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A detailed investigation on the nature of the relaxation processes occurring in a typical room temperature
ionic liquid (RTIL), namely, 1-butyl-3-methyl imidazolium hexafluorophosphate ([omimJ[R#s reported.

The study was conducted using both elastic and inelastic neutron scattering over a wide temperature range
from 10 to 400 K, accessing the dynamic features of both the liquid and glassy amorphous states. In this
study, the inelastic fixed energy scan technique has been applied for the first time to this class of materials.
Using this technique, the existence of two relaxation processes below the glass transition and a further diffusive
process occurring above the gladiguid transition are observed. The low temperature processes are associated
with methyl group rotation and butyl chain relaxation in the glassy state and have been modeled in terms of
two Debye-like, Arrhenius activated processes. The high temperature process has been modeled in terms of
a Kohlraush-Williams—Watts relaxation, with a distinct VogeFulcher-Tamman temperature dependence.
These results provide novel information that will be useful in rationalizing the observed structural and dynamical
behavior of RTILs in the amorphous state.

Introduction

Room temperature ionic liquids are increasingly attracting
attention as nonmolecular liquid media for a wide range of
applications including as solvents for reactive chemistry, as
electrolytes, as liquid crystalline materials, and as extractants.
This is due to their inherent conducting properties, the ability
to tune the physical properties of the liquid by changing the
anion—cation combination, and the effect of ionic interactions
on solvation, for example, compared with molecular interactions
found in water, supercritical fluids, and organic solvents. As
part of an ongoing investigation into the structure of ionic liquids
and the dynamics within the liquids, this study describes quasi-
elastic neutron scattering (QENS) on 1-butyl-3-methyl imida-
zolium hexafluorophosphate ([bmim][Ell; shown in Figure
1.

Figure 1. Schematic representation of 1-butyl-3-methyl imidazolium
hexafluorophosphate ([bmim][RBJ-.

A number of studies have examined the structure of ionic reorientational dynamics of [omim][BFhave been investigated

liquids using simulation&;* X-ray scattering; and neutroh® usingl3.C NMR techniques! From modeling of the spinlattice .
scattering; however, the dynamics in ionic liquids has been relaxation constants and nuclear Overhauser effects, two motions

studied in much less detail. Recently, Triolo et%éxamined have also been elucidated, a fast molecular motion and a slower
the dynamics of [bmim][P§ using QENS between 250 and rotational diffusion process. Giraud et al. also examined the
320 K. Two different dynamic processes were found to exist in reorientional dynamics using the Kerr efféétUrahata and
the sub-picosecond and sub-nanosecond temporal window, withRibeiro have recently reported an extensive molecular dynamics
each having a different temperature and momentum transferStudy examining the dynamics as a function of alkyl chain length
dependence. These findings are in reasonable agreement witf 1,3-dialkylimidazolium ionic liquids and anion siz&The

results from molecular dynamics simulatichs addition, the ~ Mean square displacement was found to have a maximum with
alkyl chain length at ¢ In addition, the displacement of the

* Corresponding author. E-mail: triolo@me.cnr.it. cations was found to be larger with increasing anion size. As

IConsigliO_Naziona_le delle Ricerche. found from the NMR studies, the molecular dynamics showed

, Hahn-Meitner Institut. a strong anisotropic dynamic motion due to the rapid motion
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By using selectively deuterated and protiated samples of 0.020 T
[bmim][PFg], this study uses QENS to discriminate between |
the processes due to the dynamics of the methyl and butyl groups 0.016 [5 e %) -
as well as those associated with the diffusion of the whole & gom 3‘% -
molecule. £ 002 o 3]
= . 50 100 150 mh ?50
Experimental Section £ 0.008} @ID% Tw ]
]
Protiated 1-butyl-3-methyl imidazolium hexafluorophosphate = * poonel
([omim][PFe]) was obtained from Merck. The selectively 0.004 > cooling 2 1
deuterated hexafluorophosphate samples were prepared from
butyl-deuterated and methyl-deuterated 1-butyl-3-methyl imi- 0-0000 20 100 150 200 250 300 35000 250

