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Two distinct crystalline structures of plutonlum peroxide have been

~ed. Fhce-centered cubic peroxide (a = 16.46 A) has been ~ecipi.

tated f!ran various mineral acid solutions at low acidities. At higher

acidities (--~) a pme hexagonal structure was obtained. Both structures

are plutonlum(Iv) compmldS ● Preparation mthods, chemical analyses,

and the general properties of both structures have been determined.
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1-

Uhen a small

of plutcslium(Iv),

IWEKXWTION

amount of hydrogen peroxide is added to an acid solution

a brcmm compl= forms● ~is complex contains two

plutonium ataus, two peroxy-cxygen atans, and one hydroxyl group. Connick

1
and McVey have proposed the folluuing possible structures for this complex:

(Pu-oo-Pu-oE)~
L ‘OO” J

As nx)re~~ is added, this species is converted to a red complex

hexing the formuh:

The

the

[ .1

00< *
(HO-PU-00-FU4MH)* or PU’ PU

’00’

brown complex has one peroxy-oxygen atom per plutonium atcan,whereas

red complex has two.

On further addition of ~~, green plutonium peroxide is precipitated.

!Lbiscompound has been studied by numerous investigatcm. Koshland,

Ki?onerand Spector* have shown that plutoniuJuis present in the tetra-

positive state in the precipitate, and tht there are

3
atoms per plutonium atom.* Hopkins also found three

*~~f * =n5en I=Y be =x--d either on an equivalent basis, as (0-),

or on a molecular basis, as (&). The former designation will be used

throughout this report; i.e., I&% has two peroxy oxygens.

4



.

atoms per plutonium atom in the wet precipitate. EamGser and Kochk have

analysed the dry peroxide precipitate and found variable compositions

such as:

when precipitated fl’om0.% H@%;

when preciptbxted from lM~; and

PU(O-)20* Mao.a

when precipitated lh’omlM HC1.*

X-ray analyses showed that the

(o=)oex”2.(%E20

(=)oe~ (O=)O.~/3”l*7%IO

(cl-)06~5 (o=)(30~”2.mko

precipitates of Eam9ker and Koch

as well as those of Koshland were frequently mixtures of two crystalline

phases. One phase

with constant a, =
.s.

atoms

Es&,

cubic

per sheet were

cl-, OoE-, 0;,

with a lattice

was presumably a two-dimensional hexagonal lattice

4.00A. The hexagonal sheets containing two plutonium

held together by various anions such as ~, Soz,

etc. The other phase was describedas possibly

constant a = 16.5 A. It was not possible to correlate

structure with the mthod of preparation.

This study was undertaken to further elucidate the preparation,

composition, and structure of plutonium peroxide.

WW sulfate in the last two preparations was due to the presence of

an unspecified amunt of sulfate in the -gen peroxide reagent.

5



1. Effeet of Precipitation Medium on Crystal Structure

.
.

.

.

.

Plutonium peroxide was precipitated frcm various solutions by the

followlng standard procedure:

Pure plutonium(III) stock solution was prqared by dissolving

99.8 per cent w m%al in the desired acid. h aliquot containing

approximately 1(X)mg plutonium was then diluted with the appropriate

sodium salt-acid solution and an equivalent amount of I&& was added to

oxidize the plutonium to the tetmwalent state. = molar &@

(Baker’s 50 per cent reagent) solution was added dropwise at roan

temperature to precipitate the plutonium. All solutions were stirred

vigorously during precipitation. The resulting slurry was digested

for 16 hours and then separated by centrifu@ion. The precipitate

was washed three times with ~ per cent ethanol and once with absolute

ethanol. The sample was dried by passing filtered air at roan temperature

through the powder for 1 hour prior to x-ray analysis by F. H. Ellinger

of LASL Group CM-5.

Several preparations were digested for periods varying from 1 to

72 hours. X-ray analyses were made on several slurries prior to

se~ating and drying. There was no evidence of changes in structure

due either to digestion time or to separation procedure.

The results of the various acid systems studied are shown in

l%ble 1.1. The concentrations listed in this table are uncorrected for

concentration changes that occur due to precipitation. They represent

the reagent concentrations if no reaction had occurred.

