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1. Preface

This volume presents solubility data of the carbonat
salts of carboxylic acids, and other carbon containing co
pounds of actinides. Covered are compounds of thoriu
uranium, neptunium, plutonium, americium, and one syst
for curium. No solubility data on carbonates or other carb
containing compounds have been found for other actin
elements. The literature has been covered up to the en
1999, and there was a great effort to have the literature
vey as complete as possible.

Only those published results that report meaningful d
were considered for the volume. Papers that reported qu
tative results with statements like ‘‘sparingly soluble’’ o
‘‘insoluble,’’ etc. were not considered. In addition to pape
that published numerical data some papers that prese
data in graphical form only were considered as well. Th
were considered for the volume either if no other data w
available for the system, if the data were published in di
cult to obtain older literature, or if the data were consider
to be of importance for other reasons. The first two crite
led the compiler to include sometimes papers in which
authors failed to specify conditions such as temperatu
equilibrium time, or methods of analysis. The last criteri
has particularly been applied to many of the recent paper
the solubility of actinide carbonates where high precision
titration technique was used to obtain the solubility da
which were, however, reported in graphical form, or occ
sionally as solubility products, without reporting numeric
solubility data. Another reason for including these data w
their importance from the point of view of environment
science since carbonates of actinides are substances rel
to the chemical behavior of actinides in radioactive wa
repositories. Phase diagrams were included for some of
multicomponent systems. Of the many systems covered
the volume relatively few were studied by more than o
laboratory. Thus the opportunity to carry out evaluations h
been limited, and only 17 systems have been evaluated
some of these systems, however, there has been so m
uncertainty that even tentative solubility values could not
recommended.

Of all published papers only two remained unavailable
the compiler, and could not be included. These are the
lowing two reports from the Institute of Radiochemistr
Technical University, Munich, Germany: M. F. Bernkopf,
I. Kim, Report RCM-02884, 1984, reporting the solubility o
Am~OH!CO3 in 0.1 mol dm23 NaClO4, and W. Runde, J. I.
Kim, Report RCM-01094, 1994, reporting the solubility o
NaAm~V!O2CO3 in 3 and 5 mol dm23 NaCl. For many com-
pounds it was not possible to show theChemical Abstracts
Registry Numbers since these have not been assigned
this reason, the Registry Number index is incomplete.
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
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2. Introduction to the Solubility Data
Series: Solubility of Solids in Liquids

2.1. The Nature of the Project

The Solubility Data project~SDP! has as its aim a com
prehensive review of published data for solubilities of gas
liquids, and solids in liquids or solids. Data of suitable p
cision are compiled for each publication on data sheets
uniform format. The data for each system are evaluated
where data from independent sources agree sufficiently,
ommended values are proposed. The evaluation sheets
ommended values, and compiled data sheets are publi
on consecutive pages.

2.2. Compilations and Evaluations

The formats for the compilations and critical evaluatio
have been standardized for all volumes. A description
these formats follows.

2.2.1. Compilations

The format used for the compilations is, for the most pa
self-explanatory. Normally, a compilation sheet is divid
into boxes, with detailed contents described below.

Components Each component is listed according
IUPAC name, formula, and Chemical Abstracts~CA! Regis-
try Number. The Chemical Abstracts name is also include
this differs from the IUPAC name, as are trivial names
appropriate. IUPAC and common names are cro
referenced to Chemical Abstracts names in the System
dex.

The formula is given either in terms of the IUPAC o
Hill 1 system and the choice of formula is governed by w
is usual for most current users; i.e., IUPAC for inorgan
compounds, and Hill system for organic compounds. Co
ponents are ordered on a given compilation sheet accor
to:

~a! saturating components,
~b! nonsaturating components, and
~c! solvents.

In each of~a!, ~b! or ~c!, the components are arranged
order according to the IUPAC 18-column periodic table w
two additional rows:

Columns 1 and 2: H, alkali elements, ammonium, alkal
earth elements

Columns 3–12: transition elements
Columns 13–17: boron, carbon, nitrogen groups; cha

genides, halogens
Column 18: noble gases
Row 1: Ce to Lu
Row 2: Th to the end of the known elements, in order

atomic number.
The same order is followed in arranging the compilati

sheets within a given volume.
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
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Original MeasurementsReferences are abbreviated in th
forms given by Chemical Abstracts Service Source Ind
~CASSI!. Names originally in other than Roman alphabe
are given as transliterated by Chemical Abstracts. In the c
of multiple entries~for example, translations! an asterisk in-
dicates the publication used for compilation of the data.

Variables Ranges of temperature, pressure, etc., are in
cated here.

Prepared by The names of all compilers are given her
Experimental Data Components are described as~1!, ~2!,

etc., as defined in the ‘‘Components’’ box. Data are repor
in the units used in the original publication, with the exce
tion that modern names for units and quantities are us
e.g., mass percent for weight percent; mol dm23 for molar;
etc. Usually, only one type of value~e.g., mass percent! is
found in the original paper, and the compiler has added
other type of value~e.g., mole percent! from computer cal-
culations based on 1989 atomic weights.2 Temperatures are
expressed ast/°C, t/°F or T/K as in the original; if neces-
sary, conversions toT/K are made, sometimes in the comp
lations and always in the critical evaluation. However, t
author’s units are expressed according to IUPA
recommendations3 as far as possible.

Errors in calculations, fitting equations, etc., are noted, a
where possible corrected. Material inserted by the comp
is identified by the word ‘‘compiler’’ or by the compiler’s
name in parentheses or in a footnote. In addition, compi
calculated values of mole or mass fractions are include
the original data do not use these units. If densities are
ported in the original paper, conversions from concentrati
to mole fractions are included, but otherwise this is done
the evaluation, with the values and sources of the dens
being quoted and referenced.

Details of smoothing equations~with limits! are included
if they are present in the original publication and if the te
perature or pressure ranges are wide enough to justify
procedure and if the compiler finds that the equations
consistent with the data.

The precision of the original data is preserved when
rived quantities are calculated, if necessary by the inclus
of one additional significant figure. In some cases, compi
note that numerical data have been obtained from publis
graphs using digitizing techniques. In these cases, the p
sion of the data can be determined by the quality of
original graph and the limitations of the digitizing techniqu
In some cases graphs have been included, either to illus
data more clearly, or if this is the only information in th
original. Full grids are not usually inserted all it is not in
tended that users should read data from the graphs.

Method The apparatus and procedure are mention
briefly. Abbreviations used in Chemical Abstracts are oft
used here to save space, reference being made to sourc
further detail if these are cited in the original paper.

Source and Purity of MaterialsFor each component, re
ferred to as~1!, ~2!, etc., the following information~in this
order and in abbreviated form! is provided if available in the
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original paper: source and specified method of preparat
properties; degree of purity.

Estimated Error If estimated errors were omitted by th
original authors, and if relevant information is available, t
compilers have attempted to estimate errors~identified by
‘‘compiler’’ or the compiler’s name in parentheses or in
footnote! from the internal consistency of data and type
apparatus used. Methods used by the compilers for esti
ing and reporting errors are based on Ku and Eisenhart.4

Comments and/or Additional DataMany compilations
include this section which provides short comments relev
to the general nature of the work or additional experimen
and thermodynamic data which are judged by the compile
be of value to the reader.

References The format for these follows the format fo
the Original Measurements box, except that final page n
bers are omitted. References~usually cited in the original
paper! are given where relevant to interpretation of the co
pile data, or where cross reference can be made to o
compilations.

2.2.2. Evaluations

The evaluator’s task is to assess the reliability and qua
of the data, to estimate errors where necessary, and to
ommend ‘‘best’’ values. The evaluation takes the form o
summary in which all the data supplied by the compiler ha
been critically reviewed. There are only three boxes o
typical evaluation sheet, and these are described below.

Components The format is the same as on the Compi
tion sheets.

Evaluator The name and affiliation of the evaluator~s!
and date up to which the literature was checked.

Critical Evaluation ~a! Critical text. The evaluator
checks that the compiled data are correct, assesses thei
ability and quality, estimates errors where necessary,
recommends numerical values based on all the publis
data ~including theses, patents and reports! for each given
system. Thus, the evaluator reviews the merits or shortc
ings of the various data. Only published data are conside
Documented rejection of some published data may occu
this stage, and the corresponding compilations may be
moved.

The solubility of comparatively few systems is know
with sufficient accuracy to enable a set of recommended
ues to be presented. Although many systems have been
ied by at least two workers, the range of temperature
often sufficiently different to make meaningful comparis
impossible.

Occasionally, it is not clear why two groups of worke
obtained very different but internally consistent sets of
sults at the same temperature, although both sets of re
were obtained by reliable methods. In such cases, a defin
assessment may not be possible. In some cases, two or
sets of data have been classified as tentative even thoug
sets are mutually inconsistent.

~b! Fitting equations. If the use of a smoothing equation
n;
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l-
ud-
is

-
lts

ve
ore
the

s

justifiable the evaluator may provide an equation repres
ing the solubility as a function of the variables reported
all the compilation sheets, stating the limits within which
should be used.

~c! Graphical summary. In addition to~b! above, graphical
summaries are often given.

~d! Recommended values. Data are recommended if
results of at least two independent groups are available
they are in good agreement, and if the evaluator has no d
as to the adequacy and reliability of the applied experime
and computational procedures. Data are reported as tent
if only one set of measurements is available, or if the eva
ator considers some aspect of the computational or exp
mental method as mildly undesirable but estimates tha
should cause only minor error. Data are considered as do
ful if the evaluator considers some aspect of the compu
tional or experimental method as undesirable but still cons
ers the data to have some value where the order of magni
of the solubility is needed. Data determined by an inadequ
method or under ill-defined conditions are rejected. Ho
ever, references to these data are included in the evalua
together with a comment by the evaluator as to the reason
their rejection.

~e! References. All pertinent references are given he
including all those publications appearing in the accompa
ing compilation sheets and those which, by virtue of th
poor precision, have been rejected and not compiled.

~f! Units. While the original data may be reported in th
units used by the investigators, the final recommended va
are reported in SI units3 when the data can be accurate
converted.

2.3. Quantities and Units Used in Compilation and
Evaluation of Solubility Data

2.3.1. Mixtures, Solutions, and Solubilities

A mixture5 describes a gaseous, liquid or solid phase c
taining more than one substance, where the substances a
treated in the same way.

A solution5 describes a liquid or solid phase containin
more than one substance, when for convenience one o
substances, which is called thesolvent, and may itself be a
mixture, is treated differently than the other substanc
which are calledsolutes. If the sum of the mole fractions o
the solutes is small compared to unity, the solution is cal
a dilute solution.

The solubility of a solute 1~solid, liquid, or gas! is the
analytical composition of a saturated solution, expressed
terms of the proportion of the designated solute in a de
nated solvent.6

‘‘Saturated’’ implies equilibrium with respect to the pro
cesses of dissolution and precipitation; the equilibrium m
be stable or metastable. The solubility of a substance
metastable equilibrium is usually greater than that of
same substance in stable equilibrium.~Strictly speaking, it is
the activity of the substance in metastable equilibrium tha
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
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greater.! Care must be taken to distinguish true metastabi
from supersaturation, where equilibrium does not exist.

Either point of view, mixture or solution, may be taken
describing solubility. The two points of view find their ex
pression in the reference states used for definition of ac
ties, activity coefficients, and osmotic coefficients.

Note that the composition of a saturated mixture~or solu-
tion! can be described in terms of any suitable set of therm
dynamic components. Thus, the solubility of a salt hydrate
water is usually given as the relative proportions of an
drous salt in solution, rather then the relative proportions
hydrated salt and water.

2.3.2. Physicochemical Quantities and Units

Solubilities of solids have been the subject of research
a long time, and have been expressed in a great many w
as described below. In each case, specification of the t
perature and either partial or total pressure of the satura
gaseous component is necessary. The nomenclature and
follow, where possible, IUPAC Green Book.3 A few quanti-
ties follow the ISO standards7 or the German standard;8 see a
review by Cvitasˇ9 for details.

A Note on Nomenclature The nomenclature of the
IUPAC Green Book3 calls the solute component B and th
solvent component A. In compilations and evaluations,
first-named component~component 1! is the solute, and the
second~component 2 for a two-component system! is the
solvent. The reader should bear these distinctions in nom
clature in mind when comparing equations given here w
those in theGreen Book.

1. Mole fraction of substance 1,x1 or x(1) ~condensed
phases!, y1 ~gases!:

xl5n1Y (
s51

c

ns , ~1!

wherens is the amount of substance ofs, andc is the number
of distinct substances present~often the number of thermo
dynamic components in the system!. Mole percentof sub-
stance 1 is 100x1 .

2. Ionic mole fractionsof salt i, xi 1 ,xi 2 : For mixture ofs
binary saltsi, each of which ionizes completely intoni 1

cations andy i 2 anions, withy i5v i 11y i 2 and a mixture of
p nonelectrolytesk, of which some may be considered
solvent components, a generalization of the definition
Robinson and Stokes gives:10

x1 i5
y1 ix1 i

11( j 51
s ~y j21!xj

, x2 i5
y2 ix1 i

y1 i
i 51...s,

~2!

x0k5
xj

11( j 51
s ~y j21!xj

, k5~s11!...c. ~3!

The sum of these mole fractions is unity, so that, withc5s
1p
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
y

i-

-
n
-
f

r
ys,

-
g

nits

e

n-
h

n

(
i 51

s

~x1 i1x2 i !1 (
i 5s11

c

xoi51. ~4!

General conversions to other units in multicomponent s
tems are complicated. For a three-component system
taining nonelectrolyte 1, electrolyte 2, and solvent 3,

x15
y12xo1

y122~y221!x12
x25

x12

y122~y221!x12
. ~5!

These relations are used in solubility equations for salts,
for tabulation of salt effects of solubilities of gases.

3. Mass fractionof substance 1,w1 or w(1):

w15g1Y (
s51

c

gs ~6!

wheregs is the mass of substances. Mass percentof sub-
stance 1 is 100w1 . The equivalent termsweight fraction,
weight percent, andg(1)/100 gsolutionare no longer used

4. Solute mole fractionof substance 1,xy,1 :

xs,15m1Y (
s51

c8

ms5x1Y (
s51

c8

xs , ~7!

where c8 is the number of solutes in the mixture. The
quantities are sometimes called Ja¨necke mole ~mass!
fractions.11,12 Solute mass fractionof substance 1,ws,1 , is
defined analogously.

5. Solvent mole fractionof substance 1,xy,1 :

xy,15x1Y (
s51

p

xs . ~8!

Here,p is the number of solvent components in the mixtu
Solvent mass fractionof substance 1,wy,1 , is defined analo-
gously.

6. Molality of solute 1 in a solvent 2,m1 :

m15n1 /n2M2 ~9!

SI base units: mol kg21. Here,M2 is the molar mass of the
solvent.

7. Aquamolality, Solvomolalityof substance 1 in a mixed
solvent with components 2, 3,13 m1

(3) :

m1
~3!5m1M̄ /M3 ~10!

SI base units: mol kg21. Here, the average molar mass of t
solvent is

M̄5xy,2M21~12yy,2!M3 ~11!

and xy , is the solvent mole fraction of component 2. Th
term is used most frequently in discussing comparative s
bilities in water~component 2! and heavy water~component
3! and in their mixtures.

8. Amount concentrationof solute 1 in a solution of vol-
umeV, c1 :

c15@ formula of solute#5n1 /V ~12!
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SI base units: mol cm23. The symbolc1 is preferred to@for-
mula of solute#, but both are used. The old termsmolarity,
molar andmoles per unit volumeare no longer used.

9. Mass concentrationof solute 1 in a solution of volume
V, r1 :

r15g1 /V5c1M1 /V ~13!

SI base units: kg m23.
10. Mole ratio, r A,B ~dimensionless!:9

r n,125n1 /n2 . ~14!

Mass ratio, symbolzA,B , may be defined analogously.9

11. Ionic strength, I m ~molality basis!, or I c ~concentration
basis!:

I m5
1

2 (
i

mizi
2, I c5

1

2 (
i

cizi
z, ~15!

wherezi is the charge number of ioni. While these quantities
are not used generally to express solubilities, they are use
express the compositions of nonsaturating components. F
single salti with ions of charge numbersz1 andz2 ,

I m5uz1z2uymi , I c5uz1z2uyci . ~16!

Mole and mass fractions and mole ratios are appropriat
either the mixture of the solution point of view. The oth
quantities are appropriate to the solution point of view on
Conversions between pairs of these quantities can be ca
out using the equation given in Table 1 at the end of t
Introduction. Other useful quantities will be defined in t
prefaces to individual volumes or on specific data sheets

Salt hydrates are generally not considered to be satura
components since most solubilities are expressed in term
the anhydrous salt. The existence of hydrates or solvate
noted carefully in the critical evaluation.

Mineralogical names are also quoted, along with their C
Registry Numbers, again usually in the text and CA Regis
Numbers~where available! are given usually in the critica
evaluation.

In addition to the quantities defined above, the followi
are useful in conversions between concentrations and o
quantities.

12. Density, r:

r5g/V5(
sÞ1

c

rs ~17!

SI base units: kg m23. Hereg is the total mass of the system
13. Relative density, d5r/r0: the ratio of the density of a

mixture at temperaturet, pressurep to the density of a ref-
to
r a

to

.
ied
s

ng
of
is

y

er

erence substance at temperaturet8, pressurep8. For liquid
solutions, the reference substance is often water at 4 °C
bar.~In some cases 1 atm is used instead of 1 bar.! The term
specific gravityis no longer used.

Thermodynamics of SolubilityThermodynamic analysis
of solubility phenomena provides a rational basis for the c
struction of functions to represent solubility data, and th
aids in evaluation, and sometimes enables thermodyna
quantities to be extracted. Both these aims are often diffi
to achieve because of a lack of experimental or theoret
activity coefficients. Where thermodynamic quantities can
found, they are not evaluated critically, since this task wo
involve examination of a large body of data that is not
rectly relevant to solubility. Where possible, procedures
evaluation are based on established thermodynamic meth
Specific procedures used in a particular volume will be
scribed in the Preface to this volume.

2.4. References for the Introduction

1E. A. Hill, J. Am. Chem. Soc.22, 473 ~1900!.
2IUPAC Commission on Atomic Weights and Isotopic Abundances, P
Appl. Chem.63, 975 ~1989!.

3L. Mills et al., eds.,Quantities, Units and Symbols in Physical Chemis
~The Green Book! ~Blackwell Scientific Publications, Oxford, UK, 1993!.

4H. H. Ku, p. 73; C. Eisenhart, p. 69; in H. H. Ku, ed.,Precision Measure-
ment and CalibrationNBS Special Publication 300, Vol. 1~NBS, Wash-
ington, 1969!.

5V. Gold et al., eds.,Compendium of Analytical Nomenclature~The Gold
Book! ~Blackwell Scientific Publications, Oxford, UK, 1987!.

6H. Freiser and G. H. Nancollas, eds.,Compendium of Analytical Nomen
clature ~The Orange Book! ~Blackwell Scientific Publications, Oxford,
UK, 1987!, Sect. 9.1.8.

7ISO Standards Handbook,Quantities and Units~International Standards
Organization, Geneva, 1993!.

8German Standard, DIN 1310,Zusammensetzung von Mischphasen~Beuth
Verlag, Berlin, 1984!.

9T. Cvitaŝ, Chem. Int17, 123 ~1995!.
10R. A. Robinson and R. H. Stokes,Electrolyte Solutions, 2nd ed.~Butter-

worths, London, 1959!.
11E. Z. Jänecke, Anorg. Chem.51, 132 ~1906!.
12H. L. Priedman, J. Chem. Phys.32, 1351~1960!.
13J. W. Lorimer, R. Cohen-Adad, and J. W. Lorimer,Alkali Metal and

Ammonium Chlorides in Water and Heavy Water (Binary Systems), IU-
PAC Solubility Data Series, Vol. 47~Pergamon, Oxford, UK, 1991!, p.
495.

This section was written by:
R. Cohen-Adad Villeurbeanne, France
J. W. Lorimer London, Ont, Canada
M. Salomon Sea Bright, NJ, USA
M.-T. Saugier-Cohen Adad Villeurbenne, France
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J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



538538 JIRI HALA
TABLE 1. Interconversions between quantities used as measures of solubilitiesc-component systems containingc21 solutesi and single solventc ~r—density
of solution:M1—molar masses ofi. For relations for two-component systems, set summations to 0!.
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ála

E
xp

er
im

en
ta

lD
at

a
T

he
so

lu
bi

lit
y

of
T

h~
C

2O
4!

