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cU.AG TOR FU~lS 

ABSTRk(;'r OF r.U;ui.T.'!:IiLY RETORT 
CHr.;I.iIST4tY ;)IVISION 

In t.he current st.udies of trw chemist.ry ot the htjavy eler!'len.ts in 
solut.ion, work on the hydroly~i3 of CellV), which is of interest in 
~QmlJar.t8ou with similur behavior of lu, 1), et aI, has J,.rogressed to a 

}Joint where nualitatlve conclusions may be drawn. In aqueous solu
tions Ce(IV) is hydrolyzed to eeOH It t as is the case with ru(IV), but 
it does 80 in much more udd solut.ions than does lu{IV) which is 
ajJIJreclably hydrolyzed only in solutlom, more a1kHline t.han I1f .. 1. 

Thu recovery of the &aJnple of americium i:s proctlccilng satls- . 
factorily, and th~ bulk of It Is now 1n sulturic acid solution reaqy 
for further selAlration by ion exchunge . 

One stage of Ute work on the Dolubllity of thorium iodate has 
been comjJleted and isbelng wri tten up in a ~epQrat6 report . 

The high tempera t.ure }Jortion of ti'le U0:zS0.t, -HtJ SY5 t.om has beeD ox-· 
plored, and a ~gion of two liquld l,haees partl.ally mapped out. 

The chefl1.ical work on t.he l-,rocess f or recovering uranium from en
riched piles ha:s been pract.ically cOIIljJleted with the dell\onstrntion 
in I.hc pilot plant of the adequacy of the }1resent fJrocetw . 'l'he ad
Jj lional \.ork cOInJ-leLed ' uring this quart.or has incluued further 
\'work on the extraction of ftu, on the usc of organic arnines to com-
plex urallium and neptunium, anJ on the formation of Dolida in the pres
ent proeefJft 

The recovery of U23~, the chemistry division haa been completed 
and about 9!.t: are avallable i.n <Jbout. 160 mI.. of solutlon. 1.11e special 
SDI":i l Le or U 3b has beon decontaminated and 1-8 awaitjng transfer to 
:t-l:! for t.he 130topic separation. 

2. RADIOJSO'OOl t!;S 

't'iork on several phases of the Xenon problem has .fJroercssed during 
thls ouart.er. 111e assay met-holi appears to be in good shape ufter a 
number of' studies to clear u~ , Joubtful points. 'the half-life of th 
s hort-liv~d iaoruer ot AelJ5 ha3 been re-determtned and found to be 15 .J 
minute" t l'. The fraction of Ute rie ' 31' going by way of this isomer has 
been determined by colncidence countlc~ meUlode to be about 20%. Othe~ 
lleceDoary etudJes have given figures !Ol' the 10s5 of I.e to\t3 8XJ,.8cted 
during the f'cU 2 precipitation" i 

t 
The largo scale sejJaraLion of element 61 has yielued as bY~J-roducC. 

nulllcuries of 2-) year Eu155 and 20 year (approx1.mately) Sm 

}<~collent photogl'a[Jhs have b~en obtained a t Y~12 of t.he IS. series 
.x-l~ay lines or ell3lUent 61, confll ml ng t,he identity of tho luaterial. 
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-

-

The ion ~xchange ffi6t.hod for lJreparing radiochemically pure .1ttrtumJ 
which 1'185 described in the last. ouartel"ly report, has beun adopt.ed b~' 
the operations division. 

Rare earth fisKion productB have no'A b-aen aatbfactorily seiJaraidd 
trOm l-u and Arn by the uoe ot :1 more (Iear'ly completely :sulfonat.ed 8dllliJle 
of the 10n 6xchanae resin, uowex 50 Of tho elements Y, Eu, 61, Nd, 
Prj Ce , all were s8J,;arated satbfactorily trom Pu and all except 61 
from Am, and all e.xcel-'t .l!,u and t were better than 99% free of each other 

In the course of the work on the oeryllium nitrido SJrocofl8 fot' 
c14, It has been found t.hnt thE! unlrradiated Be'iN2 containe about 0.15% 
carbon and tha t. Lhe reagents U"f::d 1n the H~0J...-CrO':i. recovery lJroce:ss 
introduce a necligible further alUoWlt In th~ synUletic work with C14, 
the SJrindpal reaultl3 durIng th.ts quar~r have been tht! demonstratIon 
on a tracer sca~e of the reduction of C~2 to methanol by lithium 
alumimln hydride, the preparation of ethanol by the reduction ot 
a..:ctoxy magnesiUIIl iodiae with )j_thlUlll Ci.lwninum hydride, and the ob
taining of for.muldehyde in yields of 6~ to 10% by the pyrolysis ot 
methyl triphonylmetbyl ether. 

A q uant.i 1:.y or 104 m..i.l11curles of barium carbonate haa been ob
tained by repurificatiQ~. 'l'hi:s material i .n intcnded for use as radio
active standards for C~ 

) , Sll'PORTIMl CHl!1HCAL 1l3Sc:nR.CH 

A number or opectrosco~ically puro rare aarths have now btJen pre
pared h.Y ion exchange. I~ounts varyinr. from 0.3 to 16 grams of the 
f ol lowine are now available: 

'Dn20) 
Er~'l 
H020J 

DY2°.3 
'l'b407 
Sm20~ 

Botheis 8ssignmento! J4 day Yb to maSH 169 has been conCirmed by 
ueuteron bombarament of purifiuJ 'Im, a mono -isotopic clement, followed 
by an ion exchange ge~aration or Yb formed by the reactian d,2n on the ]m. 

The 125-day T,m170 has been shown by~ -ray 8pectramet~r utudies to 
be a purl~ bete. emmJ tter ~it,h a ma.d~I'U! energy or 0 _ 98! 0 00. Mev 

.!:;xperiment.s un.tng corumercial "Zr (contflining a few lierc8nt of hafuium) 
and t.raner ha!niUDl have shown t.hat th~ selJuration by citrat~ precipita
tJ.on is not sharp as had been reported frOOl another labora.tory. 

Further stUdies have becn completed of tho dbtriout..ic.111 of various 
metal ions between water am.! benzen~ in tbe l ,resence of TTA.. The fol
lowing eouilibriwu const,ot5 hove been measured: I ' 1.9 x 10-7, La +H 

9 x 10-1°, Zrr-' 2 x 10 ,ha':rJ.um_7 x l06. In the case of the latter 
two metals, it was found t.hat. both were slow In cOOling to equilibrium, 



6 
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wi th t.he harnium being the slower of the t wo. The difference in t he values 
for Zr and Hf is obviously not enough for a single stc.ge se~aration but 
shows :!jome Jlosalbility for a multi-stage iJrocess. However, a test witn 
macro amounts showed that a fJreci}.litate was tormed in 1 Y HCl 801utiofl 
containing 10 mg/ml of Zr when TTA was added. 

The most consistent results so far obtained for the decom~osition ot 
pure wa~r in the vile have been obtained jn silica ampoules with ~racti
call.1 no Cree gas apace. It has been demonst.rated that the decoml)Osition 
is ent.irely sUPtlresaed by a sUlB.ll addition of hydrogen. It has further 
be~n found that hydrogen peroxide leads to higher dis8ociation ~re6suree 
by an inhibitory etrect on the back reaction, although it ia, of com-se, 
on8 of the reactants in the back reaction . 

In solutions of HCl and KCl in water the steady atate hydrocen 
preseure reached in the pile has been shown to incresse with increased 
concentrations or both hydrogen and chlori de ions . 

Ampoules cont aining T20 which have reached a steady state ot pres3ure 
from the decom~oaition induced by the tritium betas ahow a drop in fressure 

~ when ex~osed to pile radiut1on . 

-

The hope that pure sulfuric bcid might, because of its resistance 
to radiation d6com~08itionJ be a suitable medium for a homogeneous ~i16 has 
been dieeivated by the demonstration that H~O~ containing UO~O~ decomposes 
with a greater gss evolution per fission than U02304 in water . The excess 
gae produced includes S020 . 

Tbe new phase ot BoO re~orted ~reviou8ly has been studied further 
and has been shown not to be formed helow 19000 C but to be fo~ed above 
20000 C. The impurity ap~arently responsible tor its stabilization haa 
not been determined. ~ore lines have been found in its diffraction 
}.!attern through the use of Bam~les richer in the new }.Ihase, indicating 
th~t it may ~oesib~ have a non-cubic structure . 

A new form of Hu02 which may be of cubic structure has be~n identified 
in calcined barium ruthenate. 

. A ~reliminary investigation has been made of the uae of glow tubes 
in various circuitlS of inte~st such as scalers, multi-vibrators and 
coincidence circuits. These afford an economy in ~ower and in number ot 
other cam~onents over circuits using conventional high vacuum tubes, but 
have the disadvantaee ot heine 610,,,er . '!be work on proportional beta 
countera has extended to the construction ot one or two models tor 
particular applications in the chemis try division. 

The calorimetric work on triti um has shown that the average energy 
of the tritiUm beta is 506 Kv:t 3%. 
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The analytJcaJ research work on ~olarogrn~hy and electro-de~o3ition 
ill being written ·up in final form . Mmlytical methods have been develo!Jed 
ro~ the colorimetric or ~olarogr&phic determination ot radioactive cobalt, 
tantalUlll and ruthenium as a means for the absolute aSlla,y ot radioiGotope 
samples of these elements. In the development ot ap,lJ&ratus tor conducting 
analytical work remotely, a method has been devised for measuring micro
liter volumes of solution by electrical capacity mea8ure~@nt . In c~1-90 
nection with radiochemical analysis, decEly schemes of CbY5 , Sr90 and I 
have been studied with the~) - ray spectrtJmeter. 

ANALYTIC AL S mVICES 

'lbe nwnber of analyse8 performed during this quarter was about 2v~ 
greater than in the last, due principa11l to increased demands froM the 
proerams of the technical division. Abo,lt 34% of the analyses C<lI:OO from 
tho 25 pilot plant, about 30% from laboratory and semi-works control, 
about 25% trom the radioisotope program a~d the remainder (ca. 16%) from 
research and other functions of the labor.'ltory. 
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1. REACTOR :rtJEIS 

Inorganic, Physical and Wuclear Chemistry 

Work on this problem has recently been summarized in reports CBL-19 
(J'ebruary 1948) and ORBL-23 (March 1948). Only a few supplementary ex
periments have been carried out wh1chwere not covered in these r eports. 
Since these experiments did not change, the conclusions reached pre
viously, they will not be reported here. 

lee 
G. E. Moore, K. A. Kraus 

Work on this problem has continued since the previous JuarterlY report 
(CM.-37). The measurements have been extended to the PU(V) (VI) couple, 
and the Pu( IV)/(VI) couple ~ a fUnction of acidity. Sinee the results 
vere not 8ufficiently reproducible they will not be reported at this time . 

io Behavior ot Ce( IV 
A. Kraus, R. W. Holmberg, r . Belson) (P. ~. CX3-2) 

Since the previous quarterly report (ClIL-37) where some work on this 
problem WBS rC!!lPorted, a considerable amount ot additional int'ormation 
bas been accumulated. Although the reauit. are still primarily qualitative 
it appears desirable to summarize the work at this time, since a number ot 
rather unique features have becane apparent, not the least or theBe being 
an opportunity to study more advanced region. of hydrolysis which in most 
case8 appear practically inaccessible to e:r.perUnentation. 

1) Introduction. During an investigation or 'tin, hydrolytic behavior ot 
uranium (IV) and plutonium (IV), it was found {lhbat their aquo-canpleltes, 
which exist in strongly acidic solutions in the absence ot complexing agents, 
bydrolyze according to the equation: 

x .. 4 
" 2lI20 1011.3 .. B O· 3 (I) 

The n~gative logarithms ot the acid constants (pK values), were tound 
to be 1.45 and 1.55 for U{rv) and Pu( IV), respectively, in O.5M CI04- 8olutions. 

In addition it was found that U(rv) and Pu(IV) undergo pol~~ reactions, 
which in the latter case occur with gr8at rapid1ty at a pH where only 
approximately 5~ ot the aquo-compl ex has hydrolyzed according to equation 1. 
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The polymers formed, though they closely approximate the formula ot the 
hydroxide, are positively charged. 

It 1s of interest to compare the hydrolytic behav10r of cerium (IV) 
with that ot these "a~ t1nideB". If as a first approximation it 1s assumed 
that the hydrolytic reactions ot these "rare-earth" ions of identical 
charge u~e primarily determined by the size of these ions one expects that 
Ce{IV) and Pu(IV) would behave very similarly since their crystal radl1 
are almost identical. Actually very large differences in their behavior 
Were tound except for the approximate pH region where they undergo 
polymerization. 

The primary difference between Ce(IV) and Pu(IV) lies in tAe acidity 
~t their aqua-complexes . In the case of Pu(IV) the aquo-complex does not 
undergo appreciable hydrolysis untIl ca pH 1 is exceeded. In the case of 
Ce(IV) it is doubtful that, except perhaps in the most strongly acidio 
perchlorate solutions, any appreciable concentration ot the non-hyer dlyzed 
aquo-comp1ex exists . It is interesting (and at first contusing) that 
Ce( rv) undergoes a hydrolytic reaction sozewhere between pH 1 and 2 as 
Pu(IV) doe8; however, this is a reaction of a basic ion of Ce(IV) and 
not that of the non-hydrolized aquo-complex itself. On the other hand the 
pH regi~where reasonably rapid polymerization occurs, are about the same 
tor Ce(IV) and Pu(IV}. 

2) Experimental Procedure. Two experimental methods of approach }lave 
been selected: 

1) Spectrophotometry ot solutions of ammonium hexa.nitratocerate 
(BRC) in perchloric acid solutione of varying acidity and usually ot 
cona'ti:t.,\.lt tonic strength V·u1) and (2) measurements of the pH changes on 
dissol ution of known amounts of' DC in perchloric acid solutions ot known 
concentration and 8utticiently high ionic strength to avoid 8ignific~t 
changes in the activity coefficients of the ions involved. 

All experiments were carried out in a tt~rmostated room at 25 ~ lOC o 

The epectrophotometric investigations were carried out with a Beckman 
quartz spectrophotometer which was caretully calibrated with respect to 
wave lengths using a mercury arc. 

The pH measurements were carried out with a vibrating reed electrometer, 
coupled with a Rubicon type B high preciolon potentiometer and a Brown 
Electronic strip-chart recorder*. The full scale det1ection on the recorder 

* We are indebted to Mr. C. J . Borkowski and Mr. J. IC. East tor. assistance 
in assembling and testing the eqUipment. 

corresponded to 10 millivolt s, yiel ding a reading accuracy at ~ 0.01 milli
vo1te. In general, it vas attempted to balance out the potential changes 
with the Rubicon ·potent iomet er. 
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The pH meueuremento were carried out using a glaee eleotrOde-saturated 
BI::l-calanel electrode aeoembly. The saturated Jrol was separated trom the 
test solution by au 1nte1'lMldiate eELlt bridge ot 1M "odium nitrate. The pH 
cell was enolosed in a Shield conotructed ' o~ 1/'~" aluminum. 

In general, the measurements of the pH changes lIel"'e satisfactory 
although occasionally troublelJ (Blow drifis of the potentlal.a) were en
countered probably due to changes in liquid junction potent1al.e (l ). 
In fsvorable caeee the-measurements a.ppeared to be re11able to .. 0.02 
m.tlllvolts. . -

Tb", exper1mento uere carried out by disoob1ng small amounts ot HBC 
in perchloric acid solutions of known &C~dit1. The BCl04 solutiona ot 
concentration les8 than UtI contained sufficient sodium perchlorate to 
keep the. ionic strength at fI-" 1. It not otherwise noted all data were 
taken a8 a 1"unct1on ot t1me, extrapolated to · the time ot mixing, and 
the resulting "zero"-time values then used. 

was of high purity 8.S shOtfll by gra. ... lmetric and spectrographic 
Analysis. Anslyuls tor tree acid in the material was carried out by 
dissolving a suitable quant1ty in & lmakl.y acidic solution of sodium 
iodide and l'l,;6f1sl1r:tng the p1:l change after reduction appeared to be complete. 
Since Ce(111) 10 only weakly aoidic, this method tor detecting tree acId 
in the !mC ie qu1te Oftueitive. It Wl.\8 found that the material contained 
a maximum ot 0.005 moles 830" per cole of cerium. It i8 possib]A teat 
a considerable traction of even this small am~~t ot acid tound was due 
to a residual 00011 f:rac:tion (O.l~) of the Ce(IV) in the torm ot its 
pol,ymer, vhich could have been tOTmed e1llult6llAtOuslY with the reduction 
ot Ce(IV) and which once formed would probably reduce 0Iily alowly. 

A atud3' 01' nitrate t'roe Ce(IV) solutions hae only recently been 
attempted since it uas feared that the Ce(IV), 8spoc1eJ.ly 1n percblorat 
solutions, 1I11ght undergo slow changes in epeciee (eyg. po~rizatloIl) 
thus complicating the picture considerably. Al though there is now go!'\d 
ev1,ience that such po~rie reactions occur at lCT ... aCidity, It 1s 
dcrllbtful that complicating re~t1ono occur at very high ,acidity and a 
corresponding study of perchlorate solutions l18.8 started and scme of 
the results have been included. The nttrate··f'ree percblorate solutions 
were prep&red by a modification ot ~I;he method of Sherrill aDd CO-Uorkel'O (2) 
and 80sayed by tItration with ferrous I ammonium oUltate. 

3) Results. Only litt.le work appBfU'O to bo available in the literature 
tram-Which the ionic apec1es existing in Ce(IV) solutions oould be doduced 
and in add1 t,1on tl">..e ava.ilAble data are ec:mtred1ctory • Thus, Boyea and 
GamorO) concluded from potential Il~Bur~te of the Ce(III)/(IV) 
couple in nitric e.cld eolut10no that Ce(IV) 10 neither (partially) . 
lJ3drolyzed nor complexed by n1tmte ions. She:tT111, lring aDd Spooner(2), 
on the other hand, concluded trOIil tlle1r potential' measurement" of the 
Ce(III)/(IV) couple in perchlorate 801ut1ono that Ce(IV) ie extens1 ... ely 
hydrolyzed even in 2.4M HCl04, in sppannt contrad1ctiOl1 to the work ot 
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Boyes and Ga.rp~r 0 In their work on the sulfe.te complexes of Ce( IV) Moore 
and Ander80D,~~) did not cODsider part1~1)hydrOlySi8 ot Ce(IV) in perchloric 
acid solutions. Similarly G. F. Smithl5 d.ld not consider pe.rtial hydrolys1D, 
and instead postulated that a hexaperchlorato complex exists ~n strong 
BCl04 solutions. It 1s interesting that recently Miss Evans( ) concluded 
trom the small differonce in the entropy ot C~(III) and Ce(IV) t hat Co(rv) 
is partially hydrolyzed in 0.5 M BC104. 

Our data, to date, confirm in essence the conclusions ot Sherrill ct 
al., and ot Bvru1S, nemely that Ce(IV) 1s partially hydrolyzed even in rat her 
concentrated perehloric acid solutions. We have found that the hydrolyt i c 
reactions of Ce(IV) in the acid range studied (ca 0.01 to 10 K BCl04) are 
very complex and the various reactions have not yet been canplet.ely elucidated. 
The descriptIon of the results which tollows, it thus essentIally qualitative, 
IUld 8 hould only be consldersd preliminary. 

It was hoped that accurate measurement ot the pH changes occuring on 
addition ot BBC to weakly acidic perchloric acid solution .would permIt 
estimation of the a'verage c<spoBition of any basic ions formed, Le . , 
estimation of the average number ot mo·.les hydroxide ions per mole of Ce 
(to be referred to a8 "hydroxyl nllmber" n) in the avera.ge f'omula Ce( OB)ii,4-n" 
In thim connection it was of particul3r interest to see it th~re 1& a pH 
range where the hydroxyl number is two, e.e would be expected, if a ceryl 
1~n, exists, as baa been proposed. 

With the extremely sensitive PH equipment which had been &ssembled 
it ~ecsme feaeible to determine the amount ot acid libera.ted on dissolution 
of. comparatively small amounts of BlfC even in reasonably acidic solutions . 
The procedure vas to measure the voltage change of the cell previously 
described when smeJ.1 amounts of DC were added to the perchlorate solutions 
of accurately know aCidity (mhl). 

Fran the pH measurements the final acidity (mh2) vas obta.ined and 
hence the average hydroxyl number "n" from the rela'tionehip 

n = mh2 - mhl 

DICe 

where tnce i9 the concentration ot Ce( lV). 

(II) 

If' the chmlge in liquid junction potential ( .:. i ) and the change in 
the activity coefficients of the oxonium ions ( 'I ) are known (or negligible) 
the tinal a01<11 ty mh2 can be obtained from the change in cell potential 

L~ It through the equation 

~log m~ = o E -e (III) 

Bihl R 

where e = ~,,( - log V .:1!2 (IV) 
R Yhl 
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I!Illd where R is a constant at "any acidity and woujld b" expocted to be 
ceo 0.059 volta. Actually, it we found, be rooasuring the 'Volt~ of 
tho cell over a considerable ooncentration range of acid, that R 
genel'"elly 1s les8 thrul 0.059 voltn though approooh1ng this value at 
lov acidities. The oODS1derable dcvlntion ot R tram 0.059 1s eQmevhat 
eurpr18iDg since all solutions oontaiDed enough lfe.Cl <\ to keep the ion1c 
str&ngth .14 - 1 throughot\t. It is not cleal' to vbat extent this change 
in R ilS due to changes in liquid junction potentials and to what extent 
to ob.a.Dses in the aotivity coef'!1cic.mts ot tbe OJ[ODium iOIlS at cons"cant t- . 

The cOrrt!Ot1on term "en (equation 3) ~ul.d depend em the compos1t1<m 
ot the 80 lut1ans. It would be expected "to be "%71 amall 'tor the d1lute 
801ut1ona stud1ed It· i9 howeTer, not completely negligible tor the more 
concentrated BIfC Golutlma.a, since, assuming e 5 0, calculation ot the 
ave~ by'droxyl lltIIliber, though 'tor large IJ. B values e.hc:wlng a decrease 
with increaeing e.eiclity, showed a pronounecsd inorease when .A E became 
small. When e e ca. 0.5 millivolts 1s used 'tor 0.01 M JmC eolut'.0n8 ( and 
proportional.ly smaller 'Values ot e tor the more dilute ImC solutions) n 
ia found to decrease continuously with increa.aing acidity !Dba-

Tb:18 general magnitude of th"2 va~ue ot "e" was substantiated since 
A!::: ca 0.4 m11~1volts vaa observed on me.k1ng a 0.5M BC104 solution 

0.01 M 1n tbnl"1um nitrate and 0.02 M in 1IHJiBO. • Since Th(IV) would not 
be appreciably ~lyz6d in 0.5 M Bel , hE in this oase would be 
expected to be almost identical with "e". 

The resulto ot the pH mEl8':JurtlmSnto have been sUlllL'a.t:U'ized in 7igure 1, 
Where the averae;e ~1 number tIn"~ baa been plotted &8 a tunction 
ot the tinal acid1 ty mh2. 

Several s,,1"1e8 of measurement haTe been carried out over the concen
tration range 3 x 10-4 to 1 x 10.2 M, the ooncentrat1cm in eaeh ser1eo 
be1ns kept constant. Por moet ot the solutions apeotrophotometrie data. 
'fMN also collected in the waTe length region 400 - 450 • p.. • The 
extinction coefticients obsorved at 430 m/k haTe been included in Figure 1 . 

Depend1Dg on ths 081"i 
observed potential changes 

concentration and tho initial acidity the 
A E were between 0 .. 5 and 50 millivolts. 

It may be DOt1c~ tram Figure 1 that at cerium cODcent=atlons leso 
then cs. 2 l[ 10-3 H, the 8'Vert'Sge hydrozy1 number .18 practically independent 
of Ce(lV) ooncentratiOn and onl;y dependent em the aclcUty of the solutions. 
At higher ee(IV) concentration lin" appears to be conecmtration dependent. 
The spectral data on the other hand show ccme1derable concentration de
pendence even at the loweet cc.lCentrat10n.0 stud1ed 1!ld1catiDg that 
d1.fferent spec i.. (pl'Obab~ of different degree ot candensnt:1.Oll) are pre
sent at different cOncentrat1ons even when tLe1r aversge formula - is the 
same. 

As vas to be ~cted fIn" was t"0UDd in gnneral to inereaoe nth de
creasing a.cidity. At lOY acidities aDd low ctmcentmt1a:n of Ce(IV) "n" 
appear!! to be ca. 2.35 O'Nr a considerable !'I!ln.t.tc ot acidities . l!'his 
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suggests that a particular aggregate (e.g., a trimer) B:JJd/or rJOlO9 of its 
candensat1cm productB have somewhat higher Btabili t;y than other byd:rol.y'eis 
products. In corm&ction vi th the question of the existence of a ceryl 
ion it might be pointed out that the meas'l11"'ementa do nat RUpport uS11'!lptioo 
ot such a spee',es. The CUl"VG of "n" vs o acidity does not show any plateau. 
at n e 2, but ra.the~ at n = 2.35, the ditterenoe be1Dg considered to ~ 
outside the 0Xpt)r1mentaJ. error. 

J'urthermore, even these aggregates are .not ot very- areat stabilIty, 
since in the same p1I I'ft.llgIa where tM17 appear to occur, the properties of 
the po1utione change continuously with time. The data in r1gu:re 1, as ~JIIlD 
preVi0U8lJr' stated, onl.1 refer to the specie8 e>nlJting in tbe Bolut1ans at, 
or close to the time ot mi'ljDg. 

Both the spectropbo-~tric and the pH measurements ref'lect these 
i.1me dependent cb8.Dgeo. Thus the extinction coetf'1cients in the 400 mfL" 
nmgo decrease on etandiDg and the acidity ot the solution8 (i.e., tllfJ 
avorage ~l number) increases. The average composltiOl'l 0'1 the species 
appears to apPJroach that of too bydroxide. The j.ncrMee in acid! ty ot the 
solutions 18 illustrated :I.n Figure 2, the datPJ. tor which VV\'!t obtained 
und"r condltlcns vheJoe tbe changes with time !I.l"t!I reasonably" rapid. The 
rate of reaction inCl"8&aea with decrM8iDg Bcldi ty of tha solutions and. 
with 1ncreselng concentration of Ce(IV). Although no molecular ~isht 
determ1Dationa have been carried out, it is moat probably that the t:Jmo 
~opendent chaDges are due to fl polymerization reaction 8Ild the product 
f'1nRJ.ly to~ 10 probabl3' s1m1l.ar 'to the "colloidal" cerium (IV) ~7.ides 
whose occurrence 1s well Jmown. 

In viev ot the magnitude ( eJJd uncertainty) of' the term "e" in 
eQ~,t10J1 3 it vas not possible to determine the chaDge of' the av.~ 
~l number n with sufi'ici8D't precision at acidities 18l"ser than. O.IMw 
The onl.y certain statement vh1ch can be lllade i8 that at higher ae141 t;r 
"nil tor a 0.01 M Ce(IV) 801utiOl1 must be 1es8 than ca. I.,. 

Only' the spectral cba.ngea thus perm! t calculation of .the a.vorag~ 
l"ol"llNla at acid1tieD l.arser than 0.1 M. Not sufficient datn have befJll 
accumulated a.e yet to permit calculation ot equilibrium constente. 
However,9 1 t baa been found that some spectral. ch8.nges occur tbroughont 
the acIdity range 0.1 to lCM ~~. or. these, some ot the spectnll. c:hanf1Ja 

. a~ove 1M HelOt:. have been d1acusaed 1n tba prcav10WJ report (ClIL-37) and, 
it fDlJJ suffice hero to say that these spectral. ch.a.D(:e.s are depcmdflnt 
on acid, Ce(IV) and lIT03- concentration. Bo depelldence ot the data on 
C104- (i.e., lfBC101t,) concentration vas tOUDd, OOfifI it unl.1keq tlJJ\t 
perchlorato-complex, as Su,ggG8ted bY' G. .,. 8m! th 5 i9 f'ormed. 

It can be seen tr<Xil Figure 1 as vell as t:ran the data in CN1r-j{ that 
the opectral data are pract1.cally acid independent (tb.ougb concentra.t1on 
dependent) between ca 0.1 and C8. 1M Bel04. However, 'f"urth()l'" iDvestii)L:¢:!.01l 
of tb1a Mid range (uoing e1ther me in RC10lp or ~Ul"e" Ce(IV) - perchlornt 
901utio.ne) in the ul trav101et (210-350 m1'4.4) ohowed pronauneed spect 
Changel\ as shown iu Figure 3. Thus tm acId range vbere !lZIY spectra). 
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changes aan be tolmd. extends all the vay from the po~r1zation region 
to concentrated BCl~, sbowiDg that sane ohanges of species occur through 
out this range. It is hoped that a more thorough ~iB ot th3 spectral 
data will permit identitication of same of the equilibria mvolvedo At 
the present time ODe can expresB the data in terms ot average ~l 
numbers "n" which at lover acid! ty than O.1M are 88 described above and 
&bove this acidity n is leas than ca 1.5 though appa.:rently still larger 
than zero in 10 M mao,.. Furthermore, it 1s evident that the complex 
equilibria involved III08t4r involve species which are at least d1meric, 
it not ot higher degree ot aggregation. 

(1) 
(2) 
(3) 
(~) 
(5) 

(6) 
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Isolation of Americium fl"ODl Plutordum \olaote Solutio:o.a .ra: W. Sm1th, It. A. Kraus} (P.A. 0:3-21 

  

DurhJg the lut quarter the isolat1OD.procedure described in the 
previous qu&rt81'ly report (CBL-37) vas tested. further and the main body 
of the fluoride slUl"l"Y' was worked up using extensive tum1ng with eultu:rle 
acid to l"eIDOYe tluoridea. The bulk of th!t All (and plutcm1um) 1s nov 
available in the fOl'lll of a 8Ultur1e e..cid solution read.V tor the adso:tpt1<m 
proeus. 

D'Ilr1Dg the sulfUric acid treatment ccmsiderab1e amomlts of caloium 
8Ulfatu separate. It vas found, both in preliminary experiments and with 
the main ~ of the material, that cona1dero.ble smounta of (5-~) of 
alpha actIvity an reta1Decl by the precipitate. This activity is dU!! to 
both Pu aDd Am, the latter be1Dg somewhat enriched. Experiments have 
been UDder va::! to develop methods tor the extraction of the activity from 
the calcium sulfate though 611 yet no Vf!I'r7 eatisfactory method has been 
found. 

Solvent Extraction of ProtactiniU1D :f'rom Fluoride Solutlons 
he. A. ltYaus, A. Garen} (P. A. CX3-2)--

1) Introductiozu In the prev1que quarter~ repon.(l) a few ezper1ments 
on the eztn.ctlon of pro'taet1n1um frail fluoride solutian were described 
ue1Dg di-iaoproP11 carb1Dol. as solvent. It was toUDd that, although 
fluoride iOllS ~ :1Dh1bit the extraction of Pa, add1t1011 of alumimrn 
loae (to compl.e% nuortde iema) is eUoct1'Ye in again 1DcraaeiDg this ex
tractability. 

It aIJ,pe8.l'8d of interest to further et\ldy the eztractabl11 ty of 
protactinium t'rcD euah tlU01'ide butter solutiODB ~ where the fluoride con
centration would be ccmt?o1led bl" the stability conatante of various metal .. 
f'luor1de ccmplu6a. ll'rom such a stuilJ" one might obta1Dl 

1) :lntormat1an on the pl'ftCtlcab111ty of isolation procedures tor 
Pa trcm fluoride 8l"8toms, without previous removal. of fluoride lODe 
by other meeDS (such as f'um:1.Jlg OJ' preclpi tat1on) ; 

2) iDtOl'lJl&t1on Ng&1'diJ:lg Pa-fluoria cam.pl.exes, such 88 lIUIIlber of 
fluoride lema atta.cJl8d aM stability conatantDj end 

3) 1D.tarmatlcm em the att\b11ity cOllBtanta of other metal-fluoride 
canp1eH9~ us1llg protactinium (e.g., Pa233) and its extractabillty as 
Pm e.na.lytlcaJ. tool. 

 



-

e 

• 

19 

The sucoess ot such studies appeared to depend mai n]y on the 1'8-

producib111 ty of the results aM. the ens" Y1 th which equilibrium could 
be sttained. It WM etn'pl'18ing that no such difficult i_ were eDC01mtered 
in view ct the tact that the ~l3tie 1»hav1ar ot protactiD1U1l generally 
is considered rather unfavorable. It 1s true that in the Al .. )'-Pa system 
which W8rJ studied in SCllll! detail, ca. two hours ot st:1rriDg WftJle necessary 
to attain equilibrium. The alum1num-tluorldtJ system itself, at low 
fluoride c0l1C6DtratiOJl8, has been reported(2} to alow13 attain equ.1.l1brium, 
thus quaUtative13 at least ISCOomlt1Ds tor the observed alCM1888 of the 
react1cm. 

2) E!per1meDtal Procedure: Bxper1ments have been c8l"!"1ed out ~iD8 
alum1Dum SDd tbor1ll11l to C(IIIlplelt tbll fluorides. 

1 ml samp163 of B!l solut1cm.a ot Pa233 tracer containing AlC13 (or 
Th(Jf03)4> aDd varying ccmcentratioas ot BP' were equilibrated tor tD.ree 
hours With ODe m1 samples ot di-1sopropyl oarbiDol ue1Dg closed lusteroid. 
v8sfJela 8Dd magnetic stirriDg. In 8C111e casea equ1l1bratiOill VU ee.rried 
out tor J.cmser periods ot t1me v1tbDut s1gnisicant changea in the results. 
Erich set of n:per!ments was carried out at coostmt Cl-, BtO·, and metal 
cOIlCentrat1ou* (l:J: M DCl, 0.82 M Alel3 and 2.TI M DCl, o. 8 M Th(103)4) 0 

-We are 1Ddebted to D. Lavalle and P. Thampaon of the Analytical Section 
't~ ana.l3ai. of the Al and Th soluticma. 

The Pa233 tracer vas of high pur1ty 88 shown by its dec", CUJ'V'e. 

The distribution coefficients 

Do = Paq 
Ps 

(I) 

vIlere Pa and Po represent tba coacentrat10D8 of Pa in the aqueous 8Dd 
solvent ~e. napect1vely, were det.1'I!l1ned bY' racUo-aeeay t~ Pa,233. 
In III08t ca.aes 0Dl.y ODe phase (the e.olvent pbaee, ucept ~or sm&1.l valu.a 
ot Do) was &89~, although :2.n a number of cases both pbaees VIItre assayed 
to establish the reliabiUty of the re8Ulte. 

3) Results and Discussion: 

The results ot the azperimeDt.e are given in Figure 1, vIle:re t~ observed 
distribution coef'f'ioienta Do have been plotted as a f'uncticm o~ the ratio 

B = F{'I 

Ao - 10 
(II) 
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Extractability ot Pa 

into 
di-isopropyl Carbinol 
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were Ao aDd Fo M'e the initial cm.c:e.ntra.t1orw ot the JDetal 10DB (Al aDd 
Th) and. ot 1m' l'a8pectl'1Tbl,y. 

Par th8 posItive 10M Mlected, the cClOStanta tor 'the reaction 

x-on .. BF ~ W-Il .... Dot(n-l) .. B 0" -c- . 3 (III) 

are large. Let 

lID II! h XII 
Xf' 

Vb8re h : [u3o·1 , t = [Rr1, X = [xotn! rmd XF • [Din-1) (IV) 

and 'brackets 1Dd1cate concentratIon. 

Dodgen(3) reported Ifn for Th..4t9 be ca 45000 at ionic S'til'eZlgtl:.f\I • s 0. 5 . 
J'r<lm the data of' Bt'otHt aDd 0rnDg(2J (lisiDg &8 acid C0D8t8.Dt fo .. • BF 

Ka • 1.159 lI: 10-3 (~J} lCxr for Al'tn ctm be ce.leulAted to be ea l.6oo a.t 
101dc etrength ca 0.5. Tbese Buthors al!Io reported 't.hat ,the ocm.etc.nta 
~2 tor the reaction 

xp",(U-l) v BJ' 00 H~ -to D'2f (n-2) .. B30· (V) 

tor tllese ions are ocms1d.erabq Bn\;1l.ler (A.n2 = 650 tar Th(IV) and Kuc.: 
= ll.O tor Al(III». At the h1gher ionic etreugths used here, the ccmstant 
(~quatlQ11 a,.) would be different, but p:!"obab17 still suttioiently high to 
permit tbfl appro:dmat1ans 

aDd 

Po = [~(n-l>] 

Ao-Fo = [xtn 1 

(VI) 

(VII ) 

tor 8JI&ll values of Ro At lal'g~ values of R the approxiD,mtions .IOUl.d DOt 
pertain, since tbbn the higher f'.l.uo,oide cClllplex.ee ot the poaltlve lOUD 
(Dee equa tlO1l 5) would U8UIII.e 1IlportaDce. 

It COD be SIlMB fran I'tsure 1 that addl t ion ot amall AmOunts of iF to 
!'a-Al aolutlau caus~o I\. rap1d deOrf.t&61!) in the ell:trac:hbl1ity o~ Pa (Do 
increases) While e4d1 t1cm ot n1a1l.a.lr mnouut. ot mr to Pa-Th aolutlO118 bu 
~ractically DO efteet aD th~ eztractabtl1ty of ~.~ This negligible effect 

*Thia is 111 agreeent with the obaern.t1<lU ot OY,rbolt ud 'St~ regardiDg 
extractabll1ty ot Pa tree DO, - BF-Tb. aolut1C1D8 .. ", 

ot D' in Tb Dolut10DD frieD perta.1na far R -70, the largest value ot R ueed. 
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The difference betveen ths two types ot' solutions 1s qualitatIvely 
U ox:peeted, since the stronger oomplexi,ng agent (Th), aloo more strongly 
1nh1bits fiuorlde interference in too extraction. The conditions ot tile 
experiments hOllever, &r4! suttlcientl.;'r dttf'erent (e. 8., the Do values, 
i.e., the distributioo coetficioots in the abflence of Br for the Al and 
Th syatenlll ditler very considorably) to make qut',ut1 tat! vo comparison not 
possible. TOO data 1ntr1Dsicall.;'r, b.o'uever, should permit scme conclusions 
regarding fluoride canpleziDg of Pn, especially tor the Al system. The 
discussion vh10h follow vae included to Illustrate ~ in 11 simplified manner -
the relationships involved. 

&veu 111 the absence ot tl\.\Or1de ions the aqueous layer of the Pa. 
solution conta1lls probably several speoies. Let us assume that one of 
these ia ertraotablo. Let PI be the concentratIon ot all l101l-extractable 
apec1~e and PCl the concentration ot the extractable one, i.e., 

Paq Pw • PCl (VIII) 

Irbe distribution coefficient 'for tbe oxtractable species PCl 

Pe (IX) D*1l 
PCl 

will remain constant under any set ot cond1tlO118, although the ooncen
tration of PCl could vary (e,go, with acidity (h) and chloride concen
tration (b». For constant h and b the ratio 

Pel 
PI 

: :lel (x) 

would l'('otJl8.in constant. 

Addi t10n of fluoride i0D8 produces one (or more) non-extra.ctable 
spec 1 es accordiJlg to a reaction of the type 

~lm 4 nJD'.o nB~ » PaOxClm-r'n 4r-D • rCl- • DB30" (II) 

vi th equilibrium constants of the type 

Ptr b r hn 
(III) ~lJ' • 

PCl f!l 

'Where PJ' is the concentration of the tlu()~ide cmplex, 

e f ·l mrJ ' b c [Cl~ and h g [BJ:>:J 
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Por constant b and h e~at10n 12 8implifies to 

~U' = KClP 1 Pr (1111) 
b r liD- PCl ~ 

Setting 

Paq = PJ ~ PCl • Pr 

(wbere for cOIIlveniance it 1e (lSS1J111ed that o-41y ona non-extractable fluoride 
cccnplu it tarmed). 
and using equat10DD 10 and 13 one obta1.ns 

Paq : PCl 
.. PCl .. PCl ~ll" rn (XlV-a) 

lel 

Bence, using equation 9 one obtains 

Paq = Pa 

[ ~l D* 
00 1J · Pa ---D* 

~lP' (l1 (xv) 

Or I 

Pag = Do " 1 
1>* Pa + ~l1I' tll (XV-a) 

1)* 

I 't can read.Il;y be sharm, us1Dg equa.tl0D8 8, 9, and 10 that the first term 
in ec;uat ton 15-a 

.l:... r- 1 .. 1'] 
D* Xcl - -

o = Do (lVI) 

where D8 1s the observed distrIbution coefficient at t = o. 
Thus 

Do = D8 0(' !!JI fl1 (XVII) 
D* 

UsiDg also equaticz 4 and sett,iJlg 

~llI' ( ~. )n - C 
~ 

.. (XVIII) 
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we t1~ obtain the equation 

Do • Dg • c( J:~ JD (:m:) 

Tbuo from the slope o~ f\ plot of log (Do - D~ ) va. log-!l 
J1UlDber of f'luor1de ions attached to the Pa, could be X 

"n"" the 
deduced. 

In Figure 1 log Do ~ plOtted 1netead of log (Do - Dg). Hawver, 
tor the Al-system tho slope of the liD8 in 'i~ 1 should ot111 yl.ElId 
an "pproz1mate value of "n" oince log Do-log (Do -~) 10 W'SgllS1l:-le 
'IlxcElp't f':1r very small. values ot Do. Up to R • 2 It» tor tho Al-s;yetem 
appear& to be between 2 aDd 3. The data at proS8D.t are not suffic1ently 
pree1set and the B304 concentrat1on not kept sutt1cientl1 CC.1Dtant tv ~rm1 t 
a more preciso statement. Tho dec:reaee in slope above R = ea 2 1e prO~abl;y 
1ue to tile tact equation 4 alone does Dot yield the Bl' concentration 
au1.'ficiently aceura.te~, the high.r AI .. fluoride complexes also becaning 
ot importance. 

"or the Th-syetem, the ehauge 1D Do was too emaJ.l. to pel'm1t evaluation 
ot '1n". Thus all that can be said at too present time 18 that thorium 
(under the cODdit1ons used) removes th .• intert'erenco o~ .HI' on the erlmctao1~tt1 
of Pa cons1derably more st~ tbDn doeo Al. 
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Process Chemistry 

s 

A ocspl.atlO1l report on problem 88signment CX10-22 (canp1ezee ot Th(IV) 
and 103) 18 DOW being \I1'i tten and will be 1ssued shortly ~ 

Process tor Recove!"l of u233 fran Thorium 
B. o. Bohlmann 

A 8U11J1111&17 report on the York dcme on problem ua1gnment CX9-l (3ecovery 
of u233 fran Thorium) 1s beiDg prepared and will be iSSued shortly. 

The "26" oample has been deooa.tominated 8Dd concentrated. The i¢ted 
sample measures sight mr per hour at one inch and is ready tor trenster 
"i:o Y-12 OIl receipt ot further iJ18tructl0n0. 
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The Recove of Uranium from Enriched Piles 
H. R. Baxman, G. R. B. EllIott, Jr., J. P. McBr1de, F. T. Miles, J. M. Ruth) 

- P.A. CX5-9 

Introduction and Summary: 

The prooess for the decont,aminat1on and recovery of uranium t'rom tb 
high flux pile has shown conaietently oat1atactoJ7 results in both semi
works and pilClt plant teats. In the latter, the yield" have beeu unitomly 
high ( -" 99.~) and the decontamination factors for the tirst cycle have 
been )- 104 tor tf? and > 3 It 103 tor , & The second cy~le product 
activity 18 indistinguishable trom the~1um activ1ty shoving a decon
tamination of at least 105. The use ot dlphenyithlourea (DP1') for 
increaSing ruthenium decontamination vas tested with satisfactory ~sults 
in five rune in the semi-works columns. With DPT, the strip column gave 
ruthenium deeontamination factors ot ?O to Bo. The only pilot plant run 
with DPT, however, vas a failure ainee precipitat10n of U02504 in the 
mixing chamber caused mechanical difficulties and the decontamination 
was not improved as much as had been antic1pated. 

