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Templated by 1-Methylimidazolium

Melek HAJJI' and Taha GUERFEL"**

1. Laboratory of Electrochemistry, Materials and Environment,
2. Preparatory Institute for Engineering Studies, Kairouan University, 3100 Kairouan, Tunisia

Abstract Chemical preparation, X-ray single crystal diffraction, thermal analysis, electrochemical measurements,
IR, Raman and UV spectroscopic investigations of a novel organic-inorganic hybrid material(C4H,;N,)CdCl;(H,0)(1)
were described. 1-Methylimidazolium aquapentachlorocadmate(Il) crystallized in the monoclinic system with P2,/n
space group. Its structure provided a new interesting example of infinite inorganic layers of [CdCl3(H,0)], ~ centered
by (-101) planes. The [CdCls(H,0)] anions were interconnected by O—H---Cl hydrogen bonds. Acidic protons of the
chloride group were transferred to the organic molecule, giving the singly-protonated cations. The ability of ions to
form a spontaneous three-dimensional structure through O—H:--Cl and N—H---Cl hydrogen bonds was fully utilized.
These hydrogen bonds induced notable vibrational effects. IR and Raman spectra were reported and discussed on the
basis of group theoretical analysis and on quantum chemical density theory(DFT) calculation. The molecular
HOMO-LUMO compositions and their respective energy gaps were also drawn to explain the activity of our com-
pound. The role of the intermolecular interaction in this crystal was analyzed. The optical study was also investigated
by UV-Vis absorption spectrum. Thermal analysis reveals the hydrous character of the compound. Cyclic voltamme-
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try was studied to evaluate the spectral and structural changes accompanying electron transfer.
Keywords Chlorocadmate(Il); X-Ray diffraction; Thermal analysis(TG-DTA); Vibrational study; Density functional

theory calculation; Cyclic voltammetry

1 Introduction

In recent years, the synthesis and characterization of coor-
dination polymers have been of great interest. This is due to
their fascinating structures and potential applications in cataly-
sis, conductivity, porosity, chirality, luminescence, magnetism,
spin-transition and non-linear optics!' ™. The size of the or-
ganic cations, their symmetry and ability to form hydrogen
bonds determine the physico-chemical properties of these ma-
terials® . Complexes of imidazole derivatives with transition
metal ions have attracted much attention thanks to their biolo-
gical and pharmacological activities, such as antiviral, antimi-
crobial and antiallergic properties!'>~'¥. The biological role of
the complexes containing an imidazole ring system can be re-
lated to the two N atoms, which have different properties. The
deprotonated N atom can coordinate to a transition-metal ion,
whereas the protonated N atom participates in hydrogen

bonding!*~'7

. For a better understanding of the principles
governing the structural properties of imidazole complexes,
especially the role played by hydrogen bonds, we synthesized a
new halocadmate templated by 1-methylimidazole. The
halocadmate(II) family, in particular the chlorocadmate, is
composed of distorted (CdClg)* or [(CACls(H,0)] isolated

octahedra or connected corners, edges, or faces forming
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ribbons, planes or layers!'® 2%, The cavities between the inor-
ganic moieties are filled with organic cations in anionic
framework through hydrogen bonds and/or electrostatic inte-
ractions? ™21 In this paper, the polymeric complex
(C4H;N,)CdACl3(H,0)(1) was characterized by X-ray diffraction,
TG-DTA measurement, FTIR absorption and FT-Raman scat-
tering. Density functional theory calculation was used in order
to perform the structural analysis of the studied molecules. In
the light of the theoretical calculation, correlation between
FTIR and FT-Raman spectra and computed results help to iden-
tify the vibrational modes and provide deeper insights into the
bonding and structural features of our compound. With the help
of the cyclic voltammetry, some electrochemical measurement
was performed.