6
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1.1 *Chl~iC Acid System

In the absence of sulfate

were less than O.m in EC1U4.

effect, indicathg a colloidal

no precipitate settled from solutions that

Houever, Preparation 2 gave a 9!yndaSlcone

precipitate. By increasing the psrchlorate-

ion concentration to 3.6&q with ?JaC104,a precipitate was obtained and

separated (Preparation 3). The structure of this ~ipitate was fhce-

centered cubic, with the cell constant a = 16.b6 * 0.01 A.

Precipitation f%om a solution of acidity from 1.1 to l.% and a

perchlorate concentration frcm 1.6 to 2.M resulted in the s- cubic

structure. When the acidity was increased to ~, the structure chan@d

f’rcxnthe cubic to the hexagonal form (Prepmtions 6 and ‘f). !ehus, there

appears to be a change due to acidity.

Tn the presence of sulf&te (~tions 9 and 10), the structure can

be changed by increasing the perchlorate ion concentration to &. This

sam effect was also observed when Mg(CIQ )2 was used tn place of MaCl~

(~ti~ U) * ~J=t the perticmte concentration. This apparently

anomalous effect has been reproduced mmy t=s.

1.2 ~OChlOriC Acid Systems

As In the pert.hloricacid system, precipitation flxm a solution of

10U acidity (Preparations 15 and 16) resulted in a cubic structure,

whereas ~ipitation from one of high acidity (Preparation 17) gave th

hexagoml structure. A~tly the change occurs between 2.8 and 3Ku

~n-ion ~=en~tion h Wrochlmic acid solutions.
.

(3
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1.3 nitric AcM System

AS shown in Prepuations 18 through 22, the cubic structure was formal

at a hydrogen-icm concentmtion of O.k~ while the hexagonal structure was

obtained from solutions that were at least 2X in total acidity. A mixture

of the two structures was obtained at an acidity of W.

The presence of sulfate had no effect on the structure in 2M

acid (preparations23 and 24).

1.4 SulfWiC Acid SysteIU .

As in the case of the other acid systems, precipitation flromsolutions

of low acidity (reparation 25) resulted in the mbit structure, and the

hexa~l structure (Preparation 26) was obtained at high acidity. lluring

these tests the total sulfate concentration could not be held constant

adng to sohibility limitations. However, the sulfate-ion concentrations

were approxhately the same.

1.5 Effect of Hydrogen Peroxide and Plutonium Concentrations

There does not appear to be any effect due to variations in either

the && or the plutonium concentrations. M Preparations 3, 4 and 5,

the cubic structure was not affected by increasing the plutalum

concentmt ion frcm 0.052 to O.22gM, while the peroxide concentration

~B increased ~ 0.20 to 30~e At a constant plutonium concentration

of 0.033M, the cubic structure was not affected by Increasing the &D@

concentration tiom 1.0 to 3AM (Preparations 18 and 19). The hexagonal

structure was not affected by increasing the &&

to 3.3cM (preparations 6 and 7).

9

concentration fmm 0.25



.
2. The Composition of Plutonlum Peroxides

.

.

.

.

.

Several of the preparations listed In Table 1.1 were rqmdced on a

larger scale (1 to 5 grams plutonium). The precipitates were amlyzed

for plutonium oxidatiou state, per= ~, Sulfhte, perchlorate, and

Chlarlde.

2.1 Etemination of the &idation State of PlutoniuIuin Peroxides

When a sample of plutonium peroxide is dissol. in an ~ess of

acid-iodide solution, peroxide-~gen liberates an equivalent axmunt of

iodine according to the reaction:

0-+1-+2# = l/2&+~0 (2.1.1)

If the plutonium is present in an oxidation state greater than tri-

positive, it will also be reduced and liberate an equivalent amount of

i- according to the ecyxation:

Pu‘n + (n-3) 1- = Ri+s + H&
2

(%1.2)

where n is the ~idation state of plutonium in the ~cipitate.