With the adequacy ot the process apparently assured the work in the 
chemistry division i. practically finished and i. limited to investigation 
of posslble process improvement., and attempts to explaIn some ot the 
obseM"ed effects. The use ot organic &mine a to oomplex uranium ~d 
neptunium has been studied. In this connection the distribution ratios of 
the complexing agents (2-hexyl pyridine and tri-n-butyl amine) h~ve been 
mea.s~d. It was necessary to develop analytical methods tor these 
&mines and their nitrates. 

Some additional work hao been done on the extraction behavior of 
ruthenium traoer in order to establish more exact~v the equiJibria between 
the difterent torma and the rates of conversion. 

'l'here has been aome tonnation of Bolids in the process . These Holids 
were examIned, and stability teste were made to find conditions which 
caused the preCipitation. This work is reported in CL-GRBE-47. 

Complexi~ ot Uranium in Hexone 

The di8tribution ratio of uranium between IN aluminum nitrate and 
hexone in the preaenoe of camplexing agents and 0.05 M ferrous ammonium 
sulfate has been studied as a function ot the pH ot the aqueous phase and 

~ the concentration of the compl exing agent. 



e 

--

e 

27 

Pre-equilibration of pbaaes before the addition of tracer" tempera
ture control (25.0 " 0.20 C.)" pH measurement, and titration of ac1d in the 
hexcme phase were carr1ed out 88 desoribed 1n CRL-37. Uranium 233 tracer 
wae used. All oount1Dg s8llples vere prepared on platinum plates and 
tlamed to remove the oomplexing agent, in order to prevent selt-absorpt1on 
in the sample. Careful t1am1ng with a microburner vas tound to give 
sat1sfactory resulta. Both phases were analysed; the aqueous phase 
being saturated with aluminum nitrate and repeatedly extracted with hexone 
wh1ch 'Q'ae evapo2'ated and counted. 

Hydraz1ne, 2-hexylpyr1d1ne, and tri-n-butylam1ne were used as complex1ng 
agents. Plote ot the data are given in :rlgure8 1, 2, and 3. Por l'Q-drazine 
the calculated curves are plotted; for the others, the curveS are drawn 
through the expertmental points. Quant1tative explanatIons of the etfects 
ot the latter two will be lett until their distributions have been studied 
more completelY. 

The distribut10n of lo'draz1ne as a function 0'1 pN has been measured 
and can be expressed using three equil1briUll oonstants (CIL-37). With 
the8e constanta it 18 pon1ble to calculate the concentrationa 0'1 various 
components of the system at any- pD. These are plotted 1n Figure 4, where 
the concentration 0'1 hydrazine in the aqueous phase plus the concentration 
in the hexane phaee 1a alvays 0.47. Small changes 0'1 the ~draz1ne 
distribution with concentration vere neglected in fitting the curve tor 
0.047 M b,ydraz1ne. It 18 noted that the calculated values ot )103- 111 the 
hexone disagree with titration values in the high pH range. In l'it.ting 
the equation to the data, however, the calculated values have been used. 
IIi tric acid in the hexane phase in the absence 0'1 hydrazine vas obtained 
from the graph in Monl-432, which was extended to a lower plI range. 

Wi th no comple%1ng agent present, the tollowing reactiODS are 88sumed: 

( 1) U02:q... af03e,q • 3Il~ .. ... 3B2ilex. 

kl = 

(2) 002(1°3)2. 3B~x .. B03hex ~ > oo2(B03)3 . XH2R.i (3-X)H20 

~: 
0 -=1 

K ~x. 
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(3) 

D.B. 

.. -Baq .. 103aq -"'--,-----

k3 : 

[ N03-J hex = 

32 

Bhex • B03hex 

" -

kJ ), "' D03 hex 

cr.31 r 103-J ex 

([RIal; hex j ! = [~~3] Lx 
3 

:: [uJbex : [ U02(1f03)2 • 3B~]hg • [ U02(N03) 3· • D~J hoI 

[ uo2·:Jaq [UJaq 

.- .72 
: k~LlO3jaq • k~k2 [.o3j ~q [B03-J hex 

: kl [503 J ~q • k~Z [ 1103 J ~ [EBoJ !ex 

The data tor the dietributicn ratio ot uranilDll in the absence of 
~azin.e reported last quarter can be fitted by an equation o"t this type; 
tor 1 II AlCI03)3 in tM &qUeOWI phaae: 

D. B. : [u JheZ; 

,lU Jaq 
• 0.8 + 3.1 [BI03J 0.6 

hex 

With ~z1ne present, using the calculated cancentrationa of 
ketaz1ne • 2 DO] in the he.zone pbaee, 1 t seems necessary to a.BUIIe 
tMt onl7 the ketazine aaaDD1trate takes part in the camplu:lDg action . 
This m1ght be explained it the d1n1 tnte were onl.y sUghtly 1on1zed, 
while the mononitrate is largel1' ionized • 

• . The a4di t10nal n1 trate f:rca this source 18 then equal to[ ketaz1ne 
• B .1 hex. • 

r, .. 1 r_ ~.6 r' of' L 1103 j hex:: l.J'1'ee k~03~cl + ~ btazine· B .1hez. 

D. R.. k1[ 1103 -J1lQ. • klk2 [1IO~q er1 ... ~) ~~ f Cut. II~ 
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It vaa found that the data fo-r total ~ziDe ccmcentrat10aa 
(molar1 t,. in the bezODe pbaee plus molari t,. in the aqueous phase) of 
0, 0.041, and 0.~7, v:1th 1M Al(B03)3 in the aqueous could all be 
t1 tted by an equation ot th1e tom as tollows: 

[ 
10.6 

D. B. = 0.8 • 3.1 D0!l hez ... 100 [k.etaz1De . H~_ 
Lines calculated fJ'aIl this equation tor the three concentrat10D8 ot 
Jv'c.'.ruiDe are plotted 111 F1gure 1 and cOlDJlfl.Hd with ob.erved data. Tbee. 
results are in general agreement 111 th the oomplexiDg theory tirst pro
poeecl by Ch1caso (AIL-WMM-193i AJI,-WMM-l.8O). 

C~lDS of Deduced Beptunium 111 Rezone 

The distribution ot .IV between bexODe and 1.00 M U(B03)3 has 
bMn 1DTest1gated uaiDg h1draz1De, 2-~lpyrid1ne aDd tr1-n-butylamille 
as ccmpluins agents with varyiD8 pH. 

'l'vo ccmcentrat101l8 of IAvere used, 0.47M SDd O.QI&.7M vhere the 
molar1 ties are equal. to the molar! ty in the organio pbaBe plus the molar! t;y 
in the aqueous phase. figure, sbove a plot ot .p d18tribut101l rat10 versus 
pi and sbova that the d1etr1butiOl1 baa approz1mateq a third ~r dependence 
OIl [s"l aQ.. figure 6 g1fts the plot of the log of the Bp 41str1butiOll 
epinst ~ log of the nitrate ion concentration in the orpD1c pbase. This 
nitrate ioa. ccmaatrat1cm 18 not tbe actual titrated value but 18 the ... 
titration DdDua the calculated ketaz1De • B2 coucentrat1cm at that JiI &IS 
ebow in r1sure It.. 

:rigure 6 shDvB that t!.Je I'p distribution has approz1mately a cube 
power depeDd.eDce em. the 1°3 caloulated in the maaner given abcmt. It 
al50 sbovB that it is appanntly independent ot tha cClllCentrat1cm or 
.2R4 ezcept as this dete1"ll1Des the nitrate cOlDCentratiOll in tbe bezcme 
phua. 

In both of these tisuree it can 1>0 easily obaenad that tract1cmat1C1l 
111 tak1Dg place aDd that equilibrium. in the e;yatem bas not been reacbK 
dur1Dg the t1Jle of equilIbration - 2 m1Dutea. 

1'18Uft 1 givea a plot of .p distribution versus pi where 2-~lpyrid1De 
was Wlt4 lUI the compl.a1ng asat. Two cues are 8hoWn: ODe ¥bere urea vu 
pn-rent as a bol.d.1Dg reductant, aDd one where there VB8 DO urea a44ecl. 
ODe point 18 also shown where a tour hour equtUbratiOill t1lle vas uaed. AU 
other points are fo-r tvo minute equilibrations. It 18 apparent that equili
brium 1e not reached in two minutes emd po88iblJr not in four bou1'8 end 
&1.80 that the dietribution ratios obta1ned With two Jlinute equ1l1brat1Q1D8 
ere much too low to be of pra.c"t1cal value. It will be noticed that h1gber 
c11etr1butiCG8 are obta1Ded tor corresponding plI's vben DO urea Is preeent 
that when u:rea is added. This 1s probably" due to the azi.dation ot the 
5p b:y nitric acid to thIt more extrsctable .. 6 state. 
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~1cure 7 

T~ D1.tr1butlOD ot ~JP Between Hexone and 1M 
Al(K03}3 - O.o,M ~e(KB~)2(S04}2- O.~7M 2 ~e%7l 
p,Jr141ae •• PI 

o - O.1M lD1tlal urea cODcentration in aqueoua 
.olutionaj2 alnute equilibration 

... e a. ab~e but with 4 .our equili_ratlon 

• - DO urea In aqueous .olut1~ 

• - equl11brat10D ot hexone pha.e with tre.h 
aqueous 8olution 

• - equ111l»ratlQJl ot aqueous pha.e vi th tre •• 
hexcme 

,. 
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In J'igure 8 ia plCJtted the lIlp distribution as a tunct1cm of pH 
using tri-n-but:vl8m1ne as the complexing ~t. The graph show the 
distribution obtained from the original extraction and also o.n approach 
to equillbrium conditions follomD8 a tour-hour equilibration. 

D1agnun.a ot the extractions at the tour pll'a are sbovn in Figures 
9-12. All linea l"mD1ng f'rcIn left to right are aqueous phaaea, tboae 
running fl"om right to lett are he1008 phases. The Dt.IDIbar directly under 
the intersections a.ro the observed distribution ratios, thone to t.ht;) 

rignt ot the intersections are the time ot equilIbration. 

F1gures 10, 12 at IiI • 1 .. 58 and -0.02 shoy definite ev1clence ot 
fxoact1onationa. J'1gure 11 i8 not self-consistent and DO explana: .... 1.on 
for it can be ottered a"1 this time. J'igure 9 1D4:icates eitber tbttt 
1 t atta1ned equilibr1um 111 2 minutes ot less or t.hat 1 t is in a ~tt\
e~le state and equU1brium vas not approacb;)d after 4 hours. At pH 
- 0.02 (P1gure 12) the ayatem appt."8r8 to be approach1Dg equiUbrlum with 
.:1 time greater tbaD tour hours. At pH 1.58 (J'lgure 10) equil1brhn 1s 
a.pparent.ly reached between two minutes and tour hou:re 6 This sytltem can 
bf) explained as8Ulll1Dg two torms ot Bp as tollova: 

kaq = [BPI] 
[iPlIl = 

RPlaq E' Dx· 11. 
t ~ 

kors • D]:I ;: .10, 

»X "f 

IPllaq ~ DII = 0.05 

JlPIorg 

1 korg • 

) l1Pllorg 

k,wPl ] 
[.PII] 

Dist.ribution ratios cal.culated on these aaaumpt10us are show in parentheeco 
on Figure 10 aDd are in agreement witb the obaerv8d valuos. 

~e Determinat10n ot B1tT~o Add In Hexane in the Presence ot 01'San.!C 
Cmr,p1ez1ns Agents 

Ii tric acid may be detemind by direct t1 trat.lon in 50Ir methanol 
solut1on containing a small amount ot bexcme and in the presence or e1 thflJr 
2 hexylpyrld1no, tri-n-butyl amine mono-nitrate, or tetra-n-butyl sxrmo.u1um 
nitrate. The potent1Cl111etric 'break using a calomel-glus c~ll i9 ah:lrp 

• 23 

with all three but 1s shorter '<11th tb9 2 huylp:vrld1ue (90 my) vh.tc~ oh1fta 
the end point to the basic side or an apparent pH ot about 8~ 1 0 'l'he 8~t 
pH is oalculated trcID the mill1volt nad1Dg a8sUll11Dg tbat tllO same p!l-lila 
ntlaticmsbip holds tor 5~ methanol solut1an as taJ: aqueous solutions. 
'fne mldpo1Dts ot the breaks :lD tho presence of the amine and too qUf..ltornar:T 
8IDlQonium salt. occur at apparent pUiS ot 5.5 and 6.5, respectively. It 
is to be noted that at. the oqu1valeuce point., the 2-bexylpyridine is 

---~-
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The Distribution of lfp between Hexone and 1M 
Al(lf03)3- 0.05M Fe( lfH4)2(S04)2- 0.47 M(n-C4~)3N 
V8 pE 

o - 0.1M initial urea concentration in aqueous 
solution 

~ - equilibration of hexone phase with freah 
aqueous solution for 2 minutes 

b, - _bOTe after 4 houre 

~ - equilibration of aqueous phase with fresh 
hexone for 2 ainutes 

v - aboTe after 4 hours 
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e aqueous phase 
pH IE 2.70 

~Equi1ibrations ~or 2 minutes 
~except as specified. 

Arrows follow course of Neptunium 

e 

Calculated distribution 
ratios (organic/aqueous) 
are in parentbes~s 

aqueous phase 
pH = 1.58 

(0.15) 
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hexone 

Figure 9 

4 hours equilibration 

Figure 10 

4 hours equilibration 

(0.15) 
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aqueous phase 
pH = 0.44 
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hexon.e 

Two min~te equilibration except as specitied. 
A~OV8 "ollow course ot Neptunium. 

aqueous phaS& 
pH z-O.02 

hexone 

Figure 11 

Figure 12 

4. hours 
equ1librat101l 
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present as the base itself' but that tb8 otbe2' ccmpounda are present u the 
lllODO-n1tratea. As one would expect tram the above result trl-n-but11 amiDe 
ltselt may 1)8 titrated directly with nitric: aci4 to the moDO-nitrate. 
1'1sure 13 lll.wJtratea 8aD8 t;rp1cal potentlametrl0 cune. tor the abo'n 
t1tratlcma. 

~ba D&ta:rm1Datlaa ot Trl ... n-butyl AmiDe iD Bexane-1I1tr1c Ac14 Sw.u~ 

'two methods of d.etendn1ng tr1-Il-butyl am1De in hezane-Ditr1c acid 
solutIcm were iDnIattgated. The tInt 1nalu4ed a stuq of the 4(J~rm1nat1CG 
of total. nitrate in the am1na-bemDe-n1tr1c acid 81.tem bv the u.ethDd of 
Koltbott, SaDdell, aZ1d Moskovitz (J .A.C .S. i2.e v..~ (1933». Given the 
total nitrate cODCODtrat1OD ODe could obtain the ~ cc:mcentratlOil bl 
aubtractiDg fran the total D1 trate the excesa ni:tric fl.01d d.eteN1Ded b7 
cl1rect tl tretlOD vi th base. The total n1 trate method, vhich cCll81ats 
of tbe quantitative reduction of 1103 by , •• 2 in hot cOIlCentrate4 !Wl, 
gave a loIr value, ~ of tbuoretical, 1n the presence of tho BIDlb8. 

The secca4 metbod ocmelrlBred. vu the stG8IIl dlstl1l.&tlOD of' the em1ne 
trca a dilute base solution tmd th3 subsequent detem1Dat1ou of the amiDe 
1n the distillate by aD acid-base t1tratioo. bceUent results yore obtained 
by the procedure developed below. 

In thI!t 1n1tiel. axper1menta 2 JDl. aUquota ot either bucDe or motlQ'l 
alcohol ca 0.5 M 1Jl amine W8'~ added to 25 1Dl. 0.04 8.%3aOll cODta1n2ng 1 
meq Bd03. '.rbe JD1zture was vigorously 8team. d1atlUe4 into a ~ mathBnol 
eolutlOD cont.a1n1D8 a known excess of nitric actd aDd vas subsequently tItrated 
With ataDdard baas. '1'ba organic pbaee came ovw quick~ 4ur1Dg dist1llation 
aDd distillation woe cc:at1nued ca 10 mlDa. ID1t181. reeulta VON lw (but 
gave check results tor duplicate distillations) whon cocpred nth the 
wlume ot base nquirecl tar the metbar&.ol-n1tric acid aoluticm to which a 
2 ml e.l.1quot ot the 9took smiue solution bad been added. '1'be a4d1tiOD of 
, ml of heZODlt to the at1U pot in eubaeqwmt u:por~ta, boweoer, resulted 
in quantitative recovery 01' the amiDe. The ad41tlC1Dal. solvent either aida 
1:n. carr,yiDs over the a.m1.DD C~ e%tracta the 8III1De traD the st1ll pot mixture 
aDd 1D that va,. helps the diat11latlOZ1. That the IUIl1M itself d.1et1lla 
YfW'7 1Detticientl3' i8 ahown by check results obta1Ded. 'tor c11fferent d18-
t1llatiCll1 t1mea. Table I Uuts the resulte ot pertinent dete:t'l'\1DaUOlD8. 
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T1trat1ons or 1lI03 in ~ C1lj>B(Aq) +-1 I I . I , L i ..... 

I 2.02 aeq lm03 
5 al bezcme 

II 2.02 aeq lIBOJ 0.75 aeq (C4~) ... ·.03 
.. al hexODe . 

III 2.02 aeq BB03_ 
0.995 aeq (C4Jl9l3 If 
5 al bexone 

IV 2.12 aeq BlI03 
15 aeq CllB17K 
3 al hexOJle 

.. I 

15 20 ~ 
VolUM 0.059.21 • B&OB, 1JI lila . 

I ~ \I 16 

30 
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TABLR I 

The Dete1'lB1Daticm of Tr1-n· but,.1 AmiDe 

Procedure: Steea d1st1llatlcu tree dilute be.ae into Me an .. :BIOJ ' aDd 
lubaequeDt t1 tJ'Qtian ,,1 tb lfaOll 

steam J)1et1llat1011 Bact-t1trat1G4 

Sen •• I Ibm I al 0"'1111 baxcm.e 
stock aMAt4 

meq D03 1n l-.q JlaOB tor 
catch .ol'n back-t1tr.t1 

aol'Do 

,UODe ~l.eak 2Jll 1(Do et6am I 1.958 I o.gr6 0.982 100 
dlotlllat1oti 

1 2al IDODe 11.958 1.0'76 0.882 90 

e I I 2 2Ill . IDCmO t lw9,a lG076 0.882 90 

3 00 ~ 1.958 O .. m 0.981 100 

BlUDk aDl. tJ.o .tea 1.958 0 .. 978 0.980 100 
dis .;1llat1 

1 2ml I DOD.e -Il.~ 1.159 0.799 81 

2 2ml IDODe I 1.~ 1 .. 150 0.808 82 

3 aal l5cl I 1.958 0.992 0.966 98 

e 



e 

e 

-

44 

As1Dg ot'l"ri-n .. butylam1De - Hexcme SolutlODB 

Bemae eolutloas ot t:rl-n-but11Jani ll8 became yellow CD sttmd 1D8. Bo 
ettort .. made to detem1De the uature ot tbe 881D8 process but it vae 
oted in the CO\ll"88 ot tile vork in thl3 ~10 ot suoh 80lutiaaa that 

OIl eteDdSug 3 weeks a 0.2 • uolution ot the amine in bezone became 1aaa 
basIc b;y about 9ft, em4 gaTe GY1denc0 ot deteriOl'at1an in that upcm add1tica 
to excess acid and back-ti tratlon Vi th bue tbe potent1C1D8tr1c break vas 
lele sharp aDd required ca 2 ml ot 0 .. 06 • aolutlon rather than about 0., ml for a 150 mv oballge. 

The Eztz'IsctiCll ot Trl-n-butzl AIIl11tB with Bexone 

The organic phases trc:m equal volume equiUbrationa ot a 0 .~1 M 
tn-n-butyl amine eolut101l in hu:cme v1th 1 N Al(1I03)3solutI0D8 of ver10ua 
pUt. aDd 0.1 M in UNa aDd. 0.05 M in 'e(Bl4)2(S04)2 (ot., risun 9) wre 
~d tar D03 aDd tri-n-but,Jam1ne as coye. '1'be resulte an recQ"ded 
1D. the toUov1.D8 table. 

TABLE II 

The btraot1GD. ~ Tri-n-but1l AmiDe with IIeJ:poe 

~~1t101l: 1 M Al(ROJh, 0.05 N J'e(IB6)2(S04h~1 0.1 (BB2)2 CO equilibrated 
2 to ,., hout'8 v1th equal volumes 0.41 M vi-n-butyl aa1De 11» baxcoe. 

801utiClll ,.1Dal pH Acid COW). D Butyl AmiDe Ccmo. Total 1103" D. R. 
Aqueous OrgaDic Organic Aqueous CaaceD. OrtJhIJ1ecua 
pbaae pbaae phase phue OrpDic 

(0. 41 .. org) p!laaei 

1 2.1 0.002 0.433 0.031 o.4~ U.7 
? 1.6 0.0292 0.465 0.005 0 .. 494 93.0 
3 0.4 0.2692 0.41.6 O.O~ 0.715 18.6 
4 0 0.9040 0.422 O.0t.8 1.326 8.8 

Two 81p1fICftllt tacta became appa.nmt trom tba table: (1) The O. B. 
orgJ~CNS of the trl-amine reaches a maximUDl 8J'O'\IDd a pB ot 1.6; and (2) 
the tri-BIIl1De 1& extracted as the mono-Id trate STeD at a pB aa high 
as 2.7. 

Th& 1)etel'ld.l!!.t101'l of Tetra-n-butll $!OOD1um liltrate in pe:moe 

Tbe succe8S encountered in the steam distIllation ot trt-Il-but:rl am1De 
88 a method of a.nal\v818 8IlCOU'I"B8ed efforts to on.al.y'zG tar tetre. .. n-buty1 
t!III!ZDODlum. nitrate by decanpoeiDg it to the amine a'Od d1stil.l1ng ofttbe a.m:1!1e. 
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'i. stock fJolution of tet:ta-n-butyl 81IIIIOD1U1J1 :o.1trate 11M prep&red tram 
thft Eastman :rod~ iodide ealt b:; prec1pltat1Dg the iodide irA nearly 
%If.outral eolut1fJn b,. eddiDg As(N03}' deterartn;hlg the emet equivalent 
T,,01nt potent1cID8trically using a. Ag elactrode Y8 calan91 cell. The break 
J.a ver'1' sharp - more than 300 mv per 4rop of 0.07 Jlf Ag'lI'03 aolut1C111 at the 
.HId point. The titration 1Ddicated tbo salt COI1ta1ned 96.$ of the 
thooretic61 iodide. 50 1IL1. of a. stock aolut1m prepared ae above contained 
'.~)38 « of tho lodidel sal.t converted to n.'ttJ<ate aDd vas th«retore cs. o.~. 
3 i41. al1quo'ttt of too stock solution wre steam dietlUed frclm various alkaliD8 
af',J.llt1oaa with aod II1thout an added bexcma phase 8Dd~ also, with 8Dd without 
P-/'fti0U8 treatment. The d1st:f.1.1&tes 'W>.re coUocted. in cODVan1ent al1quots 
eud added to Q k:nmIn exceS8 of BlIO] ~ back-t1 trated Y1 th at&Ddard bue 
au 111 the trl-D-'o'~t1'l em1ne dete:nninat101l. D1etll.lRt1on V'S8 cont1nuad 
Ul\tiJ. the amine IJeaseci to ccne over. 'l'hs beet reeulta obta1ned 1Dd.icated 
CIDl.:1 ~ r&C0ftJ't"1 of the theoret:lcal emiDe aDd With tboee condittDa ae 
8t.azJdard, two ".1gbed samples of ,the 1od1do salt vore analyzed with cam
parable reoults. Table III llstu the var10ua ezpe!"J..JDentet a.Dd. their reeultg. 

bper1menta 7, 10,11, and 12 were t)eJ"rormed UDder tbe ccmd1t1cms used fOl" 
the detel'm1na'~,1OD of the quatel'I187'.1 e8l.t in the eztraot1on experiments 
deecr1becl be!.clT. 
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TAmE III 

Total Vol! 
VolUllle ot D18t~pate 

-~~I' ~ 0.311 StiUpot Ccmd1 tiona meq meq meq Iecove 
salt solution Aqueaua -" 1103 of jased 
mla mls IIl.e A .. d* Baa_ toUDd f OIl 

to R,q. 98 .~ 

~ 

D1s. urity 

1 3 6 • Baal Direct Distillation; 5 ml 25 .. 4.99 Ja..91 0.08 9 
cut. 

2 3 6 If BaOJI Steam Distilled; bezoDe 75 25 ,.03 5.00 0.03 3 
iDteftd.tteDt~ adcJecl to 
st11lpot; , cuts . 

3 3 50s 7£11, Direct Diatl11at1CIID.; 2 20 .. fl,.996 1.319 0.617 69.6 
• aCII • 50 10 Ill. cute 
ml¥ 

4 3 ~8 7$ Distilled Directly three 6 - ..... 02 3.29 0.73 82 
Baos 4 2 al " aliquot collected 
30 111 B~ 

5 3 19. BaOI DistillAd D1rect13'; :four 30 5 4.99 ~.29 0.70 79 
, a1 J ,u aUquatOI au 15 Ill. 

aUquot 

6 3 50s 7~ .. pa Beated to near boll1D8, 9 16 Ja..99 ~.65 0.311- 38 
30 III &;!J clistilled bemDe t::..._....;. .. 

eolutlcm; five 5 III cute \ 

(6a) CCIID.t1Dusd ate81l dis- 50 - 0.998 ~.'16 O.lt22 ~ 
till&t1OD 

'lot ~'t 86 

7 3 50s ~ Be"-- 15 _. at 13 9 0.996 ~ 0.712 87.5 
3QIll ¥ boU1DC point of solutlO11 

ca 135q:; t'lusbed colUIIID 
wetIl lQal baoJIe 

Bit 3 50s ~aQI RetlUDd tor 15 minuteD ~a) 2 13 0.998 0.890 o.l!S (12) 
30 a1 ¥, (135OC) aDd fiusbed witll f lQo1l ca laol - .-

'b) U 9 0.998 O.lW3 0.593 ,6Zl 
distilled tllO aliquots: 
(a)l5el (b) 2Oml. Total- 79 

.. Ko8t of the tri-D-buty1 amiDe CCllll88 over with the last JQl'1;lon of be.J:0Dtt u4 
clistll.la but 1Def't1clent~ 1D1 t1al.ly. 
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TABLE III 
(CCilt. ) 

Ccmd1t1cma 

9 I 3 I 508 1~ IRenUZed tor 15 l11nutes 
30 ml H20 (135OC); cooled aDd !Iteam 

distilled 
(9a) e4ded 10Jal hexoD8; 
oont1nusd distillation 

80 

10 

e l
10 I 3 I 50s 7$BaOB IIbt1uxed 1, m1nutes(135OCH 10 

30 ml B~ flushed column nth 1011 
beZQl1e; oooled. aDd steam 
distilled 

Iod14e BUDS 

11 I Oo~ 50s 7.-lIen_ ~ II1Dutea(135"t)1 11 
_41 3Q:al ¥ tlu.bed colullm '.11th 10 III 
1- bamae; oooled' aDd steam 

distilled 

12 I Oo~ 50« 7$1Je011l1efluud 15 milIUtea (l35"t~ 11 
1M<! 30ml H2O flushed ColUIIID vi th lQm1 
1- hexane; cooled aDd .. team 

d18t1Ued 

\ 

• 

3o:ro3~ OO&iJ ~ lO O. 0.97 0.0 2 -
16 

10 I l.~ 1.2131 0 .7831 88.3 

I 10 I 1.m l.'~ 0. 4381 88.5 

I 10 Il.~ 1.,sJ O.41J 82.5 
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The Extraction of Tetra-n-butyl Ammonium 11tJ'8.te v1th Ba:oae 

The D. B. orgtJlllc/~aus of tetra-n-butyl fll1IMD1um nitrate in hamne -
At {SO]) 3 a;vet.ema has been tOUDd to increase iDvel'aely With pH. Ita solu
bility baa also been fOUDd to be 8barp~ pH Qapmdent, at least in 1 M 
Al(IIO])'!, the solubility in 1M Al(R03)3 - " D03 be1Dg leu t.bIm 0.00IIM 
aad 1fi JM Al(~)3 .. O.at RI03 leaa than O.1M .. 

Four 10 ml Bo1ut1ou were prepared each 0.089 in tetra-n-butl~ 
llDII1QD'um nitrate end 1M 1n .A1(BO]>3 and ccmta1.n1ng Yar10ua 8II1CJUnta of 
~ aDd lid03. '!'be len pH aolut10D8, 5 aDd 0.8 M in BJk)3' BepP.rAted 
into two phaees. III the former CaBO, it vas possible to aeprate the 
llc;bter phase vh1ch W8IJ 0.1 to 0.2 ml 111 volume. ADal.yais shoved 
this pbase, vb1ch 1188 water soluble, to conte.1D 96.~ of the total tetra .. 
n .. butyl 8I!!IIlOI:dum nitrate. Tho other tbree solut1ou were equ1l.1brated 
2i hours at 250C vi th equal volumes (10 m.l.a) of pre-treated beZODB.. The 
phases were separated 8D ~od tor acid and the tetra salt by' the metbods 

. cievel.op$d above. Results 'of the e.nal.ys19a appeo.:r 111 Table IV. Tlw .terial 
balaD.ces are basod em 87.91- 11e1d tor the decomposition of tha salt to e the triam1De. Do significant volume cblmpa occurred during equillbration. 

•• 

TABLE IV 

'!'he Extraction of 'l'etra-n .. butyl .Ammoa1U1l lf1trate with lIexone 

Ccmd1tlO118: 1M Al(JJ03l), -0.089 M (C4l9)4 N •• O equilibrated 2t bours 
v:lth an equal volume of pre-treated hezoDe. 

Ram ~iDal. pl! Acid Cone. DI8.q (C4B9)4 R •• OJ D. B. Material. 
Aquaoua Org&111c Aqueous Organic Organic Balance 

phase pbase Aqueoua baaed on 87.~ yield 

1 .. 0.J.16. 0.406 o.o!'( 0.48 13 6~ 
2 1.69 0.021 0. 21 0." 2~6 ~ 3 2.36 0.006 0. 21 0.ft.3 2.0 

ButheD1um Distribut1CD --
Further studies vere made on ruthsD1um. distribution ratiOS, aDd 

equil1brilml and. rate constanta which vera discussed 1n MOIl _-432, pp.23-28, 
Y1gures 14 and 1" , show the new data obtained vb1le Figure 16 eh0w8 the 
proposed explanatlC111 with the :rensed cODStanta. 
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.I'our coutant. rele.t1ftg SuA and ~ ere known oxperil1ental.l.y.. The 
probable value~ ot tb.e8a cODStant8 a.re listed with extra. tiguresfor 
cona1ete11Cy 111 crola oalculations. TM yuuea of the conatuta are de
paudemt at leu·t upon teapenture, pll, aaltiDg atrl!DlJth, and re~nt 
purity. Thia depeDdence ~lPB to account tor raugeB of Yalue8 noted. 

Da = distrIbution ratio ot BUB (org/aq) • 0.05 !. 2CJI, (fnlir ~e
peated rapid ortractione ot an organic scrub). . 

D21) : 4istrJ.butlon ratio ot BUA .. Rl1B after twelve hour tvo phase 
. ,,,) equilIbratIon = 1.15 .! ~. 

DorS :: distribut10n ratio ot RuA • BIlB where organic pbaae Rl1A and 
OQ ~ in equ111br1U11 are contacted tor 0. abort time vi tn in

a.ct1ye aqU80us ph.sae 11: 5.68 .! 3~. 

Daq lot distribution x'etio of ~A and Bt1il where aqueoua pbae!l RUA 
\:lr:;) 

and Run in equilibrium are contacted tor a abort t1ae with 
inactive or~an1c pbasa = 0.207 .! ~o 

The tb?ee remaining CODllltants were calculated to gt:~e ,the beat tIt 
vi th the above n.1.ues: 

DA 

Eo 

Ita:! 

= distribution ratio ot BuA = 7.~3 ~ ~. 
s equilibrIum coutant for Rl.\\ '\. > Rua in orpnic phaae 

II 26.0 2. !)OJ. 

--.Pn Ito 
DA 

: equilibriua constant tor RuA > Bua 
in aqueous phase : 0.175 !. ~. 

The rapid extract1onsot • scrub lead to a distributIon ratIo ot 
.05 to .06. This distribution ra.tio should represent the dietr1buti0ll. 
ratio ot Bun eiDce the BuA will have fractionated out and ~ iJII be~ 
tormed trat Rua at tM N 'te ot anl.y about 1 10 (or lela.) per mnuts. ('rhe 
bal.t reaction t1ae ot Ru:a ~ RuA in two pbues 18 in the order ot 
an hour &8 seen in D'1gure 1,. ) 

J'1gure 14 is .. di.trlbut1cm d1agrara tor 1D1 tIal.l7 cx1dIzed rutheu1ua 
tracer and 18 Tery similar to the d1~aa em. page 24 of thAa earlier report 0 

Because ot the tact that -the ec-!"ubB ot the organic phaae were carriad out 
:rather rapI~ (2f hours to poiDt 1fbere distrIbut10n ratIo of 15.2 was 
observed) 1 t 1s probably that the ondiZE9d ruthMlium (lb.'J» did not baTe 
tille to react to .BuA '< }. RuB (SeelI'lgure 16) ~ Apparent~ then, tho 
ci1str1but1on rutlO ot 15 represents A combiDation ot RuA aDd Run, almost 
all the RUs barlDg been f'ract1onated out by the rapId "crubs. 
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I'~ 1.5 8bove the ratea of approach to two pbase equilibrium. These 
data a1p.t appear to be approach1D8 a two pbaae equilibrium d1stributlG1l 
ratIo (D~ ~ ) of about 1.5 but thia "alue ot 1., doe. DOt agree nth 
prenoua-ftluea o~ D2 d ~n (.09 to 1.3) DOl" the relatI0D8hip of Dor« f)O I 

UN c:ao ' ad Dyj. 70r this 1'8UClIl the Yalue of D2 dfll';t"" aet at 1.15, 
tb6 poiat at which the lover CUl'Ye alone appean to .fie leftl1q ott. 

deY1aUcm o~ tlIe ~ Cun'e tna the tbeolnrt;ic&l. 1I18ht tblm be 
apla1DAc\ by the pl"esence ~ hD '1dth a hiP. distribution ftot10 Vbioh 
1, ~ .low~ nactiq to ~ U4 But3. 

~ rate. o~ approacb to two phase equiUbri18 ~ be apented to 
M equal .!Dce the reaction ot RuA > Rus 02' the ~ ,)PuA 
should take place .ostq in the pbaae tmel'8 the rate 1s fa.ter aDl'. 1:4 .. 
dupe1ldent~ ot the pho.ae 121 which the form ..... present 1ni t1al.l1' • 

It auat be eapbaeized that all theee etataJaents are mereq p:ropoaed 
UJ)laIl&t101U1 which t1t the aata reaecmab17 well. The ayetell 18 at 
leut .. oompl1cated and 1s probably II.Ol'e complex tban the 41asnm. 

romatIcm of Sollde 

TCya-1D8.tl<l11 of soUd -.tter t01"lled 1D the :pI"eaeDCe of DP.r under 
ft!'1oua cODd1 t1cme has indicated that seftRl type. 'M7 be fOl'llZ8~: 

1.) III the pilot plant run with DPr Ul appreciable _ount of 
l:J02S04 • 3JI2O vu pnc1pItated :iJl the Il1z1ug ud heatiDg 
chaIiber. Tile toraat1an ot .ulfate rraa DP1' aDd n1 tric 
acid ill beZOlle bas been found to be accelerated b7 hiPr 
teaaperature, hipr acid1ty, and the presence of utaiDlee. 
steel. Thill prec1pi tate will redi •• o1... in vater. 

2) BIIaller 8IIClDlta ot a blue 111801Uble precipitate have been 
tOl'llle4 Q1l lOB« sUDdi DB of lleZODe - DPr - BlOJ. 

3) The ltlaok solid tamed V'hen DPl' vae added to bescme fraA 
the "23" col.UD. 1'l.ppear8 to be associated with tile presenco 
ot MrcU!'7 a1JiJ./ or IWJ8Ulese. . 

Precip1tatiQ1l of alUll1Dum cd iron can be bl'OU8ht Mbout by hGatiDg 
the ayetem Al(J03)3 - HM03 w hexoDe - trace. of Fe···. 

The u.o Cl-GBBB-~7,t1le 48-5-14, 81 ..... a ccaplete report of thes. 
etwUes. 
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RUA .. ~ in organic phase 
approachIng two phase equilibrium 
with half reaction ttme of 55 minutes 
(calculated) 

o 
o 

o 
o 

FIgure 15 
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<:) Experimental values of 
RuA ~ RuB and ~ in organic 
phase approaching 2 phase equilibrium. 

.. Experimental values of 
RUA < '> ~ in aqueous . 
phase approaching 2 phaee equilibr1um. 

nUA .. RUB 1n aqueous phase 
approaching two phase equilibrium 
with half reaction tbne of 55 
minutes. (calculated) 
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F1gul'e 16 

Proposed E:z;plazaat1on tor Behavior ot Ruthenium. 

Distribution 
Batio 

Ti"" 10 sec 

Organic Phase 
(Bezoae 0.67 M !I03) 

RuA DA 18 7.42 .! 3" BlA 1 
-1 4( 1 

ka· !. : 0.175 .:!. 5C1f, Ito ii! = 2.6 .! 5~ 
B B/ 

Ti t- 1 hr. Ti ~ 1 hr. J BuAC!r ~ 
t J /;-i 

lRns ~ • o.~ ~ ~ RVa / / 

e..eact1on 
in teed 

I 

T l( '" 12 bra) 

~(') "I>r. 
T.l.,.J 25 day8 
~~. 

-. 

N~\ ~troas atrcms 
{ ~uct1"" ortdat1ca 

Bu ~~j 
~ 

~ = O·ocz! Rue ' 

~ 15> BuD 

DAI ns, Dc, Dn are dIstribution ratios (organic/aqueous) ot RuA1 ~, Ruel Run 0 

~ indicates halt reaction time. Parentheses 1Ddicate 0. rough guess chosen 
1:6 t1 t iragmentary evidence ava.ilable. 

ko aDd ka are equilibrium constants tor reversible react.ions in the organic &.Dd 
aqueoue phases. 

Limits of' accuracy are discussed in text . Beet values to tit all the data are 
li.ted on the diagram and extra figures are carried BO that cross caJ.eulations 
will be couiatent. 
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~" RADIOISuTOPES 

!.. .... Mothod 0.1' It.no.lldnr; R6.dioaotivo Doc6.l, Curvet/ - (H" ZeldtH:I) 

A. paper \V'lll be ro188.sed shortly describing u method of oomputing 
the ~ end A i p~anL!lt;~r ... from r adionol:Sve decay our'vus wher,;, ttc, toiio.l 
activity A(t) • .l... ~ e .A i 1s known 9.8 a f'unotion of time" The met~~ 
1 s to ropr~en~ ltl 1( t.) 0.0 8. poJynomial t( t) and thf'ln to I'epresf'.n.t. 0 . \ I;) 

by~ Ai e- 1. urJing the leatlt \9qua~efl 01 1torjc,\ t.o a.d.,lust; the ~PJ.lueG 0 

the paT'fll!letf1TU., This T:1l)thod 10 s1mplt'J~· (th'ur.;l~ :l·'(C " .' ';he) · ... hF-~t l("(4f1t 
6quarlng the original. datil to~ A:i e·' A 1 to obt;aill the 41 parsmetel's wher 
tho Ai paranloters &.ro .lolOWl.\o In a.dditiDnIl it yi61dd the ;t~ parfWetel'Bo 
'l'he error in the COln!",uted values of AJ. iB di Boussed and gruphl.oally l11u 
trated for th~ two (.iomponent case, 
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. Xenon Cross Sections as a Function of Energy 
(Ao D. Bogard, A. R. Drosi, T. Vi. DeWitt, S. Freec1, G. U. lIebert, G. Vi. Parker, 
J . W. Ruch, H. Zelde5, and from the Physics Division, S. Bernstein, J . DieJ. , 
M .. Y. Shapiro and C. Po Stanford) 

Ie Retention Experiments 

During the last quarter, work was directed pr.i.maril.y toward determining 
tha extent to which Xe is relea3ed from PdI2 precipitates and the loss of Xe 
during the somewhat lengthy precipitation procedure, 1.e., toward determining 
an eftective zero time for growth in terms at the precipitation. In order 
to acco:nplish this it was necessary to find a system tor reference wherein 
all. ot the Xe "as known to be released. This led to a number ofaxperiments 
on hydrated Nal tor which previous information had indicated completu release 
at Xe as i~ tor.med. Interpretation of these data was hindered by uncertain
ties in the radiochemical constants of the =mort-lived xe135 lsome" and its 
relation to the 9.2 hr. x8135 ground state. Consequently, a number of mea
surements were made, designed to ~~t.her confirm. or revise existing informa
tion on the radiochemistry ot leI ~ 

The basic ~xperimental technique consisted in milkine an iodide sample 
(containing 113 ) ot its xel.35 daughter and counting the gas sample t.hus 
obtained. The apparatus was comprised ot a vaculll\ system, a source of 
carrier Xe and one of water vapor, and a large bulb constructed and operated 
like a llcLeod gauge. The gas sample was expanded into this bulb and tnen 
compressed with Hg up into a small countine bulb Which replaced the closed 
end capillary of the usual Mcleod gauge . This bulb was blown from 2 IIIIl 

capillary, had a vollJ1le of about 0.3 cc, and was estimated to have a wall 
thickness of several. mils and about 20 mg/cm2 • The iodide sample was placed 
in a small bulb and appropriate connections and stopcocks provided to permit 
necessary evacuation, dosing with water and le, and expansion into the c~ 
pression bulb. Capillary tubing leading to the small countine bulb passed 
through a hole in the bottom of a standard lead pig and the bulb itself, inside 
th~ pig, was placed with a little better than second shelf geometry relat ive to 
a standard Q-ll tube.. The ens sample was compressed into this bulb with Hg 
which could be reproducibly brought just to the point at which the bulb joined 
the capillary, thus giving an essentially sphericol source. A nunWer of early 
measarement3 were vitiated by failure to appreciate the difticulty of completely 
rEmoving Xe activity trom the counting and compression bulb attar a coUnt . Eva
cuation with a mercury diffUsion pump, even for considerable periods, proved in
sutficient to remove all the activity which then was added to the next sample 
to give inordinately high results. If the counting system was well flushed 
with air four or five times following a count, this difficulty w ... s avoided and 
hence such flushing was adopted as standard practice. 