2 Experimental

2.1 Chemical Preparation

1-Methylimidazolium aquapentachlorocadmate(Il) was
synthesized according to a previously reported method for
(20241 Crystals of compound 1 were
prepared by slow evaporation, at room temperature, of 300 mL

similar chlorocadmate

of an aqueous solution of HCI(2.46 mL, 0.03 mol, purity
37%, Aldrich) mixed with Cd(COs)(1.72 g, 0.01 mol, purity
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98%, Aldrich) and neutralized by 1-methylimidazole(0.821 g,
0.01 mol, purity 99%, Aldrich) with a molar ratio of 3:1:1.
During this operation, the solution was vigorously stirred.
Scheme 1 gives the main steps of the preparation of
compound 1. When most of the solution was evaporated, elon-
gated transparent colorless prisms were obtained.
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Scheme 1 Synthesis of compound 1

2.2 Single-crystal X-Ray Diffraction

Single crystal X-ray diffraction measurement was carried
out at 293 K on a Bruker Enraf-Nonius diffractometer with
graphite monochromatized Mo Ka radiation in the -6 scan
mode. Final unit cell dimensions were obtained and refined via
a set of 25 high-angle reflections. Integration and scaling
resulted in the data set, corrected for Lorentz and polarization
effects with the aid of XCAD4?®! The
1-methylimidazolium aquapentachlorocadmate(Il) was deve-
loped in the centrosymmetric space group P2,/n. The trial
structure was obtained by direct methods with resort to
SHELXS-97%% which revealed the position of the cadmium,
chlorine, oxygen and most atoms of the organic molecule. The
remainder of the structure was found in the subsequent
difference Fourier syntheses. There were one [CdCls(H,0)]”
anion and one organic(C4H;N,)" cation. The final structural

structure of

refinement was made with F° data and the program
SHELXL-977%. All the hydrogen atoms were located in a
difference Fourier map. Anisotropic displacement parameters
for all the other atoms were allowed to vary. The anisotropies
were found to be moderate. The average density, measured at
room temperature with toluene as pycnometric liquid, is in
agreement with the calculated density. The cell contains
four formula units of the title compound. Crystal data and the
results of the final structure refinement are summarized in
Tablel. Selected bond distances and angles are given in
Table 2.

The CCDC reference number is 1050839 for compound 1.

2.3 Spectroscopic Measurements

Infrared(IR) spectrum was recorded at room temperature

Table 1 Crystal data and structure refinement of

compound 1

Compound

Crystal system
Space group

Molar mass

T/K

wmm’™

Wavelength of radiation used/nm
a/nm

b/nm

c/nm

BIC)

Vinm®

VA

Crystal size

F(000)

6 range

hkl range
Reflection collected

Independent reflection, Riy

Maximum and minimum transmission

Restraint/independent parameter
GOF

Final R indices[]>20(])]

ApPmin and Apmax/(e'nmd)

(C4H7N2)CdCl3(H0)

Monoclinic
P2i/n
390.78
293(2)
0.2949
0.07107
1.1454(6)
0.7476(4)
1.1768(6)
98.997(7)
0.9952(9)
4

0.38 mmx0.31 mmx0.25 mm

752
2.31°—26.97°

—l4sh<14, -2<k<9, 0</ <14

2961
2166(0.0059)
0.5417/0.3355
2/130

1.04

R“=0.0329, wR,"=0.0873

—852/607

a. R =Y F |~ |/SIF| 1 bowR, = { S w(F2 - F2) /¥ wEy )"
Table 2 Selected bond lengths(nm) and bond angles(°)
for compound 1

. Bond length/nm Bond angle/(°)
Species Bond

Exp. Calcd. Exp. Calcd.

Organic N1—Cl1 0.1483(8) 0.1484

cation N1—C2 0.1311(8) 0.1351

N1—C4 0.1372(7) 0.1412

N2—C2 0.1311(8) 0.1341

N2—C3 0.1342(8) 0.1403

C3—C4 0.1326(9) 0.1341
Cl—N1—C2 125.7(5) 1254
Cl—N1—C4 125.5(5) 126.1
C2—N1—C4 108.8(5) 108.5
C2—N2—C3 109.9(6) 109.4
N1—C2—N2 107.5(5) 107.6
N2—C3—C4 107.3(5) 107.1
N1—C4—C3 106.5(5) 107.3

