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Within the scope of the JAEA thermodynamic database project for performance
assessment of geological disposal of high-level radioactive and TRU wastes, the refinement of
the thermodynamic data for the inorganic compounds and complexes of trivalent actinoids
(actinium(III), plutonium(IIl), americium(Ill) and curium(Ill)) and samarium(Ill) was carried
out. Refinement of thermodynamic data for these elements was based on the thermodynamic
database for americium published by the Nuclear Energy Agency in the Organisation for
Economic Co-operation and Development (OECD/NEA). Based on the similarity of chemical
properties among trivalent actinoids and samarium, complementary thermodynamic data for
their species expected under the geological disposal conditions were selected to complete the
thermodynamic data set for the performance assessment of geological disposal of radioactive

wastes.
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1. Introduction

Many radionuclides are contained in high-level radioactive waste (HLW) and are part of
TRU waste packages, and some of them have long half-lives (more than 10* year). It is
necessary to estimate solubility of these radionuclides in ground and pore waters in natural and
engineered barriers, respectively, for performance assessment of geological disposal of HLW
and some TRU wastes (e.g. hulls and ends). Thermodynamic data, e.g. the solubility product
of solubility limiting solids and equilibrium constants for aqueous complexes at standard state
(i.e. ionic strength of 0), are needed to estimate the solubility and aqueous species in the ground
waters and pore waters: these data are fundamental to estimating sorption and diffusion
behaviors on/in engineered barriers and host rocks. The chemical properties of elements of
interest have been investigated, and many thermodynamic values were obtained which are
considered to be more reliable than those previously available. Therefore, the latest and the
most reliable thermodynamic data with transparency and traceability will be published to carry
out the reliable performance assessment by an implementer or a regulator.

Eighteen elements (actinoids, fission products, radiation products and their daughters,
etc.) were selected in the second progress report on research and development of geological
disposal of HLW in Japan (H12) " by the Japan Nuclear Cycle Development Institute (JNC),
which was one of the predecessors of the Japan Atomic Energy Agency (JAEA). The JNC’s
thermodynamic database (JNC-TDB) was developed for the performance assessment of the
geological disposal in 1999 . To develop JAEA’s thermodynamic database (JAEA-TDB),
thermodynamic data for more than 20 elements (not only for the performance assessment of
HLW but also for that of TRU waste in geological disposal) will be selected. Selection of
thermodynamic data for americium(IIl) in the JNC-TDB was based on the first version of TDB
by the OECD/NEA ¥ with a slight modification. Thermodynamic data on samarium(III),
actinium(IIl) and curium(IIl) were assumed to be the same as those for americium(IIl) due to
insufficient experimental data for these elements and because these elements have similar ionic
radii and are known to form isostructural compounds and complexes that show, where reliable
data are available, similarity in the values of equilibrium constants. We consider that
reasonableness of the assumption should be further discussed to enhance reliability of the TDB.

The Nuclear Energy Agency in the Organisation for Economic Co-operation and
Development (OECD/NEA) has developed thermodynamic databases (NEA-TDBs) for some

actinides (thorium, uranium, neptunium, plutonium and americium). All the published articles
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containing experimentally determined thermodynamic values were carefully reviewed and
discussed among experts gathered from all over the world. Procedure for the selection of
thermodynamic data is based on the guideline “TDB-1” published by the OECD/NEA ». The
first and the revised version of the TDB of americium were published in 1995 Y and 2003 ),
respectively. The first and the revised version of the TDB of plutonium were published in
2001 © and 2003 ), respectively. Although the revised version of TDB ” also contains some
thermodynamic data for uranium(IIl) and neptunium(IIl), we will not select these data because
these redox states are stable only under extremely reducing conditions and are unlikely to be
stable in geological media. Selected thermodynamic data for americium(Ill) and
plutonium(Ill) are listed in Table 1 and Table 2, respectively. ~The most enhanced
thermodynamic data for trivalent actinoids are of americium(IIl), hence the refinement of
thermodynamic data for the JAEA-TDB will be based on the thermodynamic data for
americium(III) as mentioned below.