On the other hand, when a peroxide ~cipitate is dissolved in an

excess of Ce(SOA)2 solution, the peroxy—oxygen is axidized to free oxy~

and the plutonium is oxidised to the hexavalent state according to the

reaction:

W+n + (6-n) Ce- + ~ = ~~ + (6-n) (%+s + k~ (2.1.3)

These reactions were used to determine the addation state of

plutonium in several precipitates. The iodine liberated by a known

anmnmt of pkrttium in ths form of -de WaS determined by titration

with Stan= O.lN ~=03 901UtioE1. Rwn these data the (0-) to m

10
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.

mole ratio was calculated for all possible values of n in Equation 2.1.2.

-es of the S- Precipiwte were also dissolved in a known amount of

Ce(so4)2 SOIUtim, and the excess Ce(S04)2 was determined by back-titrating

with acid ~~ solution. The (0-) to Pu ratio was then

the possible values of n in Equation 2.1.3. Details of

~edures are given in Appendix A.

calculated for

these analytical

As shown in Table 2.1, the (0-) to Pu ratio will depend on the value

of n assumed for each mthod. However, a given precipitate must have a

definite value for this ratio. Consequently, the sasssratio will be

obtained for both the oxidation and the reducticm methods only when the

correct plutonium axidati~ state Is assumsde The results in Table 2.1

Show that in both the cubic and

Is present in the tetrapositlve

This method gives only the

the hexagonal structures the plutonium

stateb

average Oxidation state. If the

possibility of plutonium(III) can be eliminated, then it can be said

definitely that the oxidation state is tetrapositive. Since precipitation

from plutonium(IV) solution (Ox In Pu) does nbt liberate any significant

amount of free ~gen, it can be asmd that no

the precipitate.

plutonium(III) is present in

2.2 Peroxy-oxygen to Plutonium Ratio in the Precipitates

By IJM!ane of the Iodom?tric method, the (0-) to Pu ratios were

determined for lmth the cubic and the hexagonal structure precipitates.

.

.
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!l%ble2.1

OXIIATION ST4!L!EOF PIJJTONIUMIN FEROXIDE PRECII?ITA!llW

cxLmATm (o-) m PcJMxIE RATIO
IOR ASSUMED OXIIMTION STATE

Preparation No. M?thod of
(See !lhble1.1) Analysis

9 (F.C.C.) 1- reduction
Ce+ oxidation

14 (F.C.C.) 1- reduction
ce- Oxidation

4.24 3.24 2.24 1.24
2●m 3*W 4-W 5*W

4.I.2 3*I2 2*I.2 1.12
2.13 3.13 4.13 5.13

4.40 3J+0 2.40 1.40
2.40 3.40 4.40 5.40

.
.

-
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2.2.1 The Cubic Structure

.
. As shown in mble 2.2, the cubic structure contains three atoms of

~-OXY= W P~=- at=. The average ratio was 3.04 regardless

of whether the sample was analysed wet or ~tely after drying for 1

hour at roan temperature. Since the plutonium is in the tetrapositive

state, there must be additional anions present.

2.2.2 The Hexagonal structure

With the exception of preparation 10, analyses of the wet precipitates

Indicated that the hexagonal structure contains nmre per~-oxygea to Pu

than does the face-centered cubic. Preprzrations6 and 7 of !L%ble2.2 were

washed by reslurr@ng Ulth 6M HC104● The maxinmm (0-) to Pu ratio that

can be attributed to incanplete washing is 0.01 in Preparation 7 ● Moreover,

R’e~tion 6 WSS -de by _ SO little ~ that the (0-) to Pu ratio

was logo in the precipitation medium. Houever, the peroxy~gen to Pu

ratiO in the pl?eCipitateWas inCreaSed to 3.34. Neither pre~rations 6 or

7 could be separated and dried without destructim, so the analysis on

tm dry preparation could not be -.

~ation 26 also contained a sde ratio that was greater than 3

after copious washing. The ratio for the dried sample was approxhately 3.

2.5 Sulfhte to Plutonium Ratio

w~ of the gra~ric B&Q procedure described in Appendix B,

the sulfate to PU ratio was determined for preparations 8 (cubic) and 26

(hexagonal). Duplicate precipitations were analysed in duplicate for both

~ti-.

