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Abstract – It was shown that density, surface tension, and refraction index of room temperature ionic 
liquids (RTIL) [BuMeIm]X, where BuMeIm+ is 1-butyl-3-methylimidazolium and X- is PF6

-, and 
(CF3SO2)2N-, are not changed being subjected to approximately 600 kGy of absorbed dose of gamma 
irradiation (137Cs). At the same time gamma radiolysis causes significant increase in viscosities of  RTILs. 
Studied RTILs exhibit darkening under the gamma irradiation. The light absorbance of ionic liquids 
increases linearly with irradiation dose. Water has no influence on the radiolytic darkening. Formation of 
colored products is related to radiolysis of BuMeIm+ cation. The kinetics of radiolytic darkening of RTILs 
is influenced by the anions as follows : Cl-<(CF3SO2)2N

-<PF6
-. The revealed effect is attributed to the 

interaction of the primary products of anion radiolysis with BuMeIm+ cation.   
 
 
 
INTRODUCTION 
 

Water stable room temperature ionic 
liquids (RTIL) containing organic cations, for 
instance, 1,3-dialkylimidazolium, or 
tetraalkylammonium, associated to various 
inorganic anions, such as hexafluorophosphate 
(PF6

-), or bis(trifluoromethylsulfonil)imide 
((CF3SO2)2N-, or Tf2N-) etc, are considered as 
promising solvents for chemical processing due 
to their negligible vapour pressure, good 
conductivity, large electrochemical window 
(>4V), and high thermal stability [1]. The unique 
properties of ionic liquids make them attractive 
for future processes in the nuclear fuel cycle 
including actinide electrorefining [2] and solvent 
extraction [3]. However to be successful in such 
applications RTILs should be at least relatively 
robust to high radiation doses. Aim of the 
present work was to investigate at the first time 
the effect of gamma irradiation on the physical 
properties of neat hydrophobic ionic liquids 
[BuMeIm][PF6] and [BuMeIm][Tf2N], where 
BuMeIm+ is 1-butyl-3-methylimidazolium. 
RTILs were exposed to a total radiation dose 
about 450-580 kGy (dose rate 32-34 Gy·min -1) in 
an argon flow or just left open to air. Radiolysis 
of 30%TBP-Dodecane also was studied to 
compare its radiolytic stability with that of  
RTILs.  
 
EXPERIMENTAL 
 
 Ionic liquids [BuMeIm]PF6 and 
[BuMeIm][Tf2N] as well as [Bu4N][Tf2N] (m.p. 

85-86°C) and [BuMeIm]Cl (m.p. 54°C) were 
prepared, purified and dried by conventional 
methods [1]. Irradiation was carried at room 
temperature using MARCEL Gamma Facility 
equipped with 137Cs as the gamma source. 
Dosimetry was performed by conventional ferry -
oxalate dosimeter. Argon was sparged through 
the flasks with 7 mL of the samples in each 
during the radiation tests in an inert atmosphere.  
     
RESULTS AND DISCUSSION 
 
Gamma radiolysis in argon 

[BuMeIm][Tf2N], [BuMeIm]PF6, and 
[BuMeIm]Cl show darkening during ?-radiolysis 
due to the appearance of the broad light 
absorption bands with the maximum less than 
300 nm in UV/VIS spectra. By contrast, 
radiolytic darkening of [Bu4N][Tf2N] and 
30%TBP-Dodecane is significantly less intensive 
than that of BuMeIm+ based ionic liquids. One 
can conclude that colored products come from 
the  radiolysis of the organic cation. Recently it 
was assumed [4] that formation of colored 
products during irradiation of alkylimidazolium 
ionic liquids can be related to the formation of 
carbene. The aromatic  ring is known to be a 
good electron acceptor. Thus, the electrons 
formed in the ionization processes are captured 
by the imidazolium ring to form a neutral 
imidazoyl radical : 

BuMeIm+ + e solv
- ?  BuMeIm?         (1).                                 

