G. E.. op, vit., DRNL 330.
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then U?%% with 0.5 ¥ HCL, sgain in a very sharp band. A swall amocunt of
a-activity was found in the 9 ¥ HCIl fractiosn, which through a-range anaiyses
{carried oum:by Mr. B, Fairstein) was identified es the U237 decay series. and
“another smalkl amount of d-activity {ca. 0.25% of total) was founrd in the main
Pa?®? fraction. The latter was found by Mr. Fairstein tc have the range of
U%%? and was probably a small ameunt of ursnium (IV}, which was found to be
strongly absorbed from 9 4 HCl and fapidly eluted by 7 ¥ HCL - 0.11 M HF.

< For comparison it may be recalled %

¢t thoriam (IV) is not sbse-bed from

9 M HCl and that hence there must be conziderable differences in the stability
constants of the Th{IV) and U{IV) chloride somplexes.

Details of this work have been written up and will be i1ssued soon as

- report ORNL-759,

HYDROLYTIC BEHAVIOR OF THORIUM (1Y)

R. W. Holmberg ¥. A. Kraus

The study of the acid libsration on dissolution of thorium zetrachloride
in HC10, -NaCl0, solutions of known initial acidity have been completed. The
“work is being written up and will be issued as report OBNL 765. Tt was found
that the initial stages of the hydrolysis [up to ca. 0.5 moles OH" per wole

of Th{IV)] can be represented by the equatcions

ThY® £ 4H,0 === ThO"? + 2H,0" (1)
and
2Th" % + 44,0 .m"fs»_,go*]" +2f, o ' (2)
and the constants K, 7 eca. 3% 1078 aﬁd K, 7 ca. 3% 107°%, respéctivelya The

. data are now being analvsed in greater detail to obtain more precise values

of the constants.



ISOLATION OF Th?3* (UX ) ACTIVITY FROM URANIUM
HEXAFLUORYDE FEED-TANK CONCENTRATES

W. C. Waggener R. W. Stoughton

The most generally suitable thorium isotope for use as a radiocactive
tracer is Th?3* (UX,). This isotope is a weak beta emitter (0.20 Me ) of 24.1
day half-life, but its 1.14 minute daughter, Pa234 (UX#}, provides a 2,32 Mev
beta with low y-background (5% 0.8 Mev ). By using an aluminum absorber of
ca. 25 mg/cun? essentially only the UX, beta is counted. '

The steady state concentration of Th?®* activity in natural uranium is
ca. 0.33 mc/kg. This activity is non-volatile (ThF,), and accumulates in the
uranium hexafluoride feed tanks. These empty feed tanks therefore are a con-

venient source of quantities of Th?3% activity.

The following procedure has worked satisfactorily for processing millicurie

quantities of Th?3%* from‘UF6 tank washings:

Step 1. Activity is removed from empty feed tanks by slurring with
two-three liters of distilled water. The green colored solution so obtained
(probably U0, F, and UF, with Th?3*F,) is allowed to settle at least 48 hours
in a well péraffined(4) glass bottle.:

Step 2. The clear supernatant solution which is virtually inactive is
decanted and discarded, and the green precipitate is washed as a fine slurxy

into a 1000 ml platinum dish.

Step 3. The slurry is dissolved by first reducing its volume to ca. 200
ml, adding an equal volume of nitric acid, then adding solid sodium bromate
in small portions with frequent stirring while hot until a clear solution is
obtained. This gemerally regquires the order of two hours and 25 g NaBrQ,: the
resulting solution is dark orange with a small amount of aggregated black

solid present.

Step 4. The sovlution volume is reduced to 200 ml under a heat lawmp,

cooled, an& then centrifuged in 100 ml lusteroid tubes. The supernatant

(4) Intermixture of colloidael silica with LaF3 gives an insoluble residue which is impervious to re-
peated evaporations with HF and HCXO4u Sources of silica thevefore must be scrupulously avoided

prior to elimination of fluvride.

18



solution is tramsferred to clean Lusteroid tubes with a pipette improvised from
large diameter polyethylene tubing. The black insolubles removed contain a

negligible fraction of the total activity and are discarded.

Step 5. Fluoride coﬁrecipitation of Th?34 with La used as carrier isz
performed in the 100 ml Lusteroid tubes. The solution from Step 4 is adjusted
to 3 M HF with 48% HF, after which La{N0O,); is added (0.1 mgla/mlof solution).
The solution is stirred and allowed to stand 10-15 minutes, centrifazed, and
the UO,F, solution decanted and discarded. The precipitate then is washed:
three times with a solution 1 ¥ in both HNO, and HF.

Step 6. The La carrier and Th aétivity are dissolved by conversion of
flvoride to perchlorate. The fluoride precipitate is washed into a platinum
dish with 6 M'HNO3 and the liquid evaporated with HC1O, added. Complete elim-
ination of fluoride is assured by several evaporations with 3-4 ml of HCIO, -
using care to wash down the upper surfaces of the dish. At this point the

precipitate is brown in color due to iron contamination.

Step 7. ‘The iron cohtaminant is conveniently removed by transferring‘
the residue from the preceding step to a 100 ml glass stoppered cylinder using‘
hot 8.0 # HCl {ca. 40 ml). After cooling, this solution is extracted three
times with 30-40 ml volumes of diisopropyl ether. The agqueous layer should

be colorless after this extraction.

Step 8. Benzene-TTA extraction is used to separate Th?** activity from
the La carrier. The agueous extract from Step 7 is transferred to a quartz'
dish and evaporated to dryness with 5 ml of HC10, under a heat lamp. This
residue is taken up in ca. 40 ml of 0.10 M HCIO, and equilibratéd 15 minutes
with anequal volume of 0.257 M benzene-TTA solution 1na 100 mi glass cylinder,
The relatively inactive agueous phase is removed, ‘and the thorium activity.
stripped into an equal volume of 1.79 ¥ HClO, by equilibrating 10-15 minutes
(strip-ratio = 100:1). ‘ ‘

Step 9. The agueous layer containing activity is transferred to a guartz
dish and taken to dryness two times with HC10, to remove traces of eorganic
matter. After a second evaporation with HC10, there should be no color or

visible material in the dish, and the radiation level directly above the dish
should be the order of 100-200 R/hr.

Step 106.. The carrier-free Th*3* activity mayibe taken up‘with several.

drops of hot 2 ¥ HCIO, or HCl and washed into a small glass stoppered flask

19



with het .01 ¥ acid to a convenient dilutien {e.g. 0.1 #). Samples giving
can estimated 100-200 R/hr in Step O vield 10-20 mc of Th?3¢, Pperchlorate
solutions containing Th®*% at the mc level show some decomposition, developing
a slight yellow color over a period of several weeks.

Acknowledgement is due R. L. Macklin and A; 5. Goldin for their

.thorough cooperation and aid in obtaining the feed tank concentraves
of Th2** for this work. :

STUDIES OF CHLORIDE AND THIOCYANATE COMPLEXING OF AQUEOUS
THORIUM BY SOLVENT - TT4 EXTBACTION METHOD

W. C. Waggener R. W. Stoughton

Summary. The chloride complexing studies with agueous thorivm reported

ast quarﬁer(S) have heen extended to 4 # chloride and an ionic strength of

I

our. The data at g ¥ 4.0 can be fitted satisfactorily to a two-parameter
equation similar in form to that spplied to data at 4 F 2.0. Assuming two
species, mono- and sthrichloro- thorium ions, the formation constants (concen- .
tration) are 1.85 and 0.16, respectively. These values are compared with 1.20
and 0.25 ohtained at u = 2.0. '

Initial studies of thiocyanate complexing of équeous thorium have been
made in the concentration range, 0 - 0,5 M NCS”, and at u = 1.0. From a single
series of experiments ﬁompieted at this time it appears that the data fiu an
equation of the same form as the chloride data. Assuming the two species,
mono- and trithiccyanate thorium ions, the formation constants (concentration)

obtained are 12.1 and 60, respectively.

Future Work. It is planned to confirm the minimum found for k, {for

Th*4+C1” = ThC1*?) versus g which apparently occurs betweenp™ 1.0 and u = 4.0
by a more critical series of experiments in the low chleride-high ionic

strength region.

{5) Waggener, W. C. and Stoughten ' R, W.., °° Studies of Chloride Complexing of Aquecus Therium by YTA-
Henzene Extrection Method.'  Chemistry Division Quarterly Report for Period Ending March 31, 13356,
ORNL-68%5, 24.30 (Jume 16, 19507.
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Study of thorium complexing by thiocyanate is continuing, and an agueocus
solution ©f hydrazoic acid has been prepared for an explorvatory experiment

with this weak acid and its anion, NNN7..

The thidcyanate radical is the anion of a strong acid, and interacts with
thorium ion more strongly than chloride. For this reason the thiscvanate-
thorium system should be more convenienv *han the chloride»thoriﬁm system for
continuing investigation of the influence of temperature as well as ienic
strength upon both aqueons thorium complexing and solvent-TTA extraction

equilibria.



PHASE RULE STUDIES

THE URANYL FLUORIBE-WATER SYSTEH

W, L. Marshall  J. 8. Gill
‘ . H. Secoy

A phase study of the zystem urspyl fluoride-water has been completed

up to the critical temperature except for a few detvails. The identities of the
solid phases have not been established w’:h surety and s phenomenon occurs
above 200° in solutions of less than abauz 25% UO,F, which has not as yet been

explsined.

= oopen. literature. In fact,

No selubility date for this system ave in &
very litvle was known converning uranyl fluoride ssiutions prior to 1941. A

few solubilicy walues in the temperature range. frowm 0° to 100° have been

2]
&
g

in : 14 £ .7 ) s ;
orted in the project lnﬁaratﬂreﬂ(““’) These duta do nor sgree and, con-

ceguently, 3t neemed advisable to repeat measursments in this regien as well

The ice curve has been determined from 0° to the esutectic point at -13°
and 64.25% U0, F,. The solubility curve for the solid has been determined all
the way to the critigal temperature of the saturated solution, 377%. 4 solid
phase transitior {(an inecongreoent meltiog point) oceurs at 150° and a second
transition ccours at 240?” At 3477 an invariant svstem is foumd consisting

At temperatures below

phase region occurs. This twe liguid phase region is similar %o tha: found by
7 LS :

@ " ; : . : . L

Secoy&”’ for the wvranyl sulfate water system excepi that its upper limit us

the temperature of solidification of the sglv-rich liquid phase rather than

the cricival temperatore of the waser-rich liguid phase.

Experimenial. Anhvdrous uranvl fluoride obrained from theHarshaw Chemical

Pt b .
Company was used in these exparviments. A spectrographic analysis of the
Harshsw material showed wo iwmpurities ovher than faisns fraces of a few mesals,

Apalysis by ignition at 9007 1o J,0, gave 99.5% Uo,F,. By .potentiometric

{6 Dean, G. R, Properiies of Uronyl Fleoride, CC-2992 (September, 1944).
{7y Xuenia. 8., The Systen M}2F2~ﬁwﬁﬁyﬁu A-3258 {Hay, 1945).

{g) Beesy. CT. #.. The Systexn Jrany! Sulfaie-Water, ORML 98 (July 7. 1948).

N
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analysis, this value was 99.3%. Fluoride was determined by conversiocn to
SiF, gas and SUbsequent titration with standard Thi{NO,), togive 11.8% flusride

{theoretical & 12.07) which is in the range of experimental accuracy for this

S

. 5 .

method. Direct measurement of pH and tltrdt!Oﬂ curve determinations S in-
dicated no detectable amount of excess uranium trxexlde {i.¢e. as J9é¢+ in
solution}; therefore, the low determinmation by conversion %o U,0, might be

due to =a sizght amount of moisture.

Solubllxty data for the phase study were obtained by four different

methods depending on the partlcular region of the system.

Ail sciubility points below 0° were obtained by standard metheds of cool-
ing and warming curve detérminations, "A copper-constantin thermocouple was
used for temperature measuremonts. Anaiytical solubility determinations were
made from 0° to 90°. The solutions were stirred in a thermostat from four
to twenty-four hours. Samples taken after four hours stirring time agreed
in most cages;with later samples. These samples were analyzed by ignition at

800" ¢o 1,0, the precision of duplicates beipg within * 0.10%.

All work above 100° was done in sealed quarts capillary tubes as described
by Secoy,(la) An aluminum ¢ylinder containing a therocouple well and obser-
vation slit wés substituted for the stainless steel cylinder used ﬁrevimaslyay
Four and five millimeter inside diameter quartz tubing was uwsed from 100° to
250Y; however, above 250° two millimeter capillary tubing was required. With
the exception of data between 150° and 240° points were obtained by siowly
beating the cyiindriaal block (wrapped with michrome‘resistance tape and rocked

in a special merhanism) centaining a known solution in the quartz tube and

obhserving threugh a slit any phenomena occurring. These solubilivy points
were checked to * 1% or better by raising and lowering the tube femperaturev
Owing to the rather vertical portion of the curve in the range I50% to 2407,
this latter synthetic method was not effective. Therefore, azn analytical
approach was used in which a saturatéd:smlution and excess solid were ronked .
in the aluminum cylinder for 24 to 48 hours at a constant temperature, the
variation in temperature being of the order of # 1°  The rocker was then

stopped and the tube allowed to cool about an hour before analysis. Above

(9 Marshail, W. L. and 5ii3, § $., "'he Uranyl Fluoride Water System.” Chemistry Disision Guurterly
! Repoart fbf Period Fndznp Marrh 31, 1850, Part Z Chemizal Rezéarch, ORNL-685 36 (Juns 16, 19503

{(16) Seézey, C. H., op. £it.. URWL 98.
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150° the saturated solution is very viscous but will still flow in five milli-
meter (I.D.) tubing; whereas, below this temperature, if it is not shaken
on cooling, the solution faorms a translucent gel. 1t appears unlikely that
the solubility equilibrium is changed to any extent. After cooling, the
tube was broken and the gel-solid and-crystalline~$qlid separately analyzed'

for uranium.

The pH measurements were made on prepared solutions using a Beckman pH

meter. No effect on the glass electrode was noted.

The Data and Discussion. The data are given in Tables I and II and are
shown graphically in Figs. 1, 2, and 3. '

-Table I and Figs. 1 and 2 show the variation of density and pH with con-
centration at room temperature. The condensed phase diagram for the system is
shown in Fig. 3, the data being given in Table II.

Region J of Fig. 3 represents unsaturated solution for the system upanylg
fluoride-water. The ice curve is represented by line AB down to the eutectic
point B. Any mixture of the twe components in region ABK will consist of ice
and saturated solﬁtion.represented on ‘the ice curve. Below line KBL, there
will be two solid phases, ice and UO;F2°XHQOQ Line BC corresponds to the.
UO,F, “XH,0 solubility concentration in contact with solid UQ,F, XH.O. This
hydrate is probably UO, F, "2H,0 basedfon analytical determinatibns of the’
solid phase; however, more work must be done to fix ?recisely the hydrate com-

position.

Peint (0 corresponds:to either a hydrate or allotropic transition to
U0, F; "YH,O in which Y may’not equal X. A preliminary analysis of the solid
phase at 195°:gave 98.5% UQ,F, " 2H,0, uranyl flueoride dihydrate. {Theoretical
100% if correct hydrate.} The solid phase below 150° appears as very fine.
s11lky needles which mix throughout the solution, whereas in the region 150
240° the solid phase is more clearly defined and of a definite crystal structure.
An attempt was made to determine the structural system of the crystals formed
in the 150 - 240° temperature range. No success was attained using a poelar-.
izing microscope. It appeared that the individual crystal units {metastable:
at room tempergtures) had fearranged within thetnacro?crystal systém to produce
a pseudomorphic form. By vigual observation the crystal structure 1s probably

either in the hexagonal or cubic system.
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At 2407 another transition occurs te give UQ,F, ZH,0 (where Z may or may
not egual Y) and also to give a megative sdlubility»temperature relationship.
Points along line DE were rather difficult to obtain becausecﬂftuhe explosions
upon reaching the solid phase temperature. In the few runs that were success-
ful, the solid phase appeared to liberate bubbles, possibly due to the liberation
of water vapor. Point E représents an invariant‘point at which temperature
and composition, a solid (UQ,F;*ZH,0), and two liquid phases are in equilibrium
in the condensed system. Seven attempts to get a point near the apex met with
failure due to tube. explosxon just before the apex temperature (347°) was

reached.

The invariant point temperature was fixed by the solidification points
for the uranyl fluoride rich liquid phase, at which temperature this liquid

loses water to the water-rich liquid phase and solid UO,F, ZH,0 is deposited.

Area GFE represents a two-liquid phase regiocn. The minimum critical
?oint lies between 49.24 and 55.13 percent uranyl fluoride and at 313°. In
the regicn abeve GE and below HI, there are two phases in the condensed system,
water-rieh liquid and solid UOze“ZH;OG‘ The critical temperature of the
saturated sclution is repressnted along line HI. Above this line, there is a
gaseous phase and the UQ,F, ZH,0 solid. The critical point for pure water
{(374. 4”) dors not appear to have been elevated more than three or four degrees,

thus indicating that the soluhxl1ty.of the Z solid has reached a low valwe.

Along F¥ a crystal formation a?paared to some extent. These crystalsi
had a light yellow to white appearance in the yellow uranyl fluoride solution.:
The crystals originated at two or three‘position3 al9ng the tube wall and grew
out from the center as elongated needles. Upon lowering the temperature the.
crystals would redissolve; however, after remalnlng in the 200-300° range.
for five to tﬁenty_hqursg 1rrevers1ble decamposxtzon occurred. These crystal
formations are unexplainable on the basis of a two _component system. There
might be some reactxon with guartz tubing in the low concentration region and
at approprlate temperatures. Because of the crystal formatlans) attempts to
anplete the two liquid phase curve in this concentration region were not

successful.

The system appears thermally unstable at all concentrations above 300°,
Though equilibrium points were obtained above this temperature, thers was some
irreversible decomposition to a yellew gel type precipitate and also to black:
solid particles presumably U,0,. This decomposition did not appear to increase

with time but rather occcurred in the first few hours.
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Future Work. Further attempts to clear up the crystallization phenomena

along FM and to determine the identity of all solid phases will be continued.

Summary, The uranyl fluoride-water system has been studied from the ice
 eutectic to the critical points of water. Density and pH data are given at

room temperature., (Tables I and IT).

Further work is necessary to clear up questionable features.

TABLE I

The pensity and pH of Aquepus Uranyl ¥Flucride Solutiouns at 23°C

wz‘jxgggg ;z#cmuf DEtNSITY ) pH
2,112 1.0136 3.70
7.565 1.0699 3.18
13.86 1.1349 2.86
19.30 1.2005 2.69
26.75 1.3016 2.50
34.76 1.4411 2.25
40,98 1.5754 2.13
49.24 1.7511 2.05
55.13 1.9212 1.76
61.98 2.1764 1.52

THE MEAN ACTIVITY COEFFICIENTS OF URANYL FLUORIDE
IN WATER SOLUTIONS AT 23°

. H. Secoy
In the determination of the ice-curve for the system uranyl fluoride-
water as described ie the preceding section of this repert, it wasneted that

“the depression of the freezing point of water was much less than one would

~expect from a salt capable of forming three iens per mole. This indicates a
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TABLE .IY

The Rolubility of Uranyl Rluoride in Water

WEIGHT

TEMFERATURE

. SOLIDIFICATION

CRITICAL

(F“ix:?z:'trﬂ: PHASGE DISAPPRARING OR POINT. -. 002!"2
vo,F; S ¢°cy AFPEARING IN L1QUID PHASE FQINT
44,23 4.2 fue
47.92 ~5.0 ice
50.76 5.9 Xee
55.49 -7.8 Ice

' 57.28 8.1 fce
58 .54 ~9.,2 ice
61.20 ~10.9 Tce
62.58 ~11.9 Ice

(64.25 | -13.) Toe + U0, XH,0
64.28 -10.7 U0, F, "XH,0
64.30 0.0 UO, ¥, XH,0
64 . 40 10.1 U0, F, WH,0
66,09 19.7 U0, F,°XH,0
6650 30.5 Yo, ¥, L XKH,0
67.78 39.8 Yo, ¥, "XH, 0
67.25 51.2 Vo, ¥, "XH,0
68.45 54.3 U0, F,"XH,0
68. 42 60. 1 U, F,XH0
69,31 65.8 10, F, XH,0
71.73 15,5 U0, ¥, XH,0
73.02 89.8 U0, F, "XH, O
76.98 125 U0, ¥, "XH,0
§1.72 159 U0, F, "XH,0 + U0, ¥, YH,0
8140 195

U0, F, " ZH,0
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Tuble Y1 (Lont’ d}

WEIGHT i ‘ SOLIDIFICATION
{Percent TERFERATURE PHASE DISAPPEARING OR POINT - UO,F, CRITICAL
U0yFq o ey APFEARING iN L10UID PHasp]  FOINT
82.61 219 Uo,F, 28,0
240 uo, ¥, "YH,0 + U0 F, ZH,0
82.53 243 vo, ¥, - 78,0 ‘
81.22 252 Uo, ¥ 7K, 0
77.0% 283 vo, ¥, - iH. 0
b ¥ &
72.31 322 1L, ¥ ZH,0
70.8 (ex-1 347 UO, ¥, ZH, 0 + laigquid salt + agueous
trapolated) . '
65.46 324 Agueous 344
61.98 320 Aguenus
5.13 314 Agueous 347
49.24 314 Liquid Salt 347
40.98 313 Liguid Salt 347
36.1 Preliminscy
Data 376
34.76 313 Liquid Salt 347
26.75 313 Liguid Salv 344
23 Preliminary
Data 378
18.386 314 Liguid Sals 325 (%
13.856 313 Liguid Salt
{Tmmediately crystailizes) metastable
13.86 298 Splid ¥
iD.85 Preliminary
Data 377
7.56 277 Selid W
2,11 218 Seolid W
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high degree of complexing and perhaps polymerization. 1t seemed worthwhile
to extend the freezing point data to very dilute solutions so that a calculation

could be made of the mean activity coefficients of the solute.

it has been shown(it) that, if one neglects the effect of the heat of
dilution and its temperature coefficient, the logarithm of the mean activity
coefficient is given by
&
0.00025 )
—db. (1)

mn

~ 7 d logm ~ j/2.303 +
o : ' 8

In this equation € is the observed freezing point lowering in a solution con-

taining m moles of solute per 1000 g of water and ¥ is the number of ions into

which one molecule of salt would be expected to dissociate. The quantity,
J. is defined by

where A is the molal lowering of the freezing point at infinite dilution.