CdCls(H,0) Cd—Ow 0.2401(4) 0.2284

octahedron Cd—Cl1 0.2566(1) 0.2490

Cd—CI2 0.2634(1) 0.2295

Cd—cCI3 0.2598(1) 0.2258

Cd—CI2#1 0.2650(1) 0.2364

Cd—ClI3#2 0.2596(1) 0.2260
Cl1—Cd—CI2 96.0(4) 101.1
Cl1—Cd—cCI3 95.3(4) 941
Cl1—Cd—CI2#1 93.7(4) 95.0
Cl1—Cd—CI3#2 94.7(4) 913
CI12—Cd—Ow 86.5(1) 83.1
CI12—Cd—CI3 91.43) 89.5
CI12—Cd—CI3#2 87.5(3) 88.5
CI3—Cd—Ow 85.6(1) 853
CI3—Cd—CI2#1 87.1(3) 89.5
CI2#1—Cd—Ow 83.8(1) 809
CI2#1—Cd—ClI3#2 92.4(3) 91.0
CI3#2—-Cd—Ow 84.4(1) 854

* Symmetric codes: #1: —x+1/2, y-1/2, —z+1/2; #2: —x+1/2, y+1/2,

—z+1/2.
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on a Biored FTS 6000 FTIR spectrophotometer in a region of
400—4000 cm™'. Thin transparent pellet was made by com-
pacting an intimate mixture obtained by shaking 2 mg of the
sample in 100 mg of KBr.

Raman spectrum was recorded on a Jobin Yvon
Horiba HR800 LabRAM spectrometer in a range of 200—
2000 cm™.

UV-Vis spectrum was measured on a high-resolution
Beckman DU640 spectrophotometer in a range of 200—800
nm in aqueous solution.

2.4 Computational Details

The molecular structure of our compound was fully opti-
mized without any constraint by virtue of the DFT approach
and effective core potentials(ECPs) in order to represent the
metal(LANL2DZ basis and ECP built-in). The B3LYP method
with 6-31+G(d,p) basis set was used for all the atoms except
for cadmium®”*®!, The calculated optimized structure was used
in the vibrational frequency calculations™ ", The molecular
geometry was not limited, and all the calculations(vibrational
wavenumbers, optimized geometric parameters and other
molecular properties) were performed via Gauss View molecu-

lar visualization program!*”

and Gaussian 09W program
package™!. Furthermore, the calculated vibrational frequencies
were clarified by means of the potential energy distribution
(PED) analysis of all the fundamental vibration modes by using

VEDA 4 program®*,

2.5 Thermal Behavior

Setaram TG-DTA 92 thermoanalyser was used to
perform a thermal treatment on compound 1. TG-DTA
thermograms were obtained with a sample of 40.23 mg in an
open platinium crucible heated in air at 5 °C/min from room
temperature to 500 °C. An empty crucible was used as
reference.

2.6 Cyclic Voltammetry Analyses

Electrochemical measurement was performed in a conven-
tional electrochemical cell containing a three-electrode system
ensuring stable positioning of the electrodes and an agitation
of the solution. The glassy carbon electrode was the working
electrode, a platinum electrode was used as auxiliary electrode
and a saturated calomel electrode served as a reference
electrode.

3 Results and Discussion

3.1 Structure Description

The atomic arrangement of 1-methylimidazolium aqua-
pentachlorocadmate(Il) is described by a typical thick layered
organization containing all its components centered by (-101)
planes(Fig.1). Each [CdCls(H,0O)]” groupment is surrounded by
two organic molecules and two [CdCls(H,O)] anions, issuing
two N—H---Cl and two O—H:*-Cl hydrogen bonds. Interatomic
distances and bond angles describing [CdCls(H,O)]™ anions are

reported in Table 2. The Cd—X distances(X=Cl or OH,) vary
from 0.2401(4) nm to 0.2650(1) nm with an average value
(d(Cd—X)) being 0.2574 nm. The Cl—X distances vary

from 0.3358(4) nm to 0.3865(2) nm with an average value
(d(C1—X)) being 0.3628 nm. The Cl—Cd—X angles(with
Cl and X in cis-positions) vary from 83.8(1)° to 96.0(4)° with
an average value of 89.87°. The calculation of distortion indi-
ces of angles and distances in [CdCls(H,0)] anions according
to the method of Baur™
of Cl—X distances and Cl—Cd—X angles when compared to
Cd—X distances. The slight differences between Cd—X dis-
tances are due to the different environments of chlorine atoms.