dazolium chloride salt4 by metathesis with NgPFs to form
the dg-[bmim][PFs] and ds-[obmim][PFg] salts, respectively. In _ o
each case, the standard procedure was folloWw&gch sample Figure 2. Elastic fixed energy scans collected on 1-butyl-3-methyl
was analyzed byH and 2H NMR as well as by elemental imidazolium hexafluorophosphate ([bmim][RFat IN16, at fixedQ

. . . . =1.89 A%, For the data referring to the first cooling stage, experimental
0 )
analysis and showed-97% deuterium incorporation. Al g0 s are reported. In the inset, the natural logarithm of the EFE

samples were dried as liquids under high vacuum at 333 K, jntensity is plotted versus temperature, to highlight the initial linear

T (K)

cooled, and transferred to the sample containers ungridr behavior forT > 60 K. Above that temperature, relaxation processes
to performing the QENS measurements, become active at the time scale probed by the spectrometer.
QENS measurements were collected at three backscatterin

Ynstrumental energy resolution. In addition, upon crystallization,
clear Bragg peaks were also observed, despite the Qow
resolution available at IN16. Above the melting point of the
crystalline phaseT, = 284 K), the EFE intensity decreased to
a value which is consistent with the formation of a liquid. The
second cooling curve is superimposable on the initial cooling
data, showing a high degree of reproducibility and a qualitative
estimation of experimental error bars.

Further inspection of the inset of Figure 2 shows the existence

spectrometers.

Elastic fixed energy scans (EFESs) were collected at both
IN16 and IN10 at the Institute Laue Langevin (ILL) usihg=
6.271 A, accessing @ range between 0.43 and 1.90Awith
an energy resolution of 0/V. The EFES data were collected
as a function of temperature by monitoring the number of
neutrons that were elastically scattered by the sample, upon
heating or cooling the sample, following removal of the constant

contnbutlon_ f_rom the_ empty C‘?” and normalization to the of a low temperature rang& < 60 K) where In(elastic intensity)
detector efficiency using vanadium. The measurements were

lected f | tained | lindrical lar alumi O —T. This behavior is consistent with a Deby®@/aller effect
coflec e” ro_rt?] samp esl c:)hr_] ?(lne 'T)Cty In “Cglann(l; grsa UM que to the rapid oscillations of hydrogen atoms around their
num cells with a samplé thickness between .1 and 9.5 mm in equilibrium positions. Above~60 K, the experimental data

grder to rlr}lnlrtmze mlljltt'pclﬁ s::hatterlng iﬁeCtSi To aCCTTSS fthe deviate from this linear behavior (see the inset of Figure 2).
ynamicai features refated to the amorphous glass, cooling MoMg, -, 5 penayior is related to the triggering of energy exchange

the melt was chosen in order to avoid crystallization of the between neutrons and relaxation processes which become

?';mple Whl'Ch oceurs upo? hetagng tthe glalgiy e:lmsgrﬁhou_s IOhE"Set‘nermally activated. The further decrease in EFE intensity above
€ samples were investigated betweelt 1o using 200 K is due to the glass-to-liquid transition when the diffusive

heating/cooling rates of 1.3 K niifh. Using the same conditions, processes get activated.