Most ot the work h~~ been done with NaI al3 the source ot Xe c The prepara
tlon and assay ot the Ilj5 tracer is described in section II below. Several 
trials were made of the extraction of Xe fram a water solution of iodide, but 
the results seemed to indicate that removal was not complete. ~~ost of the 
work was done by evaporating a. solution of sodium iodide to dryness and then 
a.dmitting water vapor and carrier Xe to the sample vessel. The water vapor 
"as introduced to insure that the NaI was in the form of the hydrate which 
previous work had indicated lost all its Xe readily. The procedure generally 
followed consisted in alternately evacua.ting and dosing (with water vapor and 
Xe) the sample for about three cycles comprising a 5-10 second evacuation and 
about a minute's grollth. At the end ot the final evacuation, the sample was 
shut oft, given a final dosage of water and Xe and allowed to grow for the 
desired period of time which ranged from two minutes to twelve hours~ 
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~ih9ther or not oomplete release of X8 is aooomplished b,y this prooedure 1s 
still undetermined" Several pieoes of evidence~ however. oombine to suggest 
that it i8a Reproduoibility is excellent. indioating that at least 8. con
stant fraction 1f not all the Xe is removed in each m1lldngo ~"'urthermorep 
a preliminary resu~~ discussed later in this report v on absolute counting 
o~ the 902 hour Ie 5 by coinoidenoe methods gave a rOBult appreciably higher 
than tha-t oaloulated from. the iodine assay. It is suspeoted that the high 
result arises ~om the presence of oonversion eleotrons which wer~ not elim1= 
nated to the oounting and that re-inv9atigation will §lve & good cheok between 
the iodine assay and the absolute counting of the x.e l 60 It thus seems prob=
able that the .x.e135 is completely releaf:led by the hydrated sodium iod1deo 
Certainly the f'a.ot that several one minute flush1ng8 with water and l.e are 
suffioient to prevent any appreCiable accumulation of Xe in 8ucoessive grawth 
period. argues for fairly oomplete Xe elimination. 'l'h.is point r.lqulres 
add1 tional work before an unequi vooal answer oan be g1 veno 

The deoay ourvs of the r;as samplea were analyzed by sevoral difforent 
methods into the ·two component-II of 90 2 hour and 15 .. 3 minute half-liveso The 
most satistactory method. and the one most used in later runB9 was to use the 
integrated oounts over a 20-30 minute period at the beginning of the oounting 
and another integrated OOWlt over the same time interval at the end of the 
cOW1tl.ag per1od" This procedure results in two conatants which. in the case 
01' two independent decay5 8 are direot Measures of the oounting rates of the 
two activities at zero t1Jneo In the oase of the Xe decay~ where the ground 
state ari88S partly from decay of the parent iodine and partly from the decay 
of the 1 somer v these two oonstants are related to the counting efrioiencies 
and the fraotion of tho decay follcming the isomer routeo By working with 
different growth periods (I it 1 s possible in prinoiple to obtain a value for 
the fraction of the decay golnt by the isamer route~ In praotioe J howeverD 
it was tound that the oounting datal) thus analyzed .. was tar too insonsi tive 
to variations in the fraotion to pennit auah a detenmination8 

The half-Ufe of' the .xa 135 isomer 1s variously renoned to be between 
10 and 15 .. 6 minutes with 13 minutes listed as the preferred valueo Sinoe 
analysis ot the deoay data from various growth periods required a rather 
good value for this half-life. a re-determ1nat10n was madeo 

Suffioient activity was prepared to permit coun-tlng ot the gas samples 
at adequate rates through 60 7 grams of Pb... Under these conditions less than 
two percent of the original counting rate was due to the 902 hr<> Xe" Over 
about ten half-lives the data lead to a value of 15u 3 minutes for the halt
life of the xe lSb isomero This figure should be good to about ~o Deoay curvo 
were also run with 437 rogor Al» IUld with 8706 rug "of Al as ahsorber. There 
vres no evidenoe for activity other -than those of 1503 minute and ~o2 hour halfo 
liveoo 

Purity of the 902 hour Xe was 1nvestieated ~ determining the halt-lifo 
and the absorptinn ourvea Both checked published data satisfactorily, and 
there was no evidence for uuexpeci~~ aotivities~ About Oo~ of ·the Original 
oounts were due to the 5 i! day Xe whioh means that the 1135 traoer probably 
contained less than ~ I 3 QS impur1tyo 
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A number of extractionrs of Xe wet-e made after 15 minute growth perlodl'J " 
These extractions extended over a twenty-three hour period. lhe zero t1..me 
counts for both the 1503 minute and 902 hour Xe aotivities deoreased with 
about 8. Go? hour half<rl1fe , thus continniag the fact that both I.e a.otivltieo 
aro daughters of 6 0 7 hour iodine .. 

Sinoe attempts to det~onine the fraction of the Ie deoaying via. tho 
isomer route were not suocess1.'ul by counting gas from varying times ot growth 
the problem was attacked by ooinoidenoe methods" Colnoidonoo coun.tlng alao 
penni tIS an absoluto oount ot Xe removed from the Hal and honoe providelS a 
cheok on the iodine assay and also on the completeness of removal of Xe frOllt 
the iodide sampleD The eleoti-omo equipment for this work was set up by 
Borkowalc1 and Dandl. of the instrmnent researoh group. Proportional counters 
Vlere used for the ~ and -y-coWlting tu.bes and t\ ooinoldencet olrcu.1t with a 
resolution tbne ot about 1/2 a microsecond" The ~ oounting tube 1I'8.S tilled 
at atmo.pher10 pressure with CH4 and the y tube with an Argon-C02 mixtureo 
The y tubew..s gold plated and had a 50 mg/cm2 Au roil over the inside of tho 
window .. The estimated y-oounting effioienoy for this tube was about 2% at 
100% geometry" With an ordinary G .. Mo tube the counting efficiency ~or this 
0025 VeT y-ray is about 0025%u With this equipment counting was done at 
rates ot 500,000 p oounta/m1n& , lO ~OOO y counts/min. and 600-800 coinoidence 
counts/min.. Unfortunately the random coinoldcmoe oorrection Bm01.mted to 
about 30-40,% of the coinoidenoe oounts. In spite ot this , sane useful pre
liminary data were obtained. Coincidence counts were taken as 8. function 0.1' 
time for the gas rrom a slx-minute and an eight-minute growth. The coincidellco 
oount ahow. only the 9 0 2 hour Xe since it is the only one having ~-r ooinci
denoe.o Thes9 curves were ana.lyzed analytioally into two componer.(ts - the 
growth of' 9 02 hro Xe with a 1503 minute half-lIfe and the decay of' 9., 2 hour 
Xe o In terms of the two oonstantrs (kl and k2) it oan be shown that the 
fraction going by the iaomar route i8 

F "" 
...\2 
A~ -A 2 

1 

~ (kl .. k21 .. 
~ \: kl 7 &. + 1 

~ 

where ~ 2 and ~3 are the halLo-Uves of the 15Q:5 minute and the 902 hour 
respeotively and R3 is the cal. culated amount of 9 0 2 hour aotivi ty if all of 
it was formed through the isomer6 Q3 is that if all the 9.2 hour wero formed 
direct~, and ~2 is the calculated amount of 15~3 minute activity if all the 
deoay were through the isomer routeo The six minute and eight minute growth 
poriods yielded values for the porcent going by the isomer route ot 18.% and 
20.8,% respectivelyo there is every reason to believe that these values are 
at least apprOXimately correct . These figures are to be compared with the 
value ot lq% re?ortud in the literature o Re-detena\nation ot the fraotion b.Y 
this method is planned in "the future under improved experimental condit1onfl . 

A prelimi.nary attempt was made to determine the absolute ditJintegratlon 
rate of 9,,2 hour JCe by ooinoidence cOWltlng and oompare the result with tha 
iodine assay previously developed o A twelve hour erowth poriod for the xe 
was used" The results turned out to be too high by as much as thirty percent ., 
Thero wus some evidence that conversion eleotrons trom the 902 hour activity 
had not been experimentally eliminated - a oondition that would be expeoted to 
lead to high resultso This wor k will be repeated and the interference dUe t o 
oonversion eleotrons el1minatedo 



e 
e 

• 

58 

The loss of Xe durin~ ~le preoipitation of PdI2 was inve8tignt~, 
The starldard prooedure for precipil;atian .. reported in the last quarterly 
report » was followedo ~ro precipitations were made~ The sample of Pd12~ 
after precipicktion and oen~rlfugation.wus placed in the apparatus and 
heated to deoompo8itiono The Xe thuB released WliS countod and the calcu .. 
laced time of growth required to give the amount of Xe found compared with 
the actual elapsed time from the start of Frecipitation to the release of 
M.. 1ni8 total elapsed time in one case was an hour and thirty-three 
minuttis and in the othel" an hour and thirty-five minUtes . The actual 
c;rowth times" computed trum the umount of .Ie obtained. were 4b minuteu 
LUld 60 m1nu~8 respeotively" III the firat case this oorre:.Jponds to 3 
minutes after the oOJn?letion 01' the half-hour oool1Jlf: period and in the 
second case to ten minutes before the end of this period.. !t'or the pre
Cipitation prooedure used , this fixes an erfoctive zero timo clos6 to 
the end of the cooling period" Calculation based on a zero tin!e four 
minutes before the end of the cooling period should be quite adoquate 
fC?r the purpose in hand" An alternate approaoh to this is that the 
experimentally detenmined wnount of xe is rather 010S6 to that calculated 
on tht:l assumption that 5~~ of the Ie is lost during the first hour after 
the start of preoipit.ation" In view of the limited amount of data tLvail
able at this time" any significant variation in the time schedule of the 
preoipitation would require further in~est1gatlono 

A. pre~ipi tate of' PdI2 was lef't;, in ·t.he a!lparatutJ overnights; and the 
Xe esoaping was uollectad and counted.. 'l'he o.moWlt of' Xa colleoted re
presented 13/~ 01' that expected i'or !:Such a growth) thua demonstrating an 
appreoiable loss of la from cay ~12 precipitates at room temperature~ 
Several short oollection times were ala a run. at both room ttmlperattU'o and 
at the temperature of boiling water" '.fhese data were ouffioiently orude 
to permit little more in the way of oonolusions than tha·t X8 is reloased 
from Pnl2 at room temperature and at a somewhat increased rate at 1000 ~o 
The increa8ed ['ate at 1000 C over that at room temperature corresponds 
roue;hly to an energy 01' aotivation of WOO calories - a not unreasonable 
figure" An A.xtruction of Xa was also made at the temperature of dry ice" 
The amount ~f X~ obtained was 3.76,% of that expeoted if all the iodine 
had released Xe .. '!'he area of this PdIZ ~ample was estimated to be 840 C~~. 
If it is assumed that all the 1 atoms contributing to ~le released Xe were 
on ~he surface of the Pd12 - one obttunll 8. value of 12Ro per iod1ne ion or 
3.5K for the effective diameter of an I ion in the surt'aoe. 'l'he atruotw·e 
of Pdl2 16 not known 80 thia figure cannot be oompared to a known value 
It does seem. 8 omswh a t too small II however I' aUi one might expect something 
in tw neighborhood ot 51. for "the dinrueter of the iodide ion. '1'he result 
however" does lSlid one to conolude that at this temperature certainly moet 
of' tho M esoaping comes from the surfaoe iodide ions y It 8~ge8t8 a 
method of measuring surfaoe areus that mal" hli.ve some ut11ityo 
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Calibr~t.ion ~f Assal Equipment 

.Int~duc:ti on 

In m.easuring the Xe135 cross f;ection with the crystal spectre/" 
meter, it is desirable to know the munber of x6135 atoJn6 present in the 
~amp1e at any el.ven time 1.n order thclt the craBS section can be c~lculated 
on an absolute basis It is expect&d that of 1.he order of 20 curies of 
Xe13~ activity mal be ueod in some of tho experiments The Xe will L~ 
1'orlued from tho I 35 parent which will be precipitated as Pdl2c The other 
f195ion product I a.nd Xe activltie3 will also be present .:. None of these 
act.ivities has been reported to have p/imma radiation harder than 'O .55 !~ev 
e.}\.~ept for 1135 whlch has been report.ed to have a 1 06 ~!cev gamlJla. ray,. It 
shou ld. l.herefor"e , be possible to absorb the !'loft gamma racU.ntioll i.n a heftyy 
lead ~hield and Inoa.aut'e only the 1135 gamma radiation c :":ith the instrwnent 
cal i brated in term.s of the number of 1135 atoms, the number of dallp.hter 
x61::5 atoms at any l.hte ufter gr~th has started can be calculated c• 

S.i.nce this method of ~s8ay is based on the aunence of hard gallvr.a 
emitter:') among the longer-lived I nnd Xe fission prorlucts, a ch(>ck of t.he 
published gam. 1a ener{~ics (based on Pb absorption data) W<lS made by Peacock 
with the beta r~y spect.rometer ,. His values foy' the 0"" ray enerC:1f'ls aereed 
with the published value s within 10% in a U cases except I 135 < Hc found 
1027 and 1 Q 8 Hev 't' rays instead of 106 Hey as reported before., By me» fluring 
the photoneutron yield in Be with Bernsteinls appnratus, "e were fl.ble to $;10W 

that t.he 1 a Uev 'tJ ray occurred in about. J.$ of' the disintc;:'rations .,' ~iith 
the confirmat.lull of thu presence of hard ;t radiation in Il~5 and ~, b!.lence of 
i t in the other longer-lilTed 1 HfH1 Xc fission products, ~t w,.s Cc.ncl11rl('d I.hat. 
the propooed r:l.et.iuxj of assay Wll.H feasible . 

Befort! an as;';IlY in9LrUlnent coulo be cali brnted in t.eens of 1 i5 
atoms, it was nece:;r>ary t.o ImC1N t.he disintee:rat.ion schemeD of 11'15 und Xe 1J5 
With the coo~t"ation of Pear.;nck J ::.pectrometer measurernent.s of both of t..h~5e 
acti uitles were 11la:oe , As rejlortt~d in !Jotl-4J2, p . 58, t.hree beta Cr(lUPS 
were found in r l )5 but t.hese CQu]d not. b~ fitted wjth ttw it enerr:les iut.o 
fl def inite o(-Jcay schp-nle " Yo135 wa:i found to b:'>'\'e II simple decay sch·~rne \Iith 
a 0 <. 93 L\ev lJeta l' ollowed by CI 0,2 5 ·'(~v ram'lin rny" The ~HJ . .li-\ ray \'leI S "ound 
to be part1.Cllly lntcrMlly f cnvl!rt.od , In spit.e o~ t.he above con6i..lc:Jl..ions j 

it was f(lund that the beta count ine rate of an l135 sample follo ... ed I:. h~ . 
cl11culated curve with.ln a few per cent. (assuminp; one r135 beta per Xe l ]) ueta) 
during the r;rowt.h and decby of the Xe1 J5 dal1~hter, Hence J 1t was decided to 
assume that the 1135 bet;;. co'mting rb.te l.t a knu"n ("eomet.ry would r,iye lh 
1135 di!3intel~rntion rate , Thr.> a:;;:·;3.;V eqUipment has beel1 cnahrpted on t.he 
basis of thh assumpti.on, l1.t too t.amf" time work has continued to 1E'llrn wh·.!th ~ 
the C1 ssumpt.ion ill corruct 0 If it. is found t.o he in rrrlll', t.he cnl .ibr'ation 
can be correct.ed by the proper fucter.: 

In addltinn to errors .in th(~ absolute count-in,. of 1115 actlv l ty 
other sources of error are uncertRl.nt . .ion 1n t.he decay ~onst.tints of Il35 ~nrj 
Xe 135 Q An uncert.aint.y in the a8Rumed precipttat ion t.ime could 1'l100 h'ad tll 
aJ1 apprec.lnble error TheBe errors have been plott~d as CI. function of Xe135 
growth t,jme in Figure 1 . The largest error results from an uncertainty in 
the 11)5 decay constan1~ becrlUse t~ calculations are h'1sed on the plan to 
l!1easure the 1135 &C'tiv..l. ty after the neutron spectromet.er measurements , This 
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was U:.JBUffiE'd to be 40 hl)U!'S after preC\!"litCition C)f PdJ~). It Clrp(;a~G des:u 
atJle t,1) asca.y at qle later time becaufltl t,ho ha.rd g3iluna radi.atioIl l~Sl,ci'lted 
wUh 51; min,. I (1:34) wiD llflVt> det:tJyod. It "Illl also t.hen he possible t 
follow t.he ducny of t.he lample llnd In r~H~l~ forElign ectiviti.cs a.re presem .. 
tho decay curve C,lll be analyzed for a 6 . .'{ hr., 1135 compom;nt!o 

A furt-hel' possible source -of e :rror :i B th~ deviat.ion irom 1 i.m~ilr.i l;~ 
In the Tf!SpOnSe of the det.ecting equiJJ1flcnt o This could be a seric-u.) fJour...,; 
01' error if t.he iusL'umen1, were calibrated at. one level 01' ,1Ctl VJ.ty rind 
lDt~llsuremen~8 wert! made at quite a different JeveL In additirm to de::>cribl..n 
t.he calibration methods, worh which has hoen done to reduce the t.wu mcslJ 
aerlOIJ.~ sourceft of erl'or is r1lJ~c.rU.Jf·d bolo\'f; i _f' , measurements of Lne hi.IIf 
l.ift: of 1 1 )5 and dcterm:i.natior. of t.he devlllt ion from linearity of l'esponse 
o i' the lnstrumtmt. , 

The equJ.pnent, u!;eri for roe&f:lurement of 11 '35 act.lvity in t,he Xe t 
a~~~y t:UU:::i5tS c,r a c0n',(l'ni.iol"kjl hjgh r.rt:5b!lre ~clnU,H1 ioni?;~t.ion cilil.:nbe(· 
filled .... i l.h &rgon and equi.pped wl.th ~ v tbre.ting rf't'u electromBt.er C!,·ld a 
Bt"'I)~n recorder. The t.up .. nd f;ides of I..he t!lmrnber are nhie.lded from stray 
radl.a tiona w it.h 4 .inchn~ of lead. Ttle sample to he fn'.u::lure.d 1H p1acer.l inside 
a :,hlt::ld W\ t.h h inchf"::' of It}sd betJwe~n I;he ~ample anel th." ion i zutlon (lJ:'u Ibe~· 
T~li:;; sruuple hulder is 1\1Ounted beneat.h t.h~ chCl./I1bt!r and a "jJ0l1.ablF:: !. ~hi(;ld 
with 5 inc:h lead wallu rr.sll~ into .ll PO<jil.,lon from whi~h the ~tlnlplp. ~\y L 
tran:;rt~rrari wi.t..hout exposure (,f pcr::'llnnel 

Cr-llbration _ .. ..---.. --

Si'1ce t.he :inn).7.htic;n ~humber w:].s culibr:1t f Jd vii t.h rcsp.!ct to I}?t:" 
• 1 ~ r: 

beta activity c.:oLtnted at. a krWWI1 reumett'Y» ·l1.. Vlf~tl neces~mry tv use 1 ,'.1 

ac.:thity I)f the h.i.l')lCr,t purlt.y Fteure II .i:1 a c£llculat~d curve showing th ... 
per r:ent cont.nm.tn:-.t.lon in 11J5 ht't.fl n.ctivity prcpnr,.d by a t.wo rU nut e l'1l1l"~"al'd-, 
J:1t:!I1t of UNII and sepal'ut. ion of Ulf:: fim;"1orl product ~i.()dine within tVJO fJ".l nut t" 

aft~r I'emov~11 frum the pile _ Inu~d:jElt,f:ly nft.er S",PM'lltion J the C'hicf Cf'n 
ta:ni nant 1 s 54 .IIIino 1 knu aft.u i:.' hours.> i.t is ?2 hour 1.. These t.'#(.' "'[ 

lictiv itie~ have Te p<lrerlt,f; vd t.h hal.f 1 tves of ahout an hour wheredS t.lle Tc 
pnrent of 11.J5 cl ther has a vet) ,.tlort. hall' ll.t'e 01' .i.s non existf'pt., The 
pl1rlty r.lf L.~1.lwl proparat.ions of 1135 uctlvit.y hus been checked by fl.'llowinr, 
dccu;;. (; u 'V('S bettJ in the prescnc p uno :.hs ence of :Xe dalleht.ers: Thf> d~ra'y 
cur"e of .. epurflt.ed Xe Dctivitip.s has al~(J bef'n m~asllrcd . In :111 t.hree . c"sc' 

he Rl10unL of jmpud.t •• v Vlns ill !,:CJod :1/"reel"lent;. wlth t.he comjJut.ed va'tufHL 

t.lt.h oue,h the purit.y of 11:35 ad LV tt.y m!-ld, by short bombanb 
and rapid be~/al'ut.ion was s::.tisfact:.or.v, t.he ll'IaxJrnu!l: amonnt. th·'1t. could t 
sat~Jy without. eh.l.lOrat.r; eCliliprr.ent was of the orner nf JO nicrocuriN, .1t 
time of hlehl>st purity c This w&.~ no •• enough fer precision r.lnC1S1.l!'err.ent~ 
through 4 :i nches of lefld o By bombllrdir~~ for 1 hr ,. a.nd allowiJ'l{' ..l co<;.lin 
period of 10 minu.te~i befl.reo sepal'al.Lon of iad! ne "ct.iv:ity from <I urnnium salt. 
it w& s possiule to sCi1'e).;! prePf'I't: of. the orQer of 2. f1l.UUcur ies of 11J5 nctiv i 
ilt ttl(' tme 01' InAJLLHiUJI PlUit.y "buut. J.6% of th~ uetl.1 act.ivity i_n these s;..'nplC'8 
was from 22 hour Il'n fo. cioilculat.ec! cU['Vc showtng the ch<.,nge .in ~Ill'ity v.ith 
time after iodine .jf.,f...flration lr given in Figut'e 111. 
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Since the amount of cont;minating beta activity in t.hf'> r135 
srunplcs from "1 hou.!' ur'anlum bOlllbardmert. s wus considered to be t.aO hi p,h for 
precisiun work, too rollo~"in~ procodure was arlopted c 1135 activity of 
the purity shown in Fleure II was pre:;ared by a short bombardment.. of UNiJ and 
ropid l:Jep&ration of iodine The tracer solut.Ion contained a small amount 
of :;ulfite to prt'vent loss of 11.35 as iodine .md Na2C03 to i='revent Joss as 
IlL ThtJ solution containe d 10 to 1; micror:rnrls of solids per millj 11 ter 
It was found that the evaporated t.racer solution could be lJeAted or evacu~tcd 
without loss of 1135 activity" It was also found thut th~ Xe dauchteJ's ~rere 
nc.:t r(:!tain.cd in samples kept under ordinar'y atmospheric condItions.. At a 
timE; 8 t. o 10 hours after ~epil.rati.on, absorption curves of ~everaJ "l.liquot.s 
\'were taken using a mica end windol'l counter., /.1. the sam~ time t.he decay of 
0. larr,er aliquot in a. rtlproducible poei\..i • .Jo wa.s followed with an ionization 
,~tIllJIll;er with 1 lnch 01' load betwefJn the sample and the chamucr. ,1,·St. after 
t h'3 1135 abaorpt.j on curves weco takEm, t.lle absorption curv~ of hn 'ti".!'; 
standa.rd ~ample of kW r(1II dlsintel!.r"t.Ltrrl rc.tt:' prepared by 1.; ;WlI\, .llt. Wc.b la;·.en 
.\n t}IO sarnA po~uti(.n 'flit> P,l'C,!1~t.ry (,t' t.lllS position was calcula\, .. Ll from. 1...lw 
!tar.; d~t.a by tbt! lilu'Lhod hi. 'Tell uy L:.umwH'It :i n l~un c-377 ,. Roth t.he Ha::; a nei t.tlf" 
113~ ::,uJ;\pl~c WI1X'.! mount,ed on 0 ,6 mil poly~;tyrene f'Um nnd p] aced in ti,e centel 

uf t.ho 9f;cond sdt:lt' lloine an ahuII1 num mountlnEcax:d tlnd spnccrc The r;lJllntj'n!~ 
ra.tE:~ w(:rc corn!ctert r",lT counUnr 1(lsao3, OOCKp,l"OUnd anel f;a"rn.a. l'IlY counts .. 
Th~ m3~S Pl.£' cm2 of t.ile [:til' a.nd mica ."indow between the s<1nple anu 3Hn::;itivt> 
vol11Ille nf the G_:r tube WCl.S nddeCJ. tu ttL'it. of the aluminum absorbers and t.hl'! 
curVlHS w(::re ext.rtlpulated to Zf'rU niJMlrber thickness The (>xLru;_JJated 1135 
countinc rr1t.es VH'rc cC'n-eclml 10r dpc;..y t.o a common tlme Clnd ~lVt'('r'~ca; This 
average coulltin.~ J'Hte Will; dIvided by the e~!OIl¥'~try 1,0 i~ivp. till!'" (1i:_lint.u~l'at,ion 

rate . Tht' ion cliMb"'r IfIQS311l't'l'lenl S f'xpr~b~ed a.s m;] liv(.lLs potent inl drop 
tlCr rn3S a 1;)" C·hM resi.st.c.ll' Wf"rfJ ~Ol·rE:lCl.f.·d to the sl'lmc t. illl~ and s·.me aliqnol,. 
,;;;i2.e ,. 'rhe correct(~d irJO dwnhf"T' /'l"'Ii~lu·t''Tlent dlvid"d by the di5 i ntpt-~r~ ' t. lon 
rat(~ eiver. lrn,. rCC')lllr'tHI c:;,'1 iht'(lt.i(1n, Ju<'t, sf tar p!H.ch lllrt r.har:lbel' m(Jasure~('nt, 
a stcmdAJ'd oamplf~ wns (oob.su red In ordpJ' tbllt correct.lon~ could hp. m;)df! for 
.:'~Y chanpn in th!" rf'sponst'; of t.il" _ in!:lt rumt>n:. 0 T~f! ~al ibration rldll obt.aint>d 
with five different 11 j5 prepar,".t4ons prf' !'lVen In r~ble I, 

Table J 

Calihrat ion (If Ion Chaml,er in 'r~t'ms IJ1' 1135 
----'JTi. r~n'Tnchof;-l~~;;:i'B~tween;ource 

'I Volume !.!t"-!::illrod 
IIJ5 Prcrl9rnt.i'.n I Pd/ntin/A ,'tUh lon '";harnber (A) 
I --,- -~.-+----

1-31 
1.-;2 
T~J ~ 

1-J4 
1-35 

It) no 
49 )7J~O 
29- )00 
lb.-no 
27" )40 

lfjOO 
()50 
600 

1000 
JOOI) 

~v ~iLh 1 
lOll(;hm Resi stor bv/':n UCl.lri.~ 

--, , 

340 ~ 
566,0 
)J6.7 
311,0 
500.0 

Averar,e 
Standard Deviation 

;') '1.)0 

)i'. ,CjOu 
"39 R90 
41. )1.;. 
4{J,1.20 

4() ,(J60 
1,. flO:!, 
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~Vith an ion chamber calibrated for loo8surine r135 activity 
·through 1 inch of lead, it is J")08sible to work with samples containing 
Em appreciable amount of 22 hour 1133,. 'Nilen iocllne' is separa.ted within 
15 miilute~ after Ii 1 hour bombnrdment of uranium the error caused by the 
presence of 1133 i9 less t.han 1%, When measurfld through 4 inches of lead 
the error should be negligible~ 

In calibrat.ing the chrunber for the Xe135 ass<.lY in the cross section 
experiment.s, iodine from a 1 hour U02S04 bombardment was precipitated with 
10 mg:;" of corrieI' iodine a 8 PdI2 " The rdI2 precipitation was made as dfl
scribed in CNL- J7 and centri:f.'u~ed ont.o Ii Sclas filter in a l~ 5 mill. capillary 
as rllinned in the cross s(;:ctiDn experiments o The capillary tube was placed 
in a holder of the same de5:4::n to be used for posit.lonin~ ttle PdJ2 10 the 
n~utron beam. ThJ(I holder' was placed in a repr()ducibh~ position with I~ 

iuclie3 of lead betweon it and the high pressure ioniza.tlon chl'illiber. 'rhe 
jon curnmt in the chamber wa~ meCisured for 15 to 20 minut.1;l8 d'J.ring t.he 
period of hiehest purity" 

In order t.o assl:lY the PdJ.~ for 1135, t.he preclr-itute wns dissolved 
in 2 ;,f NaCN and thr. solution was diluted t.o 25 ml in a volumetI'ic fInsko 
A 100 /\ al.iquot (;of thi s solllt Lon was t.hfm mcasur/jd in a stan<.l«rd manner 
through t.h~ 1 inch lead shte Id o The two ion chamber menSllrp.l.lents wer~ , 
corrected for decAY to a common time nnd the potelltial drop Hcross a. lO ... lohm 
resistor per millicurie of b ctlvity computed, . The resu!t.:; ohtn.inp.d h: cali
brations WiU I four different r135 prepnrllti.OrlS (I rc f,iven in Tnbl e ~I . 

'rable II 

Calibrl'lt tun uf Ion Chamber in THnns of 11 ')5 Dj s"i nterarat..ion Hat.e 
'nth FOllr Inchos of Lead Bet.ween :.>~~!:~!!!~ Guamoor 

I Mv with 1" Ph I IH1licuries of 1 ' 1AVwith 4" Pb 
J135 l'rcparat~ on 101lOhm Resistor 1135 l~ PdI2 lollOhm Resistor 1.~!l'li.llicurlr. 

1-36 '21~9 0 6 J 0 56 
1-38 302,0 1 ~9 

1-39 193·0 1.21 
I-l~O n0 4 1..(.J9 

--~--

Linearity of Response of Ionization Chal'lh~ 

l~O .. :3 
~~lcO 

141~o6 
Ffl.6 

Avernge 
standard Devu,t.ion 

115 ,6 
117 .1 
118,5 
116.9 

117 3 
L 2;1: 

In calibratine the ionizat.ion chnmber sources of the order of 1. 5 
millicuries of 1135 were used " The samples to be assayed in tha cross section 
experiments ure expected to have iri t, hP- region of a curie of 1135. In order 
for the calibr&tiDn to be useful, it Is necessary either to estnblish that 
the ionization curr ent is proportional to the activity or to determine the 
deviation fran linearity over the range in which the instrument is to be 
used , 
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In preliminary experiJnent8~ it was found that with ionization ClIrrent in the ranee expected (10-9 to 10-8 amperes) the current was not proport.ional to the activity of the source" It was a.lso found tP1'!t the deviation from l~nearity was a function of 60urce position and prpbably also of the energy of the radiation~ In the determination oi' the deviation from linearity, it was assumed that the relation between activity a"ld iunization current could be represont.ad by a power series 

A :: klI .,. k212 +- kJI3 

an.d that an increment. in act.ivity D. A would produce an increment in ion 
current A I. Then 

A +6A :: kl(HL\I) + k2Li2"';Gl~J.I.(A.o9 ... k';l(J~:n2AI +- )1{t)I)2H~I)~ 
and 

~~ :: kl + k2(2H61) ... k;D12+JIAI·H.D. I ):7 
By measurin~ the ioni.zl1tion current at vnd,outi levels berore and after addL1f, an incrBf:'cnt of activity, "it it.> p()8f.:ibl(~ t.o solve for the constants in t,he 
above efluatiofw, The devlotion frotn lineal'Hy· 

A -. kIT:;: k212 + k3 13 

and the per cent deviatiun from lirwarity Ls! 

(~ - kll) 100 =(r-21 ~ ~l2\lOO C klI \kl kl) 
Th~ corrected ion currentlc; which is proport..·lonal to the acthlty of the sample measured will be equal "\:,0 the observed ion current! plus the correcti.on 
for deviation from linebrity or 

Ie = 1. +- 'k~~ 1 ;. ~ 12 1 k' 

It call be seen that, the vp.lues cf the constant::! kl, k2 :Ind k) will 
be proportiona~ to t.he strengt.h of the~nC1'6l'1e!1tal source £..A c However, the ratios .!¥ and .r:J are incleptmdent of !".,t>urce st.renp,t.t, 0 Hence, it is not It! ttl necessary to use sources of 1 nU'/n st.rcneth in the determin..'\t.ion of the c orrect) 
on fact,ors" 

In the experimontH.l work d. serie s of radium sources wa.s used us follo\'l 3 The ion current was measured before and after the ::.dcUtion of an incrern~ntal source with a nominal strength ()f 1088 lnillicuries.. The i.ncr-enental source was alVlays placed ir. the st;"ndlJ.rc! tlample 1'05i ti on 0 Another source \~US added in a position as close as possible to the st~nrtnrd 8~mple position and t he ion cnrre~ nus aG2in m~a~un~d befur~ amI aft.er tila ndditioll of the increraentnl source. This was repeated until the full ranee of the instrument had been 
c overed o 
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Thfj eJ{perimentl'l.l data nre plott.ed in Figure IV oS ~4 v~rsus 
21 .;. ~I. It can Le seen that a straight line adequately fits thE! data ann 
tbereflJre the d~viation from linearily is proporii on~l to 12 , Hence, hlr>her 
terlfl:3 in the pOl'ter series can be neglected, The best. ~east s'lUFlrcs v(l l ues fur 
the constants kl and k2 are 2.484 x 109 and 1,,142 x 1017 respect.ivelyc The 
corrected ion current is then 

Ie: .. I J. 4.60 x 107 I2 

The stau<l&.rd dey LaUon of t..he ~ value:3 using 
x 107 Thls will lead to a st~c1urd deviation 

cont over the ranee of t.he instrument D 

t.he above c~nst~nts Wh.8 J ,', 
Ofe 7 ~llO 1100 or L 5 pet" 

!3ince tht, cal:ibrhti.on wil.l! a 4 inch le:.d shIeld eAVE' 1.1"' , '3 milU
voltD per mlllicurle with Ii 9.1 x 10 10 ohm rosistor t.he 1135 HctlvU.y in 
caries can be ru.pr~ssed lUI a fUllction of obsf!rv~'d 1(1n ~urrcnt.. as 

k = 'l .75 x 1081 , ) . 57 x 101572 

It. is believed that. the chief uncertfljnt.y ~n the correction tenn ,JrLses from 
the use of fib. act.ivity rather thnn 11~j5 activ1ty in flv1l1ual.:ini~ the constants. 
Before usi.ng thill equat1.on iu nn o.ctu.ql aSSAY, it is planned to follow the 
decay of a hut r135 sourc~" Sj ncr thf> Ioe lIf the corrected ion CUlorant should 
bE" proportionEl1 to t.he time t.his will oerve to checl< the corNctjon term or 
allow a re-~valu~tion of jLn 

Ha If I.ire of 113~ 

Because errors of the order of A% tn the Xe115 assay ;J.re introduced 
by 3n error of 21. in the 1135 decay ~on"t.nnt, a cMrefu1 re-det.ermll"}·,t.ion of 
this consthnt has been marle: 1135 W(!s prer.;lred by a 1 hour t.omtard!llent of 
UOZX>4 and extractIon of fission iodine \Ii thin 15 minut,es. Tile iodlne WnS 
purified by oxidution and ~xtr,lctHm 'into CC14 Hnd rp.duction and extraction 
into w~ter ," 'rh.i.s was rereatcd until the activity In the Sf)ueous phase 
after extrCiction of iodine and the <lct.ivi.t.y in the CC14 after extraction of 
iodide WciS entirely ncelieiblp., 

The purified source was placed in the 4 inch lead sJ1ield <llld the 
chanee in ionization current fulli.wed cont.inu(Jusly until it reFlc~cd bac\:
ground~ The decay data were fll,ted to thtl c'lui..tion: 

L . - 10 • o. 301 t 
0Gm J1. - glO 1\0 - T£ 

by th~ method of lea.st squareR. unly that. portj on of the dAcay cur'le between 
the tiJne when 54 min. :jctivity ulllount.en t.o 001% llnd when the uncertRlnty in 
backeround introduced a 0.21" orror yms u~od., The ueviatJion frou li r1<!tl rity 
at the hie;heBt ion current VtRS of the I>rdar of 0,01% and hf'nce no correct.ion 
was msde v 1'he rfd8ults obtllined in experlrlOnt 5 'dtlJ four different iodine 
pre~rHtiuns RI'e given in Tub1e III e 
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Tah1e III 

H~lf tire of JodinelJ~ 

..... Iodine Prepar~ttion Hal! !.ite (min) 

1-25 
l'~26 
1--2'/ 
1-29 I Av~rag(l! 

SLHndl .. rd [le\( in tl.on 

398,4 
4'JJ ~ 
4~)] , 1 
4021-
i~O~) < 5 

o )~% 

It i5 doubt.ful wb\!:thf~r I..hf' moron v~]ue obtDi.ned foI' the h'llf 
life is as. reliable as is indlcated hy the: ~t..i.indard deviation, TllifJ is 
bocauae constant errors such as ummsr;ected :J.lI1puri..ty art) a common /:JOurce 
fJf I.!rror in half life ~al.iurel~nt 8< 

The fact that the l~lln va) ue i.s w i.thln O. 4'!' of t,he va l ue ei ven 
by Glendenin and "!.1etcalf (CC-2219) nml by ¥atcoff ~ Uillund, FLmlton, 
Finklf'i Seilor and Sur,arman (CtJ-2J/9) f'.i vas confj dmiCp. t.llHt llie e)'rar in 
the Xe 35 asSfiY from thi.s sourC'u wllulri not. be prAIltel' t.han 2% 

~overy of Csl J5 

It is cstilllb,ted that. 6ufficient '1llfl.lititles ()f Cs1J5 (about 3 x 1016 

at.oms) wi) 1 accumulate from the Xc project to d~tect a hnlf Ufe of 2 .,109' y. 
and also to obtain fI. food cross f)()ct:ion mp.,u;urp.ment .If t.he Cs is isolA.ted 
without carrif!1'. 

Work 113 in proereso on a process for removine the hieh level 
iodine and ~enon activities and for isolating the Cs without carrieru 

It i!. doubtful that any radiations from CsI J5 have been dtltecte1 .. 
'.J. ~" GrullImit.t lInd G, llilklnson (Nnt.ure, ;\u;rust.. 19J~6, p " 16) report a 0 t: 
)1(:v f3 wjt..1J a )00 y, l1;!lf life for Cs13S, Ho\'u'vp.r, seVf'!TaJ. proJe('t in
vcstir;E\tol':-I w("rkl ne with Cs fs'U!':l tlt~ 135 chni.n h.!-.v~ rflt>t1l'trd lower, 11, mit.$ 
r01 ' tte hal! life ~TeaUjl p.).ceedlug lua y if t.hf' P enl'rgy is :noderpt..'!ly 
ereat" The~e lnclud~ ~'" E, Glcm~tmjll .'lnd R, P .. 'tel.calf (PI'tt Vol. ~n) 7, 32~2 
(1946) )who Ntport t1; > 2 x 10) y ., flo Fjnt'l~ and N" Sllr."rm~n (ppf' VoL 9D 
7,,~(J.l (J946)) who rep')rt t~> 1..2 x 10.3 v. nnd D :: " !~t!eelk~meir (pm Vol.. 
98, 7 .4002 (191+6) who report.s t,; > 3,.,5 x lOb y" 1n 'HJ.d1.tion~ Enr,eU:a::,el.r 
reporl;.~ t~ > 205 x 1:J4 Yu if the· (3 energy exceeds 3D Kev< 



• e • + 14 ' Drawin. n ,,~ - .. 

+10 
en 
~ 
0+8 
I-
<: 

~ +6 
QJ 

x 
~+4 
o 
c::: 

FIG. I 

ASSUMED VALUE OF I'35 DECAY CONSTANT 2% TOO LARGE 

~-. .~~~~ 
~-.'~'~:~ 

;' 

• 

w +2 
co 
::E 

~ 01 zr-~===-----~~~~ 
'ASSUMED PRECIPITATION TIME 15 MINUTES 

EARLlER·THAN TRUE PRECIPITATION TIME . 

- -2 
0:::: 
o 
~ -4 
w 
t-z -6 
w 
u 
0:::: -8 
w 
CL 

-10 

o 

ASSUM ED VA LU E OF Xe
l35 

DECAY CONST ANT 2% TOO LARGE.-/" 

ERROR IN THE NUMBER OF Xel35 ATOMS AS A FUNCTION OF TIME 

• 
4 8 12 16 20 24 28 32 36 40 

HOURS AFTER PRECIPITATION OF PdI2 



e e, 
14 - -----., ~ , --..... I , I 

. >- 12 
I-

> 
I
U « 
« 10 
I
w 
co 

00 
1'1) 

1--1 

z8 

z 
o 
I« 
z 6 

~ 
« 
I
z 
o 
u 4 
t
z 
W 
U 

0:: 

~ 2 

FIG. IT ',J ~~~" ... "".~~.;: 

'" J~ ".~~"y 
•• ..' ~ ...... . ""-.rA, ~ 

PURITY OF r'35 SEPARATED WITHI N 2 MI NUTES 
AFTER A 2 MINUTE PILE BOMBARDMENT OF UNH 

• 
o· , 

2 _ . 4 6 8 10 12 14 16 18 20 
HOURS AFTER SEPARATION 



>-6 
I-

> 
I
u 
<!: 
<!:s 
I
W 
cD 

00 
If) 

-;""40 
z 

z 
o 
I-
<!: 30 z 

~ 
<!: 
I-
Z 
o 
u 20 
I
z 
W 
u 
a::: 

::t 10 

e e 
F IG.ill 

PURITY OF rl35 
SEPARATED WITHIN 15 MINUTES-AFTER 

A ONE HOUR PILE BOMBARDMENT OF U02 S04 

0' , 
2 4 6 8 • 10 12 14 16 18 20 

HOURS AFTER SEPARATION 

'. 



e e e 
5.0. Ore. w.i'J II 5801 

4.6 

\ 

4.2 

FiG. N 

CHANGE IN SENSITIVITY OF ION CHAMBER 
WITH INCREASING ION CURRENT 

~~p . '7iItJl-~ 
,~.. ~ "::r~ 

.~,;:~'::''';:"'''S' 

, 

0) 3.8 
I 
o 
>< 

<I"'" <l<l 

3.4 

3.0 

2.6 

2.2' , 
o 2 4 6 8 10 12 14 16 18 20 

(2I+~I) XI09 



.. 

e 
e 

• 

70 

Eesearch Relating tg Radio1t)ptope Produ9tioP 

'the Hem9val of Alpha Froittera from Fission Productsl (H.W. Kahn, J .A~ S\'fartout) 

The cation-exchange J"T'nce<hre which was described in tho lR~t 
quarterly report, CNL- 37, for the preparation of raJiochemical1y pure 
yttrium has been adopted by the Operations Department . 

A more extensi\fe separation of rare earth fission activities and 
alpha t:lmittf:trs, Pu, Y, Ell, 61, Am, Nd, Pr and " Ce, has been fjffected~ l'hes& 
were adsorbed f'rorn a t:JI. citric acid solution with pH adjusted to 1.0 on an 
86 cnl :It 4 mm (dinm.) column of tho 80-150 mesh fraction of a recently 
obtained, experimental batch of more completely sulfonatod Powex- 5O . 'rhe 
adsorbed iona were eluted with ~ citric acid, pH adjusted to 3.0, at a 
flow rate of 0.3 ml/crr?-/mtn" All of the beta and gamma emitting f lssion 
elements were recovered essentiallY free f'rom alpha activity with t,he ex
ception of 61, \,ihich was contrurinated with Am. Likewise, all except r,u and 
Y were recovered)at least 9% free trom each other .. Equ1librlwTl constants, 
ltd, detern,1ned (1 for this newer type of resin f'rom the elution data are 
given in Table J4 Th~ identity of the rudioiaotope constituting each elution 
peak was astabL.shed not onl;; by locst ion of the peaks but also by decay 
and/or absorption meaaUl"9fllenta. 

A plot of the integrals of th~ elution curves on "arithMetical 
probability" p&per g.wo essentially straight line plots and enabled us to 
easily detennino volumes of el1lant needed for any rc lit recovory (~e 
Fig. I). Calc-illations 0;(' tho rata of movoment, 4 c of any 
activity band and the 8mount of eluant used in etu. ~a ::Jhowed that 
at any point, D, on the coll..llL-'l tho \ddths, W, of the various at!tlvitr bands 
are essentially equal for those ionic species used here (~t18 Table 1). Since 
the rate of spreading of th\J band can also be calculated \,:Jit is possible 
to design a disjointed column such that once the "ohromatograph" is developed, 
the activities may then be specifically eluted . The use of diSjointed column~ 
of this type 8hould be a great time saving device and the separations flhould 
still be essentially complete as shown by ca1culatio~s of distance of the 
bands from the top of the col~n (D), width of the band at this point (W2) 
and position of the band (E). These positions were uetermined at C = 1305, 
the number of column volumes required to mo""e the yttrilDll peak to the bottom 
of the column. ~inCD tho band position of tho ionic species involved is a 
function only of the ratio of Kd's, variations of factors difficult to con
trol such 8S pH of elutriant, temperature effects and mold formation would 
still leave the activlties in the relative positions indicated . This lJ'ethod 
should supply a rapid means for aeparnt1ng the alpha emitters, Pu and Am, 
from all the rare earth fission prodllcts except 61, which has not yot been 
fractionated from Am by citrate elution from Dowex 50 ~ 

(1) S.W. Mayer and F. .R~ Tompkins, J. Am. Chern. Soco !tl, 2%6 (1947) .. 

