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Abstract – The stability of the ionic liquid [MeBu3N][Tf2N], dry or after contact with water (where 
[MeBu3N]

+
 is the methyltributylammonium cation and [Tf2N]

-
 is the bistriflimide anion), was studied under 

137
Cs gamma irradiation in argon and in air. In a quantitative study with an absorbed dose of 2 MGy this 

ionic liquid was highly stable regardless of the radiolysis conditions. The radiolytic disappearance yields 

determined by ESI-MS were -0.38 and -0.25 µmol·J
-1
 for the cation and anion, respectively. ESI-MS, NMR, 

and liquid chromatography coupled with ESI-MS identified a large number of degradation products in very 

small quantities for the same dose. The cation radicals were formed by the loss of a Bu
•
 group, the Me

•
 

group, or two H
•
 atoms to form a double bond with the butyl chain. Radiolysis of the anion produced 

mainly F
•
 and CF3

•
 radicals. The anion radicals recombined with the cation to form a wide range of 

secondary degradation products regardless of the radiolysis conditions. 
 

 
 

INTRODUCTION 

Room-temperature ionic liquids 
(RTILs) possess physical and chemical 
properties that mitigate the drawbacks of 
conventional (flammable, highly volatile and 
toxic) solvents. These ionic liquids are thus 
potentially applicable in the nuclear fuel cycle 
and have increasingly become a subject of 
investigation. Ionic liquids also provide a much 
greater criticality safety margin than aqueous 
solvents (about 1000 g·L-1) [1]. However, for 
application as the solvent for actinide separation 
by liquid-liquid extraction [2-4] or supercritical 
CO2 as an electrolyte [5,6], they must be 
resistant to very strong irradiation. 

A few studies of radiolysis behavior 
have already been carried out, mainly on cations 
such as imidazolium. They do not lead to any 
significant decomposition of the organic 
compound; Allen et al. [7] showed that ionic 
liquids based on these cations are stable at 
400 kGy regardless of the type of irradiation (α, 
β, γ). A recent study of BuMeImTf2N under γ 
irradiation at doses up to 1200 kGy showed the 
high stability of this ionic liquid [8]. A small 
fraction of products formed by recombination of 
the primary radiolysis products. The BuMeIm+•, 
Bu•MeIm+, MeIm+• radicals for the cation or CF3

• 
and F• for the anion form polymers and acidic 
species. Recombination of the anion or cation 
radicals with the main cation produces secondary 
species, for example, BuMe(CF3)Im

+ and 
MeIm+Bu-Im+BuMe. Moreover, the presence of 
air or water does not modify the products. Allen 
et al. [7] and Berthon et al. [8] identified these 

degradation products using spectrometric 
techniques such as NMR and electrospray 
ionization mass spectrometry (ESI-MS). 

Data are lacking on the stability of 
tetraalkylammonium-based ionic liquids. Nehar 
et al. [9-13] used this medium to observe the 
reactivity of the solvated electron—which is 
present for a longer time due to the low reactivity 
and high viscosity of tetraalkylammonium-based 
ionic liquids. Several published accounts 
demonstrate the high stability of these ionic 
liquids under β irradiation, although this high 
stability has never been quantified for any type 
of irradiation. Mass spectrometry can be used for 
quantification purposes; Alfassi et al. [14] 
developed a quantitative ESI-MS method to 
assess the concentration of an ionic liquid in 
solution using another cation and another anion 
as the internal reference. 

The purpose of this work was to 
investigate the stability under γ irradiation of the 
ionic liquid methyltributylammonium bis-
triflimide (MeBu3N

+ and (CF3SO2)2N
-, 

designated Tf2N
-). The stability of this ionic 

liquid is demonstrated by quantitative analysis of 
the disappearance of the cation and anion, and by 
identification of the degradation products after γ 
irradiation at very high doses (between 0 and 
2 MGy). The effect of water and atmosphere 
during radiolysis is also taken into account in 
this study. 
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Fig. 1: Ionic liquid used: cation 

Methyltributylammonium MeBu3N
+ and anion 

bis(trifluoromethylsulfonyl)imide Tf2N
- 

 
RESULTS 

A/ Radiolytic yields 

Two analytical techniques were used to quantify 
the radiolytic degradation of the RTIL Tf2N

