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Valence electrons:

Oxidation States:
(all conditions)

Oxic zone:
(groundwater)

Suboxic zone:
(microbially active)

Anaerobic zone:
(microbially active)
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Natural organic matter : complex mixture of thousands of organic

compounds.
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Aromatic carboxylic acid

Stevenson’

= Use of simple ligand as model
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Aromatic carboxylic acid
- Anthranilic acid Phthalic acid Pyromellitic acid Mellitic acid
Os.__OH HOL_O . 0" o

structure NH, o o o

100 - 100 : 100
H R HI T
. 1
HR e | H,L
80 : 804 : 8O
! ! H,L
1 1
1 1
1 - 1 HﬁL' HL?
. - 5 i 2 0 | 8 £ 601 '
1 1 S
Speciation ¢ ! & - £ g
< ! - i 2 2
< | - Z
d' = a0 ! 404 ! = = a0
iagram . .
1 1
] H
20 i 204 i 20
1 1
1 1
J 1
h 1
0 r : 0 T T 0 r
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 10 12 14 0 2 10 12 14
pH pH pH

intermediate products of the
biochemical processes of the
humic substances

metabolite produced in L-
Source tryptophan-kynurenine pathway
in the central nervous system

end product of exhaustive
oxidation of graphite, coal, ...
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Methodology

« Complexation of Np(V)-ligand by UV-Vis-NIR spectrophotometry

_ MLn]

pn
M+ nL e ML, B, = ML

To determine the stability constants, the ligand concentration is
increased in actinide solutions.

Spectra analyzed by I\#‘\ software

HypSpec.
exe
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Schematic diagram of UV-visible spectrophotometer
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UV-Vis-NIR spectrophotometry
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Stoichiometry of Np(V) with aromatic carboxylic acid
1:1

_ Phthalic acid Pyromellitic acid
HO. O
OH
HO OH
structure &0 HOMOH

(e] (@]

Equilibrium NpO3 + L?>~ & NpO,L~ NpO} + L*~ & Np0O, L3~ NpO3 + L®~ & NpO,L5~

log pPP 1.37 £ 0.02 1.64 + 0.02 2.35 £ 0.02
Current work I=1.0M NaCl pH=6 I=1.0M LiCIO, pH=6 1=1.0M NaCl pH=6

log porP 1.62 £ 0.02 1.80 & 0.01 2.34 + 0.01

Ref. I=1.0M NaClO, I=1.0M NaClO, I=1.0M NaClO,
n 1 2 6
log B¢

Current work 1.37 1.34 1.57

n:Number of chelating binding sites log B¢ :statistically corrected stability constants
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Methodology <

« Stock solutions (cPa=10% M)
Purification from 22’Np : ion exchange chromatography

In 3M HCIO,
« Complexation of Pa(V) with mellitic acid by liquid-liquid extraction 30 —
at ultra-trace level at pH=1 o fokev
Determination of the distribution coefficient D by y spectrometry g 23p,
(311.9 keV) g ]
Organic | Cpq : Pa-organic extractant/Toluene Z 1000 ]
phase ——— n
Competition D= Cra _ Ara A W JIJ N s
AqueOUS CPH APE 50 100 150 ﬁ]gergyz(slgeV) 3 350 400 450
phase Cp, - Pa-Ligand /(H,Na)CIO, y spectrum of Pa(V) at ultra-trace level
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10 5 » Determination of the maximum stoichiometry of the
; complexes
® » Determination of conditional constants by adjusting (D,/D -1)
* with a polynomial of order.
14 _2
- _ cond _ [Pa(V)—(mell),] .
A Pa(V)+i- mell & Pa(V) — (mell); B; = Pat)] mell]! (i=1,2)
Do 4 _ [H*] cond . cond 12
PaO(OH)?** + H,0 <> PaO(OH),"
- P = g X B B = afg x 5o g = ke
0.01 __lﬁﬂmmmwm . . .
IE9 1E-8 IE7 1E-6 IE-S 1E-4 0001 001 01 1 Equilibrium
c(mellitic acid)/M Mellitic Pa(V)+ L8~ & Pa(V) — (L°7) 14.7+0.3
Variations of D as function of mellitic acid concentration acid Pa(V)+2L6' o Pa(V) — (L6‘)2 29.0 + 0.4

(Crep=3M,1=1.0M (Na, HCIO,), T=25°C, pH = 1)
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O Pa(V)-MeIIiticacid (pH=1, 1I=1.0M NaClO,, 25°C)

Determination of the maximum stoichiometry of the

complexes
Determination of conditional constants by adjusting (D,/D -1)

with a polynomial of order.

Pa(V)+i- mell & Pa(V) — (mell), l-cond = [1[3;651(/‘3)—]([1:;1[11)]1.1.] (i=1,2)
@ _ [H] cond 2 cond 12
- =tz P [melli] + B5°™**[melli]*)
PaO(OH)?* + H,0 < PaO(OH),"
PP = g x BEOM BEPP = afs x 5o = o

Mellitic Pa(V)+ L5~ & Pa(V) — (L57) 14.7+ 0.3

acid 29.0 + 0.4

Pa(V)+2L8~ & Pa(V) — (L87),
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Thermodynamic study

1:1
Stability constants of
Np(V)-aromatic carboxylic acid(10-~10-M)
UV-Vis spectrophotometry

Phthalic

+ 2— -
acid NpO; + L~ & NpO,L
Pyrom_ellltlc NpO§ + [+~ & NpO, L3~
acid
Mellitic + L 76— 5-
. NpO; + L°~ & NpO,L

NpOF + L~ & NpO,L

Anthranilic
\mid

@ichiometry of Np(V) with aromatic carboxy%
NpO,*

Equilibrium

? +
1.37 &+ 0.02

1.64 + 0.02

2.35 £ 0.02

Université
de Paris

Stoichiometry of Pa(V) with mellitic acid
1:1 and 1:2

-

. PaO(OH)?2*
Stability constants of

Pa(V)-aromatic carboxylic acid(~10-1°M)

©

Liquid-liquid extraction

Pa(V)+ L%~ & Pa(V) — (L°7) 14.7 + 0.3

Pa(V)+2L5~ & Pa(V) — (L7), 29.0+ 04

1.85 + 0.04/

\_

~
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ATR-FTIR spectroscopy ' Coordination geometry
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X-ray absorption spectroscopy (EXAFS) Interatomic distances

Theoretical calculations at PhLAM laboratory (Lille) Electronic structure

Sorption study

Influence of organic ligands on the sorption of An(V) by phosphate-based minerals in solution

*  Thermodynamic study
* Kinetic study
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