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ARTICLE INFO ABSTRACT

In this paper, thermal and spectroscopic investigations on a room temperature ionic liquid, 1-Butyl-1-methyl
pyrrolidinium bis(trifluoromethylsulfonyl)imide ([BMPyr][TFSI]) were carried out using differential scanning
calorimetry and broadband dielectric spectroscopy over wide temperature to study the molecular mobility,
charge transport properties, and conductivity relaxation. The quantum mechanical calculations were used to
study its polar nature. The isochronal cooling and heating were measured to get an estimation of the glass
transition temperature. The study revealed that [BMPyr][TFSI] is an intermediate fragile system with a fragility
index of 96.3 and T, around 182 K. A strong translational-rotation coupling of the [BMPyr][TFSI] molecules
were observed in the glassy state due to intermolecular Johari Goldstein relaxation. It showed an excellent
agreement with the coupling model predictions. The conductivity behavior of [BMPyr][TFSI] follows Johncher's
power law, and its temperature dependence well fits with the Arrhenius equation having an activation energy of
686.3 kJ/mol. The glass transition temperature obtained from DSC, isochronal cooling data and heating data
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were in good agreement.

1. Introduction

Room temperature ionic liquids (RTILs) have attained a growing
interest among the physical chemistry and chemical physics research
communities as well as to the industry [1]. RTILs are defined as molten
salts composed of organic cations and inorganic anions with unique
properties such as chemical and thermal stability, nonvolatility, the
colossal range of fluidity, fast iono-mobility, high conductivity, and
wide electrochemical window, all of which mark them as a promising
candidate in electrochemical applications [2,3]. The diverse availability
of anions and cations offers a wealth of materials with diverse structural
formations and interactions. Such complex ion pair formations and its
diverse dynamics influence the effectively available ion concentration,
its transport characteristics and the conductivity beyond its simple
viscosity dependence. Thus, the fundamental perspective of RTILs is
very much essential to elucidate information regarding its diverse
morphology, dynamics and transport properties in the glassy and su-
percooled liquid state. Thus a growing number of researchers and en-
gineers have been focusing on different applications of RTILs due to
their unique properties.

Apart from this point of view, this study can be useful to investigate
the glassy dynamics and ionic conductivity of RTILs, since the chemical
composition of RTILs plays a vital role in deciding its physiochemical
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properties. Some studies in this direction have been reported for the
estimation of complex dielectric functions in ionic liquids (ILs) using
quasielastic neutron scattering [4], mechanical relaxation [5], di-
electric relaxation [6-11], light scattering [12], adiabatic calorimetry
[12], and quasielastic Raman scattering [13-15], etc. Among them,
broadband dielectric spectroscopy (BDS) can be considered as a ver-
satile tool to measure the dielectric function and to expound informa-
tion associated with it. BDS successfully probes the charge transport
mechanism in the ILs with its ability to probe molecular fluctuations
and ionic hopping in the broad frequency range from 10~2 to 10”7 Hz
over a wide temperature range.

This work intends to report the charge transport mechanism and
glassy dynamics of a highly conductive RTIL, 1-Butyl-1-methyl pyrro-
lidinium bis(trifluoromethylsulfonyl)imide ([BMPyr][TFSI]), and to
elucidate the strong connection between conductivity relaxation (cor-
responding to the structural a- relaxations in nonionic glass formers)
and secondary f-relaxations. In this perspective, one can assume that
the pyrrolidinium cation [Pyr]* will be a better option since it acts as a
source of secondary dynamics due to its non aromatic structure.
Typically, ILs with aromatic cations like imidazolium fail to resolve the
secondary f- relaxation in the glassy state due to delocalization of
charge. Among all the possible derivatives of pyrrolidinium cation,
BMPyr-cation can be considered as a stable one due to the presence of
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equation. It is found that the dielectric data during heating from the
deep glassy state could excellently be explained in modulus formalism
for ionic conducting glass formers and could be well fitted with the
Havriliak Nigami equation. Its temperature-dependent behavior strictly
follows a non-Arrhenius VFT behavior in supercooled liquid and
Arrhenius behavior in the glassy state. The study revealed that [BMPyr]
[TFSI] is a fragile intermediate system with fragility index 96.3 and T,
around 182 K. A strong translational-rotation coupling of the [BMPyr]
[TFSI] molecules were observed in the glassy state and which is con-
sidered as the precursor of structural a relaxation. It showed an ex-
cellent agreement of the JG and CM, z4(T) relaxation times emphasizing
that the observed secondary relaxation is universal JG relaxation due to
intermolecular interaction in the glassy state and excluded the possi-
bilities for intramolecular rotation well evidently by Musiat et al. The
conductivity behavior of [BMPyr][TFSI] follows Johncher's power law,
and its temperature dependence well fits with the Arrhenius equation
with an activation energy of 686.3 kJ/mol. The glass transition tem-
perature obtained from DSC, isochronal cooling data and heating data
were in good agreement admitting a slight discrepancy of 1-2 K.
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