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Abstract
An ionic liquid based on polydimethylsiloxane with imidazolium salt brushes was synthesized as a good solvent for β-cyclodextrin-

polydimethylsiloxane rotaxane. As expected the PDMS-Im/Br ionic liquid had a liquid-like non-Newtonian behavior with rheo-

logical parameters dependent on frequency and temperature. The addition of rotaxane to the ionic liquid strengthened the non-

Newtonian character of the sample and a type of stable liquid-like network was formed due to the contribution of weak ionic inter-

actions. The structure is stable in the 20 to 80 °C domain as proved by the oscillatory and rotational rheological tests.
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Introduction
Ionic liquids (ILs) are environmentally friendly solvents with

great potential for chemical and nonchemical applications due

to their low melting points, nonvolatile and noncorrosive prop-

erties at room temperature. They possess good conductivities

[1,2] and often they present a good thermal stability up to

400 °C [1,3]. The potential applications of ILs made them the

subject of a number of works that showed their use as solvents

or as solvents for synthesis and catalysis [4-6]. In this context

ILs, which have polar and nonpolar regions, could play an

important role in the field of supramolecular organization of

different supramolecular structures (such as polyrotaxanes or

supermolecules formed by ILs with different host molecules),
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leading to interesting phenomena, properties and applications

[7-12]. This includes the dissolution of cellulose and cyclodex-

trins (CDs) with ILs [12], synthesis of ILs containing slide-ring

gels [7], synthesis of IL-CD inclusion complexes [10], etc.

Polyrotaxane structures based on cyclodextrins and different

linear (co)polymers are well known as supramolecular ensem-

bles. They consist of cyclodextrin molecules whose

hydrophobic cavities are penetrated by a linear polymer chain

terminating with bulky stoppers, which prevent the macrocycle

from slipping out [13-22]. Unfortunately, the properties and

mechanisms of CD-polymer polyrotaxanes have been rarely

evaluated due to a lack of good solvents. In general, the

CD-polymer polyrotaxanes are soluble only in DMSO and

aqueous sodium hydroxide solution, even if each component of

their structure is soluble in a large number of solvents [8].

Research for new solvents has led to the discovery of ionic

liquids as a good option for pseudo- or polyrotaxane structures

[7,8,17,18]. It should be also mentioned that the mobility of the

carrier ions of ILs decreases when their glass-transition

temperature (Tg) increases [23]. In this respect, we have synthe-

sized ILs based on polydimethylsiloxane with imidazolium salt

brushes (PDMS-Im/S) with low Tg values in order to avoid a

macroscopic phase separation in a mixture of ILs and CD-poly-

dimethylsiloxane polyrotaxane structures. Also, in the present

study, we report how the rheological properties are influenced

when CD-polydimethylsiloxane rotaxane is dissolved in PDMS-

Im/S ionic liquid.

Results and Discussion
A class of polymers that possesses a unique combination of

properties, such as very low Tg values, high chain flexibility,

good thermal, oxidative and UV stability, high gas perme-

ability, surface activity, hydrophobicity, etc., is the class of

polysiloxanes, especially polydimethylsiloxanes [24]. It is

worth mentioning that ionic liquids based on poly-

dimethylsiloxane and imidazolium salt groups have been used

for capillary gas chromatography [25,26] and as biocides [27].

Furthermore, one of our interests is to combine the properties of

polydimethylsiloxanes with the versatility of synthetic

approaches in designing well-defined macromolecular systems

[17,21,27]. In this context, we synthesized polysiloxanes with a

pendant imidazolium bromide derivative (PDMS-Im/Br)

through a multistep procedure (Scheme 1) as an ionic liquid,

which serves as a good solvent for β-CD-polydimethylsiloxane

polyrotaxane (PRot).

The copolymer PDMS-Im is characterized by a (CH3)2SiO/

Im(CH3)SiO molar ratio of 3/1, as determined from its 1H NMR

spectrum. PRot is characterized by a Mn = 1250 of poly-

dimethylsiloxane (PDMS) and β-CD/PDMS chain ratio of 2/1,

Scheme 1: Synthesis of PDMS-Im/Br ionic liquid.

both determined from the integrals of characteristic peaks in its
1H NMR spectrum [21].

