Journal of Al-Nahrain University Vol.17 (1), March, 2014, pp.71-75 Science

Investigation of Lewis Acid-Base Reaction of Acidic Species Present in
Aluminum Chloride-Urea lonic Liquid [AICl2>.nUrea] *

Hadi M. A. Abood” and Marwa H. Fadhil
Department of Chemistry, College of Science, Al-Nahrain University, Baghdad-Iraq.
“E-mail: drha85@yahoo.com.

Abstract

Aluminum chloride-urea ionic liquid was investigated for its active species concentration with
the aide of electronic spectroscopy by Lewis acid-base titration with chloride ions. A coordination
bonds between aluminum cationic species of the ionic liquid and the aromatic ring of toluene or
benzene was assumed to be responsible for new formed bands in visible and ultraviolet regions.
Upon Lewis acid-base titration these bands disappeared and the concentration of the acidic species
were elucidated to be around 75 mole% of the initial aluminum chloride used to prepare a 1.5 mole
aluminum chloride to 1 mole urea ionic liquid. The product of this reaction assumed to be between
1 acidic species to 1 chloride ion according to the mole fraction elucidated graph.
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Introduction The ionic liquids produced when
lonic liquids received more attention as aluminum chloride was combined with
alternative  reaction media for  their either urea or acetamide were much stable
distinguished properties which obviously than chloroaluminate ionic liquid of i.e.
differentiatethem from water or classical imidazolium  chloridebutwith ~ promising
molecular organic solvents. They can be similar properties in at least to its catalytic
tailored in contrast to other solvent and thus behavior for organic reactions and aluminum
consideredunique [1]. lonic liquids have metal coating on metal substrate [3]. AICls-
attracted increasing interest for their promising amide ionic liquids reported to become colored
role as alternative media in synthesis, upon dilution with some organic solvents and
separation, and electrochemistry as a result of the color was attributed to charge transfer
their unique chemical and physical properties. between solvents and aluminum cations. The
Theycan dissolve a wide spectrum of organic, dilution with organic solvents was useful to
organometallic, and inorganic compounds [2]. accelerate the rate and modifying the deposited
Also, they have no detectable vapor pressure aluminum particles [8].
and are relatively thermally stable. Aluminum The aim of this work is to investigate the
chloride-based ionic liquids with imidazolium coordination of aluminum species upon
orpyridinium chlorides (chloroaluminate ionic dilution with organic solvent (particularly
liquids) werethefirst studied ionic liquids. those having aromatic n-ring electrons such as
Chloroaluminate ionic liquid was reported to toluene and benzene). The visible colors of
formbasic, neutral andacidic melts by ionic liquid with organic solvents could be
varyingthe molar ratio of the organic salt to used as indicator for Lewis acid-base titration
AICI3[3].Basic ionic liquids with a molar ratio of acidic active ionic liquid species and
of AICIz of less than 1 consist of RT, concentration determination in this type of
Cl-andAlICl4-ions. A molar ratio of AICI3:RCI ionic liquids. Aluminum chloride-urea was
greater than 1 formacidic ionic liquid which chosen to bediluted with aromatic solvents
contains R*, AlCl;~ and AlClsions [3, (toluene and benzene). While for their Lewis
4].Aluminum chloride with simple amide (urea acid-base titration chloride salts of potassium
or acetamide) forms acidic ionic liquid and calcium were used.

consisted of positive acidic  species
[AICI..nAmide]*and ionic species [AICl4]~
having comparable properties to those of
chloroaluminate ionic liquid[3].
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Experimental

Aluminum chloride of Fluka, urea and
benzene of Thomas Baker, toluene and
calcium chloride and potassium chloride of
Chem. Supply of no less than 98% purity were
used with no further purification.

The weighted amount of aluminum
chloride was added to the reaction tube
followed by the proper amount of the organic
solvent. The weighted of urea portion was
added incrementally to the reaction tube where
a reaction between urea and aluminum
chloride had commenced indicated by the
color change of the organic solvent from
colorless to green colorin toluene and to deep
red in benzene.

The deep red liquid composed of 80 vol.%
(2AICI3:1Urea) ionic liquid and 20 vol.%
benzene. While the dark green liquid
composed of 53.3 vol.% toluene and 46.7
vol.% ionic liquid (1.5AICl3z:1Urea). To 1ml of
the dark green liquid, potassium or calcium
chloride were added in an increment portions.
The mole % of the chlorides were at 10, 12.5,
14.3, 16.7, 20, 25, 33, 40, 50, 60, 75, 80, 90
and 100 calculated on the bases of original
aluminum chloride used to prepare ionic
liquid.

