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Abstract A series of new hydrophobic ionic liquids

based on 1-alkyl-quinuclidinium cations, quoted as

CnQuin? where n is the number of carbon atoms in the

alkyl chain, and on the fluorinated anion bis(trifluoro-

methanesulfonyl)imide (TFSI-) were synthesized, charac-

terized by NMR (1H, 13C), and their elemental analysis

determined. Among the five compounds synthesized, only

one: C6Quin(TFSI) is liquid at ambient temperature and the

others with the exception of C1Quin(TFSI), exhibit melting

points below 100 �C and can be considered as ionic liquids.

With the aim of using them as electrolytes in electro-

chemical devices, some of their physicochemical properties

such as density, dynamic viscosity and conductivity were

explored. The behaviour of C6Quin(TFSI) at a graphite

electrode was investigated in the presence of added LiT-

FSI, by means of cyclic voltammetry for possible use as

electrolyte in Li-ion batteries. Results show that the large

quinuclidinium cations intercalate in the graphite layers

and do not permit the reversible insertion of lithium ions.

Keywords Quinuclidine � N-quaternary ammonium

salts � Lithium ion � Ionic liquids � Batteries

1 Introduction

Since the discovery of the first ionic liquid, ethyl ammo-

nium nitrate ([EtNH3
?][NO3

-]), reported as early as 1914

by Walden [1], there has been, in recent years, a growing

scientific and commercial interest in the synthesis and

application of ionic liquids (ILs). This increasing interest is

illustrated by the exponential increase in the number of

papers concerning ILs over the past 10 years [2–8].

Ionic liquids may be defined as salts which have at least

one organic cation and one inorganic anion and which are

liquids at temperatures below 100 �C [9–11]. They possess

a number of useful properties: negligible vapor pressure,

excellent thermal stabilities, polar and non-coordinating

properties, solvating properties toward organic molecules

or ionic compounds and so on. ILs are of interest in several

fields of research including catalysis, electrochemistry,

chemical engineering and more generally contribute to the

development of what is called ‘‘green’’ chemistry because

their utilization will greatly reduce environmental risk

[12–15]. In biology, some ILs have been reported to

demonstrated anti-microbial activities against bacteria and

fungi and biodegradability properties [16–19].

One key area of research is the use of IL-based electro-

lytes for lithium ion rechargeable batteries, capacitors, solar

cells and other electrochemical devices [20, 21]. Improving

the performance of electrochemical systems in term of

security is a goal that has prompted us to search for new

ionic liquids. Most ILs described to date are, to the best of

our knowledge, combinations of charge delocalized inor-

ganic anion and cations like 1-alkyl-3-methylimidazolium,

N-alkylpyridinium, pyrrolidinium, pyrimidinium or tetra-

alkylpyrrolidinium [20]. Compared with the imidazolium

system, aliphatic quaternary ammonium (AQA) ions are

desirable as IL’s cationic part as they are electrochemically
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D. Lemordant

Faculté des Sciences et Techniques, Physicochimie des
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and thermally stable against oxidation and reduction.

Nevertheless, in order to obtain a liquid phase at ambient

temperature, AQA have to associate with large organic

fluorinated anions. The bis(trifluoromethanesulfonyl)imide

(TFSI) is one of the best candidates for this purpose as this

fluorinated anion is also thermally stable and, associated

with AQA, forms electrochemically stable ionic liquids.

Moreover, the TFSI anion leads to ionic liquids which have

substantially lower melting points and higher fluidity than

almost any other anions [22]. The organic salts of the TFSI

anion are also generally hydrophobic.

We report here for the first time the preparation of ionic

liquids based on the polycyclic amine azabicyclo

[2,2,2]octane after alkylation as a quaternary alkylammo-

nium cation (quinuclidinium) and the bis(trifluorometh-

anesulfonyl)imide (TFSI). This new series of ILs, quoted as

CnQuin(TFSI) where n is the number of carbons in the alkyl

chain, was prepared accorded to the scheme shown in Fig. 1

and characterized by NMR spectra and elemental analysis.