EFESs were also collected at IN10, which is a backscattering The inspection of Figure 2 suggests that the EFES data from

sp;act:oTet?r s(|jm||ar to IN16. IFESs lected at th a fully protiated sample can only provide qualitative information.
nelastic fixed energy scans ( yvere collected at the To extract more specific information, partially deuterated

BSS spectrometer at the Fors_chungs ZentrUinh_](FZJ) using [bmim][PFs] samples were also examined. The large difference
an energy resolution of approximately:&V, covering &Q range between the scattering cross sections of H (which is a

betwgzen %'02 tand lt.hS7tiA Durlngtt thedrFeaSl:rr]ements,l the.th fundamentally incoherent scatterer) and D (which has a total
number of neutrons that were scatiered rom the sampleé With ¢ .,¢ section that is 11 times smaller than that of H and is a

an (T_nergy exc_hanget of 14./’1:?V was mortl)ltc:red qug hegtzlsgé K mainly coherent scatterer) causes the partial suppression of the
PF%O Ing, C°"elf'“d9.a lempe:a ure ra?ge etheen dant th ”_L'incoherent scattering contribution of the deuterium-labeled
€ same cylindrical annular sample geometry used at the portions, though it also leads to a concomitant increase in the

was used for these experiments. coherent scattering. It should be noted that a quantitative fitting
of the data was not possible from partially deuterated samples
because of the superposition of the coherent and incoherent
The EFESs were examined in order to extract qualitative scattering from hydrogen, deuterium, carbon, and nitrogen. The
information on the possibility of separating different dynamical inset of Figure 3 shows EFES data collected on IN10 for the
processes in [bmim][RF Three data sets collected on IN16 butyl- and methyl-deuterated samples@i= 1.85 AL The
are shown in Figure 2 following a cyclic thermal path, namely, selective deuteration accentuates the incoherent signal from the
cooling from the liquid to the glass at10 K at 1.3 K mirr, remaining hydrogenated sites, although the effect of additional
heating the glass to the liquid state, and a second cooling fromcoherent contributions to the scattering is not negligible,
the liquid to the glass. It is clear that when cooling the liquid especially for thels-[omim][PFs] sample. As expected, the EFE
no crystallization is observed even after extended periods of data from theds-[bmim][PFs] and protiated [bmim][P§} (Figure
time. However, as expected, upon heating, the glass crystallized?) samples are quite similar due to the fact that only the three
above the glass transition temperatufg £ 190 K) between methyl group hydrogen atoms have been replaced. In compari-
210 and 220 K. The signature of this process is the discontinuousson, a reproducible sharp decrease in the EFE intensity appears
increase of the EFES signal, indicating the formation of a phase in the low temperature region (+@80 K) from theds-[bmim]-
which is rigid on the time scale associated with the accessible [PFs] sample. This feature is the consequence of the activation

Results
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Figure 3. Elastic fixed energy scans collected at IN10 on selectively T (K)

deuteratedl-[bmim][PF], at differentQ values Q = 1.18, 1.45, 1.68, Figure 4. Comparison between inelastic fixed energy scans collected

1.85, and 1.96 Al, respectively, from top to bottom). The lines ; ;
' 2 : e X X BSS f h | I plig4 P
correspond to the fit described in the text, accounting for the relaxation ::1 d(?s-s[brrr?irr?n]tpfze }Wacl)t Ze S?ecltel\(/:?e)(/ﬂ? d\?:ltl:eéagd: Sfrgz Aﬂt;mlm][ Fel

of the methyl group. In the inset, data from the two selectively

deuterated samplesly-[bmim][PFs] andds-[bmim][PFs]—are compared s _
at a selecte® value Q = 1.85 A 1), :/r\llgmlr:)r?q 4, DWF represents the Deby®/aller factor con