(2 )"The Effect of Several Column Varuolcs- , E.R. Tompkins, D.H. Harris and 
JoX . Khym. (To be pUbiished). The width of the elution curve is directl1 
proportional to the square root of the length of the colUl'llll .. 
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Program t E-xpor1J'lental investigation of the effectiven88c of 
the proposed "disjointed column procedure" will be undertaken . 

. Table 1 

Equilibrium Constants and Calculations on Activity Bands 

(em/c) 
-* 

E1em~nt ~D C at peay 1 Kd "l(em) D (em) Qt J OD] ... -.Y01& 

Pu 78 1..1 1.87 

Y 6 • .31 13_5 23 ~ O 14 0 8 8b 

Eu 5~5 15 .6 ~6 0 5 15. 5 7.3 .. 5 

61 301,6 23 . 5 3909 15,,7 57. 5 

Am ) ,,40 21.0'7 42 .0 13.7 54.5 

Nd 20 58. :33 .4 56.7 1202 40c5 

Pr 1 .. 53 56 ~ O 95. 0 24 .. 1 

Ce 1007 80. 0 136 .. 0 14 .. 5 

.. Calculated trom experimental oata . ~'ean value : 14~3. 

** Calculated relative to yttrium peak, C ~ 13 .. 5 • 

POI".!t l on of Oand trot.) 
top ~f P£ em . colUMn 

11* 
"2{cm) ! (cm) 

14 79.a86 

13 67~79.5 

110)5 51 .,8-62 0 3 

ll . O 49 0 0-60eO 

9,,6 35.,7~5 0 3 

7.4 20u4~2708 

5 .. 7 1108-1'7 0 4 
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RecQverY or Ru106 (rom Met!!l Wast,pJ (J .L Savo1ainen, H. M. Rice, J.A. S\1artout) 

A. El!Ctrgdeposlti,on 

The elactrodeposition method described in the previou! roport 
(CNL- 37) tor recovery of Rulil) !'rom the ORNt metal waste supernate does not 
appear to be as effective as precipitation methods which are in operation at 
the present time and it is doubtful that it could be developed to find ap
plication within a reasonable time. In view ot this fact, fm-ther {lork on 
this method haa been postponed . 

B. ElectrolYtic Oxidation and DIstillation 

Anodic oxidation at Ru contained in the acid solution of· the f or r ous 
hydro-xide carrier uJed by the Operating Division to concentrate Ru from 
ORNL metal waste supernates appears promising as an alternate for tho ~nn04 
o'Xidation-diatillatlon process . In a preliminary experwent, 54.6% of the 
Ru was collected in 2 hours and 65 . 21> in 4 hourB ~ 

The Ru oontaining solution obtained frem the Ru recovery process 
WIlS placed in a half cell containing a pt anode . The anode half cell was 
connected to the cathode half' cell through a eintered glaDS disk . Tho cathode 
half cell containing a eu electrode "aD .fUled with 2 r.t H200.t., . A J><.)tontial 
ot 14. 4 to 140 6 volta was used Ci'Ving a current of 1..1 t.) 1 . 2 ampor~~. The 
current density on the anode was 0 . 22 1.0 0 ,,23 amperes/sq~ CIlI. 

The solution appears to be completely oxid:f.zed at the end of the 
first thirty minutes of operationw The solutions at th i s t1.Jr.e had a color 
s:fm1lar to MnOZ probably due to the oxidation ot traoes o:f Un . The oxygen 
evolved at tho anode was conducted through traps containing reducing solutions 
to absorb the Ru. The temperature increased during electrolysis to about 
9()0 C; no localized boiling was observed . About 3 .. 1$ of the total activity 
diffused to the cathode side of the oell and o ~ 3% Wt:l.S plated on the cathode" 

C. ConcentrAtion by Precipitation 

Determinations ot the carrying of Ru actiVity by eight metal 
hydroxide precipitates ware made and compared with that ot Fe(Ol{)~ . It was 
assumed that the Cs activity would not be carried by the precipitates.. Since 
12.?% or the beta activity is Ru 10 the W-7 tank supernatant and 7SQ6% in 
Cs, the effectiveness ot Ru carr;y1ng was oonsidered to be directly propor
tional to the percent of total activity removed by the precipitates .. 

Data are given in Table I tor the relative efficiena,y ot tho 
ftrious hydroxides in carrying Ru1et, from the alkaline waste solution. In 
all cases the amotmt of cation added corresponded to 0 . 01 f4 in the final 
volume. Uixtures of cations, each in concentrations at 0 . 01 M, v/are also 
tried 0 Results tor these are given in Section B of Table I • 
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Table I 

Carrying of RulC6 from CRNL f4eta1 Waste Supernate by Hydroxides 

MetaLCIl.t1on Farcenll 
Exp. 1 

Activitl Rem2!ed'" 
F-xp. 2 l'.xp. 3 E-q> .. 4 

A. Ni"'''' 7.9 10,.1 

Co ... .fo 5d 6~5 

Cu+~ 2 0 6 2~8 

Cd"'+ 8.3 1l.3 8.1 8.6 

JIg++ l..2 1.9 

Bl-t~'" 4.2 5~2 

e Ce#4> 4 .. 8 409 

Ce++4-4- 6~7 901 

e Ji"e.j-~ 12 0 6 12~J" 11,,2 13l.9 

Bo 

Bi-40+':' FeU' 13.0 13 ... 5 

Pb~ Fe ..... 12,,6 1108 

Cd.f+ Fe"+ 12~5 1;~5 

Zn+'" }'e++ 12,1 12~4 

5n~+ Fe++ 1l.9 12.8 

(V~)2S04" Fe++ l.2ul 12,,0 

Sn+" Cd .... 14 .. 9 16,,0 

Sn++ lig# 3.2 

• * Ru106 beta activity constitutes 12" "f1, of total beta o 
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}'rum the first portion of Table I it is apparent that "Fe(On)2" 
is a more effioient carrier for Ru trom this a~lution than any of tho 
others. With two exceptions .. the mixtures of cations gave no greater 
C8rrYine or Ru than with F8~ alone. raxtures of 8i+.3- Fe+2 and Cd+2• 
Sn402 gavo higher carrying, exceeding the fraction of beta activity con
tributed by RulO6 . Because of this apparent caIT)"ing of some Ca and, also, 
because of the nature ('of the precipitates, these are considered to be 
inferior to the ferro·us precipitate. 

Reeoverx of' Cs137 from r.~etal WaeteSl (J.F. savola1nen and J .. A. ~'wartout) 

After removal of ruthnni.um trom the metal waste sttpern.o.ta3. 
almost all the remaining deteC:~C4bl.e activity is due to Csl )7. r.xtraction 
ot the ceeium at this point 10 desirable, not only because d larga 30W'oe 

1s thus available, but also tr\ reduce the level of radioactivity in the 
solution discarded into the wasto disposal system. The large volumes of 
waete solution involverl and the lack of common insoluble cesiwn aalts pre
cludes use of precipitation procedures. Investigation of potentially 
teasible method~ was undertak~n, starting with ion-exchnnge o 

Cati9n-E~chanGel 

An indication of the offect1ver.e~s ~f cation-~xcbaneers in c~n
cent1~ating and isolating Cs h afforded by two preliminary expcr~entB . 

A. fIltered sample of the supernatant froJ.! tank ff-7 was passed 
throUih a 13.5 em. lJowex *50 resin column in the ~:a form. The H form of 
the reein canr.ot be used with this solution because of the high concentration 
of carbonatee which would result in the liberation of C~" When 3.1 wet 
resin column volUili@s of Vf-7 had passed through the column 5o.t breakthrough 
occurred .. 

Atter washing the column with H20 the Na waa removed with 4.5 
column volumes ot 0.2 M FtCl. The Cs137 was then retnoved with 6 M l1Cl in one 
cclumn volume gi'ving a recovery of 5~ of the ·/ootal Cs 137 adsorbed .. 

The solution from the VI .. 7 waste tank was diluted 1 to 10 and 
passed through a Dowex #50 resin column which had been conditioned to the 
Na form.. The resin column was 54 em long and contained 14.3 ml. of the 

_ wet resin. 32 colunm 'Volwes of the diluted W-7 solution had passed through 
the column when the Cs activity level reached 50.' of the teed solution. As 
would be expected, diluting the W -7 solution dId not increase tho capacity 
ot the resin for the Cs activity when calculated on the basis of the un
diluted solution. 

While this method can be ussrt to remove the Cs activity from the 
anions and frOIn a substantial amount 01' the Na present in the Vi-? solution, the 
low capacity or the resin does not give a substantial volumo reductiono 

Program a Investigation of various solvent-extraction procedures using 
eomplexing agents ia in progress .. 
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;;enaration of F iesion R,re Earths' (W .H. Baldwin, A. W. fAnith, J . 1.,., Swartout) 

I. Introductionl 

Interest in pure fission rare earths, particularly 01' E! 'll'o!"ium 
and sumar iUln , has resulted in a study of feasibility of isolating these in 
relatively largu quantities, either by adaptation of existing laboratory 
procedur~D or by development of new methods more umenable to remot~ oper
ation. 

II. lon-lxchaniQ; 

Sacause of mechanical dlfficultle~ intlcrent in operatlo~ of ion
exchan~e columns at, or near, the boiling point of solutions fl~w~ through 
the bed, direct adaptation of the procedure of Ketello and Boyd'l) to remote 
operation does not appear practlool. Therefore, in cruer to selsc.-t optimum 
pra.ctical condltlon.3, measurements of the equilibrium constante for the dis~ 
tribution of each rare earth between Dowex 50 and buffered citrate solutions 
as fWlctionc of pH and temperature is necesoury. In preliminary tJxperirnents, 
diff1culty ME! been encountered in obta1ning reproducible results . 

:Jevt"ral rare-earth rich fractions \fere nbtained frOID the nall-ion
exchange" fission product factory of the Operations Der 9.rtrrent. JI.n initial 
attempt t~ isolate europium and samarium from these using a ste~ heated 
column under the condltions of Ketello and Boyd revealed considerable con 
tml1ination of each fraction by yttrium . BaCBllBe r.f tho louch 'groator abtm
dance of yttrium in fission e-ven a slipht leakage throHr,h the column results 
in approciable contamination of Eu and Sm. Therofore, naans for thoroughly 
separating 1 prior to the r.u and SrI! isolation artt l.mder stluiy. 

III~ §olvont lxtraction with TTA for the Prel1rnill6.l'Y' SeparAtign 0:1." Y from Ea; 

Single stage equilibrium measurements on the distributlnn ~f Y 
and Ea bot'Reen benzene solution (0 .. 2 ,. 'l'TA) and aqueouB solution (O"l fr. Na Cl) 
indicated a ratio of the distribution cocfficients of Y to Lu to be 2.2 at 
pH 307 (Table I). t~lle this will not ~ermit groat separation of these two 
clements with one or two f3xtraotion stages, the ae!,aration to be expected in 
any given number of stages caD be calcuJated (ORNL-5). 

A compromise bet';'leen the amount of work required and the deeroe 
of fractionation resulting was made for 8 stages cOlmter-currently. 'I.'he 
results for pH 3.8 and 3.65 (shown in Table II) reveal notther tho oxpected 
distrib~tion coefficient (in both cases the obsorved was hieher than the ex
pected) nor the expected separation (D .C. for Lu wao pract ically t.he samo as 
for Y) \188 obtained. . 

(1) B.H. Ketelle and G.E. Boyd, J. kn. Chern. Soc. ~, 2~OO (1947)0 
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No explanation is offered for these discrepancies but greater 
ranges of distribution may be sought in using citrate bufter in the 
aque~us solutions o 

Table I 

Sinelo Staee Equilibrium Dil!ltrlbution of Y and 1:u at R.T.; pH Varied 

pH 

3 

3 .7 

, 

T11h0 r:llJ\1ber 

o 

1 

2 

:; 

Benzene 0.2 r., TTA 
Aqueous 0 .. 1 M 11aCl 

Observed D. C. Ratio l.J . c. 
y Eu Y/Lu 

0.042 0.019 2.2 

.3.1.2 1.3li 2.26 

468 132 3.55 

Table ,I 

Dlstr:ibutio'1 of Y and Eu !p 8 :.;to.ge 
Counter Current Extract t9n 

Benzene Oa2 M TTA 
Aque~us 0.1 ~ NaCl 

~O mL Mch phase in each tub" 

Fraction in tube 
at nJl 3,,~ 

y Eu 

0 0 500 0.412 

0".394 (A) O"'~ 7. (&) 

0.104 0~120 

Fraction in t.Ub08 

at ~H 3,,65 

0 • .375 

0.450 (C) 

0.155 

0.021. 

O.3~5 

0,/.30 {l i) 

0,197 

0.048 

Observed distribution coefficient Benzene/Aquaou8 

A. 10 

B. 11 

c. 4<) 

n. 1.7 
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(;14 frO!ll Boru1iwn Nitride; (A.J, !'leinberger, J .A. Swartout) 

I~ Introduction 

Since the previous work(l)l2) has sho.n the H2SOI. .... cr03 process(2) 
to give qU8ntitati~e or nearly quantitative recovery of CI4 trom trradiated 
Be3N2 and to be suitable from a chemical ~tandpoint, the sca11ng up of thizs 
process was oontinued. 

fxperiments on unirradiated Be3N2 were made to teet the larger seal 
a?pnratuB and to determinc~ 

L The amount of 1.nactlve Ctlrbon introducocJ by the t'lwee"J gas and 
the rt3sgenta .. 

2" 'l'he anlotmt of :inactive carbon contained ill the unlrracliated 
Ue3N2 · 

11 . Te~tine of &areer f~ale ArparatB8 (200 25 gmo Be3N2) 

A. {nan", f.W1A .. (.arUon in Reacents and :~\9oep Gas ~ 

A new apparatuB having a 1 liter pot and a capacity of £roJ!] 20·-25 
g . of Be3N2 (H2S04 '" Crn) process) was designed, built and 10ak test.ed, 

tests of the sweep gas and the reagents gavo the results shown in 
TO-ble I. 

The reap,ente used were t\"ade as f0110..,8: 

H20 Freshly b(')iled distilled 1120 cooled in a loosely ston
pered bott1oo 

l~ l! H2S04 1 part of 36 .n Il2S04 diluted \t lth 1 part of cllstilled 
water, boiled and coolod in a loosely stoppcrp-d bottlc v 

Su.turated 1 g. of ero) dbaol ~ed in 1 ml or freshly boileu dis ~ 
cr03 tilled watoi- . 

The sweep air lias passed through a tri urite-Ascnr11.e column, through a Cut.) 
tube at sono C and then through another Drierlte-Ascarite column . 

(l) 

(2) 

einberger, A.J., and Swartout, J.A , nc 14 from Berylllw Nitrjdetl
, 

MonN=370, '.\~l.1i-J 32. i.·r:r~'""37. 

Fries, B.A., "The necovery of c14 from Irradiated Beryllium Nit.T'ide" 
BC-43, March 7, 19470 
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Table I 

Inacti ve Carbon in 0weep Gas hlld Heagente 

1 . Flow rate of sweep gas 1'88 appro'XiP'ately 20 00. per min. 
2 . The apparatus was swept tor j hours to clear it of untreated air . 

S\Teop Mg. D aC 0.3 
Procedure Tim_ [tecovereg 

Add 250 ml . freshly boiled ·dletilled water . 
Add 450 ml. of 18 ~ H2S04 -
Boll the eolution and sweep with air . 
Add 8 rnl. S8turatod erO) solution .. 
Boil the solution nnd swoep with air 0 

Boll the solution and sweep with air 0 

34 hr ... . 

21 hrs . 
20 hre" 

0 07 

4,,1 
O,~ 

From 'I able 1 it apreare that very little carbon ~Iat'l introdllced by 
the H20, the H2S04 and the sweer gaa. It 1s un] ikely that thv carbon which 
appeared when the Cr03 Sol11t1on was added was all introduced in the erO) 
solution itself'. It is more likely thut traces nf orgalllc lTlaterif.l.1 already 
present in the pot wer~ o~idized when the Cr03 ~as added . This point wl11 b 
settled later by addinp, two portions of crO~ anilltioll. 

B. Blank Runs co Carbon in UniITRdiated S!J1!2,1 

Two runa were made using 25 g . portions of unirradiated Be3N2, 
Clinton prepared, heat decanned and orushed to a nowder in a jaw crusher. 
The powder contained some Al not removed in the Jecanning oporation. This 
msterial was supplied by S. F. Deall of the Technical Division. 

1. first rxperiment ~ 25 c. of B8JN? was slurried into the pot with 
250 ml. of \1ater . 'l'he pot waB bniled and-swept (20 ee . per min.) with &ir 
tor 2 hours to clear the BYotem. Some gas was evolved trom the slurry during 
this onerat1on. The CO2 was not trapped . 

450 ml. of 18 !i H2$)4 wsa added to the pot in 5 rnl. portions. Pres · 
sure regulation was very difficult and at one time some gos was allowed to 
escape to relieve the large positive pressure which devaloped in the pot. 
The released gas smelled of NH3 and somewhat like acetylene. The holling 
pot was aerated for 6 hours . The C~ wss cl)llected but ."as lett 111 the 
Ba(OH)2 tran. . 

8 mI. of saturated Cr03 solution uss then added uneventfully and 
the boiling solution was swept for 20 hourso 

This ~Jn produced 533u7 mg . of BaC03 corresponding to OG~ carbon 
in the nitride o This figure 1e low because of the gss lost o 
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During the run, 1 to 2 ml. of 8. condensate, probably H20, appeared 
af·tier the CuO tubo. 

At the end of the run, the solution waa eloar except for a sliGht 
r~sidue. When the pot cooled, a voluminous procipitate appearedu 

2. Second FXl>eriment: A bubbler containlnE 10 ml. of 16 II JI2::.:.ol. and 
a few drops at ~atura"ted erO) solation was placed in the l1ne after the 
Cu() tube before }tun 2 was Btarted, Dince it; was !'lo8r:J1bl~ that the cOJ'lllensate 
mi~ht hold some CO2 , 

Sinco so much gas was ovolyed from the boiling wnter slurry and 
dw-inc the first. stagas of the acid addition, it was 8 1wpectod ttwt i'he 
nitride mirht contain (jome ar:monium or borylliurn carbonate or both. 'lhere~ 
fora, 25 f. 01' the dry nitride was placed in the pot which was then !"leated 
and eVaCl18ted for several hoUrs. The hot dry pot was then 8Vfupt overrlight 
~tith C02 free air. No C02 was eollected 

250 rr.l. of H;.>O containing ;> rn1. of 18 !i "2:;04 was then addor] to the 
co0100 pot. Th., slurry WllS ew8Pt for J hours. (mly a Bnlail aMount of BaC0..;1 
appoared 1n the aa(rm)2 trap, The pot WB.fl then bC)n~d and B\":ept for 'I hours 
after "hich no more BaC03 appeared to be, f'orming in the trap. J)l1l'1.np. this 
operut1t)n the 1I2U()4 - CrO) bubbler solution tltrned r,reen iMicating that · 
reducing const1tu'lnts were .08.S31ne through t.he ~uO tubll. AI. addItional 1 or 
2 InL or H2SOL was added and the pot \faG swent for allothel' hour~ flo Morll 
BaCOJ appeareCf to be fonning in the trap. 

This treatment producod a total of '$J 0 9 me. ,.,f Ba~OJ . The trap 
was refilled and the pot was agllin 3tartt.>d boiling. Ollly a small aMount of' 
BaCO) appeared in the trap after sevaral houre t)r aeration. 

Thu~ it 1'\a1 be that some carbonutel:l, 110·t remo'leC. by the heatingjl 
evacuation and sweepint of th~ hot dry nitride, srI';! present. Um'fever, the 
tact that the treatfllont should rf'move t.he carbonates and the fact that the 
H2~04 - Cr03-buhbler solution turrlOO green indicate that SOfll,., other arr~ct 
caused the production ~f the cnrbon oontelnine eas. It is reported tn the 
l1teratur(~ that hot we.tel'" decoJllposee De3N2o Thu8 it may be that due to finet1 
present in the nitride rowdor, the initial attack by hot lIater is!::pprl?ciablo 
and that the rate of at tack drops off ~harnly \{hen th~De fines have boen du 
composed. 

A run with irradiated Be3H2 ohould settle this question since the 
BaeD) prodlJCed should cnntain little or no C14 if the effect 13 dut) to 
carbonates Q 

To the boiling water slurry, 245 ml. of IS II "2S0 ~as added slowly 
in 5 ml.. port1onsv During the dissolving, the S'tTeep air wa~ deoxidized by 
hot Cu.. The rate of sweeping ,,~s reduced to a ninitnum before adell tion or 
each 5 mI. portion and waB kept at a minimum until the reaction subsided , 
Satisfectary pressure regulation could be maintained but required careful 
manipulation. The total aeration time for the dissolving atep was ?.4 hourso 
Thic step produced 231uJ mg. of BaC03u 
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An additional :.200 ml. of 18 !! 1l2rJ)J. was added fairly rapjdly to 
the boiling pot. '[hen R ml. o.f liIatl11~ated Gr03 solution was added. The 
boiling !lot was SA'opt "ith air for appro~imately 20 hours. This oxidation 
step produced 339. 1 mg. of BaC03 

The total amount of BaC03 obtained trom tho run was 627.3 mg, 
This corresponds to 0. 15% carbon lit tho Be3N2 u 

The pot wss again boiled and swept with air for 5 hours. A ~lug
up occurred and the apparatus "8S ehut down. Tho 5 hours of aertltlon prod
uced only 0.1 me. of SoC03, indicet1ng toot tho r;m \"as complete W'lU that 
the apparatus had de~eloped no leaks. 

Th(;re was only a slicht residue not in sollrtion at the end of the 
run. ~Vhen the pot cooled, however, a volUJ'linouB precipitate appeared. 

A solution back up durtng th~ final ahut down !"lade the removal of 
the Cur) tube necessary . An examination of the Ca:) shooted thht tho ~d.ro 
part1cles for an inch or two on th~ inlet side were smull~r than the others 
and were s1ntered tor.other. ~h11e this ~ao not the cause of the nD~-up, 
it is undesirable and shows that sinoe the tubE"> ..,a8 hellt at Hf'OO C, tho 
flow rate of combustible eas :per square em. of GIl') '~as too hieh. A proper 
adu:i'xture of (}.l would probably sol'le the dit'ficu..lty but s~noe this is Wl
desirable because of the danger of a hydropon e~10s1or during the dissolving 
stop, the only solutions are to decreas~ the dissolving rate or to increase 
the size of the cun tube . 

The solution in the H2G0J. .. erO) bubbler was found to be strongly 
acid after the run. A few added drops of Cr03 s~lution were not dec~lor1zed 
even when additional concentrated n2~o4 was .aded, thus indicating that the 
reducing constituents which passed throllp,h the CuO tube either we-re Um1t.E'd 
in quantity, .... ere oxidized by the 0:2 in the air used as a swoop gas in t.he 
oxidation ster> or were DWeDt out of tho bubbler. Additional CrQ3 Bolutlon 
wlll be added to the bubbler to detemlno whether these reducing eonstltllents 
are limited in quantity. 

A spectroscopic e~minat1on of -the RaCO) pr~luoed in the dissolving 
and oxidation cteps of Run 2 was made by f'. !~urray. This analysis showed 
Be, Ag, As, Au~ Bl, Cd, Co, Ir, Li, Mn, Mo, Na, I~, Sn, Ta, Ti, V and Zn to 
be absent. Only trace amounts of Ai, B, Ca, Cr, Cu, }<'e, L'e, Ni and Si were 
found. Sr was present in large amounts. Other elements wore not 80ught~ 

\ 

The appara+.ut!l was mod1fiec1 after the plug-up occurred so that t.', e 
H2S04"" CrOJ bubbler solution CQuld no longer back UD" The reagent addition 
systeJr. was also rebuilt so that varying 8mOlmts of Cr03 solution could be 
added and 50 that the H2SO4 solution could be auded 810\'#11 am continuously 0 

1110 Summary. 

Tests of the H2S04 = Gr03 process on b 25 gc Be3N2 scale showed 
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that the reagents and sweep gas introduce only a negligible quantit y of 
carbon compared with that prea~nt in the unirrad1ated nitride eampl es l'Ihlch 
were found ·t,o contain aB much 8S 0. 1% carbon. 

'l'here is sOrle evidence that the ne3NZ contains some carbone ·. ,-("J .' 

material rap:l.dly decomposable by boilil'lf.:, very dilute Hi304 or bY' boill~ 
water . 

Sc..Jlle reducing constituents can pass through the CuO tube . 

'The ~OOJ..' especially the first 100 ml., must be added very ~lowly 
to prevent the rapid reduction and subsequent eintering of the CuI) particloB 
ttnd to pel"mit satisfactory pressure regulation within tho system. 

t;pectro5copic examilllltion shO':/s that the BaC!)) prouuced by this 
pr~ce8s i s quite pure . 

After cOMpletion of the testing of this larrar scala apparatufJ 
l it b irradiated Bs)N2' a 3earch for and investieation of more suitablo tarvet 

reaterlala wil l be unaertaken o 
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Experimental Use of C14 (C" J. Collins, O. Ko Neville, R" Fu Nystrom, :'.'. J ,. 
Skraba, Ao R. Van Dyken)-p.A CX4-4 

Summary 

The reduction of Cl402 to /"B\.,hanol by l1thlwn aluminum hydride 
has been accomplished on a tracer scale 0 Ethanol has been prepclred by 
reducing acetoxymaene::;ium iodido with lithium alur.dnwn hydride" Consi stent 
yields of 6;-70% formaldehyde have been obtained hy the p,yrolysis of methyl 
tr'iphenyl-methyl ether; 

The re;lrl'aflFe:llerd. of carhonyl-labelled benzalacetophepone epcxide 
in &lkalino solution ha s been st"ldied and results nave be,=,n OlJtai!'lEHi which 
elirliJ'IHie certain possible mechanisms of the rp.action. 

The Van Slyke f.1p thod of oxidntion of orp,nnic compounds ins boen 
modified for vacuwn-line work, The 8f1ll.'Unt of carbon dioxide from the 
oxidation is neasur-ed rr'o:\Or'letricall~' ~ 

One hundred and fou)' nl11icuries (If :mri.f1p,d barium carb'lmt-! 
havf.) heen prep:lred by the controlled repreripitaUon of st.ock m?tteri.::b 0 

The specific a~tivity of tOt! first (brcer) frtict.lon Vias increased from 
,,009 to ,0106 mc. pe r ITIr , The fiml chc!llcnl purity was 98% barium carbo
nate o 

'fhe Synthcsj s of Low !'olecu).nr ·" eie,ht Int.~rf.ledia tes Contril o:i.n,~ Cl~ 

U(Jthanol and r~thanol (fl.. l" n Nj'strom, ~:. ll" Skraba) 

In expC'rinents conducted on a tracer scnle, it was fr..unci tI~at the 
specific Hetl v ity of the rot. ,ant·l was 16% lOI'l~r t han that (If the stcrt ine 
materiaL At first glance, it l-.rJpeare,l tMt :.I. dilution had occurrt>d o.nd a 
blank run was made on the rear,ents . The l:tter showed thc'lt .rootlanol was 
pn~sent to tho extmJt of 0,,8% and water to the e)(tent of lC!f" Work is in 
progress to explain this large variat lon in the sJ:.ecific Hctivitip.3o 

A 8che'1\e prp,viously su("gestt>d for t1", prppar~1.ion of ethanol frOf.\ 
acetoxy mar,ne:lium iodide and lit.hium alur.tinu.r:t hydride has been test .. ~d :md 
found to give thA desired product~ Hork is in pr~reS8 on the pre;1arAtion 
of both si f'lf,ly and doubly labelled othanol by this nethod o 

y.:x.perim? nt, II ~. 

~dllc \ i on of C02 to }~ethanol . The apparatus and equations for th~ 
preparation of met-hanol from carbon dioxide and lithiwn alurninwn h~!dri de has 
been described in the last report> DuC140J wa3 calihrated by cO'1v~rt.in~ 
it to carbon dioxide and transf'!rrine the latter to an ionizat.ion chruubero 
Nitroeen E"AS was used as a diluent., ~:'he s oeciflc 3ci ,tvlty ci' t.he P.aG1403 
was fOuM to be 1.15 uc /mo!. Dry c:lrbon diuxide, diluted Wit.rl helium, 
generated by adding 3~ perchloric acid to 20016 g-t-arns (le',,? mill1moles) of 
BaCO) (containing 11.,7 uc of elL.) .... AS passed throueh a solution of 0.9 grll.lll 
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of LiAIH4 in 90 cc , of diethyl carbitol (b.p. 95OC . /J4mm . )n The time 
required for the addition of tho carbon dioxide was 65 minutes" Thirty 
minutes after the last addition, 60 ceo of n-butyl carbitol (b,p, 126oC./ 
26mmo) was added dropw15e~ The still- pot temperature waB then held at 
1450 C" for two huure after which the traps containinp, the dil'Jtillate were 
sealtld off and attached to the vacuum- line, 'l'he methanol l'f8B vacuum dis
tilled and collected in a graduated receiver v A yield of 0 .42 ce . of 
met-hanol w~s obtained, Two separate fifty milligram samples of Cl4HJOH 
were oxidized to carbon dioxide usinr, the van Slyke method of oxidation of 
organic ComPOUMS.: The resulting radioactivfl carbon dioxide was introduced 
into an ionization chamber which was then attached to a vibratin~-reed 
electrOJJleter . The specific activity of the C14H)OH was O~99 ucto/mmo!. 

An anCcilysis of the lithium alwllinum. hydride furnIshed u~ 
following result~ ~ % purity = 94 . 5; %Cl- = 1.2; and % CH30li = Oo~ o 

H,educt1on of Acetic Acid to EthanoL A 200 ee. flask containine 
a magnetic stirring bar and provided with a dropping funnel and suitably 
arranged gas inlet and outlet connections was employed? The latter was 
attached t.o a t.rap cO(lled to -1950 arfd thence to a bubbler flow indicnt.o 
In the flask was placod an ethereal solution of methyl ma~neeium iodide 
(12mm.olo) and l2mmoL of acetic acid (b ,pu 117°C/740mm.)o The ether was 
removed by heat.ing at lOOOC . /40mm. for one hour and then th& soUd residue 
cooled in a strsrun of helium. After addi ne 0.9 gram of UAIH4 in 100 cc 0 of 
d.1ethyl carbitol (b op , 950C~/J4mm., ) the mixture "as heated at WoC for two 
hours with stirrine< Then the tempel"ature was allowed to drop to' ,250C and 
(J:) ec o of n- butyl earbitol (bop" 126°C/26l1lJ1lo) added after which the te.'1perature 
was held at 150oC. for two hours o The product was collected by vacuum dis
tillation and there was obtained A 73% of ethanol -- micro bop. 77 050C: and 

20 ' nD L3593. 

Formaldehyde (/\ . Ro Van Dyken) 

It wa& previously reported(l) that tri phenylmethyl carbinol yielded 
up to 70% tonnaldehyde on therllUll decomposition" Io"urther work has shuwn that 
this yield canno\' be obtained consistt!'ntly and reoults are not predictable. 
Use of P2U5 or A1203 in the thermal decomposItion results in the formation 
of very little or no formaldehyde at all. Loss of wei~ht of the starting 
material indicaleB that dehydration is taking place _ but the probable product, 
triphenylethylene has not yet been recovered in pure form, The erratic 
behavior of the thermal decomposition of triphenylmethyl carbinol makes its 
use as a source of radioactive formaldehyde inadvisable u 

Norris has reported(2) the formation of CHzO together wtth some 
methanol and carbon monoxide from the thermal decomposition of methyl tri
phenylmethyl ether " Experiments carried out here in the manner described 
for tripheny1methy1 carbi nol have r.iven consistent yields of 65-7~% 
!ormuldehyde according to the following equ~tion: 

03COCH3 ) 03CH ~ CH20 

(1) Report. CNL-J7 , pp" 84- 86 w 
(2) Norris, J . £1' 0 and Cresswell , J . A " C ~ S n ,22, 4946- 51 (193J) 
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t',llquots of the aqueous solut.ion of the dissolved volntile prooucts fr~m 
the pyrolysis were ::..nalyzed for fOl"l1lC.lldehyde 8S previously described (1) 
and £or tc;t,Q.I oxi~~tivn hy cold alknline pot.<.losium perma:-teanate as described 
by o~sper(3) Tl',e oxldc:..tion efJuivalcnt of the formaldehyde was 5ubtr&cted 
from the total oxitLtion, and the difference \'los cfllculated a5 met.Lrmol, 
'(he CO was mC'.sured by oxil.!ation to C02 in Ii CuD furnace and precipitation 
as BaCO) art dr all other pl'oduct.!) were absorb~d in water and liquLd llitroeen 
cooled tr~.~~L t~()st of thfJ material not found (13 furtI~ldehyde cou ld Le 
[j(·"oullted for as CO and CHJOH, which were fonned in ap~ro>,-iJ: .. atcly t'quaJ 
m:)laI' prlJptJrtions o A1Z01 which lowl;:l's the tempf~rature of decUlnpo!.l tion 
rlt.'crt' .. 'lsen the ylc:ld of fc;rlll"ld4Jhyde. 

It is repl)rt~d(4) t.hat. 9,lC)-d~hydro,-9,10-djincthvj.J }-9, Ji.'-diphenyl 
:mthrc.v~~n(1 yi~ld!,; form 'l.ldehyd~ on thel'mal dec r)mp0si lion. Thl~ l () '\I)Ot.wd WQ.S 

r-l'r'ep::.rt d allci decvmpo:..nd thel'maJ lJl .' 'fldrt.y per c~nt yield of foc'I1lalJehyde 
was I)ht.ained , lJecumpod1,ion (If the monomcthyl pther of 9,h-dihydJ.·o, -9,10 ~ 
dihydrox,y, ~9,lO diphenyl ant.hrflcflne rather than the dimf.!l:.hyl t:th"l ylolded 
a naglleib1e amount of :'orrnaldr)hyde" 

:!I:.!thyl tribiphenyllflet.hyl, {It.her vrhS prept.rl:'d by d iO!lc,] II j n,:: t.ri 
phenyl earbinol in a. 50t rn1x.ture ~)f meLhanol and benzene, addin!: q sl'tall 
Wl.ouut of conc. IIC] aWl reflUJLi..nr. t~ 501ut1on for t.wo hUl1rt. , On C(lOline 
the product whiCH crystallized /lIP-lted V)J,5-1t:J1toC, and shr·wf·rj no chMII~e in 
mcltinc point aHer Ncryst::l.lliwt.1 Of! from lirroin (b .. p ., ?0-(,JoC), 'rhermal 
decomposition of this ll18terisl at.. 4000C .tn th~ usual InanI\CC yit;loed 15~'(, 
CHV u Tribiphp. .lylrne1.hane Wll.s recovered from thE'; rl"siduf' .. 

}'h/J study of Reaction I'echanisf'ls \Ill th Gl~ 

~g.!'!eRrtents of ~;hal~one Ep.:>xi_q!: 

It has I eon reported t.hat the epoxide of benzt.1Hc('t.t1phenone . 
(ctlHlcone) reacts in the presence of a1kaU(:;,6) to give ?(, P diphenyl
lrtctlc acid and ill the presence of acld\7.8) to give 0( J fJ uiphenyl) (3-
keto prfJpionaldch: de" 

OH- ) 

(I 0 

nt-

OH 
I 

4cH2. C ~ ¢ 
I 
CO(iH 

~CH - C - 1> 
I 1\ 
CHU 0 

---------------------------------------('3) Oes!I"]r . ~~cthodB.-E.L~l.umetr1c Analysi~., pp . 55~65 (1938) 
(4) Hut'd;l ,pyroly~~, p , . .200 
(5) .¥hE-cier, ~f:., ~., J o Chom, Soc , ,1882 (1938) 
(6) Rob'nson and ~~kero jbid . 17?B ~ (1932) 
(7) ':Iei l z and Schaeffer, Ber . ~t 2344 (1921) 
(G) Wit', ' iceIYu!j ibid .. 308 (229-30) (1899) 
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'fhe similarlty of the basic react ion to the important benzilic 
aci.d rearrangement and of t.he acid reaction to the r.inacol r(:ilrrnn~eraent 
makes the study of the se t r::msi'ormations wi th the aid of ell. of considerable 
interest .. 

Considt:rable proeress has bet;n made in the elucidation of the 
ml::!l.i.al'1islQ of the alkaline ret'lction,. Carbonyl-labelled acetuphenonc was 
allowed to react in the presence of base with benzaldehyde tv r,ivc chalcone .. , 
This was converted to t~ tlpoxide by treatment with alkaline hydro.,:en peroxide 
in methanol sol ul lon" The tlplXlde ~fl s rearranged in alialine t>olut.ivn to the 
acid which wa~ decarboxylated with chromic n~id to deeoxybenzoinQ The carbon 
dioxide from the decarboxylation ~as precipitnted as BnC03J dried and weighed, 
'ft.€' released C02 showed nctivity only slieht 1y above backeround" 'l'h~ molar 
~;pecific acti.vity of the de6oxybcnzoin was approximately equal to t.hnt. at 
th~ acid , thus demonstratine that the cnrbon atom of the carboxyl ~r\)up in 
t.~~e acid ill not th~ one present in the carbonyJ erol1p of the chalcon(' epoxidp., 
This shows toot t.he alkaline rearrangement doe!) not proceed bjo mlf~·Ilt.ion of 
the phenyl radical attached to the carbonyl group., Below are the l"eo ;lct.ions 
which 118ve been carried out and the radio1J.cti vity a5~ay,as determined I n 
thE'l vibl'atin~ reed electrorooter, which have been made. Work on the proper 
BRsignment of tho position of the C14 in t.he desoxybenzoin is in prorr,ress o 

~'t. 

~CO CH) ... 4>c~HO 
~ 

Olr- ) Teo CII "::: CH~) 
:t 

~co ell = CII~ 112°2 ) ~CO CII...Q..'CH~ 
0.51 x 1J '- L2 

, 
~ - co 

OH 

o vB 
CH/ - 'cr* ~~ ~CH? t - ~ 

~uOH 
(J ~ 6J x 10-12 

mpsc!"lnole) 

amps/n.malp.) 

CPCH~ 9 - ~ 
eUOH 

(~CH2 g - ~ 
_ere) )) (3 , 10 x 1O~12 Amps/m .mo l~) 

I C02 
~(2,,57.x )(r1h amps./M,.mole) 

Experimentnl 

Carbonyl labelll\rJ Chalkone Epoy.idp.. Two hundred fort.y two millir:rruns 
of carbonyl lubelled chalkone . which had b"en prepGred frvr.l cqrhc-n.vl 
lo.belled Acp.tophnnone b~ t.oo proeedul'c of t;ohlcr and Chadwell (9 ) ""ere 018-

solved in 2080 filL of akwlute methanoL To this solution WpS added () .48 mL 
of two normhl sodium hydroxide , 'l'wenty- four millilUers of' approxi!intely 
30% hydroeen peroxide were adden dropwise and the mixture Watl stIrred until 
t.he tesflperut1lre reAched 240C. After 12 r:ti.nutes, 0 02 ml , of hydroccn !v}roxlde 
WF.15 addtld and in five minutes ~nother O~l snl of h:rdro~en peroxide wr, g added 

(9) Kohler and Chadwell, Orr" ~yn , CoIL VoL I, p. 78 
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with stirring.' Two mL of water WAS then a dded ~lnd t.he rnixture wne 
cC'oled in the ice box . The cryslAlline materia 1 so obt,aineu WfiS collectec! 
on a fin,er, The yield, when dry, was 16301 me , of white chalkone epoxidc c 
'fhe melting point WfHi 81 to 84. OC ,. The crystallization of this materinl 
frum 2 mL of ethyl alcohol yielded 117,.8 mg. melting 8b . 5-87Q5OC ~ 

CX) (?Dip!]f;nYllnctic Acid Fifty r.ti.lligl'a.r.t:l of carbony1- l nbelled 
chalkolle ~po.>dde, 0,,5 ,.1" of absolute ethyl alcohol and 0 .) 1 ml. uf a 
s~lutlon of 1 g . of aoJiwn li yd,'oxide and 4 ml . water Vlere healed under re 
flux for 1 hour ;tnd 25 minutes, Two filL of (Ustilled wnter wus t.hen c..dded 
nnd the solution was suturnted with carbon dioxide by &udlng a fe ',J :.lfTlbll 
piecos of dry icc . The solution W<.lS oAt.racted twice with 2 rnl. port l ons 
of (at.hyl etj~ r " 1'wD- tenths of a milliliter of 6 Hel were ti'&en ('videa anti 
Lhe m.:i.xturf.'! WqS f'xtracted VIi ttl J mL of p.llia!' ,. Tt.!: ather ] ayer VJ:1S .Iashed 
willi 1 mL oj' wntJer ~nd the ¥lat.er layer WI;S c,Xtrnctud with J raJ. u f ether 
The et;lcr layot"s were cornbired, wb ~heu with 'fIutet" nnd eV:Jp('r(Jt~ ti to dryncs b 
in a tc.red flusk . Cr.fJt~ l::.; so obt~ine ·i Vl e re de~iccated over P~5 1'(11' 24 
hourn yielding ~ l. '3 milllf~rD' 1s of ex., (3 diphen~,.lll1c\'ic acid, Y.wld : 95% 
of theoretical. This material was thell d issl.llved 1n J . O "c~. Dr bl.mzene , 
A mi.nute amount. of nurite ',U1S ~(jded to this warm solution which was filtarf.> d 
throup;h a talc pftd em a centored ~a.fI~ fun rle L r'lask and funnel ..,-ert! wr13lJ~d 
with :),,65 mL of warm kJenz.ene nnti then throur,h the sr.JJlC funnel wn o ;,oured 
5.0 ml. of low boiline petroleu.'1l ether , Uron coolinr.,whlte cl·ynt.als of the 
acid appenred c. This "laterinl wst{ ft tl,ered on a clp,an tAred funnel and 
deslccnted over ['205 for ':4 hOltr5 c The yield W.'lR :~9~5 mill:l.r.r,.m~ of nnte r ial 
whose melting poi nt. wns 165 to 166°G'J Yi el d em cryst.:llll z:ltion was 7A'f, c 

Oxldnt;,un of 0(, fj, Diphfmyllf'l{~t lc heid to Desoxybl!lM,oin nnj 
Carbon Di{JxldP-._ A . :.nn'l g. sample of the aCJ.d was plClced wUh 5 fl'lJ'; - of 
dry cr03 Tn-the flask of I:.he combustion npparn.t.us o The combustion flask 
was connected throu~h a eoooenMr end Dry Ice trap to two An (OH)2 (lubbler 
tubes 1 Two milliliters of llcetic 8~id were allowed to flow upon the dry 
mbture and t.he flnsk was wi,rmeu sllfT htl v until solution of t,he mat,eriah 
was effecl.ecl ~ Ni troeen r,as wss allQ'(ed to bubble throu!yt. the solut.ion for 
a period of ~ hour In order t.o sweep the evolved nttroren into th~ Da(OH)2 
solution" I,t the end of th.is timE' , the hu lJblp.t' tubes WE're dlsconnected and 
the BaC03 was collect. ed by cf"nt.rifue,atiol1 ,. I.fter h!inr washed, U,e pre
Cipitate was dr.i.ed over n.lr:ht. in the Abderhalden drying pistoL The weieht 
of BaCOJ was ))1560 g . This was th en decomp05ed VI It.h phosphoric acid and 
the C02 was passed inL o an .ionization chamber for I\ssny< tJo observable 
activity ~ To t.rre residue was added 1::> cc.· n~) ~nd 1i) cc .. ethyl ether u The 
layers wer~ SbflC"rBtt!d ;;n11 t.he a 1l l leOU5 la.~r wa s washed 3 t i l'\es with 2 cc ,. 
portions ether c The ether hycr was w~Ghed once with 4 ce o H20 n:'ld then 4 
times with 2 cc 0 ptlrt ion8 salura:l.ed sodiwn bleD-rhona. te solu.tion, l'olluwed by 
two water washi~5 (4 ce" pod.iona) c ThE: ether was t.Aken to dryness and 
desiccatel,L Yield, 1900 mgme . crude prodl1ct, "hle h VIas cUssolveJ in uc.4 cc . 
methanol. This solution W!&5 filLerf:!d . 'rhe fll:tsk w~s washed with 0 .. 35 CC r. 

methanol and the wa shinr;s addod throui::h the funnel to t.he solution . Next, 
v~ 75 g .) water was added and the oclutlon was heated until h a.d a turbid 
solut.ion with no prcc i pUateu ~fp.thanol was then added dropuise \\lith agitatIon 
until a clear solution resulted . On cooling in ice-box, 7.2 mg . desoxy
venzoin-7-C14 m~ p . 52~530 were oht.ained , Ioniza.tion chanber determin<..tion 
of radioactivity showed an aet1 vity of 3 .,30 x 10- 12 amp/mole. 
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Development of An~lyt iCtll Procedures 

Ox-i.dfltlon (;OI:1Pounds (;ontr1ininK C14 e , g , 
Met.hanol -

1..!et.hanol- C1L. htls l:.een unCllyzed by converting it to C1l()2 by the 
van ~lyke method of oxidat.ion. Due to the volatility of met.h&nol vacuum-
1 inc tochnique WIlS employedo A known weight of Illctluinol-C14 wa6 VL.lcuum 

distilled into the oxid:.tion ella.nber, the combu~tion liquid f(dded, <Jnd the 
rr~sulting cl1to2 swept throueh a trap filled with JO mesh zinc .at -l,.OoC 0 and 
collected in t.hree trups cooled by liquid nit. ror.en . .\fter t.he clL.o2 
evolution was conplE"te, the system wns evacuated und isol) ... t.cd .. The llquitl 
nltro(~fJn b~thS were remOlled lInd the amount of cl 402 me~H.urod r.llIno: lt: 1. rj. c~illyo 
Next. the C402 \'1\:15 t.ransferred t.o an jonization chnrnber which was attac hed 
t.o .1 vibrating-reed electraneter and t.he Actlvl.ty of the cl 402 det.crnine d 

l'llrification of BACllIOJ(:;" J~ !Jkraba) 

The pllri ficatioll of BaC' J~J W!lS undertaken j n order to T'rovide 
t.iJO Uu.:"eau of :..;t."rrlnrds with a homr)JJ~neous r'rirrlary sti1.ndnrrl for thl'! ste.nda r dl -
2.ation of C14 counting methorls~ He~etoforp.: stock BaCl 40) hOB been of 
quest:l.onable c:hl'lI1ical purity and consequently of variable 5p!3cific activity, 
In our procedur~, the specific Activit ,v WAS i~reased from 2.94'1- to 
3 . 471, and the final che~ical ' rurit.y WkS 97-~ . rh~ procedure usp.d in thi s 
purification is as follows: 

Arrroxim<'ltely 10:) nrfJ of BaC-1I~3 W33 purifieor. ]!~jp:ht bat.ches 
of l3ac14oJ ae l'eCflived from t..he- I1 C14 factorj'" wE're t. umbled ·together in a 
covered glass ja r for 24 hrs . and a SA.I1ph~ taken for nnal:V5is~ HeslJ Us on 
11.4 ems , showed 103 ncs C-14 with ' an isotopic ratio of 2 ,, 91/'. 

