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Abstract – UV/VIS/NIR Spectroscopic study show that complexes [BuMeIm]2AnCl6, where BuMeIm+ is 1-
butyl-3-methylimidazolium, and An(IV) is Np(IV) and Pu(IV), have octahedral structure in hydrophobic 
room temperature ionic liquid [BuMeIm][(CF3SO2)2N] similar to that in solids. Water has no influence on 
absorption spectra of AnCl6

2- complexes up to concentration of 0.5M. Addition of [BuMeIm]Cl even at 
relatively low concentration (0.04-0.06M) causes significant change in UV/VIS spectra of the complexes. 
Increase of [BuMeIm]Cl concentration up to 0.1M leads to the precipitation of solid complexes. Solid state 
reflectance spectra indicate that An(IV) environment has no a center of symmetry in precipitated 
compounds. It is assumed that the effect of [BuMeIm]Cl on absorption spectra of An(IV) in RTILs is related 
to the formation of An(IV) chloride complexes with Cl-/An(IV) ratio higher than 6/1. Voltammetric study 
shows that octahedral AnCl6

2- complexes are electrochemically inert in [BuMeIm][(CF3SO2)2N]. By 
contrast, several electrochemical redox couples are observed for Np(IV) and Pu(IV) in RTIL in the 
presence of [BuMeIm]Cl. 

 
INTRODUCTION 
 

Water stable Room Temperature Ionic 
Liquids (RTIL) have a considerable potential for 
nuclear industry due to their negligible vapour 
pressure, good conductivity, large 
electrochemical window, and relatively high 
thermal and radiation stability [1-3]. 
Hydrophobic RTILs which melt below 100°C 
are composed of organic cations 
(alkylimidazolium, alkylpyridinium, tetraalkyl 
ammonium, etc) and various inorganic anions, 
like hexafluorophosphate (PF6

-), and 
bis(triflyromethylsulphonyl)imide ((CF3SO3)2N-, 
or Tf2N-). Fundamental knowledges about 
actinides solvation, complexation, and redox 
reactions in RTILs are indispensable for the 
future industrial applications. The present work 
reports a study of the complexes 
[BuMeIm]2AnCl6, where BuMeIm+ is 1-butyl-3-
methylimidazolium, and An(IV) is Np(IV) and 
Pu(IV), in [BuMeIm][Tf2N], where BuMeIm+ is 
butylmethylimidazolium. 
 
EXPERIMENTAL 
 

RTIL [BuMeIm][Tf2N] was obtained, 
purified, and dried as described in the literature 
[1]. Concentration of water in dried RTIL was 
found to be equal to 0.02M using Karl Fisher 
method. 1H NMR analysis revealed the absence 
(<1%) of residual reagents and other impurities 
in purified ionic liquid. 

Complexes [BuMeIm]2AnCl6 were 
precipitated from An(IV) solutions in 10M HCl 
in the presence of [BuMeIm]Cl at the conditions 
similar to those for precipitation of 
corresponding Cs2AnCl6 salts. Complexes 
[BuMeIm]2NpCl6 and [BuMeIm]2PuCl6 are 
putty-colored and yellow-green respectively.   
FTIR spectra of solids show the presence of 
BuMeIm+ cation (ν(C-H) aromatic, str.: 3171, 
3124 cm-1; ν(C-H) aliphatic, str.: 2966, 2939, 
2878 cm-1; ν(ring), str. sym.: 1575, 1467 cm-1; 
MeC-H asym.: 1431, 1386 cm-1; ν(ring), str. 
sym.: 1170 cm-1). Vibration modes of water 
molecules (ν1, ν3: 3000-3800 cm-1; ν2: 1595-1650 
cm-1) are not observed indicating that prepared 
hexachlorocomplexes are anhydrous. Stretch 
vibrations of An-Cl bonds (265-280 cm-1) are 
beyonds the measurement range (4000-400  
cm-1). All measurements were performed at room 
temperature.     
 
