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ABSTRACT

♦

<»«i

is proposed that the Fe 
by Cig.

Plutonium la Luxam to exist la four ooddatlaa fltatos la aqueous sohiticn: 

PuCHD, PuQV), PaGO and Pu(Vl). The problem cd determinlrg the oxidation 

number of ptadoctum la various solutions is indeed aa Imported and Interest

plutonium have been Investigated. The purpose of thews procedures has been the 
determination of the fraction of the plutonium present Ln the -*3 oxidation state 
in solutions containing mainly Pu(UI} and PuffV).

Procedures Involving the use of columbium oxide and lent hamrm ammonium 
oxalate were not feasible. Preliminary experiments Indicated that PuQV) is 
carried by ThPoO? while PuOU) Is not carried. Further investigation might 
prove the use at a procedure Involving ThPjO? to be highly feasible.

Tbs see of xLrcoalum pbeqylarsonata to carry PuCTV) and at the asms time 
leave PuCTU) Ln the supernatant solution has been investigated quite thoroughly. 
Difficulties were encountered In the prevention od the redaction ad PuCHT) to 
PuCHO during the course ad the analysis. B was found that CU present at a con
centration ad S x IO"* N prevented the rsdoetiaa cd PnCHD and at the same time 
did not oxidise PudD. Successful ■nslyses cd adhttons containing PuQU) and 
PuQV) were carried col using Cl2 as an oxidant.

In connection with tbs wort on ths strechhun phsnylarsooate procedure, 
the formulas ad plutonlumOV) phenylarsanaAs and IwwUmuOV) pbenyiarsomie 
were found to be PuCCgf^AsOg), . xH-jO and ZHC-HkAsO^ • yHjO respectively.

A procedure is proposed involving the san cc atreonlum phngj 1stocant > and 
LaFe to det er mine the amount of Putin), PeCDST) and Pu(Vl) la aotatloos coutalnli< 
an three oxidation states. Although ths analysts did act prove sascseedbl, the 
discrepancy may have been due to a trees cd Fa<nO la the pUnostam soiutlcn. It 

may have catalyned ths oahtatinn cd PaOW to PuQV)
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* method to quantitative measurements Is complicated because the absorption spectra

of the various oxidation states are not independent of the anions in solution due

of the different oxidation states present one has to know the spectrum of each

oxidation state in the medium under consideration. These quantitative measure

ments must be made with a ere ot ro oho toaster while a qualitative determination

of what oxidation states are present can be made by merely viewing the solution

In a

a method.

i

with a precipitate of La Cm) is discussed.Pa

Certain restrictions are placed on the method if it is to be a practical one.

■

Illi

Illi

and Pu(TV) at tracer concentrations had 
i

not yet been developed. It has been the purpose of the present work to find such

solution can be made by the “LaFj holding oxidant** method developed by

W. H. McVey of this laboratory.
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Plutonium In the *3 oxidation state La mrtdlnwt at an appreciable rale by

>
I

oxidation of Pu(HI) is alow. Th-? analysts should be carried out at room tempera- 

tare for U may frequently be necessary to analyze solutions Ln which oxidation

Pu(Xn) is more readily oxidised to Pu(TV) Ln the presence of sulfate than in the 

presence of chloride. Pluton! im Ln the *4 oxidation state is known to exist Ln 

a colloidal form which may behove quite differently art th respect to being carried 

by certain precipitates than docs the loulc form (so-celled ’‘normal" form), 

plutonium Ln the *4 oxidation state is capable of dlsproportlonatlng Into PuQn)

Solntionr at PuCD) in HC1 solution prepared by Hj reduction are known to 

build up a certain concentraUcr. of PuOV) upon long standing. Presumably 

tMe oxidation is due to the Lon pairs produced in the solution by the alpha

. reducing plutonium in any of Mr oxidation states at an appreciable rate. The 

solution in which the analysis >« to be Carried out should be one Ln which the air



prepared In «och a manner as to eliminate as far as possible the formation of

colloidal Pu(TV) and should be kept Ln a medium In which the disproportionation

Is as small as possible.

ions to precipitate as hydroxides. The Pu(IV) as a hydroxide at a

pH of about 2 while a pH of about 7 La necessary before PoOXD precipitates;

solution. It was found that from 0.20 ml of HSO^- - 804" solution, 200m at

■t-HUM

(<■1

XI Columbium Oxide 3epr ration. It was found by G. C. Pimentel and

J. W. Gofman^ that whereas plutonium, tn what was then known as the reduced

state, was carried by CbgOg * xHgO, thia carrying was reduced to a eery low 

▼nine b*2.6%) 1“ the presence of NHjUH*HCL This ^aacanalous** behavior is ecu 

known to have been due to the fact that the piutoniasa tn the presence of
• r* *1 • • *»

NHgOH-HCl was PuQU), whereas In the entsttns frost which Li was carried by 
40

CbyOj • XH20 Lt was PuffV) The difference In the carrying of PudD and Pu(IV)

b -
experiments designed to determine the bthav.or of “normal** PuQV) sltould be
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The carrying of PuQV) was about 90% under similar conditions. This approach 

to the Pu(m) - PuQV) neper at' co and tnalysis problem was dropped because 11 

was learned that the rate of air oxidation of Pu 

appreciable. Since it appeared that the presence of sulfate was necessary to 

rate of oxidation was great etrrsh to render the method useless.

2.2 Oxalate Separation. The use of an oxalate separation in a PuCU) - Pu(T7)

■

III • ••»

elmliar conditions S-4% of Pu( n) in NH. OH • MCI war can* "d. This higher 
as

carrying of PuCm) may have bm des to Incomplete reduction cf the plutonium.