After 24 hours of stirring at 90 °C under nitrogen atmosphere,

the mixture of 10 wt % PRot with PDMS-Im/Br turned into a

viscous clear solution, suggesting a complete dissolution.

Cooling the sample to room temperature in a dry box caused an

increase in the apparent viscosity; it should also be mentioned

that the mixture remained clear for the next five weeks

(Figure 1).

Figure 1: Appearance of (A) pure PDMS-Im/Br ionic liquid; (B) PDMS-
Im/Br ionic liquid containing 1 wt % PRot.

This observation indicates the complete dissolution of PRot in

PDMS-Im/Br ionic liquid. This may be due to the disruption of

the intermolecular hydrogen bonds that exist in β-CD-polymer

polyrotaxane structures by the ionic liquid [9]. In addition, an

ordered morphology was observed from wet-STEM images of

the mixture, which also indicates a good dissolution of PRot in

the PDMS-Im/Br ionic liquid (Figure 2).
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Figure 2: Wet-STEM images at 30 kV in bright field mode of: PDMS-Im/Br ionic liquid (A,B) and mixture of PDMS-Im/Br with PRot (C,D).

Apparently, the size of the morphology is maintained in PDMS-

Im/Br with PRot mixture (Figure 2C,D) when we compare it

with those corresponding to the ionic liquid (Figure 2A,B). The

rheological properties of the PDMS-Im/Br ionic liquid and its

mixture with PRot give important information on the inter-

action between IL and PRot and can explain the dissolution

behavior of polyrotaxane in the ionic liquid [28-33]. The

rheology of the mixture was studied by using both oscillatory

and rotational shear measurements. A solution with a concentra-

tion of 10 wt % was used for all tests. The first test, prior to all

the oscillatory measurements, was the strain (amplitude) sweep

at a fixed frequency of 1 Hz and a shear stress varying from 0.1

to 50 Pa. In Figure 3, the storage modulus G’, the loss modulus

G”, and the phase shift angle δ, as a function of shear stress, are

presented.

As long as G” > G’ for the entire experimental domain, we can

suppose a stable liquid-like structure with an extended linear

Figure 3: Amplitude sweep results for PDMS-Im/Br and PDMS-Im/
Br+PRot at 25 °C.
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viscoelastic plateau. The limits of the linear viscoelastic region

(LVR) were established at 7.5 Pa for the ionic liquid and

43.7 Pa for the ionic liquid with rotaxane. The presence of

rotaxane, therefore, extended the LVR domain. Even if, as

usual, the amplitude sweep is used only to determine the

limiting values of strain or shear stress, which are necessary for

all the subsequent oscillatory tests, interesting data regarding

the rheological behavior of solutions of complex fluids can be

also obtained.

As mentioned in the literature [28], different strain-dependent

behaviors may be recognized in the amplitude sweeps for

various types of polymer solutions taking into consideration

their complex microstructure. For both the ionic liquid alone

and its mixture with rotaxane, a kind of liquid-like stable

network is characteristic. This may be due to different electro-

static interactions. The shift angle δ has a constant value of 90°

(ideal viscous behavior) for the ionic liquid and 89.5° for the

mixture with rotaxane. The frequency sweep test was conducted

in the linear viscoelastic region (LVR), as confirmed from the

amplitude sweep test; the angular-frequency range was

0.1–100 rad/s (Figure 4).

Figure 4: Storage (G’) and loss (G”) moduli dependence on frequency
for PDMS-Im/Br and PDMS-Im/Br+PRot at 25 °C.

For both samples the loss modulus (G”) dominates the storage

modulus (G’) over the entire measurement domain. This is an

indication of the liquid-like (viscous) character of the systems.