- 
anion: 19F NMR and ESI-MS. The MeBu3N

+ 
cation concentration during γ radiolysis was 
determined only by ESI-MS, as it is difficult to 
monitor by 1H NMR due to the interference of 
radiolysis products with the signals for the initial 
compound. 
The concentrations of the anion and cation varied 
in a linear manner with the radiation dose. The 
slope was used to determine the radiolytic 
disappearance yield for the cation MeBu3N

+ and 
the anion Tf2N

-. The yields were respectively -
0.38 ± 0.04 and -0.25 ± 0.03 µmol·J-1. These 
radiolytic yields are comparable, but the 
difference is sufficient to affirm that the cation is 
more sensitive to radiolysis than the anion [15]. 
Moreover, the low yields suggest a chain-
reaction mechanism. 

B/ Identification 

Three techniques are used for the identification 
of degradation products: NMR, ESI-MS and 
liquid chromatography coupled ESI-MS. 
However, the results concerning the de gradation 
products of the ionic liquid [MeBu3N][Tf2N] are 
difficult to interpret because of the small quantity 
and large number of degradation products 
formed. 
Comparing the 19F NMR spectra of the products 
formed from Tf2N

- anion during degradation of 
[BuMeIm][Tf2N] [8] and [MeBu3N][Tf2N] 
shows that a few peaks—especially the main 
ones—correspond to the same chemical shifts. 
The groups formed after radiolysis of the anion 
do not appear to depend on the cation used and 
can be identified as CF3

• and F• groups. Other 
groups can also be identified depending on the 
bond rupture. The other radicals formed are thus 
N(CF3SO2)SO2

-•, NSO2
-•, and NSO2CF3

-•. 
Moreover, the primary radiolysis products of the 
cation MeBu3N

+ are obtained by rupture of the 
weakest bonds. Depending on the bond energy, 
these radiolysis products are obtained mainly by 
rupture of the C-N bond or by rupture of the 

alkyl chains with nitrogen. With three butyl 
chains, the MeBu2N

+ radical is obtained by the 
loss of one butyl chain. Bu3N

+• is another radical 
obtained by rupture of a methyl group with 
nitrogen. These two radicals are thus the primary 
radiolysis products. Furthermore, with the 
rupture of two C-H bonds, another primary 
radiolysis product is formed in small quantities 
with a double bond on one of the butyl chains. 
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Fig. 2: Proposition of a degradation scheme of 

ionic liquid [MeBu3N][Tf2N] 
 
In the light of these results, a reaction scheme 
(Figure 2) can be proposed for the degradation of 
[MeBu3N][Tf2N]. Figure 2 accounts for the 
difference in the radiolytic disappearance yield 
between the anion and cation. The anion 
degrades only under irradiation to form different 
radical products such as F• and CF3

•, whereas the 
cation degrades in two modes: radiolytic 
degradation or reaction with the anion radicals. 
The combination of these two degradation modes 
of the MeBu3N

+ cation, and especially the 
reactivity of the anion radicals on the alkyl 
chains of the cation, thus account for the lower 
stability of the cation compared with the Tf2N

- 
anion. The secondary reactions of these radicals 
give stable radiolysis products at very low 
concentrations, and no significant difference was 
observed in the presence of air or water. 
The radiolysis atmosphere and the quantity of 
water initially present in the ionic liquid 
[MeBu3N][Tf2N] do not appear to affect the 
formation or reactivity of the anion and cation 
radicals, although the extremely small quantities 
of degradation products make it difficult to 
determine the possible new degradation products 
related to changes in the radiolysis conditions 
[15]. 
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CONCLUSION 

The ionic liquid [MeBu3N][Tf2N] was 
examined in different atmospheres and at 
different water concentrations under irradiation 
up to 2 MGy. The radiolytic disappearance 
yields were determined for the cation and anion: 
0.38 and 0.25 µmol·J-1, respectively. 
[MeBu3N][Tf2N] is thus stable at high irradiation 
doses and its stability does not appear to be 
affected by the presence of water or air. The 
many degradation products obtained in small 
quantities arise mainly from recombination of 
the primary radiolysis products of the anion CF3

• 
or F• and of the cation. 
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