Cb(V) precipitated ns the ooddr* carried only 1-2% of C*»(IU) Uacer;* under

analysis was Lnvesttgeted. Wbcreer ThCV) dissohres tn an aohrlon to

form an oxalate complex, LaCE) forme an Lneotebte precipitate of

• in an C'HfljCjO* sobatkm. 3eeh facts might lead oaa

to expect Pu(m) to be carried from an CNHfljCgO* aointton by * 6aj°.

while PuQV) would remain tn solution as an oxalate complex However, it has been
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1 •

are also

leaving any Pu

HI

HU

■bown that Th (TV) la coproc lp4u« tod with I-a(111) when La (LU) la precipitated from 

•a (Winy 2^4 aotatlon.^ The formula cA the compound precipitating was found 

to be La3Th2<NH4)8(C204)1JL6 IdHjO.*7* It has also been shown that RudV) La 

etowty Incorporated into this ccmpound whan precipitated from an (N^lgCgO^ 

solution. Thia factor would invalidate tne use oi uu« ^wbuut®.

• 1.3 separation of Pu(m) and PuQV) by Thorium Pyrophosphate. The preclpita- 

tton of thorium pyropabsptese, leaving the *3 loos in achxttot la a means of 

which la precipitated under conditions similar to those used by Carney ard 

Campbell tea boon reported as ThP^ * 28,01^ This compound dissolves
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behavior of Th, Io tracer was used; Io la the alpha particle emitting Th isotope.

. TO a eolation containing ThCTV), HC1, La (HI), and Io tracer was added a Th

precipitate was stirred rd th the mother liquor for varying lengths of time. The 

precipitate was then centrifuged off, and an aliquot of the supernatant solution 

calculated from the amount remaining in the ■fparnatard solution and ths known 

completely under the conditions chosen. Increasing the concentration of HC1 

perlmeats were performed to check an the behavior of PuQU) and Pu(TV) under i

the conditions which lead to 97.6 percent of ThQV) being precipitated as thorium 

80j

detent with the idea that PuCV) might behave like ThOV) and Pu(m) like La(m).

It wua found that the plutonium in the presence of a reducing agent such as

t 
i i

I

V.
-



TABLE 1

PRECIPITATION OF THORIUM PYROPHOSPHATE

Th (TV) 200 micrograms

LaCtH)

NHgOHCl 0.03 millimoles (a)

Na^T 1.0 micromole

(mln)

0.12 1.0 2 01.
a 12 1.0 0 07.5
0.12 1.0 ISO . 08.
0.13 1.8 135 95.

HC1
(moles/))

Volume 
(ml) %ThOV) 

precipitated

(a) Present to duplicate conditions used tn con
currently run experiment* on the carrying 
of PuCr).

a**
»-

**
• -
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T||«l

• I II

• Ln which the plutonium was supposedly PuQV) would be anomalous if Pu(VT) is not 

carried by thorium pyrophosphate, and Ln those Ln which It was treated with a re-

More recently two sets of experiments were run in which the oxidation state *
of the plutonium was more carefully controlled. The Pu(HI) solution was prepared

not change this color appreciably. Aliquots of this solution were delivered into 

a cone containing the ThOV), La(m), NHgOHCl and HC1 for treatment with the 

solution. The PuQV) solution was prepared by precipttatli< PuQU) 

hydroxide from the above prepared PuQn) solution; this precipitate was washed 

with BLgO and dissolved Ln concentrated HNO3. This solution was warmed and 

diluted to 2 M HNO3. Such a procedure is known to give PuCTV). Aliquots of tMe

ducing agent to prepare Pu(m) the results would also be anomalous if Pu(V) Is 

carried, for the reducing agents tried (SOg and NH3OHCI) are known to reduce 

Pu(VI) to Pu(V) fairly rapidly while further reduction is slow.

low concentration of Cr20?- 1 be Cr207" Ln 1 hl HC1 acts as a “holdix< 

to insure that no reduction to PuQU) takes place. Thorium pyrophosphate was 

precipitated from these solutions. The amount of Pm (nr) carried by thorium 

pyrophosphate was determined by direct mounting of the precipitate and countii< 

for alpha activity. The amount of PuflV) not carried by the thorium pyrophosphate 

was determined by removing an aliquot of the supernatant solution, reducii« the 

CrgO? with NH3OHCI and precipitating LaF3 by the addition of HF. The resultlxg
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Table 2.

The results presented Ir Table 2 Indicate that PufiV) is carried to an extent 

precipitated. Under similar cc aditloas about one percent of the PuQU) is carried.

method which is described in a later section of this report.

More recently A. Kant

I
that PuQV) could be separated from Pu 

while the PuCd), which behave: similarly to the *3 rare earth loos in many

Some experiments were ran to determine how well sircoaium pbenylarnonets

mi

I

^3 precipitate was raounica for alpha count!-< . The percent of plutonium 

carried in each case was calculable since the amount of activity introduced Into

I

dation state) is carried by zirconium phenylamonata was first shown by

8. G. Thompson. 2) More rec?ntly A. Xant^13^ has shown that the *3 rare earth



TABLE 2

CARRYING OF PUOID AND PLCV) BY

THORIJM PYROPHOSPHATE

200 mierccrams <ju NO3")Th (IV)

500 microgram n 'as Cl")La an)

1.0>4(HC1)

1.0 micromoleNa4P2°7

0.12 mlVolume

8 minutesTime of stirring

1.40.3
0.80.3

96 20.006

98.40.006

«—MM

State
:;HsC>iC! 
moles/1

Percent Plutonium
Carried by Ppt-

t■
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method; U

■M
PnOV), L*On), ZrQV) and ackL

was analysed

zirconium

are

At 0.033 ja phenylarsonic acid the amoeo* cf Pu(IV) carried by the slr- 

coaium pbenylarsonale Lncreance as the time cf attrrti* of the precipitate with 

form cf PuOV) Ln a zirconium j. henylarsonaie precipitation is discu.caed tn a *
later section of this paper. Th'- trrxrer eolation used in -noct of

®aata was analysed for jy the “Lapg bolding oxidant" method;^
was found to contain aDoroxira m-1w 0 2 n-rtm

completely precipitated rapidly. Thia was ascertained in the foUowing way: 

the supernatant solution, after being separated from the centrifuged precipitate 

with which it had been stirred for about 10 minutes, was allowed to etewt 

Within an hour a visible amount of precipitate h*d appeared in this solution. 