The National Cooperative for the Disposal of Radioactive Waste in Switzerland (Nagra)
and the Paul Scherrer Institut (PSI) published their own TDB (Nagra/PSI-TDB) jointly in 2002
7 Their selection of thermodynamic data on americium(III) was based on the first version of
the NEA-TDB ¥, modified with the literature data (e.g., Neck ef al. ¥ that became available
after the NEA-TDB review in 1995 and before they carried out their review in 2002. They
also selected thermodynamic data for europium but their review did not address the selction of
data for samarium and actinium. .The update version of NEA-TDB was published later (2003),
hence we did not review their selected data but referred only the Nagra/PSI-TDB.

The Swedish Nuclear Fuel and Waste Management Co. (SKB) also developed their own
TDB (SKB-TDB) and published in 2006 . Most of thermodynamic data were taken from the
Nagra/PSI-TDB with some modifications, especially the selection of enthalpy. Selection of
thermodynamic data for americium(Ill) and plutonium(IIl) was based on the Nagra/PSI-TDB,
while thermodynamic data for curium(Ill) were assumed to be the same values as those for
americium(II). It is interesting that they selected and reviewed the thermodynamic data for
samarium and holmium as elements of interest in lanthanoids, but did not select actinium for
review

Although the above TDBs except the JNC-TDB have not selected thermodynamic data
for actinium, Ac-227, with a half-life of 21.8 y, is one of the important radionuclides as a
daughter of the actinium decay series for the performance assessment of geological disposal in

Japan. Therefore, we consider that thermodynamic data for actinium should be selected.
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Based on the above circumstances, refinement of thermodynamic data for trivalent
actinoids (actinium(Ill), plutonium(IIl), americium(Ill) and curium(Ill)) and samarium(III)
(which is the only element of interest among lanthanoids in the H12 report ") was carried out in
the present report. In selecting the data for the JAEA-TDB, a great advantage was taken of the
fact that these elements show analogous behavior in their thermodynamic properties and that a
very comprehensive good quality data are available for Am(III), which forms the basis for

filling in the data gaps for other elements in this group.
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2. Procedure for Refinement of Thermodynamic Data for JAEA-TDB

2.1 General Approach

Selection of thermodynamic data for the JAEA-TDB is based on the fundamental plan '*,
the content of which is briefly described below.

Selection of standard Gibbs free energy of formation (A;G°,), equilibrium constant of
reaction at standard state (K°) and standard Gibbs free energy of reaction (A,G°, = —RT In K°,
where R and 7 are gas constant and absolute temperature, respectively) is obligatory, and
selection of other thermodynamic values on enthalpy, entropy and heat capacity is
recommended.

Thermodynamic data for chemical compounds and species for radioelements with
naturally occurring elements (e.g., halogen, oxygen, carbon, nitrogen, sulfur, phosphorus)
should be selected. Thermodynamic data for elements with some organic ligands published by
the OECD/NEA 'V may also be selected. Other thermodynamic data which are needed to
select will be quoted from those called “Auxiliary Data” selected by the OECD/NEA '

Review and selection of thermodynamic values obtained from experimental data should
be based on the “TDB-1” guideline by the OECD/NEA *. Thermodynamic values or
databases selected by the OECD/NEA ', the Nagra/PSI ” and Lothenbach ez al. '*, which are
based on the “TDB-1” guideline *, could be selected to the JAEA-TDB after surveying the
latest literature and checking consistency of the value in the database. Otherwise review and
selection of thermodynamic values should be performed after surveying the literature to collect
proposed thermodynamic data.

Application of chemical analogues and models should be considered to obtain
thermodynamic values for some species for which there has been no published experimental
data. Some unreliable thermodynamic values, which are important for the performance
assessment of geological disposal of radioactive wastes, may be selected as tentative values
while specifying their reliability and the needs for the values to be determined.

All thermodynamic values should be standardized at 298.15 K and at zero ionic strength,
using the Bronsted-Guggenheim-Scatchard Model (usually called the “specific ion interaction

theory (SIT)”) '? for correction of ionic strength.
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2.2 Brief Procedure of Selection of Thermodynamic Data for Trivalent Actinoids and
Samarium(I1I)

Selection of thermodynamic data for americium(IIl) is based on the revised version of the
NEA-TDB * with some slight modifications.

Thermodynamic data for curium(IIl) are taken from those for americium(III) without any
modifications. In fact, some thermodynamic data for americium(Ill) are taken from (or
together with) those for curium(IIl) in the NEA-TDB *. This shows that the OECD/NEA
recommends applying thermodynamic data for americium(III) to curium(III).

