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Abstract A series of N-alkyl-N-alkyl0-pyrrolidinium-

bis(trifluoromethanesulfonyl) imide (TFSI-) room tem-

perature ionic liquids (RTILs) has been investigated by

means of thermogravimetric analysis (TG), differential

scanning calorimetry, FT-IR spectroscopy, and X-ray dif-

fraction analysis. These compounds exhibit a thermal sta-

bility up to 548–573 K. The mass loss starting temperature,

Tml, falls in a narrow range of temperatures: 578–594 K.

FT-IR spectra, performed before and after 24 h isothermal

experiments at 553 and 573 K, have confirmed their great

thermal stability. Below the ambient temperature, these

compounds exhibit a complex behavior. N-methyl-N-pro-

pyl-pyrrolidinium-TFSI is the sole liquid which crystallizes

without forming any amorphous phase even after quenching

in liquid nitrogen. Its crystalline phase has a melting point,

Tm, of 283 ± 1 K. When the amorphous solid is heated, the

N-butyl-N-ethyl-pyrrolidinium-TFSI presents a glass tran-

sition temperature, Tg, at 186 K followed by a cold crys-

tallization, Tcc, at 225 K, and a final Tm at 262 K.

The N-butyl-N-methyl-pyrrolidinium-TFSI exhibits a Tg

between 186 and 181 K, its cold crystallization leading to

two different solid phases. Solid phase I has a melting point

TI,m = 252 K and phase II, TII,m = 262 K. When the

amorphous phase is obtained at a cooling rate of 10 K/min,

its Tcc is 204 K, and a metastable solid phase (III) is obtained

which transforms into the phase II at 226 K. However, when

the sample is quenched, the amorphous phase transforms

into phase II at Tcc = 217 K and phase I at 239 K. P15-TFSI

exhibits the most complicated pattern as, on cooling, it leads

to both a crystallized phase at 237 K and an amorphous

phase at 191 K. On heating, after a Tg at 186 K and a Tcc at

217 K, two solid–solid phase transitions are observed at

239 K and 270 K, the final Tm being 279 K.

Keywords Room temperature ionic liquids �
Flammability � Thermal stability � DSC � TG �
Isothermal test

Introduction

For over a decade, an increasing number of studies have

been devoted to a new class of green solvents, called Ionic

Liquids (ILs). Contrary to the organic solvents that are

usually volatile and highly flammable, these new solvents

have better respect for the environment, thanks to their low

volatility and high boiling points. Room temperature ionic

liquids (RTILs) are a subcategory among ILs which are

liquid below 373 K. Constituted mainly by organic cations

and inorganic anions, these molten salts at room tempera-

ture present advantages such as: non-flammability, negli-

gible vapor pressure at room-temperature (or even below),

and high chemical and thermal stability.

In the past few years, alkyl-pyrrolidinium RTILs have

been receiving a great attention. These salts aroused the

interests of researchers for many reasons: their good ther-

mal and ionic transport properties [1–10], their large

electrochemical window, and their possible applications in

electrochemical devices [1, 9–13].

The RTILs investigated here are composed of N-alkyl-

N-alkyl0-pyrrolidinium cation and the bis(trifluorometh-

anesulfonyl)imide as anion, as reported in Table 1. Even
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though most of these compounds have been already stud-

ied, new insights concerning their thermal behavior are

here discussed, and the experimental procedures are

revisited.

It is well established that the presence of impurities, even

at the trace level, may affect strongly glass transition tem-

peratures (Tg) and that crystallization or melting points can

appreciably vary. The purity of RTILs is a key parameter

that is able to explain the differences observed in the

published results dealing with transport properties, electro-

chemical, and thermal behaviors [14, 15]. N-alkyl-N-alkyl0-
pyrrolidinium imide RTILs are hydrophobic, owing to the

presence of the imide anion TFSI- [16, 17]. Nevertheless,

they are still hygroscopic and may retain moisture: for

example, P14-TFSI can hold up to 15,000 ppm of water

if exposed to a humid atmosphere at ambient temperature

[18]. Numerous water molecules remain easily entrapped

between the RTIL ions, establishing hydrogen bonds

between anions (anion���HOH���anion) [14] or between

anions and cations, owing to the amphiphilic nature of water.

In general, RTILs are colorless and the fact that the solution

is colored is indicative of the presence of an impurity [14, 19,

20], often due to traces of halide intermediaries used

for synthesis. Halide impurities have to be removed as

far as possible following an adequate purification step

[20, 21] prior to performing thermal analysis or any other

investigations.