2•
2H

2O
at

25
°C

w
as

re
po

rt
ed

to
be

0.
51

g
T

h
~C

2O
4!

2•
2H

2O
/1

00
g

N
H 3

.
m

pi
le

r
ca

lc
ul

at
ed

th
e

so
lu

bi
lit

y
to

bem
1
5

0.
01

15
m

ol
kg

2
1 .

T
he

eq
ui

lib
riu

m
so

lid
ph

as
e

w
as

T
h

~C
2O

4!
2•

2H
2O

;
@1

40
41

-3
2-

8#.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

us
ed.

2
g

of
T

h~
C

2O
4!

2.
2H

2O
w

er
e

tr
ea

te
d

th
liq

ui
d

N
H

3
fo

r
3

h
in

a
sp

ec
ia

lr
ea

ct
or1

at
25

°C
.

T
he

th
od

fo
r

T
h

de
te

rm
in

at
io

n
in

th
e

sa
tu

ra
te

d
so

lu
tio

n
w

as
no

t
ec

ifi
ed

.
T

he
co

m
po

si
tio

n
of

th
e

eq
ui

lib
riu

m
so

lid
ph

as
e

w
as

nfi
rm

ed
by

ch
em

ic
al

an
al

ys
is

.
E

xc
es

s
N

H
3

fr
om

th
e

tu
ra

te
d

so
lu

tio
n

w
as

ev
ap

or
at

ed
,

th
e

so
lid

w
as

w
as

he
d

an
d

cu
um

dr
ie

d.
T

he
re

w
as

no
vi

su
al

ev
id

en
ce

of
a

re
ac

tio
n

of
so

lid
w

ith
N

H 3
,

an
d

T
h~

C
2O

4!
2•

2H
2O

w
as

re
co

ve
re

d
ch

an
ge

d
ex

ce
pt

fo
r

a
sm

al
lr

et
en

tio
n

of
N

H
3.

D
ih

yd
ra

te
of

th
e

sa
lt

w
as

ob
ta

in
ed

by
de

hy
dr

at
io

n
of

T
h~

C
2O

4!
2•

6H
2O

at
11

0
°C

.
T

he
la

tte
r

w
as

pr
ep

ar
ed

fr
om

T
h~

N
O

3!
4•

4H
2O

~A
.D

.
M

ac
K

ay
C

o.!
an

d
re

ag
en

t
gr

ad
e

ox
al

ic
ac

id
.

T
he

di
hy

dr
at

e
w

as
an

al
yz

ed
fo

r
T

h
co

nt
en

t:
fo

un
d

52
.3

%
,

ca
lc

ul
at

ed
fo

r
T

h~C
2O

4!
2•

2H
2O

,5
2.

3
%

.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

no
t

re
po

rt
ed

.
S

ol
ub

ili
ty

:
in

su
ffi

ci
en

t
da

ta
gi

ve
n

to
al

lo
w

fo
r

er
ro

r
es

tim
at

e.

R
ef

er
en

ce
s:

1
G

.
W

.
W

at
an

d
T

.
E

.
M

oo
re

,
J.

A
m

.
C

he
m

.
S

oc
.

70
,

11
97

~1
94

8!
.

549549IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

T
ho

riu
m

bi
s~o

xa
la

te!
;

T
h~

C
2O

4!
2;

@2
04

0-
52

-0#
~2

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#
A

.
A

.
G

rin
be

rg
,

G
.

I.
P

et
rz

ha
k,

an
d

L.
I.

E
vt

ee
v,

Z
h.

N
eo

rg
.

K
hi

m
.

3,
20

4
–

11
~1

95
8!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

8
J.

H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

th
re

e
di

ffe
re

nt
te

m
pe

ra
tu

re
s

of
T

h
~C

2O
4!

2
in

C
2H

2O
4
–

H
C

ls
ol

ut
io

ns

m
pe

ra
tu

re
~°

C
!

H
C

l
(1

00
w

2
/m

as
s

%
)

C
2H

2O
4

(1
00

w
3

/m
as

s
%

)
T

h
~m

as
s

%!
S

ol
id

ph
as

ea

13
34

.8
0.

31
0.

30
B

34
.9

0.
56

0.
18

B

35
.0

0.
79

0.
11

B

34
.9

1.
52

0.
05

B

35
.0

1.
81

0.
04

B

17
1.

2
0.

71
0.

00
13

A

4
0.

71
0.

00
20

A

8.
5

0.
71

0.
00

18
A

13
.2

0.
71

0.
00

22
A

13
.2

1.
44

0.
00

14
A

13
.3

2.
63

0.
00

13
A

50
12

.4
0.

02
4

0.
03

3
A

12
.3

0.
14

0.
01

2
A

12
.4

0.
28

0.
00

54
A

12
.4

0.
43

0.
00

48
A

12
.4

1.
37

0.
00

33
A

12
.4

2.
06

0.
00

25
A

12
.3

2.
76

0.
00

26
A

12
.4

5.
49

0.
00

26
A

12
.3

10
.9

0.
00

17
A

32
.6

0.
43

0.
63

B

32
.8

0.
82

0.
37

B

32
.6

1.
34

0.
26

B

32
.9

2.
30

0.
14

B

32
.5

4.
46

0.
08

6
B

32
.0

6.
64

0.
07

0
B

a ~A
!

T
h~

C
2O

4!
2•

6H
2O

,
@1

67
88

-6
2-

8#;
~B

!
T

h 4
~C

2O
4!

6C
l 4
•
20

H
2O

,
@

#.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

N
o

de
ta

ils
gi

ve
n

ex
ce

pt
th

at
at

17
°C

3
m

on
th

s
w

er
e

ne
ce

ss
ar

y
to

br
in

g
th

e
so

lu
tio

n
in

to
eq

ui
lib

riu
m

w
ith

th
e

so
lid

ph
as

e
A

.
E

xp
er

im
en

ts
at.

30
m

as
s

%
H

C
lw

er
e

ca
rr

ie
d

ou
t

us
in

g
B

as
th

e
st

ar
tin

g
so

lid
ph

as
e.

T
he

co
m

po
si

tio
n

of
B

as
th

e
eq

ui
lib

riu
m

so
lid

ph
as

e
w

as
co

nfi
rm

ed
by

ch
em

ic
al

an
al

ys
is

.

S
ou

rc
e

an
d

pu
rit

y
of

ch
em

ic
al

s
us

ed
w

er
e

no
t

sp
ec

ifi
ed

.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n
no

t
re

po
rt

ed
.

S
ol

ub
ili

ty
:

in
su

ffi
ci

en
t

da
ta

gi
ve

n
to

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

563563IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

T
ho

riu
m

bi
s~o

xa
la

te!
;

T
h~

C
2O

4!
2

;
@2

04
0-

52
-0#

~2
!

P
er

ch
lo

ric
ac

id
;

H
C

lO 4
;

@7
60

1-
90

-3#
~3

!
A

m
m

on
iu

m
pe

rc
hl

or
at

e;
N

H 4C
lO

4
;

@7
79

0-
98

-9#
~4

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

A
.

I.
M

os
kv

in
an

d
L.

N
.

E
ss

en
,

Z
h.

N
eo

rg
.

K
hi

m
.,12

,
68

8
–

93
~1

96
7!

;
R

us
s.

J.
In

or
g.

C
he

m
.12

,
35

9
–

62
~1

96
7!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

8
c 2

/m
ol

dm
2

3 :
0.

01
–

1.
0

c 3
/m

ol
dm

2
3 :

0.
25

–
1.

0

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

23
°C

of
T

h~C
2O

4!
2

in
C

2H
2O

4
–

H
N

O
3

so
lu

tio
ns

a

C
2H

2O
4b

(c
2

/m
ol

dm
2

3 )
H

N
O

3b

(c
3

/m
ol

dm
2

3 )
T

h41

~m
g

dm
2

3 !
T

h~
C

2O
4!

2

(1
06

c 1
/m

ol
dm

2
3 )c

0.
41

10
.9

32
0

13
80

0.
50

8.
2

7.
5

32
.3

0.
42

5.
1

3.
7

15
.9

0.
37

4.
1

1.
9

8.
19

0.
54

3.
2

2.
3

9.
91

0.
57

1.
7

0.
7

3.
02

0.
18

0.
58

1.
6

6.
90

0.
81

0.
28

1.
8

7.
76

a E
qu

ili
br

iu
m

so
lid

ph
as

es
no

t
in

ve
st

ig
at

ed
b In

iti
al

~t
ot

al
!

co
nc

en
tr

at
io

n.
c C

al
cu

la
te

d
by

co
m

pi
le

r.

A
dd

iti
on

al
In

fo
rm

at
io

n:
W

he
n

pl
ot

te
d

ag
ai

ns
t

th
e

ra
tio @

C
2H

2O
4#

/ @
H

N
O

3#
2

~p
ro

po
rt

io
na

l
to

@C
2O

422
#/

K
a1

K
a2

,
w

he
re

K
a1

an
d

K
a2

ar
e

di
ss

oc
ia

tio
n

co
ns

ta
nt

s
of

ox
al

ic
ac

id!
,

th
e

so
lu

bi
lit

y
of

T
h~

C
2O

4!
2

pa
ss

ed
th

ro
ug

h
a

sh
al

lo
w

m
in

im
um

at @C
2H

2O
4#

/ @
H

N
O

3#
2

of
ap

pr
ox

im
at

el
y

0.
2

–
0.

4.
T

he
m

in
im

um
so

lu
bi

lit
y

w
as

ex
pl

ai
ne

d
by

th
e

au
th

or
s

as
co

rr
es

po
nd

in
g

to
th

e
si

tu
at

io
n

w
he

re
th

e
sp

ar
in

gl
y

so
lu

bl
e

T
h

~C
2O

4!
2

co
m

pl
ex

pr
ed

om
in

at
ed

in
th

e
so

lu
tio

n.
T

he
in

cr
ea

se
in

so
lu

bi
lit

y
at

lo
w

er
or

hi
gh

er
@C

2H
2O

4#
/ @

H
N

O
3#

2
va

lu
es

th
en

co
rr

es
po

nd
ed

to
th

e
fo

rm
at

io
n

in
th

e
so

lu
tio

n
of

th
e

ca
tio

ni
c

T
h~C

2O
4!

21
or

an
io

ni
c

T
h~C

2O
4!

322
an

d
T

h~
C

2O
4!

442
co

m
pl

ex
es

,1
re

sp
ec

tiv
el

y.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

C
o

~1
!

~2
!

~3
!

~4
!

V
a

T
/

c 2 c 3 (c a E h

J



m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

T
ho

riu
m

bi
s~o

xa
la

te!
;

T
h~

C
2O

4!
2;

@2
04

0-
52

-0#
O

xa
lic

ac
id

;
C 2

H
2O

4;
@1

44
-6

2-
7#

N
itr

ic
ac

id
;

H
N

O
3;

@7
69

7-
37

-2#
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

E
.

M
.

P
az

uk
hi

n,
E.

A
.

S
m

irn
ov

a,
A

.
S

.
K

riv
ok

ha
ts

ki
i,

Y
u.

L.
P

az
uk

hi
na

,
an

d
S

.
M

.
K

oc
he

rg
in

,
R

ad
io

kh
im

iy
a27

,
60

6
–

11
~1

98
5!

.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
3

/m
ol

dm
2

3 :
0.

00
1

–
0.

5
/m

ol
dm

2
3 :

0.
5

–
3.

0

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
of

U
O

2C
O

3
in

N
a 2

C
O

3
so

lu
tio

ns
at

26
°Ca

N
a 2

C
O

3

(c
2

/m
ol

dm
2

3 )
N

a 2
C

O
3

(m
2

/m
ol

kg
2

1 )c
U

O
2C

O
3

(c
1

/m
ol

dm
2

3 )
U

O
2C

O
3

(m
1

/m
ol

kg
2

1 )c
D

en
si

tyb

~g
cm

2
3 !

0.
09

4
0.

09
49

0.
08

7
0.

08
79

1.
02

9

0.
18

9
0.

19
2

0.
17

4
0.

17
7

1.
06

1

0.
33

7
0.

38
9

0.
33

8
0.

34
9

1.
12

1

0.
56

6
0.

59
3

0.
52

1
0.

54
6

1.
18

8

0.
75

5
0.

81
1

0.
74

2
0.

79
7

1.
25

7

0.
94

3
1.

02
5

0.
88

6
0.

96
3

1.
31

4

1.
13

1.
26

8
1.

09
1.

22
3

1.
37

3

1.
41

1.
76

3
1.

35
1.

64
0

1.
42

3

a C
om

po
si

tio
n

of
eq

ui
lib

riu
m

so
lid

ph
as

es
no

t
re

po
rt

ed
.

b A
t

25
°C

.
c C

al
cu

la
te

d
by

co
m

pi
le

r.

A
dd

iti
on

al
In

fo
rm

at
io

n:
T

he
au

th
or

s
re

po
rt

ed
th

at
so

lu
bi

lit
ie

s
up

to
32

m
as

s
%

U
O

3
w

er
e

al
so

m
ea

su
re

d.
N

o
da

ta
w

er
e

re
po

rt
ed

,
ho

w
ev

er
,

si
nc

e
th

e
so

lu
tio

ns
in

th
is

re
gi

on
w

er
e

ve
ry

vi
sc

ou
s,

di
ffi

cu
lt

to
ce

nt
rif

ug
e,

an
d

in
eq

ui
lib

riu
m

w
ith

ap
pr

ec
ia

bl
e

C
O

2
pr

es
su

re
~2

0
m

m
!.

E
qu

ili
br

iu
m

co
nc

en
-

tr
at

io
ns

in
th

es
e

so
lu

tio
ns

co
ul

d
no

t
be

m
ea

su
re

d
be

ca
us

e
of

su
pe

rs
at

ur
at

io
n.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

S
ol

ut
io

ns
co

nt
ai

ni
ng

ex
ce

ss
U

O
2C

O
3

w
er

e
eq

ui
lib

ra
te

d
in

P
yr

ex
or

po
ly

flu
or

oe
th

yl
en

e
bo

ttl
es

fo
r

at
le

as
t

10
da

ys
bu

t
us

ua
lly

fo
r

3
or

m
or

e
w

ee
ks

to
en

su
re

eq
ui

lib
riu

m
.

T
he

ag
ita

tio
n

w
as

ca
rr

ie
d

ou
t

in
a

co
ns

ta
nt

U
O

2C
O

3
w

as
pr

ep
ar

ed
by

ag
ita

tin
g

a
m

ix
tu

re
of

U
O

3,
w

at
er

an
d

ex
ce

ss
of

so
lid

C
O 2

in
a

st
ee

l
bo

m
b

for
5

h
at

90
–

10
5

°C
an

d
pr

es
su

re
s

of
25

00
to

30
00

pp
si~1

7.
2

–
20

.7
M

P
a!.

A
pa

le
ye

llo
w

pr
od

uc
tw

ith
co

ns
is

te
nt

ly
co

ns
ta

nt
U

/C
Ora

tio
of

1.
01

–
1.

03
w

as

C
o

~1
!

~2
!

V
a

T
/

M
e

N
o

J



31
.0

0,
C

O 2
22

.4
8/

21
.8

0;
R

b
sa

lt—
U

O 3
35

.0
4/

36
.1

0,
R

b 2O
47

.9
5/

47
.2

0,
C

O 2
17

.0
1/

16
.7

0;
C

s
sa

lt—
U

O 3
29

.3
0/

29
.1

0,
C

s 2O
56

.7
0/

57
.4

5,
C

O 2
14

.0
0/

13
.4

6.
A

na
ly

si
s

of
th

e
N

a
sa

lt
w

as
no

t
re

po
rt

ed
.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n
no

t
re

po
rt

ed
.

S
ol

ub
ili

ty
:

in
su

ffi
ci

en
t

da
ta

gi
ve

n
to

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

S
od

iu
m

tr
ic

ar
bo

na
to

di
ox

ou
ra

na
te~V
I!

;
N

a 4
U

O
2~

C
O

3!
3;

20
76

-5
2-

7#
S

od
iu

m
ca

rb
on

at
e;

N
a

2C
O

3
;

@4
97

-1
9-

8#
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

C
.

A
.

B
la

ke
,

C
.

F
.

C
ol

em
an

,
K

.
B

.
B

ro
w

n,
D

.
G

.
H

ill
,

R
.

S
.

Lo
w

rie
,

an
d

J.
M

.
S

ch
m

itt
,

J.
A

m
.

C
he

m
.

S
oc

.
78

,
59

78
–

83
~1

95
6!

.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
9

/m
ol

dm
2

3 :
0

–
0.

5
J.

H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
of

N
a 4

U
O

2~
C

O
3!

3
in

N
a 2

S
O

4
so

lu
tio

ns
at

26
°Ca

N
a 2

S
O

4

(c
2

/m
ol

dm
2

3 )
N

a 4
U

O
2~

C
O

3!
3

(c
1

/m
ol

dm
2

3 )

0.
3

0.
16

8

0.
5

0.
13

5

1.
5

0.
04

5

2.
0

0.
03

5

3.
0

0.
01

1

om
po

si
tio

n
of

eq
ui

lib
riu

m
so

lid
ph

as
es

w
as

no
t

in
ve

st
ig

at
ed

.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

us
ed

.
S

ol
ut

io
ns

co
nt

ai
ni

ng
ex

ce
ss

so
lid

re
eq

ui
lib

ra
te

d
in

P
yr

ex
or

po
ly

flu
or

oe
th

yl
en

e
bo

ttl
es

fo
r

at
st

10
da

ys
,

bu
t

us
ua

lly
fo

r
3

or
m

or
e

w
ee

ks
to

en
su

re
ui

lib
riu

m
.

T
he

ag
ita

tio
n

w
as

ca
rr

ie
d

ou
t

in
a

ns
ta

nt
-t

em
pe

ra
tu

re
ro

om
.

T
he

co
nt

en
ts

of
th

e
bo

ttl
e

w
er

e
n

ce
nt

rif
ug

ed
,

an
d

bo
th

th
e

so
lid

an
d

liq
ui

d
w

er
e

an
al

yz
ed

ur
an

iu
m

,
so

di
um

,
an

d
ca

rb
on

at
e.

D
ep

en
di

ng
on

ur
an

iu
m

nc
en

tr
at

io
n

in
th

e
sa

tu
ra

te
d

so
lu

tio
n,

ur
an

iu
m

w
as

te
rm

in
ed

ei
th

er
by

po
te

nt
io

m
et

ric
tit

ra
tio

n
w

ith
F

eS
O

4
af

te
r

du
ct

io
n

of
ur

an
iu

m
,

or
co

lo
rim

et
ric

al
ly

w
ith

as
co

rb
ic

ac
id

.
di

um
w

as
de

te
rm

in
ed

by
fla

m
e

ph
ot

om
et

ry
,

an
d

ca
rb

on
at

e
ab

so
rp

tio
n-

gr
av

im
et

ric
m

et
ho

d.

N
a 4

U
O

2~
C

O
3!

3
w

as
pr

ep
ar

ed
ac

co
rd

in
g

to
R

ef
.

1.
F

irs
t,

so
di

um
ur

an
at

e
w

as
pr

ec
ip

ita
te

d
fr

om
U

O
2~

N
O

3!
2

so
lu

tio
n

w
ith

N
aO

H
,

w
as

he
d

an
d

di
ss

ol
ve

d
in

a
so

lu
tio

n
of

N
aH

C
O

3.
T

he
sa

lt
w

as
ob

ta
in

ed
by

ev
ap

or
at

in
g

th
e

so
lu

tio
n

to
a

lo
w

vo
lu

m
e

w
hi

le
pa

ss
in

g
C

O 2
th

ro
ug

h
th

e
so

lu
tio

n.
T

he
sa

lt
w

as
th

en
re

cr
ys

ta
lli

ze
d

fr
om

w
at

er
to

yi
el

d
a

br
ig

ht
ye

llo
w

pr
od

uc
t

w
ith

th
e

C
O 3

/U
ra

tio
of

3:
3.