Some thermodynamic data for samarium(IIl) are briefly reviewed by us. We will take
thermodynamic data from those for americium(IIl) after discussing reasonableness of applying a
chemical analogue.

Thermodynamic data for actinium(IIl) are tentatively selected by us based on the

experimentally determined values, although the determined values are insufficient.
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3. Detailed Procedure of Selection of Thermodynamic Data for Trivalent Actinoids and

Samarium(III)

3.1 Americium(IIl) and Curium(III)

Lists of crystal ionic radius of M** (M: Sm, Ac, Pu, Am and Cm) are shown in Table 3 )
It is shown that the variation in ionic radius of Sm’", Pu’" and Cm’* against Am®" is within 2 %.
Assuming a Coulombic interaction as a mechanism of complexation of M’" (e.g., the Hard
Sphere Model '), the difference in thermodynamic equilibrium constants for trivalent actinoids
(except actinium due to lack of experimental data) and samarium is expected to be within the
uncertainty (or error) reported in these values.. Therefore, except for actinium a chemical
analogue approach should be applicable to these trivalent elements, where available reliable
data for one of these elements may be subtitled for the missing data for the others..

Selection of thermodynamic data for americium(IIl) is based on those selected in the
NEA-TDB shown in Table 1. We accepted thermodynamic data only for trivalent americium
because americium would exist only in the trivalent oxidation state in the geological disposal
system. Species and compounds for which the equilibrium constants (log;, K°) were not
selected were excluded because they were unlikely to be useful in applying thermodynamic data
to geochemical calculations. Even if the log;, K° values are provided in the NEA-TDB, we
excluded the log;y K° values for some reactions which are not expected in geologic

environments (e.g., Eq. 1 involving gaseous HCI and H,0);

AmCls(er) + H,0(g) < AmOCI(cr) + 2 HCI(g) . (1)

Some A:G°,, values were estimated by us. The A;G®,, for NO, of -32.200+0.100 kJ ‘mol” was
derived from the NBS Table '® with approximate errors added by us. Selected thermodynamic
data on americium(III) for the JAEA-TDB are summarized in Table 4.

As mentioned above, some thermodynamic data for americium(IIl) are taken from (or
together with) those for curium(IIl) in the NEA-TDB ”. This shows that the OECD/NEA
recommends applying thermodynamic data for americium(III) to curium(IIl), although there are
no solubility data for curium(Ill). Therefore, equilibrium constants for curium(IIl) are taken
from those for americium(IIl) without any modifications in the JAEA-TDB.

On the other hand, Gibbs free energy of formation (A{G°,) for Cm®" should be taken
from elsewhere because it has not been selected by the OECD/NEA. We have found that
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Fuger and Oetting '” have thoroughly reviewed and selected thermodynamic data for actinoid
(from actinium through lawrencium) elements and compounds. Some of molar enthalpies and
entropies of formation for curium(Ill) selected by Fuger and Oetting '” were accepted by the
OECD/NEA. Although the AG°,, values for actinoid(Ill) aqua ions were reevaluated in the
NEA-TDB, selected values by the OECD/NEA were quite similar to those by Fuger and Oetting
as shown in Table 5. Therefore, for consistency the A;G°,, value of Cm’* ((-595.802 + 6.276)

kJ-mol") was taken from Fuger and Oetting '”.

Gibbs free energies of formation for other
curium(Ill) aqueous complexes and solid phases were determined from log K° values of
reactons involving these species,and Gibbs free energies of formation of Cm’" and other other
non-curium species involved in the reactions.

Selected thermodynamic data for curium(Ill) for the JAEA-TDB are summarized in

Table 6. Thermodynamic data of enthalpy, entropy and heat capacity were not selected in the

JAEA-TDB due to insufficiency of data and models used.

3.2 Plutonium(III)

Thermodynamic data on plutonium(IIl) were selected by the OECD/NEA > as shown in
Table 2. However, it is found that the selected thermodynamic data for plutonium(III) is much
more limited than that for americium (compare Table 2 and Table 1). The reason for the
difference is a basic policy to select thermodynamic data by the OECD/NEA, which focuses on
experimental data, careful review of literature, and exclusion of unreliable data and/or
conclusions. Hence selected thermodynamic data are considered to be very reliable.
However, only using the selected data for plutonium(Ill) from the NEA-TDB may sometimes
because of incompleteness of the data lead to wrong conclusions from the point of view of
performance assessment.

