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Abstract

Plutoniumas sulfate in 2N sulfuric bcid is reduced to +3

valence ~vlthzino amalgam under a oarbon dioxide atmosphere and is titrated

1, An aocuracy of 0~1potentiometricallyto +4 valonoe with oerio sulfatec

per cent is obtained in the range of 2 to 10 mgo
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1) Pepokowitz, LA-462, Deoember 3, 1945; z. M. Kolthoff and No Ho Furman,
Potentiometric Titrations, John Wil.ey+Sonsg Inc., 19310
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Introduction

A miorovolumetric method for the estimation of plutonium was one

of several methods requested to supplement the existing physical method oi’

2) Thr requesOounting. t was made in Au&ust 1944 in anticipation of the

production program star%ed at Los Alamos in 19450 The desired aocu~oy

was

not

0.1 per Oento

When the problem was begun.. .

knowna A inicro.iodometricmethod.

the

had

begin doneat anotherproject laboratory

+’3valence with titanium triohloride and

dilute sulfurio to +4 valenoe with cerio

Prooedure

exi.stonoeof suoh a method was

been attezpted hsre~ Nork WAS

on tha reduotion of plutonium to

Lts potentiomeiz=iotitration in

For method of sampling, reagents, apparatus, proceduro, oalouldstio~~s,

and fj.bwres,see IA.416A~

Discussion

The sample sixe was llmit~~dat the outset by the amount of rela-

tively pure material available. With the knowledge that under production

conditions 10 mg or more would bo available per determinations work was

started on a l-mg (in 2 ml) soale in order to exaggerate some of the errors

and

ing

interferences.

Throughout this work ceri.c)ion has been the only standard oxidiz-

agent used (excepting the data, ‘l!ableV). Standardization of the oerio

solution will be disoussed in the next seotion~

The ionio system of 2N sulfuric aoid is wspeoially favorable to
.

the quantitative oxidation of plutonium to the +4 valenoe~ The potential

~) Bradford, Roberts, fi.ndl~ahl,LA.469, January 11, 19460
3) CN-1791 refers to this work in progress. No further -

referenoe was found in a searoh of the projeot literatur
% (Sl!CLASSIF\Eb
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of the reaotion ~% ~ PU+4 + e-

both states are presumed to be.rdatively

in lN perchlorio acids in which

non-complexed,4, i8 about -0095

Voltos)

tho same

reaotion

The potential ofthe reaotion PU+4 + 2H20 ~%02* + u+ + 2e- in

system is about -1.1 voltso The observed potential of the first

in 2N sulfurio aoid is about -0075 volt, Assuming this difference

in potential to be oaused by the formation of a sulfate complex of plutonium

’46) the potential of the second reaction in 2N sulfurio aoid might bes

expeoted to be about -102 volts subjeot to the difference in hydrogen ion

oonoentration of the two aoid systems andto any effect of sulfate on plutoniu

+6. In aotual pr~wtioe a braak of 0,5 volt in the titration ourve ocours,1
at the +4 valence oquivalerme point. No attempk has been made to show

the presence of plutonium +6 upon the addition of excess oerio ion.

During the development of the method, titration ourves and end

points were determined potentiometric.allywith a saturated potassium chloride.

oalomel electrode and a plati?am electrode. All solution measurements were

made by weight. A satisfactory oolor indicator for 0~1 per cent acouraoy has

not been found. With ferrous-or%ho-phenanttiolinethe color ohange at the end

point is from red-brown to brown.

All routine assay work hatibeen done potentiometrioallywith

weight rather than volume measurements (Table 1]. The data of three operators

plotted as (~millivolts)/ (%eight

potential of the inorement oonoerned.

4) Goilnanand Conniok, CN-261, P. 4,,

of cerio dolution) versus the mean

The maximum was estimated aE 760

AuKust 15, 1942.