The shape of the curves for the mixture (PDMS-Im/Br+PRot) is

typical for polymer solutions with a strong dependence on

frequency for both moduli. Obviously, no frequency-dependent

crossover point of the dynamic moduli appears in the consid-

ered frequency range, but it could be supposed at a higher

frequency. The addition of rotaxane into the ionic liquid

increases the loss modulus by almost three orders of magnitude

and the storage modulus by one order.

The next step in the study was to check the influence of

temperature on the rheological behavior of the ionic liquid and

its mixture with rotaxane. For this purpose an oscillatory

temperature test was performed. The temperature-sweep test

was carried out in a temperature range between 20 and 80 °C,

with a heating rate of 0.5 °C/min, at a constant frequency of

1 Hz and a constant strain amplitude γ = 5%.

As it can be easily seen in Figure 5 the liquid-like stable struc-

ture is not disrupted during heating, with G’ being almost

parallel to G” over the entire temperature domain. For both

samples the value of the dynamic moduli decreases when the

temperature is increased.

Figure 5: Storage (G’) and loss (G”) moduli dependence on tempera-
ture for PDMS-Im/Br and PDMS-Im/Br+PRot.

Rotational measurements were also carried out for a better

understanding of the rheological behavior of the analyzed

samples. The flow curves were recorded both in terms of the

shear stress (τ) and viscosity (η) (Figure 6).

The ionic liquid exhibits Newtonian behavior for almost the

entire measurement domain, with a viscosity that is independent

of the shear rate. A deviation from linearity appears only for

high shear rates. An important increase, both in terms of

viscosity and shear stress, is noticed when rotaxane is added to

the ionic liquid. The first Newtonian domain is obvious as well

as the beginning of the shear-thinning behavior. The experi-

mental results were fitted with the Carreau–Yasuda model by
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Table 1: Parameters of the Carreau–Yasuda model.

Sample η0 [Pa·s] η∞ [Pa·s] a n Λ [s] R2

PDMS-Im/Br 0.12399 6.99·10−9 4.5866 0.2949 0.00288 0.9944
PRot + PDMS-Im/Br 20.654 3.95·10−7 2.5312 0.5529 0.05846 0.9994

Figure 7: Temperature dependence of flow curves for PDMS-Im/Br ionic liquid.

Figure 6: Flow curves for PDMS-Im/Br and PDMS-Im/Br + PRot at
25 °C.

using the rheometer software (Rheoplus) [29,30]. The parame-

ters are listed in Table 1.

In this model, η0 is the zero-shear viscosity, η∞ is infinite-shear

viscosity while a, n and Λ are the regression parameters of the

model calculated by using the rheometer software, with Λ being

the characteristic relaxation time related to the onset of non-

Newtonian behavior or shear-thinning behavior [30]. The

experimental data proved to be in very good concordance with

the Carreau–Yasuda model.

Flow curves recorded at seven different temperatures between

20 and 80 °C (Figure 7 and Figure 8) showed a clear increase of

the dynamic viscosity for the ionic liquid alone (Figure 7) and

even more obviously for the mixture of ionic liquid with

rotaxane (Figure 8). This remark concurs with reports in the

literature [31-33], namely that the viscosity is strongly tempera-

ture-dependent.
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Figure 8: Temperature dependence of flow curves for PDMS-Im/Br+PRot.

Figure 9: DSC second heating curves of: (1) PDMS-Im/Br ionic liquid, (2) mixture of PDMS-Im/Br with Prot and (3) Prot.

Since the PDMS-Im/Br IL is liquid at room temperature, with

Tg values at −117 and 22 °C, and PRot is in the solid state (Tg:

−117 and 25 °C), their mixture presents Tg values at −112 and

23 °C (Figure 9). In addition, the negative Tg values are caused

by the presence of siloxane chains, while the positive Tg values

are attributed to the imidazolium salt sequences.
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Conclusion
We synthesized, through a multistep procedure (Scheme 1),

PDMS-Im/Br ionic liquid with a (CH3)2SiO/Im(CH3)SiO molar

ratio of 3/1 and β-CD-polydimethylsiloxane polyrotaxane

(PRot) with a β-CD/PDMS chain ratio of 2/1 (PDMS with

Mn = 1250). The obtained ionic liquid proved to be a good

solvent for PRot structures (Figure 1).