Comparing selected equilibrium constants for plutonium(IIl) species and compounds to
those for americium(Ill), it is found that the values of equilibrium constants are similar.
Furthermore, the ionic radius of Pu’" is quite similar to that of Am’" as shown in Table 3,
therefore interaction between a central ion (i.e. Am’" or Pu’") and ligands is expected to be quite
similar, as the comparisons of the values of equilibrium constants show. Thus equilibrium
constants for americium(III) species and compounds, where the data for corresponding reactions
for Pu(Ill) are lacking, are considered to be applicable to use for plutonium(III) reactions.

Plutonium(III) easily oxidizes to the tetravalent state. Even in the reducing conditions,

oxidation state of plutonium tends to become tetravalent in basic solutions, and no
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thermodynamic data for plutonium(Ill) carbonates and carbonate complexes ©

are
recommended by the OECD/NEA. We basically agree with the recommendation, but we
select thermodynamic data for carbonate complexes and solids of plutonium(Ill) from the
comprehensive point of view.

Gibbs free energy of formation for Pu®™ ((-578.984+2.688) kJ-mol") is taken from the
NEA-TDB . Gibbs free energies of formation of other plutonium(III) species were estimated
from Gibbs free energies of formation of Pu’" and other species involved in the reaction
including the given species, and from log K° values of the reaction.

Selected thermodynamic data on plutonium(Ill) for the JAEA-TDB are summarized in

Table 7. Thermodynamic data of enthalpy, entropy and heat capacity were not selected in the

JAEA-TDB due to insufficiency of data and models used.

3.3 Samarium(III)

The OECD/NEA has no current plans to review data for samarium(Ill). Some
experimentally determined thermodynamic data for Sm(III) are available but the total amount of
data available data for Sm(III) is far less than that for americium(Ill). Equilibrium constants
for samarium(Ill) hydroxides and hydrolyses species which have been experimentally
determined are shown in Table 8 as an example. Although there were some studies to
determine the solubility product of Sm(OH);(s) as shown in Table 8, most of the experiments

were performed in a short time periods (such as half an hour) '¥.

The short contacting time
may be the reason that most of the obtained equilibrium constants for Sm(OH);(s) are much
lower than those for Am(OH);(am).

We believe that the most reliable thermodynamic data for samarium(IIl) hydroxide and
hydrolyses species is by Shibutani '

Sm(OH);(s) but also for SmCO;0OH(s) and approached the solubility from both over- and

She conducted solubility experiments not only for

under-saturation directions. Contact time was up to 106 days. She determined solubility
products and hydrolyses constants for samarium(III) as shown in Table 8, and the hydrolysis
constant of Sm(OH),” was revised afterwards due to large uncertainty . The obtained
equilibrium constants were quite similar to those for americium(IIl) as shown in Table 4. As
with plutonium(III), the ionic radius of Sm®" is quite similar to that of Am®" as shown in Table 3,
hence interaction between a central ion (i.e. Am’" or Pu’") and ligands is considered to be quite
similar.,  Thus, equilibrium constants for americium(IIl) species and compounds were

considered to be applicable to use for samarium(III).
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Gibbs free energy of formation for Sm’* (-666.6 kJ-mol") was taken from the NBS
Tables '” with addition of an uncertainty of the value (1 kJ'mol") because neither the
OECD/NEA nor the literature by Fuger and Oetting '” has selected this value.

Gibbs free energies of formation for other samarium(IIl) species were estimated from
Gibbs free energies of formation of Sm®* and other species involved in the reaction including
the given species, and from log K° values of the reaction.

Gibbs free energies of reaction which were easily determined from log K° values.

Selected thermodynamic data on samarium(Ill) for the JAEA-TDB are summarized in
Table 9. Thermodynamic data of enthalpy, entropy and heat capacity were not selected in the
JAEA-TDB due to insufficiency of data and models used.