Experimental pata. In addition to the data from the preceding section,
several points were obtained in very dilute solutions using a differential
thermométer %o obtain the freezing temperatures. The solutions were made by
adding a weighed amount of dry UO,F, to a known weight of water (40,000 g)
in & double walled vessel equipped with the thermometer and a ring stirrer.
The vessel was immersed in a salt-ice cooling bath which was maintained at e
temperature of approximately -4°C. In all cases the solutions supercooled
about one degreee The data so obtained, aleng with values from the preceding

section of this report, are given in Table ITT.

Caleulatiens and Discussion. The values of the guantities under the
integral signs in eguation (1) were cbtained by graphical integration, In
order toevaluate the first of these it was necessary to employ the Lewis -

/52 ) - . E
Linhart(hi) equation for the conecentratioms below (.01 =m.
q ‘

(11) Lewis and Randall, Thermodyndmics, p. 347,McGraw-Hill Book Company (1923).:
Iy



TABLE 11}

Freezing Peint Depression in Uranyl Flueride Solutions

2 &, ¢ P ¢, "¢
0.0012 6.005 | 0.5209 0.724
L0044 .. 015 2.57 4.2
0129 .030 .96 5.0
0189 041 3,58 5.9
L0274 056 4.0% 7.8
L0377 . 072 4.35 8.1
L0586 .108 4.59 9.2
1172 195 5,12 10.9
L2344 . .352 5.43 11.9

Table IV gives the caloulated values for v’ as a function of m and the

date are shown graphically in Fig. 4. For compairson, curves are also shown

TABLE XV

The H¥ean Activity Coefficients of Uranyl Fluoride at 25 °

P 5! n oyl

0.01 1 0.1297 1,00 0.0045
62 0814 2.00 L0028
.05 L0426 3.00 0021
10 L0253 4.00 0018
20 L0152 © 5,00 L0016
50 L0075

18 {14)

, . o . i . . i - - . - . .

for cadmium iodide’ and for uranyl sulfate. LCadmium 1odide is known
.y - . . . . N 4 : . .

te bhe bhighly complexed, the ionization constant for (CdI}Y being given as

0.004 by Bates and Y@sburghc{iS) The mach lower activity coefficient of

{237 Baves, B Gey *¥ The Thermsdynemiss of Bl.usivelent Elssiroytes Vi, Soiutions of Cadmium Jodide
frem § to 4¢ . Ag. Chem Soe. J. 63, 399 (Feb. [ 18413, : ' ; !

(14) Sewoy, €, Hoy " The Bystem Urampl Sulfate-Watere F.: Temperatvre-Coacentratise Kelationship
Beiow 3067, “wp. Chem. Soz. J. 70, 3480 (Gct.; 19483, -

(i3 Bates; Ri G, snd Vesburgh, %o Co. °°Keuilibria in Cadoius Yedide Solutions,’’ Am. Chem. Sée. J.-
€0, 137 {Jeme; $938%.-
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UO,F, indicates an extremely high stability of the (UOzF)¢ ion and the per-
sistence of this stability into very dilute solutioems, Of course, it is
possible that, at least im part, the low activity of UO,F, is due to some

other phenomena such as polymerization.

THE MEASUREMENT OF THE SCLUBILITY OF FISSION PRODUCT

BALTS ‘AT HIGE TEMPERATURES AND PRESSURES

M. H. Lietzke = B. Zemel

During the operation of s homogeneeus solution reactor the fission pro-
ducts will ”grbw into™ the reactor solution. Eventually the solubility products
of some of the fission product salts hay be exceeded resulting in the pre-
cipitation of solid material in the solution. The amount of precipitate may
be quite significant, especially in the operation of homogeneous reactors of
high power ratings, and may have to be éonsidered both during the operation of
the reactor énd in the solution decontamination process. Hence it is of
interest to determine the solubilities of the Varibus fission product salts
uader the conditions existing in the reactor. Since contemplated homogeneous
ieactors will operate at high temperatures and pressures, it is necessary to
determine the solubilities of the fission product salts at elevated temperatures
and pressures. In the experiments planned, the solubilities of the fission
product sulfates will be measured since a sulfate solution will be used in the
X-10 homogeneous reactor, No attempt will be made to regulate the pressure .on
the solutior.: It will be assumed that the pressure coefficient of solubility

of the fission product sulfates will be small.

The bomb shown in Fig. 5 has been constructed. With a bomb of this type:
it is possible to take several small samples from the same initial solution.
It is also unnecessary to cool the bomb to roem temperature for each sample.
The experimental method will be to equilibrate an excess of salt with water
(ca. 150200 ml) at a given temperature and then to take several'samples (ca.
16 ml each) of the solution. The sampies will be cooled to room temperature
and analyzed quantitatively for the salt in question. During the eguilibration
process the bomb will be rocked through an angle of 120° from the vertical

to ensure complete mixing of the salt and water.
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FIG. 5
HIGH PRESSURE BOMB
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Since the temperatures of interest (200°C to 370°C) result in pressures
of 2000 to 3000 psi, the bomb was constructed to handle these pressures with
4 10X safety factor. The system of valves used in the initial assembly leaked
at these pressures and was replaced with the single American Instrﬁment Companyk
valve shown in the figure. This bomb is nrow undergoing final pressure and

temperature tests.

As a check and also as an exploratory guide the quartz tube method18)
will also be used to determine high temperature solubilities. The necessary
equipment has been borrowed from C. H. Secof and W. L. Marshall. . This equip-
-ment has been’calibrated and preliminary runs are being made using freshly
prepared and purified La,(S0,),. '

(’ib) Benzo‘athn A. et al., *°Solubilities of Salts and Salt Mixtures in Water at Temperstures above
. 100°C,° Z amorg. uw. aligem. Chemie 937, 285 (1937).
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ELEMENTS IN THE FISSION PRODUCT REGION

RADIONUCLIDES OF TIN

C. M. Nelson B. H. Ketelle
' G. E.:Boyd

The results of present and past work on the tin activities will be given
in a report to be issued soon. Most of this quarter has been spent checking .

on some points and organizing the work to be given in the report.

9.7 4 Shiésu' It seems definite noy that the 9;7 d Sn activity must be-
long to mass 125. Newton and McDonell¢!) have assigned this activity to mass
123 from their deuteron bombardments offSnI?‘ by a {d, t) reaction.' They base
their mass assignment to a. large extent on their failure to find ‘the 2.7 y
$n'?% daughter. On the other hand in the present experiments, the 2.7 y Sb?’sk
was observed to gro& from the 9.7 d Sn activity.: In addition, the 58 d Tel?5
also was seen to grow into the Sb fraction after its separation from the Sn.-

Aluminum absorption curves indicate the identity of the Sb activity.  The 9.7 d
122

sample after bombardment with thermal
124

Sn activity was not observed in the Sn
‘neutrons while it was found in very.good yield in the Sn sample. In order
for it' to be at the mass 123 position, the nuclear reaction would have to be
{n, 2n) which is not véry probable for slow neutroné ard certainly of lower
cross section than a (n, ¥) reaction. Lee and Pool¢?) have assigned this
activity to the mass 125 position, also, on the basis of the yield from deu-

teron bombardments on enriched tin isotopes.

Long-lived Snl?!, There seems to be good evidence for a long-lived beta

_emitter Sn'2!.  In the spectrometer sample of the Sn?° preparation (95% Sni29),

a beta distribution was found between the conversion lines due to the Santl’®
and In''3®, After about five months decay (so ‘that the 14 d Sn!!7® could dis--
appear) the results shown in Fig. 6 were-obtained.' This beta distribution has
not decayed appreciably whefeas the conversion line due to Sn117”¢disappeared
with its corresponding half-life. Unfortunately'theIhilsm is a 105 m daughter

of the 112 d Sn'?3, 50 that this conversion peak will remain in our source for

(1) Newton, A.:8. and McDoneti, W.R ., Beta Emitfting Isotopes of Tin, UCRL 395 (July L1, 1949).:

(2) Lee. J. C..and Pool, M. L., *'Radioactive Tin 121, 123, 125. ' ' Phys. Rev. 76, 606 (1949, -

+
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some time. The amount of activity in this region was larger than could be
accounted for from the breadth of the conversion lines of this helght. Further-

113m

more, since no heta activity at greater energies than the In peak was

ii3dm

seen, it was concluded that the activity in the region below the‘In peak

123 125 Yt seems probable

cou}d not arise from the presence of any Sn or Sn
then that a long lived beta emitter can be a351gned bo the 121 mass position.:
~Upon plottlng the data as for an ‘allowed transition, the Kurie plot (Fig. )
glves s maximum beta energy of about 0.42 +0.02 Mev. An attempt 1s belng
made to obtain an approximate value of the half- lzfe from the sample in

spectrometer. A decay scheme for the mass 121 isomers is given in F1g.;8.

270 d S§0°*®,  The K and L conversion lines from the gamma ra? associated
with this actlvzty were measured on the lens spectrometer using a flow type
G-M counter with a supported window (6 wg/cm? ).; Essentlally the same energy,
64 Kev, as waérgivén in the previous guarterly report‘?’ was found for the
gamma ray. However this value may be slightly low due to electron peak shift
caused by source thickness. This isomeric gamma transition has been reported
by Mihelich and Hill{*) as having an .energy of 69 Kev. The value for the K/L
ratio as determined from the average of the peak heights end the areas under
nhe peaks is .35, This is sub;ect to considerable error because of the source
thickness which was about 1 mg/cm?. Since accurate values of the L conversion
coefficients are not yet computed, it is not possible to determine the angular
momentum change from the K/L ratzon The half life value of 270 * 20 4 was k
obtained from the decay of the L conversion line over a peried of 70 days.
An attempt to see the unconverted gamma ray using a proportional counter
sbectrometer failed although the source whichﬁasusgd had e bhigh diSintegration:

rate.

According to the Mayer shell theory the excited state of Sn''® should be
‘hflx/z and the ground state is known to be an s+i/2 state. Thus the pred1ct10n
would be that the transition involves a spxn change of five units and a change
‘ofvparltyw - If this is true then the radiation would be 2% pole electric and
the conversion coefficient gbtained,from:the.extrapolated a; curve computed by
M. E. Rose et al. would be 2000. Therefore it is not surprising that the un-
converted gamma ray was not detected since it would be présent in only 06.05%

of the disintegrations. The half-life for this transition as obtained from

(3) Nelson, C. M., Ketelle, B. H,. and Boyd. G. E., ** The Radiovnuclides of T:nn’ Chenistry Divigion

Qnarteriy Pragrebs chari fori’erzod Ending Mhrch 34, 1956.. Part I. Chemical Research, ORNL 685,
4%, £f. Inne 16, 1850 ;

Mibelich, Ji %, and Hilf, R, DL, **Radiations from Long-Lived Tin Isotopes,’ Bull, Phys. Sacq 24
(73, Paper B-9 (Nov, 25~ 26, 1949)-’_ 40
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the plot of half-life vs. gamma energy published by Axel and Dancoff(®’ is
about 400 days. Since this is in good agreement with the observed half-life,

‘one is inzlined to believe that the shell theory prediction is correct.

§n %5, Whereas no definite evidence has been found for an activity at
the mass 115 position, the existence of isomerism in each of the-other isotopes
of odd mass and the prediction by the shell theory of closely spaced levels in
cach case leads one to exPect’isometisﬁ ir this pbsition also. Cdl® js gX-
pected to be similar to Sn'i% gince they each have 65 neutrons. It is known
that Cd*'® has isomers which decgy by independent beta decay. The fact that a
gamma transition between the 43 day Cd and the 2.3 day Cd does not occur in an
appreciable fraction efthe‘disintegtatians in spite of the considerable énergyk
difference betwsen the le#elszSUId,indicate that there is a large spin dif-
ference between the levels '~ In Sn'i® the ground level is known to be S5,y SO
if the excited level were the hy, , level as in the heavier tiniiéocopes of
odd mass number then the high spin chahgc involved in a transition would make
the half-life long asz in the cases of Sntl? and Sn“9.5 However, if the excited
level were the dy,, level then the spin change would be unity and the half-
life would be exceedingly short.  Further efforts are being made to determine

if isomerism occurs in this isotope.

Branching Ratios in the Decay of In'?% and In’?® The resuits of the
mass aszignments of the 9.7 d Sn'?% and the 136 d Sn'?% can be used to cal-
culate the branchisg ratio for the formation of the isomers at 123 and 125 in
‘the fission chains from their In parents  Thus, if the fission yields for the:
9.7 d and 136 d Sn activities are subtracted from the cerresponding total
fission yialdé for these mass positions taken frem the smooth £isainn yigidt
;urveie} in order to obtain the apparent fission yields of the 9.5 m and 40 m
Sn activities, the branching ratios are easily calculated. For mass 125 using
0.043% for the total fission yield and 0.0044% for the 9.7 d Sn activity, the

branching ratio is sbout 10% by this path and 90% by the 9.5 m Sni25

activity
path. Similarly, for mass 123 using 0.015% for the total fission yield and
0.0012% for the 136 d Sn activity, the branching ratio is about 10% by this

path and 90% By the 40 m Sn'?** activity path from the In**3 parent

{53 Axel, P. snd Dancoif, 8. M., "“Classification of Nuclear Feomesrs. " Phys. Rew. 76, 893 {19493,

(63 * Wuclei Formed im Fissilem: Decsy Charectevistics Fission Yiedds, and Chain Relationships,”
Piutonium Praject, Am. Chem. Sze. J. 68, 2811 (19465, *
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CHARACTERIZATION OF €b’F

G. E Boyd and B. H. Kecelle

A further characterization of the radiations of 22 t 2 h Cho¢ produced by:
Mo®® {(d, a) was accomplished by lens spectrometér measurements which gave a
maximum value for the beta ray energy of & 75 % .01 Mev. A Kurie plot zassuming
an allowed transition gave s stiraight line ~ Coincidence absorption measurements
showed the beta spectrum to be simple with the beta ray being followed by a
0.85 & 0.10 Mev gamma ray  Measuremenis of the gamma ray spectrum were made
using a scintillation speetrbmeter {T1 activated Nal). Complete details to-
gether with results for the yield of this isotops in U?3% fission will be

given in the next quarterly reporc.

FURTHER INVESTIGATIONS ON THE RADIATIONS FROM Tc®®

G. E Boyd and Q. V. Larson

For some time there has been reason to doubt our earlier findings on the

93 {d, 2n) with 15 Hev deuterons.  Thus, whereas a

Te®® activisy produced by Mo
2.7 d period was seen in the Tc fractions separated from Mo®® irradiated at;
the DIM 60 anh eyclotron, no such period was seen in the fraction from the
‘same Mo isctope bombarded at the UCRL 60 inch cyclotron. Further, the radia-
tions from the 2,7 d activity resembled those of the known 67 h Mo®® sug-
gesting thet in actuality, owing to a high Mo®® {(d, p) yield, that zhe sup-
posed Te¢ activity was Mo contamination. Accordingly during the elapsed
quarter a new search was made. Aithoggh as yet these studies are not com-
pleteéﬂ it c&n be said that the ”Q.Y'd@chga is almost certainly incorrect.:
Further, if the true period of Tc¥® is short. it must be less than one minute
‘in half-life - There is, however, considerable evidence that its half-period

is very long. This will be presented in the fortheoming quarterly reports.

MISCELLANEOUS RADICGACTIVITY STUBIES

. W, Cobbie

Calibration of a 4 v Righ Pressure Ionization Chamber. A 4 7 geometry

ion chamber filled wizh argon at 40 atmospheres has been calibréted for the
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rapid determination of absolute disintegration rates of gamma emitters. The
method of calibration followed that of Jones and Overman, '’ although the
absolute calibration is somewhat more certain in the low energy region because
of the availability of more recent nuclear data.- The efficiency curve for
varicus isotopes relative to Co®® is given in Fig 9. This curve has been

adjusted for two gammas emitted per dgsintegrationuﬁdi

The Precision petermination of Haﬁvaivesn The stability and wide range
of the high preasure ion chamber has provided an excellent method for deter-
mining precision half-lives of gamma emitting isotépes, The output of the
ipstrument was fed into a~cnntinuousl? recording Brown potentiometer thus
giving an instantaneous record of the activity of the isotope as a function of
time. The following half-lives have been determined for isotopes purified by

ion-exchange technigues after bombardment

TABLE I
PREVIOUSLY ' G
REPORTED THIS IﬂIT FAL /%
ISOTOPE 1 L'/”J('g} RESEARCH ACTIVITY FINAL
Na?4 148 hrs 15.1 4 0.1 3 Rd 1073
e 57 min 37.3 £ 0.1 5 Rd 10°¢
Br®* 34; 36.0 hrs | 35.9 % 0.1 3 Rd 10”3

The Activation (ress Sectiom of Br®' for Pile Neutrons. The cross section

of stabie Br??

for the capture of pile neutrons has been determined in con-
nection with the studies on the Szilsrd-Chalmers reaction of KBrO,.- Samples
of KBrO; irvadiated in the pile were measured in the high pressure ion chamber
after allowing the 4.4 hour Br®" activity to decay out.  The follewing data
were used. in caleulating the cross section: Hslf-life of Br®%, 35.9 hrs;

afficiency of Brgz.r&laﬁive to Co®® in the ion chamber, 1.10: flux {by Co

(7) Jomes, J. W. awnd Overman, B. T.., The Use and Calibration of a 100% Gesmetry Ion Chasber, AECD 2367
(Max . 28, 1848)

(8) Copies of the mawme de::yu:ribiin? *his work in detail sre availuble through the author; Jo W Cobble,
Calibration of the 4th High Pressure Ton Chamber, CF S6.6.114 {June 3%, 13303, -

(83 SBenborg, G.:¥. 2nd Periman, Y., Rev. Mod Phys. 20, 383 (1948).:
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monitering); 6.7 X 10'! n/cm?-sec; half-life of Co®®, 5.3 yrs; cross section

for Co®®, 22 barns.  The cross-section values obtained were:
Atomic - 1.4 baras
Isdotopic 2.8 barns
These values are somewhat higher than 'those reported by Seven et al, 9}

( Atomic * 1.1 barns }.

The Decay Schewe of €1°®.  Preliminary measurements by coincidence tech-
nigues and absolute gamms counting in the 4 # geometry pressure ion chambey
cannot be reconciled with the brenching ratios given in the decay scheme for
37 m C1¥* by Hole and Siegbahn,(*}> The high pressure ion chamber iz partic-
ularly well swited to the determination of the branching ratio in the case of
C1%*%, and dpes net involve any uncertainty as does the Fermi plot analysis for
three components performed by Hole and'Siegbahn, Uéing the well established

ratio of 43/57 for low energy betas, the following preliﬁinary values for the
branching ratios were obtained: '

TABLE II

BRANCHING
. BRANCHING {Percent)
ENERGY (Mew) {(Percent) {Hoie and
: Siegbabn)
1.19 12.3 36
2.79 ‘ 3.7 11
5.0 84 53

This isotope is being studied further and will be reported on more com-

pietely in a future repory.

(1) SBeren, L. et al, , " Thermai Weutron Activation Cross Sections, " Phys. Hev. 72, 88B (19473,

{113 Hele, M. end Sieghahn, K., ° The Disintegration of Clas,. " Ar Kiv, f. Math, Astron O. Fysik 33A
{9y, (1247 . - .
AV E AN 4
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RADIATIONS OF LONG-LIVED Kr®% gNp a%°

’Hu Zeldes, B.-H. Ketelle
A. R, Brosi
: ; : P
introduction. A iong-lived Kz sctivity was found in fission bf Hcaglandi
and Sugarman ‘*?’ ¥From absorption measurements they concluded that chis Ke
decayed with a maximum bets energy of U 74 Mev and no gamma radiation  Later
Thode**® ¢ naing mass spectrometer Measureranis assigned this Kr to mass B5 and

determined the haif-life as 9.4 years.:

A portion of the fission rare gas sample collected by Parker and co-
workers ‘%’ has been purified by the method de&gribed.in the last guarterly
: ® In the course of this work gamme radietion was found associated
with the E@ng%iiwed Ky~ A more detailed study of the radiations of Kr®® was

therefore made which iz reported below.