2.
S

ou
rc

e
an

d
pu

rit
y

of
m

at
er

ia
ls

us
ed

w
er

e
no

t
sp

ec
ifi

ed
.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
2

K
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
:

in
su

ffi
ci

en
t

da
ta

gi
ve

n
to

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

R
ef

er
en

ce
s:

1 W
.E

.B
un

ce
,N

.H
.F

ur
na

m
,a

nd
R

.T
.M

un
dy

,R
ep

or
tM

-4
23

8,
19

47
.

583583IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

S
od

iu
m

tr
ic

ar
bo

na
to

di
ox

ou
ra

na
te~V
I!

;
N

a 4
U

O
2~

C
O

3!
3;

@1
20

76
-5

2-
7#

~2
!

S
od

iu
m

ch
lo

rid
e;

N
aC

l;@7
64

7-
14

-5#
~3

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

C
.

A
.

B
la

ke
,

C
.

F
.

C
ol

em
an

,
K

.
B

.
B

ro
w

n,
D

.
G

.
H

ill
,

R
.

S
.

Lo
w

rie
,

an
d

J.
M

.
S

ch
m

itt
,

J.
A

m
.

C
he

m
.

S
oc

.
78

,
59

78
–

83
~1

95
6!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

9
c 2

/m
ol

dm
2

3 :
1.

0
–

4.
0

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
in

H
C

ls
ol

ut
io

ns
of

U~
C

2O
4!

2•
6H

2O
as

a
fu

nc
tio

n
of

te
m

pe
ra

tu
rea

H
C

lO
4

(c
2

/m
ol

dm
2

3 )
T

em
pe

ra
tu

re
~°

C
!

U
(1

05
c 1

/m
ol

dm
2

3 )
H

C
lO

4

(c
2

/m
ol

dm
2

3 )
T

em
pe

ra
tu

re
~°

C
!

U
(1

05
c 1

/m
ol

dm
2

3 )

0.
10

05
25

1.
5

0.
73

5
25

3.
75

40
1.

8
40

6.
35

50
2.

0
50

9.
20

60
3.

4
60

15
.2

70
4.

6
70

21
.6

80
6.

8
80

30
.8

90
10

.7
90

40
.6

a E
qu

ili
br

iu
m

so
lid

ph
as

es
w

er
e

no
t

in
ve

st
ig

at
ed

.

A
dd

iti
on

al
In

fo
rm

at
io

n:
T

he
au

th
or

de
sc

rib
ed

th
e

so
lu

bi
lit

y
of

U~C
2O

4!
2•

6H
2O

in
0.

1
m

ol
dm

2
3

H
C

lb
y

th
e

re
ac

tio
n

U
~C

2O
4!

2•
6H

2O
~s

!�
U

~C
2O

4!
2~

aq
!

In
0.

73
5

m
ol

dm
2

3
H

C
lt

he
fo

llo
w

in
g

re
ac

tio
n

w
as

re
po

rt
ed

to
ta

ke
pl

ac
e

in
th

e
so

lu
tio

n:

U
~C

2O
4!

2~
aq

!1
2H

1
�

U
~C

2O
4!

21
1

H
2C

2O
4

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

E
xc

es
s

U
~C

2O
4!

2•
6H

2O
w

as
eq

ui
lib

ra
te

d
w

ith
50

m
L

so
lu

tio
n

of
th

e
de

si
re

d
co

m
po

si
tio

n
in

a
th

er
m

os
ta

te
d

te
flo

n
ve

ss
el

.
A

gi
ta

tio
n

of
th

e
m

ix
tu

re
w

as
ca

rr
ie

d
ou

t
by

m
ea

ns
of

a
st

re
am

of
ar

go
n

ga
s.

E
qu

ili
br

iu
m

w
as

re
ac

he
d

w
ith

in
4

–
5

h.
S

at
ur

at
ed

so
lu

tio
ns

w
er

e
an

al
yz

ed

U
~C

2O
4!

2•
6H

2O
w

as
pr

ep
ar

ed
by

ad
di

ng
ho

t
~9

0
°C

!
so

lu
tio

n
of

ox
al

ic
ac

id
sa

tu
ra

te
d

at
ro

om
te

m
pe

ra
tu

re
to

a
bo

ili
ng

so
lu

tio
n

of
U

~I
V

!
ob

ta
in

ed
by

el
ec

tr
ol

yt
ic

re
du

ct
io

n
of

U
O 2C

l 2
.

P
al

e
gr

ee
n

he
xa

hy
dr

at
e

w
as

ke
pt

on
w

at
er

ba
th

fo
r

30
m

in
,

fil
te

re
d,

an
d

w
as

he
d

th
re

e
or

fo
ur

tim
es

w
ith

ho
t

w
at

er
.

T
he

pr
od

uc
t

w
as

C
o

~1
!

~2
!

~3
!

V
a

T
/

c 2 a E M
e

Is
o

eq th
e

ca w
a

fo
r

4 tit
r

J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



18
9

19
0

E

19
4

19
0

P

0.
75

20
2

21
4

21
6

22
1

21
8

21
5

21
8

22
5

20
1

20
4

D
4.

09

a E
qu

ili
br

iu
m

so
lid

ph
as

es
w

er
e

no
t

in
ve

st
ig

at
ed

.
b ~D

!
di

re
ct

a
co

un
tin

g;
~E

!
a

co
un

tin
g

of
el

ec
tr

od
ep

os
ite

d
ur

an
iu

m
;

~P
!

pr
ec

ip
ita

tio
n

of
U~

IV
!

w
ith

La
~I

II
!.

c C
al

cu
la

te
d

by
co

m
pi

le
r

by
us

in
g

th
e

av
er

ag
e

va
lu

e
of

au
th

or
s’

da
ta

of
ur

an
iu

m
co

nc
en

tr
at

io
n

in
th

e
sa

tu
ra

te
d

so
lu

tio
ns

.
d T

hi
s

va
lu

e
w

as
no

t
co

ns
id

er
ed

w
he

n
ta

ki
ng

th
e

av
er

ag
e

va
lu

e.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

w
as

us
ed

.
F

irs
t,

th
e

us
ua

la
pp

ro
ac

h
w

as
d

in
w

hi
ch

ex
ce

ss
U~C

2O
4!

2•
6H

2O
w

as
st

irr
ed

w
ith

lu
tio

ns
of

ox
al

ic
ac

id
in

a
th

er
m

os
ta

te
d

ve
ss

el
fo

r
8

–
10

h
til

eq
ui

lib
riu

m
w

as
re

ac
he

d.
T

o
pr

ev
en

t
ox

id
at

io
n

of
an

iu
m~

IV
!

by
O

2
du

rin
g

th
e

sa
tu

ra
tio

n
pr

oc
es

s,
ct

ro
ly

tic
al

ly
pr

od
uc

ed
H 2

w
as

bu
bb

le
d

th
ro

ug
h

th
e

so
lu

tio
n.

m
pl

es
of

th
e

sa
tu

ra
te

d
so

lu
tio

ns
w

er
e

ta
ke

n
w

ith
a

pi
pe

tte
th

a
co

tto
n

w
ad

an
da

co
un

te
d

on
a

pl
at

in
um

ta
rg

et
.

W
he

n
h

ox
al

ic
ac

id
co

nc
en

tr
at

io
n

w
as

pr
es

en
t,

th
e

sa
m

pl
es

w
er

e
t

ev
ap

or
at

ed
an

d
ig

ni
te

d
in

a
po

rc
el

ai
n

cr
uc

ib
le

to
re

m
ov

e
al

ic
ac

id
,

th
e

dr
y

re
si

du
e

w
as

th
en

di
ss

ol
ve

d
in

m
ol

dm
2

3
H

N
O

3,
an

d
m

ou
nt

ed
on

to
a

pl
at

in
um

ta
rg

et
.

lu
bi

lit
y

da
ta

so
ob

ta
in

ed
w

er
e

ill
re

pr
od

uc
ib

le
,

flu
ct

ua
tin

g
th

in
up

to
30

%
–

50
%

be
ca

us
e

of
tu

rb
id

ity
in

so
m

e
sa

tu
ra

te
d

lu
tio

ns
,

w
hi

ch
co

ul
d

no
t

be
re

m
ov

ed
by

fil
tr

at
io

n.
T

he
lo

w
in

g
m

od
ifi

ca
tio

n
of

th
e

m
et

ho
d

yi
el

de
d

go
od

re
su

lts
.

–
40

m
g

of
U~

C
2O

4!
2•

6H
2O

an
d

a
so

lu
tio

n
of

ox
al

ic
ac

id
re

pl
ac

ed
in

a
te

st
tu

be
,

an
d

a
st

re
am

of
N

2
w

as
pa

ss
ed

ou
gh

fo
r

5
–

10
m

in
.

W
ith

ou
t

in
te

rr
up

tin
g

th
e

flo
w

of
ga

s
th

e
t

tu
be

w
as

se
al

ed
,

an
d

th
en

ag
ita

te
d

fo
r

30
–

36
0

h
in

an
-t

he
rm

os
ta

te
d

ap
pa

ra
tu

s.
T

hr
ee

sa
m

pl
es

fo
r

ur
an

iu
m

te
rm

in
at

io
n

w
er

e
ta

ke
n

fr
om

ea
ch

te
st

tu
be

,
an

d
ur

an
iu

m
s

de
te

rm
in

ed
by

di
ffe

re
nt

m
et

ho
ds

in
ea

ch
on

e:
~i

!
by

di
re

ct
co

un
tin

g
on

a
pl

at
in

um
ta

rg
et

ei
th

er
w

ith
or

w
ith

ou
t

ox
al

ic
id

re
m

ov
al

,~i
i!

a
co

un
tin

g
of

ur
an

iu
m

de
po

si
te

d
ct

ro
ly

tic
al

ly
on

pl
at

in
um

fr
om

H
N

O 3
so

lu
tio

ns
at

pH
3

w
ith

rr
en

t
de

ns
ity

of
0.

5
A

cm
2

2 ,
~ii

i!
by

co
pr

ec
ip

ita
tio

n
of

an
iu

m~
IV

!
w

ith
La

F 3
~0

.5
m

g
La

~I
II

!
us

ed
!.

T
he

la
st

m
et

ho
d

de
it

po
ss

ib
le

to
ju

dg
e

th
e

ch
an

ge
in

va
le

nc
y

of
ur

an
iu

m
rin

g
th

e
pr

oc
es

s
of

sa
tu

ra
tio

n.
S

in
ce

it
yi

el
de

d
so

lu
bi

lit
y

ta
co

ns
is

te
nt

w
ith

th
e

ot
he

r
tw

o
m

et
ho

ds
,

th
e

au
th

or
s

nc
lu

de
d

th
at

ox
id

at
io

n
of

U~C
2O

4!
2

di
d

no
t

ta
ke

pl
ac

e
in

al
ic

ac
id

so
lu

tio
ns

.

U
~C

2O
4!

2•
6H

2O
la

be
le

d
w

ith
23

3 U
w

as
pr

ep
ar

ed
by

re
du

ct
io

n
of

U
O

221
w

ith
ro

ng
al

ite
1

in
ac

id
ic

so
lu

tio
ns

.
H 2

an
d

N 2
ga

se
s

w
er

e
fr

ee
d

fr
om

ox
yg

en
by

pa
ss

in
g

th
em

ov
er

pa
lla

di
um

-t
re

at
ed

as
be

st
os

or
th

ro
ug

h
al

ka
lin

e
so

lu
tio

n
of

py
ro

ga
llo

l,
re

sp
ec

tiv
el

y.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
0.

3
K

fo
r

m
ea

su
re

m
en

ts
in

se
al

ed
te

st
tu

be
s

~a
ut

ho
rs!

.
S

ol
ub

ili
ty

:
in

su
ffi

ci
en

t
da

ta
gi

ve
n

to
al

lo
w

fo
r

er
ro

r
es

tim
at

e.

R
ef

er
en

ce
s:

1 A
.

A
.

G
rin

be
rg

,
L.

E
.

N
ik

ol
sk

ay
a,

G
.

I.
P

et
rz

ha
k,

V
.

I.
S

pi
ts

yn
,

an
d

F
.

M
.

F
ili

no
v,

Z
h.

A
na

l.
K

hi
m

.1
2,

92
~1

95
7!

.

607607IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

U
ra

ni
um

~I
V

!
bi

s~
ox

al
at

e!;
U

~C
2O

4!
2;

@2
84

7-
15

-6#
~2

!
O

xa
lic

ac
id

;
C 2

O
4H

2;
@1

44
-6

2-
7#

~3
!

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

A
.

A
.

G
rin

be
rg

an
d

G
.

I.
P

et
rz

ha
k,

R
ad

io
kh

im
iy

a5,
31

9
–

29
~1

96
3!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:2
98

c 2
/m

ol
dm

2
3 :0

.0
00

4
–

0.
75

J.
H
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ála

,
D

ep
ar

tm
en

t
of

In
or

ga
ni

c
C

he
m

is
tr

y,
M

as
ar

yk
U

ni
ve

rs
ity

,
61

1
37

B
rn

o,
C

ze
ch

R
ep

ub
lic

,
M

ay
20

00

C
rit

ic
al

E
va

lu
at

io
n:

T
he

m
os

t
ex

te
ns

iv
e

st
ud

y
of

th
e

so
lu

bi
lit

y
of

U
O

2C
2O

4
in

w
at

er
is

th
at

of
C

ol
an

i1
w

ho
re

po
rt

ed
so

lu
bi

lit
ie

s
ov

er
th

e
te

m
pe

ra
tu

re
er

va
lf

ro
m

28
4.

1
to

37
3.

1
K

.
O

th
er

da
ta

ha
ve

be
en

pu
bl

is
he

d
by

B
ol

sh
ak

ov
e

t
a

l.2
–

4
in

th
ei

r
st

ud
ie

s
of

va
rio

us
te

rn
ar

y
sy

st
em

s.
W

hi
le

ir
va

lu
e

at
29

8.
1

K~
10

0
w

1
5

0.
58

m
as

s
%

;m
1
5

0.
01

63
m

ol
kg

2
1 !

2,
3

is
in

ex
ce

lle
nt

ag
re

em
en

t
w

ith
th

at
of

C
ol

an
i,

1
th

ei
r

va
lu

e
at

3.
1

K
~1

00
w

1
5

0.
21

m
as

s
%

;m
1
5

0.
00

5
88

m
ol

kg
2

1 !
4

fa
lls

be
lo

w
th

e
C

ol
an

i’s
so

lu
bi

lit
y/

te
m

pe
ra

tu
re

cu
rv

e.
It

is
,

th
er

ef
or

e,
re

co
m

-
nd

ed
to

us
e

th
e

da
ta

of
C

ol
an

ia
s

te
nt

at
iv

e
va

lu
es

.
T

he
tw

o
m

ea
su

re
m

en
ts

at
28

7.
1

an
d

37
3.

1
K

re
po

rt
ed

by
E

be
lm

en
5

ar
e

so
m

ew
ha

t
bi

ou
s

si
nc

e
it

is
no

tc
le

ar
w

he
th

er
th

ey
re

fe
r

to
th

e
an

hy
dr

ou
s

sa
lt

or
to

th
e

tr
ih

yd
ra

te
,U

O
2C

2O
4•

3H
2O

.
A

ss
um

in
g

th
e

or
ig

in
al

da
ta

re
fe

r
th

e
tr

ih
yd

ra
te

w
hi

ch
w

as
re

po
rt

ed
to

be
th

e
eq

ui
lib

riu
m

ph
as

e
in

aq
ue

ou
s

H
N

O
3

so
lu

tio
ns

co
nt

ai
ni

ng
le

ss
th

an
31

m
as

s
%

H
N

O
3,

1,
2

th
e

lu
bi

lit
y

of
th

e
an

hy
dr

ou
s

sa
lt

at
37

3.
1

K
is

fo
un

d
to

be
10

0
w

1
5

3.
06

m
as

s
%

orm
1
5

0.
08

8
m

ol
kg

2
1 ,

w
hi

ch
is

in
ex

ce
lle

nt
ag

re
em

en
t

th
C

ol
an

i’s
m

ea
su

re
m

en
ts

.
T

he
E

be
lm

en
’s

va
lu

e
at

28
7.

1
K

se
em

s
to

be
er

ro
ne

ou
sl

y
hi

gh
.

fe
re

nc
es

:

.
C

ol
an

i,
B

ul
l.

S
oc

.
C

hi
m

.
F

ra
nc

e37
,

85
6

~1
92

5!
.

.
A

.
B

ol
sh

ak
ov

an
d

S
.

S
.

K
or

ov
in

,
T

ru
dy

M
os

k.
In

st
.

T
on

ko
iK

hi
m

.
T

ek
hn

ol
.

7,
16

5
~1

95
8!

.

.
A

.
B

ol
sh

ak
ov

an
d

S
.

S
.

K
or

ov
in

,
Z

h.
N

eo
rg

.
K

hi
m

.
2,

19
40

~1
95

7!
.

.
A

.
B

ol
sh

ak
ov

,
V

.
E

.
P

ly
us

hc
he

v,
an

d
T

.
A

.
E

rm
ak

ov
a,

Z
h.

N
eo

rg
.

K
hi

m
.

2,
22

2
~1

95
7!

.

.
E

be
lm

en
,

A
nn

.
C

hi
m

.
P

hy
s.5

,
18

9
~1

84
2!

.

609609IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
5.
11

.3
.

P
ot

as
si

um
T

et
ra

ki
s

„
O

xa
la

to
…

U
ra

na
te
„
IV
…

C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

P
ot

as
si

um
te

tr
ak

is~o
xa

la
to!

ur
an

at
e~I

V
!;

K
4U

~C
2O

4
) 4

;
@

#
~2

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

N
.

A
.

O
rlo

v,
Z

h.
R

us
s.

F
iz

.
K

hi
m

.
O

bs
h.~J

.
R

us
s.

P
hy

s.
C

he
m

.
S

oc
.!

34
,

37
5

–
80

~1
90

2!
.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

0
J.

H
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ála

E
xp

er
im

en
ta

lD
at

a

C
om

po
si

tio
n

of
H

N
O 3

so
lu

tio
ns

sa
tu

ra
te

d
w

ith
U

O 2C
2O

4
at

20
°C

a

H
N

O
3

00
w

2
/m

as
s

%
)

H
N

O
3

~m
ol

kg
2

1
of

th
e

H
N

O
3

/H
2O

so
lv

en
t!b

U
O

2C
2O

4

~g
/1

00
g

of
th

e
H

N
O

3
/H

2O
so

lv
en

t!
U

O
2C

2O
4

(1
00

w
1

/m
as

s
%

)b

U
O

2C
2O

4

~m
ol

kg
2

1
of

th
e

H
N

O
3

/H
2O

so
lv

en
t!b

15
.1

2.
40

1.
63

1.
60

0.
04

55

26
.8

4.
25

1.
88

1.
85

0.
05

25

27
.9

4.
43

1.
87

1.
84

0.
05

22

35
.8

5.
68

2.
19

2.
14

0.
06

12

41
.5

6.
59

2.
68

2.
61

0.
07

49

42
.0

6.
67

2.
84

2.
76

0.
07

93

46
.5

7.
38

3.
48

3.
36

0.
09

72

58
.9

9.
35

4.
04b

3.
88

0.
11

3

69
.5

11
.0

3
3.

99
3.

84
0.

11
1

qu
ili

br
iu

m
so

lid
ph

as
e

at
th

is
H

N
O 3
co

nc
en

tr
at

io
n

is
th

e
an

hy
dr

ou
s

sa
lt,

U
O

2C
2O

4,
@2

03
1-

89
-2#

;
at

lo
w

er
H

N
O 3

co
nc

en
tr

at
io

ns
it

w
as

e
tr

ih
yd

ra
te

,
U

O 2
C

2O
4•

3H
2O

,
@1

88
60

-4
3-

0#.
al

cu
la

te
d

by
co

m
pi

le
r.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

us
ed

.
E

xc
es

s
so

lid
w

as
sh

ak
en

w
ith

H
N

O
3

lu
tio

ns
fo

r
se

ve
ra

ld
ay

s
in

fla
sk

s
w

ith
se

cu
re

ly
w

ax
ed

pp
er

s.
2

da
ys

su
ffi

ce
d

to
en

su
re

sa
tu

ra
tio

n.
T

he
ra

te
of

al
ic

ac
id

de
co

m
po

si
tio

n
w

as
fo

un
d

to
be

to
o

lo
w

to
ca

us
e

y
di

sp
la

ce
m

en
t

of
eq

ui
lib

riu
m

.
T

he
sa

tu
ra

te
d

so
lu

tio
ns

w
er

e
al

yz
ed

fo
r

ur
an

iu
m

an
d,

af
te

r
re

m
ov

al
of

ur
an

iu
m

as
pe

ro
xi

de
,

fo
r

fr
ee

ac
id

co
nt

en
t.