As expected, the PDMS-Im/Br ionic liquid had a liquid-like

non-Newtonian behavior with rheological parameters dependent

on frequency and temperature. The addition of rotaxane to the

ionic liquid strengthened the non-Newtonian character of the

sample and a type of stable liquid-like network was formed due

to the contribution of weak ionic interactions. The structure is

stable in the 20 to 80 °C domain as proved by the oscillatory

and rotational rheological tests.

Experimental
Synthesis of ionic liquid
Synthesis of poly{dimethylsiloxane-co-([5-(1-benzylimida-

zole-2-yl-oximethyl)pentyl](methyl)siloxane)} (PDMS-Im).

PDMS-lm was synthesized as previously described [22] and the

compound was obtained as a yellow viscous product (approxi-

mately 78% yield). 2-[(Pent-4-en-1-yl)oxymethyl]-1-benzylimi-

dazole (Allyl-Im, 6.8 g, 0.026 mmol), toluene (10 mL) and

Karstedt catalyst (molar ratio: Allyl-Im/Pt(II) 542/1) were

placed in a Schlenck reactor. The mixture was stirred at room

temperature for 0.5 h. Then, 8.0 g of poly[dimethylsiloxane-co-

(H-methyl)siloxane] copolymer (PDMS-H) (molar ratio:

SiH(CH3)/Allyl-Im 1/1.01) was introduced dropwise at 90 °C.

The mixture was stirred at 90 °C for 3 d. The reaction progress

was monitored by 1H NMR and FTIR spectroscopy by the

disappearing of peaks from 4.9 ppm and 2140 cm−1, respective-

ly. Finally, the solvent was evaporated and the resulting raw

product was purified by column chromatography. 1H NMR

(400 MHz, CDCl3) δ 0.09 (s, 37H, SiCH3), 0.51 (t, 2H, SiCH2),

1.25–1.57 (m, 6H, SiCH2CH2CH2CH2), 3.39 (t,  2H,

CH2CH2O), 4.54 (s, 2H, OCH2C), 5.23 (s, 2H, NCH2Ar), 6.88

(s, 1H, =N-CH=CHNCH2), 7.15 (m, 5H, Ar), 7.26–7.36 (m,

2H, ArCH2NCH=CH).

Synthesis of poly{[(1-benzyl-3-n-butylimidazole-2-yl-3-

ium)methyloxypent-5-yl](methyl)siloxane-co-(dimethyl-

siloxane)} (PDMS-Im/Br): The compound was obtained as a

brown viscous product (approximately 99% yield). Butyl bro-

mide (5 mL) was added dropwise at 0 °C to a stirred solution of

PDMS-Im (26.59 g) in acetonitrile (70 mL). The reaction mix-

ture was stirred for 5 d at 30 °C. The solvent was removed by

vacuum distillation [34,35]. FTIR (KBr, cm−1): 3064 and 3032

(Ar-H), 2962 and 2858 (C-H), 1676 (C=N), 1456 and 192

(C=C), 1261 (Si-C), 1091–1000 (Si-O-Si), 802 (Si-C); 1H NMR

(400 MHz, CD3OD + D2SO4) δ 0.01–0.20 (s, SiCH3),

0.35–0.65 (m, SiCH2), 0.95–1.05 (s, C-CH3), 1.25–1.87 (m,

SiCH2CH2CH2CH2 ,  CH3CH2CH2CH2),  3.35–3.40 (t ,

CH2CH2OCH2), 4.63 (s, OCH2C), 5.23 (s, NCH2Ar), 6.98 (s,

1H, CH2N-CH=CH), 7.15–7.23 (m, 5H, Ar), 7.35–7.55 (m,

butyl-NCH=CH).