& long-lived argon activity has been removed from several different
potassinm salts after pile bombardment. This is presumably A*® formed by an
n,p reaction on K°®.  An attempt to find the 4 min activity previously assigned
to this mass number was unsuccessful. A study of the beta speﬂtrum of this

long-iived argon is alse reported.

Thin Lens Spectromweter Measurements. In measuring the beta specira of
gaseous activities the shief problem is in mounting the source in such a way
that Ecatterihg and absorpuion are minimized. In this work the gas was con-
tained in & 6 mm diemeter guartz bulb with a thickness of 0.7 mg/cm® which was

iown on the end of a 0.8 mm O.D. and 0.4 mm I. D ‘tube. The data iudicate

that there is very little distortien of the spectra at energies above i50 Kev

The beta energy discribution of Kr¥® is shown in Fig. 10 az a Kurie plot
for an allowed transirion.” Because of the curvature the data have been re-
plotted in Fig. 11 on the assumption that the transition is first-forbidden

with a spin change of ¢two with a parity change. On this assumption the maximum

{12y Hongland, E, J. and Sugarman, N.,; K&EE-PPR Vel. 2B, Paper Ne. 7.8,% (1945}."
{13) Thede, H. G., Progress Report for September and October 1946 (Nationa{ Ressarch Councii of Canada
s Divisfon of Atomic Energy). CR-PRG.37 (Nov.; 19467,

{24y Psiksr, G, \Y, gt al., ©Feazibiiity Test of the Large Scale Coliection of Fissipn Rave Gagewn,
Cheeisiry Division Quarierly Progress Report for Period Ending Scptember 30, 19489, ORNL 400, 52
(Dex, €, L9435, - '

(18% Zeides, H. wnd Beowi, A Koy 0 ddsorption Colums for the Separstien of Radissciive Guses,” Chemisiry
Division Quavterily Progress Bepory fer Pevisd Ending Marzh 34, £850. Puart I. UChemival Reseurch,
ORNL 683, 53 (Jume 18, LH505. ;
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FIG. 10
ALLOWED KURIE PLOT OF KB° BETA SPECTRUM
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energy of the tramsitios is 0.695 Mev. The log of the ft value is nine which
iz in sgreement with the Ft values found for other first forbidden transitions

with a spisn schange of iwo.

‘bidden travsision. Kurie plots for an allowed and for a first forbidden
transition with a spin zhange of twoe ars shewn in Figs. 12 and 13, respactively.

On the assumption of a first forbidden cransition the maximum energy is 0.565

Mev. Decay messurements indivste that he half-life of this activity . greater
than 15 vears. The log of the minimum f/ value is 8.7 which is in the region

expected for a tramsition of this type.

Kr®® gamma Radiatioen. As stabed previcusly gamma radiation was found
asnociated with she long-lived krypiton vollected from a Hanford alug. Sein~
tilintion spestrowster messurements and lead abasrpition curves both indiaatg
that the energy of this gamma ray is 0.54 Mev

Coincidence absorpvion messursments have been made which show that the

idence with a 0 13 Mev be

gamma TAY iz An ocoinsd ta ray. Since the sum of the

energies of the coincident bats and geama rays iz the same within experimental
error as the enargy of the more abundant beta group of Kr®¥, these radiations

are almoslt certainly spsocisted with Kof¥.

5

The bramching ratic in the decay of Kr®® hes been calculatsd from the
coincidence dats and the calibrated detsetion efficiency of the gamma counter.
1t was found that Kr®% decays by emission of a 0.15 Mev beta ray in coincidence

with a 8.34 Mev gamma ray dn 0,65 & 0.158% of the disintegrations.

(x4

summary. Both Ke®® nod A*® heve been found teo have forbidden zyps beta
spectra. The maximum energy in Kr®% decay is 0.695 Mev. In 0.65% of the dis

intagrations u U.15 Mev betas rTavy im coincidence with a O.54 Mev gamwa ray is
emitted. In the decay of A®Y the maximum beta energy was found to be 0,563

Mev. No gamma radiszion wes devected.

BRCOVERY OF FISSION PROBUCTIS AND NEPTUNIU!
FRON ORRL REDOGX PILOT PLANT CR WASTES

G. ¥. Packer 5. M. Hebert
. . Lancx W. J. #artin

4. B. Creek

Final Cell Plan sad ?waaess for Ct Separations.

Bumpary, the propesal of a tentative flow plant®®’ for the re-

covery »f fission prodeet radicizotopes and syathetic elements from Special

¢ wamw et Leberatory ¥y itdey snd Flew Plaw for the Rewevery of Fizsion
Gonm DERL Rodey Pilor Plant TR Wasies, “op. cid,, OBNL $3%;, 62-.73.
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FIG, 12
ALLOWED KURIE PLOT OF A°? BETA SPECTRUM
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Hedox wastes, an intensive testing procedure has indicated the hsual numbey
of mechanical diffieulties, the necessiﬁ? for a moderate amount of reconsidera-
tion of the process, and in some instances, a few reviéinnss; While making a
number of cold runs, equipment performaﬁCevand vield characteristics have been

determined.

While, it was originaiiy planned to make hot runs concurrently with thosei
in the Pilot Plant in order to preserve the identity of the batches from dif-
ferent sectinns of the rods, this was finally conceded as impossible because
of many complications which delayed the campletion of the necessary tracer

runs.

At the present time all of the CR 1AW raffinates from the Pilot Plant
have been sampled, analyzed and stored in three holding tanks. These contain
the batches No. 1 and 2 {low-level CR), No. 3, 4, 5 and 6 (highest MWD CR),

‘and bateh No 7 (Hanford), respectively. ' o

A number of unanticipated variations in the ratios of Cr(III} and Cr{VI},
the wraninm content, as well as the expected rise in activity level (Table I1I)

as the batches approached the center sections of the rods, have been observed.

An attempt has bsen made to obtain a tentative material balgnce of the
alpha emitting tramsuranics inorder to establish the presence and concentration
of szgyc‘ The results are temtative but,as such, check the calculated gquanti-

ties.-

: Studies on the rate of reduction of chromium (VI) by radiation show a
Iinearity with the specifie activity and an average reduction for this level
of about 2% per day. - There seems to be little effect due to the hexone,

nermally preseént to the extent of about 2% by volume.

Addivional work on the 1dent1f1cat1on of states as3001ated thh the chem-
1eaé reduction of Np{V) to Np{(IV) and its carrying on Ce(OH) has been con-
‘tinued - A Aumma”y of the data is tabulated.

Cell 1, Benk 1: The A series of reactors, filters, and settling tanks,
etc., shown in Fig. 14 comprise the complete series of steps for the priox

chromium removal and the precipitation of anions from the Redox raffinates.

Tank A-1 is a partly double walled vessel containing a heating coil and

sparger and a 40 gallon hold-up pre-filter fer the rough filtratiens of large:
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quantities of lead chromwate. The pre- fllter consists of alternmate layers of
stainless screen filter clonh glass cloth and Welsbach filter plate which
form the cyllndrlcal walls of an ingide vessel concentric with the lower half’
of A-1.-

In apsra?ionﬁ 200 liters {~ 3000 curies) of raffiﬂate ére drawn into this
iank; the carrier rhenium is added with about 15 lbs of Na,S 08 for the mxxda:‘
tion of Cr{IT71}.  The mixture is then heated to boiling and held at this tem-
perature for '1-2 hours.” During this operation a strong negative pressure
{10-20 inches of H,0) is provided by means of the off-gas vacuumithrough the
reflux condenser 'and the A-1 scrubber.. The scrubber is designed to trap large

quantities of RuQ, which vaporize from the strongly oxidizing sclution.

Because of the hold-up volume outéide of the pre-filter, a circulating
pump, & speczally adapted Alsop centrxfugal is used to brlng ‘all of this
portion of the svlution back into the heated section of the tank

After cooling, sufficient lead acetate (40 1bs) is added to the tank for
complete Cr0,” removal.  Again the liquid is circulated b?.means of the pump
through a sight glass until the pre-filter is sufficiently clogged to give a
clear filevrate. This filtrate isthen drawn by vacuum through a fine stainless .
star-type filter (A-6) enclosed in glass pipe into Tank A-2. |

Tank A-2 is also eguipped for heating as well as refrigerated water cool-
ing. The lower section is conical leading into a glass pipe section {{for
visual Operatxon) connected to a bottom supported stainless filter plate of
Carpenter #20 alloy

if the fnltrate from A-1 is clear and free of chromium the solution is
heated to aboutr 90°C, after adding a reducing agent for the Np(V)—>. Np(IV)
reaction and before sdding about 200 grams of tetrsphenyl arsonium chloride.
The solution (~ 80 gallons) is next cooled to room tempersture and then cocled
with refrigerated water to 2-10°C.  During overnight cooling, large needles of
Ph AsReO, andiPhéﬁsTeOd are formed and settle out. Extra cooling is requiredg
because of the small gquantity of precipitate formed in the 80 gallons of solu-
tion. Even at room temperature the solubilities of the tetraphenyl compounds
ére high enough to materially lessen the yield. Filtration is accomplished by‘

vacuum on A-3.
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The vessel A-4 is nearly all glass and is designed for transfer of the
organic preduct slurry from the fliter plate in A-2 onto a 6 in. pyrex filter

for washing and dissolution in concentrated H,S0,.

Since relatively little hard radiation is present, this initial product
in sulfuric acid is withdrawn from the cell for fractionation and purification

elsewhere. An alternate filter (A-7) may be used if necessary.

Cell &@ Bank II: The B series includes hbe principal sodium hydroxide
‘digester, (B-1), capacity aBout ZGD-galldns; and a 12 in. bowl-type Bird

~centrifuge (B-3), and monitoring ion-chamber (B-2).

In order to avoid accumulation of aluminum hydroxide upon addition of
‘caustic which is agitated in B-1, the 80 gallons of nearly }.M Al1(NO,), =solu-
‘tion is slowly added to about 60 gallons of caustic in this order to fprm

sodium aluminate and precipitate the rare earth and sssociated hydroxides on

Ce(OH), carrier.

This mixture may be heated and cooled for digestion or may be centrifuged
directly at about 0.2 - 0.4 gallons per minute. The bowl solids are then
" plowed out into the "Hydroxide Slurry Washer,™ mixed with more caustic to
dilute out the aluminum and recentrifuged or sucked dry on the star filter
(B-5)." After several water washes, the Ce(OH), and Ce(OH), (oxidation in air)
~is dissolved instron@.ﬁNOé which is received in B-4. From this point, through
the pipe manifold, it may be sampled, or placed in storage in the pit tanks

{p 1-8).

Cell 2, Bank II: During the centrifugation of the mix in B-1; the
~cenﬁrifugate'iscollected in one of the C‘tanks C-1 or C-2 which are altermately
used under vacuum for collectioﬂ or under pressure to blow the waste sslution
“into the Tank Farm (Wu14)‘holding tank. - ' ‘

An alternate centrifuge C-4 and an associated ion-chamber have been pro-

vided in case of necessity.

Hot Storage Pit. A new hot storage facility connected to the tank farm
and to the hot cells provides a variety of storage space for hot solutions in
nitric acid, hydrochloric acid or alkaline media.  Each of the tanks may be

sampled through small plastic lines connected to a common “sampler™ on top of
Cell 2. ‘ '
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The large tanks (100 gallons) P-9, P-10 and P-13 (not shown) are to be
used first to store the 240 gallons of raffinate from run 7 which was made
from rather green Hanford metal.  This will be held until all of the older .

material from the fuel rods has been concentrated before processing.

Rate of Reduciion of Cr{vi) to Cr(XII) by Badiation: Since the complete
absence of Cr(III) in even very small concentrations is so important in the
hydroxide carrying of rare earths and neptunium, it has been necessary to
foilow carefull§ the growth of Cr(IJI) in the Redox raffinates in erder to be

able to perform an efficient oxidation and removal as PbCrQ,.-

It was at first thought possible to obtain the raffinates for processing:
garly enough:that the reduction might be negligibiewi_This apéeared-to Se
nearly true with the low-level runs CR-1 and CR-2; however, after some delay.
in the Pilet Plaat, Bun 3 showed = much greater amount of reduction {(~ 30%)
when it was first available for sampling. Subsequent runs CB-3, 4, 5 and 6

nlso were proportionately reduced as the activity level increased.

With the cooperation of the Analytical Division, ‘a great many analyses
of each batch were made from a 5-10 ml sample taken in glass. Due to the size
of sample possible to handle safely, the points are scattered; however, the
general curves show a gradual tapering off of the reduction rate and a reugh
correlation with the activity level end total chromium content. Figure 15
illustrates the progressvof the reduction in the 40 to 60 days elapsed. It
may be of interest to continue to follow the reduction and to re-examine the
data after a longer period of time. Tt is also of intérest to speculate whether
the starting reduction rate is sufficiently higher than that observed to make

it difficult to obtain complete separation of the chromium.

Co-precipitation of Neptunium Hydroxide with Ce(OR);. The essential con-
clusions that have been drawn from the erratic recovery of neptunium tracer

from various test-tube and pilot-plant scale cold rums are:

(1} Cerium hydroxide is a satisfactery carrier precipitant in
concentrations around or above .001 molar (139 mg/liter). It dif-
ferentiates very little between Np(IV) and Mp(V) at this cencentra-
tion, although the solubility of the hydroxides are high and differ
by a factor of 1D0.-

(2} As with the other carriers proposed (La and U), CelOH), is

sensitive. to concentrations of Cr(III) above about 0.0002 molar. At
about 0.001 molar, the carrying is reduced by a factor of two.
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{3) Uranium, which has been found to be abnormally high in the best
part of the CR wastes (1.0 g/l) is a satisfactory carrier for Np(IV)
enly and only in the absence pftCR(III) andfCOs= in the excess
caustic used to dissolve Al(OH)av"

A summary of the vollected dsta obtained from various types of runs is’
given in Table III. Since it has been shown that with a moderate increase in.
€Ce carrier, the same yield can be'expecﬁed, it is nmot likely that a reduction:
will be used. Instead, more attention will be directed toward complete re-
moval of Cr(III)uj ‘
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TABLE III

Gross Beta Activity in CR-1AW Raffinates

STORAGE CR- 1AW VOLUME, SP. ACTIVITY®| GROSS PUe* IN .
LOCATION - BATCH NO. {(gaiione) {me/miy ACTIVITY FEED {grams)
(curies)

Tank 1 160 4.15 2,510 33
W.15 2 148 6.9 3,860 47

3 197 101 7,540 80

4 150 - 16.1 9,130 98
Tank
W13 5 167 19.6 12,370 115

6 180 28.1 19,120 188
Tank 7 2490 25.3 15,760 86
Wol4 (Hanford)

“ At mica{end window absorber; corrected for decay to 6/30/50.

** By analysis: heels not inecluded.
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TABLE 1V

Composition of Alpha Activity in CR-1AW Raffinates

RAFFINATE U CONTENT | ' GROSS ALPHA Am & Cm BY LoF Pu BY Np BY TTA
BATCH NO. (rg/mi} BY LaF, CARRYING | (Pu oxidized} TIA Caprcific for Npj
{e/m/mi) {c/m/mi} {e/m/ml} Je/o/miy¥
CR‘3ﬂ4,Sy6 1.00 3.4-3.5 % 10% {3.1-3.3 % 10% |3.4-4.5 x 10% 680-840%*
Composite
CR-7 ‘ ) :
{Hanford) 0.058 1{3.2-3.8 x 10° 1.9 x 10° 1.3-1.7 > 10® 240-280*+
* Theoretical fer abuutitwo grams in 3100 liters = 994 c/m/ml
*+ Results tentative due to very 1ow counting rate
TABLE V
Co-precipitation of Neptunium Hydroxide Tracer
CARRIER CONC. €r{111) REDUCING NEPTUNTUM Np TRACER
‘Ce(III)3UOQ++ AS U [INTERFERENCE |  AGENT CARRIED
(mg/ 1) 1v v -
(Percent carried on LaF,)
200 0 - 100 {prep. tracer) 0 ~ 94
100 0 S~ > 98 4 2 85-89
1000 0 - 100 {prep. tracer) 0 ~ 97(C0O,” free
: caustic)
600 ~ , 0002 M| Nonme >. 98 ~ 2 |~ 25(0.5% Co,”
. in caustic )
100 500 ~ 001 M {0.1 N,H,* 60 40 ~ 50(0.5% CO,”
in caustic )
100 500 0 0.1 NyH 60 40 |~ 91{0.5% Co,"
: , in caustic }
200 i~ 0002 None >, 98 ~~ 2 89-92{(0.5% Cﬁsz
' ~ in caustic )

* Solution heated

to B0°C for five
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OTHER ELEMENTS

THE SZILARD-CHALMERS PROCESS IN KEBr0, IN THE ORNL PILE

J. W, Cobble and G. E Boyd

The 8zilard-Chaimers method for obtaining high specific activ . ties of
35.9 h Br®Z? in the pile has been studied under a variety of conditions Pre-

i

limipnary specific activity values compuﬁed from data of Sol Wexler have already
been reported in a previous report.‘*’’ During this quarter, among other
things, an attempt was made to assign the total decomposition of the salt to
the warious radiative cmuses. Jt is largely the radiation decomposition which
lowers the specific activities with bombardment time. If one assumes that the
decomposition can be related by a simple first order equation to the power of

the pile, then
Decomposition in ppm = Power * Time X kg, (1}

where kT is the gross decomposition rate constant. A plot of the decomposi- .
tion in ppm of Br, and Br  formed in KBrO, vs. time should give a straight
line at constant power of slope kT" This is found to be the case, and the
value of k, for a thermal neutron flux of 6.7 % 10! neutrons/cm? sec was
9.96 . 10% ppm hr™*. ‘

The radiation primarily respomsible for the decomposition of the salt is
believed to be made up mainly of neutrons and gamma rays. There may be a
slight effect of beta rays, but this must be comparatively small, arising peru;
haps only as secondary radiation from the other two sources. One can then, in
principle, define the tocal decomposition rate constant as the sum of the nea-

tron end gamma ray constants,
o . u . 2 . 4
kp =k, vk, 20,97 X 105 (23

The problem resolves itself, therefore, to a determination of kn and ky,

(i‘/’}; Cobble, J. W. and Boyd, G. ., © Szijerd-Chalmers Processes in the Cheain Rescting Pile, ” op. oif
ORNL 685, 75. : ;

K1
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Determination eof kya A high gamma flux cobalp source of about 500 curies
has been calibrated recently by C. Hochanadel in terms of the amount of oxida~
tion of ferrous irom to ferric in sulphuric acid solution.  If one uses the
. value of 19.7 micromeles of ferrous iron oxidized perliéer‘perkiIO*roentgenH{ig7
then a figure of 3930 roentgen per minute at the mex imam exposure position in
this "gamma-pile™ may be derived.

The gamma heat of the ORNL pile has been determined for hole 12 by
Richardson‘ %’ for various substances.; The gamma heat for most 1ight clements
is 0.000370 cal/gm-sec. This figure gives a value of 11,150 roentgen/minute
at 3500 kw at the maximum position in hole 12.  This can be adjusted and cor-
related to any other position in the pile if the relative flux values are known.:
Using the value of 6.7 X 10%! neutrons/cm?-sec at 3500 kw for the pneumatic
tube (hole 22) terminal, one can compute that the roentgen value of the high
intensity cobélt source is 44% that of hole 22.° One sho%ld then be‘able to
determine k., for the OBNL pile by dividing ‘the decomposition constant in the
gamma-pile (cobalt source) by 0.44? ‘This was done for potassium bromate, and
the value of ky of 0.46 % 102 ppm hi! was obtained.

Therefore,

k, = ky - k, = 0.51 % 107 ppm hr'."

Evidently the neutrons are responsible for about one-half of the total KBrO,
radiation in the ORNL pile .- '

It is possible to devise an experiment to determine the value of kﬁ in

independent manner. According to the data and method presented in the report

. {18 )
by Richardson, (!%®’

one can calculate the average ORNL pile gamma energy as

0.8 Mev. By surrounding a sample of pot;ssium bromate with a known amount of
lead, and then bombarding this sample in the pile at a position of known flux,
one sheuld be able to calcelate the effect on the observed decomﬁosition rate

constant, and calculate k, as above:

k, = k, (in Pb) - ak

n

y = 0.48 X 102 ppm hr™ %,

(18) Lewis, W. B,; Progress Reﬁort for December 1949 and Jonmary 1950; Chemistry and Engineering Sub-
Division {Atomic Energy Project (Canada)), PR-CE-5 {n.d.).

{193 Richardson, D. M.; Calermeiric Measurement of ‘Badiation Energy Dissipated by Various Meterials
Placed in the Ozk Ridge Pile, ORNL 129 (Oct. 1, 1948).-
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In this equation, 4 represents the fractional decrease in the gamma intensity
due to the lesd; in the experiments performed, this constant had a value of
0.31. The value of & calculated from this experiment agrees very well with

the one given above, 0.48 % 102 ppm hr™!

While such good agreement is probably fortuitous, because of the errors.
in estimating the fluxes at various positions in the pile, it does suggest
that the total decomposition observed can be explained as the sum of the com-

ponent radiative decomposition processes occurring.’