Using this same type of experiment It was found that at a higher concentration 

of phenylarGonic acid the rate cf precipitation is more rapif From the results 

presented in Table 3, it can be seer that for a given Ums of ctlrrlr<, the zizeo- 

nium phenyUrwonate which is prochxtaled from a moj o concentrated solution

Insure that the PuCIV) was in the "normal**

was stirred intermittently with the mother liquor for varyix« lez^ths of time;

NMWMMlSaM*



0.27
•• 
»•

•»

0.95
0.10
O.P« 
0.33

0.022
0.022
0.049••

0.033••
•»
••
»»
»•
•»

0.19•»
M

M

ft

0.049••

0.23
0.20
0.29 
tt

rt

0.054
0.016
0.C49

(a) 6 experiments: 81, 91, 92, 94 and 94 percent carried. 
81% value omitted from average

(b) 70°C instead of roo t temperature
fc) 2 experiments: 96.1% and 97.9%
id) 2 experiments: 96.1% and 96.3%; tracer solution of 

plutonium used was analyzed for °u(VT) by holding
oxidant” method. 19% of plutonium was Pu(VI).

14 -

TABLE 3

CARRYING OF PU(TV) BY ZIRCONIUM P3ENYLAR3CNATE

I
PuClv)Volume

(ml)
%Pu(IV’)

Carried

LaCTI) 
ZrffV) 30 micrograms 
Room temperature except 
wbere noted otherwise.

Time of
Skirrtng

(mln)
(moles/1)

NO3-

I

HC1 
(molea «. •I

N
 N
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 fO
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some Pa(Vl) which Is not

R U seen that at B.4 M ®3 and 0.00 M CeHgAsO^ the carrying to 

qslte poor. This much lower c urytog to not due Io a correspondingly lower 

percentage of th* aircoainm being precipitated, tor It to known that i.rconluxn
, ,1TT-—.. no* sDcreciably soluble under these conditions.’

s\<gesved that the tracer used y Ksot contained 

carried by rlrconiurr. phony lai -’ oncte (see later sectian of this paper); to the 

formate buffer the Pu(Vl) mlgh be reduced to PuOV).

MMMM

III

ll««ii

A

0 was Inreetlgnteri
r^rm tracer was used; the tonic radius of Ce(d3 to CeFg to only 0.011 £

*No conclusion correlating tie percent of the ptoftodum carried with the 
amount of the slrconlum precipitated can be drawn if this to not an exarr.p.e 
of the type of carrying to which equilibrium to established aft each ncu- 
crystal face as It forms.

IS -

M
M

te
i
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(•4)greeter than that of PuUU? tn C T***» ^x-wUnents were perform^ in

In each case with a solution of ’pgrox mainly the esuna ecnnoeitlon as that

from whje ’ it w<u precipitated. No Lai 

those expertxr.cnis both the prsolpttato and supernatant solution were analyzed.

carrier; the resulting LaFg carries the

rare earth activity. The resale which are pre—nt ad In Table 4 indicate that leas 

than 1% of the Ce(m) la carried by zdrconlum phonylarsonate under conditions 

that result in a carrying of greater than 86% cf PuCV).

A Pu 

tracer by strconiuxn pbonylarsonata reported In Table 4. The results of these 

carried to the extent of about c ns percent under conditions where Cedi) was 

carried to a sllgbtly lower extent and PuQV) was carried to ths extent of about 

for the reduction cf Pu(IV) to 1uCH) by NH >OH'IBC1 on a macro scale la known 

to proceed —tie rapidly. Perhaps the alar rate was due to Pu(TV) beU< present

sew

uh

mi

>' -Jt, •

The carrying of Pu(m) by xircoatam phenylarsaante was next investigated.

r

-

■w

carrying of plutonium which bed been heated in a NH^OIFHCI solution for some 

tlme/15> Since be found much higher carrying one would conclude that the 
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TABLE 4

CARRYING CF CEGD BY ZIRCCNTUTZ PHENYLARSQNATE

La (H’?

ZrOV)

0.20 0.033 2.4 e 0.8 (a)
0.20 0.033 2.4 SO L2 (a)
0.19 0.035 2.5 12 0.4
0.28 0.024 6.4 12 0.4
0.29 0.048 2.5 10 0.08
0.10 0.054 2.5 9 0.6

5

-

Volume
(ml)

HC1
jEcles/1)

Time of Stirring
(mln)

-c^n^AcOgi^
(molee/i)

^Ce*3
Carried
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*

TABLE 5

CAKFYING OF PUGH) BT ZIRCONIUM PHENTLARSCNATE IN

THE PF -^ENCE OF NHjOH-BCl

ZrOV) 30 mlcrogrsms

Carried
i4.2 (a)100 0.10 1400.120.0890.17

1.00.10 001000.120.089 1.40117

400 1.380(X12 0.10 .0.089 1.40.17

0.660100 a. io0.122.60.19 0.035

100 1.10.12 0.10 600.0800.22 1.1

200 ng.a io 1600.10 0.90.033 2.40.20

100a>) 0.06 0.60.046 112.50.29

0.730.06 100 10 as0.046 2.50.28

Volume
(ml)