The synthesis of a series of similar compounds, based on

1,4-diaza-bicyclo[2,2,2]octane (dabco), has already been

reported [23] but these ILs present a Lewis base site on the

cation which gives them different chemical properties.

Moreover, the presence of a free electron pair on the

nitrogen atom of the dabco derivatives is not desirable for

the present electrochemical application.

In this work, some of physical properties of these ILs are

reported such as density, viscosity, conductivity and elec-

trochemical window.

2 Experimental section

2.1 Materials

Unless otherwise noted, all reagents were purchased from

Sigma-Aldrich, Alfa Aesar with the exception of LiTFSI,

which was provided by Solvionic (Toulouse, France) and

used without further purification. A Metrohm Karl Fisher

Coulometer 831 was used to determine the water content of

the samples.

NMR spectra were run at 200 MHz (1H) and 50 MHz

(13C) in DMSO-d6 or CDCl3 on a Bruker-DPX-200

instrument and chemical shifts (d) are reported in parts per

millions (ppm).

Differential Scanning Calorimetry (DSC) was per-

formed on a Perkin–Elmer DSC-6 apparatus. Samples were

placed in aluminum pans, which were sealed in a dry box.

Scans were performed at 10 �C min-1 (heating) from 25 to

400 �C.

ILs densities were determined by weighing samples

contained in 5 mL pycnometer for which the stopper was

equipped with a fine capillary. Each measurement was

repeated three times and only the average value is reported.

Dynamic viscosities were measured by a rotational

rheometer (AR 1000, TA Instruments) with an estimated

error of ±0.1%; rheogramms were obtained using a stan-

dard steel cone geometry (diameter, 60.0 mm; angle,

00�290300) at temperatures ranging from -5 to 90 �C. As

these liquids are Newtonian, a constant shear rate of

40 rad s-1 was applied for all samples.

ILs conductivities were measured by means of the

complex impedance method with the aid of a Solartron SI

1260 Impedance analyser and a 1287 electrochemical

interface coupled to a computer over a frequency range

from 1 to 106 Hz. An AC perturbation of 10 mV was

applied to the cell (having a constant of 0.109 cm-1). The

real and imaginary parts of the complex impedance were

plotted, and the ionic conductivity was deduced from the

bulk resistance determined at the intercept with the real

axis of the first loop on the impedance diagram.

Graphite electrodes were a gift from SAFT (Bordeaux,

France). Graphite/Li half-cells were built using Swage-

lock� connectors and cycled with an Arbin battery cycler.

Cyclic voltammograms were obtained at a 0.1 mV s-1

scan rate between 0 and 3 V versus Li/Li?.

2.2 Synthesis

According to the reaction scheme presented in Fig. 1, the

synthesis of 1-alkyl-quinuclidinium bis(trifluoromethane-

sulfonyl)imide [CnQuin(TFSI)] was accomplished by

Fig. 1 CnQuin(TFSI) synthesis

procedure (n indicates the

number of carbon)
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metathesis anion-exchange between bis(trifluoromethane-

sulfonyl)imide lithium salt and the 1-alkyl-quinuclidinium

iodide in distilled water at room temperature. All details

concerning the synthesis and the characterization of the

compounds are presented in the appendix.

As reported previously [24], 1-alkyl-quinuclidinium

iodides were prepared in a one step procedure. N-quaternary

ammonium iodides were used as starting materials to obtain

[CnQuin(TFSI)] ILs. To ensure a maximum of purity, syn-

thesized ILs were washed repeatedly in distilled water and

the halide-free was monitored qualitatively by a silver

nitrate test [25]. ILs were dried under vacuum at 90 �C for

48 h and stored in a dry box after drying. Their purity was

established by clean acquisition of 1H and 13C NMR (see

data in appendix) and their water content, generally below

80 ppm, was determined by Karl-Fischer titration.

3 Results and discussion

3.1 Synthesis results and DSC measurements

As seen in Table 1, which summarizes synthesis results as

well as some physicochemical properties, all compounds

were efficiently synthesized, the yield ranging from 75% to

93%. Even though all ILs have a hydrophobic character as

they do not mix with water, they are still hygroscopic, but

this property is common to many ILs [26].