One would like to be able to resolve the neutren effects into the slow
and fast components¢_ Presumably this can be done by surrounding a sample with
a "black™ slow neutron absorber (such as Cd) and determining the effect on the
decomposition. Experiments performed with cadmium, however, increased the
decomposition over that of & normal bombardment rate by about four-fold.
Qualitatively this can.be explained by the increase in the gsmma flux due to
the capture gémmas in cadmium (E max of 8.7 Mev), but attempts to resoclve the
effects on more guantitative terms have so far proved unsuccessful This is
due te the fact that the spectrum of the capture gémmas from the cadmium 1is
not known with sufficient accuracy to allow anything but order of magnitude
éaiculations,; Future experiments are planned using boron filters; the capture

gamma spectrum from boron is simple and well known.:

The absolute specific activities of Br®? from irradiated potassium bromate
samples have been determined under a variety of conditions. Simple theory(29’

predicts that the specific activity of the separable Br®? can be expressed as

idor, (1-e"M1)
k At

where i is the isotopic abundance of Br®!, o the absorption cross section for
B , @ the separation facter (0.70), k. the decomposition rate constant, and
t the total bombardment time.  As t. approaches zero, the specific activity, S,
approaches the limiting value of igo/k which has the value of 1190 Rd/mg. At
times other than ¢ ¥ 0, S can be expressed as

S0

S ieé—-(lae°K*)D
L

where S® iz the limiting specific activity at zero time.

{26y Wiiliams, R. Ra; Phys. Coll. Chem. J. 52, 663 (1948).
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The ratio of the specific activity at a time other than zero to that at

zero time is given by
S/S® = (1-e-M)/nt .
The gbserVed specific activities are given in Table VI fora flux of
6.7 * 10°* n/em®-sec.
TABLE VI

variation of Relative sﬁecitlc Activity with Irradiation Time
8% = 900 Rd/mg (Experimental)

BOMBARDMENY 8/8°
TIME (Hours) (Expti.)
0.0 ‘ (1.00)
0.5 0.95
2.0 0.85
6.0 ; 0.67
8.0 0.60°
10.00 . 0.55
12.0 ‘ 0 52
22.0 0.40
46. 2 | 0.35

Specific activities in Table V of ORNL 685 p. 75 computed from the data of
Sol Wexler are too low by a factor of 20.54 due to an uncertainty in the re;
sistance scale ratio of the ion-chamber at the time of his measurements and

subsequent calibration.

The specific activities drop much faster than the simple theory presented
would predict. Preliminary results seem to indicate this rapid decrease may
be due to a recombination (back reaction) of the "hot™ recoil Br®? atoms which

N . . ve

i1s not undergone by the bromine atoms formed by radiation decomposition.- The
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observed "leveling off" of the specific activity merely indicates that a
"psuedo™ equilibrium has been reached between the processes competing for the

Br?? atoms.

The effect of the lead shielding on the specific activities of the Br®?
is to increase them by a factor of about two. This factor, when added to the
high specifie activities obtainable b?the unshielded:Szilard«Chalmers process,
will give specific activities many thousands of times higher than those obtain-

able by the bombardment of potassium bromide, & ndn—enriching procedure -
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SUMMARY

The preparation of potassium acetate-2-C!'* and acetic acid-2-C!'* has been
accomplished on a production basis. Thirty-six millicuries of the former and

4.66 mc of the latter have been prepared.

Two hundred sixty-seven milligrams of sublimed malonic acid-2-C!* (2.54

mc) have been prepared in 55% radiochemical yield from acetic acid-2-C*,

Fifty-six millicuries of potassium cyanide-C'* (4 mc/mmole) were prepared

by the modified Loftfield procedure.

Attempted preparation of methylene labeled maleic anhydride frem dibromo-
acetic acid anhydride by reaction with zinc failed because of extensive polym-

erization.

The rearrangement of 11-benz{(b)fluorene-l11-methancl-12-C** by the action
of phosphorns pentoxide in boiling xylene has been found to give benz-anthra-
cen‘e~5,6~C1?4 in 93% yield. Degradation of the benzanthracene has shown that

the relative proportions of C!4 in the 5 and 6 positions are 45/55.

Chrysene~5,6—(}114 has been synthesized through the Wagner rearrangement
of l,2~benzofluorene»9—methanolwlO~Ci*, The distribution of the isotope has
been shown to be 60% and 40% in the 5- and 6- positions, respectively.

The radicactive polystyrene, 8 mc, has been diluted and purified, and a
portion has been laid down as film and divided into standard one and one-

quarter inch squares.

Three lithium boralkoxides were prepared for testing as possible scintil-
lation counters. They were obtained as microcrystalline powders. Search for

suitable solvents from which to grow large crystals is being conducted.

A gas sampling apparatus has been devised which allows facile determi-

nation of radiocactivities of vapors of high specific activities.

A simple inexpensive instrument for the determination of the ion current
produced by Carbon-14 beta disintegration has been developed by combining a

Borkowski ionization chamber with a Lauritson electroscope.
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Absolute calibration of counting methods employed at this laboratory
against standardized sodium carbonate-C!* from theNational Bureau of Standards
has led to the accumulation of considerable data relating the factors for con-
verting readings obtained with the vibrating reed electrometer to microcuries
of carbon-14 activity, Work has been and is in progress on the intercalibration
of the three resistances and two condensers of the electrometer through all
four voltage ranges. Some conclusions have been drawn regarding the stability
of the reed, the variabilities of the chambers and the precision which can be

expected during ordinary use of the analytical procedure.

Because of the importance end widespread use of decolorizing carbon,
chromatographic adsorption and fractional distillation for the purification of
organic compounds obtained by the technique of isotopic dilution, it was found
necessary to determine whether isotope effects occurred during the use of
these procedures in order to validate the technique. During the use of de-
colorizing carbon, no isotope effect was observed within the limits of error
of the procedure (0.2%).

A study of the radiation chemistryof organic compounds has been initiated.
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THE SYNTHESIS OF LOVW MOLECULAR WEIGHT INTERMEDIATES
) CONTAINING (14

Acetic Acid-2-0%*

D. N. Hess

Discussion. Thirty-six millicuries of potassium acetate-2-C'* has been
prepared in 91% yield from methanol-C!% by .the procedure previously de-

seribed. 1)

A portion of the potassium aeeta&evcontaining 6.23 millicuries was con-
verted in 76% yvield to anhydrous acetic acid-2-C'* by a method which removed
possible potassium cysnide and potassium formate impurities. The purification
procedure and preparation of the amhvdrous scetic acid are described below.
The 4.66 millicuries acetic acid obtained {(4.12 miilimqlaé) was used in the

preparation of malonic acid-2-0C'*,

Experimental. The agweous solution of 6.23 millicuries of potassium
acetate~2-C**% was acidified with approximately 0.6 ml 70% phosphoric acid. ‘A
saturated solution of pcta&siam permanganate was added dropwise until the pefw
manganate color persisted and the acetic acid was steam distilled by the ad-
dition of successive small portions of water. The distillate was neutralized
with 1.0 N potassivm hydroxide solution and evaporated. The residue was dried
by beating at 150°C in vacuo for 16 hours at 10°* mm. Sufficient phosphoric
acid saturated with phosphorus pentoxide was added to wet the dried salt, and
the acetic acid was distilled at 10°% ‘mm and 120°C into a receiver immersed in

liguid nitrogen. Yield, 4.66 willicuries acetic acid-2-C'* (4.12 willimoles).

POTASSIUM CYANIDE-C'Y
¥W.J. Skraba

Discussion, Fifty-six millicuries of potassium cyanide-C'* (4 mc/mmole)

was prepared by the modified Loftfield procédure préviously described.(??

{1y Hezs, D, N., ““Arstic Asﬁwt-iAclqg“:Chemiétry Division Quarterly Progress Report for

Period Ending Mareh 21, {950, ORKL-68S. 78 (jume 16, 1950).

{2y Skyaba., W, J., “Potassium Cyenide.c'd Chemistry Division Quarterly Progress Report for
Périod Ending March 31, 1950, DRNL-68S, 79 ( june 15, 1950).
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THE SYNTHESIS:OF HIGH MOLECULAR WEIGHT GOMPGUNBS

CONTAINING CARBGN-14

THE MECHAMISH OF THE WAGNER REABBANGEMENT. 1.
THE SYNTHESIS OF BENZANTER&&ENE"&6@(71?‘%

C. J. Collins and J. G. Burr, Jr.
. . ‘ .o oy (14
piscussion. The rearrangement of 1i benz(b)fluorene~ll-methanol-12-C

by the action of phosphorus pentoxide in boiling xylene has been found to give

benzanthracens-5,6-C.'* in 93% vield Thisz 75 an extension of the method

which has been used to prepare phenanthrene.??’ wad phenanthrene-9.C}4. {4

An unsymmetrical distribation of C'% between the 5 and 6 positions of the
“benzanthracene was anticipated, since unlike the vase of fluorenemethanol{%)
the carbinel here concerned would give a carbonium ion with an unsymuetrical
environment. In fact, degradstion of the bevzenthrucene has shewn that the

relative proporticns of C3% in the 5 and & posisions are 45/55° The synthesis

“of bepz(z)anthracene-5,6-C. 2*{VI) was reported earlier. (57
s T

Degradation of this bydrossrben at sthe 5,6-bond was .accomplished through
a preliminmary -hydroxylation at the 5,6 position wish osmium tetraoxide’) to
:give the dihydro-diol {1} in 74% vield. The attempted cleavage of this diel
with lead tetraacetate.and oxidation of the resulting dialdehyde led to a
_series of intractable gums. The diel was therefore oxidized to the guinone
‘(113 {66% vield from the hydrocarbon} with chromium trioxide in:acetic acid.
‘The quinone was cleaved with 30% hyvdrogen perox ide to the dibasic.acid J11y.48)

‘Distillation of this scidatatmespharic pressure gave a mixture of chrvsoketone

(IV) ;and .a chryscketone carboxvlic acid (V)  The keto-carben aiem in the
HEB) sown, W. G.:and Biuestein, B.. Dehydratien af §-Fluesenylearbinel: ‘A New Synthesis: nf Phea-

camthrewne;” Awp.  Chem. Sac.: J. B2, 3256 (19407, :
{4y Csllims, C..J. ~The Symihesis.of fhensnshrens-5-CtY Ly Chem Spc. J. 70. 2418 (19483,
{8y - Ibud.
(63 Cellims, C.:j. and Busv. J. (» e rBenziajAntbrasewe- 5, 52} C K Chenistry Divizion Querterly
Progress Beport far Periad End:ing.simr;c—h 31. 1950, ORMNL- GRS, 82, ¢Fumes 16, 1350).

¢ 7) Cook,: 7 W. and Suhoensal. B, "’&)zﬁd&li’.oﬂ of éﬁ‘.(‘tiﬂ(ﬁﬂ(“ﬂf‘.il ‘Bydrscarbens by Osmivwm Teaivaepyide,”
Awm. Chen, Sov. J. 172 (1348, :

(B3Y Fiesesr L. F.. end Biety E. M., %1 2-Beaz-3 4sAnthraguinene;” Aa  Chem Bor. J, 513143 (1929).
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chrysoketone is the one which vecoupied the S-position of the original benz-
‘anthracene, -and thus assay of the chrvsokerone gave direectly the C-14 content

of that position,

I i 111

M A A
L 1& It
VAT A '*' : A
i i f ] 1 i
|
O N/ O o/

v v

The formation of & ketone throungh interaction of the two carboxvl groups
would give a keto group derived at random from sither of the two carboxvl
carbon atows This 212 uplikely in the abssnce of a strong inorganic bass, and
would result in any case in the formation of the linear benzfluorensne. This

was not observed.

. L. . . . L de
Experimental. 1. 5.6 Uihydroxy 5,6 dihydrobenz{ajanthracene 5,5 Cy (I}

' . s . . . ot g
The sample of benzanthracene {930 mg containing 1.73 gcuries/maole of C'%) was

dissolved 1m 40 ml of | in s 250 ml glass svoppered bottle., A 1 g vial
of osmium tetraoxide was broken in the bottle, and 1 wi of pyridine added. The
bottle was stoppered. the coutents were magnetically stirred for one hour, and

thee allowed tostand for two duys. At the end of this time., 50 ml of nethylene



| chloride .and 100 ml of 3% potassium+hydroxide solution . containing 10 :g of
mannitol were .added and the bottle was mechanically shaken for five hours. The
heavy onganic:layst'was,bhen‘separatedg;and»evaporated'to dryness 1n an axr
blast .at -room temperature. The residue was taken .up in benzene-chloroform,
filtered, .and the filtrate evaporated todryness. The residue was crystallized
from chloroform:to give 173 mg (74%) of the diol:as a cottonelike‘whit@esolida
melting at 205-206%, and 310 mg of :residual material (a deep ovange solid}).

‘3. g50ﬁaBenz(a)anthraquinoneﬁsg6~0114 (II). The diol (I, 773 mg) was
dissa;ved in 25 ml of acetic acid, and shis solution mixed with a solution of
0.78 g of chromium trioxide in a mixture of 1.5 ml of water and 13.5 ml of
;acetic acid. A heavy.red precipitate formed immediately; rafter standing for
fifteen minutes, the imixture was chilled in.a refrigerator, ;and filtered. The
product was 432 mg of orange-red quinone (II), melting at 263-265%. The
filtrate was added to the residual matertal from the diel preparation. Anether
0.5 g of chromium trioxide was_addedﬁxand the solution.after reaction was
evaporated :in.a stream of air. The .residue was diluted with water; the
precipitate was filtered and washed with .aledhol to give'aneadditionel‘QSSemg

of the quinone. The overall yield of guinone was 66% from-the :hydroeavbon.

3. 2-(o-Carboxyphenyl)-3-naphtMoic Acid (III). ‘A solutien of the quinone
(1I, 688 mg) in 70 ml of acetic acid was heated on the steam bath, and 0.45 ml
of 30% hydrogen peroxide was ;added. After an ‘hour, ‘a second and similar.ad-
dition of peroxide was made, .and heating was continued foranother hour. After
standing o?ernightﬁ a third addition of peroxide was made iand the .solution
evaporated on the steam bath in an air stream. -The residue was washed with
water by decantation and warmed with .aqueous sodium bicarbonate solutien. The
‘material insoluble in bicarbonate .amsunted to 221 mg of an erange powder. The
cold 'bicarbonate solution was .slowly acidified with concentrated ;hvdrochloric
vacid. The precipitated acid, :after filtering:and air -drying, wexghed 445 mg
.and melted.at about 130°. A sample .was dissolved in . hot dilute . methanel. The
solution was cooled, decanted from .precipitated tar, and chilled.  The light

purple micro needles which deposited melted at 243-246° (Lit.{®) 246°).

' ;
.. 4. .Chrysoketone-11-C1% and Chrysokexonem6~ﬁarboxylic.Acid~11J12wCi14;
The crude dicarboxylic acid (III), weighing about 400 mg, was distilled with

Y

(9) Fiewns, L. F. 2nrd Dietz, E. . Ms, 0p cit.
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a free flame at atmospheric pressure, finishing at 22 mm pressure. The orange-
vellow sublimate weighed 310 mg. It was crystallized from benzene. The pals
yellow micro needles which deposited weighed 46 .7 mg, and melted at 261-262°

(Lit.{1%3 for chrysoketone-6-carboxylic acid is 262°).

The filtrate from this solid was passed through an alumina column and
eluted with benzene. The substance recovered from the eluate was an orangs
solid, weighing 33.7 mg., After crystallization from hexane, the yellow needles
melted at 125-130°. The melting point was not depressed by admixture with a
sample of authentic chrysoketone. Assay of this ketone revealed the presencé
of 0.770 pucuries of C'*/mmole ketone., This represents 45% of the activity

present in the initial hydrocarbon sample.

THE MECHANISN OF THE WAGNER REAREANGEMENT. II.
THE SYNTHESIS OF CHRYSENE-3:6-C, '*

C. J. Collins A. B. Jones
T G. M. Toffel(il}

piscussion. The synthesis of phenanthrene-9-C'% in this laboratory was
reported previously.(12) In an attempt to demonstrate the generality of this
synthetic method, and to gain information on the mechanism of the Wagner re-
iarrangemeﬂtﬁ this reaction has been extended to the preparation of carbon-14
labeled chrysene (V). 1,2-Benzofluocrene (I) was prepared by the method of
‘Orchin and Beggel.(!3) Following the same procedure('4) utilized in the

synthesis of phenanthrenéfQ@C155:thishydrocarboh (1) was converted to chrysene-

‘{10) Fiser, L. F. and Dietz, B. M«, o0p. c¢it.
(11) Present address: School of Chemistry, University of Alabama, Tuscaloosa, Alabama.
(42) Cslilins, C. J., “The Synthesis of phengnthreneagucmg“ Ar. Chem. Soc. J. 76, 2418 (1948).

{133 Dr. Milton Orchin kindly supplied us with his experimental procedure for the preperation
of this hydrocaerben prior to publication,

(14 Collinms, C. J., “The Synthesis of Phenanthrene-9-C %> Au. Chem. Soc. J. 7e, 2418 (1948).
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‘Mechanism h 1eads’tochrysene-5wC1*, while mechanism 2 leads to chrysene-6-C'%,
'In order to demonstrate the extent of the contribution of each of these two
possible courses to the rearrangementg:the carbon-14 labeled chrysene was de-

‘graded according to the following scheme:

/ \ (X\}O e "GO0H

\’*

A A

VIII 1X

If chrysene-5-C'* (Mechanism 1) were the product, then the molar activity of
VIII with respect to carbon-14 should be identical to the molar activity of
‘the chrysene (V). If, however, chrysene-6-C'* (Mechanism 2) had been formed.
then the molar activity of VIII should be equal to that of the carbon dioxide
‘evolved (IX), and equal to one-half of:the molar activity of the;chrysene (V).
Since in fact the 1,2-benzofluorene (VIII) was found to have lost one-fifth of
the original radioactivity of the chrysene (V), we have concluded that carbon-
14 is present in both the 5- and 6- positioms in the chrysene obtained by the
dehydration of I, and that the distribution of the isotope between these two
-positions 1is approximately 60% and 40%, respectivelya
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OQur calculations have assumed no isotope effect in the oxidation of
V =% VI.. This question is now being investigated and will be the subject

of a later report.

Experimental. 1. {,2-Benzofluorencne. This material was prepared usihg

the method of Orchin andiBeggel,fls)

2. 1,2-Benzofluorene (1). ‘A normal pressure hydrogenation using 3.023 g
1,2-benzofluorenone, 3.127 g palladium-on-carbon catalyst and 15 cc alcohol
was allowed to proceed with magnetic stirring overnight. The czialyst was
filtered, yielding 0.713 g of the hydrocarbon (1), melting 181-183.5°. By
suspending the catalyst repeatedly ih boiling alcohol and filtering and con-
centrating, an additiomal 1, 6043 g hydrocarbon was obtained, The purified
material twice crystallized from 95% ethanol melted 185.4-186 0°.

3. 1,2~Benzofluofene~9wqarboxylic acid-10-C1é (II1). Utilizing the
procedure described previously,(*®) the acid was prepared from 651 mg hydro-
carbon (I); 14 ml of triphenylmethylsodium solution, and 633 mg BaCl‘Oén
{Specific activity 25.5 microcuries carbon-14 per millimole). Yield of acid,

660 mgms, B83.2% on basis of unrecovered carbon dioxide-C'#%,
Anal. 26.5 microcuries carbon-14 per millimole compound.

4. ChrysenevS‘,»GwCiié (V). Several attempts to esterify III failed, so
558 mg of the acid was treated directly with 25 ml ether containing approxi-
mately 1 g LiAlH,. The sclution immediately became a yellowfgreeﬁ color.
After Boiling for 20 minutes, &ilute;HCl was added. Allowing sufficient time
for both layers to become clear, the product then was removed from the solution
by means of a continuocus ether extraction. On‘conéentration, the product
weighed 523 mg. HRemoval of any unchanged acid was effected by treatment with
bicarbonate, followed by acidification and extraction with ether. In this way,
222 mg unreacted acid was recovered. Yield of carbinol, 318 mg, 100% of theory
on basis of oily, crude product. Attempts at crystallization of this carbinol
were unsuccessful, so 90.0 mg of the oil was dissolved in 20 ml dry xvylene,
and 300 mg P,0; was added. After héating under reflux for 30 minutes, the
xylene was remoyed in an air-stream. To the dark oil was added a saturatéd

agueous solution of bicarbonate, and the mixture was vigorously stirred for 15

{18y Orchin, Miltom, op. cit.

(16) Céilinms, C. J., “The Synthesis of Phemanthrene-5-C %" An. Chen. Soc. J. 70, 2413
(184383 .
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minutes. After extraction with ether and desiccation, 79 mg brown crystals
were obtained. Passage of a benzene solution of this material ihrough a small
alumina column produced 44 mg pure chrysene-5,6-C, '*. After benzene then
acetic acid crystallizationsy a white, crystalline solid was obtained melting
at 252-255°. Amixed melting point with an authentic chryseéne sample showed no

depression.
Anal. 26.5 microcuries carbon-14 per millimole compound.