M
et

ho
ds

of
an

al
ys

is
w

er
e

no
t

sp
ec

ifi
ed

.
A

tte
m

pt
s

to
de

te
rm

in
e

th
e

co
m

po
si

tio
n

of
th

e
so

lid
ph

as
e

by
di

re
ct

an
al

ys
is

w
er

e
on

ly
pa

rt
ly

su
cc

es
sf

ul
,

ow
in

g
to

th
e

di
ffi

cu
lti

es
en

co
un

te
re

d
in

re
m

ov
in

g
ad

so
rb

ed
liq

ui
d

fr
om

th
e

so
lid

w
ith

ou
t

w
as

hi
ng

.
O

ne
go

od
du

pl
ic

at
ed

de
te

rm
in

at
io

n
w

as
ob

ta
in

ed
fo

r
58

.9
%

H
N

O 3
sy

st
em

.

U
O

2C
2O

4•
3H

2O
w

as
pr

ep
ar

ed
by

pr
ec

ip
ita

tio
n

fr
om

aq
ue

ou
s

U
O

2~
N

O
3!

2
so

lu
tio

n
w

ith
so

di
um

ox
al

at
e.

T
he

pr
ec

ip
ita

te
w

as
fil

te
re

d,
w

as
he

d
fr

ee
fr

om
N

O 32
,

an
d

dr
ie

d
at

60
°C

.A
na

ly
si

s
fo

r
ur

an
iu

m
an

d
ox

al
at

e
co

nt
en

t
co

rr
es

po
nd

ed
to

th
e

tr
ih

yd
ra

te
.

S
ou

rc
e

an
d

pu
rit

y
of

m
at

er
ia

ls
us

ed
no

t
sp

ec
ifi

ed
.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
:

in
su

ffi
ci

en
t

da
ta

gi
ve

n
to

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

611611IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
5.
11

.6
.

E
va

lu
at

io
n

of
th

e
U

O
2C

2O
4¿

H
N

O
3¿

H
2O

S
ys

te
m

C
om

po
ne

nt
s:

E
va

lu
at

or
:

~1
!

U
ra

ni
um

~V
I!

di
ox

o~
ox

al
at

e!;
U

O
2C

2O
4;

@2
03

1-
89

-2#
~2

!
N

itr
ic

ac
id

;
H

N
O

3;
@7

69
7-

37
-2#

~3
!

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

20
°C

of
U

O 2
C

2O
4

in
H

C
lO

4
so

lu
tio

ns
a

H
C

lO
4

2
/m

ol
dm

2
3 !

U
O

2C
2O

4

(c
1
/1

02
m

ol
dm

2
3 !

K
sb

(1
09

m
ol

2
dm

2
6 !

0.
5

2.
31

2.
8

1.
0

2.
77

1.
55

1.
5

3.
12

2.
8

2.
0

3.
44

2.
0

2.
5

3.
66

1.
4

3.
0

3.
69

1.
0

2.
06

0.
9c

qu
ili

br
iu

m
so

lid
ph

as
es

w
er

e
no

t
in

ve
st

ig
at

ed
.

ol
ub

ili
ty

pr
od

uc
tK

s5
@U

O
22

1
#@

C
2
O

42
2

#.
It

w
as

ob
ta

in
ed

by
th

e
au

th
or

s
fr

om
th

e
so

lu
bi

lit
y

of
U

O
2C

2O
4,

an
d

th
e

eq
ui

lib
riu

m
co

nc
en

-
at

io
n

of
th

e
ox

al
at

e
io

n.
T

he
la

tte
r

w
as

ca
lc

ul
at

ed
by

us
in

g
di

ss
oc

ia
tio

n
co

ns
ta

nt
s

of
ox

al
ic

ac
id

~K
a1

5
0.

10
8,

K
a2

5
6.

43
10

2
5
;

so
ur

ce
ot

re
po

rt
ed

!,
an

d
as

su
m

in
g

th
e

eq
ui

lib
riu

m
co

nc
en

tr
at

io
n

of
H

1
io

n
w

as
eq

ua
lt

o
th

e
H

C
lO 4

co
nc

en
tr

at
io

n
us

ed
.

ve
ra

ge
va

lu
e~

au
th

or
s!.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

us
ed

.
E

xc
es

s
U

O
2C

2O
4•

3H
2O

w
as

st
irr

ed
th

th
e

so
lu

tio
ns

of
th

e
de

si
re

d
co

m
po

si
tio

n
fo

r
6

h.
el

im
in

ar
y

ex
pe

rim
en

ts
sh

ow
ed

th
at

th
is

w
as

su
ffi

ci
en

t
to

ac
h

eq
ui

lib
riu

m
.

C
on

ce
nt

ra
tio

n
of

ur
an

iu
m

in
th

e
sa

tu
ra

te
d

lu
tio

ns
w

as
de

te
rm

in
ed

gr
av

im
et

ric
al

ly
as

U
3O

8
af

te
r

ap
or

at
in

g
an

d
ig

ni
tin

g
an

al
iq

uo
t

of
th

e
sa

tu
ra

te
d

so
lu

tio
n.

N
ot

hi
ng

sp
ec

ifi
ed

.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

U
ra

ni
um

co
nc

en
tr

at
io

n:
pr

ec
is

io
n6

2.
5%

~a
ut

ho
rs!

.

613613IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

U
ra

ni
um

~V
I!

di
ox

oo
xa

la
te

,
U

O 2
C

2O
4

;
@2

03
1-

89
-2#

~2
!

N
itr

ic
ac

id
;

H
N

O
3

;
@7

69
7-

37
-2#

~3
!

W
at

er
;

H 2
O

;@
77

32
-1

8-
5#

A
.I

.M
os

kv
in

an
d

E
.A

.Z
ak

ha
ro

va
,Z

h.
N

eo
rg

.K
hi

m
.

4,
21

51
–

60
~1

95
9!

.

V
ar

ia
bl

es
;

P
re

pa
re

d
by

:

T
/K

:
29

3
c 2

/m
ol

dm
2

3 :0
.5

–
3.

0
J.

H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

20
°C

of
U

O 2
C

2O
4

in
~N

H
4!

2C
2O

4
–

H
C

lO
4

so
lu

tio
ns

a

H
C

lO
4

3
/m

ol
dm

2
3 )

~N
H

4!
2C

2O
4

(c
2

/m
ol

dm
2

3 )
U

O
2C

2O
4

(1
02

c 1
/m

ol
dm

2
3 )

H
C

lO
4

(c
3

/m
ol

dm
2

3 )
~N

H
4!

2C
2O

4

(c
2

/m
ol

dm
2

3 )
U

O
2C

2O
4

(1
02

c 1
/m

ol
dm

2
3 )

0.
5

0.
07

0
1.

96
3.

0
0.

07
0

1.
16

0.
10

5
2.

43
0.

14
0

1.
13

0.
14

0
3.

21
0.

17
5

0.
96

0

0.
17

0
4.

26
0.

21
0

0.
87

8

0.
21

0
5.

91
0.

24
5

0.
78

0

0.
24

5
7.

50
0.

28
0

0.
75

9

0.
28

0
9.

09

1.
0

0.
07

0
1.

54

0.
10

5
1.

56

0.
14

0
1.

60

0.
17

0
1.

70

0.
21

0
2.

00

0.
24

5
2.

36

0.
28

0
2.

65

qu
ili

br
iu

m
so

lid
ph

as
es

w
er

e
no

t
in

ve
st

ig
at

ed
.

di
tio

na
li

nf
or

m
at

io
n:

cr
ea

si
ng

so
lu

bi
lit

y
of

U
O 2C

2O
4

w
ith

in
cr

ea
si

ng
am

m
on

iu
m

ox
al

at
e

in
3.

0
m

ol
dm2

3
H

C
lO

4
so

lu
tio

ns
co

nc
en

tr
at

io
n

w
as

ta
ke

n
as

an
id

en
ce

fo
r

th
e

ab
se

nc
e

of
co

m
pl

ex
fo

rm
at

io
n

be
tw

ee
n

U
O

221
an

d
C 2

O
422

io
ns

in
th

es
e

so
lu

tio
ns

.
S

ol
id

ph
as

es
w

er
e

no
t

in
ve

st
ig

at
ed

.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

E
xc

es
s

U
O

2C
2O

4•
3H

2O
w

as
st

irr
ed

w
ith

so
lu

tio
ns

of
th

e
de

si
re

d
co

m
po

si
tio

n
fo

r
6

h.
P

re
lim

in
ar

y
ex

pe
rim

en
ts

sh
ow

ed
th

at
th

is
w

as
su

ffi
ci

en
t

fo
r

eq
ui

lib
riu

m
to

be
re

ac
he

d.
C

on
ce

nt
ra

tio
n

of
ur

an
iu

m
in

th
e

sa
tu

ra
te

d
so

lu
tio

ns
w

as
de

te
rm

in
ed

gr
av

im
et

ric
al

ly
as

U
3O

8
af

te
r

ev
ap

or
at

in
g

an
d

ig
ni

tin
g

an
al

iq
uo

t
of

th
e

so
lu

tio
n.

N
ot

hi
ng

sp
ec

ifi
ed

.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

C
on

ce
nt

ra
tio

n
of

ur
an

iu
m

:6
2.

5%
~a

ut
ho

rs!
.

622622 JIRI HALA
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

U
ra

ni
um

~V
I!

di
ox

oo
xa

la
te

;
U

O 2
C

2O
4

;
@2

03
1-

89
-2#

~2
!

A
m

m
on

iu
m

ox
al

at
e;

~N
H

4!
2C

2O
4

;
@1

11
3-

38
-8#

~3
!

N
itr

ic
ac

id
;

H
N

O
3

;
@7

69
7-

37
-2#

~4
!

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

A
.I

.M
os

kv
in

an
d

E
.A

.Z
ak

ha
ro

va
,Z

h.
N

eo
rg

.K
hi

m
.

4,
21

51
–

60
~1

95
9!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

3
c 2

/m
ol

dm
2

3 :
0.

07
–

0.
28

c 3
/m

ol
dm

2
3 :

0.
5

an
d

1.
0

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

om
po

si
tio

n
of

so
lu

tio
ns

sa
tu

ra
te

d
at

25
°C

,
an

d
co

rr
es

po
nd

in
g

to
se

le
ct

ed
se

ct
io

ns
of

th
e

qu
ar

te
rn

ar
y

sy
st

em
U

O
221

,H
1

i C
2O

422
,N

O
32

U
O

2~
N

O
3!

2

(1
00

w
2

m
as

s
%

)

H
N

O
3

(1
00

w
4

m
as

s
%

)

U
O

2C
2O

4

(1
00

w
1

m
as

s
%

)
S

ol
id

ph
as

ef

H
N

O
3

(1
00

w
4

m
as

s
%

)

U
O

2~
N

O
3!

2

(1
00

w
2

m
as

s
%

)

U
O

2C
2O

4

(1
00

w
1

m
as

s
%

)
S

ol
id

ph
as

ef

47
.5

0a
6.

06
0

A
22

.2
2c

26
.5

2
0.

47
B

47
.1

0
6.

00
0.

43
A1

B
22

.3
1

23
.3

8
0.

42
B

39
.9

0
5.

11
0.

38
B

23
.5

6
18

.7
3

0.
40

B

28
.3

1
3.

55
0.

46
B

22
.4

2
16

.0
1

0.
41

B

21
.2

1
—

0.
54

B
22

.3
7

10
.2

3
0.

48
B

14
.4

2
—

0.
57

B
22

.6
0

5.
46

0.
70

B

7.
58

—
0.

53
B

22
.5

1
1.

81
1.

26
B

42
.9

3a
11

.1
6

0
A

41
.0

6
10

.6
6

0.
46

A1
B

C
2H

2O
4

H
N

O
3

U
O

2C
2O

4
S

ol
id

ph
as

ef

40
.1

3
10

.3
5

0.
44

B
~1

00
w

3
~1

00
w

4
~1

00
w

1

35
.2

8
9.

15
0.

37
B

m
as

s
%!

m
as

s
%!

m
as

s
%!

31
.9

7
—

0.
43

B

22
.8

0
—

0.
47

B
1.

73d
0

1.
80

B

14
.9

0
—

0.
55

B
1.

74
2.

17
0.

94
B

8.
83

—
0.

57
B

1.
72

9.
00

0.
64

B

8.
83

—
0.

57
B

1.
73

11
.8

7
0.

62
B

8.
83

—
0.

57
B

1.
69

27
.1

6
0.

97
B

1.
68

31
.0

1
1.

29
B

31
.9

6a
23

.0
8

0
A

1.
68

35
.5

0
1.

45
B

31
.4

4
22

.6
6

0.
83

A1
B

1.
52

39
.8

6
1.

82
B

31
.0

6
21

.0
5

0.
55

B
1.

51
45

.3
0

2.
28

B

27
.0

6
17

.7
0

0.
38

B
1.

75
46

.1
2

2.
58

B

22
.3

1
13

.9
3

0.
37

B
1.

74
47

.0
2

2.
93

B
1

D

17
.4

4
—

0.
42

B
1.

50
50

.5
5

2.
60

D

16
.6

3
10

.9
4

0.
44

B
1.

51
64

.5
7

1.
36

D

10
.6

2
—

0.
47

B

6.
27

—
0.

55
B

623623IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

U
ra

ni
um

~V
I!

di
ox

oo
xa

la
te

;
U

O 2
C

2O
4;

@2
03

1-
89

-2#
~2

!
U

ra
ni

um
~V

I!
di

ox
o

di
ni

tr
at

e;
U

O 2
~N

O
3!

2;
@1

01
02

-0
6-

4#
~3

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

K
.

A
.

B
ol

sh
ak

ov
an

d
S

.
S

.
K

or
ov

in
,

Z
h.

N
eo

rg
.

K
hi

m
.

2,
19

40
–

50
~1

95
7!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

8
10

0
w

2
/m

as
s

%
:

0
–

56
.2

3
J.

H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
of

N
a 3

N
pO

2~
C

O
3!

2
at

22
°C

as
a

fu
nc

tio
n

of
N

a 2C
O

3
co

nc
en

tr
at

io
n

in
so

lu
tio

ns
co

nt
ai

ni
ng

N
aC

la
nd

K
C

l
a

N
a 2

C
O

3

(m
2

/m
ol

kg
2

1 )
N

p~
V

!b

(1
04

m
ol

dm
2

3 )

0.
00

99
5c

0.
14

06
0.

04
5

0.
04

54
c

3.
55

6
0.

13

0.
21

5c
4.

09
6

0.
13

1.
00

d
3.

47
6

0.
11

ll
so

lu
tio

ns
co

nt
ai

ne
d

5.
00

m
ol

kg2
1

N
aC

la
nd

0.
10

0
m

ol
kg2

1
K

C
l.

ot
al

N
p~

V
!

co
nc

en
tr

at
io

n
in

th
e

sa
tu

ra
te

d
so

lu
tio

n.
ol

id
ph

as
e

w
as

N
a 3N

pO
2~

C
O

3!
2,

@6
44

38
-4

4-
4#.

ni
de

nt
ifi

ed
so

lid
ph

as
e.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

th
er

m
al

m
et

ho
d

us
ed

.
T

he
so

lid
w

as
eq

ui
lib

ra
te

d
w

ith
lu

tio
ns

of
th

e
de

si
re

d
co

m
po

si
tio

n
in

po
ly

et
he

re
th

er
ke

to
ne

ss
el

s~
C

ad
ill

ac
P

la
st

ic
s!.

T
he

eq
ui

lib
ra

tio
n

tim
e

w
as

17
0

ys
w

ith
st

ea
dy

st
at

e
be

in
g

ac
hi

ev
ed

w
ith

in
10

7
da

ys
.

A
ll

pe
rim

en
ts

w
er

e
co

nd
uc

te
d

un
de

r
ar

go
n

at
m

os
ph

er
e.

S
am

pl
es

th
e

sa
tu

ra
te

d
so

lu
tio

ns
w

er
e

fil
te

re
d

th
ro

ug
h

4.
1

nm
nt

ric
on

fil
te

rs
~A

m
ic

on
C

or
p.!

.
T

he
pH

w
as

m
ea

su
re

d
us

in
g

a
R

os
s

co
m

bi
na

tio
n

gl
as

s
el

ec
tr

od
e

ca
lib

ra
te

d
in

ea
ch

of
th

e
N

a1
/K

1
/C

l2
so

lu
tio

n
to

ac
co

un
t

fo
r

th
e

liq
ui

d
ju

nc
tio

n
po

te
nt

ia
l.

T
he

N
p~V

!
co

nc
en

tr
at

io
n

w
as

m
ea

su
re

d
ra

di
om

et
ric

al
ly

by
m

ea
ns

of
a

hi
gh

pu
rit

y
G

e
de

te
ct

or
us

in
g

th
e

29
.4

ke
V

g
lin

e
of

23
7 N

p.
T

ot
al

in
or

ga
ni

c
ca

rb
on

co
nt

en
t

in
th

e
sa

tu
ra

te
d

so
lu

tio
ns

w
as

de
te

rm
in

ed
by

us
in

g
S

hi
m

ad
zu

T
O

C
-5

05
0

ca
rb

on
an

al
yz

er
.

N
o

ch
an

ge
s

in
to

ta
lc

ar
bo

n
w

er
e

ob
se

rv
ed

.

N
a 3

N
pO

2~
C

O
3!

2
w

as
pr

ep
ar

ed
by

ad
di

ng
1

m
ol

dm2
3

N
a 2

C
O

3
to

th
e

N
p~

V
!

st
oc

k
so

lu
tio

n
to

ob
ta

in
a

fin
al

ca
rb

on
at

e
co

nc
en

tr
at

io
n

of
ab

ou
t

0.
5

m
ol

dm2
3 .

A
w

hi
te

pr
ec

ip
ita

te
w

as
fo

rm
ed

.
P

ur
ity

of
th

e
N

p~V
!

st
oc

k
so

lu
tio

n,
in

cl
ud

in
g

ox
id

at
io

n
st

at
e

pu
rit

y,
w

as
ve

rifi
ed

as
in

th
e

au
th

or
s’

pr
ev

io
us

w
or

k.
1

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
:

se
e

ab
ov

e.

R
ef

er
en

ce
s:

1 C
.

F
.

N
ov

ak
,

I.
A

l
M

ah
am

id
,

K
.

A
.

B
ec

kr
af

t,
S

.
A

.
C

ar
pe

nt
er

,
N

.
H

ak
em

,
an

d
T

.
P

ru
ss

in
,

J.
S

ol
ut

io
n

C
he

m
.

26
,

68
1

~1
99

7!
.

639639IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

S
od

iu
m

bi
s~c

ar
bo

na
to!

di
ox

on
ep

tu
na

te~V
!;

N
a 3

N
pO

2~
C

O
3
) 2

;
@6

44
38

-4
4-

4#
~2

!
S

od
iu

m
ca

rb
on

at
e;

N
a

2C
O

3
;

@4
97

-1
9-

8#
~3

!
S

od
iu

m
ni

tr
at

e;
N

aN
O 3

;
@7

63
1-

99
-4#

~4
!

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

G
.

A
.

S
im

ak
in

,
R

ad
io

kh
im

iy
a1

9,
51

8
–

21
~1

97
7!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
B

y:

T
/K

:
29

8
c 2

/m
ol

dm
2

3 :
0.

25
–

1.
0

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
of

K
N

pO
2C

O
3

at
20

an
d

80
°C

in
0.