As an example, the thermogramm of C1Quin(TFSI) (1)

is reported in Fig. 2. This compound displays a melting

point at 139 �C and a solid-solid phase transition at 67 �C

but it is the sole compound of this series which exhibits a

solid–solid phase transition. As the freezing point is lower

than the melting point, it can be concluded that substantial

supercooling occurs. C1Quin(TFSI) exhibits a wide thermal

stability as no vaporization occurs below 280 �C. Between

280 and 400 �C, a large endothermic peak is observed

which corresponds to the vaporization of the IL, but

without any decomposition as, on the following cooling

sweep, the freezing enthalpy (-27.4 kJ mol-1) is practi-

cally the opposite of the melting enthalpy (25.3 kJ mol-1).

Other 1-alkyl-quinuclidinium TFSI present similar

thermogramms and, as seen in Table 1, the melting points

(mp) of these salts decreases when increasing alkyl chain

length. We also observed substantial supercooling as the

freezing points (Tfreez) of the samples are lower than their

melting points by about 30 �C for compounds (1) and

10 �C for (2), (3) and (4).

With the exception of compound (1), all ILs have a

melting point below 100 �C but only compound

C6Quin(TFSI) (5) melts at room temperature. Melting

points of alkylquinuclidinium TFSI are lower than their

corresponding iodide salts as reported previously [24].

Compound (5) which is liquid at ambient temperature is the

unique real room temperature ionic liquid (RTIL) and, for

this reason, its physicochemical and electrochemical

properties have been investigated in detail. This compound

also exhibits the supercooling phenomenon as it remains

liquid even at 0 �C.

3.2 Density of C6Quin(TFSI)

Data obtained from density measurements are reported in

Table 1 for solid ILS (1–4) and for the RTIL (5). Com-

pounds (1), (2) and (3) exhibit low densities

(\1.12 g cm-3) at 25 �C in contrast with compound (4)

and (5) for which the density is over 1.35 g cm-3. This

means that high molecular weight CnQuin(TFSI) have a

more compact structure than their lighter homologues.

For the RTIL, compound (5), the density was measured

as a function of the temperature as reported in Fig. 3.

Density variations (d) with the temperature (h), expressed

in �C, follows a linear relation:

d ¼ d� þ ah ð1Þ

In Eq. 1, d�(density at 0 �C) = 1.372 g cm-3 and a =

8.25 9 10-4 g cm-3 K-1. The density of C6Quin(TFSI) at

25 �C is 1.352 g cm-3.

3.3 Dynamic viscosity

In contrast to the melting points, which decrease with the

alkyl chain length, viscosities increase from 12.41 mPa s

Table 1 Synthesis yield and properties of 1-alkyl-quinuclidinium imide salts at 25 �C

Compound Molecular weight

(g mol)

Yield/% Ts–s/�C

(±2 �C)

Tfree�C

(Undercooling)

mp/�C

(±2 �C)

g/mPa s

(±5%)

Density/g cm-3

(±0.002)

1 C1Quin(TFSI) 406.37 81 67 111 139 – 1.046 (solid)

2 C2Quin(TFSI) 420.39 80 – 59 79 12.41b 1.024 (solid)

3 C3Quin(TFSI) 434.42 81 – 64 70 20.11c 1.113 (solid)

4 C4Quin(TFSI) 448.45 75 – 38 51 26.28b 1.419 (solid)

5 C6Quin(TFSI) 476.50 93 – – 13.7a (± 0.5) 413.30d 40.88e 1.352 (solid)

a obtained by heating from -16 �C to r.t; b88 �C; c88.9 �C; d25.1 �C; e79.9 �C
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(at 88 �C) for compound (2) to 40.88 mPa s (at 79.9 �C)

for compound (5) as reported in Table 1.