5. Oxidation of chrysene—5,6-Cii& (V) to Q{phenylnaphthdlenevia2}“d?"
farboxylic*acid~3,4,9,7f~0114 (VI). 0.5 g Chrysene-5,6-C,** (anal. 1.14
microcuries carbon-14 per millimole) in 100 ml glacial acetic acid was treated
under reflux with 15 ml 30% peroxide for eight hours. 1In one hour the color
turned deep red, ‘then gradually became a light yellow. The solution was taken
to dryness and the residue was treated with a saturated bicarbonate solutioﬁ;
the solution was washed with ether, acidified, and subjected to a continuous
ether extraction. On concentration and desiccation, 0.3 g of adark semi-solid
material was obtained. This solid was dissolved in the least a@ount’of acetic
acid and treated with an excess of water in a centrifuge tube. | After centri-
fuging, pale yellow crystals appeared over a dark oil. These crystals on
solution in bicarbonate and precipitation with acid melted at 200-201°. A

mixed melting point with an authentic sample gave no depression.{!7)

6; Conversion of 2-phenylnaphthalene-1,2’ -dicarboxylic acid=3;4,9,7'-
C114 to iﬂanenzofluorene—E,4,9*6114 (VIII). 0.1 g VI in a test tube in a
" mitrogen atmosphere was heated directly with a free flame above its melting
point for a few minutes. The cooled melt was then dissolved in benzene and
passed through a small alumina column; yielding approximately 35 mg pure
ketone (VITI). One crystallization from benzene yielded yellow crystals melt-
ing 122.5°.¢48) ' :

Anal. 0,915 microcuries per millimole compound.

{17) 'An guthentic sample was prepared by the method of Gresbe, C. snd Grebm; R., “Uber
Chrysodiphensavre {g-phenylodphalin-g Qicarbunsauve ) Ber. 35, 2744 (1902).

(18 Orchin, Miiton, op, cit.
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COUNTING METHODS AND STANDARDS

POLYSTYRENE COUNTING STANBARDS

'H. E. Heller

piscnssion. The entire quantity of radiocactive polystyfene, 8 mc, has
been laid down once as thin sheets in order to allok release of solvent remain-
ing from the precipitatibn‘stépaitg)i A value for the sctivity 40% as great as
that of the "hot™ polystyrene was chosen. The polymer was mixed with one-and-
one-half times its weight of Dow "Sgyron,™ and dissolved in methylene chloride.
The solution so prepared contained a considerable amount of dust accumulated
during previous operatiohs. Since this would result in uneven surfaces on the
sheets to be prepared, the polystyrene, dissolved in sufficient methylene
chloride to make a fairly non-viscous solution, was filtered through glass

wool. The removal of dust appeared substantially complete.

pre_paration of Compounds for pPossible Use in Scintillation Counters.
Various organic compounds of boron and lithium might be expected to perform
well as luminescent elemeats of scintillation counters. The reaction between
lithium borﬁhydride and active-hydrogenmcontéining compounds or carbonyl com-
pounds supplies a path to a large number of lithium-boron organics:
i

LiBH, *+ 4 R-OH =——> LiB(O-R), * 4 H,

LiBH, + ¢ R-CHO ——> LiB(0-CH,-R),
The products of reaction between lithium borohydride and saliecylic acid,
salicylaldehyde, and alpha-napthol have been prepared in order to study their

properties.

There appears to be two major difficulties barring the way to use of
these compounds. First, the compounds are not very stable in air, undergoing
oxidation and hydrolysis. They must be handled in an inert atmosphere, and as
s result, their usefulnéss is considerably reduced. Second, the c ompounds are

not ‘soluble in, or react with, most of the common selvents from which they

(19) Heller, H. E. and Weinberger, A. ., “Polystyrene Counting Standards.,” Chemisiry D'ivi:sian
Quarterly Progress Report for Period Ending March 31, 4950, ORNL-685. 88 (june 16, 1950).
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might be crystallized. As orlglnally prepared, they ar€ micro- crystalline
“white powders, unsuitable as sc1nt111ators Theydonot melt at any reasonable
temperaturs, but darken and undergo extensive decompositian The attempt to
grow large crystals from these substances seems to hinge on finding suitable

isolventsy and a search for such $olvents is being conducted.

Experimental. [Lithiuom borohydride was dissolved in diethyl ether to give
‘a solutien containing 0.27 moles of reagent per liter of solution. To 100 ml
‘of this solution was added 100 ml of ether contaiping the corresponding amount
~o'f the active hydfogenu or carbonyl-containing reagent.. The mixtures were
stirred for several hours, and allowed te stand until used. The procedures

‘were the usual ones for handling of hydride reagents.(?%)

The lithium-boron derivatives of salicylic acid, salicyléldehyd&§ and
alpha«naphthdl have been prepared in this manner.. Although large crystals of
these compounds have not yet been prepared, samples of the fine powders have

‘been submitted to P. R. Bell of the Physies Division for preliminary testing.

CONSTRUCTION OF ‘AN ‘APPARATUS FOR ALIQUOTING
RINUTE QUANTITIES OF RADXOACTIVE GASES

W. J. Skraba snd A. J. Weinberger

To faecilitate the activity determinations of highly radiocactive vapors
and gases, an apparatus was constructed and used with carbon dioxide-C'* and
methanol -C** ‘

For the production of radicactive organic compounds of high specifié
activity, carbon dioxide-C'* is usuwally the starting material. Heretofore
the analytical procedure comsisted of the acid détomposition,cf a weighe&
‘minute aliquot of barium éarbonatewC‘4‘in a special apparatus and gas counting
the evolved carbon dioxide-C!% with a vibrating reed electrometer. The main
portion of the barium carbonate was then decomposed:and the carbon dioxide was
stored in a bulb on the production manifold to be aliquoted as needed on the
‘basis of the activity determined for the very tiny barium carbonate samplé

initially taken.

(30) Nystrom, R. F. and Brown, W. G.;, “Reduction of Organic Comp&unds by Lithivm Aluminum
Hydvide.: I+ Aldehydes, Retones, Esters, Acid Chiorides and Acid Anhydrides, Aam. Chen.
Soe. J. 69, 1197 (194750 :
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With the device described below the specific activity not only of the
starting material, carbon dioxide, in the production manifeld can be de-

trermined, but, often, that of the intermediate or final products as well.

Bescription of the Apparatus, The apparatus consists of a short section
of calibrated 1 mm capiliary tubing locaved between a two~wayAan& s three-way
stopcock (Fig. 16). One side arm of the three way stopcock serves as an inlet
for inert carbon dioxide used as thé:fill gas of the ionization chamber. At

the end of sach stopcock is a 12/30 Female Joint.

pperation of the Apparatus, The device isiétcached vertically to the
vacuum manifold via the 12/30 female joint adjacent to the thres-way stopcock
and to the other joint is attached an jonization chamber. A high vacuum is
produced in the spparatus an&,thé ionization chamber is isolated from the
system by closing the two-way stoprosk. ﬁadiﬂactive gas 1s then introduced
into the manifeld including the capillary tube and the bore of three-way stop-
cock (this space constituting the calibrated portion of the apparatus). The
pressure and temperature is recorded and the quantity of gas calenlated. The
vapor in the calibrated portion is then introduced into the ionization chamber
and swept imn with inert carbon diéxide to stmospheric pressure. The activiey
is determined in the usval manner. Direct weighing of the apparatusg beth
evacuated and filled with mercury, was the method employed for calibration. '

THE USBE OF THE LAURITSEN EtECTBOSCOPE

G. M. Toffel 0. K. Neville
J. B. Davidson®

A simple, inexpensive instrument for the determination of ﬁhe inh current
produced by carbon-14 beta disintegration has been developed using o Borkowski<2%)
ionization chamber connested paraliel with a Lauritsen electroscops. Tﬁe
advantages of the present design over the Henrigues???) modificacion of the
electroscope lie in the lower cost and ease of conversion of che commercial

23:245% electrometer has involved e-

model. Similar use of the Lindemannf
lectronic balancing systems, which have besn avoided in the present work in

order to maintain maximum simplicity.

¢Instrument Depastment, Y-12 area, Bldg. 9207,
{21) Borkowski, C. J., ""Yomiratioa Chamber for Carbeon-314 Measur ements ,” NDDC- 1008,

{22y Hensigues, F. L. - and Margnet_ti, C., "Redicvactive Studies. I. Measvrement of Radisuvtive Sulfur with
8 Lauritsen Rievtvosvope,” Ind. Eng. Chem., Anal. Ed. 1%, 417 (1345}.. i

(23) yaumey. C D., and Meyer, B. J.. “A Method of Assay for ¢!% v ARC, mpDC 1303 (July 31. 1947).

{24) Jexss., W. P.. Hednuw, C. A.. Foretat, H., and Hart, “Jonization Chamber Techniques is the Meassure-
meat of Carbon-14." Phys. Rev., 71, 478 (19475 : ‘
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This instrument should find nse wherever the cost of the equipment or the

lack of instrument service precludes the use of electronic equipment.

Figure 17 shows the circuit diagram of. the =lectrosvops as it is used with
the ionization chamber. The hard-rubber insulazor at 4 was replaced by a
Teflon insulator, in which was inserted a thresded rod. Wire B, which original-
ly vtouched the repelling post, I, only when the charging leverifwas depressed,
was beni so as Lo makeipermanent contact with D. Wire € was connected to a
metal strip, F (mounted on a teflon bl.ck), which touched the center electrode
of the ion chamber. The shell of the ion chamber, €, was connect.d to the
electroscops chambsr, H. The guard ring, J. of the ion chamber was conmected
to ground., The B-battery veltage supply and the charging lever of the electro-

scope were lefi unchanged,

Although insufficient datas have been collected to define properly the

limitations of the imstrument, the following characteristics have been observed:

1. The reading scale is linear with respect %o time over more than
three-fourths of the range. Far fairly low asccivities only small
parts of the scale need be used.

! . “ N . 3
2. The background time for full scale drift is about 24 hours.

.
The instrument has been used successfully for measnring dctivities
in the renge, 1-.001 microcuries. The most convenient range is
.01-.1 microcuries. Drift rates in this range have been found
reproducible to 0.1%.

(=)

A precaution whichgmust be observed in the ase of the inStrument is the
necessity of ‘wairving for five to twenty minutes after the instrument has bees
charged before o reading is taken. In the sase cf low activity samples this
time may be allowed after the chamber is inserted since the drift-rate is slow.
For higher activity samples, the time should be allowed prior te insertion of

the 1on chamber.

STANDARDIZATION AND EVALUATION OF THE VIBRATING-REED ELECTROGMETER

. J. ngnb@sgeﬁ and 0. K. Neville

The standardizasion of iom current measurements as determined with the

vibrating reed electrometer, by the use of Nazionsl Bureau of Standards sodiam
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carbonate-C'* solution is now complete. As a part of this program, an evalu-’
ation has been made of the Model 30 Applied Physics Corporation electrome&erf
together with the Borkowski(2%) ionization chamber for the determination of
carbon-14 beta- dxsln*egra*lon Identxflnatien of some of the determinate
errors and an estimation of the probable magnitude of the total error inheremt

in this counting method with various operating procedures hasbeen accomplished.

In order to insure permanent standardization, ion chambers containing
kanown carbon-14 dioxide samples have heen prepared and an apparatus has been
corstructed with which working chambers san be filled with known volumes of

standardized carben dxﬁx¢dﬁ for cross-calibration.

This latter operation has been found to be necessary due to slight, but
signifitant,:differences in the perfdrmance of various chambers of nearly
identical volume. These differences which are of the order of two percent be-
tween chambé:s of one tybes e.g., stainless steel with a teflon insulater,
have been shown to be as large as six percent between chambers of different
'materialsy e.8., gold plated brass versus stainless steel or between chambers

having different insulator maserials, ¢.g8., teflon versus fluorothene.

The factor, microsuriss per ampere, determined with standard carbon-14
dioxide can be given with high precision only for a given chamber. A mean
value of 2.1 % 10*' has been determined for stainless steel chambers of 250 ml

volume having a fluorcthene insulator.

Two gold plated brass chambers of identical volume, having fluorcthene
insulators were found to give a 4 to 6% higher amperage for a given amount of
cactivity than did the stainless steel chambers, although the internal con-

sistency was good.

The intercalibration factors between various pairs of the three resistor
settings and the two capacitances were also found to be dependent on the

chamber being used.

The daily fluctuaetion of the apparent amperage of a standard chamber as
measured by the electrometer was less than ome percent. A sudden three per-
cent decrease in apparent activity occurred once during the three-month period
of e¢areful observation. Daily fluctpations at the lower reading have remained

approximately the same simce that time.

(25) Boukowski, Cc Jo, zp c8i., MDDC-1685%9.
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The maximum deviation from the arithmetic mean of a series of identical
determinations over a long period of time has been shown to be less than 0.5%

when a linear cortréction from a standard chamber measurement was applied.
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INVESTIGATION OF ISOTOPE EFFECTS IN PHYSICAL PROCESSES

FRACTIONAL DISTILLATION

H. E. Heller and A. R. Jones™

With the considerable amount of organic chemistry now being reported in-
volving the use of various isotopes, it seemed desirable to investigate the
extent to which these isotopes affect the ordinary laboratory operations, i.e.,
is a fractionation of the isotopic molecule likely to occur which would -medify
or invalidate the resultsiaflaracer studiea? To answer this question with re-
‘gard to fractional distillation, a sample of tracer-level me thanol -C'* was
‘subjected to fractionation through a Podbielmiak column. The sample was
allowed to stand at substantially total reflux for 24 hours, and samples were
‘then taken from the overhead and from the pot. Analyses of these samples are

I Progress.

PRECISE C!* ANALYSIS: THE ISOTOPE EFFECT DURXNG ADSORPTIGN

C. J. Collins, A. R. Jones and WHEJ@ Skraba

Considerable isotope effects have been reported during chemical reactions
~involving molecules in which some of the carbon atoms are C!* or C'3 labeled.
For example, during the saponification of ethyl benzoate(?®) containing C1*
in the carbonyl group, the benzoic acid first formed was of lower specific
‘activity (counts/minute/milligram counted as sodium benzoate) than the benzoic
‘acid produced by complete saponificationv ' |

it seemed of interest to determine whether such effects occurred durlng
‘treatment of these molecules by common laboratory procedures Treatment with

‘decolorizing carbon appeared to be the simplest choice.

Because of the importance and widespread use of decolorizing carben for
the purification of organic compounds, and further, because of its relation to

‘the procedure of chromatographic sdsorption, it can be seen that the presence

S {26) Stevens, W, H.. snd A*tige R. W., “Thé Effect on Remction Rates Caused by the Sub.
stitutios of C3¥ for € I» The Alkaline Hydrolysis of Carboxyl iasbeled Ethyl
Benzoate,” {an, J. Rese’arch 278, BOY (1949).
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or lack of an isotope effect in this case had to be precisely determined if
the dilution technique, involving as it does the careful purification of a

radicasctive derivative was to be validated.

Within the limits of error of this procedure (& 0. 2%) uo isotope effect

was observed..

procedure, A dilute water solution of pure acetic acid containing a
tracer guanrtity of acetic acid-1-C'* was prepared and the molal concentration
was determined. WRadiocactive assays, ewpressed as microcuries ﬁer millimole:
{pe/mmol) were performed by the dry cosbustion of weighed aliquots of the

solution taken with a special weighing pipstte.

The remainder of the solution was heated to gentle refiux with an amount
of decolorizing carbon sufficient (as determined by preliminary experiments)
to adsorb about 10% of the acetic aci&ﬂf The suspension was allowed to cool to
room temperature and was then filtered through a fime-fritted funnel. The

molality and radicactivity of the filtrate were determined as before.

Apparatus and Precauntions. The cémbustion apparatus {Fig. 18) comnsisted
of a 12 in. X 1Y% in. copper oxide-packed quartz tube with a fore-section of 12
mm tubing to decrease the dead space. The sample holder and a 6 in. roll of
well oxidized copper screen were inserted in this space and the tube was swept

with oxygen.

Interesting features are the pressﬁre regulator and the spiral absorption
trap. The effiniehty of this trap, which is a selflacting pump; is so great
that total absorpsion of carbon dioxide from mixtures of that gés and oxygen
occurs over wide limits of concentration and ‘sweep rate. The absorbent is
about 1.3 ml of 1 N sodium hydroxide solution at room temperature. Amounts of
carbon dioxide ranging from 0,05 to 5 mmoles have been gquantitatively absorbed

:by this 1.3 mmoles of dilute base.

It has been found possible to burn liquid aliguots of any desired size by
the use of a weighing pipette constructed of quartz as shown in the inset of
Feg. 18 . A @i@ropipette syringe, roughly calibrated by scraﬁches on the
cylinder and;pistbnb is ysed to suck the desired amount of liquid into the
pipette. The capillary is emptied by continued withdrawal of the piston. The
wet end is then wiped and briefly flamed. Oscillation of the piston guickly
clears the capillary. With larger samples the liquid assumes positions shown

by the dotted lines of the figure and is difficult te disledge.
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The pipette is weighed and placed in the farnace in a small platinum boat
which serves both tohold it in place during weighings and to keep it from con-
tact with copper oxide dugt on the bottom of the combustion tube. I{ coentact

is not prevented the pipette gradually becomes opague.

The sample is burned and the tube is swept with oxygen during twenty
minutes. Then the three-way stopsock on the trap is closed: the entrance

‘stopper is removed and a amall (ca. 100 mg ) piece of dry ice is guickly im-

serted. The stopper is replased, the ztoprock reopened, and sweepin: is con-
tinued until the burst of cavrbon digxice has been absorbed as showa by a de-

:rurn to nermal bubble size.

‘crease in bubble size scon follewed by &

The absorbing solution is transferred 7c 2 bottle containing a glass
enclosed magnetic stirvrer bar imserted in o pilesz of thin rubber tubing. The
trap is washed by allewing it to remain filled wish distilled water for a

momexnt and then sddisg this te the bestle alse.

Decomposition of the carbonate solution was performed in the apparatus
‘shown in Fig. 19 with 85% phosphoric acid. Afisr heating the acid solution
‘to beiling. inactive cerbon diexide wag bubbled through the solution until the
previously evacuated ivnization chamber was filled 2o roouw pfessure« The
pressure regulator which allows this tranafer of gus from room pressure to an

by

‘evactated chamber is described by 0. K. Newille (373

The radiosctive assavs. expressed in terms of microcuries per millimole
{pe/mumnle ) were performed on a 450 cyele vibrating reed electrometer by measure-
‘mwenss of the rate of drifr {vime required to charge a condenser zo 70 milli-

volts ).

Bata. A selsvion of 2 g of hor avetic acid in 20 ml of distilled watei
‘was preparedu Two aliguots vere titrated with 0.10100 N sodium kydroxide
solution to a phenolphehalein eadpoine. 2.0952 g reguired 33.12 wl base; thus
1.59266 weg/g. The average, 1.5950 meq/g of welution, was nsed for further

'CalﬁulatiOnﬁs

Two aliguots were burned and the avevage time reguired to change a

: Ry : 1. R . . . . .
565 ¥ 107°%7% farvaed condenser 1o 70 millivolts was determined. Using the formula

-

{27y NWewilie, Do Studten L Che Ressvanpeweot of

Phenyligivows i
t

Ungymmaﬁ&iaai a-Diketones:
i4,7 Am. Chém. Sou. J. T8, 3483 (1943,
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565 x 10712 farads X 70 X 1073 volts

e /meq =

s

1.42 x 10"*® amps/dis/sec X 3.7 x 10* dis/sec/uc X meq burned x ¢

it .was determined ‘and calculated that for aliquots of

94.59 mg, t = 49.0 sec and pe/meq = 1.0205

114a35 mg, ‘t = 40.6 sec and pc/meq = 1.0166
The remainder of the solution was heated just to reflux with 1.10 g of
Darco G-60 decolorizing carbon and allowed to stand for five minutes. It was

then cooled to room temperature and filtered through a fine glass fritted

funnel.
Aliquots were again removed aéd titrated with standard base:
2.1248 g required 31.29 ml base; thus 1.4874 meq/g
2.0699 g required 30.45 ml base; #hus 1.4858 méq/gu
The average? 1.46866 meq/g of solution, was used for further cal@:ulationsw
Three gliquots were burned and the activities calculated. ‘For

93.10 mg t = 53,6 sec and pc/megq = 1.015
98»68‘mggt = 49.9 sec and pe/meq 1.028
92.02 mg, t 54.0 sec and uc/meq = 1.019:

1

tH

The average activity before treatment with decolorizing carbon was 1.019
pe/meg. The average activity of the acetic acid after partial adsorption was
1.021 pec/meq. The average of all five analyses'was 1.02¢0 with a standard
deviation of 0,0022. Thus, we may conclude that within the error of the de-

terminations made above there was no isotope effect.
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VOLATILITY STUBIES

P. A, Agron  E. G. Bohimann

The s?udies on the .interaction of thorium fiuoride and ¥he phosphorus
fluorides have been continued. While some evidence of interactign is indicated
by experiments involving contact between the liguid or gaseous phosphorus
fluorides and.thorium fluoride, no data suggesting the formation of a complex
compound stable above room temperature have been obtained. However, physical
examinations of thorium flueride which has been e#posed to phosphorus vri-
fluoride or phosphorus pentafluoride indicate a substantial reduction in
ultimate particle size as a result of such contact. Since such disruption of
thorium fluoride lattice might be of interest in ;overcoming the sintering
iproblems encountered Ey F. T. Miles.and co-workers in their Ftudies of .a
thorium fluoride-fluorine blanket, this develo&ment is being examined care-
fully. The data available at the presént time do not completely establish the
extent of the particle break-up phenomena, so they will be reserved until a

later report.
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SOLVENT EXTRACTION PRINCIPLES AND APPLICATIONS

‘ INORGANIC SPECIES =EXTBAGTED CIN :SﬁEVENT: EXTRACTION
0. E. Myers R. ¥, Stoughton

A thorough study of the distribution of mitric acid between its agueous
solutions and TBP solutions has been undertaken in the hope that the resultant
information might provide a better tnderstanding of the mechanism of TBP
extraction. A number of correlations have been made which seem to be worth
reporting here, although.a detailed mathematical analysis has not yet been

~obtained. ‘ :

1. There exists a complex of the form HNO -TBP. This is based on the
ievidence that a graph of the logarithm of the equilibrium formal nitric acid
concentration in the organic phase, denoted as log,{HNOs} :?z’ plotted against
log‘{HN03} :g shows an inflgction po?nt at very nearly a 1:{'mole ratio of
HNO,:TBP, irrespective of diluent. There appears to be no other simple ex-
"planastion for aninflection point inthis region of the curve than the existence
"of the 1:1 complex. (Diluents which have been tested are benzene, carbon

tetrachloride, and chloroform.)