3.4 Actinium(III)

The OECD/NEA has no current plans to review data for actinium(Ill) We found only
one article about the solubility of actinium(Ill). Ziv and Shestakova conducted solubility
experiments on actinium(IIl) hydroxide from the oversaturation direction in 0.001 M NH4;NO;
solution, and obtained a solubility product of fresh and old Ac(OH);(s) (with contacting time of
one hour and one week, respectively) as shown in Table 8 *". They found that the obtained
solubility product for Ac(OH);(s) is more than 4 orders of magnitude larger than that for
Am(OH);(am). One of the reasons may be radiation effect of a-emitters (i.e. actinium itself),
but a major reason is considered to be the difference in the crystal ionic radius between Ac’”
(shown in Table 3) and other trivalent lanthanoid and actinoid ions. Large ionic radius may
weaken Coulomb interactions between a central ion and ligands and thus destabilize solid
phases. We are uncertain whether the differences in observed solubility products are a result of
the experimental difficulties or truly due to the inherent differences in the chemistry of these
elements. However, the study by Ziv and Shestakova *" was the only one for solubility of
actinium(III); therefore we refer the solubility data by Ziv and Shestakova *" to estimate
solubility product of Ac(OH);(am).

On the other hand, formation constants for actinium(Ill) complexes may be similar to
those of other trivalent lanthanoid and actinoid ions. Stability constants for actinium(IIl) with
chloride and bromide ions were determined by Fukasawa et al. ** together with some trivalent
lanthanoids and actinoids by solvent extraction method as shown in Table 10 **. It was found
that differences in the values of stability constants between actinium(Ill) and other trivalent

lanthanoids/actinoids were quite small (within 0.2). This result suggests that the effect of
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crystal ionic radius is negligible in the aqueous species.
Based on above experimental observations, we decided refinement of thermodynamic

data for actinium(III) as follows:

— Refinement of thermodynamic data for actinium(Ill) was based on those for
americium(III),

— Solubility products for amorphous actinium(Ill) compounds (Ac(OH);(am),
AcPOg4(am,hydr), Ac,(CO;);(am) and AcCO;0H(am)) were set to the values as
those for americium(IIl), with addition of larger uncertainties (4 order of
magnitude),

—  Solubility products for crystalline actinium(Ill) compounds were not selected due to
destabilization by self a—radiation effect of actinium,

—  Stability constants for actinium(Ill) complexes were taken from those of

americium(IIl) with addition of larger uncertainties (0.2 order of magnitude).

Gibbs free energy of formation for Ac®” (-640.152 + 25.104 kJ-mol™) was taken from
Fuger and Oetting ' on the same basis as that of Cm®". Gibbs free energies of formation of
complex actinium(III) species were estimated from the Gibbs free energies of formation of Ac®*
and of other species involved in the given reaction and from log K° values of the reaction.

Selected thermodynamic data for actinium(IIl) for JAEA-TDB are summarized in Table
11. Thermodynamic data of enthalpy, entropy and heat capacity were not selected in the
JAEA-TDB due to insufficiency of data and models used. All the obtained thermodynamic
data for actinium(III) should be treated as tentative values, because the correction of values and

addition of uncertainties are not quantitative.
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4. Conclusions

Thermodynamic data for samarium(IIl), actinium(III), plutonium(III), americium(III) and
curium(IIl) were refined on the basis of those of americium(IIl) from the OECD/NEA. It was
found that equilibrium constants for samarium(III), plutonium(IIl) and curium(IIl) were almost
the same as those for americium(Ill). Solubility products and stability constants for
actinium(IIl) were set to the same mean values as those for americium(IIl) with addition of
much larger uncertainties based on experimental observations noted in the literature. Selected
thermodynamic data will be included in the JAEA-TDB, and revision of thermodynamic data

will enhance reliability of thermodynamic database comparing with previous ones.
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Table 3 Crystal radius of trivalent actinoids and samarium(III) '

crystal radius (A)

. electrical
10n f 1 t. N N
contigulation CN =6 CN' =8

Ac’” [Rn] (6p%) 1.12 1.26
Pu’* [Rn]5f° 0.995 1.123
Am’** [Rn]5f° 0.980 1.106
Cm’" [Rn]5f 0.970 1.094
Sm** [Xe]4f® 0.958 1.079

