LaNH(NH,),*

LaNH(NH,). ,* + NH; & LaNH(NH,).*

LaNH

dePi

3)s

PLaNH(NH +
3)i 1

P o (NH3 ) 1PNH3 (Patg )12

LaNH(NH,),*

AG, = -R T In(K)
MP2/ECP28MWB_SEGg2 on
B3LYP/ECP28MWB_SEGnoG
geometries and thermal corrections

LaNH*

0

|
5
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~— Exchanges of protons: O-H RDF for H-and H,

Cea In the first coordination sphere of La( H);( H.,),

——

7 | ] ——g47OH 099
] | - 18 - 324
] | [ — a1 - 612
181 | [ ——g4-7OHt  0.5*04-7H
] 1.01 201
] | [ - 398 —1
16 1 | [ —2 —3
] | [ — ——g1-30H
] | ; : 104 119
147 | [ / 183 167
] | | | / 314 ~ 383
12 4 | ——5.48 739
] —— g1-30Hfit 0.5*101-3H
] o -
17 &~ .
08 1
0.6 1
04 1
02
0 .
0 1 3 4 5 6
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Cea Linear correlations for complexing constants of actinoids

ROQ? basic and

CO,? limiting complexes

complexing strenghts of analogous ions
P g g
21 i AnO,%* + 3 CO32' — AnOZ(C03)34-
¥ -
=18 T Ig Bg,w
3 15 |
2 - Ig KSviia,v
- 0
O 12 1 KO _Baw
<10 ) i 3VI/3V — BO
O . - 3,V
o 1 9 T
% 8 1 ] “_ANO,* + 3 CO.2 — ANO,(CO,)>
O(\I ] 3 1 lg B%V
c 4 - ]
< } 1
: 2 E O :_ An(C03)44- + CO32- —> An(C03)56-
O ] 1 A—A—h—A 0
8 O - i _3 | | | | Ig KS’IV
O 2 4 o6 8 10 An= U Np Pu Am
ROO?% + H* > ROOH-
Phrommavanh, et al. Migration'05, Vitorge et al. C.R.Acad.Sci. Capdevila, et al. J. Radioanal. Nucl. Chem. (1990) 403
Chim. (2007) 978. See also Carbonaro et al. Geochim. Capdevila’ et al. Radiochim. Acta (i996) 93
Cosmochim. (2011) 2499 and Ref.s therin for similar correlations Capdevila’ et al. Czech. J. F;hys. '(1999) 603
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Non-ideality:

— Activity coefficients (y) in agueous solution (Debye Huckel)
Surface complexation formula (Helmholtz Gouy Chapman Stern)

both based on Boltzmann Poisson equation

SIT formula
o 2 = . m-
3 7 a Arlg Nt ArZ| D Ar‘gl,] mj z
31 fi PuO,(s) + 4 H* — Pu** + 2 H,0
2.5 T <
: < z
71 <”
] A
] <
i X Z
15 Ry g(Pr3+,ClO,) /3
) Q X
131 = gz
. _FHCIO, - H* + ClO, z
| H,O in Na*,ClO .
0.5 t i aa(H,0 a",ClOy4) Sope 2 C.Alliot et al.
: A : g B e o ~ |Radjochim. Acta. (2005) 4
0 uu van m(C|04 ) (mOI.kg ) E ..&""D“EE'"""'H'mmq.;%_ - " Tf ( SDPE)?’f
— | . [ ] 12.00 4
0 1 2 3 4 5 6 7 S ° | _ S @"
C.Riglet et al. Radiochim. Acta (1989) 85 o 4l J.Soriano, et al. J.RadioAnal. R -
H.Capdevila et al. Radiochim. Acta (1992) 45 Nuclear. Chem (2011) 645 . : ]
H.Capdevila et al. Radiochim. Acta (1995) 51 2l : I;":E P:;i?ﬁ_ﬂ] i
H.Capdevila et al. Radiochim. Acta (1998) 11 D ik, P Esrieg e
P.Vitorge et al.XXXIX Congreso Mexicano de 5 . . . . . . 2]
Quimica (2004) Mérida, Yucatan (Mexico) 5 & 7 8 9 10 1 T 0 oo 50 w0 120
P.Vitorge et al. Actualité Chim. (2005), 285-6, 52 -log,; [H+] -tog {H]
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Solid solutions or mixtures,

Cea 2 equivalent thermodynamic approaches.