BC1 
'molMV i:

Time aft%Pu(m)NHgOH-BCl
■oleeA)

CaHaAbO^E^ 
(moles/1)

Pu(m)

I ’
33

*

5

U
M

,

£ IF

ry
 l'i—

'i
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la a colloidal form.

larsonate la the presence of NO3’ which would oxidise Pu(ln) slowly under similar 

conditions, and it has also only been shown that the Pu(HI) is not carried la the

NHgOHBCl. Il 

practically quantitative non-carrying to carrying cf 80%. This indicated that the 

therein. The phenylarsonic add used (Eastman Kodak Co. No. 2020) was tested

hot if such were the case it would

Attempts were then made *0 The phony-

quantltalively by 13" la a NaHCC j-C02 buffer whereas in Oil M H* there are 

approximately equal concentrations of As(m) and As(V) present Ln a solution which 

is 0.1 molar in 1“ and 10 molar in Ij", it appears likely that one of the reducli«
Impurities present is As (TH).

prenenre of NH^H-HCl which cill certainly reduce PuQV) under the conditions 

used. To check on the applicab lity of the procedure to analysis, experiments

for reducing Impurity by treatment with Ij” solation, Il was found that when such 

a test was carried out Ln a NaHCt^-COj buffer solution, an appreciable amount cf 

I3" was used up, whereas, if the test was performed tn OU M much Loss !•’ was 

used up. Ono method of preparation of CgHgAsQ^Hg Is the reaction of phenyl- 

diasonium chloride with It Is not known if this is the method of

preparation utilised by Rawtmar Kodak Co.

*
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of P«CnD and PwOH) u 'r*rr low- Th* Ct Pu(m)

»•!«

<* cc olor 1nt
laraonic acid was purified by r 'crysudlisattcr. from sMar tnree Uroe«;
carton (trade-name Nuchar-OG' was used la 4Mb ' M=ryfiMMcMlon. The p'*rl*1 

product was crystalline and very white. AUrr. pts to n“’lfy ptM-ylM*001* •c4d

was diluted tor>4 M Ifl HC1; In web a soMUon Uba

b

am
an

aM
sa

sw
ai

i^
■w

**
1*

■n
s

..... 
1 ii—

as
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im were all PuCTV).

are

eeaee the carrying was lower and it wee quite irreprc lactble. Thia variation

Shoe e erratic

*

«

T|«»»

aetrlcaUy for the experiment* and in tabulated alot« with the percent 

carried- The experiments on its Pn(HD and PuCT) solutions prepared in this

n is seen that even with the repurtfied reejerf the carrytzc of the plu
tonium Is not as complete as

a was prepared by W. HL McVey by Hg (on pla- 
(17)

were not as highly purified as



(a) Stood 40 mis with all rw^wnta

TABLE 6 I4

CARRYING OF PUOV) BY ZIRCONIUM PHENYLARSCNATE

XpiMtonium carried

Plutonium 
La OU) 
Zr(T/) 
Volume 
(HC1)

mtrwd— with ra fitter Mfor b atari 
centrifugation.

4 micrograms

80 micrograms 
0.X1 ml

CoH^amOjHj) - a.
Room temperature

5 t

’ ...
I

J

o

’•■
PW

W
I
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TABLZ?

»««»

Peroant
Carried (a)

Percent piatoutum 
Carried

Percent preeeat ae IMHO

(In HC1) peak at 4700

2.6 mlcrograma
100 microgram*
SO microgram*

0.21 ml

CARRYING OF POOH) BY ZIRCONIUM PHENYLAR3ONATE
Plutonium

zrcnn
Volume 
(BC1) 
(ceHtiA.o8iy -

(a) A —milng tkat PuQV) la carried g—idltnlWIy.

e

—
...

...
...

.

H r> d e d

.4
o£

I!S
O

O
r

'W
* * . »•

—
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were the same. owe ■■■---- forced to the conclusion that the erratic behavior Is 

of PttCnr) to Puttn). It »umi possible that such a small quantity of reducing lm-

Tbe results la Table 7 indicate that the *3 plutonium is not carried to a

reduced and therefore not carried).

la about the same as was Indic -ted in the analysis carried out In the presence of 

MHjOB- HC1. Bore too, there la a certain ainoad of erratic behavior; In some 

canes It could bo explained on the basis of the PnflV) mUbehsving (Le., becoming 

*^
*■

0X
80

00
w
.

f.
s

u

P

O

3

a

5

8

8

JU

? 1

I 3

J3
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j? 3

a 
1

9 
I

X -I 
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Table 8

Room temperature

08.3 e&e 08.8 0&6

3.7 10.2 11.2 7.6

7.67.6 7.6 7.6

Percent Pu carried (a) LI 2.6 3.6 0

i
i

Percent present as Pu(lV) as 
determined spectrophotomet- 
ricaUy using the Pu(IV) (in HC1) 
peak at 4700 ft.

