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H and '3C NMR chemical shifts were determined to investigate the interactions of acetone with a room tem-
perature ionic liquid 1-hexyl-3- methylimidazolium bromide [Cgmim|Br at various mole fractions. Changes
in chemical shifts of hydrogen nuclei and of carbon nuclei with the acetone concentration indicated the for-
mation of hydrogen bond between anion of the ionic liquid and methyl protons of acetone. The NMR results
were in good agreement with the ab initio computational results.
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l. INTRODUCTION

Room temperature ionic liquid is a class of organic
molten salts composed entirely of anions and cations.
Room temperature ionic liquid has many potential ap-
plications because of their unique physical and chemical
properties [1-7], such as negligible vapor pressure, high
thermal and chemical stability, wide electrochemical
windows, large liquid range and excellent solubility with
many substances. Due to their good solvency and recy-
clability, ionic liquids have been used as organic solvents
or catalysts in organic and organometallic synthesis [8-
11]. Therefore, information on interactions between the
ionic liquids and organic molecular solutes is very im-
portant for their application in chemical reactions and
for designing of many technological processes. Some
studies on the interactions between the ionic liquids
and different organic compounds have been reported.
These results suggested that the main interactions be-
tween them are hydrogen bond, aromatic ring current
effect, van der Waals interactions and ion-dipole inter-
actions [12-16]. In our previous works [17,18], we stud-
ied the interactions of [Cymim]|[PFg], [Cemim|[PFg],
[Comim][BFy], [Cgmim][PFg] and [Cgmim]|[BF,] with
acetone using nuclear magnetic resonance (NMR) spec-
troscopy and ab initio calculations. It was found that
hydrogen bonds are formed between the ring protons of
the ionic liquids and carbonyl oxygen of acetone.

Proton NMR is a well-known technique for study-
ing hydrogen-bonded systems [19,20]. Since nuclei of
the ionic liquid-acetone systems are readily observed
by NMR, we attempted to study aspects of the inter-
actions of different ionic liquids with acetone from the
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'H NMR experiments. Similar experiments using '3C
NMR have also been carried out. The particular ionic
liquid chosen for detailed study was the mixture of 1-
hexyl-3-methylimidazolium bromide [Cgmim]Br.

Il. EXPERIMENTS

The ionic liquid was synthesized according to the pre-
viously reported methods [21,22]. The resulting ionic
liquid was washed, and dried in vacuum at 70 °C for 72
h in order to remove organic solvents and water. Mix-
tures of acetone and the ionic liquid were prepared by
adding acetone-dg (d-99.9%) into ionic liquid to reach
the specified molar ratios. Samples were placed in a
5-mm-NMR tube, capped and sealed with parafilm.
Acetone-dg was used as the internal lock solvent. TMS
was used as the internal reference, which was kept con-
stant and was not affected by the change of sample con-
centration.

NMR experiments were performed using a Bruker
AV-400 spectrometer, 'H and *C NMR spectra were
recorded at 400.13 and 100.62 MHz, respectively. All
experiments were performed at 25+0.1 °C.

Calculations were performed by using the Gaussian
03 program, The geometry optimizations were carried
out using the DFT method at B3LYP/6-3114+G* level.

Ill. RESULTS AND DISCUSSION

'H and '3C NMR signals were assigned to various
hydrogen and carbon atoms of the mixed systems of
acetone-dg and the ionic liquid as shown in Fig.1. Ta-
bles T and II listed the 'H and ¥C NMR data for the
acetone-dg and [Cgmim|Br mixtures.

Variations of 'H and '3C

chemical shifts,
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TABLE I The 'H NMR chemical shifts (ppm) of acetone-dg and [Cemim]Br mixtures.

