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By reacting AlCI3 with chloroacetamide (CA) at the optimal mole ratio (2:1), a
new type of ionic liquid was created in addition to the group of ionic liquids
(aluminum chloride-amide). With an ionic conductivity of 0.34 mS/cm, the
resultant clear brown ionic liquid demonstrated good thermal stability at ambient
temperature in a glove box filled with nitrogen gas. Its coordination was
established using FT-IR. Measurements have been made of additional physical
characteristics including viscosity and cyclic voltammetry.
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1. Introduction
There is rapid race research on ionic liquids based on
aluminum compounds with amides is rapidly progressing
due to their clear and documented effects in the field of
science and advanced technology, which depend on their
multiple applications in electrochemistry [1-3], such as
batteries, catalysts [4], reactions, and biotechnology
processing [5-6]. In general, ionic liquids depend in their
preparation on mixing anhydrous AICI3 with amides
forming complexes. These complexes have a coordinated
structure that allows the transformation of their solid
components into a liquid containing positive and negative
ions, such as the AICI3/Amides ionic liquid studied by Hadi
M. A. Abood and Andrew P. Abbott et al [7]. In these cases,
aluminum metal behaves as a Lewis acid, forming anionic
species such as AICI4- and AI2CI7-, which are largely
affected by the cationic species of the Lewis base in the
liquid. The reaction between AICI3 and Amides ligands
forms anionic and cationic species according to the
following equation [7-9]:
XAICI; + y Amide < [Alx-1Clsx-4(Amide)y]* + AICl,
...()

2. Materials and Methods

Both chloroacetamide (Sigma-Aldrich) and aluminum
chloride anhydrous (Carlo Erba) were utilized without
additional purification. Bruker Optik FTIR Spectrometer,
was used to obtain infrared spectra. While measuring
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viscosity manually with a Cannon Viscometer (USA),
conductivity was measured with a WTW cond-720
(Germany) instrument in mS/cm. The Instrument for Cyclic
voltammogram (CV) was recorded by using a three-
electrode  system  Digi-lvy-Dy2300  Bipotentiostat
comprising platinum plat as working electrode (WE), a
platinum disc of 2 mm diameter as a counter electrode (CE),
and wire of silver as a reference electrode (RE). Dynalon
Digital Melting Point Device was used to calculate the
melting point (USA).

2.1 Preparation aluminum chloride anhydrous-
chloroacetamide ionic liquid:

AICI3 anhydrous (m.p. 192.4 °C) and chloroacetamide
(m.p. 120 °C) were combined to create a novel ionic liquid
that contains both substances in varying mole ratios. They
were both heated at 50 °C for four hours in a glove box filled
with nitrogen gas with constant mechanical stirring until
they combined to form a brown homogenous liquid [7]. To
reach room temperature, the created ionic liquid is then
chilled and kept in an airtight container (Figure 1). This
ionic liquid's samples were utilized for further
identification.
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Figure 1. Digital photo of AICI3:CA (2:1 molar ratio) IL.

3. Results and Discussion

Table 1 below shows, at 27 °C, the mole ratio composition,
melting point, and conductivity of chloroacetamide ionic
liquid and anhydrous aluminum chloride.

Table 1. Show the mole ratio composition, melting point, and conductivity of ionic liquid at 27 °C.

Physical state Conductivity

No The mole ratio of AICI;:CA  Melting point °C at 27 °C Viscosity cP ms/em
1 1.5:1 52 sold - -
2 1.7:1 45 sold - -
3 1.8:1 — liquid 84.265 0.36
4 1.9:1 — liquid 79.338 0.39
5 2:1 - liquid 64.183 0.42
6 2.1:1 - liquid 98.641 0.29
7 2.2:1 48 sold - -
8 2.3:1 57 sold - -
9 2.5:1 65 sold -
The direct relationship between increasing in
conductivity with the increasing aluminum chloride molar -3.6
percentage, can be clearly observed, and this may be -3.4
attributed to the inclination of Eq. (1) towards the direction Fé's,z
of formation of AICls, Al,Cl; ions. After that, the inverse G .
relationship begins to appear at the ratio 2.1, where the 28
percentage of aluminum chloride was increased and the 96
electrical conductivity decreased due to the increases in the D4 ——
viscosity of the ionic liquid [9]. Generally, the ionic 2.2 1333 328 323 3.18 3.13 3.08 3.03 2.99