30 micrograms
100 micrograms

0.21 ml
0.67 M (1.1 M before addition
0.064*?®HeX50sH2)

1.7x1 CP* N

CARRYING OF PU(m) AND PU(TV) BY ZIRCONIUM

PHKN YLARSONATE IN THE PRESENCE OF 1.7X10"4 N Clj 

Plutonium 
Zr(TV) 
La (HI) 
Volume 
(HC1)

(a) Assuming that PuQV) is carried quantitatively.
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One can see

*iy]

the trouble which was formerly so prevalent in the carryir® of PuCTV) by sir- • •
centum pbenylarsonate. The behavior in the case of the PnCHX) is still a little 

irrwproducible.

experiments. Correcting for the amount of PuQV) In the PuQU) (the determination 

of the amount of Pu(IV) being made speetrcphstonsirieaUy) the percent of PuQV) 

in the mined solution was 66%. Analyses of this solution wore performed by the ■ 

sirconlum pbenylarsonate procedure. Umi experimental conditions were identical 

with those used In the experiments reported la Table 6. Only the alrconl um

• pbenylarsonate precipitates were analysed, the percent +4 beta* on the

basis of the known amount of activity used in each sample. In wight experiments 

(run at two different times in sets of four) the percentages of ths plutonium carried 

by the zirconium pbenylarsonate were 64, 63, 64 and 64 in the first set and 66, M, 66 

and 71 in the second set. These results agree fairly well with the calculated 

08% PuQV) if or- assumes that PuClV) was carried quantitatively and PuOH) re

mained completely in the super natant solution, 'Thus, it appears that mixtures 

of Pu(nD and PuQV) in an HC1 solution can bo ana^ned by the zirconium pbeny- 

larsonate method if Cl2 is present at a concentration cd 1.7x1 O’4 n.

(c) Oxidation of Pu(m) by NQs". SLnee in the presence of NOj" no anomalous 

remits on the carrying of PuQV) by zirconium phstqdaraonate were obtained

J



n •
is rapidly

rapid.

Identical to those at the lower

aa

moat ba due to it* oxidation of the •• 

trouble. The results erf these evn»«*i

and PaOV). However.

Coonick and W. H. McVey present — - -■»  -. -
tnttonofplutonlum vhleh dwv • lorcr rd4 «j^r di^-r^X”

” 22?“ “* “cV*T “»

! **• "*■" i RSU^xsgMasggT"
* |Puan) by N<V*1TUC *et‘°° ** “■ °**<to* ** "“'’’P"1 0» U» rtt. « oxUteUoo ot

L*C13- HNOj and Puan) na tmMd with a CgB^Aat^Ba-HCl aolmton. TW 

precipitate was analysed as before. The results of these expert menta are 

presented tn Table 9. H to seen that the rate of oxidation by NOj* to not very

At the lower coneer.trat t on of I n ’^3 00 oxidation occurred bat rather it

appears that at this low concentration of HNO^. PuCTV) may act ba "held" la the 

** oxidation state. To check on this, four duplicate tan Mimi nits were run

(see Table 3). it seemed worthwhile to chock on whether or we Pu

oci: solution which was used la ths sqpirfiiiMii reported la Tables 6 

and V. n was found that only 87. 82. Of and 80 parowd erf the Pa was carried. 

This Indicates that at thia inwin run-jiirBH- .. — - - “ icww concentration of HM^. the PaOV) to not
held' in the *4 oxidation state. The fact that the rate of mddattoa <rf Pi

to PudV) by HN03 at 0.02_M HNO, and 4.8 >£ SCI hrt tameatea

■■
■M

P



* would not be oxidized at an appreciable rate and cl Um same Ume the PuQV)

The I*.
droalde waa

was

PuCV).

Thh

•Actually, the hydroxide Is mainly peptised rather than dissolved by thia 
--------- —■ - -^a assae m m ~

with PufDHh.
loidai pucnn

(d) Carrying of PuCV) in ollcidal Fona by Zirconium Ph

Plutonium la the *4 oxide lion st ta La known to exlsr. in a colloidal form the pro-

waa prepared by

NHgOH*BCl reduction; PiCn) h ; dr oxide waa precipitated and washed.

.—-...- ..... .

TO thia eolation was added an

treatment The amount of HC1 aided waa tnaufllcient to react gnawntettwaty 
Also, xpectru.n of the material corresponded to the col

and not the -norm 1“

U -

i.

a traefnii known to gtve Pu(IV).
The e4 hydroxide waa precipitated from thia enkntinn wtth NaOH and “rwdlaaolved** 

la small wtasnao of 0.0_M HC1, thia waa repeated thus times. At the end of

—

it la possible that using cooditiona intermediate between thoee triad. Pu(HI)

iW
BL

 W
m

i
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VOltUE*

% Pu oxld-
Carrtad

0.0016 0.0012 6 6.3 IM 0
0.0026 0.0012 11 7.0 7.6 0
0.02 3.01 13 20.2 8.1 11.3
0.02 18 26.0 8.1 16.1

(*) BWare and after addition of CgHgAaO^Hg.

Time before 
addition of
C635A>03H2

UnIn)

% Plutonium 
originally Pu(TV) 

■pactrophotometrlc) 1% PuOn) 
carried

b.01

Plutonium 
LaCni) 
ZrOTV) 
(BCD

HNQa

before^*' after t*)

TABUS 9
OXIDATION OP PUCH) TO PUCfiO BT NO,* 3

100 mierogrmna 
30 mlcrograuna

XT •^“O" ? C«B^°3a2 

0.1(Tml befora M •• •«
0.20 ml after * M ••

(CoHgAsO^Hg) 0.067 M

---
---

---
---

---
-—

---
---

---
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•nd Pu(Vl) can all exist In tbs same solution, it seemed desirable to cheek on Hie 

behavior of Pu(Vl) with respect to its carrying by zirconium pbenylarsonate. A 

tracer solution of Pu(Vl) was prepared by heathy a notation contalnlx« PuQV) 

with CrgOf" in dilute HNO^; th’3 solution was used tn taro experiments, in one of

■ which UO/^ was added to act as a '‘holdback agent” for Pu(VD. The results at 

these experiments are presented in Table IQ.

30 . 

which was 0.11 M Cg^AsC^ and Q.7S JM HC1; the precipitate was stirred with 

the mother liquor for 10 minutes and then centrifuged off. The sofa-

tlon and precipitate were analyzed as previously describee. The percent of the 

plutonium carried by the zirconium phenylarsonate precipitate in the two experi

ments was 94.2 and 96.6. These figures are not quite as high as those reported 

for ‘‘normal** PuQV) bat at the concentration of HC1 existing in the plutonium stock 

solution there might well be some PuQU) and PuQH) due to the disproportionation 
of PuOV).