13
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.
Table2.2

PEROXY—OXYDEN~ PUJ’KINIUMRATIORi=IP~*.

Prqamtion
No.

3 (F.C.C.)

‘l?reatnrnt

Digested for ~ *S at 25”c
Washed4 t-s withethanol
Analyzed wet
Dried for 1 hr at 25°c
~w

(o-) to Pu
Mole Ratio

. . . . 3.10

. . . .~.ce

4 (F.C.C.)

9 (F.C.C.)

Dige8tad for 5 dsys at 25°C
WLSkd b tines with ethenol
Analyzedwet . . . . ~.lo

Digested for 16hrs at 25°c
Wsshed 6 timeswith O.lM HC1,
4 tires with ethanol

Dried for 1 hr at 25°c
~ *Y

.
. . . . 3.10

. . . .2.999 (F.C.C.)

5 (F.C.C.)

Duplicate

Digested for 1 hr at 25°c
Weshed 2 times with 3%&432,
1 timewith O.I.M&204,
2 times with ethanol

ad ~ . . . . 3.03.

.

16(F.C.C.) Digested for 1 hr at 25°c
Wsshed 2 tires with O.01.MHC1,
2 times with ethanol

~ -t
Dried 1 hr at 25°c
-~ @

. . . . 2.99

. . . . 2.98

6 (wx’1)

7 (l@x’l)

7 (Hex’1)

Digested for W min at 25°c
Washed4 t-s with 6+4HC104
Analyzedwet . . . . 3.34

Digested for ~ min at 5°C
Washed 3 times ulth 6M HC104
~ =t . . . . 3.53

Duplicate
Washed 3 times with 6M HC104,
3t-s with ethanol

Analyzedwet . . . . 3.%

26 (Hex’1) Digested for 30m.inat 25°C
Washed 3 tinm?swith l$J&02,

3 times with ethanol
Analyzed wet
Dried far 1 hr at 25°C
Analyzed dry

. . . . 3.34

. . . .3.11

10(Iiex’1) Digested16 hrs at 25°c
Washed 2 times with O.IM IiCl,

3 times with ethanol
AneJyzedwet
Dried at 25°C for 1.6brs
Analyzed dry

. . . . . 3.15

. . . .2.96

14
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The cubic structure from Prepmation 9 contained 0.24 * O.OQ mole of
,
.

sulfate per mole of plutonium, whereas the hexagonal structure from

~tion 26 had a ratio Of 0.38 * o.01. mthough it iS true that

Preparation 26 was precipitated from a higher sulfate concentration,

this difference in amounts of sulfate in the precipitates is not due

inccxupletewashing. -h preparatio~ -e washed f- t-s ~~

to

O.lM HCl, four times with ~ per cent ethanol, and twice with absolute

ethanol. Hexagonal Preparation 10, which WaS pa?ecipitatedfrom the same

low sulfate concentration, contained 0.37 nmle of sulfate per mole of

plutonium. Furthermore, the mibic structure contains 0.25 nmle of

sulfate per mole of plutmium when precipitated tiom 106M ~ and 0.lCt4

total sulfhte; the hexagonal structure, precipitated at the same sulfhte

concentmtion (and an

of O.fi.* Therefore,

suli%te than does the

acidity of 4M), contains a sulfate to Pu ratio

the hexagonal

cubic.

2.4 Perchlorate to Plutonium Ratio

Perchlorate was not detectable

structure definitely takes up more

by the nitron gravimatric procedure

(Appendix C) in either the cubic (Reparation 9) or the hexaganal

(Preparation 10) structures. Based on the lover limit of detectability,

the perchlorate to Pu wle ratio was therefore less than 0.02.

* private conmmnication from A. V. Hendricksonof this laboratory.
.

.
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2.5 chloride to Plutonium Ratio

chloride was ~ gra~ically as &Cl (Appendix D). The

cubic struct- of ~tion 16 contained o.@g nmle of chloride per

~le of plutonium, whereas t- hexagmal structure of Preparation 17

bad a ratio of 0.160.

.

16
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. 3. Rates of Decomposition of Plutonium Feroxides

Dried preparations were stored at various temperatures and analyzed

perioitlcallyfor (0-) to Pu ratio by the iodide reduction mthod. As shown

in Fig. 3.1, decomposition of the cubic structure at room temperature

differs from that of the hexagonal fcmm.