5) Hindman, Kraus, and Howland,-CK-1371~ p. 8, Maroh Is 19440
6) Gofman and ConniokO Cn-239, p. 51,July 15s 1942.
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millivolts. ~n a titration of 5 mg of plutonium the average slope from 700

to 820 millivolts “isabout 10 millivolts per w of plutonium. The rate of

attaining an equilibrium potential in 2N sulfurio appears to be faster with

plutonium than with iron or uranium.

Of the several possible reducing agents, liquid zino amalgam

was selected. The ease with which the amalgam can be separated from the

reduced solution quite outweighs the disadvantage of its comparatively slow

rate of reduotion of plutonium in 2N sulfuric aoid (15 to 45 minutes, depend-

ing upon the ratio of plutonium in the several valenoe statess the ratio of

amalgam surface to solution volume, and the rate of stirring)~ High and var-

iable blanks (6x10-4 milliequivalents corresponding to 1401f of plutonium]

obtained in the initial work with zinc amalgam led to the temporary considers-

tion of other reducing agents. A silver miororeduotor was first used with the

plutonium in lN hydrochloric acid, but WQS abandoned because of the large

rinse volume and the variation (~ 2 x 10-4 milliequivalents) of the blank.

Reduotion with stannous chloride under various conditions followed by oxida-

tion of the exoess reducing

precision.

At this point an

agent with merourio ohloride gave

attempt was made”to determine the

rather poor

nature of

the blank obtained with liquid zino amalgarnand to eliminate it or obtain

satisfactory reproducibility~ When 2 ml of 2N sulfuric aoid were stirred

with zino amalgam for 1/2 hour or lorger in air~ a blank of about 6 x 1004

7, .wom different reduotims this value variedmilliequivalentswas observed.

as muoh as 50 per oent. If the blank were caused,by impurities in the sulfurio

acid, it might be expeoted that other aoids should produce a blank of different
.

magnitudo~ Hownver, with dilute hydrochloric aoid~ perchlorio aoid, or even

,. ..~

7) A discussion of this work appears in LA-462
—-
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distilled water instead of sulfurio aoid, a

was obtained under similar oondi.tions. The

dilute hydrochloric aoid on mercury alone.

blank of comparable magnitude

same observation was made with

There seemed to remain only

water and oxygen from which the reduoing substanoe might be formed. Re-

duction under’an atmosphere of carbon dioxide was immediately undertaken

and

2X

was found to give a low and sufficiently reproducible blank of about

10”5 ~lliiquivalents (Table II).

Hillebrand and Lundell~menti.m the hydrogen peroxide explana.

*ion oi’the blank

found no evidenae

hydrogen peroxide

obtained with a Jones reduotiong but state that they have

for the formation of peroxide. They firther state that

is completely destroyed when a sulfuric aoid solution of

it is passed through the reduotor. $Mason and Pekola , working with dilute

sulfuric aoid and liquid ZIPO amalgam on a maoro scale, observe a blank in

the presenoe of air. ‘l’heyconsider it to be caused by hy&ogeu peroxide.

Their estimate is 8 ppn~ The blank observed above ona mioro ecale (6 x l@4
.,

milliequivalents in 2 ml.)wotlldoorresi:ondto 5 ppm~

Thero are several reasons for believ?.n~the blank to be hydrogen

peroxide. The potontiometric titration ourve of a blank is very dmilar to

to one of reagent hydrogen peroxide in the same aoid system. Equal aliquots

of a single blank rdaot with the samo number of equivalents of oerio ion

as with iodide ion (titrated with thio-sulfate)~ The rate of reduction of

the blank with iodide it3 within 10 per oont of the rate of reduotion of

reagent peroxide with iodide under the same conditions. Starting with 2 ml

8) W. F. Hillebrand and G. % l?.Lundell, Applied Inorganio Analysis* p. 1030
Job Wiley and Sons, Inc~S 1929.

9) Mwionmd Pekola, Ao1OU, p. 2, Novtwber 17,
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of’211Sulfiiio

observod value

aoid heavily spiked with reagent pero~idos the previously

of 6 x 10°4 milliequivalents is obtained af’torthe usual

retiuc+iontime.