The (set of 2) equations are known for the simplest AB,,, ,,C., solid solution
Za Zg1b
B = [A™]IB b] for :AB, < A** +bB*® b =-zg/z, and
) (1-Xx) c = -z./z, for electro-neutrality.
A1[C*e]° — Upperlined species are in the mixture.
Kscz[A ][CC ] for :AC, < A +cC*™ PP g
' X

No extra thermodynamic formula is needed, they can equivalently be written:
P.Vitorge (2008)

CEA-R-6193

~

o ARIBEPC[CT
s.B s,C (1_ X)b(l—x) ch

Koo _ (@-x)°[C* T

Ksg x¢[B*]°

for :AB,, ,Coy & A +b(1-x)B*™ +cxC*

for :bB* +cC* «< bB* +cC*

\
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C@2) Is the product more stable when AG 07

log,oK A,G (kJ.mol?)
UO,?*(aq) + H,O() — UO,0OH*(aq) + H*(aq) -5.2¢ +30.,
UO,%*(aq) + HO(agq) — UO,0OH*(aq) +8.7¢ -50.,
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U0, H,0 HO"

UO,(OH),(H;0),
0T UOOH)(H,Q)5* UO,(OH)3(H,0)
% UO4(H,0)s? / VROML)
5 5
™ UD,(OH)(H,0),* e
= 22 )z UO,(OH)y &
N U0 (H,0)* foomia] uo,(oH), =

| \ uoz(Hzo)32+/ UOL(OH)

JOOH(H,0),* U0, (H,0),2* /

WOOH(H,0)3*
. 20) U0, (H,0)?*

UQOH?3f U0,z

-50 ||||=||||=||||=||||=||||=||||=||||=||||=||||=

-450 -400 -350 -300 -250 -200 -150 -100 -50 0
A.G(kJ.molY)

UOZO OZO(OH)'

N
<

O

-
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DE LA RECHERCHE A L'INDUSTRIE

C@a Mendeleiev

1 18

1 " » Z
H IUPAC Periodic Table of the Elements He
hydmgan halum
[LOOP: LOGH 2 Kay: 13 14 15 16 17 4008
3 4 atomic numiber 5 & T ] a 10
Li Be Symbol B C N O F Ne
ium baryllium L baron carbon nifogan aygeEn fuorine naon
[, BT Tep alandard dame waght [l 108y [l wREd] | [l ddadd) [, 1R T e
n 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium T g . aluminium sillioon phosphomnus suilfur chicrina argan
a0 o 3 4 5 n 7 & a n " 12 ® (08 300 a7 [osazm) | [mad a5 e
19 20 21 2 23 24 25 26 ko) 28 29 30 3 32 <] 3 35 36
K Ca Sc Ti \') Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
poiassum caiium mrandium Edanum wanadum i mium TN rHE mn ol nickal I o] gallium garmanium Ao Salarum bmomina oy fon
iR - 4008 4408 4787 S04 adii s494 5585 5493 SAgd BASE ES3ET) - Ok T2E AT Taged) Thdd &3 a0
ar 3B 40 a 42 43 44 45 L] a7 48 49 50 51 52 53 54
Rb Sr Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
muisdium sionium Timonium michinm malybdanum | fechnafum rutharium thadium palladium sibvar cadmium indium fin anfmaony fnllunum ioading nnan
=47 & ES i pedg] 9B 10 =g e 4 1R 124 18 AT i 1RE 1269 i3
55 56 T2 T3 T4 75 TG T T8 Ta 80 a1 82 83 84 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
cansilm Esarium hafnium tantaium fungsian rhanium T imiclim plafnum gaid marary thallium imad bimmuth polonium astmng mdon
L=t Lk RS 18049 Bia il 1902 =2 1E1 1R e [2043 204 4 a7 T
87 88 104 105 106 107 108 109 1o in LLF4 114 e
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Fl Lv
francium radium miberfordum | dubnum anahargium bahrum hassum maitnarium | darmetadium | mamganium | coparmiclm farovium liram i cim
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UO,OH(H,0),* + H,O < UO,0OH(H,0),*
Comparing DFT calculations with mass spectrometry results
Pierre Vitorge, Colin Marsden

DE LA RECHERCHE A LINDUSTRIE

In the mass spectometer [03GRE/GIA] :
RT In10 Ilg P(H,O/atm) =-5.71x 8.74 = -50 kJ.mol?

Interpreting mass spectra: k , / k,_ = K
RT In10 Ig K =-571x 9.75 = -56 kJ.mol!

DFT calculations
RT In10 Ig P(H,O/atm) =-5.71x 11.40 = -65 kJ.mol*

L _1_[UO0HH,0)T
(H20)12 = K 7 [UO,OH(H,0)3"] " H20

AG(kd.molt) =-RTIn K
assuming thermal equilibrium was achieved...

25°C, latm. B3LYP
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