The cubic structure (preparation 9) decomposed uniformly to completion

within a ~iod of 50 days, whereas the hexagonal structure (Preparation 26)

decomposed to a relatively stable form having

After 150 days this ratio dropped to O.kO.

X-ray analysis of tk decomposed samples

almost completely converted to Pu@, but that

indeterminant except for traces of PUOZ.

a (0-) to Pu ratio of,l.

showed that the c@ic form was

the hexagonal form was

The effeet of temperature on the decomposition rate of the cubic

structure is shown in Fig. 3.2. Since the plot of In (O-/Pu) against
\

time is linear, this decomposition

& ~ (O-J
- dt

can be represented by:

= k
(3.1)

where k is a constant. This may be rearranged to the familiar ftist-ader

kinetic form:

d (0-)
—w~

k (0-)
‘m

.

.

(3.2)
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The

tim for

value of k may be computed far each temperature from the half-

the decomposition:

k=
0.693

‘1/2
(3.3)

If this decomposition is first order over the temperature range

indicated, then the activation

be computed from the Arrhenius

Using the “dark” decomposition

enargy Ea and the frequency factcr A can

eqyation:

-Ea/RT
k=Ae. (3.4)

rate data of Fig. 3.2, Ea was calculated

to be ~ cal/nmle and A = 7500 per minute.

The higher values fur the (0-) to Pu ratio reported in Sect. 2.2.2

for the wet hexagonal stmdmre suggest that perhaps this form initla13y

has a ratio of 4, and that the first equivalent decomposes rapidly. A

portion of wet Preparation 26 was washed thoroughly aud allowad to stawi

in mist condition for 2 hours. Samples of this precipitate were anaLyzed

every 20 minutes for (0-) to fi ratio. There

decomposition. The average ratio for the six

3.47 * 0.04.

was no indication of any

samples analyzed was

During the auto-decomposition of hydrogen paroxide one atom of axygen

is released for each O-O bowl broken. The following experiment was ~ to

see if plutonium peroxide followed the saw stoichionetry:

A weighed amount (- 600 mg) of dry plutonium peroxide was placed in a

sealed flaak in a constant temperature bath. !l!kvolum of the flask had

been detemhed by filling with water and weighing. Tha gas pressure over

.
20
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the sample was smxlsuredby mmna of a capillary manometer. A drop of

water had been added to the flask to keep the water vapor pressure

constant during peroxide decomposition.* (The water did not co- in

contact with the peroxide powder.) From the gas temperature, pressure

increase, and volum, the amount of ~ I.iberstedwas calculated using

the equation of state fcm an ideal gas.

Partions of the percxida were also analyaed for (0-) to Pu ratio

before and a- decomposition. By comparing this decomposition with

the amount of ~ liberaixsd,the nuniberof oxygen atoms liberated pr

Perqmm bond broken was computed.

The values obtained (0.96 far the cubic form at 67 per cent

decompositionamd 0.g8 for the hexagonal form at go per cent

decomposition) indicate that ths plutonium peroxide decomposition

Stoichiometry is tk sauE as that far &02.

* Plutonium peroxide is known to be hydrated, but the decomposition

product (PU*) is not.

23.
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4. Infrared Abs~ ion Spectra of Solid Plutonium Feroxide8

The differences in decomposition rates between the two structures

suggested that there may be differences in peroxy-oxygen to Fu bomling.

Therefare, several samples were submitted to L. H. Jones of IASL Group

CMR-4 for analysis by absorption spectrum in the infrared region.

Samples weremounted in KBr as thin uindousandexamimd vith a

Perkins-Elnwr recording spectrophotometer. The following differences

were observed between the cubic - the hexagonal fmms.

The cubic structure has an abscmption band at ~ = 83k * 1 cm-l.

The hexagonal structure absabs sharply at ~ = 861 CM-l. There is an

additional absm’ption band at > = 2953 cm-l in the hexagonal form.

