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CHARACTERIZATION AND THERMAL PROPERTIES OF
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Thermal analysis (TG, DTG), powder diffraction analysis (XRD) and infrared (IR) spectra were used to study of composition and
release of benzimidazole from Ni(II)-exchanged montmorillonite under heating. Diffraction analysis indicated that benzimidazole
molecules are intercalated into the interlayer space of montmorillonite. IR spectra and the analytical characteristics have shown that
different type of interactions of benzimidazole is connected with different reaction conditions (acid or neutral solution). The release
of' benzimidazole from Ni(II)-montmorillonite under heating from studied samples proceeds in three distinct steps. The first step can
be assigned to the release of water molecules while the last (third) one corresponds to the lattice dehydroxylation. The second step

can be assigned to release of chemically bonded benzimidazole.
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Introduction

Systematic thermoanalytical research on the most
common dioctahedral smectite, montmorillonite,
started with the well-known work of Le Chatelier [1],
which demonstrated that, when this clay mineral is
heated, the first stage involves the endothermic re-
lease of water molecules adsorbed on the outer and
the inner surfaces. In the second stage a further endo-
thermic effect occurs, which is related to the release
of water from hydroxide groups in the octahedral
layer of three-layered structure. The first endothermic
effect is usually attributed to dehydration and the sec-
ond to dehydroxylation [2].

During the last decades much interest was de-
voted to the interactions between montmorillonite
and heterocyclic organic compound with the purpose
of determining the thermal stability and structure of
the organo-clay complexes [3, 4]. Since the clay sur-
face and its interlayer space are populated by
Bronsted and Lewis acids and basic sites, the princi-
pal interactions between the clay and the adsorbed or-
ganic compounds are of the acid-base type [5]. Some
methods such as thermal analysis (TG, DTG, DTA)
and IR spectroscopy, were used to study of desorption
of pyridine and pyridine derivatives from Co-, Ni-
and Cu-exchanged montmorillonite [6—-10]. It was
found that release of pyridine derivatives under heat-
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ing (20-700°C) proceeds in three or four distinct
steps. The first step can be assigned to the release of
physically sorbed pyridine derivatives while the last
one corresponds to the lattice dehydroxylation. The
second step and/or second and third steps can be as-
signed to release of chemically bonded pyridine de-
rivatives in the interlayer space of montmorillonite.

Among numerous organic species the hetero-
cyclic compounds containing one benzene ring in
their structure represent important and widely used
chemical agents. Unfortunately, many of them exhibit
pronounced carcinogenic effects [11] and montmoril-
lonite could be used as one of the suitable hosts exhib-
iting desirable properties. However, benzimidazole
acts as a ligand in a variety of biological mole-
cules [12] and is used in model compounds for meta-
loproteins [13]. It is known [14] that the coordination
ability of benzimidazole is strongly dependent on the
pH of reaction solution in near-neutral and alkali en-
vironments. Unprotonated benzimidazole is coordi-
nated to the control atom via the unshared electron
pair of nitrogen. In sufficiently acid media both elec-
tron pair of nitrogen are occupied (BIH") and benz-
imidazole (BI) does not act as a ligand.

There has been considerable interest among re-
searchers [15-52] in the study of organic-inorganic
compounds/materials including their thermal, spec-
tral, X-ray, microscopic, intercalation, biological and
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ion-exchange properties. In this paper TG, DTG,
XRD and IR spectra have been used to study and the
release of benzimidazole from Ni-exchanged mont-
morillonite under heating.

Experimental
Materials

Less than 2 pum of JelSovy Potok bentonite was pre-
pared from a bulk sample and converted into the
monoionic Ca-form using standard methods [7]. The
structural formula as calculated from the chemical
analysis of the fine fraction is as follows:

Cag.43(Si7.50Al9.41)(Als gsFen 34Mg 63)(OH)4029

The cation exchange capacity (CEC), deter-
mined according to the method [53] was 0.96 mmol
Me" g’l.

The Ni(Il)-exchanged montmorillonite was pre-
pared from the Ca-form (3 g) by addition of a NiCl,
solution (450 cm™, ¢=1 mol dm™) and the mixture
was stirred shortly and left to stand for 24 h. After
decantation, NiCl, solution was added again to the
solid phase, stirred and left to stand as previously.
This procedure was repeated four times. The solid
product was then washed by water in order to remove
the CI ions and finally dried at 60°C. The interlayer
Ni(IT) in Ni(II)-montmorillonite was
0.41 mmol Ni(IT) g .