The viscosity of the RTIL C6Quin(TFSI) (5) was

investigated as a function of the temperature in the range

-5 to 80 �C. In addition, some liquid mixtures containing

different concentrations of LiTFSI were also investigated

as possible electrolytes for Li-ion batteries. The viscosity

variations of pure C6Quin(TFSI) and mixtures with LiTFSI

are reported in Fig. 4. The dynamic viscosity of the three

solutions is highly temperature dependent. The viscosity of

C6Quin(TFSI) which is equal to 474 mPa s at room tem-

perature is reduced to 50.1 mPa s at 70 �C.

Under the addition of LiTFSI, no significant variations

occur when the concentration is 0.2 M, but when the

concentration is increased to 0.4 M, a sharp increase in

viscosity is observed: from 62 mPa s (pure RTIL at

69.3 �C) to 853 mPa s in the presence of 0.4 M LiTFSI.

Thus, according to this result, the addition of small lithium

ions to the RTIL induces strong electrostatic interactions

between ions of opposite charge as previously noted [27,

28]. Nevertheless, it is surprising that at a concentration of

0.2 M or below, no effect occurs.

As seen in Fig. 5, the variations of Ln(U) versus 1/(T –

T0), where U (=g-1) represents the fluidity and T� is a

fitting parameter which corresponds to the ideal glass

transition temperature, are represented by straight lines for

C6Quin(TFSI) and its mixtures with LiTFSI. The linearity

of the graphs indicates that the viscosities verify the VTF

theory [29] and the corresponding values of T0 are reported

in Table 2.
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3.4 Conductivity

Arrhenius plots of the ionic conductivity of C6Quin(TFSI)

and two of its mixtures with LiTFSI are shown in Fig. 6.

The conductivity of this RTIL at ambient temperature

(25 �C) is 0.36 mS cm-1. This value can be compared to

that found for n-hexyl-trimethylammonium imide:

0.67 mS cm-1 [30, 31]. This shows that the rigid cycle

structure of the quinuclidinium cation leads to less con-

ductive and more viscous solutions (413.3 mPa s and

167 mPa s, respectively, for C6Quin(TFSI) and n-hexyl-

trimethylammonium(TFSI)). These two cations are not

very different in size as their van der Waals volume are

0.137 nm3 for the bicyclic cation and 0.110 nm3 for the

acyclic n-hexyl-trimethylammonium cation. This means

that it is the size of the head group which is largely

responsible for the difference in mobility.

As seen in Fig. 6 the addition of LiTFSI to the RTIL

decreases the intrinsic conductivity of the RTIL from 0.36

to 0.24 and 0.16 mS cm-1, respectively, for 0.2 M and

0.4 M in LiTFSI. The ionic conductivity (r) of all solutions

depends largely on temperature but does not follow the

simple Arrhenius law as the corresponding Ln(r) versus

103/T plot is not linear in the range of temperatures

investigated. A better fit to the experimental results is

obtained by plotting the variation of Ln(r) with 103/(T - T0)

according to the VTF equation (2) [29]:

r ¼ r� exp �A=R T � T�ð Þð Þ ð2Þ

In Eq. 2, A is a fitting parameter which is linked to con-

figurational entropy and T� is the ideal glass transition

temperature, i.e. the temperature at which the viscous

liquid is transformed to a glassy solid. The T� values for

the RTIL and its mixtures with LiTFSI are reported in

Table 3, and it appears that the mixtures exhibit the same

glass transition temperature.

3.5 Cyclic voltammetry

In order to test synthesized RTIL as electrolyte for lithium-

ion batteries, LiTFSI was added to the C6Quin(TFSI)

RTIL. As in Li-ion batteries, the negative graphite elec-

trode is very sensitive to the electrolyte composition and,

particularly, cannot work properly without the formation of

a passive layer, the first tests were operated using the fol-

lowing half cell:

Li=C6Quin TFSIð Þ þ LiTFSI=graphite:

Figure 7 shows the successive cyclic voltammograms

obtained using C6Quin(TFSI) as electrolyte in the graphite

half-cell. A first small cathodic peak Epc,1 = 1.66 V vs. Li/

Li? is observed at the first cathodic sweep. This peak is

attributed to the reduction of residual water. The second

peak at Epc,2 = 0.8 V, which appears only at the first

cathodic scan, corresponds to the formation of the solid

electrolyte interface (SEI) on the graphite surface as it is

not visible at the second cycle. The broad cathodic peak

Epc,3 = 0.5 V is attributed to the intercalation of the

quinuclidinium cations into the graphene layers [32, 33].