Moreover, the use of different experimental methods for

the study of the phase behavior of these complex liquids

may lead also to discrepancies among the published results.

For this reason, careful attention has been paid to the

experimental procedures used for each experiment.

Electrochemical applications such as battery electrolytes

require the knowledge of thermal properties, such as the

melting points (Tm), the crystallization temperatures (Tc),

the glass transition temperatures (Tg), and at elevated

temperatures, the mass loss starting temperatures (Tml).

The aims of this study are to determine (i) the thermal

behavior of Pxy-TFSI RTILs at temperatures ranging from

room temperature to 636 K, (ii) the flammability behavior

for security, and (iii) the influence of the experimental

method of investigation (scanning and cooling rates) on the

phase transition temperatures.

Experimental methods

Materials

All the Pxy-TFSI ionic liquids (purity[99%) were obtained

from Solvionic (Toulouse—France). The halides interme-

diaries used for the synthesis are reported in Table 2.

Knowing the type and the amount of impurities is

important because they may have a great impact in further

applications. Residual halides or water entrapped into the

RTILs after synthesis are leading to dramatic conse-

quences: it has been reported that residual chloride ranging

between 1.5 and 6 wt% increases the viscosity from 30 to

600% [19, 20]. Therefore, we have been working with

chloride-free IL (typically\1 ppm of halide). The presence

of water can significantly affect the RTIL physicochemical

properties such as their viscosity [19] and their electro-

chemical window [22, 23]. The best way for minimizing

the water content in RTIL is to follow the drying method

Table 1 Names, formula, and abbreviations of N-alkyl-N-alkyl0-pyrrolidinium imide (Pxy
? TFSI-) under consideration

Component Formula Abbreviation

N-methyl-N-propyl-pyrrolidinium

N

P13
?

N-butyl-N-methyl-pyrrolidinium

N

P14
?

N-methyl-N-pentyl-pyrrolidinium

N

P15
?

N-butyl-N-ethyl-pyrrolidinium

N

P24
?

Bis(trifluoromethanesulfonyl)imide

N
SS

F3C

O

O
CF3

O

O

TFSI-
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proposed by Appetecchi et al. [21]: all purchased RTILs

were dried in a vacuum oven (SALVIS LAB, Swiss) at

393 K lasting for at least 48 h. The residual water content,

checked by Karl-Fischer titration using a KF Coulometer

831 (Metrohm), lies between 15.8 and 17.5 ppm as shown

in Table 2. In spite of the optimization of the drying

temperature and time, it is not always possible to reduce

the water content to a low level. RTILs having hydro-

phobic anions like TFSI- are easier to dry [18] than those

bearing hydrophilic anions like the tetrafluoroborate, BF4
-.

After drying, all the RTILs samples were kept under

argon atmosphere in a glove box before further analysis.

Methods

Thermal analysis measurements (DSC and TG)

In order to avoid any contamination by water or by the

ambient atmosphere, all the samples were prepared under

argon in the glove box, and poured into a 50-lL hermeti-

cally sealed aluminum cell. DSC experiments were per-

formed using 10–20 mg (±0.1 mg) of sample materials.

Curves were recorded on a Perkin–Elmer differential

scanning calorimeter DSC6 at fixed scanning rates of 2, 5,

or 10 K/min, according to the purpose of the experiment.

Standard samples of indium (mp 429.7 K) were used for

the DSC calibration of temperature measurements over the

temperature range of 303–443 K. A dry nitrogen purge was

continuously applied into the oven to avoid any water

ambient contamination. Experiments above room temper-

ature have been investigated from 298 to 673 K, with the

heating and cooling rates of 10 K/min. The oven was

cooled by means of cold water. For experiments below

room temperature, the DSC 6 apparatus was equipped with

a nitrogen gas flow system cooled by means of liquid

nitrogen. In order to prevent water condensation, a stream

of dry nitrogen was continuously purged over the sample

holder. In addition, two different procedures were per-

formed to investigate the stability of phases. The first

method consists in cooling the sample from the room

temperature to 153 K (cooling step), stabilization at 153 K

for 1 min, and heating up to room temperature (heating

step). This method is designed as slow cooling method.