% PttfVl) carried <»

0

0.0043

U02(N03)« moles 
per liter

< 0.5 %

< 0.25 %

31 •

♦

TABLE 10

CARRYING OF PU(Vl) BY ZIRCONIUM PHENYLARSONATE

J*

0.23 ml 
0.03 M 

0.02911
2.014

ZrCTV) 
La(m) 
Pu(Vl) 
Volume

30 micrograms
100 micrograms

)
(C-B
(HC1
Room temperature
Precipitate stirred with mutaar liquor for

«s
H

I



11. The solations of Pa '» PuCnn and Ps(VT)ass4 *er^ aquHlbrtum

by If. Kasim and O. E. Sbollxm

that la, there
la more

i, thsPu(V7?

•- There was prsamt In the

Ml

waa approximately the sure concentration as la the aliquot Itself and therefore 

roproporllonatlon would not tend to take place until the PuOV) had been removed

• Mather oxidation of FuQV) wh*. a wvwd o*- jurmeu by the action of CrgQy* on the 

oricinally pr leant, and a LaFj precipitate were removed, the piatordum 

carried by the LaFj would correspond to that which waa «Hrt nelly PaOD). The 

supernatant solution from thia r.uoride precipitation could then bo reduced with

amount of Pu(TV) was due to repropcrtlonatiar of ths Pu(m) sad Pu(Vl), the 

amount of Pu(VT) would be qpdte a bit low an than was found to be the rar-. Also, 

i
t8



ptidv) Pu Pu(Vl)

Pereentares as 
determined spectre 

photometrically

a .

TABLE 11

14DCTVRES BY THE ZD CCWM PiiENYLAKOONAl’E METHOD

Volume

(C6HtAsO3H2)

La (HI)
ZrCV) 
<Clf)

100 micrograms 
30 micrograms
5.0x10** L 
2.6x10"* R after 
0.090 ml before 
0.19 ml after 
a060 M

anal . :ao gp r-uru - i uav. - pu vii

N before addition of CgH^AsOgHg
M •« ••
•* •< <•

- 7x10

)

»

)
)I

-• 7x10 M 
* 2x10*2 O 
-0.17N 
- 3 M “—■»
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Since the solubility of pluoni’imOV) phenylarsonaie is relatively low, it 

1
time. The supernatant solution was then analysed for plutonium by mourting

disproportionation mixture ust l In these experiments a small but a iknown con

centration of FeQH). It is post ible that Iron acts as a catalyst Lu the oxidation 

should be possible to determine the ratio of PuQV) to phenylarsonata In the 

precipitate In a relatively simple manner. To.1.1 mg of PuQV) In 0.60 ml of 

1 M HC1 were added measured volumes of 0.12 M C^HgAsOgHg; the precipitate 

was stirred with the supernatant solution and allowed to stand for a period of 

of PuQU) to PuQV) by Cl®. Ibis has not been investigated. If this Is not the 

reason one weald conclude that the difference tn behavior wrs due to the presence 

of Pu(VI). Since Pu(VI) Is not used up, the mechanism must involve PufVI) as a 

catalyst for the oxidation of PuOII) to PuQV) which does not seem very reasonable.

(g) Formula of PuQV) Pt mylarsonate. In connection with the worh on the 

carrying of PuQV) by slrconlur phenylarsonaie, It seemed worth while to investi

gate qualitatively the behavior Tf PuQV) phenylarsonaie. The apparent solubility 

and rate of precipitation under a single set of conditions was determined The 

composition of the solution before precipitation rar. 1.87 micrograms PuQV)/ml 

and approximately 2.0 M ECI; the solution was then made 0.038 M in 

C6‘a5AaO3H2 <°r °-021 U the Pu was precipitated quantitatively as 

Pu (CgHgAsOg^-xHgO). A white precipitate formed Immediately. At various times 

aliquots of the supernatant solution were removed and analyzed for plutonium. 

No attempt was made to keep the temperature uniform nor eras the precipitate 

kept suspended by agitation or frequent stirring. The results are given In Table 12.

B# -

__
__

_
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TABLE IS

RATE OF PRECIPITATION OF PUQV)

ml)Time of Standing

ISO40 mtn

1824 hours

1013 days

<

■MM****aMMMMMMMMMM

K>

phenylarsomatb

(HC1) - 2.0 M
(ceHtA»oiHt>aMa - wm m

/
■M

l
■M

M
M

t

M
M

I 
.W

M
XW
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an aliquot of the solution on a platinum dish and counting for alpha activity. If orr

"> assumes that the phenylarsonate ia quantitatively removed from the solution by 

the excess Pu(IV) , such measurements will give the ratio of Pu(JV) to pheny-

larsonate in the precipitate. The results of this experiment are presented in Table

13.

From the results of this experiment one would conclude that the formula of 

(1) Pu(m) in Phenylarsonic Acid Solutions. In view of the results obtained 

with respect to the carrying of PuCH) by zirconium phenylarsonate, it does not 

seem likely that Pu(m) would form an insoluble pbonylarsonate. To check on this, 

an experiment wae run; a solution of Putin) was prepared by NHgOH-HCl reduction;

the final composition of the solution was 0.44 M HC1, 0.0034 MPu(OD,0.02 M CgHsAeOg.^

micromoles of CgH^AsOgHg was added to the supernatant solution and a considerable 

bulk of precipitate appeared. This would indicate that the precipitate which forms 

under these conditions Is not ZrO(CeH^AsO^) *yHjO. The addition of a third 6 

micromole portion of CgH^AsOgH., caused no further precipitation. Therefore, 

the precipitate does not contain three C0H5AsO3“ groups per ZrQV) atom. One 

would conclude that ZrQV) forms Zr (CgHgAsOg^ * yHgO when precipitated under 

the conditions used.

the compound which precipitates under tbs conditions used is PutCgH^ABOg)^ *!!^.