conductivity [10] can be calculated according to the
Arrhenius Eq. (2) and using the graph (Figure 2), where Ea
is the activation energy, A is a coefficient T is temperature,
and R is the universal gas constant. A calculated average Ea
of the AICI3:CA ILs is 48.2 kJ/mol.
o= Ae — Ea(o)/(RT) ...(2)

the activation energy was calculated to show whether the
energy value was positive or negative to see if there were
collisions between the molecules or any interaction that
causes a defect in the merging of the two substances (AICI3
and chloroacetamide) to form the ionic liquid, as well as to
prove that there is a flow in the transmission of electrons
when using the ionic liquid in electrical applications.
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Figure 2. ionic conductivities of AICI;:CA ionic liquids
(2:1 molar ratio) and Temperature (from 27 to 60
°C) to determine the activation energy by the
Arrhenius equation.

The important role of the FTIR test is to find out the
interaction and coordination [11] between the two solid
materials aluminum chloride and chloroacetamide, that
formed the ionic liquid. By reading the given frequencies
within the Figure 3, where noticed the rise and fall of some
vibration frequencies values, which indicates coordination
and clear interaction within (2:1) molar ratio. Where, the
carbonyl group v(C=0) vibration frequency transformed
from 1616 cm™ to 1668 cm™* with a shift of 52 cm™ to a
higher frequency than in alone chloroacetamide and the
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peak at 760 cm™ can be attributed to C—CI stretching
vibration of chloroacetamide (blue), which converts wider
after coordination with aluminum chloride. As for the C-H
wagging and twisting vibration peaks shifted from 1096 and
1255 for chloroacetamide to 1102 and 1266 cm™ after
coordination with AICI3, respectively. The extending
frequencies of v(N—H) for CA also suffered a red shift and
tensity changing in IL for the symmetrical and asymmetric
vibration. Where, the main explanation for these changes in
the recent frequency readings may be due to the formation
of hydrogen bonds with (NH). Recent research has shown
that increasing the acidity of the ionic liquid leads to a
change in the frequencies of the main peaks of the
components of that liquid. [12].

Figure 4 shows the electrochemical potential window of
cyclic voltammogram for AICI;.CA new IL (2:1 mole ratio)
on a platinum working electrode under a scan rate of 0.1 V/s
at room temperature. The cyclic voltammetry range of the
ionic liquid was between —1.00 V to + 1.3 V and the
electrochemical window was 2.3 V. A characteristic
"nucleation loop" is also observed for the above new IL [13-
14].
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Figure 3. FTIR spectra of Chloroacetamide ALCIls:CA new
IL.
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Figure 4. Cyclic voltammogram of AICI3:CA at 2:1 mole
ratio on a platinum working electrode with
platinum wire counter and silver reference
electrode. Start potential: 1.0 V. Scan rate:
0.1VJs.
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4. Conclusions

In this article, a new ionic liquid was prepared from
(Aluminum Chloride-Chloroacetamide) which is part of the
aluminum chloride-amide family series. Where the ideal
molar ratio for mixing was determined by (2:1)
respectively, and this ratio was chosen because it gave the
lowest viscosity (64.183 cP) and the highest conductivity
and stability. And to find out if there is interaction and
between the two solid compounds, FTIR tests were done,
which showed the coordination between the two
compounds by changing the vibration frequencies and
changing the values of the obtained peaks. And to prove that
the prepared ionic liquid is among other liquids and carry
the same properties, viscosity test was conducted against
temperature, which proved that the new liquid has
characteristics that do not deviate from the nature and
properties of other liquids. In addition, the new ionic liquid
gave thermal stability and conductivity up to (0.42 mS/ cm)
which is considered within the measured conductivity of
other ionic liquids. It is possible to candidate this new liquid
for another set of physical and chemical tests to be included
in the multiple applications of ionic liquids

Acknowledgment
The authors thank the Department of Chemistry, College
of Science, Al-Nahrain University.