It would appear that the blink obtained with liquid zino amalgam

and dilute aoids (or water) in tho presence of air is caused by a peroxide

intermediate in the reduction of oxygen *O water. Plutonium has little

effeut upon the value of the blank in the presenob of air. Iron greatly

decreases the blank as might bo oxpeoted from its potential and rate of

reao%ion with peroxidoo

In order to inolude possible

( in oarbon dioxide atmosphere), blanks

effeots of plutonium upon the blank

were determined in the presenoe of

mEOl but known amounts of

milliequivalentswas found

sulfiarioaoid alone (Table

plutonium (10 to 1003)0 An average of 2 + 1 x 1#

both in the presenoe of plutonium and with 2N

A study of interferenoeswas neaessary shoe the method was

intended to be used for relatively impure plutonium nitrate from Nmford.

Analyse6 of this material showed betioen 002 and X~O per oent iron (oolorimetrio)

and usually less than 100 ppm uranium (fluokimetrio). Stainless-steel ,

apparatus and shipping containers were thought to be responsible for the high

iron oontent~ Speotrographio ohromium and niokel estimates did not oontradio$

the assumption. Other substances expeoted to irrterfore(ace below) seeped

from speotrographioestimates to be below objectionable limits exoept as

possible oatalystso

Standard maorovolumetric procedures for titanium, vanadiumg

iron~ molybdenum, tungsten, and uranium indioete their oertain interferenoo~9 ●0s ● ●:* ●00 ,.

These elements with the exception Of tungs+mnwere s~~died:~:t~aio~~~~a~ ~&
● * ● 90 ,*8 .“. .xo=.,~

%ia@=E?
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in the presenoe of plutonium. (Attempts to prepare a standard tungsten

solution were unsuooessfule The reported differenoe?sin energy between ita
.

various oxidation states would not permit it to be a oatalyst for air

oxidation of plutonium~) TitaaiumS vanadiuragand molybdenum show the ohar- “

aoteristio valenoe changes of onetitwo anti three rw?eOtiQelyO All three

are reasonably quantitative on the milligram soale but are quite susceptible

to air oxidation, jCombinationswith Plutonium @ve results be~een the

oslculaked sum and the calculated value for plutonium~ depending upon the

extent to whioh air is excluded during the reduotion and titration No

evidenoe for oatalysis of air oxidation of plutonium was found. At least

semiquantitativeseparate estimations of titanium~ plutonium~ and vanadium

can be obtained from the same titration Distinction almost oertainly
.

be improv’edby the,proper aoidity anclanion.

. Reduotion of uranium under oarbon dioxide atmosphere followed

by immediate titration gives results that are several peroent high. In more

oonoentrated solutions the brown oolcw caused by the presence of uranium .

11) With oombinetions+3 3.sdistinctly visible after extencledreduotiono

of uranium ati plutonium in

about 300 millivolts ooours

uranium +6 o plutonium +30

dilute hydroohlorio aoid~ a very sharp break of

in the titration ourve at the equivalence point

More work is planned to obtain an aoouraoy of

005 per cent or better in the assay of uranium-plutoniumalloys bya single

titration.

Tho method for plutonium without modification 3.squantitative

for iron= (Table S11) The combination is quantitative. Plutonium in 2N

● *O ● O* ● O

11) X.A.4620po 5, Pepkowitz oberved no uranium +3 aft
minutes in his type of appmratu~o
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&lfuria eaid is air oxidized fister than iron~t.Attempts to distinguish

quantitativelybstween the two in the sam titration were unsuoaessful in

2N sulfurio aoid~ A small but insensitive and useless break in the titra=

tion curve oocurs in dilute hydrochloric acid. Correction for iron is very
+

12) ~eprationsimply and aoourately made from the oolorimetrio analysiBo

need not be considered for iron content less than 200

(2.00 weight per oent of iron is a correction of 8.66

titration.)

weight per oent.