* . .
CN: coordination number



JAEA-Review 2009-047

sIoyyne dy) Aq POFIPOW IO PAUILIDIA(

¥S8'TF 698°611- 00S°0 F 000°1C (0)OHSH(*0D)wVeN < BN + (DOH § + ;F0D T+ , WV S09°S F 120°CTCE- (1)OTHS4(*0D)wyEN
TILTF 0ThL- 00€°0 F 00€'T NOSWY < NOS + WV SPb'9F 8IY €IS NOSwy
LT0T T 0656 081°0 F 089°1- JH A+ fHOo)oIswy < (be) (HO)IS + W 000°S F #+8'9681- LHO)OISUY
vS8'T F 098'LTI- 00S°0 F 00¥°TC (19)0THS 0-HO*0OWY < HO + (DOH §°0 + ,f00 + ,WV! 09S°S F 8T 0EST- (19)O*HS 0-HO*ODWY
80L'S F TOESTI- 000'T F 00T°0C (we)HO*OOWY < HO + ;*0D + ;Eﬁ L Obb'L F 0TI°66€1- (we)HO*OOWY
6LT9 F ¥TES6™ 001'T F 0091 (we)FoD)wy < f0D €+ . WV T, 9SH'II F 0T 9L8T- (we)s(*0D)aury
TILTF S69°L1- 00€°0 F 001°€ 7OOHWY < fODH + ,WVi 090°S F 8€T€0TI- LFOOHWY
80L'S F 179°68- 000'T T 000°ST LEoowy < oD ¢+ Wy 12S°L ¥ 810°89CC- o0 uy
STY'EF ¥€9°€L- 009°0 F 006'CT Hfoowy < f0D T+ ;aﬁ 116°S F 1€1'8TLI- L(top)ury
€8T F ¥99'S- 00°0 F 0008 LOOWY & 0D + V! 68T'S F T9TTLII- Jfoowy
vS8'TF YTl LI~ 00$°0 F 000°€ 7/ Od*HWY < YOdH + ,WV: €9L'S F ¥L6'TSLT- L Od*HUY
STH'EF 005 TH1- 009°0 F 06L'tC (IPAywe)’ oduy < FOd + WV 890°9 F 689°S9LI- (IpAy‘we) o Jury
1T F T6S'L- 0020 F 0€€°T LONWY < fON + WV 806t F €80°LIL" LFONwy
W1 F L86T1- 0020 F 001°C LFONWY < TON + WV} 166'% F S88°TH9- LONwY
1LS0F TES'6- 001°0 F 0L9'T LNV < N+ ;aﬁ 061°S F 0£0°09¢- LNy
968°0 F 0TI'1C- 0S1°0 F 00L°€ Hrogwy < _FOS T+ Wi €06'v F 978°LOTC- Lros)uy
968°0 F L£8'8I- 0S1°0 F 00€°€ Joswy < FOS + Wi 6v8'v F 8€S°19¢€1- Josuy
S8T0F ¥TT Y 0S0°0 F O¥L"0" JDwY < D T+ WV 69LY F 806958~ Jowy
ILT0F 0LET- 0€0°0 F 0¥T'0 LAWY & D+ Wy 6SLY F S8TIEL" owy
W11 F LOT €S- 002°0 F 008°S Jduy < 47+, wvi T80°S F IS8 V611- Jduy
€8TTF LOV'61- 00t°0 F 00%°€ LAWY & I+ ;E<m 0TE'S F 879668~ LAWY
STV F S¥0'68 009°0 F 009°S1- H €+ (PAHOWY < (DOH € + ,WV: 198°S F €L0°1CCI- (D) (HO)wY
99S'% F 99196 008°0 F 00691~ JH €+ (e (HO)wY < (DOH € + WV p6S'9 F TSYEITI- (we){(HO)wry
vS8'TF 1SS 611 00S°0 F 00T°9C- JH €+ (be)¥(HO)wY < (DO%H € + WV LYS'S F 895091 1- (be)((HO)wY
966'¢ F 16198 00,0 F 00T°SI- JH T+ (HO)WY < (DOH T + WV 11T°9 F L8L'986" JA(HO)ury
vS8°T T 8601t 00S°0 F 00T'L- JH+ HOwy < (DOH + ;E<m 9%S°S F OVL ¥6L- Howy
m SSL'Y F 869°865- LUV

: 000°0 ()ury

(Jour.ry) *.0'v oY 01301 uonoeay; (Jowr.ry) . o'y soradg

gAL-VAV( oy 10J sioyine o) Aq Pa3od[9s ([[)WNIOLIdUWIR I0] B)ep OIUBUAPOWIAY], 1 J[qeL