Synthesis of β-CD-polydimethylsiloxane polyrotaxane

(PRot) was carried out according to a method previously

described [17,22] and the compound was obtained as a white

powder (approximately 55% yield). PRot was prepared by

mixing β-CD in dimethylformamide (DMF, saturated solution)

with α ,ω-bis(3-glycidoxypropyl)polydimethylsiloxane

prepolymer with Mn = 1250 until the solution became turbid

(after approximately 72 h) at 65 °C, followed by the reaction of

epoxide functionalities with 4-aminophenyltriphenylmethane

(APhTPhM) (saturated solution in isopropyl alcohol) for

8 h at 65 °C. The slurry was then poured into cold water,

washed quickly with ethanol, dried, and suspended in diethyl

ether overnight to remove the traces of unreacted α,ω-bis(3-

g l y c i d o x y p r o p y l ) p o l y d i m e t h y l s i l o x a n e .  A f t e r

being filtered, the sample was dried at 40 °C for 8 h. The

obtained crude PRot contains a significant amount of free

β-CD. To remove the noncomplexed β-CD (until the β-CD/

siloxane ratio remained unchanged), two successive precipita-

tions in a DMF/water system were made. 1H NMR (400 MHz,

DMSO-d6) δ −0.05 (s, CH3Si chain), 0.04–0.06 (large,

CH3Si end), 0.44–0.53 (m, CH2CH2Si), 1.46–1.52 (m,

C H 2 C H 2 S i ) ,  3 . 3 2 – 3 . 6 6  ( m ,  C H 2 O C H 2 C H ( O H ) - ,

CH(OH)CH2NH- and H2–6 from CD), 4.53 (t, OH6 from CD),

4.89 (d, H1 from CD), 5.73–5.77 (two superposed doublets

OH2+3 from CD), 6.45–6.47 (d, ortho to amino group

from APhTPhM), 6.74–6.76 (d, meta to amino group

from APhTPhM), 7.12–7.29 (m, triphenyl protons from

APhTPhM); 13C NMR (400 MHz, DMSO-d6) δ −0.09–0.05

(CH3Si chain), 13.30 (CH2CH2Si), 22.60 (CH2CH2Si), 30.46

(tertiary C from APhTPhM), 35.58 (CH(OH)CH2NHPh),

59.70 (C6 from CD), 63.47 (CH2OCH2CH(OH)-), 70.60

(OCH2CH(OH)CH2NH), 71.90, 72.32, 72.64 (C2,3,5 from

CD), 72.77 (CH2CH(OH)CH2NH-), 101.40 (C1 from CD),

112.80–162.14 (C from APhTPhM).

Morphological characterization using the
Wet-STEM technique
The morphological characterization of samples was performed

with a FEI Quanta 200 ESEM. The environmental scanning

electron microscope (ESEM) equipped with a Wet-

STEM detector enables wet samples to be observed,

without potentially damaging them, through the use of

partial water vapor pressure in the microscope specimen

chamber.
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Samples preparation
A holey-carbon-coated copper grid was placed on a TEM

sample holder and positioned on a Peltier cooling stage. The

samples were diluted in THF, and then a small amount of solu-

tion was dropped on the grid with a micropipette. The examina-

tion of samples was achieved at 1.5 °C, using a gaseous second-

ary electron detector (GSED) and a STEM detector with two

semiannular detectors A and B for bright- or dark-field images.

An acceleration voltage of 30 kV was chosen to optimize reso-

lution and sample contrast.

Rheological measurements
The rheological measurements were performed on a Physica

MCR 501 rheometer (Anton Paar, Austria) with a Peltier device

for temperature control, equipped with an electronically

commutated synchronous motor, allowing rheological measure-

ments in controlled-stress and controlled-strain modes [29]. To

avoid slippage, a parallel plate geometry with serrated plates

was used. The upper plate, of stainless steel, was 50 mm in

diameter, and a gap of 0.5 mm was fixed. The samples were

introduced onto the plate with great care to avoid shear effects

in the solutions. A solvent trap was used in all rheological tests

to diminish the solvent evaporation. All isothermal measure-

ments were made at 25 °C. Strain sweeps at a fixed frequency

of 1 Hz were carried out to establish the limits of the linear

viscoelastic region (LVR) both in terms of shear stress and

amplitude of deformation. Various rheological parameters were

calculated by using the Rheoplus software.