(Solid E@= absorbs at Z = 881 cm-l due to the O-O vibration, and at

z = 2&3 CIR-ldue to tb O-H vibration.)

l?romthe above results there is no evidence of tins(O-O-H) form of

peroxide in the cubic structure.

If the hydrogen in E@= is replaced by deuterium, t~ O-O band is

shifted to 3 = 879 cm-l and the O-D band is Shifted to 2120 CBA-l. A

special cubic preparation was made in a deuterium mdium, using ~ es

the precipitant. The isotopic abundance of tk deuterium in the

precipitation tium was 84 per cent. Presumably a smkl.1but measurable

shift in the characteristic fkequency should have been observed if (-OOH)

had been present. Since none was observed, it was assumsd that all of the

peroxide is present in the -Pu-O-O-PU form.
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. 5. Densities of the Dry Precipitates
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The bulk density of the settled hexagonal structure appears to be

much less than that of the cubic structure. Bulk densities of the dry

powders were determined by tamping a weighed amount of the ground po@ier

to constant volunm?. For the hexagonal form, the bulk density was

0.79 g/cc; for the cubic farm this density was 1.53 g/cc.

Apparent densities were also determined by measuring the weight of

O.01.M&S04 solution displaced by a weighed sample of powder in a

pycno-ter. From the density of the &SCJ4 solution, the volum of

-r ~ ~ctited x wed to cqte the apparent particle density.

MS value was 3.43 g/cc fur the h~onal form and 3071 g/cc for the

cubic form.
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6. Solubitities

It is not possible to determine eqyilibriuinsolubilities in water

due to the formation of plutonium

liquids from various pregxxrations

These values, shown in Table 6.1,

polymer at low acidity. The supernataut

- s-led for plutonium content.

are not strictly comparable because of

differences in the * completing, etc. They represent only the

“appsrent” solubilities. In general, the sol&d.lity increases very

rapidly with increasing acidity due to the mass actia effeet.

Table 6.1

APPARENT SOIUBILITSES OF VARXXJS -NIUM P~QXIDES

“Volubility”at
F?reparationNo. Raom Temperature

~See Table 1.1) lugPu/liter

9 6.0

2.L 40.0

25

26

24

y2.o

266.0
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. 7. Colloidal Nature of the Cubic Structure
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with

tia

In the absence of sulfate, the cubic structure peptizes very readily

wsshed with O.OIM HC1 or alcohol. However, if the samples are vaahed

either O.OIM &S04 or sodium malonate solution, the precipitate remains

coagulated state● This indicates that the c*ic structure is a

positive-charged coil.oid.

In order to study this colloidal behavior, a simple ImnmMa’ic

5electropharesis cell was used in the standard manner. The compositions

of the colloidal percncidesolutions and tMir relative mbilities are

shown in Table 7.1. All nwmmenmmts were made at a potential gradient

Of 2.5

com2.

during

volts/cm, and the interface migration was checked by a Tyndall

Considering the a~atus and the slight temperature variations

these tests, the nobilities reported are only relative and

approximate. In all

The qualitative

tests the colloid migrated towards the cathode.

appearance of these colloidal solutions is also

indicated in Table 7.1.

As a coagulant, sulfate appars to be several hundred tines as

effective as perchlorate, based on tk amount reqyired to reduce the

nmbility from 6.6 x 104 to 3.6 x 10-4 cm/sec. The

of stiate to chkrate in the coagulation of ferric

reported to be 500:1.6

25
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In the case of cubic plutonium peroxide,

plutonium(IV) valence is taken up by peroxide

remdning one-fourth must be satisfied by one

only three-fourths of *

oxygen. Consequently, the

equivalent of either -de,

hydroxide, or the anion of the acid system tiom which the peroxide was

precipitated. However, the analyses indicate that much less than an

equivalent of either sulfate, chloride, or perchlorate is associated with

1 mole of plutonium in the precipitate. In view of tlx?colloidal nature

of the cubic structure, these anions probably are present in an absorbed

state. From the infiwzredabsorption spectra it would appear that this

sticture has the empfiical formula PU2(0-)6(0=)“xII@. Such a COIZpOWId

could be fornA by

peroxide groups to

be consistent

Although

investigated,

with

‘6 withlinking plutonium(IV) dimers such as PuOFU

give the structure - shown in Fig. 8.1. This would

the observed peroxy-cnqrgento Pu ratio of 3.

the existence of such plutonium -s has not been

7,8
evidence for dimric forms of cerium(IV) is abundant.