(h) Formula of Zr(TV) Phe: yla_r senate. An experiment was run to determine 

whether Zr(IV) precipitates as ZrfCgHgAsOjJg-yHgO or ZrOfCgHgAsf^) -yHgO. To 

a solution 0.80 M in HC1 containing b-6 micromoles of Zr(IV) was added 8 micro * 

moles of CgHgAsO^Hg; the precipitate which formed was stirred with the super

natant solution for 30 minutes and then centrifuged off. Another portion of 6 

’ ___



TABLE 13

PRECIPITATION OF PU(IV) PHENYLARSONATE

4.7 2.4

2.30

0 4.8

2.1

Moles Pu(IV) in solution x ufl
Moles PuCTV) precipitated x 10®

Moles CeHfiAsO3H2 added x 10®

Ratio PuOV) /CgH^AeOg" in precipitate

3
6

i

/

N
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and 0.16 M Nf^OH-HCl. No precipitate appeared. One week Later there was a very
I

small amount of solid present Ln the cone; this may have been PuQV) phenylarsonate,

the Pu(TV) being formed by 02 oxidation or by the Interaction of Lon pairs formed by

Some experiments were also run to show that Lai did not form an insoluble

phenylarsonate as would be predicted from the of CeOH) tracer and Pu(m)

would predict from the behavior of tracers of those *3 ions in the zirconium pher^!-

arsonate precipitation.

3. Discussion

•IB

J

with respect to carrying by zirconium phenylarsonate in the presence of La (ITT) 

“hold-back agent**. Four hundred micrograms of LaQH) was added to 0.3 ml of

In discussing the significance of the carrying of PuQV) by Zr(C6H6AsO3)2 * yHgO 

one must consider the nature of the Ions in solution as well as the nature of the

solid phase.

The Ionic species of PuQV) present Ln HC1 solution has been studied by Hindman.

He has measured the potential of the Pu(m) - PuQV) couple Ln solutions refining

I

0.06 M CqH6AsO3H2 Ln one case and 0.3 ml of a solution the composition of which 

was 0.06 M CgHgAsO^Hg and 0.16 M HC1 In another ease. No precipitate appeared 

Ln 24 hours Ln either case. Thus one would conclude that the phenylarsonatee of

r

the +3 rare earths and +3 plutonium are moderately soluble In dilute HC1 as one

NsCl and HC1 at different concentrations of HC1 maintaining the ionic strer^th

constant. The potential is Independent of the hydrogen ion concentration in the raryw
I _

1 M to 0.3 M. That Pu(HI) is not hydrolyzed Ln this acid range is concluded from its
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Therefore,

B. H. Ketelle and G. E. Boyd

zirconium Ln an effort to establish the upecles of ZrffV) Ln solution. It appears that

at lower hydrogen Lon concentrations ( 0.1 M ) the ZrffV) is hydrolysed to an extant

wouldla tower than that off Pufact that the radius of Zr

tosi one to expect Zr(TV) to be less basic than PuffV). No quantitative measuro-

luaaauroinentT of the dissolving power of certain acids for zirconium phosphate

ihdieate that chloride forms less stable complexes with ZrffV) than does nitrate,

be a strorg complex forming ion. Thus, these data are interpretea oy tunaman as 

Lxxlicaiiig that PuffV) Ln HC1 solutions Ln which the HC1 concentration is less than 

2 M does not have chloride Lons attached. The absorption spectrum at higher HC1 
. . __ ■ . .___a (22)concentration indicates that some new species is predominant in 6 14 HC1.

TM ionic species of ZrffV) present in acid solution is not completely settled. 
f23) have made a thorough review of the literature of

similarity to the +3 rare earth ions as well as the fact that its absorption spectrum 

does not change as the acid concentration is varied from 0.1 M to 1.0 

one would conclude that PuffV) ip not oxygenated in the acid range 0.3 M - 1.0M. 

Hindman^ has also made use of the absorption spectra of solutions of PuffV) to 

study the hydrolysis of PuffV) in acid solution. From these data be concludes that 

PuffV) is 100% Pu*4 (hydrated) lr. 1.1 M HC1 and 94% Pu*4 (hydrated) in 0.36 M HC1. 

The absorption spectrum of PuffV) in solutions of 1 to 2 M BC1 is ths same as that of 

Puffy) in solutions of 1 to 9.4 MECIO^. Perchlorate is generally not considered to

f
sulphate, phosphate, oxalate or fluoride. (24)

A
*
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OOMpOOOd MJ

well be the same as that of the rircooium compound.

ponent by some macroscopic precipitate Is a difficult problem that requires many

It was shown that tho rate of precipitation of ths slrccDium pbenylarsonate is not very 

rapid and also that ths PuQV) la carried more rnmpistsly urban ths solutions and solid 

have been Stirred together for longer periods of time. Thus, it Is apparent that In 

most of the experiments reported, equilibrium conditions did not exist. However.

phenomenon is shown conclusively by the fact that ths carrying is still fairly good

Zr^6HBAja03^2*^B2° ^7 PuCTV). It has not bsen shown that Pu(CgHftAsO3)2 * xHgO la 