On the reverse scan, an oxidation peak is observed at

Epa,1 = 1 V which corresponds well to the de-intercalation

of the quinuclidinium cations. The area under the oxidation

peaks at Epa,1 increases progressively during the scans,

which means that the quinuclidinium intercalation–

deintercalation process is increasingly effective.

Figure 8 shows the successive cyclic voltammograms

obtained using the mixture C6Quin(TFSI) ? 0.2 M LiTFSI

as electrolyte in the graphite half-cell. The peaks at

Epc,1 = 1.50 V and Epc,2 = 0.65 V are due to the

reduction of residual water and to the formation of the pas-

sive layer and are not present at the second cycle. The third

peak which has a maximum near 0 V is attributed to the

Table 2 T0 and their corresponding �C values of compound 5 and

mixtures with various amounts of LiTFSI

Solutions T0/K T/ �C

C6Quin(TFSI) 209 -65.15

C6Quin(TFSI) ? 0.2 M LiTFSI 209 -65.15

C6Quin(TFSI) ? 0.4 M LiTFSI 219 -54.15

5 6 7 8 9 10 11 12 13

-3,0

-2,0

-1,0

0,0

1,0

2,0

C6Quin(TFSI) + 0.4M LiTFSI

Y = - 1.493x + 8. 568

R2 = 0.999

C6Quin(TFSI) + 0.2M LiTFSI

Y = - 1.427x + 8. 412

R2 = 0.999

C6Quin(TFSI) 

Y = - 0.625x + 5. 691

R2 = 0.999

1000 (/T-T0) /K-1)

L
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(σ
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Fig. 6 Conductivity variations of C6Quin(TFSI) (filled circle);

C6Quin(TFSI) ? 0.2 M LiTFSI (filled triangle) and C6Quin(TFSI)

? 0.4 M LiTFSI (filled square) with the temperature

Table 3 Parameters of the VTF (Eq. 2 in the text): A and T� the ideal

glass transition temperature for compound (5). The accuracy of the

fitting procedure is given by the regression coefficient R2

Parameter A/kJ mol-1 T�/K R2

C6Quin(TFSI) 4.4 204 0.998

C6Quin(TFSI) ? 0.2 M LiTFSI 4.6 151 0.999

C6Quin(TFSI) ? 0.4 M LiTFSI 4.9 151 0.999
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insertion of quinuclidinium ions as the corresponding anodic

peak Epa,1 = 0.8 V has been identified as the de-insertion

potential of these ions. At the second scan only the interca-

lation and de-intercalation peaks of the quinuclidinium

cations are visible. As a result, it is clear that the intercalation

of lithium ions is strongly prevented by the co-intercalation

of the quinuclidinium cations [34]. Moreover, the quality of

the passive layer formed at 0.65 V is questionable, as it is

permeable to large quinuclidinium ions which intercalate

and possibly lead to the exfoliation of the graphite layers.

4 Conclusions

A new family of hydrophobic organic salts based on the 1-alkyl-

quinuclidinium cations and the bis(trifluoromethanesulfonyl)

imide as anion have been synthesized and studied. All

compounds are ionic liquids (mp \ 100 �C) at the excep-

tion of C1Quin(TFSI) which is liquid at 139 �C. The larger

molecular weight compound C6Quin(TFSI) is what is

called a RTIL as its melting point is 13.7 �C. Viscosity

measurements show that they are viscous liquids and that

this parameter increases with the alkyl chain length of the

quaternary bicyclo ammonium cation. The conductivity of

C6Quin(TFSI), the sole real RTIL, appears as lower than

equivalent quaternary n-alkylammonium ions owing to the

rigidity and van der Waals volume of the ammonium head.