In order to precisely identify the glass transition tem-

peratures (Tg), the crystallization temperatures (Tc), and the

melting points (Tm), a scanning rate of 10 K/min was used

for all the samples with the exception of P13-TFSI. In order

to study the scanning rate influence on melting points and

crystallization temperatures, the cooling rate was fixed at 2,

5, and 10 K/min. The second method consists in quenching

first the sample in liquid N2 and then warming it up to room

temperature at 10 K/min. Then, a second cycle is operated

by cooling down the sample to 153 K at 10 K/min after

1 min of stabilization at room temperature. For P14-TFSI

only, a third heating–cooling cycle was performed, to point

out the existence of possible metastable phases.

In order to establish the mass loss starting temperature

of these RTILs, Tml, the thermal stability of pyrrolidinium

ILs was investigated by TG using a Perkin–Elmer TGA7.

All the measurements were carried out in an open platinum

pan under a dry-argon flow. P13-TFSI, P15-TFSI and

P24-TFSI have been studied from 298 to 623 K at a scan-

ning rate of 10 K/min. For the P14-TFSI sample, the tem-

perature range was limited from 298 to 593 K.

FT-IR spectra and long isothermal tests

In order to investigate the RTIL thermal stability over room

temperature, Pxy-TFSI imides were analyzed by FT-IR

spectroscopy before and after a 24-h isothermal step at 553,

573, and 623 K into sealed electrothermal capillary tubes,

themselves being introduced into a STUART SMP3

apparatus originally dedicated to melting point measure-

ments. IR spectra were recorded on a Perkin–Elmer

spectrum one FT-IR spectrometer.

Flammability tests

In order to investigate the flammability behavior of

Pxy-TFSI RTILs, tests are performed with strips of Manila

Table 2 Impurities in N-alkyl-N-alkyl0-pyrrolidinium imides, halide, and water in the final product

Pyrrolidinium imide P13-TFSI P14-TFSI P15-TFSI P24-TFSI

Halide intermediate used for synthesis I- Cl- Br- Br-

Halide amounta (mg/L) I B 1 Cl B 1 Br B 1 Br B 1

Water amountb (ppm) 1,000 1,230 857 800

Water after drying at 343 K for 72 h (ppm) 86 70 82 66

Water after drying at 393 K for more than 48 h (ppm) 17.4 17.5 16.0 15.8

a Determined by ionic chromatography
b Given by the supplier
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paper soaked with the studied ionic liquid. All the exper-

imental flammability tests were photographed (or recorded)

with a digital camera.

X-ray diffraction (XRD)

XRD investigations were performed with an INEL CPS

120 diffractometer using the CoKa1 radiation (1.7789 Å).

Capillaries were sealed into the glove box, to avoid any

contamination. Samples were quenched into liquid nitrogen

and then heated at 1 K/min with an Oxford system using

nitrogen gas vaporized from a cryogenic tank.

Results and discussion

DSC calorimetry, thermogravimetry, and flammability

at sub-ambient temperatures

The DSC and TG results obtained for the four N-alkyl-

N-alkyl0-pyrrolidinium imides are reported on the graphs

displayed in Fig. 1. The maximal temperature for RTIL use

in applications is related to their vapor pressure. Depending

on the RTIL nature, decomposition or vaporization may

occur when the temperature is raised. In the case of the

N-alkyl-N-alkyl0-pyrrolidinium imides under consideration,

the TG curves indicate a mass loss over 573 K. As no large

exothermic or endothermic peaks are simultaneously

detected on the DSC curves up to, at least, 573 K, it is

inferred that only vaporization occurs in the sealed cells.

When the cells were open after cooling, no trace of RTIL

decomposition was observed. The starting temperatures for

mass loss, Tml, in TG experiments are reported in Table 3.

Results displayed in Table 3 show that all Tml values fall in

a narrow range of temperatures (578–594 K) and are

practically independent of the N-alkyl chain length. These

results are in fairly good agreement with those published in

the literature [9, 24, 25]. In addition, the samples placed in

sealed capillaries have been submitted to isothermal

experiments at 553, 573, and 623 K during 24 h. The

visual observation of the samples does not allow us to

detect any trace decomposition at the exception of the

sample maintained at 623 K for which pyrolysis occurs. In

this case, it was unfortunately impossible to analyze the

resulting products. In order to confirm that no decompo-

sition phenomenon occurs up to 573 K, FT-IR spectra of

the corresponding samples have been performed. As seen

on the graphs reported in Fig. 2, no significant change can

be noticed among the dry (\20 ppm) (2a), the wet sample

(saturated) (2b), and the heated sample (573 K) (2c)