1
m

ol
dm2

3
K

2C
O

3
so

lu
tio

na

T
em

pe
ra

tu
re

~°
C

!
K

N
pO

2C
O

3

~m
g

dm
2

3 !
K

N
pO

2C
O

3b

(1
05

c 1
/m

ol
dm

2
3 )

20
1

0.
42

2

80
40

16
.9

a S
ol

id
ph

as
e

w
as

K
N

pO 2
C

O
3,

@5
49

55
-6

3-
4#,

in
bo

th
m

ea
su

re
m

en
ts

.
It

w
as

re
po

rt
ed

to
be

st
ab

le
in

so
lu

tio
ns

co
nt

ai
ni

ng
,

0.
2

m
ol

dm
2

3

K
2C

O
3.

b C
al

cu
la

te
d

by
co

m
pi

le
r

fo
r

A r~
N

p!
5

23
7.

04
82

.

A
dd

iti
on

al
in

fo
rm

at
io

n:
In

R
ef

.
1,

th
e

so
lu

bi
lit

y
of

K
N

pO
2C

O
3

in
K

2C
O

3
/K

C
l

so
lu

tio
ns

of
io

ni
c

st
re

ng
th

of
1.

0
m

ol
dm2

3
w

as
re

po
rt

ed
to

de
cr

ea
se

w
ith

in
cr

ea
si

ng
te

m
pe

ra
tu

re
.

T
he

da
ta

in
R

ef
.

1
sh

ow
ed

ra
th

er
a

gr
ea

t
sc

at
te

r
an

d
w

er
e

pr
es

en
te

d
in

gr
ap

hi
ca

l
fo

rm
on

ly
.

F
or

th
is

re
as

on
co

m
pi

la
tio

n
w

as
pr

ep
ar

ed
fr

om
R

ef
.

1
fo

r
th

is
vo

lu
m

e. A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

N
ot

hi
ng

sp
ec

ifi
ed

.
S

pe
cp

ur
e23

7 N
pO

2
w

as
di

ss
ol

ve
d

in
co

nc
en

tr
at

ed
H

N
O

3,
an

d
N

p~
V

!
w

as
pr

ep
ar

ed
by

el
ec

tr
oc

he
m

ic
al

re
du

ct
io

n
of

N
pO

221
at

pl
at

in
um

el
ec

tr
od

e.
T

he
fin

al
so

lu
tio

n
w

as
ad

ju
st

ed
to

co
nt

ai
n

0.
05

m
ol

dm
2

3
N

p~
V

!
an

d
,

0.
1

m
ol

dm
2

3
H

N
O

3.
O

n
ad

di
ng

0.
1

–
0.

2
m

ol
dm

2
3

K
2C

O
3

so
lu

tio
n,

K
N

pO
2C

O
3
•
xH

2O
(x

,
2

)
w

as
ob

ta
in

ed
as

a
gr

ee
n

pr
ec

ip
ita

te
.

A
na

ly
si

s
~f

ou
nd

/c
al

cu
la

te
d

fo
r

th
e

di
hy

dr
at

e,
in

m
as

s
%!:

K
9.

3/
9.

67
,N

pO
2

67
.3

/6
6.

57
,C

O 3
14

.9
/1

4.
85

,
H 2

O
~3

.2
;

5.
8!

/8
.9

1.
K 2

C
O

3
w

as
a

ch
em

ic
al

ly
pu

re
pr

od
uc

t
an

d
w

as
re

cr
ys

ta
lli

ze
d

fr
om

w
at

er
.

C
o

~1
!

K
N

~2
!

~3
!

V
a

T
/

c 2 (c a E b E c T d ~A e th e F 0

J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

P
ot

as
si

um
ca

rb
on

at
o

di
ox

on
ep

tu
na

te
~V

!;
K

N
pO

2C
O

3
;

49
55

-6
3-

4#
P

ot
as

si
um

ca
rb

on
at

e;
K

2C
O

3
;

@5
84

-0
8-

7#
S

od
iu

m
ca

rb
on

at
e;

N
a

2C
O

3
;

@4
97

-1
9-

8#
P

ot
as

si
um

ch
lo

rid
e;

K
C

l;@7
44

7-
40

-7#
S

od
iu

m
ch

lo
rid

e;
N

aC
l;@7

64
7-

14
-5#

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

I.
A

l
M

ah
am

id
,

C
.

F
.

N
ov

ak
,

K
.

A
.

B
ec

kr
af

t,
S

.
A

.
C

ar
pe

nt
er

,
an

d
N

.
H

ak
em

,
R

ad
io

ch
im

.
A

ct
a.8

1,
93

–
10

1~
19

98
!.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
5

/m
ol

kg
2

1 :
0.

00
1

–
1.

07
/m

ol
kg

2
1 :

0.
00

03
5

–
0.

00
99

5
/m

ol
kg

2
1 :

0.
00

34
–

3.
20

/m
ol

kg
2

1 :
5.

00

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a
S

ol
ub

ili
ty

at
25

°C
of

N
H 4

P
uO

2~
C

O
3!

O
H

in
w

at
er

T
he

so
lu

bi
lit

y
at

25
°C

of
N

H 4
P

uO
2~

C
O

3!
O

H
in

w
at

er
w

as
re

po
rt

ed
to

bec
1
5

1.
05

3
10

2
3

m
ol

dm
2

3 .
E

qu
ili

br
iu

m
so

lid
ph

as
e

w
as

no
t

in
ve

st
ig

at
ed

.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

E
xc

es
s

so
lid

w
as

st
irr

ed
in

w
at

er
fo

r
4

–
6

h.
P

lu
to

ni
um

co
nc

en
tr

at
io

n
in

th
e

sa
tu

ra
te

d
so

lu
tio

ns
w

as
de

te
rm

in
ed

ra
di

om
et

ric
al

ly
.

N
H

4P
uO

2~
C

O
3!

O
H
•
3H

2O
w

as
pr

ep
ar

ed
by

di
ss

ol
vi

ng
~N

H
4!

2P
u 2

O
7

in
0.

17
–

0.
40

m
ol

dm
2

3
~N

H
4!

2C
O

3.
F

ro
m

th
e

da
rk

-r
ed

so
lu

tio
n

th
e

co
m

pl
ex

sa
lt

pr
ec

ip
ita

te
d

as
a

pi
nk

so
lid

on
ad

di
tio

n
of

an
eq

ua
l

vo
lu

m
e

of
96

%
et

ha
no

l.
It

w
as

w
as

he
d

se
ve

ra
lt

im
es

fr
om

ex
ce

ss
ca

rb
on

at
e

w
ith

70
%

–
80

%
et

ha
no

la
nd

et
he

r,
an

d
dr

ie
d

ov
er

C
aC

l
2.

A
na

ly
si

s
~f

ou
nd

/c
al

cu
la

te
d

fo
r

th
e

tr
ih

yd
ra

te
,m

as
s

%!:
N

H
4

5.
3/

4.
3,

P
u

54
.1

2/
56

.9
,C

O 2
11

.4
/1

0.
5.

S
ou

rc
e

an
d

pu
rit

y
of~

N
H

4!
2P

u 2
O

7
an

d
~N

H
4!

2C
O

3
no

ts
pe

ci
fie

d.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
:

pr
ec

is
io

n
no

t
re

po
rt

ed
.

C
o

~1
!

pe @C ~2
!

V
a

T
/

a E b C M
e

Is
o

w
a

so

J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



dr
ie

d
by

as
pi

ra
tio

n.
A

ll
ch

em
ic

al
s

us
ed

w
er

e
re

ag
en

t
gr

ad
e.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

no
t

re
po

rt
ed

.
S

ol
ub

ili
ty

:
va

lu
es

re
po

rt
ed

w
er

e
ob

ta
in

ed
fr

om
si

ng
le

de
te

rm
in

at
io

ns
;

th
is

di
d

no
t

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

R
ef

er
en

ce
s:

1 L.
R

.
C

ris
le

r,
J.

In
or

g.
N

uc
l.

C
he

m
.34

,
32

63
~1

97
2!

.

m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

P
lu

to
ni

um
~I

II
!

tr
is

~f
or

m
at

e!
;

P
u~

C
H

O
2!

3;
@3

45
01

-1
3-

8#
F

or
m

ic
ac

id
;

C
H 2

O
2;

@6
4-

18
-6

#
S

od
iu

m
fo

rm
at

e;
C

H
O 2N

a;
@1

41
-5

3-
7#

H
yd

ro
xy

al
am

in
e

hy
dr

oc
hl

or
id

e;
N

H 2O
H
•
H

C
l;

@5
47

0-
11

-1#
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

J.
D

.
N

av
ra

til
,

R
oc

kw
el

l
In

t.,
G

ol
de

n,
C

O
~p

riv
at

e
co

m
m

un
ic

at
io

n!.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
6

/m
ol

dm
2

3 :
0.

5
–

2.
0

/m
ol

dm
2

3 :
0.

1
–

0.
5

/m
ol

dm
2

3 :
0.

05

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
of

P
u 2

~C
2O

4!
3

in
H

N
O

3
–

C
2H

2O
4
–

N
2H

4
so

lu
tio

ns
as

a
fu

nc
tio

n
of

te
m

pe
ra

tu
re

a

T
em

pe
ra

tu
re

~°
C

!
P

u
~m

g
dm

2
3 !

P
u 2

~C
2O

4!
3

(1
04

c 1
/m

ol
dm

2
3 )b

23
46

0.
94

9

30
67

1.
40

40
12

1
2.

53

50
20

5
4.

29

60
36

5
7.

67

68
54

7
11

.5

a T
he

na
tu

re
of

th
e

eq
ui

lib
riu

m
so

lid
ph

as
es

w
as

no
t

in
ve

st
ig

at
ed

.
T

he
in

iti
al

so
lid

us
ed

fo
r

th
e

m
ea

su
re

m
en

ts
is

re
po

rt
ed

to
b

P
u 2

~C
2O

4!
3•

10
H

2O
.

A
ll

so
lu

tio
ns

co
nt

ai
ne

d
1.

45
m

ol
dm2

3
H

N
O

3,
0.

20
m

ol
dm

2
3

ox
al

ic
ac

id
,

an
d

0.
16

m
ol

dm2
3

hy
dr

az
in

e.
b C

al
cu

la
te

d
by

co
m

pi
le

r
us

in
g

A r~
P

u!
5

23
9.

05
3.

A
dd

iti
on

al
in

fo
rm

at
io

n:
A

ls
o

re
po

rt
ed

,
in

gr
ap

hi
ca

lf
or

m
,

w
as

th
e

so
lu

bi
lit

y
of

P
u

2~
C

2O
4!

3
at

23
°C

in
H

N
O 3

–
C

2H
2O

4
so

lu
tio

ns
co

nt
ai

ni
ng

ei
th

er
0.

1
m

ol
dm2

3

N
2H

4
or

0.
05

m
ol

dm
2

3
as

co
rb

ic
ac

id
.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
us

ed
.

S
ol

ut
io

ns
of

th
e

de
si

re
d

co
nc

en
tr

at
io

n
w

er
e

st
irr

ed
w

ith
ex

ce
ss

P
u

2~
C

2O
4!

3•
10

H
2O

in
a

th
er

m
os

ta
te

d
ba

th
.

A
t

in
te

rv
al

s
al

iq
uo

ts
w

er
e

w
ith

dr
aw

n,
fil

te
re

d,
an

d

G
re

en
P

u 2~
C

2O
4!

3•
10

H
2O

w
as

ob
ta

in
ed

by
pr

ec
ip

ita
tin

g
P

u
31

fr
om

a
so

lu
tio

n
co

nt
ai

ni
ng

11
g

dm2
3

P
u,

1.
2

m
ol

dm
2

3
H

N
O

3,
an

d
0.

05
m

ol
dm

2
3

as
co

rb
ic

ac
id

w
ith

0.
70

m
ol

dm2
3

ox
al

ic

C
o

~1
!

~2
!

~3
!

~4
!

~5
!

V
a

T
/

c 2 c 3 c 4 (c a T P b A c C (c

J



m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

D
ip

lu
to

ni
um

~I
II

!
tr

is
~o

xa
la

te!
;

P
u 2

~C
2O

4!
3;

@3
31

6-
65

-2#
O

xa
lic

ac
id

;
C 2

H
2O

4;
@1

44
-6

2-
7#

H
yd

ro
ge

n
ch

lo
rid

e;
H

C
l;@

76
47

-0
1-

0#
A

sc
or

bi
c

ac
id

;
C 6

H
8O

6;
@5

0-
81

-7
#

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

S
.

P
.

H
as

ilk
ar

,
N

.
B

.
K

he
de

ka
r,

K
.

C
ha

nd
er

,
A

.
V

.
Ja

dh
av

,
an

d
H

.
C

.
Ja

in
,

J.
R

ad
io

an
al

.
N

uc
l.

C
he

m
.

18
5,

11
9

–
25

~1
99

4!
.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
8

/m
ol

dm
2

3 :
0.

02
–

0.
20

/m
ol

dm
2

3 :
0.

5
–

2.
0

/m
ol

dm
2

3 :
0.

01
–

0.
1

J.
H
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ála
,

D
ep

ar
tm

en
t

of
In

or
ga

ni
c

C
he

m
is

tr
y,

M
as

ar
yk

U
ni

ve
rs

ity
,

61
1

37
B

rn
o,

C
ze

ch
R

ep
ub

lic
,

M
ay

20
00

C
rit

ic
al

E
va

lu
at

io
n:

S
ol

ub
ili

ty
da

ta
fo

r
th

is
sy

st
em

ar
e

av
ai

la
bl

e
in

si
x

do
cu

m
en

ts
,a

nd
th

e
re

su
lts

of
fiv

e
of

th
em

ar
e

su
m

m
ar

iz
ed

in
F

ig
.2

2.
In

th
e

pa
pe

of
M

an
dl

eb
er

ge
t

a
l.,

5
an

d
R

ea
s1

th
e

so
lu

bi
lit

ie
s

w
er

e
re

po
rt

ed
fo

r
th

e
qu

ar
te

rn
ar

y
sy

st
em

P
u

~C
2O

4!
2
–

H
N

O
3
–

ox
al

ic
ac

id
–

H 2
O

,
fr

om
w

hi
ch

th
e

va
lu

es
fo

r
ze

ro
co

nc
en

tr
at

io
n

of
ox

al
ic

ac
id

ha
ve

be
en

ex
tr

ac
te

d
fo

r
th

e
sa

ke
of

co
m

pa
ris

on
w

ith
ot

he
r

P
u

~C
2O

4!
2
–

H
N

O
3
–

H
2O

da
ta

.
E

xc
ep

t
fo

r
tw

o
si

ng
le

va
lu

es
fo

r
0.

75
m

ol
dm2

3
H

N
O

3
re

po
rt

ed
at

29
8

K
,1,
2

ot
he

r
m

ea
su

re
m

en
ts

w
er

e
ca

rr
ie

d
ou

t
at

di
ffe

re
nt

te
m

pe
ra

tu
re

s.
T

he
da

ta
pu

bl
is

he
d

by
In

di
an

au
th

or
s

6
ha

ve
no

t
be

en
co

m
pi

le
d

si
nc

e
th

e
au

th
or

s
di

d
no

t
re

po
rt

th
e

te
m

pe
ra

tu
re

of
th

ei
r

m
ea

su
re

m
en

ts
,

an
d

pr
es

en
te

d
th

e
so

lu
bi

lit
y

da
ta

fo
r

P
u

~C
2O

4!
2

in
H

N
O

3
–

ox
al

ic
ac

id
so

lu
tio

ns
in

gr
ap

hi
ca

l
fo

rm
of

po
or

qu
al

ity
.

T
he

ir
va

lu
es

of
P

u~C
2O

4!
2

so
lu

bi
lit

y
in

1
an

d
2

m
ol

dm
2

3
H

N
O

3
ar

e
hi

gh
er

by
ro

ug
hl

y
1

or
de

r
of

m
ag

ni
tu

de
th

an
th

os
e

of
R

ef
.

5.
F

or
th

e
ev

al
ua

tio
n

of
th

e
so

lu
bi

lit
y

in
th

e
P

u
~C

2O
4!

2
–

H
N

O
3
–

H
2O

sy
st

em
,

th
e

ob
se

rv
at

io
n

of
R

ea
s

1
se

em
s

to
be

of
im

po
rt

an
ce

.
T

he
au

th
or

co
ns

id
er

ed
hi

s
so

lu
bi

lit
y

va
lu

e
as

er
ro

ne
ou

sl
y

hi
gh

du
e

to
ox

id
at

io
n

of
ox

al
ic

ac
id

by
H

N
O

3
un

de
r

ca
ta

ly
tic

ac
tio

n
of

pl
ut

on
iu

m
.

T
hi

s
m

ay
be

th
e

re
as

on
fo

r
th

e
di

sc
re

pa
nc

es
am

on
g

th
e

re
su

lts
ob

ta
in

ed
by

di
ffe

re
nt

au
th

or
s.

A
fa

ct
w

hi
ch

se
em

s
to

su
pp

or
t

th
is

vi
ew

th
at

a
qu

al
ita

tiv
e

co
rr

el
at

io
n

ca
n

be
fo

un
d

be
tw

ee
n

th
e

so
lu

bi
lit

y
da

ta
an

d
th

e
re

sp
ec

tiv
e

eq
ui

lib
ra

tio
n

tim
e

ap
pl

ie
d.

T
hu

s
th

e
lo

w
es

tv
al

u
w

er
e

re
po

rt
ed

by
M

os
kv

in
an

d
G

el
m

an3,
4

w
ho

us
ed

4
–

6
h

eq
ui

lib
ra

tio
n

tim
e

w
hi

le
R

ea
s

1
an

d
M

an
dl

eb
er

ge
t

a
l.5

eq
ui

lib
ra

te
d

th
e

sy
st

em
s

fo
r

1
–

2
w

ee
ks

,
an

d
2

–
3

w
ee

ks
,

re
sp

ec
tiv

el
y.~D

aw
so

n2
di

d
no

t
re

po
rt

th
e

eq
ui

lib
ra

tio
n

tim
e

us
ed

.
!

T
hu

s
it

se
em

s
th

at
th

e
P

u~
C

2O
4!

2
–

H
N

O
3
–

H
2O

sy
st

em
is

a
no

ne
qu

ili
br

iu
m

on
e,

an
d

th
e

pu
bl

is
he

d
da

ta
ca

n
se

rv
e

as
a

qu
al

ita
tiv

e
le

ad
on

ly
.

T
he

ca
ta

ly
tic

ox
id

at
io

n
pr

oc
es

s
co

ul
d

w
el

lb
e

of
gr

ea
te

r
im

pr
ot

an
ce

th
an

ar
e

th
e

di
ffe

re
nc

es
in

te
m

pe
ra

tu
re

us
ed

by
di

ffe
re

nt
au

th
or

s.
N

ot
ew

or
th

y
in

th
re

sp
ec

t
se

em
s

al
so

to
be

th
e

fa
ct

th
at

w
hi

le
se

ve
re

al
st

ud
ie

s
w

er
e

pe
rf

or
m

ed
on

th
e

so
lu

bi
lit

y
of

U
~C

2O
4!

2
in

aq
ue

ou
s

so
lu

tio
ns

of
hy

dr
oc

hl
or

ic
,

pe
rc

hl
or

ic
,

an
d

su
lfu

ric
ac

id
s,

no
su

ch
st

ud
y

ha
s

be
en

re
po

rt
ed

on
th

e
U

~C
2O

4!
2
–

H
N

O
3
–

H
2O

sy
st

em
.

J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



te
,

m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

P
lu

to
ni

um
~I

V
!

bi
s~

ox
al

at
e!;

P
u~

C
2O

4!
2;

@1
32

78
-8

1-
4#

N
itr

ic
ac

id
;

H
N

O
3;

@7
69

7-
37

-2#
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

J.
K

.
D

aw
so

n,
R

ep
or

t
A

.
E

.
R

.
E

.,
H

ar
w

el
l,

C
/M

92
,

19
60

.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:2

98
/m

ol
dm

2
3 :0

.7
5

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

25
°C

of
P

u~C
2O

4!
2

in
ox

al
ic

ac
id

so
lu

tio
ns

co
nt

ai
ni

ng
0.

75
m

ol
dm2

3
H

N
O

3a

C
2H

2O
4

(c
2

/m
ol

dm
2

3 )
P

u~
C

2O
4!

2

(1
04

c 1
/m

ol
dm

2
3 !

C
2H

2O
4

(c
2

/m
ol

dm
2

3 )
P

u~
C

2O
4!