of the methyl group rotation. This relaxation feature is not
directly visible in Figure 2 because it is masked by the DWF = exp[—0.3330°[°(]
incoherent scattering from the butyl chain that dominates the . .
spectra. Although similar EFES data have also been observedVherelf?Lis the mean square displacement, which was assumed
from materials containing methyl groups, such as polymers (e.g., [0 be linearly dependent with temperature, thati¥,)= [o°0]
polyisoprene, polypropylene), and show an equivalent decrease’ dmZ_MdT * T .
in intensity, this feature is generally observed at much higher N Figure 4, a comparison between IFE scans from boigth
temperatures (160120 K), that is, when the rotation motion ~@ndds-[obmim][PF] is reported. One can observe that the main
of the —CHs units becomes thermally activated. The fact that features of these data reflect the activation of the rel_axatlon
this feature is observed th-[bmim][PFg] at a lower temperature ~ Processes of the butyl and methyl side group, respectively. In
indicates a much lower activation energy for the corresponding Particular, excess intensity, indicated by the arrows, is found
motion in the ionic liquid. cenFered at 80 K fods-[bmim][PFg] a_nd at~220 K for ds-

The EFES data frorde-[omim][PFs] were modeled according ~ [PMim][PFs]. These features are the signatures of the two group

to an Arrhenius-like activated process, with a jumping rB(&), relaxation processes. Upon selective deute.ratiqn, it is possible
given by to separate the butyl or methyl group contributions and hence

observe relaxation of the remaining protiated units, that is, the
I'(T) =Ty exp[—E,./ksT] (1) methyl group at 80 K and the butyl chain at 220 K.
The low temperaturel( < 180 K) portion of the EFES from
whereTl is the attempt frequency at high temperature Brg sampledg-[bmim][PFs] was modeled (fit reported in Figure 3)
is the activation energy. The fit of the experimental data in terms in terms of the above-described formalism together with the
of this model is shown in Figure 3. Attempts to account for a IFES data on the same sample. Using this fitting procedure,
distribution of activation energies, as is commonly found values ofl'o=0.17 meV Eat= 1.28 kJ mot?, and dr[dT =
necessary in polymeric glassy materials, did not lead to a 0.0025 & K—1 were derived.
substantial improvement in the modeling. In addition, the width ~ Due to the combination of coherent and incoherent scattering
of the log-Gaussian distribution (eq 2) used to describe the arising from the chemical (and isotopic) composition of the
rotational rate distributioff was negligible, thus indicating that  sample, it was not feasible to extract geometrical information
the distribution is essentially monodisperse: on the nature of this process from tkedependence of the
signal. This is only achievable by examining the elastic
o(E) = 1/(0(2.71)0'5) exp(—(E — [EaCDZI(Zoz)) (2) incoherent structure factor (EISF) which can be extracted as
the ratio between the elastic scattering and the total (elastic
Using a well-established procedtffand assuming a Lorentzian  inelastic) scattering, as a function ©f However, as the IFES
shape for the quasi-elastic broadening, the EFES was modeleddoes not monitor the elastic signal, but only the inelastic one,
according to the EISF cannot be calculated from these data. Despite the
absence of low temperature features in the protiated [bmim]-
SQw~0) = A(Q) + 2/7[1 — A(Q)] arctg(’/T) (3) [PF] EFES data (Figure 2), the IFES data from this sample,
. . . . shown in Figure 5a, clearly show the existence of thesCH
wherel': is the width of the instrumental resolution (Q8V) rotation process, as indicated by the low amplitude peak centered
(eq 3 assumes a rectangular shape for the instrumental resoluz; _gg K. This correlates well with the temperature where the
tion), Ao(Q) is an apparent elastic mcohe_rent structure fact_or methyl group relaxation was observedilbmim][PF] (Figure
due to thg combination of coherent and mcohgrent scatterlng4).
and is a fitted parameter of the model, aii/K() is given by Further analysis of the IFES data from protiated [bmim}JPF
eq 1. (Figure 5a) shows that, in addition to the first relaxation process,
) _ it is possible to characterize two further dynamical processes
SQ~0) = DWFA(Q) + occhr)ring above 150 K. An inspection of theymolecularp structure
271 — AfQ)] arctg(l'/(I'y exp[~E,{ksT]))) (4) of [bmim][PF¢], together with the evidence from Figure 4,
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TABLE 1: Fitting Parameters Obtained by the Modeling of
the IFES Data from [bmim][PF¢] in Terms of Equation 7

§ 3.0 parameter value

(f) 2.5 Lo putyi 0.91 meV

g Eactpuy 11.34 kJ mot?

s 20 B 0.42

e 1.5 v 2.7

= Eactapp 17.1 kJ mot?