XAC H1 H2 H4 H5 H6 H7 H8 H9-11 H12
0.200 2.242 10.389 8.536 8.633 4.326 4.643 2.012 1.277 0.837
0.322 2.230 10.380 8.510 8.610 4.316 4.631 2.009 1.274 0.834
0.409 2.222 10.375 8.490 8.600 4.305 4.625 2.007 1.271 0.833
0.530 2.197 10.367 8.459 8.564 4.281 4.612 2.002 1.266 0.831
0.630 2.179 10.358 8.426 8.533 4.264 4.600 1.998 1.264 0.828
0.710 2.161 10.349 8.387 8.493 4.248 4.588 1.994 1.260 0.825
0.814 2.131 10.335 8.312 8.416 4.221 4.566 1.986 1.256 0.821
0.900 2.101 10.321 8.226 8.325 4.193 4.542 1.979 1.255 0.820
0.949 2.082 10.314 8.135 8.230 4.169 4.518 1.973 1.251 0.817
TABLE II The '*C NMR chemical shifts (ppm) of acetone-dg and [Cemim]|Br mixtures.

xac C1 c2’ C2 C4 C5 C7 C8 C9 C10 C11 C12
0.200 30.865 207.178 137.520 122.760 123.810 36.056 49.330 31.110 30.263 25.710 22.450 14.045
0.322 30.820 207.131 137.550 122.810 123.850 36.061 49.360 31.160 30.305 25.750 22.480 14.060
0.409 30.770 207.100 137.600 122.860 123.900 36.135 49.400 31.220 30.350 25.800 22.520 14.080
0.530 30.669 207.040 137.700 122971 124.030 36.231 49.480 31.336 30.472 25.908 22.615 14.127
0.630 30.574 206.967 137.779 123.052 124.109 36.315 49.549 31.425 30.574 25.988 22.701 14.168
0.710 30.479 206.876 137.877 123.138 124.199 36.391 49.647 31.506 30.655 26.070 22.770 14.191
0.814 30.325 206.726 138.038 123.255 124.339 36.485 49.795 31.652 30.795 26.216 22.899 14.249
0.900 30.155 206.554 138.195 123.329 124.439 36.574 49.909 31.784 30.916 26.339 23.015 14.295
0.949 30.030 206.340 138.330 123.370 124.488 36.636 50.005 31.852 30.966 26.411 23.070 14.315

T 2 0.0

CHy ~ < CHOH,CH,CH,CH,CH 1 .
. \ N @ N/ 2 2 2’ 2 2 3 :
\ / o §-02 ;

c—c I «
A Br CD;— C — CDy 03F

H4 HS ik 2 I .

[Comim]Br Acetone-dg 04F . . )

FIG. 1 Chemical structures of [C¢mim|Br and acetone.

A6=00bs—O(xac)mms 10T [Cemim|Br and acetone-dg
(AC) at various mole fractions of acetone-dg (xac) are
shown in Fig.2 and Fig.3, respectively, where Jqps is
the measured chemical shifts for the ionic liquid and
acetone-dg mixtures, and d(y,¢),;, 1S the measured
chemical shifts for the ionic liquid and acetone-dg
mixture at the minimal mole fraction of acetone-dg. As
can be seen, chemical shifts of aromatic protons of the
ionic liquid are generally sensitive to the changes in the
concentration of acetone-dg, and H4 and H5 moved to
the higher field than H2 with increasing mole fraction
of acetone-dg. Alkyl protons of the ionic liquid showed
little concentration dependence. However, changes of
13C chemical shifts of the ionic liquid have the opposite
trends.
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FIG. 2 Difference of the 'H chemical shifts of [Cemim]Br
and acetone-dg mixtures as a function of the mole fraction
of acetone-dsg.

'H chemical shifts of the methyl protons of acetone-dg
moved to the same direction as that of the ring protons
of the ionic liugid, and they are more sensitive to the
composition of the mixtures than those of the acetone
molecules mixed with other ionic liquids [17,18]. The
upfield changes in the chemical shifts for the carbon of
the methyl group are larger than that of the carbonyl
carbon in acetone-dg.