The reaction of benzimidazole with Ni(II)-mont-
morillonite was performed by suspending 1 g of
Ni(I-MMT in 100 cm’ of aqueous solution of
benzimidazole with a concentration of 0.02 mol dm .
The appropriate pH value was adjusted with aqueous
solution of HCI or NaOH. The suspensions were
stirred at room temperature for 48 h. The solids were
separated from the solution by filtering, washed with
200 cm’® of water and dried at 50°C. The amount of
Ni(II), which was released from Ni(II)-montmorillo-
nite in reaction with benzimidazole, was determined
by complexometric titration.

Methods

The thermal properties were studied with a TA Instru-
ment SDT 2960. The measurements were carried out
in nitrogen using a platinum crucible. A sample mass
of 20-25 mg and heating rate 10°C min"' were used.
The X-ray diffraction profiles of pressed powder sam-
ples were recorded on a Philips PW 1050 X-ray
diffractometer in the range 4-400 20 using CuK, ra-
diation. Infrared spectra were measured in KBr pellets
on a Nicolet 750 magna spectrometer in the
450-4000 cm™' range.
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Results and discussion

Preparation and diffraction properties of studied
samples

The starting material for the preparation of interca-
lated compounds was montmorillonite in its Ca-form.
In the process of ion exchange, a montmorillonite
with a Ni(Il) content of 0.41 mmol g was synthe-
sized. This corresponds to nearly full exchange ca-
pacity of the clay. The formation of a Ni(Il) aqua
complex in the interlayer space of the clay is con-
nected with interlayer distance 1.44 nm (Table 1).

When the reaction of Ni(II)-exchanged montmo-
rillonite with benzimidazole solution was performed
in acid medium (pH=2), an ionic exchange of Ni(Il)
for benzimidazolium ion BIH took place (Fig. 1).
This is proved by analysis that this sample contains no
Ni(Il) ions (sample BI-1, Table 1). The interlayer dis-
tance of the montmorillonite decreases to 1.37 nm
(Table 1) which indicates a flat monolayer structure
of the interlayer compound.

The reaction of benzimidazole with Ni(II)-mont-
morillonite, which was performed in nearly neutral solu-
tion (pH=7.84), lead to the formation of the complex
with a molar ratio of Ni(Il): benzimidazole=1:2 (sample
BI-2, Table 1) (this sample is slightly green). The coor-
dination sphere of this complex probably obtain still two
water molecules and two silicate oxygen atoms, as in the
case of Cu(Il)-montmorillonite [14]. The dy, value is
shifted to 1.56 nm (Table 1).

Table 1 The pH values of benzimidazole reaction solutions,
the amount of adsorbed benzimidazole (Bl,gs), the
number of related Ni(II) ions (Ni(II),) and montmo-
rillonite interlayer space (dgo;)

Sample pH BIads/7 I'(Nl(H)reJ?/ d()()]/
mmol g mmol g nm
Ni-MMT - — — 1.44
BI-1 2.00 0.84 0.41 1.37
BI-2 7.84 0.89 0 1.56
100~ 0.000
—‘E
.7 L0004 E
= L0
290 g
=2 L-0.008 E
g 83 >
= ki
I-0.012 .2
80 5
o)
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Temperature/°C
Fig. 1 TG and DTG curves of Ni-MMT Heting rate

10°C min'
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Table 2 The some IR wavenumbers (32001300 cm ') of
benzimidazole (BI), benzimidazolium chloride
(BIHCI) and studied samples with benzimidazole

(BI-1, BI-2)

BI BI HC1 BI-1 BI-2 Assignment

- 3150sh 3148w 3153vw LNH)
3113w 3129m  3128sh 3120sh V(cH)
1620m 1619s 1626m 1626m V(o)
1588m 1577w - 1596w S(NH)inp.

- 1531s 1537w - S(NH)jinp.
1495m 1499w 1500w 1518s V(o)
1478s - - 1500vs V(Ce)
1459s 1449vs 1451vs 1463w V(o)

- 1393vs 1389w - V(CH)
1363s - - 1356sh V(cu)
1301s - 1308w 1308w Vicn)

IR spectral properties of studied samples

The IR spectra of the samples BI-1 and BI-2 show
bands characteristic of heterocyclic nitrogen com-
pounds. However, the number, positions and relative
intensities of the band depend upon the type of
interlayer complex (Table 2).