Differential scanning calorimetry (DSC)
DSC measurements were conducted on a DSC 200 F3 Maia

device (Netzsch, Germany). About 10 mg of each sample was

heated in pressed and pierced aluminum crucibles. A heating

rate of 10 °C/min was applied. Nitrogen purge gas was used as

an inert atmosphere at a flow rate of 50 mL/min. The apparatus

was temperature- and sensitivity-calibrated with indium,

according to standard procedures.

FTIR spectra
FTIR spectra were recorded on a Bruker Vertex 70 FTIR spec-

trometer from KBr pellets in transmittance mode in the

370–4000 cm−1 range, in ambient air at room temperature, with

2 cm−1 resolution and accumulation of 32 scans.

1H NMR spectra
The 1H NMR spectra were recorded on a Bruker Avance DRX

400 spectrometer operating at 400.1 MHz. 1H NMR

spectroscopy of PDMS-Im was performed in CDCl3, and
1H NMR spectroscopy of PDMS-Im/Br was performed in fully

deuterated methanol (CD3OD) with deuterated sulfuric acid

(D2SO4) [35].

Acknowledgements
This research was financially supported by European Social

Fund “Cristofor I. Simionescu” Postdoctoral Fellowship

Programme (ID: POSDRU/89/1.5/S/55216), Sectoral Opera-

tional Programme Human Resources Development 2007–2013,

and the PN-II-ID-PCCE-2011-2-0028 Grant.

References
1. Welton, T. Chem. Rev. 1999, 99, 2071–2084. doi:10.1021/cr980032t
2. Jarosik, A.; Krajewski, S. R.; Andrzej Lewandowski, A.; Radzimski, P.

J. Mol. Liq. 2006, 123, 43–50. doi:10.1016/j.molliq.2005.06.001
3. Cornils, B.; Herrmann, W. A., Eds. Aqueous-Phase Organometallic

Catalysis: Concepts and Applications; Wiley-VCH: Weinheim,
Germany, 1998.

4. Villar-Garcia, I. J.; Abebe, A.; Chebude, Y. Inorg. Chem. Commun.
2012, 19, 1–3. doi:10.1016/j.inoche.2012.01.014

5. Pârvulescu, V. I.; Hardacre, C. Chem. Rev. 2007, 107, 2615–2665.
doi:10.1021/cr050948h

6. Schoffers, E. Eur. J. Org. Chem. 2003, 7, 1145–1152.
doi:10.1002/ejoc.200390168

7. Shen, X.; Chen, Q.; Zhang, J.; Fu, P. Supramolecular Structures in the
Presence of Ionic Liquids. In Supramolecular Structures in the
Presence of Ionic Liquids: Theory, Properties, New Approaches;
Kokorin, A., Ed.; InTech: Croatia, 2011; pp 427–482.
doi:10.5772/15586
Available from:
http://www.intechopen.com/books/ionic-liquids-theory-properties-new-a
pproaches/supramolecular-structures-in-the-presence-of-ionic-liquids.

8. Araki, J.; Ito, K. Soft Matter 2007, 3, 1456–1473.
doi:10.1039/b705688e

9. Samitsu, S.; Araki, J.; Kataoka, T.; Ito, K.
J. Polym. Sci., Part B: Polym. Phys. 2006, 44, 1985–1994.
doi:10.1002/polb.20849

10. Amajjahe, S.; Ritter, H. Macromolecules 2008, 41, 3250–3253.
doi:10.1021/ma702593s

11. Li, J. J.; Zhao, F.; Li, J. Appl. Microbiol. Biotechnol. 2011, 90, 427–443.
doi:10.1007/s00253-010-3037-x

12. Zhu, S.; Wu, Y.; Chen, Q.; Yu, Z.; Wang, C.; Jin, S.; Ding, Y.; Wu, G.
Green Chem. 2006, 8, 325–327. doi:10.1039/b601395c