!~ WElter slur r y of t.he BaC1403 WhS tretd.fld with 70'f, HCl04 AOd the 
evolved ClAo2 swept throu p,h a hot solution of very dilui.(J Aa(Cm)2 o The 
apparatus WDS arrune;ed so that duril1P. the preclpitltt.ion of BaCl 403' the 
solution was agitdt"d with CJ steady strenf'l of C02 free air" Kxcesn Cll~02 
Wa.D used in preci pitutine the BaCl 40) und tre unreacted Cl402 was collected 
1n a second procipitation . The a.buve c cmdit.:f.otls \Vere needed to obtain 
pure crystals of BrtCl 4(J3 thFtt were ~abily flltered and washed" The pre
cipitate was washed with boll cd distilled wut(>(' unt i l absence of B:i (JH) 2 
was i ndicDted by pH detendlY.HoTl y It was then rellov~d frOr.il the rre
cipitator and dried in a cksi.r.cat.or und..,r vacuwn over calcium. hydri de to 
constant weight " 

I!.ii~ht and six t.e!1t ils gms of DaCl 403 (97-98 rurity) Wll~ oht~1 i ned 
from t.he first precipUntion .:trld c ont.ained I.)L 7 mes . C 4 with an i 8ot.o;:-ic 
rntio of 3,47% . This lJlhteri.nl will now be used I;lS a primatyst 'lI1d<lrd f or 
calibration of various CJJ1- count.ers o 

One and t·~o tentlis crnz, DaC l 403 was obta ined from t.he s ec li nd 

preclpHation and com..ftined 12, 2 ~5i .. c14 wi.th an isotopic ratlo of 
J ~ 27%o Since conditions of procipitation were not controllod in the 
aecond preCipitation, t.he resulting BaC1403 did not attain the dc!;.rec of 
purity of the primary 5tandard~ 
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J .. StJPPQRTING CHH1ICAL RFEFAJl.CH 

The Ftmdamental Chemistry of Ruthenium; (M.D. ~llvarmanlf J .A. Gl1artout) 

I . lntrQdyct ion J 

Polarographic studios 011 t}.o upper valence BtattiS of t'Uthaniwn 
have previously been reported. The raaillts which wero obta1neJ :1ndlcatbd 
that the ruthonute -perruthena'te potential W8S probably the only reversibl 
potential amongst the upper valence stflteD~ The potent1s1 for this coup!' 
ID to be investigated , by sett iug up the 1'ollowin;~ cfJ1V 

118(1)' 11g0(u)' KOH" ltu04, Hu04", pt 

If it were possible to obtain one ~f the other potentials (4-u, 
1. .. 7, r'.A) in addition to the 6-7 couple, these values could be combined 
to give additional thennodynamlc chita for ruthel11um systems in the hieheX' 
valence statos 

II. f.eview of ThermQdxnaMlc r.'Qasuremtll,ts for Aru:110fOIUJ r~ane;unesA ~'y;,t~r~:. 

~i1nce similal' systems aJld couples had been previollsly investi ... 
gated for the upper valenco states of 1nanganese. an intensive st udy of th 
literature was made on this work. 

:Jsckur and 'L'aeeener(l) in 1912 investir;ated t,he follo\7ing rc-
actions: 

I 2 Kl'.m04' 2 lOll ) 2 K2Mn04 } H20 * ·l ~ 
and II :3 Jt2Mn04 0} 2 1120 t " 2 KMnOI + L. KOH , ~ PAnQ..) 

'l'hess workers had no mlccess in obtaininp, equilibrium data. '.I.'his was largely 
due to the fact. that they \vere lmable to datermine small amounts of T.1n04 
in the presence of large amounts 01' Mno4"'., and v lce versa ~ ThtfY tht)rof.')ro 
resort Ad to electrochemical methods to attack the nroblel'l" 

rquat10n I can be broken down into 2 3impler reaction8~ 

I (a) 2 r~o4- ..;. 2 9 ._: iI 2 Mn04 

I (b) 2 OlI''' 't - 1120 ... ! ~ ~ 2 

The potential for the ~xygen electrode in 1 MKOH (equation Ib) is kno.m and 
i8 0 0 / .. 1 Yolts" Therefore it was necessary to obtain the potential for the 
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coaple in equation I (a).. 'rhe following cell wae used to obtain thi ... 
potent lal , . 

pt, ~Mn04' ID!n04 (L5 ~KOJJ) B KOH(008M) ~ HgO; JIg 

Potentials oont:>tant OVflr sever}!l hours were obtained; furtheI'lrorA , t.hey 
oboyed the Nernst eqUBti()n~ F. It Eo ; [i! 1n MnJU., 

nl" "'n04 
:r~. liquid jlmction potentials \'Iere of the order 2-5 Tr'V. Th~ 8u1.h(')r~ aldO 
ustStlrned tlu:.ot &he ionic concentro.tiom; (actt'l:l.ties) or PnO/t-· and ~~)4:: tier 
both proportional to their total concentrations and tlwt bot !" ualt~ ",era 
diesoclated to the same e~tent. The ranr,e of salt concentrations employed 
ero: lt2Un04; O .. Ol'} " ~ 0.054 ~'; Plft.n0M O.014,u 0,,15 M; and ~OH, L 5 - 5.8 flu 
vlllue of O~61 volta was obtained for the 1 (a) couple. Whon thb ".J.lue 
, combined with that for the oxygen electrode, (Le. tantamount tc sotting 

up the oelIr. Pt, UI10,/\. r.~nu4 ~, KOH( TIl), 02 (1 atm), pt.) an F. value of " 
o 61 ... O.~l ~ 0.20 volta wac "bt.ainod. This gave a value of K :1 2 8 x 103 
for reaction I anJ .1aQds to a value of Kn1HB ,IT 602 .;;. 6 x 1013 ~ltmoepheI'e~ . 
Tharefore, since a pressure (If oxygen of 6 x loi~~mosPhere6 1s requ.trod to 
roverse reaction I, the l"eaction :is irreversible , 

Similarly equation II can be broken down thUS3 

n <a) 2 I1n04~ :~='I: 2 r~n04'" + ~ ~ 0.61 volta 

II (b) 2 H20.;. t\n04~ )0 rmo-i " 4 OH"'- 2 

The potential for H (0) had bUEln obtained above. 'f'harefore it TJ8~ only 
necessary to obta:1.n a: value for II (b) . Cons1derab1tJ difficulty was en 
countered in gettine 8. reurodllc~ble potental and plating the pt e1ectr~o 
with Mn02 gave no batter resll1 t:~ . ~orlev,h8t constant potentinls wer(~ rbt,ninoo 
in ~-8 N KOH using a clean rt foU electrode and pure l,'n04:1: solut10ns o '1 h 
\Yorkers asO;)umed a figure of 4rf/. dissociation in 8 N ){OH and p.tJ1, dissociat.ion 
in 0&8 N KOH (i'or star.dord electrode). JUllction potentvllo wore of ~he 
order of 6€vera1 h,mdredtha of a volt. A"potentiul of 0 .. ") vol"t. \"Ia::; obtaineJ 
for II (b). "It is o"Oviol',s tb;.t since this value is nlso greater thE.n 0 1.0 
volt (oxygen electrode jn nn<OJI), it. is ito:posr::ibla to oxidize nnO:~ tt') ;'Y' J4 
by means of oxygen alone~ By comb1ninr the potentials obtained for II (bJ 
and II (b), an equ1l1brito/ll constant of K !! 1.4 x 10-4 "as calc1.11nted for 
Equation II. furthermore, the vallles of 0.50 and 0.61 can be combiIled to 
give & calculated potential tor the r~oJ~·' Hn~ oouple ot 0.54 voltfl 

Ruby{:-!.) in 1921 aasayed the work of Sackul: and TaeBElner. fits 
conolusions were that the value for Mn04~' rblo4~ couple could bo tskan 88 

fairly reliablo, but that the T'otontial for oquation II (b) abovo W:1S 1.:.,;11 
f1 rough aprr."ximu~lon. pe then investigated the equilibrium in equat:i.on II, 
where K :: !t'lnQ4~} ~OH-)4 ~ Ob'4'ioua1y Ilnal,ysGs :t'or the var1ouo Ions must 

(f" n041E") " 

2) Ruby, J~ Am. Chern . soc . ~ ~J 294 (1921) 
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be accurst 
ae follows 

(1) 
{2 

rl) 

(,~ ) 

}~uby ar.aly-zed for ,.1nO,/ and MnO in an equi11b:t 1um l\bdul'O 

:"U.1Ct.ure vas filt~r6d to remoV~ 
A 'Neiehed pl')rtiun \18B titrated 
agent; hence 4 ". J. 5 Y ~ A {t1 
nnd Y La conc. of i nO.!. 

ot.htlr weighoci p"Jl·t.i.o 
nu tlJ 

Pn~ 
f1n ( n) l1ith standn 

· .. .:h.re 'X is (.Jone. 

d 

Th8 concIJnt.l'(tUon:; omnloyed by Ruby ·,vero: f~f)H I (14 
2r.1n0J.' 0 .. 00,3 -0.025 :'i dnd 1\,1n0/..l 0 .005 ... 0,016 M. hpJ.1it1ri '\;'1 " .... 

from b('lth eido~ of equat ir)n n· }{ obtaincn fror.! Qnt' ~id, vt.riou fr ,;; •. : :2>() (J I 

fr0rn tho other, K Vtlri.f.'ll fro'" 16-f~1. :F ortultou:;ly, tho a vors{'t.;. .. ,1' G..L 1 vnlu", .. 
).II one case was ~;l o 6 und 11l the othC'r ;1,6. USinr, Q Vl 1

11tJ of 1\ ...,; I)~ , w: 
mp10y:1.np: tho potsntlal of 0 ., 61 volts obt~jned by Sackur and '!'u"cen(:T f.,r 

't.he f!lal'lf'Lmat~ · rflrmangflrjutt; couple, Rilby caicull1.ter.l the p.'}'tjentlul for the 
IT'ene&.nate, lTIan/i8neae Jio'XiJe coU!)le to bo 0.66 volt.;;, con~:1 :1el"t\bly J ~ fi'6r~mt 
froM the'nlue of 0 . ;0 v()lts previously obtalnli!d p,lecrirochcl.: ical!/ bj tho) 
Llbo'c lluthors. Ruby alJo calc·lluted the potential for the p~rt:lru:f·lnj .. t(;.., 
rrs.nC;flnese . (h.o:'t1de couple to be 0.647 volts,. 

f;chles.ingsr and Siems(3) in 1«).24 attacked this equllP"rr1tIr.1 
rrob1(''TP, with u new and novel approach. Their method dapond·]d t:ln tb3~\, 
fnctr,: (1) liafAn04 is v~ry insoluble ~ (2) the concentrat1nn 0f aU Cf )f:1p(lnnnt 
in uoluthm '.'Jould be 30 low tho.t 100} ionization co'.1ld be fI'1a~ll"t;ltl; emu D) 
the errors uU(, to thE" decomposit ion of r'nO ' or r'ni) 1. Yo! ar~ /lV/') J u~d. heC(l1l.36 

-:..h;sc ions are in eq'lllibrhDII between s()li~ Dar~n(14 and ita d~col':r.onitlo1i in 
Q,lution 10 compensated by further reaction of the flolil1 illth H20. '.:'hu 

equ:l .. llbr ill1\' 13 81111118,1' t() that writt.en abov 

,. 2JhO, ..:.:. Ba(r~04)2 ~B ( OH ) " ? Un()..l 
"'" 

1'0 dot.~rT!line tht coneantratiot! ol~ the threo .,pncil~3 in col'.tt.lor, 
nC~f30S6ry t.o obtain K, the authors employed theso Ilnalyttcul mothotl~:; 

,1) Barium was dotElrtTlined by the s"!.llfat<. proclpitatlon, Ilnd the CuHc.!l1tra 
of t-nO it'!' VtlS calculated by unlr.g the solubill ty Tlro'luct value of :2 ,~ x 1'''' 
obtainod in the first part of the paper; (2) pernanr;enu.te WBS r! ~t(!rm1r, 

(3) ,:,clJlesineer and :;iems, J 0 Am . ChAin . :~Cr /..§, 1965 (1,)24) 0 
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colorin'etr i.c~lJ J; a nd () On- was daten" inud conollc ti1"'atr iClAEy hI ... 
method employed pr'£')'1 i::Ju~ly by Harned, i . d. I t ii.ratioIl .,.!th etandard be. (Ol1 
I'.lfter adding exc~~~ 112~)04 to t.he eq,uiltbrtwn mi.xture 

rho first . :'>i:I~t.l:>n 01' the D8}l6l" ... &5 concerTled ''lith t h 

Ttro(~uct detcrrlinatlon of tis r.1n04' This Wtl.S obtuillOO by T'lt.luuur:i 
dC},ullibrilllTl concom.r ... tl.on; :ill the rvncthm · 

'Jl' l ublll .. 
th 

In(J4l n.l·OJ 4===l:: Ba CO; I · K21.!n04 

:.:ince the sulublUt.1 pro'!'H:t for filA (,n ·~ 1;.; known, thut for Un' 
calcu.1.atod from tho eq l~t ion 

CI:J1 b~' 

S "l' 4 n0l. .:-:. r ~ f)QCO.3 

&s:.i1lr.'line thftt. oither ;r :" Y2. or tht-, ir r~Lio was constaut d'Jr 1:.l' the con 
dh ions of the exper i.!(1ent; f'lrt.}lernIOl"l~, buth 8c.1.ltS are of the U.!:l··l)l\'ti lent 
t~'re e.nJ ~Jhol.llr..l bo d1s~ocif\t.Ad to the 6ame eY-tent . 
chtlc):.(."i by vory.ir.f': the \!I'>Dcuntratiofl of bot.h 6O.Jtp (up to O •. Ll,4)" lm:i 'lo in 
thu Jl'ldtu.m ualts jr. placfl of thl, potat.::s lum compounds. A constaa't 
thr l!oL.lhllHy prot.1 wt of Ba'~r!04 W8~ oht!lin€-d. 'fhe largest err., 
Y!'lninp thtt c.oncentrll.tiM! of r·llO· .. was jn'lolvtlc :ill the ersllimetric f ~t 
l1'ination of da IlS l'3aG()". The -pIt(lcipitstf<!3 of Uo.::i04 weighed bet'li~'tHl 1 
16 \,.(': so that a ne'l.e} ·::trtg error of 0,,1 IT'.f m.·o,j lccd i'n errl"\'" of 15~ ::l~ 
value of ,. (oauilibrlurr\ 

'Ithe condu(lt~1!etric titraU, ... r or:1ployoo in (2), ( thu 2nll pRrt t 

the paper), WIlS quite trioky and inl'o]'1ed the oonstruction of I:l ~:rJ~ ..,iul 
titration vessel. l!ow('vcr, the l.ll!thora ~tatt1 thnt they ',wre a~ ~ (, t o "btnln 
valuos accuratt. to 0.41 on titration of aoluUons ELS Jlhlte a~ 0 nrC05 t. i n 
KOH. 

Vnluo3 of K obtained for the equilibrium vS'!"ic,1 fro" 10-
14VI"rn.-e b:-d.ng 16. 'fhe ioni.c concentrutiontl ~MplOY'nd by thu:Je a. ltho 
r.:Vf~~O . 8 - f:l x lO-:'f~1}'.na4- ' 0 . 03-0 8? x 10- 3r1; De.H, O. J~ 3 -1.1 x 
1n:),-, 2. .· .:.· -5. 7 x l~ 

oj 

ArtlrO\lS amI i)l'own(.~·) in 1935 invest.tgated t he pf'?l'T.'CthCana ...... 
Maue nnese di .. 1tiJo cOl~le, They prepared a rnar'fancse (It()']d.d~ 
dlj'Jt.1n.g platmUM f oil .J.n j~n(N0.3)2 and then heatinG t.he fOi1tll 1:l .I',3 
tKaO,., 'tItls cerved as the electro.le for the 'Ptlrmancar.at.a couple 1 

(lwinG cel~· 

Pt, f'n02 , r~nl) 4 - ,II KOP, lIgO, }) 

,u.d 
l;he 

by 

'"hcr;9 workera obtained notontlalEi T'cpr,)ducibl e to .f 0 . 001 volt. iita:J t .. '1fJr 0 

not the cO\lplc ia :re-voraible appaars questi onable, daspit£.· thu r-=pruct1lc':'ui l1ty 
of the potentials and their auhel'ence to the Hernst eqUlition. A pot(;ntlal 

} 
nd d OJ'c J . Ar:! ~ Chem ::it.ll: r. 2 ';' flO ). 
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r,. ~88 V(Jlt~3 wse obl~1n(td f'o r tho C01Jplt· and uf.l.ng :;':chlt..;ingu 
oJ' 1 .~ 16 for tho f!(!uil iLl'iJ.m cI i "I ;~l!"cp(l a! '('Vt, potentials (If 0 ;6.: 
olts were ohthi!'od for the JTIUlCIllIEttt! · pern£4n,:!c.H18to and m"neanato 

d!oxlde couJ)18~. respoct. hL Jy . 

1 

_ _ tern htiS bf.l(Jn d ~ .;eus::; 
1ncf~ the onlllof1itJ3 1.) rllthenilm 81"13 very obv Inu~. 'rhl.. (" '.I1.tltJTlLl 

bE: r~vo:"sil:>l£l fron- pol'Jro f;I'tlphi~ 
'fi 1 ttl th13 potl:'ntin] 8v:..11l'1bh~, tt~ 'J 11.(1 

to d£,t~n" In" t.he eqllilibrium contfl!l 
l\un4 -,'- 4nll I Ru'J;> if ttlJu:U.l br 

ydp.rc. This j:; open to qllnstioll, d' 
llltion The ~lre3enC9 of an up'PC'r V( 1 

'10 d )llbt, tht' priJ'lllry roanon for thi 
therrore, the t1 curL.ey ,,(J which tht- ionic conccntrat.iolls 1)1' th~ vat
conBt1tUl~nt8 cnn b,... rlutl)nr incd leaves doubt as to the validity o..c.h 
Yl'JtJd bt) obt,uinad. l 'urr'.lt.hpr,ut."3 awi I'".lthenate ~oL1.ld be datarl!11m. , b" a 
combinat:on of;! rethode: (1) helhction to l!u(nr) in aJl ' 1odldf': .. l. , ~tl.t.inn 
to obt&:ill J 'X .:. I. y ::: A, und (?) totul 1- JthenjltITI b.v ueinr. F..l tl"nc:cr P. G a 
ereciJ ic 8ct1'V:1 ty Il'''iilr>d. 'J'l,o Jeterml:nut.lon o.t' t)J 
ob stacIa ,_ A pH r:ptt'r is probably 110 11"0ro accaratl, 
tainin{: 8n t:l.hso)tJt,e val'.1c of pH to ~. 0 . 02 -.mlt~: jn tltt' 
be quito difficult.. The cor.-lllct:Imetri.c titrstlon, sltb 
special teclu~if].ucs, Tfould prob&bly gbe I"oro accurst,) r'tI<.'u.ta. ·~ 'h·-, ;).n~t lIn 
of attack, ~';hlch 1s probably e.!lsier, is to prc!"ur6 tJ.rl clt!.(.-trodo :1!.th Lu().) 
sllr.llar to thut u~oo by Mdrew3 anu i:Jrc:",m. This electroJl.. c!lu.1_d t.iWll b 
used to obtain a potential for either the r 1lt.h..-mnt6, l"'ltllcni:U!1 uloxide c()upl", 
or fe-r the perruthfmate. T<ltheniWJt d:f.oxide couple, lo!t.hor OtiO ('>f th·:l.39 

ot-ent 1uls, if' "btainab Ie, cOluc1 be t.l1€tl used tfHh t}w rntnerwtc-iien'\lther:a 
putential tl") ohtaln cons1derablo thelrlodynwnlc infona.tion about the IlPPul' 
valc"'lce stato;;! of ruthenium 
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Ion-J:.:x.chanBe Separations: Rare Earth Purification (Do H~ Harris and G. E. Boyd) 
P.A CX3-5 

The following qua.ntities of spectrographlcBlly pure rare earth 
sesquioxid88 have been produced during the quarter now el~psed: 

'rlll20j 
1'~r203 

Hr'20J 
DY203 
Y20:; 
'l'b407 
Sm203 

0.827 go 
6.353 
1 .276 
10652 
B<llB 
0.335 

16 o Z19 

Tho above earths were collected in a number of fractions jI $0 that 
t.he 8C'!tUal purity of some portions is prohably much groater thAn indtcllt.ed 
depending on the position in the eluti on zone . 

It was hoped Lo have Lu and Yb available at this time, thus com
pleting the yt.triul'l earth l'.roup (lJu- 't'b plus T) . These will bo prepared soon 

The SmQ0J was made by cryst~llization of the mar,nesium nitrate 
double salt, It was carefully checked for l:u; the umount of this element 
was reported to be not more than 0, l~, 

It is of i ntereat to note that the ~m()unt s of Tm20J and J!:r203 
eiven were derived from the same wnoun1. of source material (vlz., CO!:ll ,lt?rcia 
yttrium salts probably from Texas eadolinite). The natural ratio of Tm to 
J<;r 1s thl,l8 l:8~ 

tn all results on l~ colwun separat10ns have now been obtu1n~u . 
These show many int.eresting differences from those results found when only 
milligram quantities wera heing fractiol1()ted< 

General Radiochl;!mistr : l!J3rt.h liadioisotOpeB (D . Hu Ketelle and 
G. J~ Boyd P .)\u CX4-3 

Gadolinium 

The separation of tho rare earthe between holmium and p-ndolin Lum 
WdS previously reported (B .. H. Retelle nnd G, lL Boyd, J( Jim. Chem u Soc., 22, 
2000 (1947») but. BornO uncertainties existed concernine the assip,nment of 
the terbiUl'll and gadoliniU!ll peak because 50 Uttle W:'-lS known concerninr, t.he 
hlllf~livee of the active gadolinium iSOtOpe5~ In order t.o clarify this 
problem several additional column ~eparation8 of these elements have been mAde , 
Slow n~'lUtron activated ra.re earths Vlere used, and, in order to facilitate 
the identification of yttri.um, the 105 day isotope yS8 obtainl')d fro:n 
cyclotron bombarded atrontium .,89 used .. 

 



e 

e 

e 

95 ' 

In these separi'ltiofls yttriwn was found to fall between hclmlum 
and terbiwn; too aysprosium peak was /almost su~ri.mposed upon the r.eak of 
yttrium but rnay have lagged nllc,htly behind " 

T\lo separaUons yif:lding hir.hlY purified gadolinium show the 
presence of two activities wUh half-lives of 18 hours apd about 240 days . 
It is possible that the long'~r livod activity is the sruno &9 the act.ivity 
shown by Ingrnham and Hayden (Phya . Rev . , 11, 643 (1947») to belong to Gdl53

0 

Ytterbium: 

Bothe (Z. Naturforech., 1, 173 (1946)) has assipned the 34 day 
activity of ytterbium to the isotoPe of mase 169 because t.he X-rays ~mittcd 
following K-capture were tho,sa characteristic of thuliumo Thle assienment 
hcs baan confir~d by the reaction: 

"m169 (d, 2n) Ybl69 ~ 

ytterbium free thulium fluoz 'lde was subjected to a lOO,A.(A hr hombardment in 
the Berkeley cyclotron and ~n ytterbium-thulium separation was made on the 
ion exchange column, Two peaks of activity were desorbed from the coluM o 
The first peak was due to activity havin/!. a hal! life ot ~21 days . Absorrtiol1 
curves further identi!ied the activity to be ldentical with the 32 day 
acl ivity produced by slow neutron uOOlbElrdment of ytterbium,. Acttvity of the 
second peak appears to be identical with , t.he 1.0 Mev f3 125 day activity of 
thu.llum" 

~rbium and Thulium 

In the last quarterly report (CNL-37 J p . 94) probahle mSD3 as::;l;~n
ments (lnd radiation characteristics were given for the 7 c5 hr and 9 . 4 day 
erpil.lln activities . Further, it WtiS sta.ted that the 7JO day thulium activity 
was proba.bly the dtHlghter of the ? 0 5 hr Erl?l ., r'urther work has been dune 
to confirm these asaienments o 

A snmple of erbium was bombarded in the plIo for lJB days to 
produce the lont! lived thulium. Followine the bOfllbardment the sampl~ was 
alluwed to cool for 35 half lives of the ?n5 hr act1l!'ily before the thulium 
erbium separation was made o The dec/.t.Y of the erbium sample was followed in 
an ionization chamber nnd the proportional beta counter until it tailerl out 
to a very lonp, lived activity ... The latter was present to the extent of 
onl y 0.00057 01' the 9, 4 day erbium activit,y~ If the 9~4 day act.ivity decnYfld 
to t.he 700 day activity, . the latter should htr.ve about 0, 01 J5 ~ Therefore, i t 
is felt. that the long liv"d activity 1s either a trac(J of t.huliwn impurity 
in the erbium,thRt it is a third erbium activity, or that it is the long
lived Ho163 isotope . Its decay hilS not been follow",ct 6ufficip.ntly lonp: to 
eive a value of the half life . 

In another experiment the thulium erbium sepnration was made ns 
rapidly 8a possible after b~bardment and the decay of the erbium fraction 
was again followed . The results of this experiment cannot be reported until 
t he 904 day activity has decayed to a low level relative to any long-lived 
activity which lIIay be present . 
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In concludon., it is believed that the 9.4 day erbium does not 
decay to the 700 day thulium. Furthennore, since it was shown that this 
erbium is a beta e.nitter, its assienment to mass 169 in agreement with the 
previous assignment made on the bssis of its energy is probably correct o 

Thulturn activity obtained front too first of the two above mentioned 
bomt.·a,rclments was sufficient for study 1m the beta ray spectrometero :rt 
alJP~ar., to be a pure beta emitter whose trlaximum energy is 0.100 Mev ~ The 
calculated yal~e ot tt fer this isotope is 1 . 2 x 106 so the transition is 
probably rir"t~ rorbiddef1~ 

Finally, the (3 sp8ctrwn of a S (lurce of Tm170 , 125 day half life, 
was determined on the beta ray spectromete~~ Its maximum energy is 0098 i 
0 ,. 01 MaVe With the product ft equal to 6 a x 108 this appeare to be a 
second forbidden transition. 

The Sep!rati~n of Hafnium and Zirconium bl Citrate PreCipitation 

It was reported in the open literat.uro that a precipitrAtion of 
zirconi~m by citric acid would not carry hafnium and that very good separation 
could 1'e achieved" 

In order to test this statement a half a gram of cOntr:1ercial 
zirc .mium nitrate WB15 equilibrated with hafniwn tracer in hydrofluoric acid. 
Th8 hydrofluoric acid "ae then displaced by fuming with perchloric acid and 
t.hlj residue taken up in water o Since a trace of fluoride. remained, it was 
rfJlIloved by repeated precipita.tion of th.e hydroxide and resolution in nitric 
.· .. cid " Finally, the precipitation was made by the addition of a half gram 
of citric acid monohydrate. Since the precipitation W83 slow to form,several 
cenLrifugatione wore made and the precipitates were numbered. Finally, the 
supernatant solution after several weeks standing gave no more precipitat.e 
until phosphoric acid wal5 added. The following table gives the reading 
1n mY. on th~ garum8 ionization chamber set on 10ll(lreeistance. 

Table I 
, 

Precipitation of Hf in Zirconium Citra!:!. 

Precipitate Mv ~ %Hf' 
Number in Precipitation 

let Citrate 37 32 
2nd Citrate 6 5.2 
Jrd Citrate :3 2.6 
4th Citrate 8 700 
5th Citrate 1 0 0 9 
Phosphate 60 52 
Supernate 0 

-- , --------
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At best the separation is poor, certainly not the clear cut separation that 
was repbrted by the early experimentors o Since the quantities of pre
cipitatee formed were not. determined, it is not possible to g1. ve a 
separation factor . However, qualitatively it can be said that the wnount 
of hatniwm carried was proportional to the precipitate volume. 
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~ Studies of extraotions with P- dlketonea (B. Ao LeVY D A. Broido) 

e 

-

Introduction 

During the past quarter work has continued on the .extraotion of various 
metals into benzene solutions of TTA (symbol. fiT) aooording to the reaotion 

lie +n (aqueous) + n BT (benzene) ~ lIe~ (benzene) + nH+ (aqueous). 

As desoribed in previous quarterly reportlS(l~ the ~xtraetabl11tielS are 
being oalculated in tems of the equilibrium oonstant 

[Ker;l B [~: 
r".. • [110 ~ ... [ilij; 

in whioh the bra.okets· 8ignify thermodynamio aotivitielS and the subsoripts A. 
and B refer to aqueous and benzene phases respeotlvelyo 

Tttrium studies 

The equilibrium oonstant tor the extraotion ot yttrium with TTA:-benzene 
was detennined using y91 traoero A series ot nine experimenta (Table I) in 
whioh the enre-otion ratios (benzene!aqueoUfJ) were varied from 5 x 10-4 i.o 50 
b.Y appropriately aejusting TTl and a+ oonoentrations gave an average value ot 

LYJB I!r~ 3 

Ky • [yJ
A 

[H!j3 
- 1.94 % 10-7 

The preoision obtained (average deviation • t 3%) ia muQh hi&her than is 
justified by the aoouraoy ot pH measurements. The 11m1 t of send ti vi ty of 
the pH meter used is no better than 0002, and this deviation will introduce 
an error ot l5~ in the value of Kyo 

TABLE I 

Conoo TTA in nistribution Ratio 
Kr x 107 No. benzene {lrl)B pH {Y)sI(Y)A, 

1 0010 3 . 19 00107 1087 
2* 0010 3.84 9. 6 1. 85 
:5 0.20 2. 86 00088 20 04 
4 0020 3 . 20 0 . 906 2.02 
5* 0 0 20 3.59 12. 1 1.84 
6 0 . 50 1074 0 . 000516 1. 92 
7 0 0 50 2. 32 000278 1 .. 98 
8 0.50 2. 86 1014 1.98 
9* 0 .. 50 3 .. 43 57. 5 1 .. 95 

*Equilibrium approached fr~ the benzene phase 
Kave .. 1.94 :t 006 .K. 1 

( 1) C51.-:57 
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Lanthanum Studies 

The value quoted in the last quarterly report(l) tor the equilibrium 
constant for the partition of l.A3+ tracer between aqueous !Solutions and 
TTA-benzene was found to be in error beoause ot the presence ot imp1.\ri ty 
in the tracer used. A. redetermination ot KI.a with use of oaref'ully purified 
tracer (Table II) gave 709 x 10-10 wi th an average devittt on of t~. These 
data are oonsistent with the data of Werner tmd Perlman 2)if thei!' measure
ments are assumed to have been made at an ionic strength ot 0 . 05 molar. . 
Although tho agreement among the various values in Table II is well within 
the acouracy ot the pH determinations , there may bo a trend to lower values 
of KLa at higher pH values .. 

TABLE II 

Noo (HT)B pH (lA)B!tlA)A ~ x 1010 

1. 0 020 3. 02 0 0 ()()l05 8. 1 
2 0 . 20 3. 18 0. 0031 7 .. 8 
3 0 0 20 4.01 1 .. 55 8 .. 4 
4 0 .. 20 4. 09 1 .. 53 704 
5 0. 50 3001 0 .. 0152 902 
6· 0,,50 3014 0 0 0352 8,,9 
7 0 0 50 3{>33 0 .. 121 802 
8 0 . 50 3. 42 00204 7,,5 
9 0 . 50 3 .. 54 0 0 495 7 .. 9 

10 0. 50 3057 00554 '102 
11 0. 50 40 01 11 ,, 8 7. 3 
12 0.,50 4006 16 .. 9 704 

Kave :=709 ~ 005 % 10-10 
*Eq.uilibrium approaohed from the benzene phase 

Zlroan1um-hatnium separation 

An approximate value was obtained (Table III) for the equilibrium con
stant for the extraction of h~fn1um tracer from HCI solutions to ohock on 
the possible useof a TTA pro08dure for the separation ot zirconium and haf
nium., Unfortunately, hatnium extracts at a very slaw rate , considerably 
slower than does evan zirconlU1nt ~d lltr...-7 x 106 is not lSurriciontly 
different from &'..r ("""2 x 107) 3 to allow a simple separatiOllo A prooedure 
involving repeated fraotionation may, however, be pract1oalo Since hafnium 
is the leBs extraotable and allo the slowest to extract, a better fraction
ation may be achieved by operating at non-equilibrium oond1tlou8o Since 
there 1s some ohloride complexing in strone HCl solutions, fraotionation may 
also be improved by extracting from non- complexing aqueous phases .uoh as 
HC104 solutlons o 

A further oomplication WQ8 introduced when the extraction was attempted 
with a Zr + Hf ooncentration or 10 mg/ml.. As soon as a TTA- benzene solution 
was added to the 1 N Hel oontaining thttse macro quantltlesD a preoipitate 
was rormedo The oomposit1on of this preoipitate has not been determined o 

(2) Bc-i 
(3) Mon-N-311 
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~ thenoylmethane 
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TABLE III 

{HT)B (n+)A 

0 .. 01 
0 0 05 

1 
1 

(Hf) :e!(Ht) A 

45 
0007 

 

Ytftr 
7.1 x 106 

7.0 X 106 

D1thenoylmetha.ne has beon obtained and will be tested as a oomplexing 
agent to supplement TTAo Preliminary indioations are that the much lower 
colubil1ty ot DDI (saturated solutlon""O.2Il) in benzene will limit its 
app 11 cabi 11 ty. 

Reports issued 

A oompilation of abstraots of project 11 teraturo on ~-dike·tone extractions 
has been issued as ORNl~36~ 
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Hard Gamma R8)ys from ySS - (Ho A. Levy. 110 Ho Feldman) 

Th ' 1 e apparatus previously described £or measuring y-radiat1on by 
counting neutrons !rom the (y,n) reaction on deuterium oxide has been 
used to investigate hard ~re.die.tion from lO5d y88 . This isotope is 
reported2 to amit gammas Of 009, 1. 89 , and 2u8 Yev, the latter in a 
fraction 0.01 t 0 0 005 ot the di.1nte~ration8.3 The 2.8 Mev y is the 
only one detectable by (y,n) on deuterium, and this method offers the 
possibility of precisian considerably ~reater (~B.%) than that of the 
previ aua worko 

The y8S was obtained from a Sr targtrl; bombarded with deuterons in 
the 60" Borkeley oyolotron and was separated by a solvent extraotion 
procedure with TTA. 'l'he OOtmting rate 1n the hard y apparatus waD very 
low, "V 100 OOlmts per hour J consequently long count. are neoessa;'Y 0 Counts 
were taken for 10 successive lO-hour periods several times over a 3-month 
interval. ~e data were subjeoted to statistical analysis by usual methods o4 
SomB data of questionable value aooording to Chauvenet's Criterion ware 
disoarded as probably arising from detects in the instrurnento Periodio 
measurements of total y were also made with a high-pressure ionizat1on 
chamber5 equipped with a vibrating-reed eleotrometer 0 

In F1~ure 1 are shown the observed measurements as a fUnction of 
ttme. The lower ourve represents the hard y measurements, po1nts X being 
counting rates obtained from the first lo-hour OOlmt of eaoh measurement 
and points 0 those l'rom the average of 10 auoh oounts . As i8 to be expeoted 
tM former 8how greater fluctuation. The upper ourve represents the total 
gamma radiation. 

Since the slopes of the two ourves are not all ke,. there i 8 doubt &8 
to the origin of the hard y measured ", Further measurem&nts are l.Ulderway 
in an effort to olarify the question. 

Radiations from Ba141 - (U .. A. Levy. B. Zemel) 

In order to make satisfactory measurements of the ellergy 01' 18 m na14l, 
it has been found neoessary' to devise a continuous method of removing the 
3 0 5 hr. La daughter. This has been found possible if the :ea.14l i8 cOlmted 
from solution, and this solution 1a oontinuously circulated through a vessel 
oontaining suspended Fe(CE2.:s at pH 8-9 0 ~u1pmen.t tor achieving this has 
been devised and tested.. llle detalls, together with results of absorption 
mea8urements, will be reported later .. 

Ie> JIOn;o<Q2, p . 1001 CNL-37 . p .. 100 

2. Downing" Deutsch and Roberttl , Physo Rev. 60,. 470 (1941) 
3. Gemmertl!lreld9r ~ Physo Rev. ~, 288 (1944)-

40 A. Ao Jarret. lecture #9 in Radiochemistry, Clinton Laboratory Training 
Progrom. 

50 J one8, Clark, Zumwalt and Overman, OONL Report in Preparation. 
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DECAY OF GAMMA RADIATION FROM I05d. yee 

\ 
I04~ \ 

D~------______ ~~ 
DECAY OF ALL GAMMA IN SAMPLE 

DECAY OF HA,RD GAMMA ALONE 

I JC 

'" 

2/20 2121 312 3125 4/1 4/28 511 5/18 

--
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Solid Chemistry ot' Ruthenium. -(W. Do Silverman, H. A. Lfrr:r) 

In a previous attempt to prepare anhydrous BaRu04 b,y heating the mono
hydro.te. it was round that oxygen is ttVolved and a phase approximating BaRuO;s 
ie fOl"llWdo X-ray diffractica patterns ot this material showed that it was 
e1 t.her non-orystalline or partly arystalline1) depending on the temperature ot 
heating. In further experiments. lome of this material was reheated at various 
t9l11pura.turaa and tor various times in air» vaouum. and oxygen. l'he nhas8s 
resultiDr, trom these troatments were .1m11ar and showed two typel oY: X-ray 
«:Ui'fi-actlon Unes: a series of 5 sharp lines accurately desoribed by tho 110 
21l.c 220 .. 321 az:u:l 330 refleotions ot 8. cubio cell with .0 .. 4,,06 A, end a 
sot'(,ud Bflrie8 ot difi\we lines in a oomplioated pattern. These two series 
pro\)f\bly arise from c1fterent phaf:elh Sever ... l attempts to separate these 
pha~\l8. by boiUng in H20 and leaohing with aoid had essentially II.~ 8ffeot on 
the aU'1'racti'ln pattern. The sample was then further heated in air at llOOo 
tor 4t1 hours; this treatment left the 1."ive "cubic" lines W'lohanged. exoept 
pOHsi hl.y trJr sharpen:lng 9 but oausad the appoarance of a oanplex patte-rn ot 
othor sharp line8 qu'.te diffe·.~ont trom those previously obsorvedo . 

E.fforts to obtain the X-ray dlfi'raction pattern of Ru04 were WlsuQoessful 
because ·,f experiment.al difficulties. Two oapillaries fUled with powderod 
material Ilxploded (entrapped liquid !l2) before an x.-ray photoe;raph oould be 
obtalnedo Attempts to place !ingle orystals of Ru04 into oapillary tubes jn & 

dry box wftra unsuccessful" The high vapor prossure ot the mat&rial was re 
sponslble f ,:'r the rapid di8l!1p~8urance or these crystals , even ... t a working 
temperature of 0-50 C, 

The Cryst&:l Structure of KRuO! 