2

(1
04

c 1
/m

ol
dm

2
3 )

0.
00

03
4b

3.
4c

0.
04

33
0.

82
6

0.
00

1
0.

52
2d

0.
09

41
1.

39

0.
00

31
6

0.
38

9e
0.

14
5

2.
04

0.
00

68
0.

42
1

0.
19

6
2.

54

0.
01

79
0.

52
1

0.
40

0
4.

89

a T
he

co
m

po
si

tio
n

of
th

e
eq

ui
lib

riu
m

so
lid

ph
as

es
w

as
no

t
re

po
rt

ed
.

T
he

co
m

pi
le

r
as

su
m

es
th

e
so

lid
ph

as
e

is
th

e
he

xa
hy

dr
a

P
u~

C
2O

4!
2•

6H
2O

,
@2

65
88

-7
4-

9#,
w

hi
ch

pr
ec

ip
ita

te
s

at
25

°C
fr

om
C 2H

2O
4

/H
N

O
3

so
lu

tio
ns

.1

b N
o

ox
al

ic
ac

id
w

as
ad

de
d

in
th

is
m

ea
su

re
m

en
t.

T
he

au
th

or
as

su
m

ed
th

at
P

u
~C

2O
4!

2•
6H

2O
di

ss
ol

ve
d

to
pr

od
uc

e
P

u~C
2O

4!
21

an
d

C 2
H

2O
4,

an
d

co
ns

id
er

ed
th

e
de

te
rm

in
ed

so
lu

bi
lit

y
to

be
eq

ua
lt

o
th

e
ox

al
ic

ac
id

co
nc

en
tr

at
io

n
in

th
e

so
lu

tio
n.

c T
he

au
th

or
co

ns
id

er
ed

th
is

va
lu

e
as

er
ro

ne
ou

sl
y

hi
gh

du
e

to
ox

id
at

io
n

of
ox

al
ic

ac
id

by
H

N
O

3
un

de
r

ca
ta

ly
tic

ac
tio

n
of

P
u~I
V

!.
d M

ec
ha

ni
ca

l
st

irr
in

g
w

as
us

ed
in

th
is

ex
pe

rim
en

t.
T

he
ap

pr
oa

ch
to

eq
ui

lib
riu

m
w

as
ra

pi
d,

an
d

eq
ui

lib
riu

m
so

lu
bi

lit
y

co
ul

d
be

ob
ta

in
ed

af
te

r
le

ss
th

an
2

h
eq

ui
lib

ra
tio

n.
e S

ol
ub

ili
ty

ob
ta

in
ed

by
th

e
au

th
or

by
ex

tr
ap

ol
at

io
n.

It
co

ul
d

no
t

be
ob

ta
in

ed
ex

pe
rim

en
ta

lly
si

nc
e

ei
th

er
ca

ta
ly

tic
ox

id
at

io
n

of
ox

al
ic

ac
id

or
P

u~
IV

!
ox

id
at

io
n

by
an

un
kn

ow
n

im
pu

rit
y

in
te

rf
er

ed
.

A
dd

iti
on

al
in

fo
rm

at
io

n:
T

he
au

th
or

in
te

rp
re

te
d

th
e

so
lu

bi
lit

y
da

ta
in

te
rm

s
of

th
e

fo
rm

at
io

n
of

P
u

~C
2O

4!
21

,
P

u~
C

2O
4!

2
an

d
P

u~C
2O

4
) 32

2
co

m
pl

ex
es

in
th

e
sa

tu
ra

te
d

so
lu

tio
ns

.
E

qu
ili

br
iu

m
co

ns
ta

nt
s

fo
r

th
e

re
ac

tio
ns

P
u

~C
2O

4!
21

1
C

2H
2O

4
�

P
u~

C
2O

4!
21

2H
1

an
d

P
u~C

2O
4!

21
C

2H
2O

4�
P

u~
C

2O
4!

322
1

2H
1

w
er

e
ob

ta
in

ed
as

96
5

an
d

25
.1

m
ol

dm2
3 ,

re
sp

ec
tiv

el
y. A

ux
ili

ar
y

In
fo

rm
at

io
n

C
o

~1
!

~2
!

~3
!

~4
!

V
a

T
/

c 2 c 3 (c a T P b In d c C

J



w
he

re
@C

2O
422

# t
ot

is
th

e
to

ta
lo

xa
la

te
co

nc
en

tr
at

io
n.

A
ux

ili
ar

y
In

fo
rm

at
io

n

M
et

ho
dÕ

A
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

Is
ot

he
rm

al
m

et
ho

d
w

as
us

ed
.

F
re

sh
ly

pr
ec

ip
ita

te
d

P
u~

C
2O

4!
2•

6H
2O

w
as

ag
ita

te
d

w
ith

so
lu

tio
ns

of
th

e
de

si
re

d
co

nc
en

tr
at

io
n

in
a

th
er

m
os

ta
te

d
ba

th
fo

r
4

–
6

h
w

hi
ch

w
as

fo
un

d
su

ffi
ci

en
t

fo
r

eq
ui

lib
riu

m
to

be
re

ac
he

d.
T

he
pl

ut
on

iu
m

co
nc

en
tr

at
io

n
in

th
e

sa
tu

ra
te

d
so

lu
tio

ns
w

as
de

te
rm

in
ed

by
an

un
sp

ec
ifi

ed
ra

di
om

et
ric

m
et

ho
d.1

P
u~

C
2O

4!
2•

6H
2O

w
as

ob
ta

in
ed

by
pr

ec
ip

ita
tio

n
of

P
u

~I
V

!
w

ith
ox

al
ic

ac
id

,
an

d
w

as
hi

ng
th

e
pr

ec
ip

ita
te

w
ith

w
at

er
.

2

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:6

0.
02

K
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
:

in
su

ffi
ci

en
t

da
ta

gi
ve

n
to

al
lo

w
fo

r
er

ro
r

es
tim

at
e.

R
ef

er
en

ce
s:

1 I.
L.

Je
nk

in
s,

F
.H

.M
oo

re
,a

nd
M

.J
.W

at
er

m
an

,J
.I

no
rg

.N
uc

l.
C

he
m

.2
7,

81
~1

96
5!

.
2 A

.
A

.
G

rin
be

rg
an

d
I.

P
et

rz
ha

k,
T

ru
dy

R
ad

ie
v.

In
st

.,
K

hi
m

.
G

eo
kh

im
.7

,
50

~1
95

6!
.

7.
8.

P
lu

to
ni

um
„
V

I…
D

io
xo

„
ox

al
at

e
…

m
po

ne
nt

s:
O

rig
in

al
M

ea
su

re
m

en
ts

:

P
lu

to
ni

um
~V

I!
di

ox
oo

xa
la

te
;

P
uO

2C
2O

4;
@5

26
89

-3
1-

3#
O

xa
lic

ac
id

;
C 2

H
2O

4;
@1

44
-6

2-
7#

N
itr

ic
ac

id
;

H
N

O
3;

@7
69

7-
37

-2#
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

1 L.
E

.
D

ra
bk

in
a,

A
.

I.
M

os
kv

in
,

an
d

A
.

D
.

G
el

m
an

,
Z

h.
N

eo
rg

.
K

hi
m

.
3,

19
34

–
6~

19
58

!.
2 A

.D
.G

el
m

an
an

d
L.

E
.D

ra
bk

in
a,

Z
h.

N
eo

rg
.K

hi
m

.
3,

11
05

–
8

~1
95

8!
.

ria
bl

es
:

P
re

pa
re

d
by

:

K
:

29
3

/m
ol

dm
2

3 :
0

–
0.

75
or

10
0w

2
/m

as
s

%
:

0
–

8
/m

ol
dm

2
3 :

1.
1

–
3.

08

J.
H
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ála
,

D
ep

ar
tm

en
t

of
In

or
ga

ni
c

C
he

m
is

tr
y,

M
as

ar
yk

U
ni

ve
rs

ity
,

61
13

7
B

rn
o,

C
ze

ch
R

ep
ub

lic
,

Ju
ne

20
00

C
rit

ic
al

E
va

lu
at

io
n:

T
he

tw
o

am
er

ic
iu

m
ca

rb
on

at
es

,A
m~O

H
!C

O
3

an
d

A
m

2~
C

O
3!

3,
ar

e
so

lid
ph

as
es

im
po

rt
an

tf
ro

m
th

e
po

in
to

fv
ie

w
of

po
te

nt
ia

ll
ea

ch
in

g
of

am
er

ic
iu

m
fr

om
ra

di
oa

ct
iv

e
w

as
te

re
po

si
to

rie
s.

T
he

ir
so

lu
bi

lit
y

in
ca

rb
on

at
e

co
nt

ai
ni

ng
N

aC
lO

4
so

lu
tio

ns
ha

s
be

en
st

ud
ie

d
in

R
ef

s.
1

–
4.

T
he

hy
dr

ox
oc

ar
bo

na
te

is
th

e
th

er
m

od
yn

am
ic

al
ly

st
ab

le
so

lid
ph

as
e

in
so

lu
tio

ns
th

at
ar

e
in

co
nt

ac
t

w
ith

at
m

os
ph

er
ic

pa
rt

ia
lp

re
ss

u
of

C
O

2
(,

1
%

),
3

an
d/

or
at

lo
w

eq
ui

lib
riu

m
ca

rb
on

at
e

io
n

co
nc

en
tr

at
io

n,
4

w
hi

le
at

hi
gh

er
pa

rt
ia

l
pr

es
su

re
s

of
C

O
2

it
is

th
e

cr
ys

ta
lli

ne
ca

rb
on

at
e,

A
m 2

~C
O

3!
3.

1
–

3
T

he
se

so
lid

ph
as

es
ha

ve
al

so
be

en
st

ud
ie

d
in

re
la

te
d

sy
st

em
s

no
t

co
nt

ai
ni

ng
N

aC
lO

4.
T

hu
s

F
el

m
ye

t
a

l.5

ob
se

rv
ed

A
m~

O
H

!C
O

3
as

th
e

so
lid

ph
as

e
in

so
lu

tio
ns

co
nt

ai
ni

ng,
0.

1
m

ol
dm

2
3

N
a 2

C
O

3,
an

d
at

pH
5.

5
–

13
,a

nd
S

hi
lo

het
a

l.6
ob

se
rv

ed
A

m
2~

C
O

3!
3

in
eq

ui
lib

riu
m

w
ith

so
lu

tio
ns

co
nt

ai
ni

ng
.

0.
12

m
ol

dm
2

3
K

2C
O

3.
T

he
so

lu
bi

lit
y

da
ta

w
er

e
ob

ta
in

ed
in

m
ea

su
re

m
en

ts
co

nd
uc

te
d

as
pH

tit
ra

tio
ns

1
–

3
or

by
us

in
g

th
e

is
ot

he
rm

al
m

et
ho

d,
4,

5
w

ith
ca

re
fu

l
co

nt
ro

l
of

pH
an

d
ot

he
r

ex
pe

rim
en

ta
l

pa
ra

m
et

er
s.

T
he

ca
rb

on
at

e
io

n
co

nc
en

tr
at

io
n

in
th

e
sa

tu
ra

te
d

so
lu

tio
ns

w
as

co
nt

ro
le

d
ei

th
er

sa
tu

ra
tin

g
th

e
so

lu
tio

ns
w

ith
C

O 2
ga

s
at

va
rio

us
pH

,
1

–
3,

5
or

by
us

in
g

N
aH

C
O 3

4,
5

or
N

a 2
C

O
3.

5
E

xc
ep

t
fo

r
m

ea
su

re
m

en
ts

in
R

ef
s.

1,
2

w
he

re
eq

ui
lib

ra
tio

n
tim

e
of

2
–

3
da

ys
w

as
us

ed
,o

th
er

au
th

or
s

eq
ui

lib
ra

te
d

th
e

sy
st

em
s

fo
r

se
ve

ra
lw

ee
ks

.T
he

lo
ng

eq
ui

lib
ra

tio
n

tim
e

w
ne

ed
ed

be
ca

us
e

of
th

e
sl

ow
tr

an
si

tio
n

of
in

iti
al

ly
am

or
ph

ou
s

so
lid

to
cr

ys
ta

lli
ne

fo
rm

.
5

T
hi

s
is

po
ss

ib
ly

al
so

th
e

re
as

on
fo

r
ra

th
er

w
id

e
sc

at
te

r
of

ex
pe

rim
en

ta
l

so
lu

bi
lit

y
da

ta
ob

se
rv

ed
ev

en
af

te
r

lo
ng

eq
ui

lib
ra

tio
n.

1,
5

N
um

er
ic

al
so

lu
bi

lit
y

da
ta

ha
ve

be
en

re
po

rt
ed

by
S

ilv
a

4

on
ly

,o
th

er
au

th
or

s
re

po
rt

ed
th

ei
r

da
ta

in
gr

ap
hi

ca
lf

or
m

,
1,

5
or

re
po

rt
ed

so
lu

bi
lit

y
pr

od
uc

ts
on

ly
.

2,
3

T
hi

s
si

tu
at

io
n

do
es

no
tm

ak
e

a
de

ta
ile

d
co

m
pa

ris
on

po
ss

ib
le

.A
s

w
ith

th
e

ca
rb

on
at

es
of

ur
an

iu
m

,n
ep

tu
ni

um
,a

nd
pl

ut
on

iu
m

,t
he

so
lu

bi
lit

ie
s

of
bo

th
A

m
~O

H
!C

O
3

an
d

A
m

2~
C

O
3!

3

pa
ss

th
ro

ug
h

a
m

in
im

um
w

he
n

pl
ot

te
d

ag
ai

ns
t

eq
ui

lib
riu

m
ca

rb
on

at
e

io
n

co
nc

en
tr

at
io

n.
1,

2,
5

T
he

en
ha

nc
ed

so
lu

bi
lit

y
at

hi
gh

er @C
O

322
#

va
lu

es
ha

s
be

en
as

cr
ib

ed
to

th
e

fo
rm

at
io

n
of

A
m

~I
II

!
ca

rb
on

at
oc

om
pl

ex
es

,
i.e

.,
A

m~C
O

3
) 22

,1,
5

A
m

~C
O

3
) 33

2
,5

or
A

m
~O

H
!~

C
O

3
) 34

2
.6

Li
ke

w
is

e,
no

di
re

ct
co

m
pa

ris
on

of
so

lu
bi

lit
y

pr
od

uc
t

va
lu

es
is

po
ss

ib
le

.
F

or
K

sp
of

A
m

2~
C

O
3!

3,
th

e
re

su
lts

of
th

e
G

er
m

an
gr

ou
p

1
–

3
ar

e
av

ai
la

bl
e

on
ly

.
T

he
au

th
or

s
ob

ta
in

ed
th

e
so

lu
bi

lit
y

pr
od

uc
t

in
se

ve
ra

lr
ep

ea
te

d
m

ea
su

re
m

en
ts

w
ith

ve
ry

go
od

re
pr

od
uc

ib
ili

ty
.

T
he

va
lu

e
as

2
lo

g
K

sp
,

fo
r

0.
1

m
ol

dm
2

3
N

aC
lO

4,
ar

e
29

.8
96

0.
18

at
29

8.
1

K
an

dp
(C

O
2)

of
1%

,1
29

.5
76

0.
10

at
29

5.
1

K
an

dp
(C

O
2)

of
10

0%
,2

29
.3

26
0.

08
at

29
5.

1
K

an
dp

(C
O

2)
of

1%
,2

an
d

29
.4

56
0.

18
at

29
8.

1
K

an
dp

(C
O

2)
of

1%
or

10
0%

.3
T

he
ev

al
ua

to
r

su
gg

es
ts

th
es

e
va

lu
es

as
re

co
m

m
en

de
d

on
es

.
T

he
so

lu
bi

lit
y

pr
od

uc
t

of
A

m
~O

H
!C

O
3

ha
s

be
en

re
po

rt
ed

to
be

102
(1

8.
70

6
0.

12
)

m
ol

3
dm

2
9

~2
98

.1
K

,
p

(C
O

2
)

0.
03

%
,0

.1
m

ol
dm

2
3

N
aC

lO
4)

,3
an

d
10

2
22

.5
m

ol
3

dm
2

9
at

un
sp

ec
ifi

ed
io

ni
c

st
re

ng
th

an
d

ro
om

te
m

pe
ra

tu
re

.
5

S
ilv

a4
ob

ta
in

ed
th

e
eq

ui
lib

riu
m

co
nt

an
t,

K
5

@A
m

3
1

#@
C

O
322

#@
H

1
#2

2
5

58
36

20
6

~0
.1

m
ol

dm
2

3
N

aC
lO

4)
fo

r
th

e
re

ac
tio

n
A

m~
O

H
!C

O
3

(s
)

1
2H

1
�

A
m

31
1

H
C

O
32

1
H

2O
.

F
ro

m
th

is
co

ns
ta

nt
th

e
ev

al
ua

to
r

ca
lc

ul
at

ed
th

e
so

lu
bi

lit
y

pr
od

uc
t

asK
sp

5
K

K
w
K

a2

C
o

~1
!

~2
!

~3
!

V
a

T
/

c 2 T
h

w
i

A
m

T
h

M
e

Is
o

~p so A
f

sh th
e

eq am

J



FI
G

.
23

.
D

ia
m

er
ic

iu
m

tr
is~c

ar
bo

na
te!

–
so

di
um

pe
rc

hl
or

at
e

–
ca

rb
on

di
ox

id
e

–
w

at
er

sy
st

em
.

A
ux

ili
ar

y
In

fo
rm

at
io

n

th
od

ÕA
pp

ar
at

us
ÕP

ro
ce

du
re

:
S

ou
rc

e
an

d
P

ur
ity

of
M

at
er

ia
ls

:

e
so

lu
bi

lit
y

ex
pe

rim
en

t,
co

m
bi

ne
d

w
ith

pH
tit

ra
tio

n,
w

as
nd

uc
te

d
in

a
10

0
m

L
th

er
m

os
ta

te
d

ve
ss

el
in

th
e

pH
ra

ng
e

m
6.

0
to

9.
2

un
de

r
ar

go
n/

1%
C

O
2

at
m

os
ph

er
e.

T
he

de
si

re
d

rb
on

at
e

co
nc

en
tr

at
io

n
w

as
at

ta
in

ed
by

pH
co

nt
ro

l.
T

he
31

io
n

0.
1

m
ol

dm
2

3
H

C
lO

4
w

as
in

tr
od

uc
ed

in
to

th
e

ve
ss

el
m

3
1

# t
ot

5
53

10
2

4
m

ol
dm

2
3 )

an
d

pr
ec

ip
ita

te
d

by
ad

di
tio

n
0.

05
m

ol
dm

2
3

N
a 2

C
O

3.
T

he
so

lu
tio

n
w

ith
th

e
pr

ec
ip

ita
te

s
le

ft
to

st
an

d
un

de
r

A
r/

C
O 2
at

m
os

ph
er

e
fo

r
2

w
ee

ks
.

T
he

n
pH

of
th

e
so

lu
tio

n
w

as
gr

ad
ua

lly
ad

ju
st

ed
by

ad
di

tio
ns

of
he

r
0.

1
m

ol
dm

2
3

H
C

lO
4

or
0.

05
m

ol
dm

2
3

N
a 2

C
O

3
fo

r
th

e
ra

ng
e

of
6

–
8

in
th

e
pr

es
en

ce
of

0.
1

m
ol

dm2
3

N
aC

lO
4,

or
0.

3
m

ol
dm

2
3

H
C

lO
4

or
0.

1
m

ol
dm

2
3

N
a 2

C
O

3
fo

r
th

e
pH

ng
e

of
8

–
9

in
th

e
pr

es
en

ce
of

0.
3

m
ol

dm2
3

N
aC

lO
4.

m
bi

na
tio

n
gl

as
s

el
ec

tr
od

es~R
O

S
S

-t
yp

e,
O

rio
n!

us
ed

fo
r

pH
as

ur
em

en
t

w
er

e
ca

lib
ra

te
d

ag
ai

ns
t

st
an

da
rd

bu
ffe

r
so

lu
tio

ns
ju

st
ed

to
th

e
de

si
re

d
io

ni
c

st
re

ng
th

.
E

qu
ili

br
iu

m
at

a
gi

ve
n

w
as

es
ta

bl
is

he
d

in
2

–
3

da
ys

.
T

he
am

er
ic

iu
m

co
nc

en
tr

at
io

n
s

m
ea

su
re

d
af

te
r

fil
tr

at
io

n
of

th
e

sa
tu

ra
te

d
so

lu
tio

n
th

ro
ug

h
0

nm
po

re
si

ze
fil

te
r

by
liq

ui
d

sc
in

til
la

tio
n

co
un

tin
g

ec
km

an
LS

68
00!