per oent in the

A number of other ions were studied. The seleotion waa made

from a consideration of valence skates, potentials, oatalytio possibilities~
.

aomplex formations and ioni,ostrength effeotse Coppero o~dmium~ merourys

tin, arsenio, antimony~ and bismuth are either reduoed into the amalgam or
.

reduoed to an oxidation state inoapable of being precipitated by sulfide

.
or oxidized by oerio~ ChromiumO manganese oobalts and nickel do not interfere

High concentrations of ammonium ion, sodium, magnesium, and aluminum have

verylittle effeot upon the titration ourve,, Nitrate ~ives high reaalta~

It appears to be removed by a single fuming with sulfuric asid~ (Table IV)~

Samples containing nitrate are fumed tmioe with @uLrurio aoid before reduotkone

For the error arising framair oxidation aee Table III. The

potential reading of a solution quantitatively reduoed to plutonium +%Sunder

a carbon dioxide atmosphere is observed to rise fi?om-002 volt to +003

volt in about one minute of stirring after separation from the amalgam and , “

exposure to sire The titer of this ohange is of the order of 0,1 per cent

or less.

.
● O ● 00 -*- ; --- -..
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Standardizationof the Cerio Solution

A micro method for standardizationhas the advantage of using

the same teohnique and equipment. The oerio solution is added slowly

tith stirring to oxalate in 2 ml of 2N sulfurio acide The temperature

throughmt the titration is kept at about 80°C, More than an equivalent

amount of cerio is consumed if’the solution is added too rapidly or at room

temperature. The titration at no time should oontain enough aerio to give a

visible yetllowcolor. Tho end point is determined potentiometrioally~ Short

of the end point the potential rises sharply with each addition of oerio

eolution and then falls slowly to equilibrium. Beyond the end point the

potential rises slowly to equilibrium.’ The ohange froma falling to a

rising potential oocurs at about 900 millivolts (oalomel versus platinum)

and oan be caused by as little as O,CG per oent (10-6 milliequivalents)

of the equivalent amount of

since results from al%quots

The data of Tables V and VI

eerio solution. The blank appears to be zeros

varying by a faotor of five are indistinguishable.

support this method of standardization.13)

The primary standard (Bureau of Standards 99095 per oent sodium

oxalate) has been obserged to decrease in weight of the order of 0002

per oent when dried at 120°C for two :hours. A solution containing about

hlg/g is

titration

are made

per month
.

prepared by dissolving the standard in Illsulftmio aoido Eaah

oontains about 200 mg. of this solution. All dilutions and aliquots

by weight to 0,.01per oent.

The oerio solution decreases in concentration about 0005 per oent

(!labloVII). An atomio ~eii~htof 239~05 has been used for plutonium

● ● *9 ●

● *
● ● .* . . . ::

●

~3) F’urmn, J. Am. Chwn. Sot., LO, 7!55[1928).
●*O“:000

●

● O..
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containing one per oent of isotope 240014)

Preoision and Accuraoy

In the routine assay of Hanford material~ sampling is probably

the most exaothg operation Forty milligram aliquots of solution sre

weighi~sto 0003 mg on an Ainsworth TC type analytical balancee

A oritioal discussion of preoision and aoouraoywi,ll not be

\ ~iven, The known

results appear in

.

.

.
#

oontributiy~ ikotcu-sappear in the preoeding seotions;

the tables ofdalxa.

14) Bartlett and %ineha.rt, LA-327, p- 24, July 11, 19450

iw~
●*
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Number

25S

256

257

258

259

260

. 285:

, 262

263

264

26s

266

.

.

,

b

-12-
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TATM.E x—.

RWTI W ASSAY

Operator 1% Assay’+.
(unsorreotod)

D
A
B

A
A
B

D
D

D
n

D
D
B

p
D

c
c

D
c

D
c

D
D

B
B

D
A

210,81 mg/g
212.26
211e21 .