Duhyo- Scherrer pa.tterns oi' !Ru04 were Buccessfully indexed 011 thft basis 
"Jt a tetragonal latti ~e ~ The rattern shows tho a truoture to bo laomorphoUL 
" i th scheelitu (CaW04-) 0 TIle lattice oonstanta were obtained with groatost 
\'recisi on from 1"81~lectlons in the baolr .. rofl~otine: region on & pattern in which 
·J· &C1 was mixed w1 t~ the KRu04 ill order to provide oali bratlng linea 0 tho latUo 
·Jpaclnfjs considered most preoise a~ a.o follows s 

hkl &0 .. Xu Co ' Xu 
'1)597 o ~ 

- - -
440 
GOO 5591 .. 6 
640 5597 0 0 

U018 12965 

Values adopted. &0 • 5&91 t ~ XUj Co c 12 9 9Gb ± 8 Xu 

The pattern shONR the following systemati<: absencos : hkl when h t k " 1 10 
odd .. correaponchng to a body- centered lattioe; hko when b or k is odd. 001 when 1 
is · not ~ multiple ot 4 . l'heBe absences and no others are required by the space 
L""OUP C4h - 141/&' which is the space r:roup to whioh BoheeU te ond a number of 
O ~'er i4omorphoUB orystals belang ~ The ~try of this apaoe croup requires t hat 
4 lQ' :J.ecu1es of KRu04 be pr'~l'Ient in the unit cell. with K and Ru oocupylng the 4-fol" 
speoll positions (e.) and (b) . · The 16 oxygen atoms could be ll1 two setR of a-i'old 

$"":.Iltertl~ , ~ QIl4l fables for l,he Determination of Crystal Structures- I> Oebruder 
norn~;r'leC · "' :9 Be r ltu (l£:'?,b; 
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po~ition8 (o)~ (d) . or (6), or in beneral positions (r), Tho tormor do not 
lead to a chemically plausible 8truotl~eo 

COl'flplete sptJoifir ations 01' th~ struc'bure wi 11 require the a .. si ~nmant 01' 
vulUd8 to three parameturs on thu basis of the observed intensitit'P1: '!hi 
ass1gnment iCl now under NayD 

• 
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Separation of the Long-Lived Rare Earth Activities !p. Fission: (G.W. Paryer, 
P.~. Lantz, J.W. Ruch, G.M. Hebert < 

Introduction: 

Associated '.dth the extensive effort toward collecting and ac
cumulating mUl1gram quantities of the 4Y element 61 for ger er~l charac
terization, there has developed a fortunate opportunity to sepaf~~e sl.d 
p~W reaaoliable quantities (millic 1.1I'ies) of the long lived tu and ) 
Sm • The 2-),y Eu has been previoue~ accurately described by Wlr.Sbef~(l, 
but the -v 20y Sm, it is believed, has been only incompletely reported ,),. 

The history of the application of the ion-e~oharge technique in 
this department to the purific~tion of large quantities of e1em~n~ 01 begins 
\'/ ith the ortgtnal fission elemont separations experiment devised b{6 T~Pkins, 
Khym und Cohn 4.5), from fractions of which Mur1nal<;y and G1er:denin , 
achieved the firHt chemical purificution of this element . The duplication 
of Marinsky's separation of 61 by repeated frtlctionation on somewhat i1'1effic-
1ently but ~lcceB8fully operated six foot columns of Amberlite JR-I was ac
cornp1ished imrr.ediately following the former work end has been continued on a 
semi-production basis during the past two years, accompanied by a ger.erCll 
program of physical characterization of the element. 

While this report on the occurrer.ce and charact€.'riza~ . ion of these 
two long-lived rare earths 1s not presented in the light of a complete studT, 
an attempt has been made to establish the most prominent rauintion chtirac
teristics within the limits of the degree of purif'icution indic .. t.ed in the 
elution curves of Fig. II and III; i.e., to a purity of 1-2 parts per thou
stlnd of craBS contam1n~tion. 

For some time, due to the intensity Of ihe interest in element 61, 
the normally ae~ocinted long-lived Eu155 and 8m 5 were sacrificed in frac
ti~ns deleted to avoid high radiation from large quantities of the 57dY. The 
on11 previous separation of fission isotopes of these two elements was observed 
in connection with the praparation of the '~47 hr. 61149 for mass study by 

(1) L. Wineberg, CC-2000, Aug., 19Md See also nNuclei formed in r ission, 
DecayCharacteristicsll etc. (J.A.C.S.~, 2411-2422 (1946), issued by the 

(2) Plutonium Project. 
( ) L.G. Lewis and R.J. Hayden, C.P. 3295, Oct., 1945. 
(~ ) M.G. Inghram, D.C. Hess and R.J. Hayden, Phys. Rev. 11, 643, 1947. 
( ) VI .E. Cohn, E.R. TOIIpYins, J .X. Khym and G.W. Parker, CC-S-2S27, June, 1945. 
(~) F.R. Tompkins, J.X. Khym and W.I. Cohn, J.A.C.S. ~, Nov., 1947. 
(7) J.A. Marin8~ and L.E. Glendenin, CC-R-2829, June, 1945. 

J.A. Marinsky and L.E. G1er:denin, J.A.C.S • .2,2, Nov., 1947. 
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Inehram(a). It is recognized that Borne adjacent rare earths respond much 
less t9 the fractionating power ot the ion-exchange citrate-e1ution-
method ~ 91.. Such a pair is UJ'ldoubtodly these two element s for it can 
readily be seen, for example tn Fig. lIA, that an enormous separation 
exists between Samarium and element 61, whi1a one observes onlY a bare 
break in the act1 vi ty peaks between 1:.11 and an 1n l' 19 • II. Perhaps abetter 
and more consistent seoBration ot these two elements has bti~n possible by 
the particular steam heated column mothod previously reported by ~cte11e\lO) . 

(8) Inghram, Hess and _Hayden, ~ m.. 
(9p lO) G.l. Boyd anJ B.n. Keta1le, JACS §2, Nov . , 1947. 

rxper1:mental~ 

GroBS Rare Earth aeparations 

In the average procedure existing for the separation of fission rar~ 
earths, a solvent ~racted aqueous-residue i. used conta1ntne tho entire 
fisaion mixture. From the "GroBs Separation Column" a recognizable spread 
is obtained in the rare earths section between the successive aliquots such 
as is indicated by the ca1cl1l.ated-component curves of Fig. I. This initial 
separation is currently being performed on an IR-I or Dowex 50 column 6-teet 
x 1.5 em and with 4.7'$ citric acid-NH40H solut.ion of pH.- 2 .6 for tho fomor 
col\DlD'l to 209 tor the latter. The Dowex 50 column is slower but more effic
ient and is useful in handling larger quantities of cations whether of fission 
or foreign material. IRul was used exclusively for a lone time £or the ad
vantage of speed. 

The components illustrated in this initial sapar~tion are arranged 
in the order Y, Eu, ~ and 61. ~d, Pr, Ce, etc., are not recordod becau~8 
long-lived activities are apparently not present in the first two anu th~ 
curves do not extend to the region of the appearance of Ce activity. To date 
no fission prodLlced Gd which should precede yttrium has be~n reported . 

Qya11tY of the }.u-Sm Separation 

By selecting an appropriate division in the a1iquots containing Eu 
and Sm; identical column runo were then repeated for the enhancement of their 
indi .. idual purity. Fig . II A&B illustrate roughly an effect of decreased 
flow rate on the distance between the centers of the respective bands in 
terms of numbers of cuts. On the 3-day Separation (J<'!g. Ilc>A), only 3 outs 
separate the peaks, while the 6-day (Fig. II-B) run at least twice as many 
cuts and a significant "saddle" between the curves is observed . Improved 
separations with finer mesh media or slower elution are obviouslJ' possible , 
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Production and MeaSurE'ment of K..series X-Ray Snectrum of I.1etnf'ot (,1: (G.W. Parker, 
P • ..,. Lantz .. with Y-12 Spectrographic Group: L.I:.. Burkhart, Vi.F' . Peed and 
f .J. Spitzer. 

Introduction: 

In an unclassified document Index Noo Y 173, May 24, 1948, the 
Reseuroh ~~d Development Division, Isotope Development Der~rtment Y-12 
Plant; Messrs L.1. Burkhart, W.F. Peed ar.d I.J. Spitzer report in detail 
the successful compl6tion of a cooperative effort to photofraph ogd meas
ure the K-Series X-Ray emission linos of the radionctive element 1. 

In u very excellent photograph made while bombarding abol.lt 2 mg 
of the 47 61147 at 70 Kv; the four major lines were ob'tained with no 
evidence of any impurity. After adding llbout 1 mg each of Nd and Sm aa 
the oxide to the target. A second exposure Vias taken recording the 
bracketing lir.es of the adjacent elements with those of elemer,t61 . 

The following 1s an excerpt from p 9 of the report by Burkhurt, 
et ale 

Element 61 
K -Spectra Linea 

Wa velen.n.hs XU 
Measured Calculated Possible Irterfering Ltr.es 

323.68 

319.02 

282.00 

275.03 ' 

324.27 

319.60 

282.99 

275.33 

La 327.26 

La .319_66 

Nd 285.73 
Td 282.94 
Tb 278.19 

Dy 275.64 

Sm 272.50 

The group at X-10 are highlY indebted to the above authors at 
Y-12 for t~eir excellent work and intense effort in producing this data • 

.. 
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D .. Xc> 

1. Study of Baok Reaction in Decompos1tion of Viator tmder Pile Radiation 

A nwnber ot pile exposures have been made of water oontaining ve.rious 
amotmts of added dissolved hydrogen and hydrogen ~ ronde. These solutions 
were &sealed in tused silica ampoules with practioally no gas volume 80 thRt 
all the gases present were held in solution. The ampoules were exposed in 
the atandard position in Hole 12 of the Clinton Pile tor 'Various periods of 
time and were later analyzed tor gas and peroxide oontento In this way. 
results were obtained for the rate of deoomposition or formation of water as a 
funotion at tho ooncentrations of the various substances involved. and steady
state levels of water decomposition were obtained at different values ot exoess 
hydror;an or peroxide . Resulta in these experiments have been the most con
sistent of &QY obtained an water in the pile. 

The water waa triply distilled in all-silica apparatus . Hydrogen peroxide 
(Baker and Adamson , reagent grade, 3~ was vaouum distilled in silica apparatus 
before use. The silioa ampoules used were sealed to a sil10a manifold conneoted 
to a 81110a bulb in which the water or peroxide solution to be used was placed •. 
Hydrogen or helium freed of higher- boiliug impurities by passage through a l1qwd
air trap was bubbled through the solution in the bulb until alr was expelled ani 
the solution saturated with the ~aB at atmospheric pressure . ~e vmole appar~tus 
was then inverted ~ allmv1ng the gas-saturated solution to flow into the ampoules . 
which were then sealed off. 

The results are given in' detail in Table 10 The numbers in the last column 
headed "H2~ + 202 - Ii2 n, should be oonstont for &n\Y' series ot r\ms by material 
bIlanoe. Variatif)ns in this number indicate either that analysis was faulty or 
that some side reaotion oocurred involving impurities or sl11o&o Although con' 
siderable devia'tiion trom good material ba.lanoe oocura in some oaBe8, the result. 
in general are regarded as satisfaotor,yo 

The outstanding feature of these resulte 1s that deoomposition of water in 
the pile is entirely suppressed by addlng a relatively small quantity of excess 
hydrogen . ~hen both hydrogen and hydrogen peroxide are added to the wo.ter~ the 
peroxlde rapidl] drops to zero when the exoess hydrogen oonoentration amounts t 
100 mioromoles/liter or more (corresponding to a hydrogen pressure ot about 
10 om Hg at room temperature). Exoess peroxide, however , instead of suppressing 
the evolution trom water , has the opposite effect; the bi~eer the excess of per
oxide the more hydroeen 1s present at tho steady state. ThuB hydrOGen peroxide 
plays a double role in the baok reaotion, it is , 01' oourse. a l'ear.:ent neoessary 
tor the baok reaction to occur . but it alao , like many other soluteB~ acts as an 
inhibitor tor the baok reaotion. This is the explanation tor the previously 
observed faot that» starting with pure water , a higher steady-state ooncentration 
ot hydrogen is observed when a conSiderable spaoe is available over the water 
than when the vessel is full . In tho fo~er case . most of' the hydrogen formed 
escapes into the gas phase, leaving an exoess of peroxide in the solution wllioh 
1nh1bita back reaotion and causes the hydrogen conoentration and thereby its 
pressure to rise to high levels. Since exoess peroxide inhibit8 the baok re
action, a solution containing laree peroxide exoess would presumably decompose 
under radintion indef1ni tely it' it were not for the decomposition ot peroxide 
to oxygen whioh oocurs at the some timeo The evolution of' hydrogen stops when 
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Table 10 Reaction. in aquoous l!Iolutiolls or hydrogen and hydrog~n peroxide 
expcs~ in Clinton pile at 250 Co 

Batch (a) 
Exposure Concentrations p microlllole./Uter 

time HZ Oz HZOZ H20Z + 202 - HZ 

D(b) 0 680 1 775 97 
0 517 4 769 260 

2 min. 710 19 705 33 
2 min. 627 14 717 121 
3 hr. 143 20 173 70 
3 hr. 151 19 161 48 

70 hr. 207 40 204 77 
70 hro 30" 39 202 -27 

D1 0 847 4 0 
10 min" 829 5 0 
10 min. 828 rr 0 
3 hr . 724 4 0 . 
3 hr. 743 4 0 . 

1)2 0 972 4 1190 , 226 
10 min .. 870 . 1 968 100 
10 min .. 93'1 1 980 . 45 
3 hr. 395 133 527 398 
3 hr. 403 142 535 416 

D3 0 767 10 4720 3973 
10 min" 1220 370 4120 3640 
10 min. 1015 382 3980 3729 
3 hr. 1220 1860 2735 5235 
3 hr . 1910 1750 2665' 4255 

C 0 780 0 2430 1650 
10 m1n ~ . 1020 210 1945 1345 
3 hr. llOO '/20 1516 1855 
3 hr . U90 645 1470 . 1570 

El 0 0 1260 0 2520 
10 min ... 204 1360 377 2893 
10 min. 119 1190 380 2641 
3 hre 913 Ill0 1496 2603 
3 hro 948 1085 1470 2692 
6 ,5 hr . 870 1070 1300 2670 

E2(o) 0 20 0 320 280 
10 min ) 172 108 280 325 
10 mine 160 97 287 321 
3 hro 493 105 452 169 
3 hr. 411 112 460 274 
60S hr . 352 143 422 356 

E3 0 563(1) 4 324 ( -231) 
10 mino 395 B 0 - 379 
10 mino 402 11 0 -379 
3 hra 380 4 14 -368 
3 hro 392 11 13 -356 
5,5 hrl> 353 19 0 -315 

, 

. 
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Table 1 • (Continued) .-
F1(0) I 0 (0) (0) 0 - ' 2 min . 20 

2 mino 10 7 17 12 
4 min. 11 7 13 10 
3 hru 19 9 13 1~ 
3 hr~ 16 6 11 13 

F2 0 '173 6 Z50 -411 
1 min. 687 6 29'/ _~r,e 

1 min . 296 
2 min. 221 
2 min" 635 10 212 -403 
4 min. 408 " 46 -349 
4 m1n ~ 415 22 37 - 334 

Gl(d) 0 742 11 301 -419 
2 min., 740 15 243 -461 
2 min" '733 3 238 0-489 
4 min" 693 (; 192 -489 
4 min. 642 5 1n -440 

e 8 mln ~ 501 7 0 -4:81 
8 min .. 535 6 0 - 523 

e 12 min Q 407 9 0 -469 
12 min o ~6 19 0 -398 
l6 min. 477 0 0 -477 
16 min" 425 14 0 -391 

G2 0 - 282 
1 min" 107 6 221 4S8 
1 min. '382 4 208 4Sa 
2 min. 127 1 142 571 
2 mino 703 1 126 5'/6 

B 0 660 
0 823 18 666 122 

10 mino 5'10 19 435 97 
10 mino 660 21 445 1'/3 
85 mino 51 4: 0 4~ 
85 mln~ 59 10 0 39 

Notesl (a) Ampoules in eaoh batch were filled Simultaneously by the 
Bame solution. 

(b) Hydrogen values in this batoh are believed to be low beeau8e 
of incomplete outgasBing or 8~ple8 for analysis after exposur 

(c~ Sa.turated with helium" 
(d Pile operating at 1000 arf. All other r\UlS at normal power II 

about 3600 .KW • 

• 
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the peroxide level has been sufficiently reduoed by its deoomposition to 
oxygen. On this view, the conoentration of hydrogen found at the steady 
state is regarded 1.8 dependent on the concentration of peroxide , but the 
conoentration of oxy~en plays merely an inoidental role in the piotureo 
Figure 1 shows a plot of the hydrogen oonoentrations at the steady state . 
vorsua the peroxide ooncentration., For the runs with exoelUl hydroe;en" the 
peroxide conoentrat10n is zeroJ the r\D1S with exoess peroxide 11e on 0. 

straight line on this ploto 

Figure 2 ebon the rate of disappoaranoe of peroxide tor experiments 
with exoess hydrogen or with relatively small excess peroxide., Curves A, 
B, D, E. F and G of Fie;ure 2 were obtained at pile power of about 3600 Kif; 
aurve C W&S obtained at a power ot 1000 B.W 0 Curve E was obtlllned a long time 
ago in pyrex ~lass and Is put 1n here for oomparison. it aeem. to fall well 
in line with the otherso In that ourve only the sum or hydrogen '{JtJroxlde 
and oxygen was detenuined and is here plottedo Por all the other curves 
(obtained in current work) the amounts of oxygen found b,y analysi. wore 
almost negligible " and the hydro~en peroxide alone is 210ttedo A~.l solution. 
initially contained a conoentration of 775 m1cromolea/l1ter or hydrogens 
oorresponding to saturation with the gas at atmospheric pres.ure. The rate 
deoreased les8 than proportionally to the pile power. The initial rates at 
normal pile power are plotted 10 Flgure 3 against the initial peroxide 000-

oentrutiano The rate is sean to vary in a regular manner with peroxide con
centratiOll and to be a minimum at the point at which the peroxide and hydro
gen oonoentrations are equal. The reaotion kinetics here presented t>.lould 
be explainable on the basis ot a theory involving the interaotions of: the 
free radioal8 produced by irradiation of water. Such a theory is being worked 
on, but is not ready tbr presentation at this time . It may be said that the 
high rate of disappearance of the peroxide indioated in Figures 2 and 3 ~ve8 
that the baok reaotion oocurs by a chain meohanism., as had long been suspect ed; 
and the straight-line relationship of Figure 1 follows directly if peroxide 
moleoules react readily with OR radicals as well as with H atoms, and all the 
(J{ radicals disappear by rea.otion either with peroxide or with some other 
impurity_ 

Water outgassed with helium decomposed less than axpectod from the ex
periments in Whioh hydrogen and peroxide were present. This probably in
dioates that some tmpurity which slightly inhibits the back re~ction was 
introduced with the hydrogen ,;as 0 When water containing only hydroeen was 
exposed, the hydrogen concontration appeared to decrease slightly, and the 
peroxide ooncentration as determined by spectrophotometrio iodimetry appelU'Id 
to be nee;ative. The same phenomenon of apparent nee;atl"e values of peroxide 
was always found on long irradiation of: solutions containing hydrogen in 
exoess of: the added peroxideo The negative values could be asoribed to the 
presenoe in the sample of an active reducing agent 'Which reduce8 Bome of' ella 
iodine unaVOidably present '1.n the potassil.1ll. iodide reagent u.ed for the de
termlnationo l'his reducing agent could result from impurity introduced with 
the water or the hydro~en gas, or it could conceivably result from reduction 
of S102 0 The subjeot i8 being investigated further. 

2. Decomposition of Water under Pile Radiation in Solutions of Purified 
• x: loride at Vario~s_FH 

The quantity of bromide in our purified potassium chloride was determined 
by aotivation analysis in the piloo Four I-g . samplos of the pure KCl were 
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exposed in the pile tor 119 hourso Three of these samples contained small 
quantities of added pot&ssium bromidoo Each a~ple was dissolved in water 
acidifiod~ andOU"rier KBr and excess KBrO,s added. The resulting br~ne was 
extraoted into aarbon tetrachloride three timos, and the oombined extracts 
then extracted with sod! \Ill bisulfite. The bromintt was precioi tated &IS dIver 
bromide, mounted and countedo Results are shown in Table 2. The counts per 
minute here reported are correoted for coincidences and tor a baokground ot 
17 a/min... All samples showed the proper bromine half-lifo of 34: hOurB~ and 
(by ~b80rptl~) the proper maximum engrgy of 0045 Mev expeoted for active 
bromin8p thu8 identifying the 1mpuri ty which was being oounted in the s8JT\ple 
with no added bromide as be1ng uotually brominoo 

Table 20 Activation analyde of Dr in purified Kal. 

Added KBr 
g/g of !9l 

o 
302 x 10-7 
3 0 2 x 10-6 
3\)2 x 10-5 

oounts/rn1no 
(at arbitr~ Btandard time) 

633 
783 

1963 
26 .. 020 

counts/min 0 

due to added !..8r 

o 
150 

1330 
25,387 

Comparison of the added oounts produced by the addition of bromide to 
the chloride sample show tht;J.t the raBul ta are constant wi thin 1" 30%; the 
fluotuation must be due to vary1ng ef£iclen~ of reoovery of tho aotive 
bromide in the procedure used 0 The bromido coo"tent of the orltinal ICl was 
7.5 x 10-7 mole ar/mole KC1. i 30%0 

A eroup of solutions contalnin~ purified KCl and HOl in various pro
portions. diluted BO that the total chloride iOD content was always O~l Mg 
was exposed in the pile for 18 hourso The solutions were treed of dissolved 
air by bubbling with purified helium and were sealed up with neglig1ble gas
phase vollaeo Gas and peroXide contents after exposure are shown in Table 3 
and ~~gure 40 A reeular increase of gas production with deorease in pH is 
evident" It was apparent that the timtt allowed was ineurfioient for the 
samples at the lower pH's to reach the steady state, and another series rae 
aooordingly made with an exposure time or 120 hours o In this series the 
total chloride ian content was varittd in suoh a way that groups of samples 
were prepared in whioh the product of the hydrogen and chloride ion concenG 

trationa was oonstanta It was hoped that the steady-state level or water 
decampod tion would depend only on this produoto Results are shown in 
Table 4 and Figure 50 It 1s believed that 120 bours allowed suffioient time 
in all oasea so that true steady-state values of the hydroEen ooncentration 
were reaohed.. The steady-state level is seen to increase with both ohloride 
and hydrogen ian oonoentrations, but not in suoh a simple way that the hydro
gen oontent is always exaotly the same for constant values of' the ion produoto 
A theoretioal explanation of the results is being worked on, and £urther 
experimentB are plaoncdo 

30 Calorimetric Determination o£ Energy Absorbed 
1"_ ~ K' '.8 

Materials Placed in 

The oonstruction of the · calor~eter is essentially oomplete and the per
formanoe of the ' instrument has been ohecked outside the pile o Xhe aluminum 
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Table 3 0 DecQnPo~it1on in solutions of purified KCl and HCl, OQl M 
In tOtal chloride. exposed for Ie hro . in Clinton pile 

Product conana .,ml11tmo1ea/liter 
pH CO2 °2 H2 H2O,! 

1 0. 035 00176 
, 00843 0 . 395 

1 00030 0 . 201 0 0 798 0 . 367 
6 00094 0 . 117 0 . 504 0.380 
5 0.074 0 . 155 0.938 0.550 
4 0. 116 0 . 668 2. 32 1.19 
4 0 . 061 0 . 497 1. 84. 008B5 
3 0.048 6. 13 17 . 2 5.40 
3 0000 5030 16 . 6 6.20 
2 00170 10 . 03 2906 10 . GO 
1 0.00 14 . 90 21 . 7 0.2"::) 
1 0. 00 13 . 60 38 . 0 0.::;37 

~ -~ 

Table 4 . Deccmposition in floluti ons c:£ purified KCl and HCl 
exposed for 120 bra 0 in clinton pile 

Product conons., m1111mo-Xe SJUCCer 
pH Total cr (!d) °2 H2 H202 

2.5 0 . 32 28 . 6 57 03 10 . 2 
205 0.32 27 . 0 5403 12. 9 
300 0 .32 20 . 2 40,,4 9.94 
3.5 0.32 19.4 38 . 8 9.40 
305 0. 32 . 1403 28 . 7 4.67 

2. 0& 0. 10 38 0 0 81 . 7 -
2. 0 0.10 33 ... 7 68 02 12.5 
2.5 0. 10 17. 4 38.7 1l,.6 
3 ... 0 0 . 10 3080 19. 9 5.00 
3 . 0 0010 4.64 21.,6 
3.5 0 010 4 . 66 1202 1050 
305 0. 10 4 .. 53 1002 3.40 

2 . 0 0. 0:32 21 . 3 45 .. 4 16.9 
205 0 . 032 4 016 23 07 12uti 
2.5 0 0 032 3 .. 01 15,,6 8.77 _ 

______ _ . __ L-___ _ _____ ~ I 

& 100 hrs o in pile \ 
'" 
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sample CBnS which are to oontain water have to be seasoned by long e xpoBuro 
to water in order to prevent reaotion ot water with aluminum at a rate which 
would produoe heat rapidly ~ough to upset the results. This seasoning is 
nearly tinished~ and the oalorimeter 3hould be placed in the pile very soono 

4~ Decomposition ot ~ater Containing Tritium 

Previ OUB ly, preuure drops had been tound to oocur when ampoules oontain
ing tritium water whioh had reached tho steady-state pressure were placed in 
the pileo 'me objeot of suoh an experiment is to demonstrate that the steady
state level reaohed as a result ot irradiation with slaw eleotrons oan be 
lowered by irradiation with gwnma rays 0 The previous result. were regarded 
&8 inconclusive beoause the thermal neutrons present in the pile produoe an 
exothermic n,p reaotion on the Re3 whioh is neoessarily present in the gas 
phase over the tritium water. The resulting i'ast protons and tritons will 
oause recombination to water or the hydrogen and oxygen present in the gas 
phase and the drop in pressure might be ascd bed to this reactiOl1o The ex
periment has now been repeated with the ampoules shielded with cadmium to 
prevent the n~p reaction ~rom ocourring. As a prelim1na~, it was neoessary 
to demonstrate that a major part of the n,p reaction aCtually would be cut 
out by the oadmium shield. 

Some He3 was obtained ~ d~ffusion through the walls of tused silica 
ampoules oontaining tritium water. Samples of this Be were sealed up 1n two 
ampoules of identioal volume and pressure. The empoules were placed in 
Hole 12 or the Clinton pile at a point where the flux was mown to be 30'8 
x 105 thermal neutrons/sq. asno/seoo/watt~ and exposed tor a total of 1.48 
x 105 KWH pile operation.. <Ale ampoule was shieldod with oadmium, the other 
unshielded. The ampoules were lined with palladium foils to oolleot all 
the trlitum atoms whioh were formed in the n4lP reaotiono The palla41.um 
foils were later heated in a h¥drogen atmosphere to give up their tritium~ 
and the resulting gas was plaoed in an ionization ohamber. After each 
reading the chamber was filled with ordinary hydrogen to the same total 
pressure (13 an.) and baokground readings wore obtained whiah were too 
small to affeot the results signit'icantly., The results are shown in detail 
in Table 50 It is seen that aotivations by the n,p reaotiOD were reduced by 
a factor of 73 when the sample was shielded with oadmiumo Thus thi8 reaction 
possesses no important resonance for neutron energies higher than the cadmium 
out-ott'" 

A tritium water ampoule was then tilled and allowed to attain a steady· 
state pres sure 0 It was then plaoed in the pile, surrounded by water aa des
ori bed in a previous report, and shielded with oadmium and the pressure was 
seen to dropo Since there is a rise in temperature when a sample is plaoed 
in the pile 61 it was thought that the drop mie;ht be due 801e ly to the tempera~ 
ture change 0 • The sample was kept in a. bath at 38~ . and the pressure was found 
to return to a value olose to that found before it had been plaoed in the piLeo 
The sample was then replaoed in the pile surrounded direotly by water, the 
temperature of \\bioh was read by a tHermocouple and maintained at around 380J 
the whole assembly was cadmium shieldedo The pressure dropped at a rate of 
about 5 ~o per def. and was found to rise again after the sample was removed 
trom the pile and replaced in the 380 bath" Figure 6 showa the entire pressuro 
history ot' the ampoule o Sinoe the rate ot pressure drop of one ot theswnples 
previously exposed w:l.th no cadmium shield .was only 10 cm;day (in a oonsiderably 
hieher total pressure ot' hydrogen and oxygen) it is evident that the observed 

-
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Tab~e 5. Amount of n.p reaotion on He3 in pile!) with and without 
cadmium ah!eldi~ 

Noo of atoma HeS in eaoh ampoule - 406 x 1015 ! 10.% 
Total exposure - 1.,48 x 105 KWHJ thermal t1ux 3.8 x 106 n aa-2 sec-lwatt- l 

Ionization ohamber readings (amps.) 

Cd-shielded sample - 1st extraction from Pd 
2nd extraction from Pd 

_okground reading (hydrogen only) 

thshielded sample - 1st extraction from Pd 
2nd extraotion from Pd 

Background reading (hydrogen only) 

'rotal 

Teta1 

1062 x 10-16 
0.,44 x 10 ... 15 
201 x 10 .. 15 

1.05 x 10-16 

1.S9 x 10-13 
0.15 x 10-13 
1054 x 10-13' 

6.2 x 10-16 

Cd ratio • lQ54 x 10-13/201 x 10-15 • 73 

Table 60 Deoomt081tion in Clinton pils of 9846,% H2S04 with and without 
dlsso ved U~S04 

(_ ... -
ec O?/g G80J" 

co H~I 00 S~/ ~omposi tl on s.mple 
of Sample No. M.W.H., g.eo 0 g.,soln. 

98 .. 6% H2SO4 216 4 .. 75 000002 0,,0024 -
216 16.5 0 .. 0075 - -
217 62.8 0.002!) 000102 -
::!1t! 249. 00011 0,,026 -
220 249 .. 0.020 00072 -
213 345" 0.022 0.,054 -

98;Ji R2S~ 239 244 0.125 0.045 (0.157) 
5 L

l
,: 25 28 • . 237 432 00190 0.128 (0.148) 

1 29 

9806% B2S0, 
222 64.1 - 0 . 044 

5 giL U 25 28 = 224 69.3 0 0 148 00045 (00164) 

1/137.97 223 2750 0.522 0.155 -
225 343. 0 ... 606 0.252 -
226 446. 0.744 0 .. 328 (1013:5) - -

98.6% B2S0~ 230 4 . 00 1.25 00145 2032 

6 gfL U 25 28 • 231 7.52 2 0 19 0.282 4.2 
5.061/1 232 1500 4.35 0 0 57 7.96 

I 

i 
I 
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preBsur~ drop here cannot be ascribed to baok reaction in the r,as produced 
by effects of thermal neutrons .. '!'his 1s rogo.rded QS 8. fairly good demon' 
stration that fast eleotrons give a lower steady-state decomposition level 
of water than do slow eleotrons under the same oondltlon~o 

5 . Decomposition in the Pile of Pure S,ulfllrio Aold ~ with and without Dissolved 
uranyl SUlfate 

Previous work had shown that pure sulfurio acid shows reb.tl vely 11 ttle 
deoamposi tion under p ile radiation.. It was thought that the ~as evolution 
whioh is so pronounced when aqueous solutions of uranium compoWlds are allowed 
to undergo fi8s~on might be greatly reduoed b,y dislolving the uranium in pure 
sulfuric acid instead of water, and that such a solution might aocordinely be 
valuable &8 a medium for homogeneous reactorso In the present exneriments 
gas produoed from 9806% sulfurio aoid end from solutions of uranyl sulfate 
exposed in the Clinton pile has bean measured and analyzed.. To separate the 
chemical effects of the uranyl sulfate from the effects which mieht occtU' 
peculiar to fission recoils, uranium was used having three different isotopio 
compositions 3 normal (25/28 • 1/137.91); depleted (25/28 • 1/2950); enriched 
(25/28 • 50061/1)0 Re~ult8 a:e shown in Table 60 

the gases from the pure aoid consisted entirely of hydror,en and oxygsn. 
All the uranimn so lutions~ however .. gave considerable sulfur dioxide as well 
as hydror,eno The sulfur dioxide is diffioult to oolleot for analysis because 
of its high solubility, and the values given in parenthese8 in the table 
are regarded aa low. The aotual amount of sulfur dioxids + hydrogen produced 
is thought to be chemically equivalent to the oxygen fonnedo The best measure 
of total deoomposition is given by the quantity of oxygen formed g \'{hich is 
plotted in Figure 1 for the various aolutions as a funotion of pile exposure 0 

It should be noted that the amount of ooergy expended in the aolution for a 
~lven exposure is practioally the same for the pure acid and the depleted 
uraniumi' but is greater I'or the normal and enriohed uranium samples beO',tUlle 
or the fissions oocurring. The hydroben produoed is about the same for de
pleted uranium solution as for the pure aoid .. but the depleted uranium solution8 
shOll' large additional amounts of sulfur dioxide and oxygeno Thus,. the presenc 
of uranium in solution sensitizes a decomposition of the aoid to sulfur dioxide 
and oxygen, or inhibits the reoombination of these gases. This purely chemical 
effect results in the evolution of large quantities of theBe gases when the 
energy imparted to the solution is large~ as is the oase with the enriched 
sample 0 In faot , the total gas production per fission in the enriched samp le 
is ereater in sulfurio acid solution than it is in aqueou8 solutiono The hope 
that sulfurio acid might have some us. in homogeneous reaotors thus appears to 
be unfounded o 

The curves of oxygen evolution versus ~xposure dose are not linear for 
the depleted and normal solutions» but show a decrease in the rate of oxygen 
evolution with increasing exposure timeo This sugr:ests that a back reaction. 
enters in as the concentrations of dissolved oxycen and sulfur dioxide build 
up in the solutionsu In the enriched solution, where essentially all the 
energy comes from fission p the rate of oxygen evolution is Ou29 oo/go solno/ 
megawatt-hro From the fillsion energy ' in the normal solution one would there 

, fore expeot a yield of 0~29 x 60061/50061 x 1/139 • 000025 oeo/go solno/Mwho 
The initial rate of produotion of oxy~en in the normal solution» as obtained 
from the initial slope of the ourve in Figure 1 vms only 000024 co/g. sOlno/Mwho 
One would expect a hither rate since the depleted solution, where no fissions 
are ocourring~ eTolves oxygen initially at a rate of about 0.,0009 cc/go sOlnn/Mwh ) 
Pile radiation seems to produce more back react1an than decomposition When 
fission radiation is accompanying ito 
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A S1g>lltled. Feuation of state Applicable to Surface Films. (S. Ross, C. HD Secoy) 

The work on a 9~plified equation ot state applicable to surface 
tilms on solid and liquid substrates, which was brietly reported in the 
previous quarterly report, has been carried. further forward and a. complete 
report (ORNL-:39) has been issued and is available. It does not, therefore, 
8eEm appropriate to report that portion of thi8 quarter's work a second 
time. 

A Comparison ot Two 'lheories of Multilayer Adsorption (5. Ross) 
. 

During the past quarter, a new theory ot multilayer adsorption 
has been investigated, especially to discover it it 'Would offer ~r im
provement on the now generally used B. E. T. theory, either as a bet.t~r de
scription ot experimental observations or to provide a more secure value 
or specific surface areas ot solids adsorbentso 

The now theory, recently published by G. F. Huttig(l), results 
in the toll owing equation tor an adsorption isother.m: 

~ R r1 /c"(roo 1 [1 t P/po] 
To test this equation one plots the function i (1 .;. p/po) against 

p and draws the best straight line t hrough the experimental points. The 
sloJ>e ot the line is equal to ~. and the intercept on the ordi.na.te axis is 
pole Vmo It hae been tound that tor low tenperature ethane adsorption 
isothenns on NaCl crystals and on pulverized NaGl crystals, Equation !. 
describes the exp~rimental data far more precisely than the B.E.T. equation. 
Further tests ot Equation 1 were made usine data already in the published 
literature for roam tem~erature adsorption ot methanol and ethanol on Si02 
and Ti02, and again Equation 1 proved superior to the B. E.T. equation. 

A comparison is tabulated in Table I ot the constant C and the 
specific surface of the adsorbent, ~ , ,in em2 I f!II1" as they are ,obtained 
by Equation I and by the B.E. T. theory. It can be seen that the values of 
the specific eurtace ot the adsorbent are not very difterent by the two 
methods, but the constant C in some cases may vary by a factor ot 2 or :3 
when compared by each method. 

The theoretical implications of these results are of considerable 
interest, especially because of the practical importance of gas adsorption 
on solids both tor eertain purposes on the project 'as well as for commercial 
undertakings elsewhere. These implications require more space tor their 
discussion than can be claimed here with propriety. A full-size report i8 
in preparation • 

(1) G. F. Huttig, Monatsho 7§.. 177 (1948). Equation 1 is here expressed 
in a tom utilizing the same constants a s the B. E. T~ theorY, and not a s 
published by Huttig.. The proof ot t his torm of the equation is too 
long tor inclusion in this place. 
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Table I 

Comparieon of Two Theories ot Multilayer Adsorption 

- - -- -

C C ~ ~ 
Isothenn Huttig BET csn2/gm CIIl2gaa 

Hiitti~ BET 

C2H6 on NaCl 
crystals at WOK . 7004 5800 2300 2260 

C2H6 on pulverized 
NaCl at 9QOK . 42 nO 137 1020 915 

CH30H on rock crys-
tal Si02, at 298 .50K, lJ.3 137 541 529 ( 
C2H5"H on rock 
crystal, Si02, at ) 298, 50J\ ~ 79 ,, 0 92 .1 625 586 

CH30H on glassy 
qURrtz, S102 at 
298·50]« 78,0 77~1 451 449 

C2H~H on gla~sy I quartz, 5102, at 
298~ 50Jto 54 ,7 75 .1 486 412 

I CHt;H on rutile, 
Ti 2, at 298 . S0 K, 91 uO 220 434 385 

J C2H50H on rutile, 
I I .Ti02, at 298 , 50 K D 5407 58 08 313 296 
I 

~ 
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The System Uranyl Sulfate - water - (C. Ho Seooy) 

Silioa tubing of a modified size (2 mmo bore~ 4 rom. wall thickness) was 
reoeived late in the quarter and nineteen tubes have been made up containing 
ur~l sulfate solutions varying in ooncentration from 5 to 6Q% uranyl sulfateo 
l'he temperature at which separation into two liquid phases occurs has been de
termined for nine of theseo The results are given in Table 10 The designation 
liquid salt refers to the liquid phase oomposed of uranyl sulfate .aturated with 
wat.er and the designation aqueous refers to the phase composed of water satu 
rated with uranyl sulfate. 

TABLE I 

Peroent UO~04 Temperature ot: Separating Phase 
Phase Separation 

5.86 310.1 DC. Liquid Salt 
120 30 299 0 9 It It 

20040 296.,8 " " 
31065 295.5 Aqueous 
40.12 29705 It 

48.06 30203 " 
55045 30802 " 
58064 312,,5 " 
60.87 324.9 " 

The new data is shown graphioally in Figure I and the temperature-oompo
sition diagram for the ~8temD insofar as it has been determined. is shown in 
Figure II. The curve 1mn represents the new datao The rest of the diagram has 
been presented previously (CN~18; NonN-31l)~ Conoerning the application of 
the phase rule to this diagram!) it must be remembered that the system as studied 
1s a condensed systemo That is ' to say. the pressure on the system is at all 
times greater than the vapor pressure of the solution thus preventing the exiateno 
ot a vapor phasee Therefore. pressure is eliminated as a degree of freedom and 
for suoh a system the phase rule may be written F ~ C - P + 10 Since there are 
two components involved. this beoomes F = 3 - Po Three phases I! the maximum 
number possible, oan exist in equilibrium only at an invariant pOint ,) There are 
two such points on the diagram. Point A. Oat which the coexisting phases are ioeD 
U02SD4·3B20~ and saturated solution8 and Point B at whioh the phases are 
U02S04°3B20; UD2S0401H20J. and saturated solutiono The only area in the diagram 
whioh permits two degrees of freedom is the area marked nsolution~o All other 
areas represent two phase regions in which the temp~rature fixos the oomposition 
of both phases. ThuB at 3100 and for any over-all composition between 1 and n 
the composition of the two phases 1.5 fixed at 1 and n respeotivelyo 

There remain two regions whioh require further investigation. namelyo oon
centrations of less than 5.% ~S04 above 3100 8 and ooncentrations be'ween 60 
and 74% U02504 above 2900

0 Concerning the first of these. it is known that the 
curve bnn reaches the water axis below 37404°0 since the aqueous phase undergoes 
oritioal transro~ation at pl'eciaely this temperature and this is the oritioal 
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temperature of pure water " Probably this end of the curve oannot be followed 
to its intersection with the water axis since phase separation will become 
increasingly more difficult to -observe as the conoentration of salt docrea8e8~ 

The other end of the lmn curve mayor may not intersect the solid phase 
solubility ourve " BC . Furthermore , ono or more Bolid phft.8e transition poin't s 
should oocur at some higher temperatur8 0 At least the tI·Wls1 tion from U02:,),04 
olH20 to UQaS04 is oertain. If curve 1mn and curve Be interleot .. the transiti on 
may occur before or after the intersection, probably before in view of the trend 
of the curves" The height to whioh these curves may be followed will be limited 
by either or two factors. tailure of the tubes to withstand the pre8Bure ~ or 
deocmpos1 tion ot the uranyl sulfa:teo Ho evldonae ot decc:apos1tion of the salt 
has been o!)8erved 80 far except in tour caBello In each of these four a small 
amount of black oxide was formed in the tube during the sealing-oft prooe08 . 
and the amount of oxide seemed to inorease during the run. It may be that 003 
or U308 has a oatalytio effect on the decomposition ot uranyl sultatuo The 
results 1n these cases are not inoluded in the datao No evidenoe of ~rec1pl
tatlon of hydrated oxide due to hydrolysis has been observedo 
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Cloud Chamber Studiea (Ro Livingston) - Po A. CX4-l 

In order to get more fiuiona per cloud chamber expansion, a larger 
neutron beam was needed o 'lhs graphite stringer and shield plur: asaembly 
in the pile was replaoed with one having a larger holeo The ohamber waa 
refilled udng 816-('1 I (a chloro tluoro d1methylcyolohexane) and several 

&. 
hundred pictures made o 'the number ot fiasions now average8 'Well over two 
per piotureo The beam is so intense that a sUbstantial inorease in tog 
background is notedQ The picture quality has been poor and oon8iderable 
effort was spent in trying to retine the lighting, photogrR~hy and general 
oper~ting oond1tion.~ 

Equipment additions include an exposure counter and a new strobosoopic 
l1ghto 'lhe exposure cO\.Ulter 1. in the oamera field ot dew and gives a 
numbered and dated record of eaoh pioture made . The new stroboscopic light 
is e1milar to the old design with essential ohanges being improTed eleotri
oal conneotions, method of mounting and retleotoro A nswp higher Toltage , 
sweep field power supply is near completiono 

A rew testl were made to improve fog baokgroWld by plaoing bismuth in 
the neutron beam to absorb 80me of the gamma energy a The method sho .. 
promi8e and will be continued after improvements in lighting and photoe;raphy 
are completeo 

In past work Eastman Super XX film processed in X-ray developer has 
boen usedo The film is very faat but poor in resolution and contra.to Some 
of the ol"thochromatic emuldon. haTe beon reper ted to be reat! vely fast 
~nen used with stroboscopic lightB o For this reason test pictures were 
made with several different emulilionso Eaoh film W1:l1 u8ed with t settings 
from 208 to 11 and developed in Eastman D-ll.. lbe rUms tried . listed in 
order of increasing speed, are DuPont motion plc~~ ttne grain release 
positlveD DuPont motion pioture sound reoordiD£ (both orthoohrQmatle)~ East= 
man Plus X,o •• tman shell buratl11g panchromatici' and Eastman Super IX" Un' 
fortunately the tull capabllitie. of the ortho emulsions cannot be utili,ed 
sinoe the filters uled on the strobo light. do not pass light tn a moderate 
portion of the tilml sensitive region" '!'he ortho tilmB triod were too slOW' 
for general uaeo New tUm. to be tried inolude Eastman l1nagraph ortho and 
pan " 

In all tho above work the strobo lights were beamed into the chamber in 
a di reoti on normal to tho neutron beruno The Ught has to be soattered 900 

from the fog droplets to get to either oamera lens ., A series of pioturlll! 
was made by beaming the light in along the direotion the neutron beam tlbs o 
During the teat" uranium alpha. were photographed. and the neutron bonm Wal 

aealed of to Ooly one light was uaed ~ the light had to soatter 700 to g~t 
to one oamera lena and 1100 to gel; to the other () the improvement in pioture 
quality WAS quite remarkable o The stero halfa that involved 700 scattering 
showed great improvement over the old lighting method . The other halt of 
the stero pairs inTO I ving 1100 .oattering 1Ih000ed alight improTsn.ent D The 
two lights will be mounted in this new position relative to the camera 
optics so that either lens will Bee light soattered otf droplets through 
700

0 lhe oamera optios oannot be rotated due to an overhead obstructlono 
'!:h\411l thtl Be;ht':~l"(~ 1-' l'''\~~ r s ",,:\ U bl1 Ch "lle(O(L 11 :11'0, lI' .j l 'fc •. ( ',(j I J,: :) ~er1, r:) ' ::'0 i ,.1 1r.-
clined at 450 will be plaoed in tront of each chamber lighting port ., The 
lights will mount over the neutron beam and will look down into the inclined 
mirrorao The neutron beam will paas t hr ough the m1rror8n Upon oomplet i on of 
these ohanges the t eats run on varioU8 phot ol',;raphio em.ul81ona will be repeated t • 
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Calorimetry ot Radioactivity (G~ Jenks , Fo H. Sweeton) 

Detennin~tion of average ener~ at tritium decay 

In previous reports (CNL-37). it has been indicated that the ~-calorlmeter 
(MonC-410) had beoome unreliable tor detenmining energies or t~ order at 10- 4 

watts or 18ssQ The oharaoteristios at the oalorimeter have be.n re1nvestigated 
using improved Dewar. which ware silvered end degassed tollaring tJ~e procedure 
at Scott, Cook and Brlokwedd~ • (Bur" S.tandards J" Research 7, 935-4J (1931») <J 
The reproducibility at the oalorimeter using these Dewars was found to be 
z l.~ at energies ot the order of 3 0 6 x 10-5 watts~ a preol11an whioh was 
satisi'aotory 0 

Using the oalorimeter in this to~, the rate of heat produotion at a 
sample ot tritium water has been measuredo In the following table the data 
obtained with the 'tritium sample are shown together with the oali'bration dat a . 

