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Introduction

Behavior of actinide in the environment

 Radionuclide contamination: a global, 

complex, and long lasting issue.

 The mobility of actinides depends on: 

pH, redox potential, soil and aquifer 

compositions. 

 In particular, the presence of natural or 

anthropogenic organic ligands can 

modify the speciation and the 

solubility of these radioelements. 

[1] Brown, G. E., Foster, A. L., Ostergren, J. D., PNAS, 1999, 96, 3388-3395.
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Introduction

An4+ > An3+ >AnO2
2+ > AnO2

+

Low solubility

Strong sorption

Low mobility

soluble 

Weak sorption

High mobility

[2] Maher, K. et al., Inorganic Chemistry 2013, 52(7), 3510-3532.  

Actinides

◼ Natural organic matter : complex mixture of thousands of organic 

compounds.

 Use of simple ligand as model

Stevenson’s proposed structure of HA
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Studied systems

Anthranilic acid Phthalic acid Pyromellitic acid Mellitic acid

structure

Speciation 

diagram

Source
metabolite produced in L-

tryptophan-kynurenine pathway 

in the central nervous system

major pollutants of purified 

terephthalic acid wastewater

intermediate products of the 

biochemical processes of the 

humic substances

end product of exhaustive 

oxidation of graphite, coal, ...

Aromatic carboxylic acid
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Complexation of Np(V) with aromatic carboxylic acid

• Stock solutions (cNp=10-2 M)

Dissolution of NpO2(OH)·2.5H2O in 1M HCl

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

To determine the stability constants, the ligand concentration is 

increased in actinide solutions. 

Spectra analyzed by               software

UV-Vis-NIR spectrophotometry

237Np
Schematic diagram of UV-visible spectrophotometer 

Methodology

𝑀 + 𝑛𝐿
𝛽𝑛
𝑀𝐿𝑛 𝛽𝑛 =

[𝑀𝐿𝑛]

𝑀 [𝐿]𝑛



6

 Np(V)-Mellitic acid (I=1.0M NaCl, room temperature)

NpO2
+

NpO2L
5-

Free Np(V)

980.6
Complex

987.2

Equilibrium 𝐥𝐨𝐠 𝜷𝒂𝒑𝒑 media Ref.

𝑵𝒑𝑶𝟐
+ + 𝑳𝟔−

↔ 𝑵𝒑𝑶𝟐𝑳
𝟓−

2.35± 0.02
I=1.0M NaCl 

pH=6
Current work

2.34 ± 0.01 I=1.0M NaClO4

Choppin et 

al. 

[7] Choppin G R, et al,. Journal of alloys and compounds, 1998, 271: 774-777.

Complexation of Np(V) with aromatic carboxylic acid

Hypspec

Absorption spectra of Np(V)-mellitic acid species
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[7] Choppin G R, et al,. Journal of alloys and compounds, 1998, 271: 774-777.

Complexation of Np(V) with aromatic carboxylic acid

Hypspec

Isobestic point 

 = 983.6 nm

Free Np(V)

980.6
Complex

987.2

Isobestic point 

 = 983.6 nm
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Complexation of Np(V) with aromatic carboxylic acid

Phthalic acid Pyromellitic acid Mellitic acid

structure

Equilibrium 𝑵𝒑𝑶𝟐
+ + 𝑳𝟐− ↔ 𝑵𝒑𝑶𝟐𝑳

− 𝑵𝒑𝑶𝟐
+ + 𝑳𝟒− ↔ 𝑵𝒑𝑶𝟐𝑳

𝟑− 𝑵𝒑𝑶𝟐
+ + 𝑳𝟔− ↔ 𝑵𝒑𝑶𝟐𝑳

𝟓−

𝐥𝐨𝐠 𝜷𝒂𝒑𝒑

Current work
1.37± 0.02

I=1.0M NaCl pH=6

1.64± 0.02
I=1.0M LiClO4 pH=6

2.35± 0.02
I=1.0M NaCl pH=6

𝐥𝐨𝐠 𝜷𝒂𝒑𝒑

Ref. 