13. Lehn, J.-M. Supramolecular Chemistry: Concept and Perspectives;
Wiley-VCH: Weinheim, Germany, 1995. doi:10.1002/3527607439

14. Lehn, J.-M. Science 2002, 295, 2400–2403.
doi:10.1126/science.1071063

15. Harada, A.; Kamachi, M. Macromolecules 1990, 23, 2821–2823.
doi:10.1021/ma00212a039

16. Harada, A.; Hashidzume, A.; Takashima, Y. Adv. Polym. Sci. 2006,
201, 1–43. doi:10.1007/12_056

17. Farcas, A.; Marangoci, N.; Fifere, A.; Pinteala, M.; Harabagiu, V.;
Simionescu, B. C. Polyrotaxanes with Cyclodextrins. In New Trends in
Nonionic (Co)Polymers and Hybrids; Dragan, E., Ed.; Nova science
Publishers, Inc., 2006; pp 53–78.

18. Ito, K. Curr. Opin. Solid St. M. 2010, 14, 28–34.
doi:10.1016/j.cossms.2009.08.005

19. Jing, B.; Chen, X.; Hao, J.; Qiu, H.; Chai, Y.; Zhang, G.
Colloids Surf., A 2007, 292, 51–55. doi:10.1016/j.colsurfa.2006.06.002

20. Okumura, H.; Kawaguchi, Y.; Harada, A. Macromolecules 2001, 34,
6338–6343. doi:10.1021/ma010516i

http://dx.doi.org/10.1021%2Fcr980032t
http://dx.doi.org/10.1016%2Fj.molliq.2005.06.001
http://dx.doi.org/10.1016%2Fj.inoche.2012.01.014
http://dx.doi.org/10.1021%2Fcr050948h
http://dx.doi.org/10.1002%2Fejoc.200390168
http://dx.doi.org/10.5772%2F15586
http://www.intechopen.com/books/ionic-liquids-theory-properties-new-approaches/supramolecular-structures-in-the-presence-of-ionic-liquids
http://www.intechopen.com/books/ionic-liquids-theory-properties-new-approaches/supramolecular-structures-in-the-presence-of-ionic-liquids
http://dx.doi.org/10.1039%2Fb705688e
http://dx.doi.org/10.1002%2Fpolb.20849
http://dx.doi.org/10.1021%2Fma702593s
http://dx.doi.org/10.1007%2Fs00253-010-3037-x
http://dx.doi.org/10.1039%2Fb601395c
http://dx.doi.org/10.1002%2F3527607439
http://dx.doi.org/10.1126%2Fscience.1071063
http://dx.doi.org/10.1021%2Fma00212a039
http://dx.doi.org/10.1007%2F12_056
http://dx.doi.org/10.1016%2Fj.cossms.2009.08.005
http://dx.doi.org/10.1016%2Fj.colsurfa.2006.06.002
http://dx.doi.org/10.1021%2Fma010516i


Beilstein J. Org. Chem. 2012, 8, 1610–1618.

1618

21. Marangoci, N.; Farcas, A.; Pinteala, M.; Harabagiu, V.;
Simionescu, B. C.; Sukhanova, T.; Bronnikov, S.; Grigoryev, A.;
Gubanova, G.; Perminova, M.; Perichaud, A. High Perform. Polym.
2008, 20, 251–266. doi:10.1177/0954008307079538

22. Marangoci, N.; Farcas, A.; Pinteala, M.; Harabagiu, V.;
Simionescu, B. C.; Sukhanova, T.; Perminova, M.; Grigoryev, A.;
Gubanova, G.; Bronnikov, S. J. Incl. Phen. Macrocycl. Chem. 2009, 63,
355–364. doi:10.1007/s10847-008-9529-y

23. Besner, S.; Prud'homme, J. Macromolecules 1989, 22, 3029–3037.
doi:10.1021/ma00197a026

24. Mark, J. E. Overview of Silicone Polymers. In Silicones and
Silicone-Modified Materials; Clarson, S. J.; Fitzgerald, J. J.;
Owen, M. J.; Smith, S. D., Eds.; ACS Symposium Series 729;
Washington DC, 2000; pp 1–10.