.
In

a
nu

m
be

r
of

sa
m

pl
es

,
th

e
A

m
nc

en
tr

at
io

n
w

as
al

so
de

te
rm

in
ed

by
ei

th
er

U
V

sp
ec

tr
os

co
py

t @
A

m
3

1
# t

ot
.

10
2

5
m

ol
dm

2
3 !

or
by

la
se

r-
in

du
ce

d
ot

oa
co

us
tic

sp
ec

tr
os

co
py~a

t @
A

m
3

1
# t

ot
,

10
2

6
m

ol
dm

2
3 !

.
e

eq
ui

lib
riu

m
so

lid
ph

as
es

w
er

e
in

ve
st

ig
at

ed
by

m
ea

ns
of

31
as

a
m

od
el

io
n

w
hi

ch
is

kn
ow

n
to

be
ve

ry
cl

os
e

in
em

ic
al

be
ha

vi
or

to
A

m31
.

T
he

N
d31

io
n

w
as

pr
ec

ip
ita

te
d

de
r

th
e

sa
m

e
co

nd
iti

on
s

as
w

as
A

m
31

in
th

e
so

lu
bi

lit
y

pe
rim

en
t,

an
d

th
e

pr
ec

ip
ita

te
w

as
co

nfi
rm

ed
to

be

2~
C

O
3!

3•
8H

2O
by

x-
ra

y
di

ffr
ac

tio
n

an
d

IR
sp

ec
tr

os
co

py
.

Is
ot

op
ic

al
ly

pu
re

24
1 A

m
w

as
us

ed
.

T
he

A
r

1
1%

C
O 2

ga
s

m
ix

tu
re

w
as

a
pr

od
uc

t
of

Li
nd

e.
N

o
ot

he
r

de
ta

ils
w

er
e

sp
ec

ifi
ed

.

E
st

im
at

ed
E

rr
or

:
T

em
pe

ra
tu

re
:

pr
ec

is
io

n6
1

K
~a

ut
ho

rs!
.

pH
:

pr
ec

is
io

n6
0.

03
un

its
~a

ut
ho

rs!
.

S
ol

ub
ili

ty
pr

od
uc

t:
st

an
da

rd
de

vi
at

io
n

se
e

ab
ov

e.

674674 JIRI HALA
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

D
ia

m
er

ic
iu

m
tr

is~
ca

rb
on

at
e!;

A
m

2~
C

O
3
) 3

;
@

#
~2

!
C

ar
bo

n
di

ox
id

e;
C

O 2
;

@1
24

-3
8-

9#
~3

!
S

od
iu

m
pe

rc
hl

or
at

e;
N

aC
lO 4

;
@7

60
1-

89
-0#

~4
!

W
at

er
;

H 2
O

;
@7

73
2-

18
-5#

1 G
.

M
ei

nr
at

h
an

d
J.

I.
K

im
,

R
ad

io
ch

im
.

A
ct

a52
Õ5

3,
29

–
34

~1
99

1!
.

2 G
.

M
ei

nr
at

h
an

d
J.

I.
K

im
,

E
ur

.
J.

S
ol

id
S

ta
te

In
or

g.
C

he
m

.
28

,
38

3
–

8
~1

99
1!

.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

8;
29

5
p

2
~p

ar
tia

lp
re

ss
ur

e
of

C
O 2!

/%
:

1;
10

0
c 3

/m
ol

dm
2

3 :
0.

1;
0.

3

J.
H
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ála

E
xp

er
im

en
ta

lD
at

a

S
ol

ub
ili

ty
at

25
°C

of
A

m~
O

H
!C

O
3

in
2

3
10

2
4

m
ol

dm
2

3
N

aH
C

O 3
/0

.1
m

ol
dm

2
3

N
aC

lO
4

so
lu

tio
ns

a

qu
ili

br
at

io
n

tim
e

~d
ay

s!
pH

H
C

O
32

(1
04

c 2
/m

ol
dm

2
3 )

A
m

~O
H

!C
O

3

(1
06

c 1
/m

ol
dm

2
3 )

10
2

2
K

d

1b
6.

13
2.

09
28

.66
2.

5
63

.26
1.

0

3
6.

13
2.

09
11

.96
0.

4
26

.36
3.

6

7
6.

15
2.

19
2.

176
0.

54
5.

51
6

1.
56

14
6.

13
2.

09
2.

396
0.

21
5.

28
6

0.
85

21
6.

14
2.

14
2.

026
0.

04
4.

79
6

0.
65

30
6.

14
2.

14
2.

296
0.

03
e

5.
43

6
0.

73

1.
54

6
0.

13
f

3.
65

6
0.

58

1.
40

6
0.

13
g

3.
32

6
0.

07

1c
6.

09
1.

91
36

66
13

61
46

82

3
6.

11
2.

00
31

56
5

60
76

82

7
6.

12
2.

05
35

66
13

73
56

10
2

14
6.

10
1.

95
78

.66
16

.7
14

16
35

22
6.

13
2.

09
7.

676
0.

72
17

.06
2.

8

31
6.

14
2.

14
3.

216
0.

14
7.

60
6

1.
07

37
6.

13
2.

09
4.

426
0.

17
9.

77
6

1.
36

44
6.

13
2.

09
4.

716
0.

30
10

.46
1.

5

51
6.

11
2.

00
4.

886
0.

11
e

9.
40

6
1.

33

qu
ili

br
iu

m
so

lid
ph

as
e

w
as

A
m~O

H
!C

O
3,

@1
01

36
2-

32
-7#

,
in

al
ls

ol
ut

io
ns

.
hi

s
an

d
th

e
fo

llo
w

in
g

fiv
e

m
ea

su
re

m
en

ts
pe

rf
or

m
ed

us
in

g
pr

oc
ed

ur
e

~a
!.

c T
hi

s
an

d
th

e
fo

llo
w

in
g

se
ve

n
m

ea
su

re
m

en
ts

pe
rf

or
m

ed
us

in
g

pr
oc

ed
ur

e
~b

!.
d E

qu
ili

br
iu

m
co

ns
ta

nt
fo

r
th

e
re

ac
tio

n
A

m~O
H

!C
O

3~
s!

1
2H

1
�

A
m

31
1

H
C

O
32

1
H

2O
.

It
w

as
ca

lc
ul

at
ed

fr
om

th
e

m
ea

su
re

d
am

er
ic

iu
m

an
d

H
C

O
32

co
nc

en
tr

at
io

ns
,

an
d

th
e

ca
lc

ul
at

ed
H

1
io

n
co

nc
en

tr
at

io
n,

w
hi

ch
w

as
ob

ta
in

ed
fr

om
th

e
m

ea
su

re
d

pH
va

lu
e

us
in

g
th

e
ac

tiv
ity

co
ef

fic
ie

nt
of

0.
78

.
B

as
ed

on
lit

er
at

ur
e

da
ta

fo
r

th
e

hy
dr

ol
ys

is
of

C
m

31
io

n,
as

a
cl

os
e

an
al

og
of

A
m31

,
an

d
th

e
st

ab
ili

ty
co

ns
ta

nt
of

th
e

A
m

~C
O

3!
1

co
m

pl
ex

,
th

e
co

nc
en

tr
at

io
n

of
th

e
A

m31
io

ns
w

as
fo

un
d

to
be

eq
ua

l
to

(9
5.

9
6

1.
3)

%
of

th
e

m
ea

su
re

d
co

nc
en

tr
at

io
n

of
A

m
~I

II
!

in
th

e
so

lu
tio

ns
.

T
he

va
lu

es
of

th
e

co
ns

ta
ntK
ob

ta
in

ed
in

m
et

ho
d~a

!
by

th
e

th
re

e
di

ffe
re

nt
so

lid
–

liq
ui

d
se

pa
ra

tio
n

pr
oc

ed
ur

es
af

te
r

30
da

y
eq

ui
lib

ra
tio

n
tim

e,
an

d
in

m
et

ho
d~b
!

af
te

r
51

da
y

eq
ui

lib
ra

tio
n

tim
e

w
er

e
av

er
ag

ed
by

th
e

au
th

or
s

to
ob

ta
in

K
5

58
3

6
20

6.
U

si
ng

ac
tiv

ity
co

ef
fic

ie
nt

s
of

0.
46

,
0.

76
,

an
d

0.
78

fo
r

th
e

A
m

31
,

H
C

O
32

,
an

d
H1

io
ns

,
re

sp
ec

tiv
el

y,
th

e
co

ns
ta

nt
at

ze
ro

io
ni

c
st

re
ng

th
w

as
ob

ta
in

ed
asK

0
5

33
56

12
0.

e C
en

tr
ifu

ga
tio

n
on

ly
.

f C
en

tr
ifu

ga
tio

n
an

d
fil

tr
at

io
n

th
ro

ug
h

a
0.

2m
m

fil
te

r.
g C

en
tr

ifu
ga

tio
n

an
d

fil
tr

at
io

n
th

ro
ug

h
a

0.
01

5m
m

fil
te

r.

675675IUPAC-NIST SOLUBILITY DATA SERIES

. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
C
om

po
ne

nt
s:

O
rig

in
al

M
ea

su
re

m
en

ts
:

~1
!

D
ia

m
er

ic
iu

m
tr

is~
ca

rb
on

at
e!;

A
m

2~
C

O
3
) 3

;
@

#;
or

A
m

er
ic

iu
m

hy
dr

ox
oc

ar
bo

na
te

;
A

m~O
H

!C
O

3
;

@1
01

36
2-

32
-7#

~2
!

C
ar

bo
n

di
ox

id
e;

C
O 2

;
@1

24
-3

8-
9#

~3
!

S
od

iu
m

pe
rc

hl
or

at
e;

N
aC

lO 4
;

@7
60

1-
89

-0#
~4

!
W

at
er

;
H 2

O
;

@7
73

2-
18

-5#

W
.

R
un

de
,

G
.

M
ei

nr
at

h,
an

d
J.

I.
K

im
,

R
ad

io
ch

im
.

A
ct

a
58

Õ5
9,

93
–

10
0~

19
92

!.

V
ar

ia
bl

es
:

P
re

pa
re

d
by

:

T
/K

:
29

8
p

2
~p

ar
tia

lp
re

ss
ur

e
of

C
O 2!

/%
:

0.
03

;
1;

10
0

c 3
/m

ol
dm

2
3 :

0.
1

J.
H
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10. System Index

Page numbers preceded by E refer to evaluation texts whereas those not preceded by E refer to compiled tables. T
~aq! stands for water as an additional component in the respective system.

Actinium oxalate1water 539
Actinium oxalate~aq!

1nitric acid 540
1nitric acid1oxalic acid 540
1oxalic acid 539

Americium~III ! carbonate~aq!
1carbon dioxide1sodium perchlorate 674, 67
1carbonate ion1sodium chloride 677
1carbonate ion1sodium perchlorate E673
1potassium carbonate 673

Americium~III ! formate~aq!
1formic acid1perchloric acid1sodium perchlorate 678

Americium~III ! hydroxocarbonate~aq!
1carbon dioxide1sodium hydrogencarboante 676-67
1carbon dioxide1sodium perchlorate 675
1carbonate ion1sodium perchlorate E673
1sodium carbonate1sodium hydroxide 676–677
1sodium hydrogencarbonate1sodium perchlorate 675–67

Americium~III ! oxalate~aq!
1oxalic acid1nitric acid E681, 681–682, 682–68
1oxalic acid1nitric acid1potassium oxalate 683–68
1perchloric acid 679
1potassium oxalate 679
1potassium oxalate1perchloric acid 680

Ammonium carbonato dioxoneptunate~V! ~aq!
1ammonium carbonate 644

Ammonium hydroxy~carbonato! dioxoplutonate~VI ! ~aq!
1ammonium carbonate 654

Ammonium tetra~oxalato!thorate~aq! 1 ammonium oxalate 569
Ammonium tris~carbonato! dioxoneptunate~V! ~aq!

1ammonium carbonate 644
Ammonium tris~carbonato! dioxoplutonate~VI ! ~aq!

1ammonium carbonate 652, 653
1ammonium nitrate 653

Ammonium tris~carbonato! dioxouranate~VI !1water 585
Ammonium tris~carbonato! dioxouranate~VI ! ~aq!

1sodium tris~carbonato!dioxouranate~VI ! 585
Ammonium tris~hydroxybenzoato! dioxouranate~VI ! ~aq!

1ammonium hydroxybenzoate 625–626
Calcium tris~carbonato!dioxouranate~VI !1water 586
Cesium tris~carbonato!dioxouranate~VI !1water 582
Cesium tris~carbonato!dioxoneptunate~V! ~aq!

1cesium carbonate 643
Curium~III ! oxalate~aq!

1oxalic acid1nitric acid 684–685
Guanidinium pentakis~carbonato!thorate~aq!

1guanidinium carbonate1guanidinium nitrate 544
1guanidinium hydrogencarbonate1guanidinium nitrate 544

Guanidinium trifluorotris~carbonato!thorate~aq!
1guanidinium carbonate1guanidiunium fluoride 544

Hexamminecobalt~III ! pentakis~carbonato! aquaneptunate~IV !1water 645
Hexamminecobalt~III ! bis~carbonato! dioxoneptunate~V!1water 645
Hexamminecobalt~III !nitrate tris~carbonato! dioxoneptunate~VI !1water 645
Hexamminecobalt~III ! pentakis~carbonato!aqua plutonate~IV !
0047-2689Õ2001Õ30„2…Õ686Õ168Õ$35.00 J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001686
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1ethanol 654
1water 654

Hexamminecobalt~III ! penta~carbonato!thorate
1acetone 545
1water 545

Magnesium tricarbonatodioxouranate~VI !1water 586
Neptunium~VI ! dioxo~carbonate! ~aq!

1carbon dioxide1sodium perchlorate 630–63
Neptunium~VI ! dioxo~oxalate! ~aq!

1oxalic acid1nitric acid 647
Neptunium~IV ! oxalate~aq!

1hydrogen chloride 646
1oxalic acid 645
1oxalic acid1nitric acid 646–647

Plutonium~VI ! dioxocarbonate~aq!
1carbon dioxide1sodium chloride 652
1carbon dioxide1sodium perchlorate E648, 650, 65
1carbon dioxide1sodium hydrogencarbonate1sodium perchlorate 649
1lithium hydrogen carbonate 648

Plutonium~VI ! dioxo~oxalate! ~aq!
1ammonium oxalate1nitric acid 667–668
1oxalic acid1nitric acid 666–667

Plutonium~VI ! formate~aq!
1formic acid1hydroxylamine hydrochloride 655
1formic acid1perchloric acid1sodium perchlorate 656
1formic acid1sodium formate1hydroxylamine hydrochloride 655

Plutonium~IV ! 5-chloro-8-hydroxyquinolinate~aq!
1ammonium perchlorate1sodium acetate 671–67

Plutonium~IV ! 5-chloro-7-iodo-8-hydroxyquinolinate~aq!
1ammonium perchlorate1sodium acetate 671–67

Plutonium~IV ! 5,7-dibromo-8-hydroxyquinolinate~aq!
1ammonium perchlorate1sodium acetate 671–67

Plutonium~IV ! 5,7-dichloro-8-hydroxyquinolinate~aq!
1ammonium perchlorate1sodium acetate 671–67

Plutonium~IV ! 8-hydroxyquinolinate~aq!
1ammonium perchlorate1sodium acetate 671–67

Plutonium~IV ! N-nitroso-N-benzeneaminate~aq!
1N-nitroso-N-benzeneamine1sulfuric acid 672

Plutonium~III ! oxalate~aq!
1ammonium oxalate 656
1oxalic acid1hydrogen chloride1ascorbic acid 660
1oxalic acid1nitric acid1ascorbic acid E657, 658, 659–66
1oxalic acid1nitric acid1hydrazine E657, 659
1potassium oxalate1potassium chloride 657

Plutonium~IV ! oxalate1water E661
Plutonium~IV ! oxalate~aq!

1ammonium oxalate 664
1ammonium oxalate1nitric acid 666
1nitric acid E662, 663, 663
1oxalic acid1nitric acid 665, 665
1perchloric acid 661
1sulfuric acid 664

Plutonium oxobis~o-hydroxybenzoate! ~aq!
1hydrogen chloride 669

Plutonium~III ! tris~o-hydroxybenzoate!
1ethanol 668
1water 668
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001
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Plutonium~IV ! trioxo~o-hydroxybenzoate! ~aq!
1ammonia 669
1ammonium chloride 670
1ammonium nitrate 670
1ammoniumo-hydroxybenzoate 669
1hydrogen chloride 669

Potassium bis~carbonato! dioxoneptunate~V! ~aq!
1potassium carbonate 642

Potassium carbonato dioxoneptunate~V! ~aq!
1potassium carbonate 640, 640–641

1potassium carbonate1sodium carbonate1potassium chloride1sodium chloride 641–642
Potassium tris~carbonato! dioxoneptunate~aq!

1potassium carbonate 643
Potassium tris~carbonato!dioxouranate~VI !1water 582
Rubidium carbonato dioxoamericiate~V! ~aq!

1rubidium carbonate 678
Rubidium tricarbonatodioxouranate~VI !1water 582
Sodium bis~carbonato! dioxoneptunate~V! ~aq!

1carbon dioxide1sodium chloride 637–638
1carbon dioxide1sodium perchlorate 635, 637–63
1sodium carbonate1sodium chloride1potassium chloride 639
1sodium carbonate1sodium nitrate 639
1sodium carbonate1sodium perchlorate 635

Sodium carbonato dioxoamericiate~V! ~aq!
1carbonate ion1sodium chloride 677

Sodium carbonato dioxoneptunate~V! ~aq!
1carbon dioxide1sodium chloride 637–638, 638
1carbon dioxide1sodium perchlorate E631–E632, 63
1carbon dioxide1sodium hydrogencarbonate1sodium perchlorate 634
1sodium carbonate 632
1sodium carbonate1sodium perchlorate 633, 63

Sodium dicarbonatodioxouranate~VI !1water 581
Sodium pentacarbonato bis~dioxouranate~VI !!1water 587
Sodium pentakis~carbonato!thorate~aq!

1sodium carbonate E542, 543, 543
1sodium hydrogencarbonate 543

Sodium tris~acetato! dioxouranate~VI ! ~aq!
1acetic acid1sodium acetate 591, 592
1acetic acid1sodium acetate1ammonium acetate 592
1acetic acid1sodium acetate1ammonium nitrate 592
1acetic acid1sodium acetate1sodium nitrate 592
1acetic acid1sodium acetate1sodium perchlorate 592

Sodium tris~carbonato!dioxouranate~VI !1water 582
Sodium tris~carbonato!dioxouranate~VI ! ~aq!

1ammonium tris~carbonato!dioxouranate 585
1sodium carbonate 582
1sodium carbonate1sodium chloride 584
1sodium chloride 583
1sodium perchlorate 584
1sodium sulfate 583

Sodium zinc tris~dioxouranium~VI !!nonakis~acetate! ~aq!1ethanol 593
Strontium tris~carbonato!dioxouranate~VI !1water 587
Thorium acetate

12-Aminoethanol 547
11,2-Ethanediamine 547
11,2-Ethanediol 547
1water 546
J. Phys. Chem. Ref. Data, Vol. 30, No. 2, 2001



61

6

0

2

689689IUPAC-NIST SOLUBILITY DATA SERIES
Thorium carbonate~aq!1thorium oxalate1sodium carbonate1sodium oxalate 578
Thorium decanoate~aq!1potassium nitrate 547
Thorium dodecanoate~aq!1potassium nitrate 547
Thorium formate~aq!1formic acid 545
Thorium formate trihydrate

1acetone 546
1benzene 546
1carbon tetrachloride 546
1ethanol 546
1methanol 546
1oxirane~ethylene oxide! 546
12-propanol 546
1trichloroethylene 546

Thorium hexadecanoate~aq!1potassium nitrate 547
Thorium hydroxyquinolinate~aq!1hydrogen chloride1sodium chloride 571
Thorium 5-nitro-barbiturate1water 570
Thorium O-butylcarbonodithioate~aq!1potassium nitrate 548
Thorium O-decylcarbonodithioate~aq!1potassium nitrate 548
Thorium O-ethylcarbonodithioate~aq!1potassium nitrate 548
Thorium O-hexylcarbonodithioate~aq!1potassium nitrate 548
Thorium oxalate1water E548, 549, 562
Thorium oxalate~aq!