= 1.0 To 170K

g 0.5 of the attempt frequency for the process at infinite temperature.
ET EactappiS the apparent activation energy for the process,Tand

is a characteristic temperature accounting for the deviation from
the Arrhenius lawrg is dependent o via 7o(Q) ~ Q~”, where

v is a characteristic exponent. In addition, the temporal shape
of this relaxation is typically different from that described by

A the Debye law; in general, this process is described in terms of
the KohlrauschWilliams—Watt (KWW) expressiof? (eq 6):

(1) = exp(-t/r)y’ (6)

wherer is a characteristic time for the relaxation gh@0 <
< 1) is a parameter accounting for deviations from the
exponential (Debye) law. The KWW expression is defined in
the temporal domain, and an analytical expression for its
40} :
frequency dependence only exists for selected valueg. of
0 100 200 300 400 Recently, an efficient numerical procedure for Fourier trans-
T (K) formation of the KWW expression into the frequency domain
Figure 5. (a) Inelastic fixed energy scans collected on [bmim}PF  has been developed.This routine has been used to evaluate
at differentQ values Q = 0.56, 1.02, 1.29, 1.52, 1.72, and 1.87'A the temperature dependence of the IFES at fixed frequengy (
respectively, from top tq bot‘gom). The lines co_rrespond to the fits_ in — 14.15ueV). Using this procedure, optimized values for the
terms of the model described in the text, accounting for the two localized fitting parameters @20, Tobuyh Eact,buty|(f6fel’ring to the buty!

processes and the diffusive one. (b) Detailed description of the modeling . . . .
of the inelastic fixed energy scan collected at BSS from [bmimd[PF relaxation)zoa(Q), 3, v, Eact.aps @ndTo (referring to the diffusive

at a selected value Q = 1.29 A-Y). The contributions associated ~ OF 0-process) were obtained. An adjustment of the IFES
with the methyl and butyl group relaxations and to the diffusive background, BKG, and the amplitudés, of the butyl relaxation
dynamics are plotted. and diffusive dynamics processes was also required. The overall

..., model used is described in eq 7 including the numerical
suggests that the process found between 200 and 300 K is l'kelyprocedure to evaluate the Fourier Transform (FT):

to be associated with the relaxation of the butyl chain. At higher
temperatures, this is followed by the diffusive dynamics IFES(T>200K)= BKG + DWF (A, 2/7T (Eqe puryd/
associated with the glass-to-liquid transition. As these processes '

: : b [0 + T Eaerpund’] + AFTIEXPEHD]) (7)

overlap in the accessibl@ range, their modeling is a complex

task. However, as @ dependence ']f’ fr?und folr the diffusive g6 54 shows the offset normalized experimental data
dynamics but noQ dependence of the butyl dynamics is q4ether with the fitting curves from eq 7. Figure 5b shows the
expected, since this motion can be considered to be a Iocallzed,single components to these fits for a selected valu®.6Fhe
nondiffusive one, at suitably chos@walues, the two processes  arameters from the modeling of the two processes (butyl
will be well separated. To enable a ful separatlcmyalues relaxation and diffusive dynamics) are shown in Table 1.
lower than~1.0 A~ would be needed; however, this was not The DWF term @20dT was determined from the simulta-
possible using the present experimental setup, and therefore: aheous fitting of the curves over the whole accessible temperature
the Q values shown in Figure 5a, the two processes are still ;46 jeading to @20dT = 0.0025 & K. The amplitudes of
partially superimposed. Still, taking ad"?”t.age of _the different e o high temperature processes shown in Figure 5b show a
Q depgndenceg for the two processes, it is possible to extracCtyistinct Q dependence. In particular, with increasify the
useful information on their nature. amplitude of the diffusive dynamics process decreases. This

As described for the methy! rotation process, the butyl chain i he 4 consequence of the geometrical features of the butyl
motion is assumed to relax via an Arrhenius-like activated route. chain motion.