Intermediate radical BuMeIm?  can undergo a 
number of secondary processes including 
abstraction of H?  atom from 2 position of the 



P2-40 

ATALANTE 2004 Nîmes (France) June 21-25, 2004 2 

imidazolium ring, dissociation of butyl radical or 
H?  atom from alkyl side chain followed by the 
dimerisation processes. Aromatic dimmers with 
nitrogen heteroatoms usually are known to have 
high molar extinction coefficients in UV/VIS 
optical spectra. That explains significant 
radiolytic darkening of studied RTILs even at 
relatively low concentration of the products. 
Obviously, cation Bu4N+ cannot form carbene or 
aromatic dimers and hence is not able to form 
colored products of radiolysis. 
   Figure 1 demonstrates that the light 
absorbance of RTILs increases linearly with 
irradiation dose. Rate of the radiolytic darkening  
varies in the following order : [BuMeIm]Cl< 
[BuMeIm][Tf2N] < [BuMeIm]PF6. Any changes 
were observed in the ATR-IR spectra of RTILs 
recorded before and after irradiation, suggesting 
that less than 1% of ionic liquids underwent 
radiolysis.  

 
 
 
Fig. 1. Dependence of light absorbance on ?-dose 
at 340 nm in the presence of argon. 1.- 
[BuMeIm][Tf2N], 2.- [BuMeIm]PF6, 3.- 
[BuMeIm]Cl, 4.- [Bu 4N][Tf2N], 5.- 30%TBP- 
Dodecane, L=2 mm. Samples were diluted in 
100 times with acetone before measurements. 
 
The effect of anion can be interpreted in term of 
interaction of initially produced solvated 
electrons with the anions of ionic liquids. The 
primary products of anion radiolysis, i.e. Cl? , 
CF3

? , and F?  for Cl-, Tf2N
-, and PF6

-
  

respectively, could abstract the hydrogen atom 
from BuMeIm+.  Change in the bonds strengths : 
H-Cl (432 kJ·mol-1)<H-CF3 (450 kJ·mol-1)<<H-F 
(570 kJ·mol) corresponds to the relative kinetics 
of RTILs darkening under gamma radiolysis. 
 The evolution of the physical properties 
of  RTILs during radiolysis in argon is shown in 
Table 1. Radiolysis has no significant impact on 
density, surface tension, and refraction index of 
RTILs. Change in the density of irradiated 

30%TBP-Dodecane solvent is higher than that in 
RTILs. However data in Table 1 show that the 
radiolysis in argon causes viscosities of RTILs to 
increase. Increase in RTILs viscosities is in more 
than 2 times higher than that in 30%TBP-
Dodecane at the similar absorbed dose. Increase 
in viscosity, probably, is related to the hydrogen 
bonding between the products of radiolysis and 
the protons of imidazolium ring.  
Table 3 reveals that the conductivity of RTILs 
decreases during radiolysis. This effect can be 
attributed to the increase in RTILs viscosity 
under gamma radiation. In principal, acidic 
products of radiolysis could yield an opposite 
effect. However their concentration, probably, is 
not sufficient to make a considerable impact on 
solvent conductivity.     
 
Table 1. Evolution of the physical parameters of 
RTILs during ?-irradiation in the presence of Ar. 
 

Solvent D 
kGy 

? 
 

s 
 

O 
 

R V 
cP 

[BuMeIm][Tf2N] 
 
 
Variation, ±% 

0 
187 
594 
 

1.44 
1.44 
1.44 

0 

35.4 
35.0 
34.6 
-2.3  

6.59 
6.60 
5.30 
-19.6 

1.426 
1.427 
1.429 
+0.2 

45.1 
47.5 
63.4 
+40.5 

[BuMeIm]PF6 
 
Variation, ±% 

0 
540 
 

1.36 
1.37 
+0.7 

46.8 
45.0 
-4.1  

2.45 
1.96 
-25.0 

1.408 
1.410 
+0.1 

235 
354 

+50.6 
30%TBP - 
Dodecane 

 
Variation, ±% 

0 
165 
588 

 

0.82 
0.83 
0.86 
+4.6 

25.7 
26.4 
26.5 
+3.1  

- 
- 
- 
- 

1.420 
1.420 
1.421 
+0.07 

1.79 
1.87 
2.14 
+19.6 

D-absorbed dose, ?-density (g·cm-3), s-surface 
tension (dyn·cm-1), O-conductivity (mS·cm -1), R-
refraction index, V-viscosity. 
 
