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Abstract

lonic liquid based on N-methyl-N-propylpiperidiniufiMiPrPPI] cation and bis(trifluoromethanesulfonyl)
imide [TFSI] anion has been synthesized and characterizedsyithesis is based on alkylation reaction of
N-methylpiperidine followed by anion exchange. Theicture of [MPrPPI[TFSI] was identified by using
'H, *C, "F NMR and FT-IR spectroscopy. The phase behaviangé for [MPrPP][TFSI] was measured in
the temperature range from -150 to 200 °C by udiffgrential scanning calorimetry (DSC). In thedtency
10? - 10 Hz range, dielectric measurements were performeltl sample at various temperatures from -69 to
-19 °C, i.e. around the glass transition tempeeafline peak relaxation was observed near to tinipgeature.
Also, in order to understand the ion dynamics i tluy the frequency dependence of the complex
conductivity ¢, ¢"') of [MPrPPI][TFSI] at various temperatures has been analyzed. Taeat®n has been
characterized by the empirical Havriliak—NegamiNjequation.

Keywords: lonic liquids ILs; bis(trifluoromethanesulfonyl)ide anion; Differential Scanning Calorimetry
(DSC); dielectric relaxation spectroscopy (DRS)n@activity.

1. Introduction

During the last decade, ionic liquids (ILs) haveeonsidered as a promising green reaction maedias a
novel solvent [1-4]. Initially, ILs were developday electrochemists [5-8], who were looking for idea
electrolytes suitable for batteries [9-12]. Owinglte ionic environment effect on the chemical tieas [13-
16], the main focus of electrochemists was shiftedeneral ionic liquid characterization in view lietter
applications. lonic liquids currently have a largeiety application field, which continues to expgarecause
of their use as electrolytes for devices and psE®sand solvents for organic/catalytic processes a
separation/ extraction [17-20]. In addition, oth@plications in enzyme catalysis and multiphasepbizess
operations were reported [21].

According to literature [22], the physicochemipabperties of room temperature ILs consistingNelkyl-N-
methylpiperidinium bis(trifluoro methanesulfonythides have been extensively studied, in partidolatheir
high thermal stability{23-24]. Recently, piperidinium [TF$IIL having a propyl and a methyl group have
been prepared by many groups [25-31]. Sakaebe .et[32,33] in their study of N-methyl-N-
propylpiperidinium bis(trifluoromethanesulfonyl) ide proposed this ionic liquid as a attractive didate
for the electrolytes of Li-ion batteries with exeet safety characteristics. Which exhibited the
electrochemical stability up to lithium reductiontential (<OV versus Li/LY) and excellent electrochemical
properties.

Since the data on dielectric properties e.g), (¢"), (tard), (") and ¢” versus frequency, and thermal
behaviour around the glass transition temperat{figsof [MPrPPI][TFSI] not exist in the literature. These
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reason prompted us to synthesize this ionic liqiidPrPPI][TFSI], and to examine their thermal and
dielectric properties.

The molecular structure of compound was charaeenzaH, °C, *°F NMR and FT-IR spectroscopy, and
the data of characterization are in accordance thith expected composition and structure. IL thermal
properties were investigated in the temperaturgaanom -150 to 200 °C by using differential scagni
calorimetry (DSC). The frequency and temperatugeddence of loss tangent @qaielectric constanty),
dielectric loss €') and complex conductivityo(, 6”) is studied by using Dielectric Relaxation Spestopy
(DRS) in the frequency range 401¢° Hz and in the temperature range from -69 to -19 °C

2. Experimental

2.1. Reagents and materials

The reagents used in this study are: N-methyl mper (95 wt.%), 1-bromopropane (99.5 wt.%), Litiiu

bis(trifluoromethanesulfonyl) imide (LiTFSI) was tamed from 3M, diethyl ether and N,N-
dimethylformamide. They were purchased from Flukd ased as received. DeionizegCHwas obtained by

using a Millipore ion-exchange resin deionizer.

2.2. NMR and infrared spectroscopy measurements

'H NMR (400 MHz),**C NMR, *F (100.6 MHz) spectra were recorded on DRX 400 MHzcspmeter. The
chemical shiftsq) are given in ppm and referenced to the internblesit signal namely TMSnd CFCY,
respectively. IR spectra were recorded on FT-IRkiRdEImer Spectrum BX spectrophotometer with a
resolution of 4 cm in the range 4000-650 ¢n

2.3.1. Synthesis of N-methyl-N-propy! piperidinioromide [MPrPPf][Br ]

The synthesis procedure was carried out as repettsivhere [34]. Briefly, N-methyl piperidine and 1
bromopropane were dissolved in DMF (20 mL) befarerbstirred at 80 °C for 4 hours. The obtained umnéxt
was evaporated under vacuum and washed then vethytiiether (100 mL) to give the N-methyl-N-propyl
piperidinium bromide as a yellowish solid.