2. Equilibrium is attained rapidly. There is no evidence for incomplete

- distribution in experiments with a shaking time of only thirty minutes.

3. There is a decrease in the distribution coefficient,

e
b, = {HNO Y 59, /{HNO,} 54

with increasing temperature (25 toSO°C) in the region 0.005 f <« {HNO3} :g < 5f,

at least when no diluent, is“present. This is the region in which the effects

of the HNO, *TBP complex are most pronounced.

4. The amount of HNO, extracted in the region where the 1:1 complex
- predominates (0.005 te § f) is markedly affected by the nature of the diluent.
For otherwise identical conditions benzene permits the greatest extraction,

carbon tetrachloride is second, and chloroform permits much less extraction.

5. Above the inflection point at a 1:1 mole ratio (which occurs at ca.

9 f {HNQs} ig for pure TBP and at.a:lower aqueous concentration for dilute
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TBP) the situation appears to be quite complicated. The order of effectiveness
of the three diluents seems to be reversed, and a concentration of more than
three nitric acid molecules per TBP molecule has been obtained by equilibrat-
ing ten volume perceat TBP in chloroform with strong nitric acid. From 25°
to 507 there is no temperature effect in this region. The system is further
complicated by nitration of the benzene diluent, and a large part of these
data must be disregarded. Alsoy disecoleration has been observed in chloro-

form solutions.

6. Below the range of the HNO, 'TBP complex the data may be accounted for
on the basis of a complex with different characteristics. The TBP dependence

is no longer simple first order, and the effectiveness of diluent is altered.

The accompanying table records the magnitudes of the effects cited above.

TABLE I

organic Phase Formal Concentrations of HNO, in Equilibrium
with various Concentrations of dquecus HNG,

{uno, } L 0.001 g.01 5.10 1.00 100
100% TBP, 25° | 0.0071 .0129 0475 | 0.90 | 3.9
100% TBP, 50° | 0.0071 0122 0326 0.77 | 3.9

50% TBP, CH, |0.0027 .0078 0162 0.40 | 2.1

50% TBP, CCl, . L0075 L0140 0.30 2.0

50% TBP, CHC1, | 0.0025 .0072 0080 | o.072 | (2.0
25% TBP, C.H, - .00305 0053 0.135 |  0.98

25% TBP, CCl, - 00245 | .00450 0.092 | 0.98

25% TBP, CHCI, . .00280 00355 | ©0.021 |  1.10

10% TBP, C.H, - 00075 .0023 0.040 | (0.50)

10% TBP, CCl, - . 00055 . 0009 0.027 |  0.42

10% TBP, CHCI, . .00102 L0014 0.008 |  0.55

It is felt that data on water solubilities in these solutions will help

to resolve this problem and this work is in progress. Attenpts to obtain a
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complete mathematical equatien have 50 far failed because of inability to
separate the effects of the HNO, 'TBP complex and the more complicated species
at higher concentrations, Up to 0.2 f {HNﬁﬂ} ig in the pure TBP system at

25°C it 1s possible to express the data by the following equatien:

(hNO.} ¢a = 15.9 4 - 5.1 =
¢ oerg 31180 x F 1001 4+ 1.5 x

S

where x represents the activity produc@:{f + {HNO, } 23)2 with no corre tion for
dissolved organic material. Activity cocfficient data were derived from the
Landolt-Bornstein Tables (IIT, p. 1245} for Vi and density data from Lange’s
Handbook (p. 1127).

EXTRACTION OF ZIRCONIUM ANQ HAFNIUM INTO YTA-BENZENE

J. P. McBride B. ¥. Stoughton

Summary. Investigation of the paptition«:ergs tracer between TTA( thenoyl
trifluﬁroaceione)wbenzene has continued. Extraction data obtained for HC1-NaCl
solutions at constant i equal to three and of various HCl concentrations show
an inverse dependence of at least 3.6 power on acid above 0.7 M indicating
that more than half the zirconium is in the form of FASN and/or:variaus com~
plexes of Zr*? with C1° ion.(?) Below 0.7 i hydrolytic species of lower charge
become increasingly prominent. Distribution data for 1 ¥ HC1 (¢ ¥ 1) and 3 ¥
HCl {(# * 3) as a funcrion of TTA concentratien show a direet dependence of
nearly fourth power on TTA concentration. Equilibrium was approached from
both sides in all the sbove experiments and consistent results were obtained.
Further studies on the extraciion of both Zr and Hf from chloride systems are

planned.

Attention was also directed during the gnarter to experiments set up to
determine the efficiency of Nb stripping from TTA-benzene solutions in which
it had been allowed to grow by the decay of 7028 (2) 4 discrepancy has been

noted between the radiochemical assay of the orgadic solutions involved and

. (1) McBride, J. P, Yrhe Bxtraction of Bafniuwnm from Nitric Acid Selutions with Theuéyl Trifiuoroace-
: tone " OGRNL-303, » 8 (dug. 9, 1939). :

(2) #McBride, J.. P. and Stoughtown, K. ¥ . MYoxtraction of Zircopium and Hafnium intd TTA-Benzene,'
Chemisitry Division Quorterly Progress Report for Period Ending Merch 31, 1950, ORNL 685, 102
¢ June 16, 19§3).
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"results predicted by the beta counting technique used to determine the frac-
tional stripping (see below). The incomplete stripping reportedlastquarter(s)
may or may not be correct. The use of a scintillation type gamma counter in

this study is projected.

: The Stripping of Nb from TTA-Benzene. The four equivolume mixtures of
- 0.06 M TTA-benzene and 1 M HC1, containing pure Zr®% tracer initially, which
were setup last quarter to test the efficiency of Nb stripping upon continu0u§
mixing were allowed to equilibrate for a total of 70 days. Aliguots of each
phase were taken at intervals, evapor&ted on watch glasses, and counted on the
second shelf of a standard beta chsmber. Since the conditions were such that
all Zr act1v1ty would remain in the organic phase, it was ant1c1pated that the
fraction of Nb strlpplng~could be determined by comparing the beta activity
appearing in the aqueous phase with the estimated total Nb act1V1ty in the
system, organic plus aqueous, The total Nb activity was calculated by deter-
mining the difference between the count (Zr + Nb) at time, t, of an allquot
" of the pure stock mounted at ¢ = 0 and the estimated activity due to Zr at
time, t (i.e., eqnal to the count of the aliguot at t+ = 0 multiplied by the
decay factor of Zr). Sémples taken at 19, 40 and 70 days indicated the Nb
stripping to be only 50% complete., However, radiochemical aﬁalysis by the
analytical section of samples of the organlc phases taken at the end of the
A equxllbratxon showed them to contaxn only an amount of Nb which should have
grown in between the time of sampling and the time of analysis. The reason
for the discrepancy is unknown but ma? lie in the low beta connﬁing efficiency
of Nb which is one-twentieth that of the Zr. In addition, the low energy Nb
beta may have led to greater counting errors because of self absorption and
spread of the samples on the counting plates than was at first anticipated.
It is planned to continue the investigation when a scintillation type gamna
counter becomes available, On such an instrument the relative counting
efficiency of Nb to Zr will be essent1ally 1 te 1 and the preparation of

counting samples less critical,

{3) McBride, J. P. and Scoughton, R. W.. op. cit., ORNL 685.
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ELECTROCBEMISTRY

ELECTRODEPOSITION OF RUTHENIUM

J. €, Griess, Jr.

Introductiano Previous studiés concerning the electrodeposition of
traces of ruthenium have shown that complete electrodeposition could not be
obtained at potentials which had given complete deposition at higher concen~
trations., Experiments on the so called "platable™ portion of the ruthenium
have been reportedg(*): The presené report covers the work that has been
completed to date concerning the propefties of the "unplatable" fraction of the

ruthenium. Mercury and platinum black cathodes have been used to deposit the

®anplatable™ ruthenium,

1. Deposition of Ruthenium on a Mercury Cathode. In an acid solution
it is impossible to increase the potential of a platinum cathode to high values
because hydrogen evolution becomes excessive. Since mercury has a high hydro-
gen overvoltage, it is possible to increase the potential of a mercury cathode
to quite high values before hydrogen evolution becomes appreciable. Thus
an electrodeposition with mercury cathode was carried out in order to study

the deposition of the "unplatable" ruothenium as a function of cathode potential.

The "platable™ portion of the ruthenium is reduced by metallic mercury in
an acid solution; therefore, before electrolyzing with a mercury cathode the
ruthenium that was easily reduced was removed by electrolyzing the solution
with a bright platinum cathode. The ruthenium that remained after electrolysis

was not reduced by mercury.

The solution that was used for this study was § X 10°% ¥ in ruthenium
nitroso chloride and 0.1 M in hydrochloric acid. After an electrolysis with
a bright platinum cathode 76% of the ruthenium remained in solution. A 10 ml
aliquot of this solution was placed in a cell containing a mercury cathode
and a micro platinum anode. The cathode potential with reference to asaturatéd
calomel electrode (SCE) was maintained for ome hour at a given potential and

then changed to a more negative potential for a similar period of time.

(4) Lietzke, M. H. and Griess, J. €., Jr., "Rlectrpdeposition of Ruthenium," Chemiétry Division
Quarterly Report for Period Ending March 31, 1950, ORNL-$85. 104 (June 16, 1950).
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The results of this experiment are given in Table IT.

TABLE 11X

The Amount of Ruthenium Deposited on a Bercary
Cathodevat-Variqus Potentialx

PQTENTIAL vs. SCE PEE&EKT(DEPOSITED
-0.60° 0
-1.00 | 0
-1.30 0
~-1.50 | 61
B ~2.00 | 99

The data are such that it is imposasible to determine either the potential
at which deposition began or the minimum potential at which it was essentially
complete. All that can be said at present is that somewhere between -1.30 and

-2.00 v vs. SCE complete deposition can be obtained.

At the completion of the electrolysis the mercury was separated from the
solution and a count of the mercury indicated that essentially all of the
ruthenium was present on the mercury surface. Samples of mercury from below
the surface showed little or no activity. Hence it was concluded that even

very small amounts of "ruthenium®™ are insoluble in mercury.

2. Deposition of Buthenium on Platinum .Black Electrodes. Experiments
reported in the last quarterly reporﬁ(S) indicated that there was relation
between the percent ruthenium deposited and the hydrogen overvoltage of the
metal on which it was deposited, the lower the overvoltage the greater the
percent deposited. The results of this experiment suggested the deposition of

ruthenium on a platinum black electrode.

Two different 10 ml aliquots were ‘electrolyzed with platinum black

cathodes. One was 5 X 10”8 ¥ ruthenium nitroso chloride solution in 0.1 M

(5) Lietzke, M. H. and Griess. J. C., Jr-, op. cit., ORNL 685.
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hydrochloric acid and the second wasa5 X 107% ¥ ruthenium pitroso perchlorate
solution in 0.1 M perchloric acid. Each solution was electrolyzed for three.
hours at catheode potentials of -0.40 v vs. SCE.

From the hydrochloric acid solution 95% of the ruthenium was deposited and
from the perchlorlc acid solution 90% was deposited. In each case only 30-40%
of the ruthenium could be deposited under the same conditions on bright plati-

num electrodes.

In order to determine the behavior of the non-platable fraction in the
absence of the platable portion, aliquots of each of the above solutions were
electrolyzed on smooth platinum electrodes and thé ruthenium which did not.
deposit was subjected toa second electrolysis using platinum black electrodes,:
In each case the cathode potential was -0.40 v vs. SCE and during the course of

the electrolysis samples were taken to obtain the rate of plating.

The results are given'in Table 111,

TABLE 11I

The Rate of Piating of Buthepium frow Ruthenium Nitrose Chloride snd
Ruthenium Nitreso Perchlorate on Platinum Black Electrodes

TIME OF ELECTROLYSIS Ru DEFOSITED ’ Ru.DEPOSITED
(Hinures) | Percant)  (Peseent)
30 74 55
. 90 75
90 92 88
120 94 ' 93
150 9% | 95
180 94 , 96

The rate of plating appeared to be faster from the perchlorate solution
than from the chloride solution, but the total amouﬁt of ruthenium plated from
‘each solution was nearly the same. Since hydrochloric acid in the presence of
oxygen is capable of dissolving platinum black, the slowness of the rate of
deposition from the hydréchloric acid solution may have been due to a slow
dissolution of the platihum black, For this reason all other experiments

were carried out inm perchloric acid media.
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Since the possibility existed that the ruthenium was not actualiy‘electrOo
deposited but rather adsorbed on the very large surface of the platinum black
‘cathode, two electrolyses werse performed.to determine the amount of ruthenium
‘that was apparently adsorbed and the smount that was actually electrodeposited.
The procedure was as .follows: 20 ml of a § x 10°% M ruthenium nitroso per;
chlorate solution in 0.1 M perchloric acid were electrolyzed at:-0.60 v vs SCE
‘using a bright platinum .electrode. After equilibrium was reached 68% of the
ruthenium remained in salution. This solution was then divided into two egual
‘portions and 10 ml were placed in each of two cells containing platinum black
cathodes. One‘cell was merely stirred for three hours and the other was
‘electrolyzed at -0.4 v vs,SCE for the same length of time. At ﬁhe completioﬁ
of this time the cells were reversed, i.e., the cell that had been electrolyzed
‘was disconnected and stirted, and the cell that had been stirred was connected

an@ electrolyzed. Duringthe stirring and the electrolysis samples were taken.

The results are shown in Table IV.

TABLE 1V

The.Pércent Buthenium Bemaining in Solution After Electrolyzing and
Stirringas > 10“8;M Ruthenium Nitroso Perchlorate Solution in 0.1 ¥
Perchloric Acid Using Platinum Black Cathodes

; PERCENT IN SOLUTYION PERCENT IN SOLUTION -
TIME (Minutes) STIRRING ONLY E!‘ECTROLYSIS
e e e oo
15 88 49
30 84 26
45 85 16
60 70 10
90 69 7.8
120 69 5.7
150 68 5.7
180 68 N 5.7
ELECTR_DLYZED STIRRED AT
AT THIS POINT THIS POINT
15 33 { 3.5
30 19 3.2
45 i3 ‘ 3.8
60 8.8 4.0
90 5.7 -
120 4.1 -
135 4.7
150 4.7
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At this point it should be mentioned that the potential of the platinum
black with respect to the SCE was approximately -0.24 v before stirring the
solution but rapidly changed approximately + 0.70 v as soon as stirring began.

During the electrolysis the cathode potential was held constant at 0.40 v,

It should be noted that there was a ctertain amount of rutheénium removed
fram solution apparentlybyadsorptionon platinum black even after the solution
had been electrolyzed to completion. Furthermore, if the log of the percént
remaining in solution is plotted against time, the heights of the adsorptiou
curves are nearly equal and the heights of the electrolysis curves are nearly

-

‘equal.

It thus appears that in the so called "unpletable” fraction of the
ruthenium there are at least two species present, one that appears to plate
on a platinum black electrode which is nmegatively charged with respect to the
SCE and one that is either plated or adsorbed on a platinum black electrode

.which is positive with reference to the SCE.

Piscussion and Fature %oerk. The results of the plating experiments on a
mercury cathode .are straightforward, and, while incomplete, indicate that
1c6mplete deposition is possible at sufficiently negative potentials. Future
‘work in this system will involve obtaining a deposition curve (i.e., percent

‘plated vs. cathode potential}.

‘ The electrodeposition of ruthenium on platinum black cathodes has yielded
results which are interesting, but at present insufficient data have been
collected to be certain of any interpretation. It has definitely been shown,
however, that essentially complete deposit}on from very dilute ruthenium
.solutions can be obtained on a platinum black electrode at cathode potentials

as low as -~0.40 v vs. SCE, and perhaps even at lower potentials.

Since tbe hydrogen overvoltage of platinum black 1s very low at low
current densities and since previous work has shown that the lower the hydrogen
;overvoltage of the metal on which ruthenium is deposited the greater is the
amount deposited, it is suggested that the deposition of the "unplatable"
~fraction of ruthenium is perhaps a hfdrogen reduction which is catalyzed by
the metal surface. If this is true, the answer to the question of why the
deposition of ruthenium on smooth platinum electrodes is complete above the
monoatomic layer region:and incomplete below 1t could be given. One would

~have to assume that if more than .a monolayer of ruthenium atoms were laid
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down on an electrode the catalytic properties of the ruthenium during the
deposition process would be similar to those of platinum.bladk. Hence the
hydrogen present on the ruthenium cathode would be capable of reducing the ™non-
:platable" fraction and .essentially coﬁplete deposition would be achieved. On
the other hand if the ruthenium concentration is.such that less than . mono-
- layer of rutheniq? atoms is deéosited; the ruthenium atoms are plated on the
smooth platinum surface and not on an active ruthenium surface. Thus the
“catalyst behavior of the ruthenium is not exhibited and deposition is in-

" complete.

The above statements are largely speculation and future work will be

directed at either establishing or disproving them.
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ION EXCHANGE

‘LITHIUM ISOTOPE SEPARATION

J. H. Gross R. E. Wacker
G. E. Boyd J. F. Neely, Jr.
E. G. Boblmpann :

Introduction. The proposal to use metallic lithium as a power reactor
coolant requires the development of a low cost process for enriching Li’ from
its natural abundance of 92.5 atom percent to an abundance of at least 99.93
‘atem percent, in order to reduce the thermal neutron capture cross section to
a value acceptable for reactor design. The capture cross section of Li’ is
reported(s)as 0.033 b, while that of Li®, the isotope to be removed, igl?)
870 b.

. Investigation of the use of ion exchangers to effect the required enrich-
ment has continued during the quarter. Initial phases of the work have been

(8)

.reported previcusly.

Experimental. Two experiments using different ion exchangers have been
completed. Operational conditions for both were éubstantially the same to
permit some comparison of the exchangers. In each case a resin bed 20 cm?
in cross section was operated at a temperature of 30°C and a flow rate of 0.18
ml/em®/min, using 0.1 M HClL to develoﬁ a band of 240 milliequivalents of Li*
'through the hydrogen-form resin bed. In the first experiment, the exchange
resin was Nalecite HCR, é sulfonated polystyrene exchanger of nominal 10%
cross-linkage manufactured as standard Dowex 50 and marketed by the National
Aluminate Company under the Walcite name. The bedndepth in this column was
146 c¢m, and the resin particle size was approximately -200 + 70 microns, wet
hydrogen form. In the second experiment the exchange resin was a specially
prepared Dowex 50 of 16% chSSnlinkagen The bed depth was 128 cm, and the
'particle size range was the same as in the first column. The results of these

experiments are summarized in Table V and discussed thereafter.

-

(6) Way, K. and Haines, G., Thermal Neutron Capture Cross Sections for Flements and Isotopes, AECD 2138
(Oct. 11, 1948),

(7) dbid.

{8) @Gross, J. H., Neely, 3. F., Jr. and Boyd, G. E., "Lithium Isotope Separation," Cheaistry Division
Quarterly Progress Report for the Period Ending March 31, 1950, DRNL 685, 113 (Jume 16, 1950).
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TABLE V

Hass Analyses, Columns XY aznd XXX

TOTAL DEVELOPED Li Li’

. (Percent) (atom percent)

= = S ——mmm——
Column IT | 0.0 - 0.05 94.397 + 0.021
Naleite HCR 0.49 - 0.55 93.779 + 0.012
3.75 - 3.85 93.323 + 0.012
11.3 - 12.7 92.893 % 0.023
26.7 « 26.9 92.796 +.0.010
Column ITT 0.0 - 0.30 92.840 + 0.016
16% cross-linked | 0.30 - 0.44 92.455 + 0.042

Dowex 50 | |

Feed LiCl ' . 92.476 t 0.042

A simple method for continuously registering Li® concentration in the
column efflﬁent was used in the experiments described above. The conductivity
of the effluent was continuously recorded on a strip-chart recorder as the
effiuent péssed through a small jacketed conductivity cell attached to the
bottom of the column. With constant total ionic cpncentration in the effluent,
the changetin,Li+ concentratibn is inversely proportional to the change in
conductivity in passing from pure HCl to pure LiCl in solution. The conduc
£ivity recording equipment used consequently gave a nearly linear trace of Li
concentration in the eluted band. The trace was calibrated by gravimetric
analysis of a number of the small samples inté which the éffluents were
divided. Conductivity measurement is not suffiéiently sensitive to detect
the first appearance of Li at very low concentrations; for this purpose it was

necessary in these experiments to use frequent flame tests.