KClor CaCl, additions were followed by
CECEL CE7200UV-Vis, Ultraviolet Visible
spectrophotometer at room temperature using
quartz cells of 1.0 cm path length and water as
reference in the range of (190-900) nm. FTIR
of SHIMADZzZU 8300 Fourier Transform
Infrared Spectrophotometer (F.T.IR), Japan,
using the (KBr) disk in the wave number range
(4000-400) cm™ was also used to investigate
ionic liquid solid materials.

Results and Discussion
a. lonic Liquid in Toluene:

Toluene is known to have two bands (E:
and B) in the ultraviolet region. E> band has
higher energy than B band whichboth are
related to the m-n* aromatic ring transition [5].
These two bands were observed at 199.5nm
(E2) and 264nm (B) Fig.(2, B) when toluene
alone was examined by ultraviolet/visible
spectroscopy in present work.

However, when ionic liquid was prepared
in toluene, the color changed to deep green.
This green mixture of diluted ionic liquid in
toluene was examined by ultraviolet-visible
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spectroscopy and showed, on one hand, an
increase in the initial B and E> bands of
tolueneat similar absorption wavelengths and
an increase in their absorption intensities
(compare Fig. (2, A and B).

On the other hand,itwo new bands at
334nm and 474nm were recorded for ionic
liquid in toluene. The latter two bands were
believed to be caused by an interaction of
Lewis acidic species of the ionic liquid
[AICI>.nU]" with the ring n-bond electrons of
toluene causing the charge transfer between
toluene and metal cationic species. This bond
may be considered as coordinated bond and
electrons being donated from the n-ring bond
of toluene to metal cationic species.
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Fig.(1) UV/Vis.spectrum of (A) ionic liquid in
toluene and (B) toluene alone.

This type of interaction would be
analogous to those of transition metal-arene
organometallic complexes which were first
recognized in the 1950's [9].Such interaction
helps the addition of nucleophiles to the arene
liquid causing de-protonation of acidic arene
protons. m° metal complexes were also
suggested for bi-metallic chromium carbonyl-
arene complexes of chromium or tungsten as
stated by Fischer [10].

On this basis, the original aromatic ring
bands of toluene (B and E>) are also expected
to be affected by this new interaction with the
ring-n electrons and seem to be enhanced as
illustrated by the higher absorbance (gmax) than
in toluene alone.

b. lonic Liquid in Benzene:

Benzene has three bands in the ultraviolet
region which were related to m-m* aromatic
ring transitions and named Ei, E;and Bwhere
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E: at higher energy than E> and B bands, and
E> band at higher energy of B band [5]. The E1
band could not be observed since it was
reported to have a wavelength of 180 nm [5]
which was out of the instrument's range (190-
900) nm. The other bands E> and B were
observed in present work at 199.5nm and
257nm respectively Fig.(2A). Deep red
colorwas formed by ionic liquid in benzene
which was also examined by the ultraviolet-
visible spectroscopy Fig.(2 B) and revealed an
increase in the initial absorbance of benzene B
and E> bands at same wavelengths, as also
observed in toluene, and the appearance of two
new bands (also similar to the dilution in
toluene) but at 320nm and 420nm which were
similarly believed to be resulted from the
interaction of the acidic cationic species of
the ionic liquid [AICl,.nUrea]*with the
n-ringelectrons in this case of benzene ring.

c. Lewis acid-base neutralization with
chloride:

To confirm the interaction weather being
caused by aluminum acidic species of the ionic
liquid with ring =-electrons of toluene or
benzene, a Lewis acid-base titration was
conducted. This was carried out by reacting
the Lewis acidic species with Lewis chloride
anions added as either potassium or calcium
chloride salts to ionic liquid prepared in
toluene.
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Fig.(2) UV/Vis. Spectra of (A) benzene and
(B) ionic liquid in benzene.