Again, the modeling did not require the assumption of a
heterogeneous environment experienced by the butyl moiety andyiscyssion

a single activation energy could be used to satisfactorily describe ] ) ]
the data. Itis clear that the IFES experimental approach provides very

The diffusive dynamics process is known to show non- Useful information that is complementary to that which is
Arrhenius features and may be fitted using the Vegel accessible through the more traditional EFES approach. Despite
Tammann-Fulcher (VTF) expressiot? 21 this advantage, there are very few examples of IFES studies of

soft matter and those which have been reported have been
7(Q.T) = 7¢(Q) eXPExct apfke(T — To)l 5)

limited to polymeric material&®24 This approach allows the

existence of relaxation processes occurring in the spatial-
where 7(Q,T) is the characteristic time for the relaxation at temporal window accessible to the spectrometer to be identified
temperaturd and momentum valu® andzo(Q) is the inverse easily and without bias.
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The previous QENS characterization of the dynamics in the importance of methyl hydrogen interactions with the anion
[bmim][PFg]° indicated two relaxation processes, a fast local- and cation in the case of chloride and the absence of strong
ized process and a slower diffusive motion. Although this model specific interactions for the hexafluorophosphate resulting in
is qualitatively confirmed by the present study, the detailed the low activation barrier observed. The fact that there is also
guantitative analysis has led to different conclusions. The no need to introduce an appreciable degree of polydispersity in
preliminary data set collected at the FOCUS time-of-flight the activation energy for this process also indicates either that
spectrometer covered the temperature range between 250 andll of the methyl groups are in similar environments, which is
320 K and theQ range between 1.4 and 2.2 1% On the basis likely, or that despite the variation in environment the methyl
of the IFES data and modeling reported herein (Figure 5a,b), groups are not constrained. This may be compared with the
the former QENS data were mainly probing the butyl relaxation. situation in amorphous polymer glasses, where the methyl group
Such a finding is very instructive on the limitations/requirements motion is described in terms of a distribution of rotational rates
of the experimental approach that we are presently employing. and activation energiés.

The possibility of accessing a temperature scan at a fixed energy  There is limited information available on the features of the
exchange provides a clear indication of the number and natureliquid—glass transition in room temperature ionic liquids
of dynamic processes occurring in the sample as a function of(RTu_s), in general, and in [obmim][RfFin particular. There is
QandT. Although more complete, a series of isothermal QENS  even less information available on the nature of Sybrocesses
patterns (over a range of frequencies) often do not provide thein this class of materials. Self-diffusion coefficients in [bmim]-
same qualitative, fundamental information. [PR] have been derived in the liquid state from NMR

A number of investigations into the dynamics of ionic liquids measurements, indicating a non-Arrhenius temperature depen-
have shown the presence of two relaxation time scales. Thisdence for this process.
study clearly highlights the presence of a third methyl rotation ~ Many molecular dynamics simulation studieshave been
process which has not been reported previously in ionic liquids developed to describe both structural and dynamical features
due to the time constant being outside that probed by the NMR, of RTILs, although no efforts have been paid so far to the
for examplet! The motions above and beld¥y are similar to  characterization of local processes or to the temperature
those found in neat polypropylene oxide, for example, where dependence of the diffusive dynamics.
the methyl rotation occurs in the glass state and skeletal motions 14 the hest of our knowledge, no other studies exist which
occur in the liquidt® It is interesting to note that, despite the  can pe compared directly with the present results on the local
similarities, the activation barrier for the methyl relaxation gynamics of the methyl and butyl groups. A QENS investiga-
process is much lower than that in polymers. Such an activation tj5128 of the dynamics in liquid butane highlighted the existence
barrier ranges from 3.7 to'5 kJ mol™ for some polymers? of a reorientational process along the alkane chain, which is