2.3.2. Synthesis of N-methyl-N-propyl piperidiniBis(trifluoromethylsulfonyl)imide

[MPrPPI][TFSI] was prepared by anion exchange reaction frortoBrFSIwhich was carried out by
mixing [MPrPPT][Br] andLiTFSI (molar rate = 1:1) in water at room temparatfor 2 h. Thgphases were
separatedhto hydrophobic ionic liquid and aqueopbases. As described in the literature [35], thiaiakd
[MPrPPI[TFSI] was repeatedly washed wipire water to remove any starting material lefhia product
andthen dehydrated under vacuum at 120 °C for 24 b.sfiucturesf [MPrPPI][TFSI] was confirmed by
using’H, °C, °F NMR and FT-IR spectroscopy. The detailsgéctrums are given below:

'H NMR (CDCk) & ppm: 0.93 (t, 3H,J = 7, CHCH;), 1.47-1.64 (m, 8H, 48H,), 3.23-3.29 (m, 6H, 3x
N*CH,), 3.31 (s, 3H, KCHy); *C NMR (CDCE) & ppm: 15.13, 19.51, 20.40, 24.30, 47.70, 59.636%1.
123.75;"F NMR (CDCE) & ppm: -78.72 (s, GIS0,),N). IR: 2950[v(C-H)], 1467p(C-H)], 1318[v(S=0)],
1187[v(C-F)], 1140[6(S=0)], 11954(C-F)].

[MPrPPI[TFSI] synthesized as above has the following structure:

s Q. - @)
Qo d C
FF F F

[MPrPPI'] [TFSI]

Figure 1. Chemical structure of N-methyl-N-propylpiperidimu Bis(trifluoromethyl sulfonyl) imide
[MPrPPI][TFSI].

2.4. Thermal analysis

Differential scanning calorimetry (DSC) thermogramas recorded by using a NETZSCH DSC 204 F1
instrument. The sample (9 mg) was placed in an ialum pan and cooled from room temperature to -150 °
for 3 min. Subsequently, a heating scan was pegdrfrom -150 to 200 °C at a heating rate of 10 i€'m
For this salt, a melting transition (onset tempaeatof the endothermic peaks,) and glass transitiorirg)
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were observed on heating and the crystallizationptrature Tcry) was detected in the onset of an
exothermic peak on cooling within the temperatargge studied.

2.5. Measurement of dielectric properties
The dielectric measurements in the frequency rgh@éto 16 Hz) and temperature interval (-69 to -19 °C)
were carried out by means of a Novocontrol higholtg®n alpha dielectric analyzer. The analyzer was
supported by Quatro temperature controller using pitrogen as heating agent and providing a teatpes
stability better than 0.2 K. Electric field in thenge between 3 and 6 Vérwas applied. The measurements
were conducted using platinum electrodes in pdnaliéée capacitor configuration.
For conductivity data analysis, the complex conighitgtis defined as:

o’=o'+io" 1)
(o) and 6") are calculated from the complex permittivity idastrated from the equations (2) and (3),
respectively.

o'=¢g,0E" (2
o"=¢g,0E" (3)
g0 andw refer to the permittivity of free space and angfiequency = 2xf), respectively.

3. Results and discussion

3.1. Thermal properties

Fig. 2 show the DSC profile of [MPrPHITFSI]. Interestingly, the glass transition was obsergacheating
scan by small peak at -19.7 °C, as result of agdn&om thermogram baseline.
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Figure 2. DSC profile of [MPrPPI[TFSI].

A clear endothermic peak at 4 °C was observed,midiléing point for [MPrPPI[TFSI] is visibly recorded

at this temperature. During cooling rang, DSC thegram exhibit an exothermic peak which corresponds
to the crystallization temperature (Tcry) at -4329

Galinski et al. [36], and Salminen et al. [23¥$0 reported that [MPrPRITFSI] exhibited a T, at -8.7 and

9 °C respectively, in a series of papers. They emigld the importance of the difference in thedresi
water content and measuring condition etc.

314



J. Mater. Environ. Sci. 3 (2) (2012) 312-319 Haddad et al.
ISSN : 2028-2508
CODEN: JMESCN

3.2. Dielectric analysis
The complex permittivity can be expressed as a tampmber:
c(w)=¢g"-ie" 4)

The real parte'(w) and imaginary ones"(w) of the complex permittivity spectra are determline
Consequently, the loss factor is calculated asvigl

tan@ w))=¢€ "w) /¢ 'w) (5)
With respect to the different temperatures, thaxaion time, is calculated according to the resonance
condition which is defined bgor=1 from the peak maximum of taii(y)).

3.2.1. The frequency and temperature dependeng§ ahd ¢")

In Fig. 3 (a and b), the real and imaginary paftshe complex permittivity of [MPrPPJ[TFSI] as a
function of frequency at various temperatures aesgnted.

For the data analysis, we observe that ¢dheand ¢', reduces with the temperature and the frequency
increasing, converging to a constant valueande",,, respectively, whatever applied temperature.
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Figure 3. Complex dielectric functioref(w) = ¢'(w) - ie""(w)) and complex conductivity functios’{( w) =
o'(w) +ic"(w)) of [MPrPPI][TFSI] at different temperatures.