RESULTS AND DISCUSSION 
 
UV/VIS/NIR Spectroscopy 
 

The dissolution of [BuMeIm]2NpCl6 
and [BuMeIm]2PuCl6 in ionic liquid gives almost 
colorless and green solutions respectively. 
Solubility of [BuMeIm]2AnCl6 complexes in 
RTIL is higher than that of corresponding 
cesium salts. The visible absorption spectra of 
solutions show strong similarity with the 
reflectance spectra of the corresponding solid 
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complexes. It can be concluded that octahedral 
complexes AnCl6

2- are predominant in studied 
ionic liquid. The An(IV) environment has a 
centre of symmetry in these complexes. Thus 
electronic f→f transitions are Laporte-forbidden, 
and the band intensities are weak. Addition of 
water until 0.5M has no influence on absorption 
spectra even after one month of storage. One can 
conclude that AnCl6

2- are stable with respect to 
hydrolysis in [BuMeIm][Tf2N]. Such behaviour 
can be explained by known fact that water 
molecules are strongly bound via H-bonding 
with Tf2N- anion in RTIL [4]. 
 

Addition of [BuMeIm]Cl to the 
solutions of AnCl6

2-  in [BuMeIm][Tf2N] causes 
the changing in absorption spectra. The color of 
Np(IV) solution turns to green in the presence of  
0.04M of  [BuMeIm]Cl. The wavelengths of the 
first charge transfer absorption band for An(IV) 
chloride complexes in RTIL are listed in Table 1. 
  
Table 1. First charge transfer absorption bands 
for Np(IV) and Pu(IV) chloride complexes in 
[BuMeIm][Tf2N] at room temperature. 
Spectrophotometric measurements were 
performed in a 1 mm quartz cell. 
 

[BuMeImCl], 
M 

Solvent λmax, nm 

  Np(IV) Pu(IV) 
0 CH3CN 301 363 
0 RTIL 300 362 
0 RTIL* 302 363 

0.04 RTIL 294 298 
0.06 RTIL 288 

361** 
299 

*0.5M H2O, **New broad weak band. 
 
 The maxima of the first charge transfer 
bands of AnCl6

2- in dried and hydrated ionic 
liquid coincide with those in acetonitrile. 
Addition of [BuMeIm]Cl causes the short 
wavelengths shift in λmax and appearance of the 
new broad low intensity absorption band at 
approximately 360 nm in case of Np(IV). 
 
 Visible light absorption spectra of 
An(IV) in RTIL was found to be less sensitive to 
addition of [BuMeIm]Cl. However, they 
demonstrate the same behavior as UV spectra : 
new absorption bands appeared after addition of 
[BuMeIm]Cl until 0.04M. 
 
 Increase of [BuMeIm]Cl concentration 
to 0.1M causes precipitation of solids for Np(IV) 

as well as for Pu(IV). Figures 1-2 reveal that the 
reflectance spectra of precipitates are different 
from those of actinide(IV) hexachlorocomplexes. 
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Figure 1. Solid state reflectance spectra of 
[BuMeIm]2NpCl6 (a) and a solid complex 
precipitated at [BuMeIm]Cl=0.1 M (b). 
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Figure 2. Solid state reflectance spectra of 
[BuMeIm]2PuCl6 (a) and a solid complex 
precipitated at [BuMeIm]Cl=0.1 M (b). 
 
The sharp absorption bands in the spectra of 
precipitates at 711 and 678 nm for Np(IV) and 
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Pu(IV) respectively  are typical for the 
complexes without the centre of symmetry. 
These maxima are shifted by approximately 10 
nm as compared to the spectra of An(IV) in 
aqueous perchloric acid solutions. 
 

Spectroscopic data allow to conclude 
that An(IV) are able to form chloride complexes 
with the ratio Cl-/An(IV) higher than 6 in 
hydrophobic RTIL. Composition of these 
complexes needs to be studied. We assume that 
octahedral complexes AnCl8

4- could be formed 
in hydrophobic RTILs similar to octahedral 
isothiocyanate complexes of An(IV) formed in 
organic solvents [5]. Most probably, the 
coordination polyhedron of presumed AnCl8

4- 
has no centre of symmetry, like [Np(NCS)8]4-, 
which forms a distorted tetragonal antiprism. 
The results obtained are quite surprising since 
hexachlorocomplexes are known to be the 
"limit" products of An(IV)-chloride interactions 
in aqueous solutions and solutions of basic 
chloroaluminate ionic liquids [6,7]. Possible 
formation of AnClx

4-x, where x>6, in 
hydrophobic RTILs can be interpreted in terms 
of solvation effects in aqueous solutions and 
ionic liquids. In aqueous solutions strong 
hydrogen bonding of water molecules with 
AnCl6

2- and Cl- avoids formation of AnClx
4-x 

complexes. By contrast, "neutral" ionic liquids 
are known to be a weakly solvating medium [8] 
were Lewis acid-base interaction between 
AnCl6

2- and Cl- is able to stabilize the complexes 
unstable in aqueous solutions. 
 