25. Wei, Q. Q.; Qi, M. L.; Fu, R. N. Chin. Chem. Lett. 2009, 20, 1111–1114.
doi:10.1016/j.cclet.2009.04.002

26. Sun, X.; Wu, C.; Xing, J. J. Sep. Sci. 2010, 33, 3159–3167.
doi:10.1002/jssc.201000030

27. Iojoiu, C.; Pinteala, M.; Simionescu, B. C.; Sanchez, J.-Y.;
Abadie, M. J. M. Curr. Trends Polym. Sci. 2006, 10, 55–67.

28. Hyun, K.; Kim, S. H.; Ahn, K. H.; Lee, S. J. J. Non-Newton. Fluid 2002,
107, 51–65. doi:10.1016/S0377-0257(02)00141-6

29. Mezger, T. G. The Rheology Handbook. For users of rotational and
oscillatory rheometers, 2 revised  ed.; Vincentz Network: Hannover,
Germany, 2006.

30. Rusu, M. C.; Ibanescu, C.; Ichim, I. C.; Riess, G.; Popa, M.; Rusu, D.;
Rusu, M. J. Appl. Polym. Sci. 2009, 111, 2493–2506.
doi:10.1002/app.29253

31. Okoturo, O. O.; VanderNoot, T. J. J. Electroanal. Chem. 2004, 568,
167–181. doi:10.1016/j.jelechem.2003.12.050

32. Tshibangu, P. N.; Ndwandwe, S. N.; Dikio, E. D.
Int. J. Electrochem. Sci. 2011, 6, 2201–2213.

33. Mukherjee, I.; Manna, K.; Dinda, G.; Ghosh, S.; Moulik, S. P.
J. Chem. Eng. Data 2012, 57, 1376–1386. doi:10.1021/je200938k

34. Min, G.-H.; Yim, T.-e.; Lee, H.-Y.; Huh, D.-H.; Lee, E.-j.; Mun, J.-y.;
Oh, S. M.; Kim, Y.-G. Bull. Korean Chem. Soc. 2006, 27, 847–852.
doi:10.5012/bkcs.2006.27.6.847

35. Mizerska, U.; Fortuniak, W.; Chojnowski, J.; Hałasa, R.;
Konopacka, A.; Werel, W. Eur. Polym. J. 2009, 45, 779–787.
doi:10.1016/j.eurpolymj.2008.11.045

License and Terms
This is an Open Access article under the terms of the

Creative Commons Attribution License

(http://creativecommons.org/licenses/by/2.0), which

permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.

The license is subject to the Beilstein Journal of Organic

Chemistry terms and conditions:

(http://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one

which can be found at:

doi:10.3762/bjoc.8.184

http://dx.doi.org/10.1177%2F0954008307079538
http://dx.doi.org/10.1007%2Fs10847-008-9529-y
http://dx.doi.org/10.1021%2Fma00197a026
http://dx.doi.org/10.1016%2Fj.cclet.2009.04.002
http://dx.doi.org/10.1002%2Fjssc.201000030
http://dx.doi.org/10.1016%2FS0377-0257%2802%2900141-6
http://dx.doi.org/10.1002%2Fapp.29253
http://dx.doi.org/10.1016%2Fj.jelechem.2003.12.050
http://dx.doi.org/10.1021%2Fje200938k
http://dx.doi.org/10.5012%2Fbkcs.2006.27.6.847
http://dx.doi.org/10.1016%2Fj.eurpolymj.2008.11.045
http://creativecommons.org/licenses/by/2.0
http://www.beilstein-journals.org/bjoc
http://dx.doi.org/10.3762%2Fbjoc.8.184

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Experimental
	Synthesis of ionic liquid
	Morphological characterization using the Wet-STEM technique
	Samples preparation
	Rheological measurements
	Differential scanning calorimetry (DSC)
	FTIR spectra
	1H NMR spectra


	Acknowledgements
	References