JAEA-Review 2009-047

Table 5 Selected Gibbs free energy of formation (AG°,, (kJ-mol™)) for actinoid(III) aqua ions
by the OECD/NEA and the literature by Fuger and Oetting

ion OECD/NEA * Fuger and Oetting """
Ac™ — -640.152 +25.104
U -476.473 +1.810 —

Np** -512.866 + 5.669 —

Py’ -578.984 +2.688 -578.647 +3.347
Am** -598.698 +4.755 -599.149 +1.255
Cm’™* — -595.802 +6.276

*

The AG®,, values by Fuger and Oetting were converted from a unit of kcal-mol™ to kJ-mol™

by the authors using 1 cal =4.184 J.
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Table 8 Solubility product and hydrolysis constants for samarium(IIl) and actinium(I1I)
comparing with those for americium(IIl) and plutonium(IIl) selected by the OECD/NEA

element method™ medium T (K) log K ref.
M*" + 3 H,0(1) & M(OH);(s) + 3 H'
Sm sol 0.1 M Sm(NO»); 298.15 -18.48 (1=0)" 23
sol 0.1 M Sm(ClO,)s 298.15 -18.92 (1=0)" 23
sol 0.045 M Sm(ClO,);  298.15 -19.99 (1=0)" 24
sol <0.1 M Sm(NO;);  293.15 -17.68 (I=0)" 25
sol  (2-6)x10*MSmCl; 293.15 -17.29 1=0)" 26
sol 0.002 —4.0 M NaCl  298.15 -16.13 (1=0)" 27
sol 1 M NaClO, n.s. -17.5=1) 18
sol 0.1 M NaClO, r.t. -16.4 (1=0) 19
Ac sol 0.001 M NH4NO; r.t. fresh: -23.35+0.23 21
old: -21.11 £ 0.14
Am (I=0 by the OECD/NEA) 298.15 am: -16.9+ 0.8 5
cr: -15.6+£0.6
_Pu (I=0Dby the OECD/NEA) 298.15  er-158£15 S o
M’ + H,0(l) & MOH* + H"
Sm pot 0.001 M sulfate 298.15 -8.90 28
pot 0.3 M NaClO, 298.15 -8.36 29
sol 1.0 M NaClO, rt. -7.50 18
ext 0.1 M LiClO, 298.15 -4.40 30
sol 0.1 M NaClO, rt. 2712 (1=0) 19
Am (I =0 by the OECD/NEA) 298.15 72+0.5
_Pu (I=0by the OECD/NEA) 29815 69+03 5
M*" + 2 H,0(l) & M(OH)," + 2 H"
Sm sol 1.0 M NaClO, r.t. -15.0 18
sol 0.1 M NaClO, r.t. <-15.0 1=0) 20
_Am__ (=0bytheOECDNEA) 29815 15107 S
M’ + 3 H,0(l) & M(OH);(aq) + 3 H
Sm sol 1.0 M NaClO, r.t. -22.7 18
sol 0.1 M NaClO, r.t. 24.9 (1=0) 19
_Am__ (1=0bytheOECDNEA) 29815 -262+05 S
M*" + 4 H,0(l) & M(OH), + 4 H
Sm sol 1.0 M NaClO, r.t. -36.7 31

" sol: solubility, pot: potentiometry, ext: solvent extraction
"2 Determination of log K° was performed by Diakonov ef al. **

"3 Recalculated by the authors
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Table 10 Stablity constants of the chloride and bromide complexes of some lanthanoids and

actinoids with reaction of M*" + x L < ML>* (x: 1 and 2) at 3.0 mol-dm™ LiCl or

LiBr solutions *

anion metal B i3
Cr Sm 0.41+0.04 0.25+0.03
Eu 0.52 £0.02 0.22 £0.02
Gd 0.56+0.02 0.21 £0.02
Tb 0.45+0.02 0.26 £0.02
Ac 0.44 +0.02 0.31+0.02
Am 0.55+0.03 0.22 +£0.02
Cm 0.56 +£0.03 0.20+0.02
Bk 0.59+0.02 0.25+0.02
Cf 0.61 £0.04 0.25+0.03
B Sm 033+004 0244003
Eu 0.38 £0.02 0.23 £0.01
Gd 0.37+0.02 0.26 £0.02
Tb 0.41 £0.03 0.22+0.01
Ac 0.42+0.02 0.29 £0.01
Am 0.30 £0.03 0.28 £0.02
Cm 0.39+0.02 0.22 £0.02
Bk 0.15+0.04 0.29 £0.03
Cf 0.30+0.04 0.30+0.03
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