Voltammetric study 
 
 Electrochemical study was 
accomplished in a three-electrode cell equipped 
with glassy carbon disk working electrode, 
Ag/Ag+ reference electrode, and Pt counter 
electrode. All measurements were performed at 
room temperature in a pure argon flow. 
 
 The cyclic voltammogramms of 
[BuMeIm]2AnCl6 solutions in [BuMeIm][Tf2N] 
show any significant peaks in the potential range 
of -2.5V÷+1.0V indicating that AnCl6

2- are 
electrochemically inert in "neutral" ionic liquid. 
Figure 3 demonstrate that the addition of 
[BuMeIm]Cl to [BuMeIm][Tf2N] causes the 
dramatic change in electrochemical behavior of 
Np(IV) and Pu(IV). In the absence of actinides 
cyclic voltammogram of [BuMeIm]Cl solution 
in ionic liquid exhibits the anodic current at 

E>+0.5V which is attributed to Cl- ions 
electrochemical oxidation (Fig.3a). 
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Figure 3. Cyclic voltammmolgrams for 0.25M 
[BuMeIm]Cl without actinides (a), 0.01M 
[BuMeIm]2NpCl6 + 0.06M [BuMeIm]Cl (b), and 
0.01M [BuMeIm]2PuCl6 + 0.06M [BuMeIm]Cl 
(c) in [BuMeIm][Tf2N] at glassy carbon 
electrode vs. Ag/Ag+ with argon sparging, v=50 
mV·sec-1. 
 

Figures 3b and 4a indicate the presence 
of the three major redox couples for neptunium: 
two reduction processes of initially tetravalent 
neptunium at E1/2 equal to -1.25V and -0.84V 
and one oxidation process at E1/2 equal to 
+0.56V vs. Ag/Ag+ at [BuMeIm]Cl=0.06M. 
Values of E1/2 were obtained using glassy carbon 
rotating electrode. The difference between the 
peak potentials on cyclic voltammograms 
decreases with the decrease of the scan rate, 
indicating a mixed diffusion and electron-
transfer rate control for all processes.  
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Figure 4. Voltammograms at rotating glassy 
carbon electrode (scan rate 5 mV·s-1, rotation 
speed 500 rpm) for Np(IV) (a) and Pu(IV) (b) 
electrochemical reduction in RTIL in the 
presence of  0.06M [BuMeIm]Cl. [An(IV)]= 
0.01M. 

 
Voltammetric study of Pu(IV) in the presence of 
[BuMeIm]Cl reveal only two major redox 
processes with mixed kinetics: reduction at 
E1/2=-1.04V and oxidation at E1/2=+0.78V vs. 
Ag/Ag+. We assume that electrochemical activity 
of An(IV) in ionic liquid in the presence of 
[BuMeIm]Cl could be related to the following 
factors: (i) formation of AnClx

4-x (x>6) or 
AnCly

3-y complexes for An(IV) and An(III) 
respectively, (ii) modification of the double 
electric layer at the electrode surface in the 
presence of Cl- ions, (iii) electrochemical 
oxidation of Cl- followed by the chemical 
oxidation of An(IV) with Cl• radicals or Cl2 
molecules.  Further study of An(IV) 
electrochemistry in hydrophobic RTILs is in the 
progress. 
 
CONCLUSIONS 
 

The dissolution of [BuMeIm]2AnCl6 in 
hydrophobic room temperature ionic liquid 
[BuMeIm][Tf2N] yields solutions of actinide(IV) 
hexachlorocomplexes. AnCl6

2- are stable with 
respect to hydrolysis in [BuMeIm][Tf2N]. 

 

Addition of [BuMeIm]Cl to the solution of  
AnCl6

2- in RTIL causes the changes in 
UV/VIS/NIR absorption spectra and 
precipitation of solids indicating formation of 
AnClx

4-x, where x>6, in hydrophobic 
[BuMeIm][Tf2N]. 

 
Complexes AnCl6

2- are electrochemically 
inert in the solutions of  [BuMeIm][Tf2N] at 
glassy carbon electrode. However, the addition 
of [BuMeIm]Cl causes appearance of several 
redox processes for Np(IV) and Pu(IV) in this 
medium.   
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