References

[1] Armand M.; Endres F.; MacFarlane D. R.; et al,;
"lonic-liqguid materials for the electrochemical
challenges of the future”. Nature Mater, 8: 621-
629/10.1038/2448, 20009.

[2] Endres F.; "lonic Liquids: Solvents for the
Electrodeposition of Metals and Semiconductors"
Chemphyschem, 3:2-144/10.1002/1439-7641, 2002.

[3] Tsuda T. and Hussey C.L.; "Electrochemical
Applications of Room-Temperature lonic Liquids
Interface”. The Electrochemical Society Interface
16(1):42-49/10.1149/2. FO50711F, 2007.

[4] Parvulescu V.I. and Hardacre C.; "Catalysis in lonic
Liquids". Chem. Rev, 107(6): 2615-2665, 2007.

[5] Hasan B.B.; Abood M.A. and Mohamed S.N.; "Effect
of Some Aluminum Salts-Amine lonic Liquids on
Several Serum Human Parameters and Bacterial
Growth of Klebsiella pneumoniae and Staphylococcus
aureus" Journal of Al-Nahrain University, 21(1): 14-
22/10.22401/JUNS.21.1.03, 2018.

[6] Abbott A.P.; Frisch G.; Hartley J. and Ryder K.S.;
"Processing of metals and metal oxides using ionic
liquids".  Green  Chemistry 3: 457 to
724/10.1039/COGCO00716A, 2011.

[7] Hasan B.B.; Abood M.A. and Mohamed S.N.;
"Preparation and characterization of deep eutectic
solvent: Physical properties and electrochemical
studies". AIP Conference Proceedings 2398,
030009/10.1063/5.0095413, 2022.



Al-Nahrain Journal of Science
ANJS, Vol.26 (2), June, 2023: 19-22

[8] Endo A.; Miyake M. and Hirato T.; "Electrodeposition
of Aluminum from 1,3-Dimethyl-2-Imidazolidinone
[AICI3 baths". Electrochim. Acta 137: 470-
475/10.1016/j.electacta.06.044, 2014.

[9] FangY.X.; Yoshii K.; Jiang X.G.; Sun X.G.; Tsuda T.;
Mehio N. and Dai S.; "An AICI3 based ionic liquid
with a neutral substituted pyridine ligand for
electrochemical deposition of  aluminum".
Electrochim. Acta 160: 82-
88/10.1016/j.electacta.2015.02.020, 2015.

[10] Sun X.G.; Liao C.; Shao N.; Bell J.R.; Guo B.K;;
Luo H.M.; Jiang D.E. and Dai S.; "A Stable
Fluorinated and Alkylated Lithium Malonatoborate
Salt for Lithium lon Battery Application”. Chem.
Commun. 51:9817-9820/10.1039/C5CC01428],
2013.

[11] Ohsaku M.; Murata H. and Shiro Y.; "Molecular
vibrations and force fields of alkyl sulfides-XIV.
Infrared spectra of ethyl isopropyl, propyl isopropyl,
butyl isopropyl and diisopropyl sulfides ". Acta A
33:467-472/10.1016/0584-8539(77):80058-5, 1977.

[12] YangY.L.and Kou Y.; "Determination of the Lewis
acidity of ionic liquids by means of an IR
spectroscopic probe”. Chem. Commun 2: 226-
227/10.1039/B311615H, 2004.

[13] Wilkes J.S.; Levitsky J.A.; Wilson R.A. and Hussey
C.L.; "Dialkylimidazolium chloroaluminate melts: a
new class of room-temperature ionic liquids for
electrochemistry, spectroscopy and synthesis".
Inorg. Chem 21: 1263-1264/10.1021/ic00133a078,
1982.

[14] Wibowo R.; Jones S.E.W. and Compton R.G.;
"Kinetic and Thermodynamic Parameters of the
Li/Li + Couple in the Room Temperature lonic
Liquid N-Butyl-N-methylpyrrolidinium Bis
(trifluoro methylsulfonyl) Imide in the Temperature
Range 298-318 K: A Theoretical and Experimental
Study Using Pt and Ni Electrodes”. J. Phys. Chem.
B 113: 12293-12298/10.1021, 2009.

22