218.58
218,48
218,18

x
203”.21
203“14

211.33
211.99

213’.79
214.66
214.48

216.72
216069

20S.80
209045

21>.99
212,(E

205.95
2115.96

209.15
208.a57

207’.90
207.62

20?”u72
238001

?i!fixhunl
Deviation

0.69%

018

003

031

.I40

,01

.17

Q02

000

028

.X5

014

● 0 ● ** ● m
● *9 ●°0 : :*: ●
● 0*e*e ●

● 0000 900
88* ●*W ● ● 0 O*O
● 0 ● OO ● ** ● ●

Iron Deviation**
Correction ( Pu Assay)

3.45 lugRa/g
3.45

~
O.OO ()

5=05
4.95

4.13
4.19

3.52
3.56

3.23
3.19

4.59
4.47

3’.6(3 ‘.
3.64

3001
3.12

5,11 “
5019
5.22

4.01
4002

4.99
4099

4.27
4%32

% All results obtained on these aanples appear in this table~
w~tlaximumdeviation of the iron corrections.

.05

cm

002

.02

e0s

.02

.05

.05

‘,00

.00

002

●
● ✎ ✎ ✎

● ☛ ● ☛☛ ● 9* ..0 :.....e—

● . ..
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TABLE I (oontinued)’.——

SPECIAL SAMPLEB

Sample Operator Pu Assay% Maximum Iron Deviation
Number (unoorreoted) Deviation Correction

+ W Assay)

WY B 140085 mg/ml 0,005 mgl%~l
c 14’0093
c 14.076

140087
: 14”0104
c 14a102 o.207d

m-l B 100022 “0221
B lQO.17 .229
B 100013
B 10CO1l 011

WB-2 B 174.42 .105
B 174059 .105
B 174.49
B 174.51 010

000

~ All results obtained on these samples appear in this tBble,

TABLE II——

ESTIXATIGW OF THE BLANK IN 2?JLOF 2N SULFURIC ACID

Iron Plutonium Calculated weight 00served Blank
taken taken of 0002044 N weight of (mg of eerie)

oerio solution oerio solution solution

2~37S
8.5
z.4
5.3
6.6
so?
6.6
101

L.

26.Olr
4109
33’00
47”01
2900
18.5
22.7
2101

200 mg
7“.4
2.1
4-6
5.7
302
508
100
5.3
806
6.8
9“06
5.9
3’08
4.6
4.3

3.7 mg
a.1
3.3
5.5
603
3.9
607
1.5
601
9.5
7’03
100s
8’.0
so5
5.2
4.6

1.7 mg
0.7
1.2
0.9
0.6
0.7
0.9
0.6
0.8
009
0.5
0.9
2“01

.“: q:7; ●:9 ,9* . .

“ Qo~* {;e;:
“*”“0;3”””““” ● “”““

Average :.O$389.*.p g : ...
AveraSe : : :. ● : ●*9
Deviati6a”~Wi.4:.L:.--_”O”--

~.
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TABLE 1:[1——

TITRATICI?SOF IRON AND PLUTONIUM

A. Iron

1. Concentration of iron solution from the
weight of standard (assay 9!?0q)

20 Concentration as determined by titrat?on
with ce,rio %. .

a. Regular proc~dure

b. Syphoned direatly into oerio solution

o. Stirred in air for 70 minutes after
separation

Be Plutonium
Concentration as

with eerie

from the amalgam

determined by titration

aO Regular prooedure

b. Syphoned directly into oerio solution

00 Allowed to stand without stirringafter
separation from the amalgam

10 minutes
12
15
20
25

d. Stirred in air for 70 minutes after
separation from the amalgam

0.901 mg FJi

009014 mg Fe/g

“.9005
“09011

Average .9010

“09001
.9009

“.9008
.9019

6’0477 mg h/g
6“.487
6“.479

Average 6.4%1

6“e484
6.481

6;463
6.466
6.486
6,465
6.464

60226

%This” data was talcen’aooordingto the prooedure described in IA-4160
, IV 00 A blank of O~QOl Omg of oeric}solutionwas usodo