Radiolysis in the presence of air. 

Analysis by Karl Fisher method indicates 
that dried samples of irradiated RTILs absorbs 
water being exposed to air. Concentration of 
water was found to be equal to 0.46-0.47M in 
irradiated ionic liquids. All samples show 
darkening following radiolysis similar to that 
observed in argon. Kinetics of radiolytic 
darkening in air exhibits the same behavior as in 
case of the radiolysis in argon.  Color change is 
more rapid for [BuMeIm]PF6 than that for 
[BuMeIm][Tf2N]. Presence of water has no 
significant influence on the darkening of 
[BuMeIm]PF6 during radiolysis. The data on 
physical  properties of irradiated RTILs 
presented in Table 2 indicate that, like in argon, 
gamma radiolysis in air has no significant effect 
on the densities, surface tensions, and refraction 
indexes of  RTILs. Change in observed 
viscosities during radiolysis is, probably, related 
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to two opposite factors: (i) decrease in RTILs 
viscosity due to water absorption, (ii) increase in 
RTILs viscosity as a result of radiolysis. The 
effect of water on RTILs viscosity is opposite to 
that of the radiolytic products, probably, due to 
the difference in their bonding with ionic liquids. 
Water are known to bound via H-bonding with 
the anions of ionic liquids [5]. By contrast, the 
radiolytic products, most probably,  interact with 
the cation.  Change in conductivities of irradiated 
RTILs follows the variation of their viscosities : 
conductivity is decreased when viscosity rises.  
 
Table 2. Evolution of physical parameters of 
RTILs during gamma irradiation in the presence 
of air. 

RTIL D 
kGy 

? 
 

s 
 

O 
 

R V 
cP 

[BuMeIm][Tf2N] 
 
 
Variation, ±% 

0 
284 
464 
 

1.44 
1.43 

- 
+0.7 

35.4 
35.3 
35.5 
+0.3 

6.59 
5.61 
4.57 
-30.7 

1.426 
1.426 
1.426 

0 

45.1 
52.5 

- 
+14.1 

[BuMeIm]PF6 
 
 
Variation, ±% 

0 
272 
444 
 

1.36 
1.36 

- 
0 

46.8 
46.9 
47.1 
+0.6 

2.45 
2.70 
2.56 
-25.0 

1.408 
1.408 
1.409 
<0.1 

235 
189 

- 
-19.6 

[BuMeIm]PF6* 
 
 

Variation, ±% 

0 
278 
453 

 

1.36 
1.36 

- 
0 

46.3 
46.6 
46.9 
+1.3 

3.34 
2.83 
2.77 
-17.1 

1.408 
1.409 
1.409 
<0.1 

137 
186 

- 
+26.3 

*[BuMeIm]PF6 pre-equilibrated with water ([H2O]=0.84M). 
 

Cyclic voltammograms measured for 
[BuMeIm][Tf2N] at glassy carbon electrode 
(GC) before and after radiolysis indicate that 
electrochemical window tends to narrow after 
strong dose of gamma irradiation in 
approximately 200 mV and 500 mV from 
reduction and oxidation side respectively. 
Appearance of irreversible reduction peak in 
irradiated [BuMeIm][Tf2N] at –1.3V (vs. 
Ag/Ag+, v=100 mV·s-1) also can be assigned to 
the products of radiolysis. In the preliminary 
experiments it was found that water absorbed by 
[BuMeIm][Tf2N] is electrochemically inert at 
GC electrode under argon. Most probably that  
the electrochemistry of water is not observed due 
to a large overpotential for proton reduction at 
GC electrode.  

ATR-IR spectra of irradiated RTILs 
reveal appearance the bands at ∼3600 cm-1 and 
∼1660 cm-1 related to O-H stretch and H-O-H 
deformation vibrations respectively of absorbed 
H2O molecules. The absence of other new peaks 
indicates that the concentration of   products of 
radiolysis is below the sensibility of the method 
(<1%). 
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