P15-TFSI samples. Three peaks correspond to water in

these samples at 3,639, 3,564, and 1,622 cm-1: those are

clearly visible when spectra 2a and 2b are compared. All

these peaks have increased in intensity when the dry

sample has been heated at 573 K. It is not clear whether the

presence of water in the heated sample comes from the

capillary tube or humidity adsorbed during the transfer of

the sample from the glove box to the capillary, but, in any
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Fig. 1 DSC curves and TG (insert) analysis for P13-TFSI (a),
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case, no decomposition occurs. In conclusion, if no other

decomposition pathways occurring at lower temperature are

accessible [26], then pyrolysis occurs at temperatures over

573 K which restricts the use of these RTILs only at very

elevated temperatures. Nevertheless, protic IL exhibit lower

decomposition temperatures, as decomposition occurs

through shifts in the proton transfer equilibrium between

salt form and parent acid/base pairs [23].

For applications, like electrolytes in high temperature

batteries or supercapacitors, the thermal stability and the

flammability of the electrolyte components are very

important. Flammability tests performed for this reason

show that it is almost impossible to fire up with a lighter

strips of Manila paper soaked with RTILs. As seen in

Fig. 3a, the paper soaked in P13-TFSI is first ignited with a

gas lighter. After a few seconds, the lighter is removed, and

the flame spontaneously extinguishes as seen in Fig. 3b.

These results show that, as expected, these RTILs exhibit a

very good resisting behavior to flame.

Phase stability under ambient temperature

The influence of the scanning rate and the cooling method

has been first investigated using P13-TFSI. DSC experi-

ments have been performed using different scanning rates

for the cooling and heating steps, and, for the first cooling

step, the samples have been either quenched in liquid N2 or

slowly cooled at 10 K/min down to 153 K. Curves are

displayed in Fig. 4a and b, and results are depicted in

Table 4. Using the slow cooling method, the curves

(Fig. 4a) and the results displayed in Table 4 show that the

freezing temperature of the liquid phase depends on the

scanning rate: Tc = 259, 261, and 262 K, respectively at 2,

5, and 10 K/min. This is clearly linked to a supercooling

phenomenon as the melting point, Tm = 283 ± 1 K, is

higher than the freezing point by about 20 K. The entropy

of melting has been calculated from the enthalpy of melt-

ing which corresponds to the area under the peak. DSC

results obtained for P13-TFSI, using the slow cooling

method (10 K/min) and the quenching method are com-

pared in Fig. 4b. Both curves have been run at 10 K/min

after the first cooling cycle. On completion of the first

heating cycle, the melting temperature is the same,

Tm = 284 K, and in accordance with the results of Jin et al.

[27], no glass transition temperature is detected. Never-

theless, surprisingly MacFarlane et al. [1] have reported a

Tg using the quenching method. The crystallization tem-

peratures on the subsequent cooling cycle are slightly dif-

ferent: 265 K (quenching) or 262 K (slow cooling). The

main discrepancy between the present results and those of

MacFarlane et al. [1] is the formation of an amorphous

phase during the quenching step, which is followed by a

cold crystallization at 206 K, an exothermic solid–solid

phase transition (phase III ? II at 228 K), an endothermic

solid–solid phase transition (phase II ? I at 255 K), and

Table 3 Pxy-TFSI RTIL mass loss starting temperatures, Tml, from

TG analysis

Pxy-TFSI P13-TFSI P14-TFSI P15-TFSI P24-TFSI

Tml/K 594 ± 2 578 ± 2 583 ± 2 588 ± 2
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Fig. 2 FT-IR spectra of P15-TFSI: dry sample (2a), water saturated

sample (2b), and after a 24-h isothermal experiment at 673 K (2c)

Fig. 3 Flammability test (a) lighter flame in contact with the paper

soaked with P14-TFSI and b flame self-extinguished
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finally a melting point at 285 K. This melting point shows

that the crystallized P13-TFSI that we get during the first

cooling cycle (slow or quenched) is identical to phase I

described by MacFarlane. Similar to Jin et al. [27], we do

not observe any amorphous phase followed by solid–solid

phase transitions, but only the crystallization of one solid

compound (phase I); it seems strange that identical pro-

cedures do not lead to the same thermal behavior unless

impurities were present in relatively larger amount in

MacFarlane samples.