'H and 3C NMR data indicated that there is not
only formation of the C—H- - -O hydrogen bond between
the carbonyl oxygen of acetone-dg and the cationic pro-
tons but also formation of the C—H- - -Br hydrogen bond
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FIG. 3 Difference of the **C chemical shifts of [Cemim]Br
and acetone-dg mixtures as a function of the mole fraction
of acetone-ds.

between the methyl protons of acetone-dg and anion of
the ionic liquid [17,18,23,24]. It is known that breaking
of a hydrogen bond can cause the proton chemical shift
move upfield. The strength of the C—H- - -Br hydrogen
bond decreased with increasing mole fraction of actone-
dg, thus the electron density of the methyl protons of
acetone-dg also increased, and its chemical shift moved
upfield.

Changes in the 'H chemical shifts of the cations can
be interpreted in terms of interionic interactions of the
ionic liquid. There were several reports on the study of
cation-cation and cation-anion interactions of this ionic
liquid [25,26]. The results indicated that there were
two types of interactions, one is the m-7 stacking of the
aromatic cations, and the other is the hydrogen bond
between the protons of the cations and the anions. The
hydrogen bond strength of H2---Br is stronger than that
of H4- - -Br and H5- - -Br, and they are affected by the
ionic liquid concentrations. It is well-known that the
intermolecular hydrogen bond is influenced by the solu-
tion concentration, while the intramolecular hydrogen
bond is not. So the interaction observed here belongs to
the intermolecular hydrogen bond. At higher concen-
trations of the ionic liquid, H2, entering the shielding
cone of the neighboring cation, is influenced not only
by the H2- - -Br hydrogen bond strength but also by
the aromatic current. While H4 and H5, pointing out-
side, are only influenced by the H- - -Br hydrogen bond
strength. When adding acetone-dg into the IL, the in-
teractions between the ionic liquid and the acetone-dg
are through the formation of the C-H- .- -O hydrogen
bonds. With the increase of yac, the strength of the
H- - -Br hydrogen bond is weakened, and the signal of
H2 moves upfield. At the same time, the m-m stack-
ing interactions decreases while the C—H- - -O hydrogen
bond increases, and the signal of H2 moves downfield.
The changes in chemical shift of H2 indicated that the
H---Br hydrogen bond effect is stronger than that of the
m-m stacking and that of the C-H- - -O hydrogen bond.
This makes the signal of H2 move slightly upfield. As
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for H4 and H5, they are affected by the H- - -Br and
the C-H- - -O hydrogen bonds, and the former is the
predominant effect. So the signals of H4 and H5 moved
apparently upfield when the strength of H- - -Br hydro-
gen bond is weakened.

Generally, the criteria for the presence of Y-H. - -X
hydrogen bond is that the H- - -X distance must be less
than the sum of the van der Waals radii of H and X, and
the Y-H- - -X angle must be greater than 90 ° [25]. In
order to confirm the formation of hydrogen bond in the
present systems, ab initio calculations on various inter-
action sites of acetone with Br~ have been performed.
However, only one optimized structure is obtained, as
shown in Fig.4. The calculated hydrogen bond length
and angles are also presented in Fig.4. Obviously, only
the distance of H2”---Br and H4"”- - -Br are shorter than
3.05 A, which corresponds to the sum of the van der
Waals radii of H (1.2 A) and Br (1.85 A) [27].

v
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FIG. 4 Optimized structure of the acetone-Br™ interactions.

Figure 4 revealed the interactions between anion of
the ionic liquid and the methyl protons of acetone-dg.
The computational results are consistent with the ex-
perimental data. These results are different from those
reported in the previous works [17,18], in which the
ionic liquids-acetone-dg systems are mainly conducted
by the interactions of H2, H4, H5, H6 and H7 of the
cations with carbonyl oxygen of acetone-dg. Based on
these results, we can conclude that different anions of
the ionic liquids not only influence the strength of the
interactions between acetone-dg and the ionic liquid,
but also determine different types of interactions.

IV. CONCLUSION

The results indicated that the methyl protons of the
acetone-dg interact with the anion of [Cgmim|Br, and
they formed C-H- - -Br hydrogen bond. The ab initio
computational results supported the results deduced
from the 'H and C NMR experimental data. Based
on our previous work, these results also confirmed that
the anion of ionic liquid has major effects on the interac-
tions between ionic liquids and the organic compounds.
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