Addition of a lithium salt, like LITFSI, decreases the

conductivity of the electrolyte as the small lithium ions

reinforce the electrostatic interactions. Cyclic voltammetry

show that these compounds cannot be used as electrolyte in

Li-ion batteries using graphite as an active material. Future

work will be devoted to test other types of cathodic and

anodic active material commonly used in Li-ion batteries

or as supercapacitors.
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Appendix

Synthetic and characterization details

1-methyl-1-quinuclidinium bis(trifluoromethylsulfonyl)

imide (C1Quin(TFSI)) 1: A solution of 1-methyl-aza-bicy-

clo[2,2,2]octane hydroiodide (3.0 g, 11.85 mmol) in dis-

tilled water (30 mL) was prepared at r.t. Equimolar amount

of bis(trifluoromethanesulfonyl)imide lithium also pre-

pared in distilled water at r.t., was added dropwise into the

solution and then the mixture stirred at room temperature

for 3 h. The formed precipitate was filtered, washed

repeatedly with distilled water to removed any inorganic

salt (monitored by a silver nitrate test) and dried in vacuum

under reduce pressure at 80 �C to give compound (1) as

white crystals with good yield. (3.90 g, 81%). mp 139 �C.
1H NMR (d): 3.40 (t, J = 7.3 Hz, 6H, 3CH2), 2.90 (s, 6H,

3CH2), 2.08 (m, H, CH), 1.88 (m, 6H, 3CH2). 13C NMR

(d): 120.35 (J = 320 Hz, 2C, 2CF3), 56.70 (3C, 3CH2),

52.10 (C, CH3), 24.24 (3C, 3CH2), 19.49 (C, CH). Anal.

Calcd for C10H16F6N2O4S2: C, 29.56; H, 3.97; N, 6.89%.

Found C 29.76, H 3.94; N 6.86%.

1-ethyl-1-quinuclidinium bis(trifluoromethylsulfonyl)

imide (C2Quin(TFSI)) 2: Same procedures were applied

starting from 3.0 g (11.23 mmol) of 1-ethyl-aza-bicyclo

[2,2,2]octane hydroiodide. White crystals (60%). mp

79 �C. 1H NMR (d): 3.36 (t, J = 7.4 Hz, 6H, 3CH2), 3.19

(q, 2H, CH2), 2.08 (m, H, CH), 1.87 (m, 6H, 3CH2), 1.22
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Fig. 7 Cyclic voltamperometry (0.1 mV s-1) of C6Quin(TFSI) at a

graphite electrode
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Fig. 8 Cyclic voltamperometry (0.1 mV s-1) of C6Quin(TF-

SI) ? 0.2 M LiTFSI at a graphite electrode
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(t, J = 7.2 Hz, 3H, CH3). 13C NMR (d): 121.95

(J = 319.5 Hz, 2C, CF3), 59.39 (C, CH2), 53.98 (3C,

3CH2), 24.09 (3C, 3CH2), 19.83 (C, CH), 8.10 (C, CH3).

Anal. Calcd for C11H18F6N2O4S2: C, 31.43; H, 4.32; N,

6.66%. Found C 31.36; H 4.38; N 6.75%.

1-propyl-1-quinuclidinium bis(trifluoromethylsulfonyl)

imide (C3Quin(TFSI)) 3: Same procedures were applied

starting from 3.0 g (10.67 mmol) of 1-propyl-aza-bicy-

clo[2,2,2]octane hydroiodide. White crystals (3.74 g,

81%). mp 70 �C. 1H NMR (d): 3.36 (t, J = 7.3 Hz, 6H,

3CH2), 3.05 (t, J = 7.2 Hz, 2H, CH2), 2.06 (m, H, CH),

1.87 (m, 6H, 3CH2), 1.66 (m, 2H, CH2), 0.90 (t,

J = 7.3 Hz, 3H, CH3). 13C NMR (d): 120.36

(J = 320.5 Hz, 2C, 2CF3), 65.54 (C, CH2), 54.55 (3C,

3CH2), 24.13 (3C, 3CH2), 19.82 (C, CH), 15.77 (C, CH2),

11.37 (C, CH3). Anal. Calcd for C12H20F6N2O4S2: C,

33.18; H, 4.64; N, 6.45%. Found C 33.16; H 4.65; N

6.43%.