Sot itl 

Date 

April 14 
April 14 
April 15 
A!,)r1l 16 
April 26 
April 27 
April 28 
April 30 

Calibration 

Heat input 
watt. 

19u 57 x 10-5 
3.600 x 10-5 
3.607 x 10-5 

3 0 611 x 10-5 

Rate 
(Arbitrary 

thl tIS) 

10038 
0,,212 
0 ,, 207 

00214 

Average rate 0.211 t D003 at 3060 x 10-5 watts 

Set ft2 

May 6 
May 6 
May 7 

Discussion 

30592 x 10-5 
30586 x 10-5 

00196 
0.195 

T20 aample 
Rate 

(Arbitrary Units) 

0.208 
0.208 

0 6 205 
0 0 204 

Av. ra"te for sample 
0 0 206 t 0002 equiva
lent to 3.52 x 10-5 
watt. ± 105% 

0 .. 190 

3051 x 10-5 watt s 

The first sat of data tabulated above were taken with the liquid nitrogen 
in the intermediate Dewar at & fixed level. It was telt that the reproduoi
bility could be improved sanewhat by raising th~t level and the seoond set were 
obtained under the altered operating oonditions. The estimated error is the 
total spread of the datao 
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The disintegration rate of the aboya samPle of t r i t ium had been de
termined Qy J. Ghormley to be 4. 05 x 10 dis . /seo 9' f1ve . mo~ths pr ior to 
the energy measurerrents.. His method, which was desoribed briefly in the 
quarterly report , Mon- 432, P. 112. made use of the idrly rapid diffusion 
rate of helium through quartzo The sample was first allowed to stand at 
constant telllpEU"ature Wltil the equilibrium pressure ot the tritilll1 deoay 
produot, He3 , had been built up within the ampoule. Then the rate at whioh 
He3 appeared in a soft glass container in which the ampoule was soaled was 
measured at intervals over a period of several weeks to assure that the rQ~e 
was constanto Results consistent to better than 1% were obtained by '~is 
method 0 lU a Ghormley estimates his error to be :t l~o 

Correoting for the decay of the sample using a half-lIfe of 12 years 
determined by Novick (Physo Rev o 72, 972 (1947)~ the dlaintegrat10n rate at 
the time of the oalorimetrio measurement was 3 . 95 x 10 diD % oco The 
average energy per disintegration is then 

3 0 52 x 10- 6 
o 5058! 017 KV 

3095 x 1010 x 10589 x 10- 13 

The estimated overall error for ·the average energy is t 3%0 

It is possible that the above value is further in error due to the 
storage of one rgy in the ice making up the oalorimeter samp 18 0 However" it 
was expeoted that if energy were stored in the ioe» it would reach a saturation 
value rather quiokly o Th6 runs were usually started approximately three hours 
after the sample was frozen , and no trend in the rate during the five hour 
runs wao observed o We intend to further investigate the posa bility with the 
higher activity samole now being analyzed with the gas dcmsity balance D 

Preparation of a Quantitative Sample of Tritium for Calorimetric Use 

The gas density balanoe to be used to determine the isotope ratio or a 
tritium-hydrogen mixture is ready for uaeo The tungsten points used in place 
of a knife edge are now sealed directly to the balance through graded seals , 
eliminating the cement previously used o 'l'he balanoe bulb has boen replaoed 
because the original one oontained oondensable moisture which could affect t he 
balanoe reproducibilityQ Eleotrostatio effects whioh made the balance very 
erratio at first have been eliminated for all praotical purpose by using 
shields and souroes of ionizing radiationo The sensitivity of the balance has 
been increased so that a ohange of hydrogen pressure of 1 0 0 lIIl1 of Hg result 8 in 
a balanoe defleotion of 003 mmu The reproduoibilit y of the balance i& about 
Oo3B'fo whioh is equivalent to a precision of 007% in determining the amount of 
tritium in a 50-50 mixture of hydrogen and trltiumo 

Work has continued on the glass system to be used to control the tritium 
mixture a A Pirani gauge has been Installed o Col d traps have been added to 
keep mercury vapor out of the balance oase and out of the palladium-tilled 
ampoule in which the sample will be absorbed Cor later use in the ~-oalorimetero 
The volumes of the essential parts of the B,ystem have been determ1nedo Several 
valves that have developed a tendency to leak have been replaoedo 

IIIIIIIIIIIIIII 
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Analytical Chem1atn: 

Electroseparation of RadiosUver from Palladium (J. C. Grle •• , L. B. Rogera) 

This study has ju.t been completed, and the resulte are be1ng 
eubmi tted tor publication 88 a pro.1ec~ .. report. In briet, neutrcm-bOlllberded 
pal.lad1um 1s used as the source of Ag'--LI- of high opecitic activity. The 
silver is deposited from a cyanide solution without pr10r addition ot dead 
silver or another carrier element. 

Preparation of Silver-Free Pel.ladium Metal (D. P. Krause) 

I'or studies dealing nth the electrodeposition behavior ot tl'aee. ot 
stlver, it was necessary either to know the amount of silver present in the 
palladium before neutron·,'!'JoiLllBl'dml!Jnt or to reduce It to a Deglig1b~ IIIDal.l (but 
unknown) amount. Although Cyrus Feldman. ot the epectrogI"eLphic laboratory was 
able to detect Bllver in the pal.ladlum, attempts to prepare standard. f~r 
qU8lltltatlve anal.ys1e vere unsuccessful. In that connectIon, a brief examination 
vas made of the possibility of preparing standards by electrolytic codepoaition 
ot silver and palladium on graphite and aluminum electrodes. Because the results 
were poor I the idea vas abandoned in favor of reducing the silver content to a 
negligible value. 

Ps.ll.ad1um metal vas purified. in 50 mg. lot. by the following procedure: 
Atter dissolution ot ,the metal in a nitric-sulfuric acid mixture, the solution vas 
made 1.0 M. in sodium b;v'drOltide and 0.1 M. in cyanide. An electrolySiS tor 15 hours 
then removed 90'" or more ot the Bilver. (See preceding section by Griess.) 
Acidification with sulfuric acid ~ol1oved by varm1ng ot the remaining solution 
precipitated palladium cyanide whlch vas washed with triplJ"-dist1Ued vater betore 
being dissolved in hot fuming sulturic acid. 

The f1n&l step conllisted of precipitation ot palladium .. tal by means 
of tormaldehyde added after the solution had been cooled and diluted with trlply
distilled water. The resulting metal Vall spectrographically-tree (le88 than 
about 5 ppm.) trom. silver. Substitution of single and double precipitationll by 
alpha turUdiox1me (1) for the formaldehyde step d1d not alvays succeed in removing 
all of the lIilver 80 it vas abandoned. 

Studies ot the El.ectrodeposit1on of Traces of Silver (D. P. lCrauae, L. B. Rogers) 

Using pallad*~ which had been pur1tied b,. the above method, it vall 
possible to prepare A~ ot high specific activit,. using the method ouUined by 
Griess in an earlier section ot the present report. The silver activit,. could be 
dissolved in a solution ot any composition by imposing a ~~vtential ot +1.5 v. 
on the electrode. In this V83 150 - 400 c/m/l00?\ of A~ were added to 0.1 Mo 
potasalum nitrate solutions ot pH 4.00 prepared with triply-distilled vater. 

Port1ons of such stock solution vere used in determining the percentage 
of silVer deposited on a. platinum cathode at various potentials (2). It was 
necessary to use vax-coated (ceresine) ~aaB to m1n:la1ze sorption in all ot theBe 

(1) Beed,-S. A. , Private cOIIIIUD.icat1on. 
(2) Ehrl1nger, D. B., and Rogers, L. B., in MonN-311, po 197, MonN-370, p. 163. 
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experiments BO that a SUII ot the actIvIty on the cathode and that . remaining 
in solution represented 9~ or more ot the orIginal. act1vit,.. 

The results ot Ehrl1nger (2) which indicated a Bhitt ot the 
deposition curve to more positIve potentials were duplicated. For ezurp18, 
"tracer" silver ve.e almost completeq plated out at a potentIal Dear~ 0 . 2 V. 
more llo3Itl" than the emalogoua potential. tor 8. 10-3 M.oolut1cm. The 
curves tor dIfferent batcheo ot tracer were constant Vithin :t 0.025 V., and a 
ten-told dilutIon o"f the trecer produced a curve falling in the same region 
of potential. These experiments indicate that the 8imple "fora at the Nernst
type equation cmmot be used to describe the behavior of tracer 8l1ver. Becauee 
te8~s have shown that the Bernat equatIon d088 hold at concentrations clo.e to 
10- M., experiments are nov in progress to determine the cQD.OentratiC4'l at which 
aerked deviations appear. 

Polarographl with Solid Electrodes (B. B. Miller, L. B. Bogers) . 
It hae been shown that a amall etaticma.ry platinum elec1;rode Yill give 

a rep:rociucible polarographic vave using automatic recording (1) (2j. A rotating 
electrode haa also been ueed in the 881118 Y8'3 by several investigatorso The 
experiment. described below as vell as others to be carried out in the future 
vere desIgned to cOlDlPare the resul.ta obtained by both IIBthode. 

Tbe rotating electrode was eaeent1~ that described by Laitinen and 
lto1thott (3) . A 25 gauge platinum Wire vas held in a brass 8ha:tt with & set 
screw 0 Atter the lower po~lon ot the 8hatt had bHn ooated aeveral times vi th 
cereewe vax, 1 lID. at the tIp of the platinum V8.8 scraped. nth & razor blade to 
expose the metal. 'lbe electrode wu rotated b7 a 81llchronoue motor at 600 r.p . lD. 

SUver ion vas studied in a 0.1 Mo potusium nitrate ao1.ut1on conta1ning 
O oOl~ gelatine and nitric acid to give a pH of 4.0. The solutions were deaerated 
with nitrogen before use (1).. Potentiala vere Dll888ured aga1nat a saturated 
calomel electrode. 

1 
In general, the reaulta vere 81milar to those found far Cacbl1U11l (2) .. 

However, ue1ng a ,.0 x 10-4 M. solution ot sUver, a slight variation in the 
depOSition potential resulUld fran a change in rate of polarization. 

Table I . 

Deposition Potentialo tor 5~O x 10-4 Mo Silver 

Rate of Polar. 
mv/seco 

1.55 

3·10 

4.65 

DepOSition potential 
ve e S.C.E. 

+0·32 
0 .. 31 

+0.29 
0.29 
0.28 

+0029 
0029 

eil -Rogera;t-; B., et-al.-;-ManC-236,-Ucnei4ber 1.947-.----~----~-
(2 )1. SkobetD, Eo Mo, and XachoJ'()va~ SoA., Zavodskqa Lab., !l" 133 .(1947) . 
(3) Itolthott, I. M., and Ltngane, J . J. , "Polnrograph1''' Interscience Publishers 

Inc., New York, 19410 ' 
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However, then variations border on the lla1t ot error with which the e deposition potential can be deterained. 

e 

e 

These tests produced another startling and more clear-cut result: 
Namely, the appearance of mu1m& in the curves obta1ned nth the two t8lJter rates 
of polarization. The fact that a di.tinct inflection occurred near the top 
of the aUver wave betore the me.ximull began indicateB that the maximum is 
probab~ tile result of a liecond reaction, posalbly tbe 8voluticm of bydrogen 
or the reduction ot oxygen. The characteristic b1drogen wave d1d DOt appear 
untU several tenths of a volt lnter. 

A test vas III8de ot the Hernat equation wh1ch predict. that the 
halfvave potential should. shirt by -0.06 v. tor a ten-told dUut:101l. Aa.um1ng 
that the value. tor a 5.0 x 10.4 M. solution are correct, the equat10n holda quite 
vell. 

Table II. 

Shift in Halfvave c'otential nth Dilution 
1l 

Silver El/2 V8. S.C.E. 
Molarlt 7 Exper1aentsl. C'\lculated 

5.0 x 10.4 +0·31 +0·31 
+0·31 

5.0 :I[ 10-5 +0.24 +0.25 
+0.25 

5.0 :I[ 10.6 +0.17 
+0.16 

+0.19 

The dllcrepanc:J in the 5.0 x 10.6 M 1I01ution JD!Q" result trom the tact that 
the reductlc:m wave is onl,y slightly larger than the residual current. . 
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PolarogrE!Ph1c Ana.l;Ysis of Radioact1ve Cobalt Solutions (P. F. Thomason) 

_ The radioactive isotope production group has required en ionic 

-

e 

analysis of their products in order to calculate specific activities. ' M 
thele product. are nece8sarilY quite radioactive and aleo l1m1ted 10 quantity, 
methods are required that are c8f&ble of giving accurate rel!lUl.t. vith mioro
liter volumes of solutions. Polarographic sod colorimetric methods have been 
used 8ucce88fully tor this purpo .. ~ 

Llngane and La1tenin (1) found a well-defined wave of C~baltoU8 cobalt 
in e. supporting electroqte of pyridine and pyrid1nium chloride Vith O.Ol~ gelatin 
as e. max1m1m INPprassor. Ten microlIters of a cobalt solution meuur1ng 150 mr/m). 
vere diluted to 10 ml. with 0.1 M. pyridine ccmta1nlng 0.1 M. IJ1I'141DiUJl\ chloride 
and OoOl.~ galatino Thi. solutian vas ~ed with a Beyroy.q Model XII 
Polarograph uslne a dropptns II8l"curJ electrode (2).. The belSht of the curve was 
measured and the concentratiOn of the cobalt vaa found !rca a calibratior, curve 
Figure 1 mode with standu'd cobalt lIOl.utiona electrolyzed under the .ar..e ca..ld1tlcma . 

The cobalt half-wave potential 1. -1.01 vol.ts versus the aatUl'ated 
calOlll(!l electrQde and ill followed b7 a va,., for p;yrid1n1um chloride:·at ") .• 31 volts . 
Hoveve,r, the cobalt wave is weU-defined and can be Guily measured., 

" 

The concentrat1on of the radioactive cobalt solutions have varied from 
0.04 M. to 0.60 Mo 

DetfJ~na1jion ot Tantalum with Alizarin (Wo H. Davenport, Po F. Thomucn) 

The radi01sotope product ot tSlI:tal:ua in a sol.ution c4 4~ potullium 
h7droxide haa been ana.lyzed color1metr1cal~ with sodium alizarin aonoaultonate (3) 0 

The f'ollo'V1ng procedure has been found adequate: 

.An aliquot containing 100 - 600 m1crograu of the baaic tmtal.um. solution 
1a pi~tted into a 25 ml. volumetric tlaek. It 1a d1l.uted to 10 ml. With dist1lled 
water and 1 1Dl. ot a O.2~ sod1ua al~zarin sul:fonat. solution i. added. The 
solution is allowed to etrmd 8 hour. Concentrated hydrochloric acid is added 
dropwis" until the purpl.e basic color i. complete~ d1apelled and 5 drops of acid 
i& added in exceslI. The solution is alloved to stand for 15 JD!nlrt.es, then diluted 
to the mark, and m:1xed thor~. The lake is read versus a reaeent blank at 
a wave leDgth. of 320 ~ in a Beckman sp.ctrophotameter using 1 em. path length 
cello. The concentration of the tantalum is obta.1ncd traa 8. celibratiQu curve , 
Figure 2, made vi th a standard tantalus solut ion. 

Interference from other eat ione movn to ferm lakes vi th alizarin vas 
not checked as a spectrographic an.a.QrSi8 of the tantalum oxide bombarding material 
shoved it to be ~cept1ODa]ly tree at iBpur1tiee. 

Colorimetric Determination of' Ruthenium (Eo Jr. HaniS, P u F. Thomaaon) 

Radioactive ruthenium solutions haft been ~zed colorlJletr1eal~ 
vi th thiourea aa :reCOlllDll!lndeti by Sandell (4). Ruthenium in a 4 N. hydrochloric 
acid solution givea an 1ntenae blue color when heated with thiourea. The spectral. 

{I} Lingane, J. J. 1I and 1Arr11nger, H. Ind. Eng. Chea. , Anal. Ed., 13" 17 (i94l) . 
(2) Llngau., J. J., Laitinen, H. Ao, Ind. Eng. Cham., Anal. Edo, ll, 504 (1939). 
(3) Toe, J. B., sncl S&!'W)r, Lo A., Organic AnalytIcal Reagents, John Wile, and SOnti, 

Inc 0 , New York (1941) p. 210. 
(4) Sandoll, E. B., Colorimetric Determination of Trace. of'Metale, Interac1ence 

Publishers, Inc . , New York, N. Y. (1944) p. 388. 
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transmission curve crt this solut1an shows a muimum absorption at 635 DIP vave
length 0 Five to twenty-five m1erograma of ruthenium in 4 N. BCl are heated in 
a vater bath with 1 mlG of 5"/D 8Q,'Ueoua thiourea solution tor 10 minutes, cooled 
to room temperature, and diluted to 10 Ill . volume with distilled vater. The 
transmi tteney of this solution is d8term1ned in a Coleman sp8ctrophotOllll!Jter at 
635 Dfl. '!"he concCltration of ruthenium 1& obta1lled frcm a standard calibration 
curve. 

A standard ruthenium solution vas made by dissolving the mixed chlorides 
in d1Gt1lled va.ter to obtain approximately 20 mg/ml of ruthenium. r1ve I.il. 
aliquot. of this solution diluted to 100 Ill. With 4~ BCl were anaJ..yzed 8l"av1-
metrica.lly by reducing the ruthenium to the metal with powdered msgne8!um and 
we1ghing. D1lutiOll8 ot thia atanderdlzed solution were used to obtain a calibration 
curve. 

Dissolving Gold and Silver AllOX. by Electrogsis (F. J. Miller, P. r. T:lomaaon) 

An an.eJ.yt1cal metbod will be required tor the determ1nat1on of gold 
and silver in an alloy to be used tor migration studies by the metallurgy group. 
Attempts to dissolve a synthetic &11.01' containing m Au and 50~ Ag with aqua 
regia failed due to the format ion of a coating of Ag Cl on the surface of the 
metal protecting it trom further action of the ac1d. Parting the metala with 
nitric acid require. at leaet 1~ Silver for the complete solution at silver. 

It has been known tor a long time that fold and 8ilver are soluble in 
dilute potass1um cyan1de and haa been made tho buls ~or their extraction fran 
ores (1). 

It was found a rapid di8eolution of th(l) alloy could be accomplioh.u by 
. ellectrolyzing the _tal in 5~ potu.ium cyanide sol.utlon u81D8 carbon electrodes. 
Air 1s passed through the solution duriDg the electrolysis tor thorough stirring 
and accordiDg to El.aner (2) aids in the die.olution at the gold in accordance with 
the equation: 

4 Au + SKCN + O2 + ~O ..... 41: Au(CB)2 + 4 :lOB 

Standard ana.lytlcal. mathodll tor gol.d and silver can be used atter the alloy 10 
in solution. 

Conductceetric Titration at Alum.!n.ua 1Iith Sodium nuorlde (I'. J. Miller, P. F. Thcmason) 

Cclor1metrlc aluminum methode are eub'joct to III8.JlY interferences and have 
not been completeq satisfactory for the "25" recov8l"J" process anal.7tlcal group 0 

The rapid volUJD8tric method (3) by not given the accuracy d$s1red. Therefore~ 
it ve.a considered worthwhile to investigate the possibUity of ua1Dg the rever .. 
ot the Harms and JaDder conductOllllltrlc method (4) for the determ1natlon of the 
fluoride ion With e.lum1num chloride. 

Pre11l11jnSl"y' work baa indIcated It 18 possible to titrate conductometrlca.l.ly 
200 m1crograms ot aluminum nth a atandard sodium tluoride solution using an 
Induatr1al Model. Be conductivity bridge nth 6 rJ platinum. electrodes in a 15 ale 
titration cell. 

(11 Boe, J. R~-~-U~-S. Jat. Noo 6lB66~ (1861). 
(2) ElBDer, L o, Journ. prakt. chem., (1), 37, 441 (1846) . 
(3) Snyder, L. J., Ind. and Eng. Olem. Anal. Ed., 17, 37 (1945) 0 
( 4) Ba:rma, J., end Je.nder, Go, z. Electrocbmlo , 2, 31' (1936). 
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The effect of temperature, time, and solubility of the 8041\111, alUlll:f.num 
fluoride complex V1ll be stud1edo Alao the interterence of other caticms in the 
proce.s' solutions Will have to be known. 

~terDl1natiOll of 2-Be!;.vlm1d1ne in Hexane (Po F. '1'hraa.ecm.) 

2-Hezylpyridine 1s one of the complex1ng agent. for decontam1natlon ot 
uranium tested by the "25" recovery devel.opment group (1). It va nece •• a;ry to 
lmOY the concentration ot th1a reagent in tha huone follovtng the eztraction 
process. A direct titration vith a .tauderd acid vu DOt teuible .. the hexone 
had adsorbed acid from the aqueous teed. solution. A colOl"'!mtric prooMure as 
recODIDended ~ 1Peigl (2) tor tertiS1'7 ring bue. did not prove .ati~act017 tor 
the determination or 2-hezylpyrld1ne. 

By .taBla distilling the berone s8q)les, made alkal.1.De vith aodil3 
hydroxide, it vas pos.ible to determiM a8 low aa O.l~ 2-hezylp,r141De 1n huone. 
The di8tillate vas made homogeneoua with meth;r1 alcohol aDd titrated to a methyl 
oranse end-point with a standard acid. This method prcmad to be adequate tor most 
purposes. 

Colorimetric Determination ot Nitrate (Eo E. Banig, P. F 0 ThomaaCID.) 

!he uaual procedure in thil laboratory tor determining nitrogen in 
nitrates is 'by the Devarda method (3). Hovever~ vbUe this method i. accurate, 
it 1s alao t1me-cansum1ng and requires trained personnel. As the production 
analytical. group needed a tast oontrol method tor the fiaslon iodine production, 
several colorimetric _thods wre f:!tudied. 

The intenM color produced by the reaction ot brucine nth nitrates in 
the presence ot aulfuric acid (4) ...,4 to be quIte 'stable and suitable tor a 
control Dlll!tthodo The plumoldl.ulfonic acid method (5) vhile smlsitive is subject 
to lDBDi1 interferences. The reagent 2-naphthol-6,8-d1sultonic acid (6) va. alao 
tested and gave a. very sensitive reaction but was not superior to the .1IIIple 
bruc 1ne procedure. 

Nitrites are al80 detenDiJ':led With brucine by oxldiz1Dg to nitrates With 
potaaBium permanganate. The color deve1~t i8 carried out in a ~ Ill • . 
volumetric tlask nth 2 - 10 micrograms ot nitrate nitrogen aDd 0.2 1110 ot 5'" 
solution of brucine in chlorof'orm in the presence of 35 1Dl. of concentrated 
sulfuric acid. '!'he solution is dlluted to volume and allowed to atend until the 
orange, red color chaDgea to a stable sul.t'ur yellov. The aolution is read in a 
Colemem apectrophotaDeter at 380 JIll wave length ~ time within eight hours and 
the nitrate c;cmcentration is obta!ned tram a standard calibration curve .. 

Volumetric Determination ot Uranium in Allgp Using !'err1c Sul.tat. u the Titrant 
(E. E. Ranig, P. Fo ThOlr(lAon) 

Uranium. 111 aluminum alloy- 8ubmitted by Engineering Materlala, Technical. 
Division, Section IV has been determined by a cerle aultate volumetric procedure * i ch requires a t 1me-cansum1ng mercU17 cathode step to remove iron interference. 
All the number of samples increased 8 tuter method vas desired • 

(1) Montb4 repOrt, Technicai Divl.1onDect:f.cmI, . APril ·20, 1948. 
(2) ". J'e1gl, Qual1tatlve Anal.y8i8 by Spot Testa, El.aevier PubllshtDg Co., 

8811 York (l~) .. 
(3) A. Devarda, a-n. Ztg. 16, 1952 (l.892) . 
(4) Ba&ae" LoW., Cbem. Zte;o 50, 372 (1926) . 
( , ) Cbamot, E .. M., and Pratt, D. S., J u Am. Chemo Soc. 31, 922-8 (1909) 0 
(6) lUzon, I " Go, Chem. News, 126, 261-2 (1923) a 
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The potentlometr1c titratIon of reduced uranium With ferric eulfate (1) 
otters a mthocl that can be used directl3r after dissolving the allo;y 1n 
hydrochloric acid. A great saving in t1ms is also obtained by dissolv1t1g in 
hydrochloric acld instead of sul.fllr1c acid as preViously required. 

'rbe diBsolved alloy in 7. 5~ acid solution 18 run through a Jones 
reductor together with approximately' 100 mg. ot chromium sulfate. The chramium 
aida in the titration by increasing the tntlection of the tirst equivalence 
point to 100 - 150 millivolts. This 1ntlection 1s taken as the point vbere the 
uranium +3 hu been oxidized to the +4 stateo The titration 1s continued untU 
the second 1ntlectic:m of 40 - 60 millivolt. 18 obtained which 1nd1oat.. the 
uranium haa been oxldtzed to the +6 state. The volume ot standard terric 81ufate 
II)Jlsumed between the two inflection pOints is the amount r:g.ulre4 to oxidize the 
uranium present. The titration 11 carrled out at 900 - 95 C. ua1Dg • Leeds 
Northrup galvanometer to measure the potential between platinum GD4 calomel 
electrode&:: • The platinum electrode ls made or 3 or 4. 00118 1 n in di.-ter ot 
No. 24. plat 1J1um wire and should be flamed periodically and kept in cleaning 80lut ion 
when not in ilae. 

A number of allOY8 were run by both methoda for comparlson. The 
followIng res1tl.ts vere obta1Ded: 

Relative per cent 
Alloy No. rp Unmium ~ uranium Difference of 

By Ceric Sulfate Mtd. B)r FerriC Sulfate Mtd. J'erric Sulfate !ltd. 

287A 14.82 14..94. +o.8~ 

288A 17.83 17.T1 -O.3~ 

288B 17.83 17.88 +O.3~ 

288c 17.85 17091 +O.3~ 

2 39.75 39082 +O.2~ 

The ~errlc sulfate method seems to be satlsfactory as the des1red accuracl 
and precisian 10 0.5~. The accur8C7 of the eerlc sulfate method has been checked 
b7 Bureau of Standards ~ .. T U3oa. The ferric sultate method rill &lao be checked 
asa1not this standard and aleo B7Dthetlc alloyso . 

Remote Control Apparatus (B. L. Hemph1ll, 1-'. F. Thanason') 
, 

( a) Measurement of Microliter Vol.ume. ot Salt Solutions vith an Electronic 
Capac! tl Bel •• 

The measurement of microliter volumes of highly radioactive solution., tor 
analytical purposes ls a dlfflcult problemo A number of p1pettors have been made 
that are capable of close control of the solution in the micro pipette, however, 
the problem of vlslbUlty has 1ncreued vlth the distance at which one ill forced 
to work. PeriSCopes and other visual aide to determine the height ot the liquid 

[1)--1"8&le-; G-:-J~;--ar1mssl w. R., Potentiometric Tltl"at1en of Urlll'lium With 
J'errlc Sultat., C .. 4. . 381.10, A~.t 22, 1946. 
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in the pipette have been only parti~ successful. It was suggested by 
M. T. Kelley that possibly an electronic capacity relq might be used as an 
indicator far the height of the liquid column. This deVice would permit the 
maasureJD1Int ot salt solutions behind barricades with zero visibility as a 
IIltll1B1!1Dl$ter indicating the height of the solution could be placed at ezrs 
distance from the pipettor. 

Mia. Martha 8m th 6Zld Mr. M. Oppegaard of the Inetruamt !)apartment 
designed and built a capacity rel8\V (1) in two units. '!'he detection unit, 
conaistillg of aD oscillator in Which the emptitude ot oBcillat1cm. 1e marked.ly 
ohanged by very small changes of oapaci ty, vas 1natal.led on 'Gb.e ban or • remote 
control plpettor. The indicating unit which includes the m1Ui_ter vu 
connected to the detection unit 1>7 a l.oDg cable that permits 8IQ' oOD:Ycient 
placement. 

Micro pipettes are painted nth parallel stripes of .UYer conducting 
paint which are connected to the detection unit. When a aalt .olution 10 drawn 
up into this pipette the capacity between the striped electrode. is clanged in 
proportion to the amount of solution. Thle cape.eity change 18 indioated by' the 
milliammeter thus allow1Jlg the operator to determine the height of the liquid 
colUJlDl without actual.l.7 seeing the pipette. 

Prel1rd.nary teste with this device have been very satisfactory and ehould 
find many usetul ~licationsQ 

(b) I!!!proved Band Micro Pipette Control. 

The mortality rate of the gla •• 87l"'1nge type micro pipette control has 
been extreJD8l1' high due to bnakage and failure of the pipette socket. A simple 
hand control (draw1Dg No. 2773.46) ball been made v1th a 12n stainless steel 
tubing cormected to a. pisto1 grip lncite handle. A small pi.ton in the handle 
operated by ths thumb controls the liquid level in the pipette. This control 
1s positive in action and. permit •• a:ter sampling of radioactive aolut10D11 than 
vt t.ll the convent1Qlal gl.aes syringe. 

(c) StDwllf1ed Remote Pipette Control. 

Thi. pipette control (draw1ng no. CD-256) 1s an adaptfltion ot the regular 
pant ~&ph sfIIII)ler. It has fever working parts and is easier and more econan1cal 
to make a& the prec1e. machining of the orig1Dal pantae;raph has been reduced. 
All of the de.irable qualities of the or1gtnal have boen retained. in this 
control. 

. .. 



151 

The Dece.y Scheme of Columbium 95 (w. S. Lyon, J~ E~ Budgena) 

e SUll!l!1!r1 

e 

e 

The thin lene beta ray spectrometer described by Peacock (1) and by 
Deutsch et al (2) he.e been used to study' the radiation and mociJ ot decay of 
columbium95. These results ind1c~t8 that the 35 dq columbi~5 iaotope 
decays by the emission of beta particles, photon, and conversion electro:ls. 
The beta spectrum haa a :ma.d,ml~ energy ot 0.145 - 0 0 01 mev. A part1ell.;y 
converted gamma rq was observed at 0&7'5 :t 002 mev. This isotope baa I!Ul + 
isomer which dec~ by the emis8ion of an e.lmoat complete17 cClDverted 0.217 - 0.02 
mev. gamma ra:y 0 Pre11m1nary results indicate that the half'-lUe of this isomer 
1s 84 hours. 

Introduction 

Nedzel (3) in 1944 ass1gned to the 35 da.'r columbium 95 isotope a 
beta Op6Ctrum having a maximum energy at 0.154 mev. and a 0.17 mev. gamma. r83~ 
This ai.Lthor also observed a conversion electron of 0.224 mev. energy and vas 
uncertain 01" · ita origin. A 180° apectraneter vea used in obta1.n1ng these values. 
Wilkineon and Ball (4) reported a value of 0.75 mev. for the 35 de\v columbium gamma 
r~. Levinger (4) investigated the 0.2 mev. conversion line or columbium. and 
concluded that it arosI!! trom a short lived columbium iaOlller which deCft\YS by the 
emiss10n 01" a 0 .. 24 mev. totally converted gemne. ray to tne 35 dq columbium isotope 

Experimental 

A sample containing one m1l11Cur.Jr~ of 35 da.y and the 84 hour columb1~5 
activities and a trace of 65 d~ zirconium( activity va.e purified by adJUlting the 
hydrochloric acid concentration to f.\P1-rox1mately 10 M. and eqUilibrating this 
solution with tour succesaive aliquots ot a 0.5 No 'rl'A benzene solution. Columbium 
was then preeipitated as columbium oxide by adding 0.5 lIlt'lligrama ot columbium 
carrier and heating in the presence ot nitric .acid. Thi. precipitate vas washed 
thoroughly vi th distilled vater and transferred to a FOrlDVar palyatY"D8 film 
(""50 micrograms per sq. C1Il.). After the precipitate was compl.,telT dried the film 
vas mounted e._ the 'source in the thin lens beta ray spectrometer. 

The counts per minute observed at each momentum interval tor the beta 
spectrum ver8US the c011 current in amperes 18 plotted in Figure 1. ' These data 
were corrected tor abaorpt1on in the ~1ndOw ot the Geiger-Muller thin vindov 
counting tube (2 .. 2 m.111igrau per cm. ) USing the range values given by , 
Glellldenin (6) tor each energy.. The dotted line ahom in thta figl,ll"e vaa obta1J:led 
by extrapolating the kurte plot (Figure 2) back to low values ot E and re
calculating the N vSo I curve from this line. 

i 
In the data shown in Figure 3, the It photo electron peak which occurs at 

6.34 amperes originates from the conversion of the OIJ 755 _v. gamma rq ot the 
35 ~ i8C\1D!r a.ndthe peak which occurs at 2.65 amperes arises from the almost 
complete conver8ion of the 0.217 mev. gamma ray of the 64 hour co1umbiUII isomer. 

ru-u 

PeacoCk, Wo 0., MoDB-311~--p~94-T19471. 
(2) Deutsch, M., Elliott, L. Go, and Evans, R. D., Rev. Sci. Inet. 15, 179 (1944) ~ 
(3) Nedzel, V.A., CC-2283, Oct. 1944, CD-1954, July 1944 PPR Vol. 9B 7 .. 15.7 (1946) 0 
(4) Wilkinson, R. G., and Rall, W., CP-2590 Feb. 1945. 
(5) Levinger, J. s., OC-2775, March 1945. PPR Vol .. 9B, 7 .. 15.11 (1946) 0 

(6) Glendenm, L. E., Nucleonics 1, 12 (1948). 
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The llama preparatiOD used in obtaini og the data in P'1gure 1 vae uS6d tor the 
deter.m1nat1on ot the coover.ion electron linea. 

The gamma r~ energies and an est1llation of the completeness of the 
oonversion ot the g8D1118. rays of the 84 hour isomer vere obtained by observing 
the photo electr0D8 which are formed by the interaction 01' the gamma ray. with a 
uranium and a lead radiator. A P'8paration containing approx1mate13' 80 milli
curiee ot columbium beta actIvIty vas purified as deecribed ahove aDd used as the 
source in the speetrometer. A uranium toil VaAl used a8 a radiator aDd the 
semple was contained in a holder at .ufficient thicmeee to ccql.tel7 absorb 
the beta ra;rs GJd the conversion el.ectrona. The data obta1ned ua:l.Ds this 
arrangement are ehown in lI'1gure .. where the count. per minute par unit mr:lBntum 
versUB the coU current in 8Iq)erea is plotted. The 801i4 liDe in this t'tgl.re 
vu obta1ned b1 subtracting the cca,ptoo electron background trca the total. curve 0 

The half-lite ot the aa. hour columbi~5 ieomer'vu detem1ned by 
tntegrating under several N VII. I curve. of the 0.217 _v. coover.im electrons 

I 
obtained at difterent times and plott1n8 these value.. A more refined exper1.ment 
designed to more accurate~ establiah the halt-life will be pertorm.d in the near 
future. 

The ratio of the converaIon electron to the cont1nu0U8 beta spectrum of tho 
35 ~ col\.Uli)lum isomer vas obtained by determining the relative areaa under the 
dotted N va. I curves 01' the beta spectrum and the converSion electron pesko 

I 
This ratio vas 2.42 x 10-3. The ratiO of the number ot 35 dq columbium at0JD8 
to the number of 84 hour columbium atCIIIS torll*l by decq 01' zirconium95 (the 
branching ratio) V88 determined b1 correcting the relative areas under N vSo I 
curv~s tor the cont1nuoua beta spectrum and the 0.217 mev. coaveraion I 
electron for decq between the comttng tilDe and the time the separation from the 
zirconium parent was pertormad. Thie brallCh1n8 ratiO va. 1.38 x 10-2 • 

The Beta Spectra ot StrOlD.ti~ and Yttrium9°. (w. S. Lyon, J. E. Budgens) 

Introduction 

The determination of the energy of' the beta spectra of strontiJO 
and yttrIum90 i8 complIcated by tb8 large concantration. ot strontium89 uauall.y 
pre.ent in 8881>1e. ot uranium which ·have been allowed to cool tor r.latlve~ 
short peri09 of time after a bombardJDent nth neutrons. Since the yttr1~O 
can be isolated b7 using chea1cal •• parations, the energJ of its beta spectrum 
18 more accurate~ known than. that at .tr=tiUm90~ StlWard, La1fSem and Cork (1) 
in 1937 separated yttrium90 from a deuteron Lombarded strontium cyclotron target 
and by using the cloud chamber Observed the effect of' a magnetic field on the beta 
tracks. The .. authors tOUDd a max1mum energ of 206 mev. tor the yttrlum90 

beta spectrum. Coryell and Ballou (2) bJ _ans ot absorption curves obtalnad a maximum 
energy' tOli9 the yttr1um90 spectrum or 2.5 mev. Redzel (3) ~ed the radiation ot 
strontium and yttr1~O in a lSOO beta r~ spectrometer and tOUDd a maximum energy 

(1) Steward, D.Wo, .Lavaon, J. L., and Cork, J. M., pq_. Rev. 52, 901 (1937) .. 
(2) Cor,rell, C. D., and Ballou, No E., CC-529, March 1943. 
( 3) Uedzel, V. Ao, CC-2283, October, 1944. 
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of' 2.2 mev. for the Tttr1um90 beta particle. Glendenin and Coryell (1) bY' 
absorption mej(bods derived a value of 0065 mev. for the maximum energy of 
the stront1~ beta sp~ctrum. None o:r these authors found gamma r~8 
associated w1th the stront1um90 or v1th the yttrium90 beta dec~. 

A semple purified by the rad1oiBotop~ group at Oak Ridge National 
Laboratory- and containing very pure Sr90 and y~O in equilibrium was evapo:t"ated 
on a I lI'ormvar polystyrene film (approximately 50 miorograms per eq. cm.), and 
this film IDOtmted ae the l[Iource in the thin lens beta rrq spectrometer. A 
plot ot the counts per minute per unit momentum interval VI. the coil current 
in amperes is shown in Figure 1. The kurte plot of this data in which the 

Jif where it 1s the counting rate; ., 1s the P'':!rmi function, and I is the 
lFiT 
coil current in amperes, is pl.otted e.ga1nat energy in mev. i8 shown in Figure 2 . 
Three straight line components lII81 be ert~scted from this curve. The continuous 
beta spectrum assigned to 60 hour yttriUlJl?' has a ma.ximuJJJ. energy ot 2.4.0 t 010 mev. 
The beta fcoup which haa en end point at 0.54 t .05 mev. is assigned to 
stroot i um • A third beta group with a maximum energy of 0.95 mav. must be due to 
contamination since in crude experiments no gemma. radiat10n which could explain 
the difference between the energy state formed by the emission of the 0.95 mev . 
beta radiation,. and that Which would be f'ormed bY' the emission of eitber 0. 0.54. mev. 
or 2.44 mev. beta radiation vas f'ound . The! va. I curve calculated by 

I 
extrapolation of' the best straight lines of the kur1e plot to low energy values 
for each of' the beta spectra are alao shown in Figure 1. The relative areas 
under t...h.e curve of' the 0.54 mev. beta spectrum and that for the 2.40 may. beta 
spectrum are approxtmately equal. This is fUrther evidence for the mass 
assignments given above. Sinoe 'the beta. dec8\Y observed for these isotopes 
1s forbIdden, the Fermi function does not accurately describe the d!stribution 
observed tor the beta spectra, and the interpreta.tion of the data is in part 
intuitive. 

E. Wyatt (2) ~ an independent measurement of the energy ~t stronttum9° 
beta spectrum b;y the use of a teather analysis obtained the vuue ot 0.55 mev. 
in good agreement With our results. 

A Radiochemical Method for Plutonium (:11'. L. Moore, J. E. Hudgens) 

The 6 tudy of a radiochemical method for plutonium based on solvent 
extraction with a TTA benzene solution has continued during this report period. 
The pr1n lpal effort has been expended in the determination of equ111br1 um 
constsnts for extr8.Ct~on, the study of oxidation and reduction reactions capable 
of form1nc plutonium+ quantitat1vely in the presence of different solution 
compositions and in testing the method on pilot plant solutlonaG 

The Equilibrium Constant for the Extraction of Plutonium 

The equilibrium express10n for the chela.tion reaction of pluton1um+4 
D18iY be vritten: (3) ~ 

K +4 (PuT )(u+)A 
pu :a (Pu+4)A{B'1')4

B 
L 

(1) Glendenin, L. E. , and Coryell, C. D., CC-1l12, December, 1943. 
(2) Wyat t, E. I., Private conmunicat1on. 
( 3) Thomas, J. E., and Crandel.l, H. W., Cli-3733, December, 19460 
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where the..B and L nter to the benzene and to the aqueOU8 phases respectively I 
and BT ref'ers to-"Thenoyl trifluoro acetyl acetone ('l"1'A). The procedure used 
for the' determination of the canatant was to mix equal volumes ot t 0.5 M. 
TTA benzene solution and a 1 M. nitric acid solutIon of plutonium+ tracer for 
a time suff1c1ent to assure the atta.1.nmlmt of equilibrium. At'ter separating the 
organic phase from the aqueoU8 phase the alpha activity in each of the phases was 
determined. ' The pH of the aqueous phase was also measured. The average value 
obtained tor the constant was 1 x 10-3. Th1s value 1a not a true tberlllOdynamic 
equ1l1br1 um constant since the ionic strengths were not COD8tdend, however 
it ~ be regarded as an apparent equilibrium constant for the .. oonditiona. 