Our description of the experimental data leads to a surpris- likely to be analogous to the butyl chain relaxation process
ingly low value for the activation energy for the methyl group within the ionic liquid. Similarly, QENS has been applied to
rotation. Even in the case of gas phase, low molecular weight address the dynamical behavior of the alkyl chains in dicopper
molecules, the barrier for the methyl group rotation ranges from tetrapalmitaté® Using selectively deuterated alkyl groups,

2 to 11 kJ/moP® We can be conclusive in stating that our QENS ' increasing degrees of conformational disorder were found along
data indicate a low activation energy for the rotation of the the alkyl chain as the terminal methyl is approached. A similar
methyl group (as indicated by the occurrence of relaxation effect has been observed from careful inspection of molecular
features at a much lower temperature than that observed, e.g.dynamics simulation of [omim][P#.3° A recent simulation

in poly(propylene oxide) (see ref 16)). However, due to the low study by Ribeiro et ald qualitatively showed the complex nature
signal-to-noise ratio and to the possible coupling between fitting of the dynamics of the butyl chain attached to [bmim]CI.
parameters, we realize that further measurements are required\ithough not in the liquid state, a high degree of polymorphism
to obtain a conclusive estimation of the activation parameters has also been noted in imidazolium salts, in general those
for the methyl group rotation. associated with halide counteriénébut also in [Pk~ materi-

The anomalously low activation barrier is possibly due to als. In many cases, the polymorphic behavior has been associ-
the weak hydrogen bonding of the [§F anion. In the liquid ated with changes in the alkyl chain orientation with respect to
structure of 1,3-dimethyl imidazolium hexafluorophosphate the imidazolium ring or within the alkyl chain. For example,
([dmim][PFg]), the anion interacts with the imidazolium ring  [C1amim]CI-H,O exists in two polymorphic forms where the
hydrogens but only limited anion density is found around the arrangement of the cation headgroup and the alkyl chain is
methyl groups, indicating only a weak interaction, as expetted. strongly dependent on the thermal history of the 3edimilarly,

In addition, in the crystal and liquid structures of [dmim]gpF  crystal-crystal phase transitions have been observed ig-[C
only short methyl hydrogeamethyl hydrogen contacts are mim]™ and [Gemim]* based hexafluorophosphate ionic liquids,
found, whereas the chloride structures also show methyl Whereby the long alkyl chain has significantly more degrees of
hydroger-ring hydrogen contacts. Therefore, it should be freedom in the high temperature structét®ecently, Hamagu-
expected that both the constraints due to catication and chi and co-workers have shown that, in short alkyl chain length
cation—anion interactions for the methyl group rotation will be ionic liquids, namely, [bmim]Cl and [bmim]Br, rotational
much weaker than those for other systems, such as the chloriddsomers are possible where the alkyl chains contain trérasis
salts. This is in agreement with simulations of the crystal and trans-gauche configuratiorfs’ It is likely that the dynami-
structures of [dmim]Cl and [dmim][R§:3 Using a united atom  cal processes observed herein of the butyl chain are associated
approach for the methyl groups, where theG$ireplaced by with transitions through these configurations.

a sphere of the correct size and a given charge, gave reasonable The rheological and conductivity behavior in RTILs has been
agreement with the experimentally determined structure, as well explored among others by Angell et &highlighting the highly

as similar data to those obtained from the explicit methyl group, fragile behavior of ionic liquids (including [omim][Rp, despite

in the case of the [Rf~ anion, whereas substantial differences their low glass transition point. Temperature dependent viscosity
were observed for the chloride salt. These simulations indicate data have been modeled according to a VTF parametrization:
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