Hence if this intended scheme of reaction
was successful, then aluminum species would
be neutralized forming AICls ~ anion, thereby
two aims could be reached. The first is to
determine the concentration of aluminum
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acidic species present in ionic liquid and
secondly this could be guided by the
disappearance of the newly formed absorption
bands observed in toluene or benzene diluted
ionic liquids. Therefore, when potassium or
calcium chloride was incrementally added, it
was observed that the toluene bands (E2 and B)
decreased in their intensities (emax) and
the band at 334nm decreased sharply at
12.5 mole% addition of potassium or calcium
chlorides(calculated on the basis of total
AICl3), and decreased more at 14.3 mole %.
The lower less intense absorbance band at
474nm was also decreased when chloride was
added but to less extent and completely
disappeared at 75 mole% addition of
potassium or calcium chloride to the dark
green ionic liquid solution in toluene (compare
Fig. (3) and Fig. (4)).
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Fig.(3) Ultraviolet\visible spectra of
(A)1.5AICIs:1urea in toluene, (B) 12.5%, (C)
14.3%, (D) 50%, (E) 75% of potassium
chloride additions.
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Fig.(4) Ultraviolet\visible spectra of (A)
1.5AICl3:1urea in toluene, (B) 12.5%,
(C) 14.3%, (D) 75% of calcium chloride
additions.




However, further addition of potassium or
calcium chloride up to 100 mole% gave no
additional observation except that the ionic
liquid turned into suspension due to the
limitation of potassium or calcium chloride
solubility in the solution. Therefore; it is
possible to represent the overall reaction
between one moleacidic species of ionic liquid
with the two moles of Lewis base (chloride
ions) as follow;

[AICL.nUT*+ 2CI- — AICIs+n. Urea . ........ (1)

This reaction is analogous, as Lewisacid base
reaction, to that reported for chloroaluminate
acidic species reaction [7] but with different
molar concentration;

AlCl77 + ClF— 2 AICl4 e (2)

It should be noticed that addition of
potassium chloride resulted in formation of
solid material insoluble in the liquid state of
the system, in contrast to calcium chloride
addition where only liquid system was
observed and no solid material was obtained.
The FTIR examination of the solid material in
the first case revealed only the existence of
urea vibrational bands. This could be related to
the changing in the mole ratio of ionic liquid
state as some aluminum chloride was
consumed in the Lewis acid-base reaction and
forming a system out of the limitation of liquid
state reported for this type of ionic liquid as
being between 2:1 and 1:1 (AIClz: amide)
[3].However in the second case, this was not
observed properly due to dissolution of
calcium complex formed with urea making a
new liquid system mixture with other species
present. This needs to be confirmed by further
work which was out of the scope of the present
research. When the obtained absorbance were
represented with mole ratio as in Fig.(5).
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Relationship between Absorhance and added mole% of chloride to 1.5:1 mole ratio
1.3 AICI,-Urea ionic liquid in toluene.
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Fig.(5) Mole fraction representation of added
calcium chloride (Al at 334 nm and A2 at
474 nm) and potassium chloride (B1 at 334
nm and B2 at 474 nm) to ionic liquid in
toluene.

It clearly represents two reactions .The
first at the low mole fraction of added chloride
(0.125) in similar mechanism if potassium or
calcium salt were used in the neutralization
reactions, until a mole fraction of 0.2 of
chloride where a second reaction between the
formed product and added chloride was
commenced. The latter reaction revealed the
formation of 2 to 1 mole reaction of acidic
species to chloride ions as the maximum
absorbance was obtained at 0.33 mole fraction
of chloride ions (cf reaction 1). Although the
first reaction differ if chlorides were added as
potassium salt or calcium salt probably due to
cationic charge effect of single and double
charges respectively, but they both showed
similar trend in the second reaction. The latter
reaction may be assumed as commenced
between theproducts of the first reaction
(being of similar nature) with added additional
chloride salts regardless of the nature of the
cationic presents.

Further observation was the nature of both
absorption bands at 334nm and 474 nm which
they showed identical behaviors in both cases
of chloride salts, indicating their similar origin
stemmed from, as stated above, the interaction
between cationic acidic species and aromatic
ring system.
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Conclusions

Aromatic ring interaction with acidic
cationic species of ionic liquid could be used
by ultraviolet/visible spectroscopic method as
indicator for the Lewis acid-base titration and
concentration elucidation of the acidic species
of aluminum chloride-amide ionic liquids
which was around 75 mole% of the initial
AICl3z used in the preparation of 1.5:1 mole
ratio of AICIs: Urea. This was resulted from
two reactions and probably formation of
complex product between acidic species and
chloride ions.
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