1.62 ± 0.02
I=1.0M NaClO4

1.80 ± 0.01
I=1.0M NaClO4

2.34 ± 0.01
I=1.0M NaClO4

n 1 2 6

𝐥𝐨𝐠 𝜷𝒄

Current work
1.37 1.34 1.57

Stoichiometry of Np(V) with aromatic carboxylic acid
1:1

Ligand Np

O

O

+

n:Number of chelating binding sites   𝐥𝐨𝐠 𝜷𝒄 :statistically corrected stability constants
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• Stock solutions (cPa=10-8 M)

Purification from 237Np  : ion exchange chromatography

In 3M HClO4

• Complexation of Pa(V) with mellitic acid by liquid-liquid extraction 

at ultra-trace level at pH=1

Determination of the distribution coefficient D by γ spectrometry 

(311.9 keV)

γ spectrum of Pa(V) at ultra-trace level

233Pa
Methodology

Organic 

phase

Aqueous 

phase

𝒄𝑷𝒂 : Pa-organic extractant/Toluene

𝑪𝑷𝒂 : Pa-Ligand /(H,Na)ClO4

Competition

Complexation of Pa(V) with aromatic carboxylic acid
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𝐷0

𝐷
− 1 =

𝐻+

𝐻+ +𝐾2
(𝛽1

𝑐𝑜𝑛𝑑 𝑚𝑒𝑙𝑙𝑖 + 𝛽2
𝑐𝑜𝑛𝑑 𝑚𝑒𝑙𝑙𝑖 2)

𝑷𝒂𝑶(𝑶𝑯)𝟐+ + 𝑯𝟐𝑶 ↔ 𝑷𝒂𝑶(𝑶𝑯)𝟐
+

Variations of D as function of mellitic acid concentration 

(CTBP = 3 M, I = 1.0 M (Na, HClO4), T = 25 ℃, pH = 1)

 Pa(V)-Mellitic acid (pH=1, I=1.0M NaClO4, 25℃)

• Determination of the maximum stoichiometry of the 

complexes

• Determination of conditional constants by adjusting (D0/D -1) 

with a polynomial of order.

𝛽1
app

= 𝛼L6− × 𝛽1
𝑐𝑜𝑛𝑑 𝛽2

app
= 𝛼𝐿6−

2 × 𝛽2
𝑐𝑜𝑛𝑑 𝛼6− =

𝑚𝑒𝑙𝑙𝑖 𝑡𝑜𝑡𝑎𝑙

𝐿6−

ሻ𝑃𝑎(𝑉 + 𝑖 · 𝑚𝑒𝑙𝑙 ↔ 𝑃𝑎 𝑉 − (𝑚𝑒𝑙𝑙ሻ𝑖 𝛽𝑖
cond =

𝑃𝑎 𝑉 −(𝑚𝑒𝑙𝑙ሻ𝑖
ሻ𝑃𝑎(𝑉 [𝑚𝑒𝑙𝑙]𝑖

Complexation of Pa(V) with aromatic carboxylic acid

Ligand Equilibrium βapp

Mellitic 

acid

ሻ𝑃𝑎(𝑉 + 𝐿6− ↔ 𝑃𝑎 𝑉 − (𝐿6−ሻ 14.7 ± 0.3

ሻ𝑃𝑎(𝑉 +2𝐿6− ↔ 𝑃𝑎 𝑉 − 𝐿6− 2 29.0 ± 0.4



11

𝐷0

𝐷
− 1 =

𝐻+

𝐻+ +𝐾2
(𝛽1

𝑐𝑜𝑛𝑑 𝑚𝑒𝑙𝑙𝑖 + 𝛽2
𝑐𝑜𝑛𝑑 𝑚𝑒𝑙𝑙𝑖 2)