Diseussion. The rate-determining process in the type of column operation
used in these experiments is diffusion of ions through the resin. It is

known that increasing the cross-linkage in the resin from 10% to 16% decreases
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the diffusion coefficient one to two orders of magnitude,(g) In column IT,
Nalcite HCR, the effluent volume-concentration plot had the general shape to
be expected for operation close to equilibrium, since the diffusion coefficient
for this .resin was sufficiently large to permit nearly complete equilibration
at the flow-rate used. However, with 16% cross-linked Dowex 50 the diffusion
coefficient was much lower, with the result that Column III operated far from

equilibrium and the eluted band was diffuse.

In view of the poor enrichment of isotopes obtained with column III, as
compared with the results in columm II, it appears that the ion-exchange
separation of isotopes may not be dependent upon a diffusion rate process, but

rather upon a difference in isotopic chemical equilibrium constants.

The five mass analyses for column I show enrichment of Li’ in an appre-
ciasbly wide portion of the eluted band. Fronm these'data, a neceésarily rough
estimate of the average composition of the first 30% of the eluted band is
93.0% Li’. This figure is not considered highly significant at this time,
since two few mass analyses have been obtained for good accuracy in the

estimate.

Nearly all mass spectrometer time available to us is now being used for
further analyses in the Li’-enriched regionof the column IT effluent. Analysis
of the column IIT effluent has been abandoned, and analyses in the Li® en-

riched region in column IT have been minimized.

Future Work. A third experiment similar to the two described above has:
been started. The exchanger being used is from special bath, XE-97 and is a
carboxylic exchange resin manufactured by Rohm and Hass Company of the IRC-50
type. This experiment will be continued, and at least ome column experiment

with Nalcite HCR at higher temperature will be conducted.

One member of the group will spend some time assisting in the development
by the Analytical Chemistry Division of a mass analysis procedure based on the

counting of tritium from neutron-irradiated samples of lithium salts.

{9) B. A. Solidano, private communication.
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ION-EXCHANGE EQUILIBRIA: .BISTKIBUTION;OF INDIFFERENT ELECTROLYTE
‘BETIEEN.AQUEOQS,SGLUTIONS,AND OBRGANIC ION-EXCHANGE POLYMERS

G. E. Boyd Q. V. Larson

The presence of diffusible anions (Cl™ and Br”) in cation exchangers
and diffusible cations (Na+t) in anion exchangers has been demonstrated using
‘activation amalysis techniques. In general, the concentration of d-ffusible
anions {or cations) is less in the wacer of gelatin of the exchanger than
"in the external Soluzionp as required by the Gibbs-Donnan equations assuming
a membrane equilibrium. The relative exclusion was found to be greater the
greater the ;cross-linkiag of the‘exchangeru At constant cross-linking the
By ion concentration inside was always less than C1” ion when the external
‘malatities of HCl and HBr were the same. Also, the exclusion of diffusible
C1” ion was greater with the Li form than with the H-form of the catien ex-
‘changer when the external solutions were LiCl and HC1 respectively. The
‘simple Donnan equations did not describe the qu&ntitative data even when changes
in volume due to swelling were taken into account. In connection with these
‘studies moisture contents of the variously cross-linked preparations of cation
‘exchanger,weré measured as a function of external electrolyte concentration.
A simple relétionship between the moisture content of the H-form in equilibrium

with pure water and the degree of cross-linking was found. This was:

g 1,0 2.380

jacd 9

gedry HR X

where ¥ is the nominal percent divinyl benzeme (DVB) content. An interesting
additivity relation connecting the specific volume and the moisture content
was also observed. The data on which these conclusions are based are given
‘in Fig. 20 through 24. B '

-JON EXCHANGE KINETICS: TﬁELSELF°DIFFUSION OF IONS
IN AND THROUGH OQRGANIC ION-EXCHANGE POLYMERS

B. A. Soldaro  G. E. Boyd

Apparent self-diffusion coefficients for a variety of cations and anions

in polystrene-divinyl benzene base cation and anion exchangers respectively
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~have been measured using radiocactive isotope tracer techniques. The results
are given in Fig. 25 through 31. JIncreasing ionic charge was fouhd to decrease
- the diffusion rate markedly, whereas the activation energy increased only from
5000 to approximately 10,000 cal/mole. Biffusion rates foer a given ionic
species decreased with increased cross-linkage from a nominal 1% divinyl
benzene content up to 16%, while the activation energies rose only slightly.
The influence of the chemical nature of the structurally bound exchange group

on the dlffus1on rate was also determzned

Rad10act1vmty meaqurements were purformed with high accuracy unsing a

477 geometry scintillation caunter>

ION EXCHANGE IN NON»AQQEO&S REDIA

F. S. Change, Jr.” (with G. E. Boyd)

‘The feasibility of ion exchange fram non-aqueous media has been investi-.
gated using Amberlite IRC-50 or Dowex 50 to remove sodium ions from 0.1 molar
solutions in {1) methanol, (2) equal volumes methanol and benzene, {3) ethylene
glyeel, (4) mixtures of ethylene glyeconl and methanal, (5} one volume methanol
mixed with three volumes iuﬁet@m&_B and {6) ethylene glycdl and acetone mixtures.

The sodium was put into solution as sodium hydroxide or sodium iodide
and Na®® was used as a tracer. The resin bed was approximately 10 cm deep and
1 sq em.in creoss section. ’Aqeuous apid was used for regeneration. The resgin
was equlixhrated with the solvent to be used before starting the exhaustlony‘

but no effort was made to make the resin moisture-free.

The following.resultsrhave been obtained:

(1) Ton exchange takes place readily from non-agqueous media under the
candltlons 1nvest1gated

(2) 'The rate of exchange with Amberllte IRC-50 (weak acid exchanger) is

greatly atfected by the viscosity of the non-aqueous solution.

(3) Dowex 50 {(strong acid exchanger) shows little change in rate of

exchange as the solution properties vary,

{4) Awmberlite IRC-50 increased in size when the organic solvent was

passed throughithe water-wet bed, but Dowex 50 showed negligible change.

* . Member Dept. of Chemical Enginesring, University of Temnessee and Q.E.C.. g’}xedoctorg;!'t‘eliowp (ﬁ;'i‘NSi
Oak Ridge, Tefinessee,
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These findings indicate that the organic solvents employed do not remove
the water of gelatin from the resin, and therefore that wet resins can be
used for cation exchange in various non-aqueous solvents. When the resin
ﬁndergoes further swelling by the solvent, some solvent is incoerporated into

the resin.and may materially affect .the rate of exchange.

Similar type investigétions will be made for anion exchangers.
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FISSION PRGDUCT SEPARATIONS

SEPARATION OF FISSIGN PRODUCT ANIONS BY ION«EXCHARGE CHROMATOGRAPHY

Q. V. Larson G. E. Boyd
R. W. Atteberry

A number of efficient separations of anionic fission product elements
as well as. the fractionation of the transition elements Mn, Fe, Co, Ni, Cu and
Zn have been accomplished during the past quarter. Both solid and liquid
chromatograms were measured in the . monxtor1ng of these separations. In the
former case changes in the distribution of gamma emitting radioactivity in
the bed were mapped out by . scanning .with a scintillation counter contrained
to more parallel to the axis of the bed. The concentration hlstory of radio-
activity in effluent solutions from the column was determined using elthef
beta proportional counting tubes or flow type ionization chambers connected
through a dynemic condenser electrometer 4o a potentiometric recorder. The
strong base anion exchangers Dowex-1 and Dowex-2 were used in th¢ separations.
Also, a complete separation of a mixture of the seventh group anions, Cl7,

Br", I", TcO,  and ReO,  was demonstrated using NO;” ion as an eluting agent.
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NEUTRON DIFFRACTION

H. A. Levy and 8. W. Peterson

The installation of the new neutron diffraction spectrometer has been
completed during the present quarter. The NaCl monochromatizing crystal
selects a wave length of 1.19 A and provides a beam of about 10% neutrons per
minete across the spectrometer table. Measurements of the energy spread and

other calibrations are in progress.

iffraction studies in progress include a variety of amorphous hydratéd
oxides (silica gel, chromic oxide) brought by Prof. W. O. Milligan, fused

silica, a-quartz, and crystalline Crzﬂa,
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CALORIMETRY OF RADIOACTIVITY

G. H. Jenks and J. J. Hairston

As discussed previously,{!) the calorimetry group has beeh cooperating
with the MTR group in a determination of the efficiency of the ionization
.chambers used in wmonitoring the gamma flux in the MTR Mock-up.. This deter-

mination has been completed and a2 repor: of the work is in preparation.

The method of carrying out the determination was outlined in some detail
in the previous report.(?) Briefly, it consisted of measuring, calorimetrical-
1y, the heat generated in a small section of graphite placed in Hole 12 of the
X-pile and comparing this quantity with that computed from readings obtained
with an ion%chamber in the same position. The rates of heat generation in
graphite as determined by the two methods were found to agree closely. Detailed

results will be included in the report of the work.

(1) Jenks, G. H. and Sweeton, F. H., “Calorimetry of Radioactivity.” Chenistry Division
Quarterly Progress Report for Period Ending March 31, 1950, ORNL 685, 128 (June 16, 1950).

(2) TIbid.

%
Agsigned from the MIR Dévelovpment Group.
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MICROWAYE SPECTROSCOPY

Ralph Livingston

The equipment for determining the nuclear spin of I'3! is now essentially
complete. Two test runs have been attempted. The first experiment was tried
as a preliminary test of the remote control equipment. A sample of I!2°% with
‘no added tracer activity was used. A few minor difficulties in the redote
control system were found and corrected. Although the mgchanical eguipment
‘worked well, the synthesis of methyl iodide was no} successful. This may have
‘been due to the use of an old ampou}e of reagentsqleft from the work of last

‘year.

In the second test run, several micrograms of I1!2% plus 50 me of 131 were
used. The solution transfer and evaporation steps of the chemical synthesis
‘were successful, but the run was terminated because of a leaky ball joint.
Actually two ball joints developed high vacuum leaks, but only one of these
was in a serious enough place to warrant termination of the test. This ball
‘joint is being replaced with a standard taper joint, and a few mechanical
changes are being made. The final equipmeni will be described in detail after

‘test runs are completed.

Dr. 0. K. Gilliam of Duke University is spending most of the summer at
‘the Laboratory working on the iodine nuclear moment problem. He recently
constructed, at Duke University, a stabilized microwave oscillator at 9000
megacycles and a harmonic multiplier. This equipment has been incorporated
‘with the methyl iodide microwave spectfometer togivé reference signals so that

‘precise hyperfine line separations can be made.

Drs. J. Kilpatrick and J. Goldstein have joined the microwave group for
the summer. Dr. Kilpatrick has started theoretical work concerning the zero
point vibrational energy problem in the symmétric top mclecule. Dr. Goldstein
'is concerned with some aspects of paramagnetic resonance phenomena. Simple
Eparamagneticfresonance equipment is near completion., The equipment includes a
new klystron power supply developed by E. Fairstein which is proving highly

‘successful.
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EXPERIMENTS IN CHEMICAL KINETICS WITH MOLECULAR BEAMS

P. J. P. Chastagner and E. H. Tavyler

The first object of these experiments continues to be a study of the

reactions of potassium with Br HBr and organic bromides. Molecular beam

29
techniques applied to such reactions offer the possibility of a wore penetrat-
cing study of the fundamentals of chemizal reactions than can be made by con-
ventional means. Neutron activation is teo be used tomeasure the minute amounts

‘of bromine involved in the experiments.

The modified apparatus was assembled and tested at the beginning of this
quarter. It was satisfactory except for the externally-operated movement of
the surface ionization gage which showéd considerable irreproducibility. This
"has been avoided by building a window in the vacuum tank through which ché

position of the gage can be measured with a micruscope of long focal length.

Seme irradiations of KBr on platinum foils were made to test further the
separation and counting procedures. The separation of radio-bromine is carried
out by exchange with an excess of ordinary gaseous Br, which ig then reacted
completely with a thin deposit of calecium. A blank irradiation of a cleaned
platinum foil gave a satisfactorily low counting rate, less than one count per
minute in the standard beta proportional counter. A small amount of KBr was
similarly irradiated to give 2 sample for decay study. As previously observed
with smaller quantities, the chlorine present as impurity is measurable after
long decey, but eppears to contribute only about 10°*% of the counting rate

observed inmitially.

Difficalties have been observed in measurements at low counting rates be-
cause of mon-statistical variations in the background over periods of tinme
comparable to the times necessary for connting the samples. Tt is plenned teo
eliminate such uncertvainties by the use of twin proportional counters, using

one for following the background.
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GENERAL

.Cobalt Gauwma Ray Seurce. The cobalt gamma.raysource mentioned previously
"has been in almost constant use during the guarter and has proved to be highly
:satisfactoryrf Tt will be described in detail in a separate report.  The best
present value for the dose rate at the center is 3880 r/min measured with the

‘acid FeSO, actinometer, assuming a yieid of 20.6 equiv. - oxidized/100 ev.

Becomkosition of Fused Sodium H?droxﬁde by 1.33 Mev Electrons. There is
‘some interest in the use of NaOH in high *emp@wature nuclear reactors, and its
stability under irradiation is therefore 1mpowmdat A preliminary experiment

was done to look for any dpcomqultlen

Reagent grade NaOH {Baker's C. de 98.9% NaOH) was melted under vacuum
in a nickel crucible.. After cocling, the crucible was transferred to a Pyrex
tirradiationr¢eli which was evacuated and then irradiaved for 40 minutes with
1.33 My electrons at 20 micreamperes.  The energy frem the electron beam was
‘sufficient te keep the NaOH at about 400°C (M. Pt“‘ ©318°Cy .- Upon analysis,
about 0.05 ml H, (8.7T.P.) was found in the gas phase, and no more was obtained
on dissolving the solid.  'The resulting solution had no oxidizing power. A
similar small amount of H, was found o%er NaOH which had been merely fused in

a nickel cruecible. There was little corrosion of the crucible in sither case.

These results confirm expectutions that NaOH would be rather stable

under radiation.

Badiatios Test of Karbate, a Proposed Resctor Reflector Material, ‘Karbat&'

a phennl- formaidehyde impregnated graphlteﬂ has been proposed as ‘2 substitute:

i for the beryllium reflector of the MIR 1n a contemplated experimentcal version
of this reactorm It would be expesad‘to a bigh neutron and gamda rav flax
while immersed in water, and radiation damage through decomposition of the .

impregnant might lead to disintegration of the reflector.:

As sn accelerated vest for possible deterioration, a sample of Karbate is
being exposed to electrons from the Van de Graff generator  The sample is in

a water-filled cell in order to simulate actual surface conditions.

Miscellaneons Irradiatiens. The cobalt gamma ray source is exceptiomally

convenient for miscellancous irradiations because of its constancy and freedom



from maintenance. A number of such irradiations made during this period are

described briefly below:

Sucrose. turned pink within one week. A sampie of 1.5 g yielded
about 0.1 ml of gas (evolved on selution in water) composed of 24%
Co,. 5% CO and 71% H,.- The solution was strongly reducing.

Selid phosphates ars heing irradiated to see whether oxidation or
reduction by radiation are responsible for difficulties experienced
in tracer studies uglng pile-~ 1rraé*amed phosphate rock in fertilizer
experiments.’

Aqueous solutions of various sulfur-containing salts were irra-
diated to help clarify the possxbzilty ¢f sulfate reduction in the
preposed homogeneous reactor.: No anion of 021datzon state as high
or higher than sulfite appeared by gualitative tests to be reduced.
Thus Na S 0, gave an odor of H,5 and a precxpzkate of 5, but Na,S80,,
K, SO and Nazszf}a gave no odor orpreclpltate 'Bodium meta b1su1f1tea
Nazsﬁ0 ; gave a strong odor of S0,

Electrical conductance measurements on H 0 and en aqueous U0,80,.
were not measurably affected by the gamma ray field - This was so be
expected, but a test was desired in view of the poasibility of using
conductance measgurements as a concentration control in the prcposed
homogeneous reactor.
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ﬁEﬂOMPOSfTION OF AQUEOUS SOLUTIONS OF FISSIONABLE MATERIALS

Jw‘wijoyle J. F. Marneschmidt
A W  Smith F. H. Sweeton

Mest of the recent work in this problem has been summarized in the Homo-
geneous Reactor Experiment Feasibility Heport (OBNL 730) which has just been
issued. As indicated there, the.principal problem seems now to be the effect
of radiation on corroslon, and emphasik is therefore being placed on this

aspect of the work.

One 1nwp11e experiment has been completed since the issudnce of the
feasibility report.. This exyeriment was done with an initial charge of 0, in
the bomb to determine the effect of this on the corrosion of the stainless
steel.  The results of the experiment were too complicated for interpretation
without further work. There sppeared to be either no gas production or a
long delay (several deys) in its inception, but this superficially promising
result is offset by the fact that most or all of the uranium precipitated from
the solution. A detailed examination of the corrosion behavior awaits radio-

active cooling of the metal samplet Corrosion did not appear to be senious.

Further experiments are in progress to elucidate these results and to ex-
plore the possible usefulness of lower concentrations of oxygen (the initial

partial pressure of 0, in this experiment was 250 1b/in?).



'THE'RA&IATIGN'BECGMPOSITIGN OF WATER AND AQUEOUS SOLUTIONS

€. J. Hochanadel

The availaebility of the cobalt gamma ray source makes precisé yield meas-
urements possible, and these have been started for various reactions of in-
terest. Cbnsiderable‘effdrt has been spent in devising and building irradia-
tion cells and holders to assure reérqd@cible positioning of the samples in
the sburceoj The measurements already made will be reported br;iefly9 deferring

an extended discussion until more data have been accumulated.:

4

?He vield of the forward reaction, thap‘isthévfraction of water decomposed
going directly tol, and H,0, and not the netyield including the back feaction,
was measured by the expedient of adding a solute which would react with the
radicals and hence eliminate the back, resction.: Ferrqus ion was used to re-
act with OH radicals in an O,~saturated solution for whi&h the yield of ferrous
ion oxidation is well known and reproducible, and can therefore serve as an
actinometer.  The extent of the forward reaction was determined by measuring
the amount of H, formed. The concentrations of the reactants and the yield

calculated from the results are given below:

Initial H" 0.4 M H,S0,

Initial Fe** 5740 mitromoles/liter

Inivial 0, approx.- 1250 micromoles/liter
Fe'" oxidized 3820 micrepmoles/liter
Hi produced 84.micromoles/liter

G~ molec&les‘ﬁg/lﬂﬁ ey 5545

This is in fair agreement with Fricke’s value of 0.57¢!) obtained with
110 Ky X:rays using other reducing agents. That value becomes 0.65 if cal-
culated on the bazis of G = 20.6 for Fe'* oxidation, the value used in the

present work. -

{1y F¥Fricke, He. znd Hart, E., ° The Oxidation &f ths Mitrite to the Nitrate Ion by the Irradistion of
Ity Aguesus Soiuilesms with X Rays, J. Chew. Phys, 3, 365 [1933;.

134



The yield of the back reaction,
H, +H,0, = 2H,0,

was likewise studied with the cobalt gamma source, giving the results in

Table 1. Values previously cbtained with electrons are quoted for comparison.

TABLE X

Becomposition of Water by. Gamma Rays and by Electrons

RADIATION TEMPERATURE INITIAL CONCENTRATLON . INITIAL YIELD

%cy (micromel/litex) ‘ {micromsl/liter, min) G*
7,0 H, :
Gamma 25. 4 362 760 23.7 6.4
45.8 362 60 | 27.0 7.3
64.8 362 - 760 30.8 8.3
Electrons, 1.33 My ; :

0.68 microamp.  |ca. 25 392 710 ~ 1.3
0 058 microamp. | ca. 25 392 770 : ~ 2.
0.0045 mieroamp {ca 25 392 R o (| , o 4,

* Gamma dose measured by acid FeS0, actinometer assuming G = 20.6 for
oxidation of ferrous iomn. :

Electron dose messured by current and voltage measurements.
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FLUORESCENCE AND PHOSPHORESCENSE SPECTRA OF SOME MATERIALS
SUBJECTED TO Co®® GAMMA TRRADIATION

J. A, Ghormiey (With H. A Levy)

In connection with the study of storage and release of energy in irradiated
alkali halides, the desirability of measurement of spectral distribution of

emitted light is obvious. Beveral apecvivoradiometers have been described in

the literatuze for measurement of emissisn spectrakaf phesphars such as are
used in fluprescent lamps'aﬂd cathode ray tubes, but these instruments do not
have sufficient sensitivity for stué? of the light emitted from "pure™ alkali
halides. In order to obtain the necvesssry sensitivity, a spectroradiometer
bad been assembled employing a photomaltiplier coeoled with liguid nitrogen and
used asg 2 photen counter for detecting the light ' A Backman model Du Spectro-
photometer ssrves as a monochromator - For the study of crystals daring ir~

iradiation in che gamma-beam from our 300 curie Co®® source, light from the

'7

sample resches the spectrophotometer slitv through a quarvz lens, a 90° quartz
prism and another guartz lenms. For ?hospharescen@e studies the sample 1is
merely plaved in front of what is normally the exit slit of the spectro-
photometer - Light emerging from the spectrophotometer passes through the
quartz wénd@w’of an evacuated vessel hbusing the 1P28 photomultiplier, pulses
originating from single photoelsctrens aream?lified by a high gain preamplifier
and an Al iinéar amplifier, and the counting rate is continuously recerded hy
means of a legarithmic count rate meter and Brown recorder.. It is hoped that.
the present range of sbout 2200 to 6000 A may soon be increased by a red-

sensitive photomualtiplier .:

The observed dark cmuﬁt rate varies between 100 sand 200 c/w., Abou:r 2000
¢/m are required for = satisfactory méasurement in reasonable time, and the
estimated iaput to the phctomultiplier cathode reguired to give this rate is
107 % te 10°7% lumen. BSince the efficiency of the optical system with a 1 mm
sliﬁ>i$ estimated to be 0.01%, the required light output from the source is.
~ 10°% lumen/sm®.  The sensitivity isseen to be better by a factor of 16° than
that of the instrument used by Zworykin(2} for study of emission spectra of

more efficient phosphors.:

{2 Ewoiykin, Ve Koy ° An Avtomatic Recording Spectroradiometer for Cathodoluminescent Materials,’’

J. Opt. Soe. du, 29, 88 [Feb, 15353, :
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ANerent sawples of

Tracings of emission spectrum curves obtainad frem twe different samples
of Nall during expssare to 20 r/min Co®% v's are shown in Fig. 32. No cor-
rections have been made for variation éf photaeathade response, dispersion of
the prism and sbsorptisn in the optical system as a funection of wave length,
and for wmost purpeses it will not be necessary to apply these corrections.
The curves in Fig 32 show clearly that the emission spectra for the two Nall
samples are qulte different although the same three bands are observed for
each.” The differences in relavive heights of the bands can p“abably be attri-
buted to differences in concentration of impurities acting as activators or

guenchers.