1-butyl-1-quinuclidinium bis(trifluoromethylsulfonyl)

imide (C4Quin(TFSI)) 4: The same procedures were

applied starting from 3.0 g (10.16 mmol) of 1-butyl-aza-

bicyclo[2,2,2]octane hydroiodide. White crystals (3.28 g,

72%). mp 51 �C. 1H NMR (d): 3.37 (t, J = 7.9 Hz, 6H,

3CH2), 3.09 (t, J = 7.1 Hz, 2H, CH2), 2.07 (m, H, CH),

1.87 (m, 6H, 3CH2), 1.61 (m, 2H, CH2), 1.30 (m, 2H, CH2),

0.94 (t, J = 7.2 Hz, 3H, CH3). C 13NMR (d): 120.36

(J = 320 Hz, 2C, 2CF3), 63.90 (C, CH2), 54.51 (3C,

3CH2), 24.16 (3C, 3CH2), 20.18 (2C, CH2), 19.85 (C, CH),

14.23 (C, CH3). Anal. Calcd for C13H22F6N2O4S2: C,

34.82; H, 4.94; N, 6.25%. Found C 34.81; H 4.98; N

6.18%.

1-hexyl-1-quinuclidinium bis(trifluoromethylsulfonyl)

imide (C6Quin(TFSI)) 5: The same procedures were

applied starting from 3.0 g (9.28 mmol) of 1-hexyl-aza-

bicyclo[2,2,2]octane hydroiodide. Liquid transparent

(3.6 g, 82%). 1H NMR: (d): 3.37 (t, J = 7.2 Hz, 6H,

3CH2), 3.09(t, J = 7.2 Hz, 2H, CH2), 2.07 (m, H, CH),

1.87 (bs, 6H, 3CH2), 1.64 (m, 2H, CH2), 1.30 (s, 6H,

3CH2), 0.91 (t, J = 7.2 Hz, 3H, CH3).C 13NMR (d) 120.38

(J = 320 Hz, 2C, 2CF3), 64.11 (C, CH2), 54.52 (3C,

3CH2), 26.41 (CH2), 24.16 (3C, 3CH2), 22.65 (3C, 3CH2),

22.10 (C, CH2), 19.87 (C, CH), 14.51 (C, CH3). Anal.

Calcd for C15H26F6N2O4S2: C, 37.81; H, 5.50; N, 5.88%.

Found C 37.74; H 5.59; N 5.84%.
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(2007) Synthesis 24:3776

25. Seddon KR, Stark A, Torres MJ (2000) Pure Appl Chem 12:2275

26. Welton T (1999) Chem Rev 99:2071

27. Garcia B, Lavallee S, Perron G, Michot C, Armand M (2004)

Electrochim Acta 49:4583

28. Nakagawa H, Izuchi S, Kuwana K, Nukuda T, Aihara Y (2003)

J Electrochem Soc 150:A695

29. Angell CA (1964) J Phys Chem 68:1917

30. MacFarlane DR, Sun J, Golding J, Meakin P, Forsyth M (2000)

Electrochim Acta 45:1271

31. Sun J, Forsyth M, MacFarlane DR (1998) J Phys Chem B

102:8858

32. Fuller J, Carlin CT, Osteryoung RA (1997) J Electrochem Soc

6:3881

33. Zheng H, Jiang K, Abe T, Ogumi Z (2006) Carbon 44:203

34. Mabuch A, Kokmitsu T, Fujimoto H (1995) J Elelctrochem Soc

142:1041

J Appl Electrochem (2009) 39:2461–2467 2467

123


	Ionic liquids based on 1-aza-bicyclo[2,2,2]octane (Quinuclidine) salts: synthesis and physicochemical properties
	Abstract
	Introduction
	Experimental section
	Materials
	Synthesis

	Results and discussion
	Synthesis results and DSC measurements
	Density of C6Quin(TFSI)
	Dynamic viscosity
	Conductivity
	Cyclic voltammetry

	Conclusions
	Acknowledgments
	Appendix
	Synthetic and characterization details

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