●*D ● ● m. ● 9o ● *
●°0 : e ● s

● : :6

i
0 ● ● s 9 ● 9 ::

● ● * ● s ● *
● * sa* ● O* ● +* ● ** ● m

A
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● 9 ● ** ● O
9*O ●e. : .*. .
● *O**** ● O
● 9* ● ● *9
● 9* :00 ● 9**
● *O*m O* m** ● *
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● b ● e* ● ** 9** :** ● O
● 99*

● m***OO ●
● *● :0

● ● ** : .
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TABLE S11 (continued)

C. Iron and Plutonium

Iron ‘Plutonium Caloulatod weight~
taken tam of oerio solution

a. Regular prooedure

“.0277mg 6.305 mg lo3190g
“o0678 6“0738 1.4429
“o0484 6.863 10451G
.0874 6’03?6 1.385$

ba Syphoned direotly into oeric fiolution

Observed
weight

lo3167g
1.4434
1.4509
1.3844

lo1332g
1.3319

Deviation I

;OOgqo~

- ;06
- .11

A0241 mg 5’.406 1.1313g + ,17
oa399 6,31C; lo33m + .09

0. Allowed to stand 20 minutes without
stirring after separation from the amalgam

.~0649mg 6e204 mg lo3221.g lo31Mg - 081
90432 6.381 1.3481. 193397 - e62

ds Stirred in air for 96 minutes after
separation from the amalgam

.05C56mg 6.305mg lo3416g 1023?7g -7.74

~The oaloulated weights inolude a blank of 00001 “Omgofcerio solution andare
based upon the conoentrationst 009CMlmg Fe/g~ 6~481mg Pu/g, 40674w 1%/’gof
oeric solution.

Eight aliquota of
Number offuming$

TABLE IV—.

NITRATE INTERFERENCE

sample 202e 100 M in.nitrio mid
with 150~of concentrated sulfurio aoids

None

20&onlgJg
266

J

f

— —.- —

One

197”&3mg/g
197.63

‘MO Three

197”088mg/g 197092mg\g
197.23 198007
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9****.*. ● 0.0
● * ● 9O ● OO ● ●

r
9* ●:0 ● 00 ●:. :00 ● *

● ●
● *9* ● O ::

,.. . ● 0 :0 ● 0● : ● 0 -a
9 ●:0 :
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TABLE V
—— —

—.

DIRECT AND fiiDIR’RCTSTANDARDIZil’lGNSOF CERIC SOLUTION
●

A. Titer of oeric solution;
direct titration of oxalate

B. Titer of permanganate
direot titration

Solutiono
of. oxalate

C? Ratio of ferrous solution to mric

D. Ratio of permanganato solution
to ferrous solution

“.02040N
.02CXJ9N
“.02CG8IV
‘.02C68N

Average .02(B8 E

‘.0S896Ii
“o05891N

Average .a05892N

solution ;:g:g/g

“o5993
“.5998
‘.599T

Average ,5994

.s773g/g
“.6773
“057?8

Average .577s

(average B.) (average Co) (average Do) = 4.876mg R/& of oerio solution

TABLE VI—.

ASSAfiOI~ PLUTONIUM-METAL SAMP15S

-#Jil-l 990w’q#Pu # m-z 10000+%
10(%0s 99.98
99094 99.99

100011
100.05

Average 49909 0 Pu Average 1000CX3* Pu

*These resulti are oorreoted for iron whioh was present in amounts between
80and 150ppm. (oolorinetrio)

X XSpeotrographic analysis showed other determinable impunities to be very low.I
d
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XI

L

$

Solution
Number

STABILITY

Date

Augufjt8

August 19
Se~tember 24
November 7
Januar:y3

September 27
January 4

,., ,

-17 ●.

TABLE VII

OF CEItIC SOLUTION

Average

5.453 +

Titer

oo2mg R/g

5.447 *002
54444 * ()~

5.435 y 002

S.096 + 002
S.092 ~ 001

of oerio
solution
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