1ammonium chloride 562
1ammonium oxalate E557, 558, 559, 559–5
1 ammonium perchlorate1perchloric acid 563
1ammonium sulfate 562
1hydrogen chloride 550, 550, 551
1 hydrogen chloride1oxalic acid 563
1hydrogen chloride1sodium chloride 562
1nitric acid E551, 552, 552–553
1nitric acid1oxalic acid E564, 564, 565, 565–566, 56
1oxalic acid 555
1oxalic acid1perchloric acid 567
1potassium hydrogen sulfate 562
1potassium oxalate 556, 557
1sodium chloride 562
1sodium oxalate 556
1sodium sulfate 562
1sulfuric acid E553, 554
1thorium carbonate1sodium carbonate1sodium oxalate 578

Thorium oxalate dihydrate1ammonia 549
Thorium oxobis~hydroxybenzoate! ~aq!1ammonium hydroxybenzoate 569–57
Thorium oxocarbonate~aq!

1sodium perchlorate 541
1sodium carbonate1sodium perchlorate 541–54

Thorium pentadecanoate~aq!1potassium nitrate 547
Thorium phthalocyaninate

1benzene 571
11-chloronaphthalene 571

Thorium tetradecanoate~aq!1potassium nitrate 547
Thorium tridecanoate~aq!1potassium nitrate 547
Thorium undecanoate~aq!1potassium nitrate 547
Uranium~VI ! dioxocarbonate~aq!

1carbon dioxide 573, 574
1sodium carbonate 581

Uranium~VI ! dioxo~acetate!1water 588, 589
Uranium~VI ! dioxo~acetate! ~aq!
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1acetic acid 589
1phosphoric acid tri-n-butylester 590

Uranium~VI ! dioxo~acetate! dihydrate
1phosphoric acid di-n-butyl ester 591
1phosphoric acid tri-n-butyl ester 591
1phthalic acid di-n-butyl ester 591
1phthalic acid di-n-octylester 591

Uranium~VI ! dioxo~benzenesulfonate! ~aq!
1phosphoric acid tri-n-butyl ester 600–601

Uranium~VI ! dioxo~benzoate!1water 588
Uranium~VI ! dioxo bis~8-hydroxyquinolinate!1trichloromethane 628
Uranium~VI ! dioxo bis~8-hydroxyquinolinate!~8-hydroxyquinoline!

1dioxane 626
1ethanol1trichloromethane 628
1water 627

Uranium~VI ! dioxo bis~8-hydroxyquinolinate!~8-hydroxyquinoline! ~aq!
1ammonium carbonate1ammonium chloride 627

Uranium~VI ! dioxo bis@4,4,4-trifluoro-1-~2-thienyl!-1,3- butanedionate#
1benzene 629
1chlorobenzene 629
1cyclohexane 629
1o-dichlorobenzene 629
1dichloromethane 639
1n-heptane 629
1n-hexane 629
1isopropylbenzene 629
1toluene 629
1tetrachloromethane 629
1trichlorobenzene 629
1trichloromethane 629

Uranium~VI ! dioxo~butyrate!1water 588
Uranium~VI ! dioxocabonate~aq!

1carbon dioxide1sodium perchlorate E572, 575, 576, 577, 578, 578–579, 579–
Uranium~VI ! dioxo~ethylenediaminetetraacetate!1water 629
Uranium~VI ! dioxo~formate!1water 588
Uranium~VI ! dioxo~formate! ~aq!1formic acid 588
Uranium~VI ! dioxo~glycolate!1water 588
Uranium~VI ! dioxo~hydroxybenzoate!1water 588
Uranium~VI ! dioxo~iso-butyrate!1water 588
Uranium~VI ! dioxo~lactate!1water 588
Uranium~VI ! dioxo~monochloroacetate!~aq!

1diethyl ether 595–596
1phosphoric acid tri-n-butylester 596–597

Uranium~VI ! dioxo~nitrate! ~aq!
1uranium~VI ! dioxo~oxalate! 623
1uranium~VI ! dioxo~oxalate!1oxalic acid1nitric acid 623–624

Uranium~VI ! dioxo~oxalate!1water E609, 610
Uranium~VI ! dioxo~oxalate! ~aq!

1ammonium oxalate 617–618
1ammonium oxalate1nitric acid 622
1ammonium oxalate1perchloric acid 622
1barium oxalate 620
1calcium oxalate 619
1hydrogen chloride 614
1nitric acid E611, 611–612, 613
1oxalic acid 615–616
1oxalic acid1nitric acid 621
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1oxalic acid1perchloric acid 621
1perchloric acid 613
1phosphoric acid 614
1potassium oxalate 618–619
1sodium oxalate 616–617
1strontium oxalate 620
1sulfuric acid 615
1uranium dioxo~nitrate! 623
1uranium dioxo~nitrate!1oxalic acid1nitric acid 623–624

Uranium~VI ! dioxo~oxalate! N,N8-dimethylformamide monosolvate~aq!
1N,N8-dimethylformamide1nitric acid1oxalic acid 624
1N,N8-dimethylformamide1sodium perchlorate 625

Uranium~VI ! dioxo~propionate!1water 588
Uranium~VI ! dioxo~tartrate!1water 588
Uranium~VI ! dioxo~trichloroacetate! ~aq!

1diethyl ether 597–598
14-methyl-2-pentanone 599–600
1phosphoric acid tri-n-butylester 598–599

Uranium~VI ! dioxo~trifluoroacetate! ~aq!
1diethyl ether 593–594
1phosphoric acid tri-n-butylester 594–595

Uranium~VI ! dioxo~valerate!1water 588
Uranium~IV ! oxalate1water E601, 602, 602–603
Uranium~IV ! oxalate~aq!

1hydrogen chloride E603, 604, 605
1hydrogen chloride1ammonium oxalate 608
1hydrogen chloride1oxalic acid 608
1oxalic acid 607
1perchloric acid 606
1sodium oxalate 606
1sulfuric acid 605

Uranium~IV ! phthalocyaninate
1benzene 630
11-chloronaphthalene 630

11. Registry Number Index

Page numbers preceded by E refer to evaluation texts whereas those not preceded by E refer to compiled tables

50-81-7 E657, 658–660
56-23-5 546, 629
60-29-7 593–596
62-76-0 556, 578, 606, 616–617
64-17-5 546, 593, 628, 654, 668
64-18-6 545, 588, 655–656, 6787
64-19-7 588, 591, 592
67-56-1 546
67-63-0 546
67-64-1 546, 668
67-66-3 628–629
68-12-2 624–625
71-43-2 546, 571, 629–630
75-09-2 629
79-01-6 546
84-74-2 591
90-13-1 571, 630
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84
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4–578
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95-21-8 546
95-50-1 629
98-82-8 629
107-15-3 547
107-21-1 547
107-66-4 591
108-10-1 599–600
108-88-3 629
108-90-7 629
110-54-3 629
110-82-7 629
117-84-0 591
123-91-1 626
124-38-9 E572, 573–580, 630–631, E631–E632, 634, 636–638, E648, 649–652, 67
124-46-9 544
126-73-8 590–591, 594–601
127-09-3 591–592, 671–672
141-43-5 547
141-53-7 655
142-82-5 629
144-55-8 543, 634, 649, 675–677
144-62-7 539–540, 555, 563, E564, 564–567, 607–608, 615–616, 621, 623–624, 645–647, E657, 6

666–667, E681, 681–685
148-97-0 672
302-01-2 E657, 659
497-19-8 541–542, E542, 543, 578, 582, 584, 632–633, 635, 639, 641–642, 676
506-87-6 627, 644, 652, 654
506-93-4 544
506-97-3 648
516-02-9 620
534-17-8 643
541-09-3 589–590
562-99-2 545
563-72-4 619
583-52-8 556–557, 618–619, 657, 679–680, 683–6
584-08-7 640–643, 673
593-85-1 544, 581
631-61-8 592
814-95-9 620
1113-38-8 E557, 558–561, 569, 608, 617–618, 622, 656, 664, 666
1310-73-2 676–677
2031-89-2 E609, 610, E611, 611–624
2040-52-0 E548, 549–551, E551, 552–553, E553, 554–557, E557, 558–563, E564, 56
2847-15-6 E601, 602–603, E603, 604–60
3316-65-2 656–657, E657, 658–660
3812-32-6 E673, 677
5470-11-1 655
5794-28-5 619
6000-70-7 560
6132-02-1 578
6153-56-6 555, 615–616, 623–624
6159-44-0 588–591
6484-52-2 592, 653, 670
6487-48-5 556, 618–619
7264-35-9 539–540
7447-40-7 639, 641–642, 657
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7601-89-0 541–542, E572, 575–580, 584, 592, 625, 630–631, E631–E632, 633–638, E648, 649–6
E673, 674–676, 678

7601-90-3 563, 567, 575, 606, 614, 621–622, 656, 661, 678–
7631-99-4 592, 639
7646-93-7 562
7647-01-0 550–551, 562–563, 571, E603, 604–605, 608, 615, 660
7647-14-5 562, 571, 583–584, 637–639, 641–642, 652,
7647-15-5 562
7664-38-2 614
7664-41-7 549, 669
7664-93-9 E553, 554, 605, 615, 664, 67
7697-37-2 540, E551, 552–553, E564, 565–566, E611, 611–613, 621–624, 646–647, E657, 658–66

663–668, E681, 681–685
7732-18-5 539–542, E542, 543–548, E548, 549–551, E551, 552–553, E553, 554–557, E557, 558–56

564–571, E572, 573–601, E601, 602–603, E603, 604–609, E609, 610, E611, 611
E631–E632, 632–648, E648, 649–657, E657, 658–660, E661, 661, E662, 663–672,

673–680, E681, 681–685
7757-79-1 548
7757-82-6 562, 583
7783-20-2 562
7790-98-9 563, 671–672
10102-06-4 612, 623–624
12076-52-7 582–585
12125-01-8 627
12125-02-9 562, 670
12274-95-2 E572, 573–581
12386-47-9 541–542, 568
12581-78-1 571
13075-28-0 546–547
13266-86-9 546
13278-81-4 E661, 661, E662, 663–666
13520-83-7 623–624
14041-32-8 549
14286-13-6 591, 592
15221-09-7 595–597
16788-62-8 550–551, 552–553, 554–556, 558, 560, 563–
16984-59-1 588
17855-75-3 626–628
18077-77-5 585
18153-67-8 571
18274-71-0 678
18581-89-0 620
18581-91-4 620
18860-43-0 610–612, 614–620, 623–62
19024-62-5 568
19610-62-9 E542, 543
20196-48-9 645–646
20593-39-9 576
21740-41-0 597–600
26588-74-9 661, 663–665
34501-13-8 655–656
36568-63-5 652–653
38078-70-5 544
39292-10-9 648, E648, 649–652
51407-02-4 544
52689-31-3 666–668
54955-63-4 640–642
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54955-64-5 642
54974-80-0 593–595
55328-36-4 544
57127-86-3 E631–E632, 632–638
64438-44-4 635, 637–639
65113-20-4 679–680, E681, 681–684
83835-49-6 624–625
94667-45-5 600–601
101362-32-7 E673, 675–677
107176-04-5 547
107305-72-6 547
134893-75-7 547
134893-76-8 547
134902-18-4 548
134902-19-5 548
134902-20-8 548
134902-21-9 548
184444-18-3 629

12. Author Index

Page numbers preceded by E refer to evaluation texts whereas those not preceded by E refer to compiled tables

Akiba, K. 629
Al Mahamid, I. 639, 640–641, 641–642
Amphlett, C. B. E611, 611
Ananev, A. V. 656, 678
Anjaneyalu, B. 547
Asprey, L. B. 678
Babko, A. K. E572
Bachelet, M. 581–582, 586–587
Baluev, A. V. 590, 593–601
Beckraft. K. A. 639–642
Bevz, A. S. 640, 642
Bischoff, H. E572, 579–580
Blake, C. A. 581–584
Bolshakov, K. A. E609, E611, 612, 615–616, 623–6
Borodina, N. N. 672
Boyer, G. D. E631–E632, 635
Brauner, B. 569
Britton, H. T. S. 556
Brown, K. B. 581–584
Bryzgalova, R. V. E551, 553, E564, 565–566
Burney, G. A. E657, 658, E681, 682–685
Bykhovskii, D. N. 624–625
Campbell, A. B. E631–E632, 635
Carpenter, S. A. 639–642
Chander, K. E658, 659–660
Chapru, G. C. E662
Charles, R. G. 626
Cheneau, G. E657, 659
Chernitskaya, I. V. E551, 553, E564, 565–566
Cheylan, E. 581–582, 586–587
Clark, D. L. E631–E632, 638
Claudel, B. 541–542, 546, E557, 560
Colani, M. E548, 550, 555, 563, 588–589, E609, 610, E611, 612, 614–
Coleman, C. F. 581–584
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Courtois, C. 588
Czerwinski, K. R. E572, 577, E648, 651
Davidge, O. T. E611, 611
Dawson, J. K. E661, E662, 663, 664
Dervin, J. E542, 543–544
Dorough, G. D. E603, 604–605, 608
Drabkina, L. E. 652–653, 666–667, 667–66
Duis, M. 581–582, 586–587
Ebelmen, M. E609, 610
Eberle, S. H. 671–672
Elovskikh, N. N. 585
Ermakova, T. A. E609, 615–616
Essen, L. N. 563, 567
Evteev, L. I. E548, 549, 602
Fanghanel, F. E572, 577, E631–E632, E648, 6
Faucherre, J. E542, 543–544
Feldman, C. V. 547–548
Felmy, R. W. E673, 676–677
Ferri, D. E572, 575
Francis, K. E. E661, E662, 665
Freiser, H. 626
Fromage, F. 544
Fulton, A. R. E673, 676–677
Gelman, A. D. 645–647, E648, 653–654, 656, E661, 661, E662, 663–664, 666
Giffaut, E. 677
Giolitti, F. 585
Givon, M. E673, 673
Goheen, M. W. 570
Gorbenko, D. S. 643
Goulette, J. C. 581–582, 586–587
Grenthe, I. E572, 575, E631–E632, 63
Grinberg, A. A. E548, 549, E601, 602–603, 60
Hakem, N. 639–642
Hall, R. E564, 565
Hasilkar, S. P. E657, 659–660
Hauser, G. E553, 554, E557, 558
Hill, D. G. 581–584
Holden, H. C. E557, 559
Hoshi, M. 545, 654
Jadhav, A. V. E657, 659–660
Jain, H. C. E657, 659–660
James, C. E557, 559
Jarrett, M. E. D. 556
Jenkins, W. A. 549
Kadenskaya, V. S. E572
Kanellakopulos, B. E631–E632, 637–638
Kanno, T. 629
Kapshukov, I. I. E631–E632, 640, 642
Kato, Y. E572, 576, 578, 630–631
Kazachenko, D. V. 546
Keenan, T. K. 678
Keller, C. 671–672
Khedekar, N. B. E657, 659–660
Khodakovskii, I. L. E572, 573
Kim, J. I. E572, 577, 580, E631–E632, 637–638, E648, 650–651, E673, 674
Kimura, T. E572, 576, 578–579, 630–63
Kirby, H. W. 540
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Klygin, A. E. 627, 629
Kochergin, S. M. 557, E557, 561, E564, 566, 683–6
Kolyaga, N. S. 627
Kondratova, P. I. 645–646
Korablin, E. V. E681, 681–682
Korenmen, I. M. 562, 571
Korolikhin, V. V. 562, 571
Korovin, S. S. E609, E611, 612, 615–616, 207, 623–6
Kotchevanova, L. G. 591, 592
Kovalenko, K. N. 546
Kovaleva, I. S. E542, 543, E548, 556, 568
Krammer-Schnabel, U. E572, 579–580
Krivokhatskii, A. S. E551, 557, E557, 561, E564, 566, 683–6
Krot, N. N. 647, 656, 678
Kurnakova, A. S. E548, E551, 552, 555, E564, 5
Kuzmina, M. A. 548, 625
Lang, G. E557, 560
Lebedev, A. 679–680
Lemire, R. J. E631–E632, 635
Lingen, van der, G. W. B. 593
Lowrie, R. S. 581–584
Luerkens, D. W. 646–647
Lumpov, A. A. 594–599
Luzhnaya, N. P. E542, 543, E548, 556, 568
Mandleberg, C. J. E661, E662, 665
Marcus, Y. E673, 673
Martell, A. E. E572
Marx, G. E572
Matorina, N. N. 656–657
Maya, L. E572, E631–E632, 633
McCuiston, J. M. 549
Mefodeva, M. P. 647
Meinrath, G. E572, 576, 578–579, E631–E632, 636, E673, 674–
Mentzen, B. 545–546
Mikhailov, G. G. 541–542
Misko, Yu. S. 571, 630
Moiseev, I. V. 672
Monson, P. R. E564, 565
Moskalev, P. N. 571, 630
Moskvin, A. I. 563, 567, E601, E603, 604, 608, E611, 613, 621–622, 644, E648, 653–654, 656

E661, 661, E662, 663–664, 666–66
Muniyappan, T. 547
Myagkova-Romanova, M. A. 599–600
Naumov, G. B. E572, 573
Navarro, A. E557, 560
Navratil, J. D. 655
Neck, V. E631–E632, 637–638
Neu, M. P. E631–E632, 638, 652
Nigon, J. P. 678
Nikitin, A. A. E572, 573
Nikolaeva, N. M. E572, 574, 606
Nikolskii, B. P. 591–592
Nikolskii, N. A. 629
Nitani, N. 578, 630–631
Nitsche, H. E631–E632, 675–676
Novak, C. F. E631–E632, 639, 642
Oki, S. 628
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Pamfilova, G. G. 591–592
Paramonova, V. I. 591–592
Pashalidis, I. E572, 577, 580, E648, 650–65
Pazukhin, E. M. E551, 557, E557, 561, E564, 566, 683–6
Pazukhina, Yu. L. E551, 557, E557, 561, E564, 5
Penneman, R. A. 678
Perlova, C. V. 547–548
Petrzhak, G. I. E548, 549, E601, 602–603, 607, 624–
Pirozhkov, S. V. E572, 574, 679–680
Plyushchev, V. E. E609, 615–616
Porter, J. A. E657, 658, E681, 682–685
Prussin, T. 640–641
Rai, D. E333, 676–677
Razbitnoi, V. M. 679–680
Reas, W. H. E662, 665
Reily, S. D. 652
Riccio, G. E572, 575
Roberts, K. E. E631–E632
Robinson, R. J. 570
Robouch, P. E631–E632, 634, E648, 64
Rogozin, Yu. M. E551, 553, E564, 565–566
Rudolf, G. E631–E632
Runde, W. E572, 104, E631–E632, 637–638, 638, E648, 650, 652,
Saito, A. E631–E632, 632
Salutsky, M. L. 540
Salvatore, F. E572, 575
Samsonova, O. N. 546
Sazonova, V. F. 546–548
Schmitt, J. M. 581–584
Sergeeva, E. I. E572, 573
Shapkin, G. N. 571, 630
Shestakova, I. A. 539–540
Shiloh, M. E333, 673
Shubochkin, L. K. E548, E551, 552, 555, E564, 5
Silin, A. Yu. 590
Silva, R. J. E631–E632, E333, 339
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Smirnova, T. V. 647
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Smith, R. M. E572
Spitsyn, V. I. E548, E551, 553, 557, 603, 60
Stabrovskii, A. I. 585
Standifer, E. M. E631–E632
Starzicky, E. 678
Steinmeyer, R. H. 648
Sudarikov, B. N. 569–570, 625–626, 668–32
Suglubova, I. G. 590, 593–601
Suzuki, N. 629
Szilagy, M. 591
Taranov, A. P. 590, 600–601
Tsvetkova, V. T. 672
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