𝑷𝒂𝑶(𝑶𝑯)𝟐+ + 𝑯𝟐𝑶 ↔ 𝑷𝒂𝑶(𝑶𝑯)𝟐
+

Variations of D as function of mellitic acid concentration 

(CTBP = 3 M, I = 1.0 M (Na, HClO4), T = 25 ℃, pH = 1)

 Pa(V)-Mellitic acid (pH=1, I=1.0M NaClO4, 25℃)

• Determination of the maximum stoichiometry of the 

complexes

• Determination of conditional constants by adjusting (D0/D -1) 

with a polynomial of order.

𝛽1
app

= 𝛼L6− × 𝛽1
𝑐𝑜𝑛𝑑 𝛽2

app
= 𝛼𝐿6−

2 × 𝛽2
𝑐𝑜𝑛𝑑 𝛼6− =

𝑚𝑒𝑙𝑙𝑖 𝑡𝑜𝑡𝑎𝑙

𝐿6−

ሻ𝑃𝑎(𝑉 + 𝑖 · 𝑚𝑒𝑙𝑙 ↔ 𝑃𝑎 𝑉 − (𝑚𝑒𝑙𝑙ሻ𝑖 𝛽𝑖
cond =

𝑃𝑎 𝑉 −(𝑚𝑒𝑙𝑙ሻ𝑖
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Ligand Equilibrium βapp

Mellitic 

acid

ሻ𝑃𝑎(𝑉 + 𝐿6− ↔ 𝑃𝑎 𝑉 − (𝐿6−ሻ 14.7 ± 0.3

ሻ𝑃𝑎(𝑉 +2𝐿6− ↔ 𝑃𝑎 𝑉 − 𝐿6− 2 29.0 ± 0.4

𝑙𝑜𝑔𝛽1
𝑐𝑜𝑛𝑑 = 1.5 ± 0.2

𝑙𝑜𝑔𝛽2
𝑐𝑜𝑛𝑑 = 2.7 ± 0.1

Complexation of Pa(V) with aromatic carboxylic acid
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Summary and perspective

Stability constants of 

Np(V)-aromatic carboxylic acid(10-4~10-3M)

UV-Vis spectrophotometry

Ligand Equilibrium βapp

Phthalic 

acid
𝑁𝑝𝑂2

+ + 𝐿2− ↔ 𝑁𝑝𝑂2𝐿
− 1.37 ± 0.02

Pyromellitic 

acid
𝑁𝑝𝑂2

+ + 𝐿4− ↔ 𝑁𝑝𝑂2𝐿
3− 1.64 ± 0.02

Mellitic 

acid
𝑁𝑝𝑂2

+ + 𝐿6− ↔ 𝑁𝑝𝑂2𝐿
5− 2.35 ± 0.02

Anthranilic 

acid
𝑁𝑝𝑂2

+ + 𝐿− ↔ 𝑁𝑝𝑂2𝐿 1.85 ± 0.04

Stability constants of 

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

Liquid-liquid extraction

NpO2
+

PaO(OH)2+

Thermodynamic study

Stoichiometry of Np(V) with aromatic carboxylate
1:1

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

Equilibrium βapp

ሻ𝑃𝑎(𝑉 + 𝐿6− ↔ 𝑃𝑎 𝑉 − (𝐿6−ሻ 14.7 ± 0.3

ሻ𝑃𝑎(𝑉 +2𝐿6− ↔ 𝑃𝑎 𝑉 − 𝐿6− 2 29.0 ± 0.4
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Summary and perspective

ATR-FTIR spectroscopy

X-ray absorption spectroscopy (EXAFS)

Theoretical calculations at PhLAM laboratory (Lille)

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

• Thermodynamic study

• Kinetic study

Structural study

Sorption study

Coordination geometry

Interatomic distances

Electronic structure
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