It was shown that
« In the frequency range between 10 t3 @, the permittivity of [MPrPP[TFSI] decreases rapidly with
the increasing frequency, especially in the tempegarange from -19 to -49 °C. The contributiortlus
part is attributed to the mobile ions which neasgltransition temperaturg, i.e. roughly -19.7 °C.
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A constant valuee() was obtained at a frequency higher thafi HB. However, the permittivity of
[MPrPPI[TFSI] decreases slightly with the increasing frequefarytemperature range studied and in
the frequency range between®16 10 Hz, the contribution of this part is due to the locatizcharge
carrier in our IL.

3.2.2. The frequency and temperature dependened aeihd ¢")

The conductivity is one of the most important pmbies of ILs as electrolyte materials, the frequenc
dependence of the complex conductivity, 6”") of [MPrPPI][TFSI] at various temperatures are shown in
Fig. 3 (c and d).

The conductivitye’ is characterized on the low frequency side by plaeau the value of which directly
yields thedc conductivity,co, and the characteristic radial frequenoy(w= 2xf), at which dispersion sets in
and turns into a power law at higher frequencigsteédnatically varying the temperature while keepting
same frequency range results in significant difiees in the charggansport quantities (i.esp varies from
T=-69 to -19 °C over 4 decades). With an incréasemperature, the conductivity increases.

It indicated that the linear variation of the imaayiy part of conductivity” with frequency was observed at
the frequency range from 1 10 for several temperatures.

On the other hand, the real part of the dieledtnctione’ at f, = (o/2n) turns from the high frequency limit
to the static value,. At lower frequencies, it is observed tlsatlecreases fromy, and this is due to electrode
polarization that results from blocking of chargerters at the electrodes.

Krause et al. [38], and Min et al. [39], also repdrthe similar trend in conductivity of variousslin a series
of papers. They demonstrated that the peaking”ofpectra in the low frequency region manifests the
electrode polarization and the spectral range éendtinong temperature dependence of the chargeptidns
processes.

3.2.3. The frequency and temperature dependentand)

Fig.4 show the dielectric spectra in terms of tlssl factor tah = &"/¢' versus the frequency for
[MPrPPI][TFSI]. We noticed clearly that the loss tangent parambas a same shape and similar values
around (taf = 39) with a same symmetric degree from -69 to°@%ange temperature.
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Figure 4. Frequency dependence of the loss facta¥ taeasured at different temperatures of
[MPrPPI[TFSI.
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Moreover, we observed a maximum value of loss fatérd = 50) near the glass transition temperatiige,
i.e. roughly 19.7 °C (Fig 4). Near this temperattine mobility of the ions is quite high, the rddalthat the
polarisability suddenly increases & resulting a peak on ténas Frequency, which has been described
elsewhere and reported in previous studies [4044&] the dielectricT originates from the reorientation of
molecules.
The dielectric spectra of the relaxations wereeditusing the empirical Havriliak-Negami (HN) furacti
expressed as:
0 -, 4 Asg
En =& : per ) (6
[1+(| WI,y) J

whereAe is the dielectric strengtla,, is the relaxed value af, 7y is the Havriliak-Negami relaxation time
(related to the relaxation timgj,and are shape parameters.
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Figure 5. Temperature dependence of the relaxation timesvasich plot of logarithm In(iry) vs.
reciprocal of temperature 1/T. (): Linear regression line. (R) Correlation coeffiai.

As shown in the Fig.5, the temperature dependehtteeaelaxation time can be modeled by a VogeEtFkei-
Tammann equation. This dependence can be destiyled.7),

(7)

(m)=r, exp{—%}

Where, T is the Vogel-temperaturesometimes referred to as the ideal glass transtéomnperature)s is
relaxation timegois relaxation time pre-exponential factor, agdskBoltzmann constant.

The activation energy of [MPrPHITFSI] was found to be 1.35 eV for the relaxation precghis value is in

good agreement with other values previously publism the literature for relaxatigprocess in different
series of imidazolium based ionic liquids.
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Conclusion

In this work, N-methyl-N-propylpiperidinium Bis(tluoromethylsulfonyl)imide was prepared frofR-
methylpiperidine in two steps and its thermal prtipe and dielectric relaxation properties werealigtd. 'H,
3c, F NMR and FT-IR spectroscopy were applied to idgrkie molecular structure of compound.
Results of DSC studies indicate the presence ektphasesT() at -19.7, ) at 4 and T¢y) at -43.9 °C
during the programmed (heating—cooling) steps.

The maximum value of the loss factor is observed tfe [MPrPPI|[TFSI] near to glass transition
temperature]y., The dielectric permitivitys'(w) and its variations with frequency and temperatindicate a
dispersion at frequency lower than 1 kHz, due ®iftftrease in electrode polarization. The dieledosse"
decrease on increasing the frequency, this caxiaieed by means of the dielectric polarizatiorchanism
of our lonic liquid.

The conductivity varied from 9.3x18 S/cm at -69 °C to 2.3x0S/cm at the temperature near to glass
transition temperaturel,. The activation energy of [MPrPHTFSI] was found to be 1.35 eV for the
relaxation process.
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