Heidt and Smith8 have calculated that approximately 40 per cent of the

eerie-ions in IM HC104 are dimerized by the following ru?chanisms:

Ce+4 + H20 = Ce(OH)+3 + 1#

Ce(OH)+3 + I&O = Ce(OH)2= + H+

2Ce(OH)+~ . ~ewe+6 + H20

2Ce(OH)2- = (HO)CeOCe(OH)*

(8.1)

(8.2)

(8.3)

+ H20 (8.4)

Ce(OH)+s + Ce(OH)2+2 = (HO)CeOCe+5 + l&O (8.5)
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Similar species are probably present in acid solutions of tetravalent

plutonium. Plutonium (IV) is known to furm a stable colloidal polymr in

solutions that are less thsn O.~ in total acidity.g The initial stages

of poxization probably involve the formation of d5mers by reactioms

similar to those given above.

At low acidity the cubic structure is forzm?din preference to the

m- smct~j ~ would be expected from the above considerations.

The composition and structure of the hexagonal peroxide is consistent

with the results of Hamaker
4

ad Koch. Their results were obtained on

dried samples after partial decomposition of the peroxide-~gen. More-

over, the samples were frequently mixtures of the two structures.

Although the hexagonal form contains a minimum WW-oxygen to

ratio of 3.0, normlly there is a greater amount of peroxide~gen

associated with this form than with the cubic form. In addition the

Pu

hexagonal structure contains considerably mare sulfate when precipitated

fl?omsulfate solution, and mare chloride when precipitated from HC1.

This is reasonable if the hexsgonal sheets are held together by various

anions such as SO~, HSO~, Cl-, G, OOH-,

in decomposition rates aud in absorption

in the type of peroxide bonding on these

etc., as proposed. The differences

spectra further indicate a difference

two structures.

.

.
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. APPENDIX A

PEROXIRE-OXYGEN ‘K)PWTONIUM RATIO DEEMINATION

Peroxide-oxygen

methods.

to Pu ratio in precipitates was determined by two

A.1 By Reduction with Iodide

Approximately 100-mg samples of the precipitate were dissolved in

duplicate in 25 ml.of solution that was ~ in HC104 and contained

* 2 grama of NaI. After a period of 2

that had been liberated was determined

solution to the starch endpoint. (The

hours at room temperature the 12

by titrating with O.lN Na&@s

Na#@3 solution had been

standardized against K103, Merck A. R.) Spectrophoto~tric examination

of this solution indicated that all of the plutonium was in the tri.

positive oxidation state at this endpoint.

The titrated solution was then diluted to the mark In a x-ml

volumetric flask and the plutonium concentration was determined by

radio-assay.

by LASL Group

From the

calculate the

Radio-assays were done by the dilution-evaporationmethod

cm-l ●

total plutonium in the sample, it was then possible to

I= liberated by the reduction of plutonium(IV) to (111).

This amount of 12 was subtracted from the total amount determined to

give the 12 liberated by peroxy-oxygen.
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In order to keep the 12 blank to 1 drop of H8#@3 solution, the

HC104 solution was flushed with argon for ~ minutes prior to dissolution

of the NaI and peroxide sample. The sampk was then stored in the dark

and titrated under an =gon atmsphere.

This procedure was checked by adding known amunts of PU02* and

H@z solutions to acid iodide. The plutonium had been determined by

electrometric titration to

the (0-) to Pu mole ratio,

ratio,was the radio-assay.