Curves obtained for P15-TFSI are reported in Fig. 5. A

cooling rate of 10 K/min was applied between room tem-

perature and 193 K and a slower rate (2 K/min) between

193 and 153 K. Corresponding results are presented in

Table 5. During the cooling step, a crystallization occurs at

237 K, followed by a glass transition at Tg = 191 K. On

the subsequent heating step, Tg is obtained at a slightly

lower temperature (186 K). When the temperature is raised

over Tg, three exothermic phenomena appear successively

at 217, 239 K, and at 270 K. They can be attributed suc-

cessively to a cold crystallization at Tcc = 217 K, and two

solid–solid phase transitions at Tss,1 = 239 K and

Tss,2 = 270 K. We may also remark that the sum of the

entropies (crystallization ? solid–solid phase transitions)

RDmS = -44 J K-1 mol-1 matches well the entropy of

melting that is equal to DmS = 46 J K-1 mol-1. This

shows that more ordered crystalline phases are obtained

when heating. Tg and Tm values reported in Table 5, are in

good agreement with the results of MacFarlane et al. [2],

but the entropies of melting are quite different.

Results obtained for P24-TFSI and P14-TFSI are dis-

played in Fig. 6 and Table 6. Using the slow cooling

method, no thermal phenomenon occurs during the cooling

step. On the subsequent heating cycle, different phase

transitions are observed for both compounds: a glass

transition temperature, a cold crystallization followed

(P14-TFSI) or not (P24-TFSI) by a solid–solid phase

transition, and finally a melting point. Tg are 186 K for

P24-TFSI and 181 K for P14TFSI. The cold crystallization

occurs at Tcc = 225 K for P24-TFSI and Tcc = 204 K for

P14-TFSI, which is followed by an exothermic solid–solid

phase transition at 226 K. The crystalline phases are

melting at 262 K in both cases. Excepting for Tg values, the

ethyl chain in P24-TFSI does not much affect the thermal

behavior with respect to P14-TFSI. This suggests that the

solid phases obtained at 226 K for P14-TFSI and 225 K for

P24-TFSI are identical and that the cold crystallization of

P14-TFSI at 204 K leads to a metastable phase which

transforms into a stable crystalline phase at 226 K. If we

compare these results with those obtained by Fernicola

et al. [10] for P24-TFSI, then we can notice that if Tcc

values are very close together as those authors have

reported: Tcc = 228 K at a scanning rate of 5 K/min, Tm
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Fig. 4 DSC curves for P13-TFSI, influence of the scanning rate a 2

and 5 K/min cooling or heating and b 10 K/min heating after cooling

at 10 K/min in or quenching

Table 4 DSC analysis of P13-TFSI, influence of the scanning heating

rate on the cold crystallization and melting temperatures, and on the

entropy of melting (slow cooling method)

Scanning rate/

K/min

Tcc/K/min Tm/K/min DmS/J K-1mol-1

(±6%)

2 259 283 61

5 261 283 52

10 262 284 51
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Fig. 5 DSC curve for P15-TFSI when the sample is cooled and heated

at 10 K/min
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values differ by 3 K, as they have reported Tm = 265 K,

but this small difference can be attributed to experimental

errors.

The quenching method was also applied to P14-TFSI.

After quenching, two heating–cooling cycles were

performed. Curves, obtained for P14-TFSI at a scanning

rate of 10 K/min are displayed in Fig. 7a for the first

heating–cooling cycle and Fig. 7b for the second cycle.

Results obtained by analysis of the curves and literature

data are listed in Table 7. After quenching, on the first

heating step (Fig. 7a) starting from 153 K, a glass

Table 5 DSC analysis of P15-TFSI, phase transition temperatures and entropy of melting according to the method used for cooling the sample

Tc/K

(±2 K)

Tg/K

(±2 K)

Tcc/K

(±2 K)

Tss,1/K

(±2 K)

Tss,2/K

(±2 K))

Tm/K

(±2 K)

DmS/J K-1 mol-1

(±6%)

Cooling stepa 237 191 ND ND ND (-) (-)

Heating stepa ND 186 217 239 270 279 46

Heating stepa after

quenching [2]

190 277 281 80

ND not detected
a At 10 K/min
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Fig. 6 DSC curves for P24-TFSI (a) and P14-TFSI (b) when the

sample is cooled and heated at 10 K/min

Table 6 DSC analysis of P24-TFSI and P14-TFSI, phase transition temperatures and entropy of melting when the sample is cooled at 10 K/min