The emizzion apeatwa:of sgveral crystals and solutions of imterest for
scvintillation conunters have been measured during and after irradiation with
v's. . Thelliue sctivated KI during irradiation gave a single band with pesak at
4300 A and halfwwidxh aboat 860 ﬁ.[jFiVe minates aftar irradiatipbam s peak at
4300 A was ssill observed, but witch grwatly reduced intensity, and in addition

another pL@%ﬁh@&ﬁSﬁéﬁL band ‘at 5400 A which was obscured durung irradiation

by the much more intense 4300 A band. The phesphorescence spevtrum of s CaF,

sample after several minutes exposure at 5000 . r/min showed xelatlvely sharp
bands at 2768, 31205, &80 3856, 4180; 4440, 4840, 5440, 5550, and 5770 A

During exposure at 20 r/min the bands below 4840 A were completely obscured by
a much more intense flusrescence band with peak at 3200 A and half wideh 1000
K*; A 5amp1e af anthracene during excitation with Co®° y's, 2537 A photons br
3300 A photons gave a spectrum consisting of & peak at 4500 A with shoulders
indicating anresolved peaks at about 476@ and 5100 A respectively.. A sclatien
of anthracene in besrens duriag sxposurs to ¥'s gave two sharp peaks of about
equal intensity at abous 4100 snd 4350 A. Fluoranthens dissolved in bengene
gave 2 brosd band with peak at 48 00 & and,halfwwidth 1000 A.- No phogphoresnence

was cbserved in the organic waterials.

The spectral of thermostimelated phosphorescence of two dif-

rudied . The two szmples when irrédia&ed witch
X.rays st liquid nitregen temperature were found’®’ to give glow curves which
were neariy identical with rvespect to temperatures snd relative hedghts of che
peaks below 2@?0; but different by a factor of absut 10 in the indicated lighe
output for corresponding peaks For ewission spectrum stadies, Sampiestwere

irradisted at -196°C for 49 min in & (%% gamma-ray flux of 2000 r/min. In
: 3
“ Gtprapge wnd Belsase of Bowrgy iz Jomie nystﬁls Subjected o

ion Guarterly Progress Heport for Period Bsding Decembsr 31,

{33 Gharmiey, Fo o Be
Yorivltag Raud
1549, omuL 6%
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both erystals the emission spectra for &ha Lwo glow carve peaks below -70°C
were characterized by two broad bands with peaks at 2700 A and: 4400 A and
haxf widths of 800 A and 1200 A respectively. ' At temperatures above -70°C the
2700 A peak consistently dlminlshed in comparison with the peak at 4400 A for
the sample with the higher total emission (No. 501}, and for the other sample
{No. 41 neo light was detected at ?GO A above ~76“Cu; For sample 501 the
emission spectrum curves were the sasme {pesk at aboutr 4400 A) at 95°C.and
216°C, while sample 41 gave an emission spectrum peak at 5000 X for 95°C and
no giew curve peak at 210°C.- Glow Lﬂxva‘ for emission at 4400 X and 2700 A
for sample 501 are given in Fig ~33. The emission spectrum of sample 561’
during exposume to a 20 r/mxn gamma beam at room temperature was very similar
to the phoaphure«cpnue gpectrum near room temperatura with a peak at 4500 X
and half-width 1500 A

The data seem to indicate thav for each peak in the glow curve between
v196*Cuand:+2&0QC there is @ competition between the same two emission processes
fesultﬂng in bends at 4400 A and 2706 E,respectively,; There are 10 distinct
pesgks or zheulders below 200°C on each glow curve indicating 10 different
excitation {thermostimulation) processes. It seems likely that these processes
mugt ail bz of the sams type, either exvitation of trapped glectrbns into thei
conduction band or excitation of electrons from the filled band into normally
filled levels occupied by paaitivé holes.- It is not possible to determine

from availabile data which type of stimulstion process occurs here.

The intense peak in the glow curve for sample 501 at 210° was not ob-
served st 21} for sample 41, This peak may be associated with the disasppsar-
ance nf an abbnrpt wn b&nd at 3100 AAS first repcfted by Ottmer.{%: This
band was observed iun sample 501 st Z5°C after irradiation at liquid ﬁitrngenf
temperature and alse afser irradiation at 257C, butwés not observed in another
LiF sample similar $o No. 41. The formatiorn of absorption bands at 2580 and

3100 A in & 3.2 mm thick sempie of Ne 501 expoaed to Co®® v's at 25°C av the
center of the 300 Curie source (™~ 4000 r/min) were as follows:

Exposure Time {min) 5 1 2 5 10 25 40 60
(2500 AJ 0.043 0.117 0.195 0.410 0.745 = 1.593  2.42 '

1
log —2m o _ e f
& 73 (3160 A} 0.038  0.072 0.102 9.17¢ 0.262 0:410 0. 484 00585

{43 Sex Fig, 32, Curves ¢, U snd £ o7 CRML 8§88, bmm&wy Division Querterly P”Dgré&‘» Repmi for wad
. Ending Merzh 31, i8530, Part |, w’zmxrm Rereurch ¢ Jume , 1880%,.  See wize Fig. 17, Curve C,
A8y, 4380, Sumgary Hepsri fsr the Period dpril through September 1949; Chemistry Division, Seciion
Co ¥, (Mavo 20, 19503,

(3) Ditmew, Bo Zo, Physik 48, Y95 (33373,
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The band with peak at 3100 A is seen to approach a limiting density while the
2500 A band continues to build up almost linearly with dose.

We hope that correlation of glow gurves and corresponding emission spectra
with formation and disappesrance of coelor centers will be more enlightening

for the alkali halides whose absorption bands have been identified with specific
configurations. ' :
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'EFFEGT‘OF“KAHiAFIGN ON HETEROGENEQUS CATALYSIS

J. A Wethington

Jt was mentioned in the previocus report that the exchange between H, and
D, was to be used to assess poséiblefeffects of fadiation ﬁpon cacaiytic
act;vlty It was hoped teo obtain. measurement of the .extent of exchange by
mass spectroscopic determination of HD, but this proved to be 1mpossxble with

the equipment available.

It is therefore intended to ahalyze for HD by thermal conductivity,a

less sensitive but more relisble method than mass spectroscopy.. A thermal

conductivity gage has been designed for this purpose and should be in use
shortly. It incorporates features which should make it sxmpler ‘and more re-

lisble than previous thermal ccnduct1v1ty gages. !
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DISCRIMINATION AGAINST EACKGROUND FOR C!¥ COUNTING

C. J. Borkowski and E. Fairstein

Work has begun on the counting of C!4 when the C!* rate-is close to the
normal background rate of the proportional counter. The feasibility of dis-
criminsting between the G",gﬁﬂ#ﬁ&-and;gha&bhgﬁ&konnﬁlcoﬁh;s&nﬂmaans-af energy
measurements is being examined, Te dates, no significent data have been ob-
tained. The major difficulty at present is the drift in counting yield in the
chamber for a givén pulse-height selector setting. Since it is necessary to
take data over a peried of 48 hours fpf each set of conditions, the drift be-
éomes important.

The data which have been taken seems to indicate that in this particuLar‘
chamber, the pulse-height distributgon of thefbackground is close to that of
the C!'*. However, most of the background is due to local gamma radiation and.
not to mesons. If the latter were the source, better'discriminatinn against.

the background could be obtained.

The present chamber is a hemisphere, filled with 90% argon and 10%
methane;, The centralawire configuration is such that a good peak is obtained

for a 7 Kev X-ray emitter.

Ultimately, C'* will be measured by counting it in the gas phase, although

the data so far obtained are for a solid source.
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ALPHA ENERGY ANALYZER

E. Fairstein

The alpha energy analyier showed the following faults after -about ayear’s
service: '
1. The 6AG7 amplifier tubes and the 6BG6G high voltage regulator

required replacement about twice as often as any of the other
tubes. ' '

2. The amplifier stability was not as good as desired with respect
to voltage disturbances at the input circuit.

At present, there is no satisfactory substitute for the 6BG6G.

, Both the main amplifier and the préamplifier were-redesignedin‘an attempt
to remove the other shortcomings mentioned. The circuit of the new amplifier
appears in Fig. 34. The preamplifienfhas been simplified by using triodes
where possible, and by using positive feedback between the second and third
stages. The increase in gain which results from this applicatian,of'feedba¢k~
does away with the necessiﬁy for byupasé capacitors in these two stages. This .
;epresents’an improvement in the reliability of operation since the limited
5pace in the preamplifier box required the use of miniature (and in this case

poor quality) capaecitors.

The use of positive feedback is especially easy to apply in a three-tube:

feedbackiloop“ The basic requirements which must be met for stability are:

1. The positive feedback loop must be smaller than and be within
the negative feedback loop.

2. The svages within the positive feedback loop must have a wider
pass band than the stages external tothe loop. The low frequency
response is especially important (to prevent motorboating). When
these conditions are met, the negative feedback contrels the
amplifier gain and frequency response, which is the desirable
situation. ' ~

Where bandwidth requirements permit these conditions to be met, it appears
~that the use of positive feedback can be used to advaptage in many instru-

 mentation problems.
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The method of increasing the input signal size by feedback to a guard
electrode was discontinued, since this can be shown to be an undesirable
application of positive feedback. The positive feedback loop here is as large
as the negative feedback loop, and the two feedback factors add algebraically.
The effect 1s todecrease the net negati&e feedback and therefore the stability
of the system. Jt is equivalent to breaking the positive feedback loop and

decreasing the amount of negative feedback to restore the loss in signal height .

Instead of using feedback to the gward ripg, the main amplifier was re-
designed to give greater gain without a loss in stability. The 6AG7 tubes
were also replaced by 6V6 tubes because of their longer life.

The bandwidth of the system is controlled extermal to the feedback loops,
in the interest of stability. The rise-time of the.system is about eight
‘microseconds, while the fall time is about 25. These are not the gptimum for
beast signal-to-ncise ratio, but .are necessary for good resolution. The signal-
_to-noise ratio for a five Mev alpba pulse is stil]l 1000 to one, and represents

only one-third of the total peak spread.

, The preamplifier gaih is 1000. The feedback factor is 300 (50 db). The
main amplifier gain is 500. The feedback factor is 50 {34 db). The "cathode-

follower™ coupling stage between the units has a feedback factor of at least

30 db.

A comparison between a pentode and triode coanected input stage was made
to determineé which gave ﬁhe higher signalwthnoise ratio. It was found that
the triode stage was poorer by at least 50 percenio; This is contrary to what
; appéars in'thetlitefatnrey but the evidence is indisputable. Extreme care was

talken to make the tube operating conditions identical in the two cases.
Feedback had no effect on the ratio, as is to be expected.

Some minor changes were made in the discriminator circuit; the plate
current of the pulse-height selectors was decreased to increase their life,
and RC differentiation was used in another part of the discriminator to elimin-

ate a cogtly delay line.

The power supply requires redesign to take advantage of hig@er quality
components now stocked at the laboratory. This is of importance, 'since one
transformer has already burned out and at least one more is ready to burn out.
Both are being operated at well within vhe manpfacturr’s ratings, but neither

iz hermetically sealed.
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MOVING FILM PULSE ANALYSIS

BR. S. Stone and . C. J. Borkowski

In taking energy distributions with conventional electrounic pulse height
analyzers one has the choice between amultichannel device which simultanecusly
counts the number of pulses in each of a finite number of energy ranges, and a
single channel instrument which sweeps through the energy distribution, count-
ing only one size pulse at a time: At present, the first type has the dis-
advantage of excessive circuitry, and its resolution is limi;pd at the outset
by the number of channels available. The second type is obviously much slower,
gince a separate count must be taken for each snergy increment it is desired
to resolveJ and in the case of low counting rates this may be a serious draw-
back. For short lived samples this type of measurement may be out of the
question. Moreover, reading only one pulse height at:a time gives more chance

for drifts to introduce errors in the final results.

One solution to this problem is to record on film every pulse which
occurs, thus gaining the speed end accuracy of the multichamnel analyzer, and
then to exiract the information from the film at.leisurep giving as good
resolution as is obtainable by sweepingkthe distribution with a single channel

analyzer.

In our case, this film recordingjhas been accomplished by feeding the
pulses into an oscilloscoepe (Dument 248) via an A-1 amplifier, and photograph-
ing the scope scréen with a moving film cemera (Fairchild Oscillo-Record.
Camera). The f 1.5 lens is used wide open, with Eastman Linagraph Ortho or
Linagraph Pan recording film. The sbope tube is a 5JP11, chosen for its
highly photoactinic phosphor and relatively short ?grsistencey‘ The film is
rdn at such a speed as to give about 10 counts per inch, so that a counting
rate of 3000 ¢/m requires a film speed of about 5 in./sec. (The speed range of
this camera is 1 in./min to 5 ft/sec; the General Radio Oscillograph Recorder
runs from 5 ft/sec to 35 ft/sec.) The scope 1is used on driven sweep with the
Z amplifier turned to full gain and its input paralleled with that of the Y
amplifier. This permits blanking the spot on the tube face except when apulse
is being recorded. In the particular work done a pulse ion chamber supplied

‘the pulses, but the method is equally adaptable to other counting techniqgues.
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Two variations of this method were tried. In one the X gain of the scope
is cut to zero, so as to give a series of vertical lines with heights pro-
portional to pulse energy. In the other method the X gain is left on so as to

get shaped pulse traces, again with heights proportional to energy. The former

type of record would doubtless be much easier to design an automatic photo-
e¢lectric scanner around, but the latter lends itself mere easily to visual

counting. Moreover, the "blip™ at the base and top of the one-dimensional
8 P P |

pulses tends to introduce some uncertainty as to the exact end points. Both

types of records were made, -however, and both gave good results when measured.

visually.

Heading was done on an Eastman Recordak microfilm reader, with a magni-

fication of about 13-1/2 X. -Since the image on the scope face is reduced on

the film'by e factor of 6, this sets the overall magnification between tube

face and reader screen at around 2-1/4 X. 'The readings were made through a

piece of waxed graph paper to the nearest 1/20 inch.

The method was first tested by feeding a constant Q Pulser (a mercury

relay type signal generatqr) into thed scope, varying the input voltage from 0

‘to 10 volts. The film, when deyelopﬁdg indicated that the lower bound of
‘detectable voltage cHanges lay in the region of 1%-2%. Graphedsthedeflectioﬁ
vs. input voltage curve gave excellent lipearity up to 4 inm. deflection on the
microfilm reader, and good linearity to 5 in. Deflections up to § in. probably

-need not be corrected fbr scope nonlinearity, as at 5 in, deflection the
departure is but 2%. This deflection corresponds to about’'a 2-1/4 in. trace

on the 5 in. scope face.

Following this préliminary investigation, several actual energy measure-
ments were made. The first was an attempt to separate the energy peaks of
; U333J Pu???, Pu??® 4nd Pu?3® from a composite sample in the alpha analyzer.

These peaks lie av 4.82, §.15, 5.50 and 5.75 Mev, respectively, or about 7%

apart, and should furnish a measure of the resglving power of this method.

Figure 35 shows a plot of number of pulses vs. pulse height for a distri-
butien of 349 points. It is seen that the four energy peaks are readiiy
separated. Superimposed is the curve. obtained from the electrpnic differential
discriminator {a single channel sweep type analyzer). Energy‘calibration of
the film curve was obtained by assuming the Pu?®® peak to beyat the correct

position, 5.15 Mev. With this assumption the other peaks are found to be
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U233 = 4.84, Pu?3®% = 5. 47, and Pu?3®% = 5 78 Mev. These are h}excéllent agree-
ment with the correct values. The largest error (in Pu?2®) is only 0.5%,
giving considerably better accuracy than had been hoped for. Of course, this
is all relative to Pu?3?, ‘a4 very close calibration point, and failures in
linearity might be more serious over a greater rangé between célibration and

measurement.

Points on the discriminator curve were taken from a Brown record, and
plotted to ascale which makes the two Pu??® peaks equal in height. Comparlsons
of the resoclution given by the two methods should probably not be made because
of the vastly greater mumber of pulses evaluated by the discriminator. One
evident difference between the two curves of Fig. 35 is that the differential
discriminat ter gives U**8% apd p23* pﬁaks of practxcally identical height, while
the film curve shows the 233 peak lower than the 239. ‘However, integral areas
under these two peakson the film are practically 1denticdl, and hence the total

number of counts in each peak is about the same.

An;ther film was run on an Sn'?Z 24 Kv X-ray source, and the distribution
of 244 pulses is plotted in Fig. 36. This source is seen to give a very
pronounced peak, ana would make a good calibration point for measurements in
this region. There seems to be a secondary peak at about 25.8 Kv, which is
about the right energy for the K line, but there are really not enough
pulses to be sure. {(This secondary peak is only 10 pulses high.)

These data indicate that the film method gives good resolution and should
be a useful zeol in situations where either a quick count must be made or
‘wherg an inordinately low counting ratezprecludes the use of a count rate meter.
‘The prxnclpal objection to the method is the long and tedious process of read-
‘ing the film. A projection system with a photoelectric scanner could be bull*
to take care . of this, the main obstacle being base line 1nstab1lltv Lateral
shift in the film is probably negligible—sound recording practice holds this
te 0.1 mm, or about 0.2% error for 4 in. on the microfilm reéderwwbut d-¢
fluctuations in the scope cause the base line to change enough to vary results
by several percent. Moreover, the intensity control must be set very carefully
to yield abase line which is present but net heavily overexposed, particularly

at the slower film speeds.

Film reading could be speeded up by using the time exposure type of pulse
photography, wherein the film does not move, and successive pulses pile up to
be read with a densitometer. Here one pass across the film with the densi-

tometer would give the desired distribution. Moreover, one does away with

151



28T

NUMBER OF PULSES

30+

24

42

' NOT GLASSIFIED
DWG. 9173

| 24.02 KV

FIG, 36

36  DISTRIBUTION OF 244 PULSES

i FROM Sn''? X-RAY SOURCE

m———

27} {

21

. . 2.6 3.0
INCHES DEFLECTION ON MICROFILM READER




processing long lengths of film. Disadvantages are messiness in absolute
calibration of density--due to variables and non-linearities in film charac-
teriétiCSMMandrdifficulty in resolving closely adjacent peaks because of film

and tube phdsphor halation. The first may be disregarded in a great number of
| cases, since in general we only wish to know the location of a given peak and
- to have a qualitative piébure of its height relative to other portions of the
energy spectrum. The second disadvantage may be eliminated by some sort of
scale expansion, but in general would tend to limit the method to cases where
~energy peaks are not immediately adjacent. In other respects (spéed of data
'gatheiingﬂ‘large number of channels, étcﬁ) it has the advastages of the moving
- film,

Both technigues no doubt have their place, the moving film method being
the more absolute and potentially more reliable, and the time exposure method

- faster and usiore coavenient.
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CONSTANT Q PULSER

R. A. Dandl

The pulse generator shown'in the accompanying diagram was built to test
high:gain wide-band ampllfxers and differential discriminators. The generator
is especially useful for testing amplifiers because its pulse (+ or -) closely
simalates a chamber pulse and it can be fed dlrectly into a preampleler Its
extremely hxgh precision and stability make it‘a very useful instrument for
the testing of amplifiers and dlfferentzal.dxscr1m1nators either separately or
in conjunction. The useful'puise output ranges from 50 uv to 10 volts at 60
eps. The rise time is approximately 10"8'seconds‘and fall time approximgtely
10°? seconds. The stability is of the order of 0.1%.
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