The IR spectrum obtained from benzimid-
azolium montmorillonite (sample BI-1) shows in
studied region band of NH groups at 3148 cm . The
band at 1537 cm', which is typical of benzimid-
azolium chloride and other benzimidazolium salts
[54], can also be observed. This band may be re-
garded as the bending mode of the NH groups of the
protonated benzimidazole ring. The bands of the CC
and CN stretching vibrations of the benzimidazolium
cation in the range 1300-1500 cm ' are remarkably
reduced in intensity, which indicates a strong interca-
lation of the organic molecule with the environment.

The IR spectrum of sample BI-2 illustrate that
the benzimidazole ligand vibrations are shifted from
those of the free ligand. The presence of NH-stretch-
ing and NH-bending mode peaks indicates that the
ligand proton remains bound on the nitrogen atom
(at the N position) on the benzimidazole. Thus, the
Ni to neutral benzimidazole ligand bonding takes
place through the further nitrogen atom (at the N, po-
sition):
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Thermal properties of studied samples

TG and DTG curves of Ni(II)-exchanged montmoril-
lonite (Ni-MMT) and intercalation products with
benzimidazole (BI-1, BI-2) are shown in Figs 1-3.
The thermal decomposition of Ni-MMT proceeds un-
der dynamic conditions and in the temperature inter-
val 20-700°C in two distinct steps. The first step can
be assigned to the release of adsorbed water mole-
cules with maximum on the DTG curve at ca 98°C
(Table 3) while the second one is connected with a re-
lease of water molecules from hydroxide groups (tem-
perature of peak maxima, 7, on the DTG curve at
about 650°C) [7]. The benzimidazole exchanged
montmorillonite (samples BI-1 and BI-2), Figs 2
and 3) exhibit three desorption peaks with maxima of
peaks on the DTG curve at ca 60-62, 427-450 and
600-625°C (Table 1). In accordance with Luptakova

Table 3 Thermal analysis results of studied samples:
Ni-MMT, BI-1 and BI-2

TG: Am/% DTG: T,/°C
Sample
Steps: L. IL. I1I. L. II. III.
Ni-MMT 18.8 - 5.0 98 - 650
BI-1 7.5 102 33 60 450 625
BI-2 5.6 10.0 3.2 62 427 600
1004 0.000
i T
9541 E
F-0.004 ‘Eﬂ
Q\f 90 2
w
=)
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= 8 L0.008 -2
<
-
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Fig. 2 TG and DTG curves of BI-1 (BIH'/Ni-MMT) heating
rate 10°C min'
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Fig. 3 TG and DTG curves of BI-2 (BI/Ni-MMT)
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and Plesch [14], the thermal decomposition of the
samples with benzimidazole begins in all cases with a
process of water release which is complete by
ca 250°C (Figs 2 and 3). The second step on TG curve
is connected with endothermic release of benzimid-
azole (in nitrogen atmosphere) because the typical
NH and CC vibration of benzimidazole in IR spectra
at 500°C are disappeared. The third step may be as-
signed to lattice dehydroxylation.

Conclusions

The presented results revealed that Ni(II)-exchanged
montmorillonite has provided suitable reaction me-
dium for the incorporation of organic base (benzimid-
azole) in its porous structure.

The changes in the powder diffraction patterns
of the intercalation species in comparison with
Ni(II)-montmorillonite indicate the presence of benz-
imidazole in the interlayer space. The formation of
different type of interaction of benzimidazole to
Ni(Il) in the silicate interlayers is influenced by the
reaction conditions. In the nearly neutral conditions
benzimidazole is coordinated to Ni(II). In a strongly
acid solution, a nearly stoichiometric ionic exchange
of benzimidazolium ion for Ni(II) ions takes place.

The thermal effect accompanying the escape of
benzimidazole from intercalation products in the tem-
perature interval 20—-700°C indicate that the stoichio-
metry of thermal decomposition (stepwise character)
is similar for studied samples with benzimidazole
(BI-1 and BI-2). TG and DTG curves exhibit in this
region three steps and also the total amounts of the
benzimidazole inserted in the porous structure of the
studied species are similar.
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