PEROXIDE-OXYGEN

Plutonium(VI), millimole

within _W.3 per cent. As shown in Table Al,

and the main source of error in the (0-) to Pu

Table A.1

!IOPllJTONIIJMRATIO DETERMINATION

12 liberated, millequivalent 2.015

12 from l%, milleqyivalent 1.1Q4

12 IYom (0-), millequivalent O.gll

Calculated (0-) to Pu mole ratio 2.48

A.2 By Oxidation with Ce(S04)2

Duplicate samples of precipitate (-100 mg

ill30.00 Id Of O.lN *(S04)2 SOIUtiOllthat had

Found Per Cent Error
w -2.2

2.o14 a.1

1.086

0.928 +1.9

2.56 +3.2

each) were dissolved

been standardized against

AS209 (MWinckrodt , A. R.). Af’tera period of 2 hours the excess

Ce(S04)2 was determined by back-titrating to the o-phenanthroline, ferrous

sulfate endpoint with freshly standardized O.lN &02 solution. This

.
31
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titrated solution Vas ammined spectrophotometrically;all of the

plutonium was in the hexapositive oxidation state at this endpoint.

After titration the sample was diluted to ~.00 ml and the plutonium

was determined by radio-assay. The (0”) to Pu ratio waa then calculated

&om the amount of Ce(S04)2 consumsd by the precipitate and the total

amount of plutonium in the sample.

.

.

.

.

.
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. APPENDIX B

.
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.

SWJ?A!JX!KlPlWTONAJ14HATIO DETBRMIHATION

Approximately 8(X)mg of sample was dissolved in duplicate in 10 ml

of 2.8N HI. The solution was then filtered on Whatman No. 42 paper and

the excess 12 was removed from the filtrate by extraction with bensene.

After diluting to 150 ml, BaS04 was precipitated at 80°C by adding

0.2??BaC~ solution dropwise with vigorous stirring. This slurry was

then digested for 1 hour at 80°C and then overnight at room temperature

prior to filtering on Whatmn No. 42 paper. After washing ten tius with

water, the sample was ignited to constant weight at 800”C. From the

gravimtric factor

calculated.

The plutonium

the

was

total sulfate

determined by

200.0 ml and removing an aliquot for

present in the sample was then

diluting the BaS04 filtrate to

radio-assay.

This procedure was chcked by adding known amounts of plutonium and

H2S04 to an HI solution. As shown in Table B.1 the analysis was satisfactory.

.
.

*
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Table B.1

SULFATE TO PWIWIIJM RATIO JETEWUWTION

Sample No. Determination Added Found

Sulfate, mg 23.51 23.4

1 l%, lng 578 577

SO= to Pu nmle ratio 0.101 0.101

sulfate, lug 47.02 46.9

l%, mg 289 290

S@ to Pu mle ratio 0.405 0.403
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APPHNDm c

PERCHK)RATE TO PIIJTONIW RATIO DEERWXATION

The determination of perchlorate in the precipitates was done by

the LASL Analytical Group, CMR-1.

In @neral the method consisted of dissol~ -800 w of the

precipitate in &SO~ and adjusting

deterllun“ ed from an aliquot of this

aliquot was reduced with Devard’s

the acidity to ~. Plutonium was

solutIon by radio-assay. A second

EM?tal(Al, Cu, aml Zn) and the

acidity was adjusted. The perchlorate was precipitated with nitron

reagent and digested far 24 hours. The precipitate was filtered, washed,

dried at 105”C, and weighed as nitron perchlorate.

This procedure was checked

PU(S04)2 iIAH#04. AS sh~ in

sufficiently accurate.

with known alnountsof

Table C.1 the results

HC104 and

were ~obably

35



Table C.1

-CEWRATE TO PIXJ1’0HIW4RATIO ~TION

sample No. JMxmdnation Added Found

Perchlorate, mg 1.19 1.05

1 Pu, lug 9.60 9953

CIO~ to Fu mole ratio o.2g8 0.264

Perchlorate, mg 2.40 2.37

Pu, mg b.80 4.81

C104 to Pu mole ratio 1.20 1.18

c,

.

.

.
36



.

.

.
.

.

SASL

APPENDIX D

C~RIDE !lX)P’JXTONIUMRATIO DETERMINATION

The determination of chloride in the precipitate was done by the

Anal@ical Group, CMR-1.

Chloride was determined by dissolving --800mg of precipitate in

8M HNOa, diluting to a known volume, and removing aliquots for chl.aride

determination by the gravimtric J@@ method. The plutonium concentrateion

was determined by radio-assay.

.
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