Ox1dation ' and Reduction Studies 

The sample. to be aub1l1 tted tor analysis in the heterogeneous pile 
program mq contain plutonium in BD1' one of 1 t& several oxidation states and for 
this reason, it 1& desirable to reduce the plutonium quantitati.e~ to the +3 
valence state beto4'e attempting to oxidize to the intermediate +4 statC'. Several 
reagents, which 8eemed to ofter promise of accomplishing this reduction have 
been studied. In the determination of the quant1ty of plutonium reduced.. an 
aliquot ot pluton1~4 tracer vas mixed with the redUCing agent beine tested, 
sufficient nitric acid vas added to mak.& tM.1!I solution 1 Molar and fi'}'e minutes 
were allowed for the reduction. The solution vas then equilibrated with an 
equal volume of 0.5 M. T'l'A benzene aolution for tvo minutes. The results ot 
this experiment are shovn in Tabh I. 

Table I 

The Reduction of Pu+4 by Different Reducing Reagents. 

Concentration of Reduc1El8 Peroent Pu Reduced 
Reducina Reagent Reagent in the Aqueous After 5 Minutes 

Phase 

~02 6~ 27.1 

NH3OlI·Cl 0.2 M 100. 

N2II2 ·S04 0.02 14 33·6 
-', 

Fe ~ 0.02!! ; 100 
Hel 0.12 M 

1.6~ ~S04 1.6~ 25·1 

Since ferric iron 1s readil.;r extracted by Tl'A benzene solutions, hydroxylamine 
hydrochloride vas selected as the most effective reducing reasant for incorporation 
in the procedure. 

Several experiments were performed in which plutontum+3 vas reduc~d 
vith hydroxyle.m1ne hydrochloride and then re-l,;,.x1.d1zed to pluton1UJ1(+4 with 
r,;odium nitrite. In each case the re-oxidation was found to be nearly instantaneous 
and was quantitative. 

Since ~ or the process solutions will coutain uranium, several 
experiments have been performed to determine the quant1 ty o't uranium which is 
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extracted under the cond1 tions ot the procedure. In theee experiments, the 
nitric acid concentration of a synthetic 6olution contatntne uranium vas 
adjusted to 1 M. and an utraction with an equal volumct of a 0.5 M. 'l'TA 
benzene solution perfOl"'llled. Tho TTA benzene solution was then equilibrated 
"th a solution 0.5 M. in ~drofluor1c acid. An averase ot O.l~ of the 
uran1um added to the synthetic solution was carried through. these separations. 

The l!Iolvent extraction procedure 1s nov being tested on proceBS 
solutions. After completion of theee teeta, work on this problem will be 
terminated. 
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Diffract10n and Microscopy 

Electron and 0 Electron Diffraction 
TL:--~Newman, 

Electron and Photomicrographs of Powders, etc. 

(a) Beryl11um Oxide. A sample ot refraotory grade fused 
superfine beryll1um ox1de was examined for the C11fton Products 
Company: Practically all the mass of the mater1al is in the 
range 10 ~ 7 microns. There are a few particles larger than 
25 m1crons, and a larger number (but a negligible mass) between 
i and 3 m1crons. Most of the particles are plate-11ke in shape 
(C.F. 48- 4-179). 

The material is, therefore, intermediate in size 
between the fluorescent grade and the ground fused refractory 
grade. 

Another sample from a large batch of fluorescent 
grade BeO heated above 27000p by Clifton Products was examined 
tor W. W. Galbreath (Power Pile Division.48-5-3 __ ).This sample 
resembled very olosely the A,l,c and A,2,c samples as repro-
duced 1n CNL-37, p. 149. . . 

(b) Palladium Iodiode. A sample of collo1dal palladium 
iodide was examined by electron diffract10n for A. R. Brosi. 
The results could be 1nterpreted as representing a body-centred 
cubic lattice with a = 10.1 Angstroms. Prom somewhat similar 
material M. Bredig has obtained 2 d1fferent patterns, which 
are each different from the above. (C.P. 48-3-402). 

(c) ,Natural U308. A sample of U308 examined for L. Hunter 
consisted of aggregates of ellipsoidal pa~ticles t to I micron 
in diameter (C.P. 48-4-11). 

(d) Dowex Res1ns. Several samples of fractionated Dowex 
50 resin have been examined for J. Savolainen and B. H. Ketelle 
(C.P. 48-5-346). See Fig. 1. 

A recent sample of this resin (#49l72M) consists 
entirely of light brown particles in contrast to the wide range 
of brownish tints observed in previous 9amples. 

Corrosion Studies. ' 

(a) Films on Aluminum. In a continuation of work described 
in previous quarterly reports, pits which appeared on Bome sam
ples of 2 S aluminum heated at 165°C in a weak dichromate sol u
tion have been examined metallographically. It is obvious from . 
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the overhanging edges that, once the protective rl1m 1s 
broken down, the underlying metal corrodes more rapidly . 

The material 1n the pits was examined with x- rays 
by M. A. Bredig and the pattern obtained resembles that of 
boehmite. 

(b) Microphotographs of Corrosion Test Specimens of Al 
Zr, Ti, Cb. Microphotographs of these metals have been taken 
for J. E. Perry before and after exposure to 3~ hydrogen 
peroxide at 3500 C for 61 hours (C.F. 48-5-345). As can be 
seen in Fig. 2 all of the materials have been attacked more 
or less severely. 

(c) Microphotographs of Corrosion Test Specimens of 
Stainless Steel Welds. M1crophotographs have been takea for 
J . Olsen. In th1s case rather brilliant colours developed in 
certain areas during the test and Kodachrome transparencies 
have been made to record the results. 

(d) Electron Diffraotion Pattern of Beryllium Corrosion 
Product. A sample of beryllium exposed to a dilute solution of 
hydrogen peroxide at 900 0 for 2 weeks was examined by electron 
d1ffraction for J. E. Draley (Metallurgy Division). A broad 
line pattern, indicating small cr\stals

4 
was obtained, but the 

material could not be identified C.F. 8-4- 10). It did not 
appear to be either BeO, or Be ( OH 2', for which dirfraction 
data were available. 

Preparation of Evaporated Films . 

Since the evaporator, which was designed chiefly for 
making s11ica repllcas tor electron microscopy, has been 
assembled, there has been a considerable demand ror the evapo
ration ot various materials. The examples given below are 
typical, and several Similar, and a fev more complex, problems 
are still pending. 

(a.) Coa t ins Al Tube for p _________________ _ 
ror E. P. Blizzard. Since it was desired to have the photo
multiplier tube about 1 meter from the crystal it was necessary 
to put an aluminum film on the inside of a 2ft tube of this length. 

(b) Aluminum Absorbers -- for M. Feldman. It is diffi 
cult to procure a satisfactory ra~e of aluminum foils in the 
very thin sizes, but the7 can be made by evaporation. 

(c) Evaporated Gold Films on Mica for Counter Windows 
for C. Borkowski. A rather thin film of gold ( 0.05 mgm. per 
sq. cm.) vas sufficient to markedly reduce the electrical 
resistance of the mica . 
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In a continuation of the study of crud in the solvent 
extraction process, a sample of material settled from C. P. 
aluminum nitrate was examined for J. Gost (C.P. 48-5-339). 
Most of the material consists of aggregates of very small 
primary particles, which are about 100 A in diameter. Since 
no definite pattern vas obtained when the sample was examined 
by electron diffraction, the material must be amorphous in 
nature. 

Nucleic ACid. 

An unsucceesful attempt was made to take electron micro
sraphs ot nucleic acid fibres for E. Volkin (B1010gy Division) 
{C.P, 48-4-178). Inability to dispurse the material properly 
appeared to be the main cause of failure. 

K-25 Work. 

About 2/3 of the time ·has been spent on work for K-25 
which is not d1scussed here because of security reasons. 

Misc. Photography. Metallographic Polishing, Apparatus Design, 
Instrument Maintenance, etc. 

During the period a considerable number of slides have 
been made for use at the ACS meeting and the Brookhaven Infor
mation Meeting . 

A few metal samples have been metallograph1cally polished 
for various people. 

A certain amount of time has been spent on minor apparatu~ 
improvements. 

About a week has beeu spent on electron microscope mainte
nance in an attempt to eliminate a trGublesome image shift . 
Some improvement has been obtained but the rema1ning components 
of the shift are erratiC, and therefore it is d1fficult to lo
cate their source . 
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~ Figure 2 
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• Record Macrographs of Metals Used in Corrosion Tests 

1 reduction 
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Zircon1um - neY 
U. S. Bureau of Mines 

25x 

Columh1um - new 
Approx. 25x 

Z1rcontum after test run Foote Me t als Compa nY' 
Approx. 2x Above-macrogra ph of area c irc l ed 25x 

Columb1um after test run shoving 
typical surf'ace attack 25x 

Alum1 num - sho .... l ng edge and 
surface o f A- ME 153 25x 

Recol'd Mac r ograph s of Metals Used 1n Co r r as 10n To e t s 

-166" 

Zirconium - nev 
Foote MetA.ll'J Company 

25x 

CONDI TI ONS OP TES'f 

30% H2 02 

Temp 3S0oC 

Time 61 liT' s . 

MACROGRAPHS BY T . WI LUIARTH 
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Explanation of photographs: 

Pig. 3: Black glaze on surface of BeO pellet (Pe-7, 
XR-21B), heated 1 hour at 21000 C, supported on graphit~, 
contains high concentration of nev BeO phase, or phases. 

Pig. 4: Black blisters on surface of BeO briquette, 
heated one hour at 21000 0, on graphite support. 

Fig. 5: Rounded, reaoted, (right), and sharp UDrt"acted 
( lett) edges of BeO briquettes, heat-treated at 2100u ~.n.d, 
18000 0, respectively. (Melting point of pure BeO: 25500 C) . 

Pig. 6: Cross sect10n ( fracture) through BeO briquette 
(G-6, XR-178), dark-grey, containing at least 5~ of new 
BeO phase, or phases, besides common hexagonal phase and 
traces of graphite. 

Fig . 7: Thin, black surface skin (glaze), same as in 
Pig. 3, 1n cross seotion view. 

Briquettes obtained from W. W. Galbreath, Jr. 
Maorographs by Ted Willmarth. 

Figures 3,4,5,6 - approx. 2.5 x 
Pigure 7 - approx. 15 x 

5.cav,,» .. 
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Film D- 43 . Black product of h eat ing b a r i um ruthenate to 450°C. Weak , b road l i ne s 
ascr ibed t o co l l oidal phase of unknolfn c ompo s i tion . F i ve sharp l ines ( a r rows ) t enta
tively ascr i bed to a cubi c phase, p os s ibly of Ru02 ' 

• 

Film D-30. BeO b r i quette G- 6, XR-178, p ulverized. Esti~ate i s : not more than 50% 
of common, hexagonal, f orm, a nd 50%, or more , of new BeO phase (or phases ) . Traces 
of graphite. 

Film D-42. BeO from black surface of briquette Fe- 7 , XR - 2 18 . Estimat e : not more 
than 10% of common, h exagonal, f orm , 1 0% me t al l ic iron ( added ) (arrows ) traces of 
graphite; all other l i nes, includ i ng st rongest one , are tho se of n ew Be O phase (or 
phases). 
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X-R!l Diffraction 
()t. A. Bredig) 
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High-Temperature Vacuum. Chamber for X-Ray §Pectram.ter 

The apparatuo vas received trom the machine shop. ENort. to eliminate 
a number of leaks are beiDg made. It may be necessar,y to haft at least 
some parts of the apparatus rebuilt and to use more aati.tactor,y JD.I9.terial 
than aluminum 'Whioh vas employed in the present model. The problem of 
windows of sufficient transparency for x-rays combined with meohAnical 
stability alao still neede turther attention. 

Crystal Structures ot Beryllium Oxide 

In the preceding quarterly report, the occurence of a nev crystal 
phase in high-fired beryllium oxide vas described. Present experimental 
work hae largely been directed towards determining the conditions under 
which this new ph&se torms. W. W. Galbreath Jr., of the Pover Pile Division 
co-operated by having a number of preparations made 1n a high-temperature, 
carbon tube turnace at the lorris Blectrotecbnieal Laboratories of the 
U~ s. Bureau of Mines. Success has not been attained as yet beyond. the 
observation that beryl11Ut.l oxide briquettes (dimensions: 2" x 1" x 1/2") 
f1red at or below 1900OC, did not show the new phase w~le those fired 
at or above 20000C did contain varying amounts thereof. These were sane
timea limited to a thin surface skin of high concentration, and somet~e8 
distributed throughout the briquette. While 1 t aeema most likely that 
the formation, in this ber,y111um oxide of comparatively high purity~of a 
new phase, difterent in crystal structure tran the common ·hexagonal. one, 
i8 connected with the introduction of small amounts of tmpurities during the 
process of tiring , eM particular substance responsible tor the effect baa 
not as yet been identified, and efforts are continuing to determine its 
nature and orig1n. 

Aa to the atomic structure of the new phase, the data obtained with 
the more recent preparatim suggest that an alternate interpretation to 
that ot a cubic crystal lattice suggested in the previous report, 1s 
poas1ble. In the x-ray pattern d~scu88ed previously the lines ot the common 
hexasonal form were still · very prcm1nent. Bee1de. 3 or 4 weak addi tiona! 
I1nes which then vere attributed to the possible presence of an tmpurity 
(graphite vaa, f.1., identified also), three retleetions ot strang or 
intermediate intens1ty had given a perfect ~eement with an assumed 
cubic lattice. With a constant ot 80 • 3.83 J( , 8uch a polymorphous form 
ot ,BeO would be entirely aualogous to that of zinc sulfide. However, trCllll 
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a small amount of powder collected in the process of rubbing two high-fired 
briquettes against each other, whose dark-gray, glossy appearance indicated 
a surface reaction with either the supportiDg graphite crucible or the 
f'urnace atmosphere, an. x-ray (fUm D-42) pattern was obtaiDed 1n whioh the 
lines of the camnon hexagonal form had almost disappeared. (See Table 1, 
and the reproduction of tilm D-42). The three lines which have been inter
preted as the (lll), (220) and (113) reflections of a cubic-tace centered 
structure ot the zinc sultide type are prominent in this tUm. Xowever, 
the strongest line of th~ pat tArn W8.8 not one of them, but one COITeoponding 
to a lattice spaoing ot 2.345 X, that is almost identical with that of the 
second strongest line (10. 0); d = 2.335) of hexagonal BeO . Tba·, tills 
latter phase was not prasent in the specimen in more than minor quantities, 
ot the order ot l~, is proven by the weakness ot its strongest retl(ctlon, 
(101), d = 2 . 060 A. In addition, lines that were very weak in previous pre
parations, appeared nov with somevhB.t greater intensity, and a tev veak new 
lines also became meftSurable, that vere not detected in specimens containing 
larger amounts ot the hezagonal phase . Careful eDmination of a number 
of film and spectrometer records of various specimens showe that at least 
the atronger ones of these lines are present, vhenever the 3 retlectlOJl8 88 -

eribe3. to a cubic phase are strong. Kspecial~ the presence of the strongeet 
line ot film D-42, with the spacing ot 2.345 A, in patterns where its presence 
is easily concealed to more superficial observation because ot 1 to closeness 
to the (10.0) retlection of the hexagonal phaae, c auld be established by 
precise measurements ot both line-positions and line vldths. Even in film 
D-30, reproduced in the last report, it is now possible to detect the presence 
or this strong line in close vicinity of, or almost coincidence with the 
hexagonal (10.0) reflection. rum. D-30 1s representative ot the mat.erial of 
briquette Bo. G-6, IR-178, as a whol~ . Therefore, the possibility or ascribing 
the non-cubic lines of tilm D-~2 to the crystal pha8e ot a substance differ~nt 
trom BeO 8Dd present in the surtace of the briquette only oa.n. be ruled out . 
Actually, thie briquette, apparently consisting ot rather pure BeO, according 
to spectrographic and carbon analysis (traces only of Fe, Sl, Ae and Mgj 
O.~ C) must on the basis ot film D-30 and the spectrometer cb.art(this repor t , 
I'igure 1) be assumed to average not more than 5~ of the common hexagonal. 
torm, end to conta1n at least 5~ of the nev crystal phase (err phaf.l'esl) ot 
beryll1um oxide, as characterized by the pattern of film D-42. 

It may be noted here that the spacings of the non-hexagonal lines in 
pattern D-42 ot the surface abrasion product, which are also of decreased 
eharpnesll, are larger by 0.5 to l~ tban those in film. D-30, representing an. 
average of a briquette . The reaaon i& considered to be the higher 8I1Ouut ot 
1mpuri ty assumed to be present in 80lid solution in the surface specimen 
ot t'ilm D-42 . AssUming a maxiDl1.Dl possible difference of ~ in the lattice 
d1mensions ot' the solute from that of' the solvent in this solid solution, 
one obtains, 88 the amount dissolved, 0.6 x 100 = 3 mol 'f, ot' an impurity 

20 
present in the surtace skin, and approxtmately halt this figure in the average 
of briquette G-6. These t'lgurea . seem not unreasonable . 
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Another observation may turn out to be of SOll18 1nterelt in the process 
of elucidatIng the nature ot the nev beryllium oxide phase (or phaaes): 
A high degree of orientation of crystallites ¥as observed in most of the 
briquettes, with the (00.2) plane of the hexagonal lattice oriented pre
ferentially paraJ.lel Oto all surfaces.. While it is somewbat difficult, 
though not 1mpossible, to understand the mechanism ot this type ot preferred 
orientatIon, it 18 noteworthy that the other phase, or phases, .eea to 
tollow a related mode at orientatiom Whenever the 1ntenaItr .ratio ot the 
hexagonal (00.2) reflection vas high when c~ed with tboee ot the (10.0) 
and (10.1) retlections in randOlllly oriented powders, the retleotion d : 2.215 R 
a1eo vp,s ot very much 1Dcreased intensi t,., f .i. in ccmparIscm vi th that o"t d :: 
2.345 A. This IDOst likely indicates a kinetIC, or "senetion, rel&ticm.ahip 
between the heDgonal. am the new cubic" or pseudo-hna8onal phas" ot BeO 
similar to that observed in other substances. 

In viev ot the obaervations and measurements described here, one is faced 
with the necessity ot choosing between tvo possible interpretations: I'irst, 
two new crystal phases of beryllla u.y have been observed here to occur 
together with the common h8~sgonal modificatIon, one ot which would be the 
cubic structure, &0 :a: 3.83 A, as derived fl"aa three prClllinent x-raJ' diffraction 
l1nes vhich tit the indices (lU), (220) and (311) ot & zinc sulfide type 
lattice aocurately. TSe second of the new pbasea, represented by the very 
strong line d c 2.345 A and a set ot at least half a dozen weaker lines would 
be o"t lover s~try. 

The otheY possible and perhaps .ore plaua1ble interpreta ot.lan involves 
abandoning e.ltogetber the assumption ot a cubic 8tructure in these briquettes, 
and ascribing all x-ray reflections different r.ra. those ot the hexagonal 
moditication to one new crystal phase of beryllia of a s~try lower than 
cubic or bexagonal, end probably pseudo-hexagonal. 

A third po3sibili t,. JU!UIlely to interpret the major new line8 a8 thoee 
of a e.o1id solution of an impurity in be17llia, having the ooamon. hexagonal, 
though slightly ezpanded structure of pure Bee, may be sugge8ted by a certain 
similarity ot the x-ray patterns. It may be ruled out howeTer tor tse following 
reason: A <;9.2) ref'lection,ov1th an e~cted "pacing o"t d = 1 .. 615 A, calculated 
trOll the spac 1ngs d :::: 2.345 A and 2.230 I, it assumed all (10.0) and (00 .2), 
respectively, of the hypothetical expanded hexagonal latt1ce i8 definitely 
missing in the x-ray pattern, while the corresponding reflection in pure BeO 
i8 a ccmpe.ratively strong line. 

Perhaps, the good fit of the "cubio· l~s, and also SaDe very alight 
differences in their"spott1nels", when compared with the other lines ot tUa 
D-30 (preceding report), cannot be oonsidered sutficient evidenoe tor a choice 
between the tirst two interpretations in favor ot the tirst one. It is true, 
a180, that a preliminary examination, with the polarizing microscope, ot tinely 
pulverized material trom o& high-fired briquette, did not reveal the presence 
of an optically isotopic crystal phase. A microscopic study of a thin section 
which is underway is hoped to help clarity this point. 
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TAELK 1 

Powder I-Ral Pattern 'D-~2l ot Eis!!-1'1red Be!2:11ium Oxide 

(sample t:rca surface of briquette made with the addition ot 1~ metallic 
iron and ~ durite resin binder) 

.0 Fe-7, IB-21.8 

Intensity Spacing Substance Crystal :rom Indices 
eyr. caxc • hl,l 

VW 3.385 3 .400 C graphite 00. 2 
VB 2.345 BeO neV' 
W 2.330 2 . 332 BeO hex 10. 0 
S 2 . 230 2.225 BeO nlY *) 
VW 2.185 2.185 BeO hn 00 . 2 
VW 2.115 BeO nev 
W 2 . 100 BeO nev 
S 2 . 080 BeO ney 
w 2.060 2.058 BeO hex 10. 1 
S 2.030 2 .020 ,.e r:JJ llO 
W 1.600 1.595 BeD nev 
VW 1 . 575 BeO new 

'VVW 1 . 430 1.430 1I'e C/.... 200 
S 1.365 1.365 BeO new **) 
VW 1.350 1.347 BeO hex 11.0 
W 1.247 BeO new 
W 1.240 1.235 BeO hex 10.3 
VVW 1.175 BeO new 
W 1.1.60 1.165 J'e 0{ 211 
W 1.155 1.160 BeD new ***) 
VVW 1.140 1.145 BeO hex 11.2 
VVW 1.127 1.l.26 BeO hex 20.1 
VVW 1.120 BeO new 

*) ... ) ... ) Theee three liDee llisht. $0 be interpreted &8 thoDe 
ot a eeparate cubic phase, &0 • 3.860 X, 1nd1cee (lll), (220) and 
(ll3),ot beryll1um os:14eo rheircalculated epac1Dge reter to thio 
structure. 

· . 
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The results obtained thus tar III8iY then be sUJDII&rized as tollows: 

a) A large percentage o-t beryllium oxide after being heated to or 
above 2OOOOC, is found, probably under the influence as yet ot unidentified 
impurities, to assume a crystal structure different traD the oCIIDon he:r.agonal 
one. 

b) Aa en alternative to a. previous suggestion involv:mg a oubic face
centered, zinc sulf1de type structure, the assignment, to ODe n.v orystal 
phase of BeO ot all new x-ray linea observed, would lead to& atrueture of 
lover symmetry, the nature ot which raDaina to be 4etel'ldned. 

c) The occurrenoe of the new phase (or phases) .eems to be connected 
vi tb a marked depresslon ot the mel t1ng point. This lI&y have a beariDg 
on technological considerations in connection vith the use of high-fired 
beryllia . 

On the Possibill ty of a Cubic structure of Ruthenium DioxIde Ocouring in 
Calcined Bariua Ruthenate . 

M. D. S1lverman who submitted preparatiODB of barium ruthenate to Which 
various heat treatments bad been gj,ven 1s reporting on this work in another 
section of this report . Bere, therefore, only a tew points BOIIlewhat hypo
thetical in nature may b. brought out in BaDe detail, which the present rather 
scanty data suggest. 

a) The black subst811ce obtained, when reddish brown BaRu04 • H20 1s 
heated to temperatures at ¥bich the vater and most of one atom ot oxygen 
are given oft, yields an x-ray d1:rtractlon pattern in which two sets of lines 
are readily distInguished (Bee reproductIon of film D-43) • One set consists 
ot 5 'Very eharp lines, very prominent in t~ttern, shoving a "no1"ll8.l" de
crease in intenBi ty tram very strong to very weak with increasing Bragg 
angle. Tb.e other set ccalprises a sCll1ewhat larger number ot weak or very 
weak, and broad, reflections, indicating a rather small cryata.ll1te size 
whioh increases slowly with increasing temperature. These two sets ot 
x-ray diffraction lines ~ be assumed to represent two difterent phases, one 
vell crystallized, the other colloidal. 

b) On proJ.onged heating, at llOOOC, the tirst aet, of sharp lines, is 
preserved, while the second one 1a changed into a nev set ot a large number 
of sharp reflections of intermediate intensity, tndfcating the transformation 
of the colloidal substance into a vell crystallized, third phase. 

c) While structures have not as yet been derived for the two latter 
ones of these three phaBctS, Table 2 intends to ahow for the tive sharp 
re:f'lectiona the exceUent agreeaent ot e:xperiment.el.latt1ce spaCings with 
the aS8UD1ption ot a cubic bodJ"-centered structure. 
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!,.ABLE 2 

X-Ray Pattern of KVDOthetical Bodv-Centered Cubic Phase in 

Intensity 

very strong 
medium 
medium 
weak 
very weak 

9alcined Barium Ruthenate Yilm D-

Bragg Angle 
for CuKo. 

(-)0 

15.60 
21.70 
32.50 
45.30 
53.75 

Indices 
hk!. 

110 
112 
220 
123 
330 

Lattice conetant;.-__ """"':'1 

110 • 0,.710 JIo1t Kl.+e.'J.' 
j 

-6t/l1-e 1'" 

4.054 
407 060 
4.055 
4.056 
4.052 

~--- --- -- - -- ~- -- -- - --- - - --,.-------- ---- ---.....------
mean: .... 055.! 0 . 002 A 

o 0 
80 corrected (for dcaleite = 3.036 A): 4.067 ~ 0.002 A 

o 
Tee lattice oonstant B.o = 4.067 A 1B quite similar to that ot BaTi03 (3.91 A, perovskite structure), with which B. ,compound of the composition 

Eo. Ru 0 might be expected to be isotypic. However, the intensities 
obeervea, and in particular, the absence of the (200) reflection permits 
one to rule out the presence of a barium ruthenlte phase of perovskite 
structure. It also seems impossible to reconcile any other atomic arrange
ments for a compound :Sa RuO-"~ with the dimensions of th(l unit cell given 
and the x-ray intensities onserved. 

A few preliminary structure faetor oomputations suggest as a possibility 
the assignment of the recorded 5 x-ray lines to a hypothetical, cubiC, form 
of ruthenium d10xide, possibly stabilized by barium oxide, and different 
fl'om the common, rutile type, tetragonal form, alt~ugh similar to it in 
re~ard to its deep black color. In placing two nu· ions at the locations 
000 and 1/2 1/2 172, and the oxygen ions at ttt, ill,. 3/4 3/4, 3/4 3/4 1/4 , 
and 3/4 1/4 3/4, one obt&ina an intensity ratio of approx1mately 10:1 
tor the reflections (110);(200). This may, or may not,. be considered in 
poor ~nt vi th the experimental data, in view ot the fact that the 
(200) refiection bas not been observed at all. Above all, this structure 
would illVolV~ a change frem the octrahed:ral coordination of 6 oxygen ions 
around a Bu" ion, such 81 in the COlT.mOll rutile type structure of Bu021 
to a fourfold, tetrahedral coordination in an anti-cuprite (Cuc<» type 
structure. At present, gel'lll8llium. seems to be the only element known to 
occur in both a rutile structure (6 fold coordination) and a structure 
(quartz type) vi th 4 fold coordination. In coneider"'1ng the chances of 
rutheriil.JIl also occuring in both coordinations, it 1e found that the radius 
ratio of the Ru,,4 and 02- 10118 aeeJIUJ to approach if not actually reach the 
lower limit for the range of the 6-fold coordination, at 0.41, below which 
4 told coordination becaftee the energeticall:! mON stable structure: We 
consider, e.8 an approx:1Jllation, the ratio dRu-O - rO 0 41 in which l"b • • 
dRu-O • l.gr i 1s the approximate diatence between Ru4 4 and 02- in tetragonal 
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RU02 (Strukturber1oht) and ""0 is 1.40 A. It 1s seen that the ratio carnea 
indeed cloae to the limiting one tor 6-told coordination. This situation 
is fUrther illum1neted by the rather small diatance between two o~gen 
iOns, ot on.l.y 2.4 A, in tetragODal Ru02 (end, tor that matter, in several 
other compounds ot the rutile t~. A tendency tovar.da a conversion, 
under suitable conditions ot temperature and degree ot purity, to smaller, 
leas "crowded" coord1nation, may thus be indicated. It we 1'urther consider 
that 1n rut1le type Ge02 the correspond1Jlg "radiua" ratio i. ~ 0.35, 
and that 1n aplte ot this tact Ge02 occurs in both the 6-told and 4-told 
coordinatiOl18 as mentioned above, _ may conclude that aubstance. in the 
border range can assume structurea ot bott types ot coord.1natiOl1. Since 
Rut4 must be considerable larger than Ge· , it is only reasonable ~hat 
Ru02 would not take on quartz structure, but 1natee.d, under suitable conditions 
an apparently nev,anti-cupr1te,type ot %02 structure, tentatively proposed 
here, and preaumably intermediate between the quartz and rut1le atrueturf~a, 
as far as "radius" ratio and pol&ri~abi11ty of the ions are concel11ed. The 
latter factor probably playa a significant roll 1n the case of Ru·~h1eh 
1s not of noble gas type electronic configuration, but i~vb1ch 4 electrons 
remain attached to a shell ot ltry})ton cont'iguration. Bu·, as contrasted 
to more rigid ions such as Ti4~, may thus be one ot those cat10ns whoae 
partial pel18tration by, and polarizability in the tield ot comparatively 
small negative ions may contribute decisively to the torce. involved in 
the binding. It 1s possible to imagine that tetrahedral symmetry may 
result in 8uch a caee. 

The queetion ot the po •• ible occurrence ot tetrahedral ooordination 
ot az;ygen around Ru·4 appears to be ot lJutficient int •• t tor a general 
understandill8 ot the cheaistry ot this element, and in particular the 
acid-baae beha'Yior of the dioxide to warrant further exper1mental investi
gation of the relationships discussed in the toregoing. 

Miscellaneous X-R!l Diffraction Work 

a) Determination ot the I'orm ot Carbon Present in Cobalt Metal. 
Povder 2:-ray patterns ot cobalt metal tram 1:1 til. er and Amend Company, 8ubmitted 
by C. P. Stanford ot the P~1C8 Di viaion, and containing 2ft carbon, did 
not show the linea ot any' of the two carbides ot cobalt known. However .. & 

broad ditfraction riDg ot cOlDparatively high intenSity at e = 6.4" (Fe 1(,. ... 
ra4i_ti~ aDd 3 very weak d1ffraction lines with spacings d = ,.12, 4.68, 
and 4.32 A, are present on the fila, beside the It ray linea ot hengonal 
cobalt and weak ones of ita cubic modlticatlO1. .. The substance producing 
the lines end the amorphous ring have not been identitied but it seems 
an almo8t~ inescapable conclusion that they must represent'heretotore 
lDlkDovD a.J.mo8t mnorphous co.poun4 ot carbon and cobalt . It 18 believed that 
only a combination with cobalt would enable the 2f, carbon pre.ent to prodl.~ce 
as atro:og a d1ttraetlon. ettect ae tbat obaeM'ed. 
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b) Corrosion '1l.'11u!1 on Beryllium Ketal. and stainless Steel. Attempts 
to obtain ditfraction ettecte tram the surface tilm of corroded metal pieces 
o'f bery1l1 um and etainl.ess stoel, subm1 tted by J. Ii:. Draley, MetallUl"gical 
Divieion,and A. S. Ole en, Teclm1c&l. Division, reapective17, tailed due 
to the in.euf'ticient thickness of such 'fIlms. The samples vere reterred 
to eDllinaticm by electron d1tf'ractlcm. Three weak l1Dea obta1Dbd in . 
one cue of a comparat1ve~ thick deposit on stainless atHl wre tentatively 
ascribed to adsorbed sodium blchraDate which was a conetl tuent of the 
corroding aolution. 

c) A Precision Measurement 01' Two Cob t .. lron , aubm1 t~(l by 
S. Siegel, yielded the values 2. 9 .. 0.001 8.D4 2. 7" 0.001 X tor the 
lattice constants ot the alloy PeCo, -cooled slovl1' frail '1600 (ordered 
lattlce) and cooled taet 1n the torm of a casting (disordered), respectively, 
in good agrHIIIft1t vi th values ot the literature. 

d) Several dozen samples of elements and ccapoun4s submitted by 
C. G. Shull in cODDectlon vith neutron diffraction studiea were cheeked. for 
pbaee purl ty • 
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Instruments and PAlste&! Measurements 

Preliminary :rr1ments w1 th Gas Tube Cirelli ts 
(J. B. Parsons 

In many applications the power consumed by an electronic IHchanism 
Is a major consideration due to the sreat multiplicity ot electron tubes 
inTol ved or due to the lack of aTa1lable pover. lenr~ aU ot the pover 
consumed by ordinary circuits i& dIssipated as heat. MaQf ot the component 
circuits in a mechanism are binary in actton, i.e., the clrou1ta are either 
conductiTe or non-conductITe. Examples of this type ot circuit are scalers, 
multiv1bratore, univibratora, and same coincidence circuits. A two element 
gaseous tube such as the eommon neon glow tube can be used as binary action 
component in many cases vi th a great saving ot power sinoe these tubes re
quire no heater power. 

The binary action ot the neon glov tube can be controlled by an applied 
voltage pulse. The controlling action can be demonstrated in the current 
sn tch shown in Figure lAo The IE-51 (smallest ot the neon glow tubes) starts 
conducting vhen a potential of about 70 volts is applied and stops conductins 
when the applied voltage is reduced belav 55 Tolts. A direct voltage 
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that 18 greater than the extinguishing voltage and less than the striking 
voltage is impressed on the tube through the series resistor. W1 th this 
condItion, the tube will not conduct until sOl1e positive applied pulse 
causes a momentary voltage on the tube that exceeds the str1king Toltage. 
The tube will remain conducting until Bome applied negat1ve pulse causes the 
Toltage on the tube to drop below the extInguishing voltage. During oonduction 
the Toltage on the tube (due to the voltage drop through the resistor) v1ll 
be equal to the extinguishing Tolte,se. 

A very simple univibrator can be made USing these characteristics. 
As shown in J'igure 18 the tube vill be normally conducting. A negatiTe pulE!! 
at A or a positive pulse at B will cause the tube to be non-conductive. The 
tube vill remain non-oonduotive until the condenser c changes to some Toltage 
at vhich time the tube again becomes conducting. These cirouits can be _de 
quite sensitive so that a one volt pulse o an, caueeaction to start. The action 
occurs with a large voltase change thus there i8 not amplifioation ot the 
input pulse. The time of action 18 controlled by the time oonstant of the 
(Hl • R2) C circuit. 
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Since these cirouits are responsive to both positive &Dd negative 
pulses and a180 quantitatively seneitive to pulse voltages ot either sign, 
they may be used tor either coincidence (threshold) action or anti-coin
cidence (1nhlbitlns) action. These circuits haTe a great 81a11&rity to 
the electrioal action of neurons aDd it i8 therefore. auggeuted tnat the 
name ''neurovibrator''be applied. 

A triggered multivibrator may be aade by coupling tvo DeUl'O'Yibl"'&tore 
as shown in J'igure 2. As shown, the circuit vill be stable with bott tubes 
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H~ L --e--> a' I'I~", __ 

F ' ~ ?. 
conducting. A negative pulse at A or Al or a poe1tive pulae at B or Bl 
will start the action. Tho a.ction vill consist of oscillatIon ot both. neuro
vibrators. This action vill continue Until acme synchronized pulBe 1s a'D'Dlled 
at A, Al, B, or Bl. This could be supplied by conneot1D& Al to B or A to Bl ~ 
This utilizes the inhibitory or coincidence action. This oircuit could 
correspond to the 1'-;0 called memory neuron. 

Theae tubea can also be uaed tor a very sillple Bcale ot two. The 
Bcaling circuit i8 shovn in figure 3. The action starts vith one tube 
conducting. A negatIve pulae vill cause conduction to be "transferred" 
from one tube to the other. Thus the circuit CaD be used as a b1.nary 
scaling pair. 

r 

'5 v 
Hr· Ii I 

t ~.~ ...... 1 

I'::'~ . 3 

.. 

• 



-

e 

e 

183 f 

Allot these circuits operate on the potential difference between 
striking Toltage and extinguishing voltage. It is desirable that this 
difference be as great as possible. This ditterence oan be iner.aaed 
over cOllllDerci&:lJ..y available tube. by increasing the gu pre.aur. to 
about 12 em. JIg. 

It has been found that these circuits are not ~ ecoaa.ioal in 
power consumption but usually require tever parts than the corresponding 
electronic tube circuit. They do, however, operate v1th lqer action 
times thaD the conventie.l. eC1U1 valent. 

The Use ot Proportional. Counte" in Coincidence Measurements 
( C.. J. Borkowski - R. W. De.ndl) 

Proportional counters previously described (Monll-432) are ideally 
suited tor beta-g8IIIIDA coincidence measurements. First, the short dead 
time les8 tbm 1 microsecond, alloYS rapid counting with small coincidence 
corrections - l~ 10a8 per 500,000 counts per minute I!IDd secon4, the rise 
time ot pulses in a proportional counter 1s cODlJiderably aborter than in 
Geiger counters. J'Urthermore, since Argon-C02 gas tillings can be used 
in the proport1onal counters the collection time ot electrons released by 
an ionizing event 1s 10 times shorter than 1n Geiger counters, thus there 
are fever missed beta-gamma coincidences due to time lags in oollection. 

A beta-gamma coincidence circuit vas set up tor R. Brosi tor the 
evaluation ot total disintegration ratea ot Xe1j5 and tor the determination 
ot the :fraction ot the short halt lite isaner ot :le135. In order to obtain 
a higher etticiency tor the detection of the 0.25 Mev gamma rays from 
%e13' I a gold plated end window counter having a 50 DIg. per 8q. em. gold 
toil between the mica and the a~na1t1ve volume of the counter vas used 
ao a proportional gamma counter. The efticiency ot this counter was 
nine times greater than the conventional bras8 mica end vindov counter . 
The Beta counting rates vere 500,000 counts per minute. The Beta and 
Gamma channels eaoh consisted of a taat amplitier feeding a coinoidence 
circuit designed by W. ~radley. '!'he reeolv1.ng time of the coincidence 
circuit vas only 0.5 microsecond and vas the limiting factor in all the 
measurements, since the randoe coincidence rates detenlined the precia10n 
ot the resul. ts • 

In order to tully utilize the fast rise time and the short dead time 
ot the beta proportional counters a coincidence circuit v1th a resolving 
time ot .05 microseconds is being buil t . 
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A CClInpact Beta ~rt1one.l. Counter 
(Ea Fe.irstein) 

An experimental model of bete. proportional counter i8 nearing COl1-

pletion( which will be considerably smaller than any presently aTa1lable) . 

The unit baa a built-in rate-meter with prOTiaiODJl tor plugging in 
Nl external recorder a:tJ4/or scaler. The panel meter 1s a preciB10n meter 
vi th a logarithmic SOTement. This teature perm1 ts reading to constant 
percentage accuracy anywhere on scale and decreases the . number of ranges 
necessary for a given coverage. 

The cOTerage 1& ire. ten to one million counts per minute in fiye 
decade ranges. The last decade baa been included to give a rough idea 
of the rate of a hot suple, and. it 18 not Ileant to give accurate readings. 
The dead time of the instrument 1s adjusted to six mioroseconds, which 
gift8 a coincidence 108s of one percent per 100,000 o.p .... 

The overall accuracy when using the rate meter will be plus or 1I1nu.~ 
two percent. This figure does not include errors due to cotmting statistics . 
Thes. must be 8eparate~ determined. The rate-meter drift is less than 
one-half percent per hour. 

The amplifier i8 a tbree stage unit with no compeneation or feed-back . 
The rise and fall times are each approximately one-half miorosecond, which 
are sufficiently good for'thiB type of instrument. The amplifier feeds a 
two-tube pulse shaping network, whioh in turn feteds an integrating ftouum-
tube Toltmeter for the counting-rate indication. ' 

The un1 t 18 designed for use with a fifty percent geCDetry flow-type 
chamber mounted separately !rom the instrument. 
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4- ANALYTICAL SERVICE 

Lab. 
and 

Pilot Semi- General Spectro-
Pl811t Works Water Production Radio- General graphic 

Control Control Ana.lyees Analy6es Cham. Ionic Analyses Total 

Present 
Personnel - Tech. 4 2 1 4* 8* 2 4 

Non-tech. 25 8 4 19* 11* 3 
,.--- ..... --.-

Division 

Technical 9781 856C 1284 1203 149 73 21,056 

Chemistry 223 97 13 200 

Production 2408 43 

Tank Fann ( 0 1488 16 

Rnrt jo-Tsot.clI·/'< 
Development 3304 

Metallurgy ~'4 

St..,am P1RIlt 60 

Misc . 12 37 

*00 April 1, fIve technical people and three technicians were transferred from 
Production I\nalys8s to the General R8diochemical Group. However, this summary is on 
the Bame basiS throughout the quarter for the sake of uniformity. 

It is readily noted that as previously the major load. of the analytical 
Bl!lrvice groups 1s from the Technical DiviSion (about 70~) w1th the major part of the 
rest coming from the Opera.tions Division. The total number of analyses made in 
this quarter was about 20~ gro!ater thm in the last primarily due to increased 
demands from the Technical Division. The demanlls of the Technical Division seem to 
hsve reached a fairly constant level now e%cspt that there seems to be en incr~a8inB 
demand for radiochemical analyses • . 

1200 ArBa Control Gro!lP (E. J. Frederick, W. To Mullins, R 0 A.. P arlter, J. N.. Weeks) 

This group 1s doing the work for tl.oe "25" Pilot Plant only. This is 
sufficient load for this lab at Hanford acti,rity levels. This group is now ehort 
one shift supervisor, which il5 bad1y needed for effective operation. 

533 

2541 

1564 

3304 

24 

60 

49 
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1300 Area. Control Gro,!? (L. '1' . 
. \ 

Corbin, GJ R. Wilson) 

S1nce there will be little activity in the "23" process until the 
new Technical Division solvent extraction building is cqmpleted, th1s group 
has been doing primarily the work tor the "25" laboratory and eemi-works 
groUPI!I· 

Water An&l.;r8es Group (J. H. Edgerton) 

The anat,t1cal load of this group has increaaed b7 about 2OJ .. but 
the present personnel seems to be adequate to handle this. 

General Radiochemical Ana!lsis (C. L. Burros, O. M. Bizzell, Q. W. Le4dlcotte, A. Brown, 
D. I. Gilbert, J. S. Gill, D. J . COOIIIbe, R. H. Sampley) 

The demands on this group bave increased cOll8iderab~ 4\11'1118 this quarter. 
The part of the radlo-il!lotope anal.ysis group do1Dg anal.78ell tor dnelopment groups 
ha.s been consolidated with this group, but due to lack of space will remain in the 
706-D building until other facilities are available. 

General Ior.ic A,n,alysis (D. E. LaValle, w. Wolkow1tz) 

Thi_ group 18 at present tnadequate for the number of samples submitted . 
It the~e 1s ~ indication that this load Yill continue at the present level, 
further personnel must be obtained. 

Production Analyses (E. I. Wyatt, T. G. Barmon, B. J. Ginocchio, C. M. Goolsby) 

The work ot this group is nov confined to radio-iSotope production 
activities, all development work having been transferred to other groups. 

Spectrographic Laborato,!l (C~ Feldman, M. Nurrq, A. J. Estepp .. J. Gillespie) 

In addition to routine spectrographic analyse8 the tollow1D8 development 
work Wall done: . 

It was found that the addition of an internal standard is uanecessary if 
the OR line 3084 A 18 used u a compari8on line tor duterm1n1ng Al in 8~ Ca(N03) 2 
solutions (a8 Cal. 

The circuit of the intermittent A.C. arc was altered to permit more 
8park-like operation. 

Work was begun on the following: 

(a) 

(b) 

(c) 

Detera:1nation of trace. of Ag in Pd. A briquett1ng me~od is being 
investigated. 
Surveying available sparking and A.C. arc1l'lg conditions preliminary to 
lIetting up low· background standard plates for the R.E. 
Preparation of an absolute17 calibrated working curve for Ht in Zr . 

Sensitivity ltm1t8 were determined for 23 additional elements by the porous 
cup method • 
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