Isomorphous with Zr(C0H6AsO9)2 * JHjO. However, even tf the two compounds were 

not Isomorphous the mechanism of carrying of tho plutonium might well be an

ZrQV). The moat reasonable mechanism for the carrying of PuQV) by Zr(CgHgAsO^-yH? * 

in the light of tho known facts la the isomorpboua replacement of ZrQV) in tho

The precipitate of Zr(C0H5AsO3)2 -yl^O is extremely finely divided when pre

cipitated at room temperature. When viewed under a magnification of 430 fold, the 

certain conclusions regarding the mechanism of carrying of PuQV) by Zr(CgHgAsO^-yH^l 

may be drawn from existing data. That the process Is not merely an absorption 

corned because of the small particle sice. The precipitate of Pu(Cf H-AsO^Jg • xHgO 

eras not examined with a microscope; the erMtelHM form oy this 

4

.
r—
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solubility of F>u(C0Hf)As03)2 * xH„O is low enough that even at the conditions of most

may

(1)

(S)

of the experiments reported in Table 3 the solubility of PuCCgHgAsOgJg *

If the Isomorphous replacement of Zr(IV) by Pu(IV) in Z^r(C0H6AsOs)2 • yH^O is 

the true mechanism erf carrying. *ne could raprsasaf what is happening by the fol

lowing equations:

(y-DHjO ♦ ZrO^ On HC1 solution) ♦ aCgH^AsO^

• Zr(C,, H^AsO3)2 * yHjO ♦ 2H* 

yHgO ♦ Pu*4 (|r. HC1 solution) ♦ KgBgAeOgHg

- PufCgH^AsOgJg * yH^O (Incorporated in 

ZrKCgHgAsQjJj • yHgO) ♦ 4B*

An examination of equation (2) ir iicates that the carrying of Pu(TV) by

ZrfC0H0AeO3)2 • yHgO (for a con itar.t amount of Zr(CQHc.AsO,.)2 . yHjO) would drop 

off as the hydrogen ion concentration was Increased. Thia was actually observed. 

The solubility of the Zr(C0H0AsC3>2 - yHjO would Increase as the hydrogen ion

was seen (in Table 3) to drop to . 2SL as the number cf Zr(JV) * toms per Pu(TV) atom 

in the crystal became C. Such a i ehavicr is no* surprising in /lew of the difference 

tn ionic radii of Pu*4 and Zr*4. rhe metal-oxygen distance lr» PuO2 is 2.333 X 

while in ZrOj it l« 2.20 A.A* a ratio in the crystal of Zr(lV)/Pu(IV' erf 6 the forces 

and the character of the crystal r light very well be differ ent than that of a crystal In 

which the metal atoms are very predominantly ZrCV). Another £a-'»or which one would 

hawe to consider in experiments * un at higher concentrations of PuQV) is the possi

bility <rf the precipitation of a :rftase in which PuQV) is the macro-component. The 
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Um chloride loo concentration would have an affect on reaction (2) for, as was 

mentioned previously, Pu(IV) Is known to form a chloride complex in the region of

Um BC1 concentration these factors about which Little is really known would have to 

be considered In writing valid net reactions.

contain pbecylarsonlc acid (Le., Um supernatant soluttona from the precipitations) 

ratio of ZrflV) to PuQV) is not very large, for the solid phase would no longer be

The slight carrying of plutonium from enlntIons in which it was supposedly 

Zr<C0HgAs03)2 - yHLjO but rather a mined crystal. That the mined crystal in which 

the ratio of Zr (TV) to PuQV) is 6 behaves differently than one Ln which the Pu(JV) la

concentration was increased. The amount of Zr(CflHc,A803)2 . yKg ipreclpttated 

at the higher acidity was essentially the same as that at the lower acidity and thus

PuTut* and Pu(Vl) may have been due to the presence at some PuCTV) in these 

sotstVvM. The carrying of CeGH) could also be due to a small amount of CeQV) in 

the sotastlon. The fact that the carrying of these *3 Loos was oh served to vary 

would gtve weigh! to ths idea that the carrying was due to the presence of small 

a nene me of PuCTV). Experiments on the carrying at an Lon such as La Cm) should
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The practical use of the zirconium phenyl ar senate method for the analysts

*

•ery low concentrations. The use of a "holding «wMe?v** such as Cl^. which does 

not o e Pu(m) at an appreciable rate and at tbs -m* time prevents the re

duction of PuQV) by oxidizing the troublesome reducing impurities, is necessary 

urban working with low concentrations of plutonium.

indicate the true carrying of a *3 ion by zirconium phenylarsoaate. Similarly, the 

true carrying of a PufVl) type ion could better be determined by use of U(VI). It 

would be Interesting to run such experiments.

of solutions of PuCn) and PuflV) at tracer concentrations seems to be limited by 

Ibe extreme care which one must exercise to prevent tbe reduction of PuQV). 

However, it has been shown that a HC1 solution ^entwining Pu(in) ami PuQV) can 

be analysed with fair accuracy If Cl2 Is present at 8x10"5 M. In the ahoorro of 

Cig, there was some Irreproduclbllity in experiments In which the same report-

'bolding oxidant” method for distinguishing Pu(VD /and PuCvj) from the lower 

oxidation states as a means of determining Pu(HX), FuCV) and Pu(7I) in a solution

m
n

m
m

M
( 1



. have been due to lbs presence of a trace of Fe(ln) which may have catalyzed the 

oztdatlon at Putin) to PuCV) by Clj. It does M seem very likely that the presence 

Of Pu(VI) in the solution could affect the rue or oxidation by Cl2 of Putin) to Putty).

A tracer acai. amlysls of th. type of the zirconium pbenylarsonate procedure 

la applicable to many types of solutions of plutonium which can not be analyzed

U©photometrically and for that reason Is very Important, in the use of this 

procedure (or any similar procedure) blank experiments should be run on soluUons 

of PuCn) and PuCV) similar to tlioso which are to be analyzed. Such blank mown .

or
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