Scanning direction Tg/K (±2 K) Tcc/K (±2 K) Tss(III?II)/K (±2 K) Tm/K (±2 K) DmS/J K-1mol-1 (±6%)

P24-TFSI Cooling step ND ND (-) (-) (-)

Heating step 186 225 (-) 262 33.3

P14-TFSI Cooling step ND ND ND (-) (-)

Heating step 181 204 226 262 76.5

ND not detected
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heating–cooling cycle
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transition temperature is first observed at Tg = 186 K

(instead of 181 K by slow cooling) followed by a cold

crystallization at Tcc = 217 K (instead of 204 K, slow

cooling). When the temperature is raised, a solid–solid

endothermic phase transition occurs (II ? I) at Tss(II?-

I) = 239 K, followed by the fusion peak at TI,m = 252 K.

At the second cycle, the glass transition temperature Tg,

cold crystallization Tcc, solid–solid transition temperature

Tss(II?I), and melting temperature TI,m are the same at the

second cycle within ±1 K, but a new endothermic peak

appears at 262 K, which is the same as the melting peak

obtained by the slow cooling method. On cooling, in both

cycles, the liquid phase exhibits a very large supercooling

range of temperatures without any detectable DSC signal.

The solid phase melting at 262 K (quoted as phase II) is

obtained either by a solid–solid transition III (metastable

phase) ? II at 226 K using the slow cooling method (see

Fig. 6b), or by cold crystallization of the quenched sample

at 217 K (see Fig. 7b). Solid phase I is characterized by a

melting point at 252 K (our results) and is obtained by a

solid–solid transition II ? I occurring at 240 K (±1 K)

after quenching.

In order to investigate the exact nature of the observed

solid–solid transitions, a detailed X-ray diffraction study

has been run, under same quenching conditions. The

X-ray diffraction diagrams obtained at 218, 233, and

253 K are presented in Fig. 8a and b. In Fig. 8a is

reported the X-ray diagrams of phase II at 218 and

233 K: the peaks are overlapping indicating that the same

crystalline phase is present at these two temperatures. In

Fig. 8b is reported the diagram obtained at 253 K: the

number of peaks differs from the preceding diagram, but

the comparison between diagrams at 218 K (or 233 K)

and 253 K indicates that at 253 K, phase II is mixed with

another phase that is phase I. This result supports the

co-existence of phases I and II above 240 K (at the sec-

ond cycle) as shown in Fig. 7b. As a consequence, two

separate melting points are found: TI,m = 252 K for phase

I and TII,m = 262 K for phase II.

Conclusions

The thermal stability of a series of N-alkyl-N-alkyl0-pyr-

rolidinium-bis(trifluoromethanesulfonyl)imide RTILs has

been investigated. ATG and DSC studies reveal that no

RTIL decomposition or vaporization occur below 578 K

and as expected, these RTILs exhibit a very good resisting

behavior to flame. When the temperature is decreased

below ambient temperature, DSC experimental results

indicate that phase transition are slightly dependent on the

scanning rate, but highly influenced by the cooling method

used to obtain the solid phase: quenching or slow cooling.

Depending on the method used for cooling, stable or

Table 7 DSC analysis P14-TFSI phase transition temperatures after quenching the sample

P14-TFSI Tg/Ka Tcc/K
a Tss(II?I)/K

a Tss(II?I?II)/K
a TI,m/Ka TII,m/Ka

Literature [19] 186 223 249 ND 255 ND

This study (first cycle) 186 217 239 ND 252 ND

This study (second cycle) 186 217 ND 240 252 262

ND not detected
a Temperature accuracy is ±2 K
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Fig. 8 X-ray diffraction analysis of P14-TFSI at various temperatures

after quenching, a phase II at 218 and 233 K; b phase II at 218 and at

233 K, and phase mixture (I ? II) at 253 K
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metastable crystal phases are observed which were identi-

fied by means of X-ray diffraction analysis. Comparison

with the published results shows that the differences in

phase transition temperatures are not only related to

experimental errors, but also to the presence of impurities

like water and halides whose amounts are often lacking in

the literature data.

The thermal stability of the Pxy-TFSI RTIL is a great

advantage over other RTILs for potential use as electro-

lytes in high temperature electrochemical devices. Never-

theless, other physical–chemical properties such as ionic

transport and electrochemical stability must be considered.
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