shows a more pronounced distortion

The length of Cd—Cl distances depends on the number and
strength of hydrogen bonds in which the chlorine atom is en-
gaged. This was noted in other structures containing CI™ anion
associated with several metals®. The projection of atomic
arrangement along the [101] crystallographic direction(Fig.2)
shows [CdCls(H,O)]” octahedra sharing an edge CI—CI to
form the chains of formula: [CdCl;(H,0)], parallel to b axis.
Interconnection between different chains via hydrogen bonds
according to [101] direction is insured by water molecules to
form anionic layers. The protonation of the asymmetric mole-
cule 1-methylimidazole according to the experimental protocol
led to 1-methylimidazolium cation with the protonation of one
nitrogen atom. The carbon and nitrogen atoms of this cation are
Planar(mean deviation=0.0043) that are localized on general
positions. The organic molecule of the asymmetric unit pos-
sesses no internal symmetry. The interatomic distances and

®Cd
eC]
®0
oN
eC
& H

Fig.1 Projection along the b axis of the atomic

arrangement
The H atoms were omitted for clarity; H-bonds were
represented by dashed lines.

Fig.2 Projection along the [101] direction of the
atomic arrangement
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angles describing this cation are similar to intramolecular bond
distances and angles usually reported for such speciesP® %,
The C—N distances vary between 0.1311(8) and 0.1483(8) nm
with an average value (d(C—N)) of 0.1364 nm. The angles
vary between 106.5(5)° and 125.7(5)° with an average value of
113.0°. From experimental(X-ray) and calculated geometric
parameters of (C4H;N,)CdCl3(H,O) shown in Table 2, it is
illustrated that some of the calculated bond lengths and bond
angles are found to be slightly different from the experimental
ones. These discrepancies may be due to the presence of inter-
molecular hydrogen bonding. It can also be explained by the
fact that the calculations relate to the isolated molecule where
the intermolecular Coulombic interactions with the neighboring
molecules are absent, whereas the experimental result corre-
sponds to interacting molecules in the crystal lattice. The pro-
tonated nitrogen atom of the organic cation shares hydrogen
bonds, of N—H:--Cl type, with [CdCls(H,0)]™ chlorine atoms.
The structural arrangement contains two types of hydrogen
bonds: N—H:--Cl and O—H--Cl. The water molecule plays a
very important role in the cohesion of the bi-dimensional ar-
rangement. It contributes with its two hydrogen atoms to the
binding of two [CdCls(H,O)] anions. The geometrical para-
meters of these bonds are reported in Table 3. The crystalline
structure does not contain the same number of donors and
acceptors involved in the hydrogen bonding system: one N(H)
and two O(H) as donors and two chlorine atoms(C12 and Cl1)
as acceptors. The cohesion and stability of the crystalline
building are maintained by the two-dimensional network of
hydrogen bonds and van der Waals interactions between
successive layers.
Table 3 Bond lengths and angles in the hydrogen-
bonding scheme”

d[N(O)—H]/ d(H--C1)/ d[N(O)--CI}/ £ N(O)—H-Cl/

D—H~A

nm nm nm ©)
N2—H(N2)---C12#1 0.079(7)  0.276(7) 0.3309(6) 128(7)
OW—H(IW)--Cl1#2 0.079(2) 0.243(4) 0.3206(4) 164(4)
OW—HQ2W)--Cl1#3 0.080(2) 0.245(4) 0.3206(4) 158(4)

* Symmetric codes: #1: —x+1/2, y—1/2, —z+1/2; #2: —x+1/2, y+1/2,
—z+1/2; #3: x+1/2, —p+1/2, z+1/2.

3.2 Vibrational Study

In order to give more information about the crystal struc-
ture, we studied the vibrational properties of compound 1 using
Raman scattering and infrared absorption. Taking into account
the effect of intermolecular interactions on geometrical
parameters, we considered the [CdCls(H,O)] anion and one
organic cation linked via N—H-Cl hydrogen bond. All the
parameters were allowed to relax and all the calculations
converged to an optimized geometry which corresponds to an
energy minimum as revealed by the lack of imaginary values in
the calculated wavenumbers. The vibrational modes were con-
ducted by the visual inspection of modes animated by using

GaussView program®?

and by comparison with the experi-
mental results reported in the literature for similar compounds.
The computed wavenumbers corresponding to different modes
along with detailed assignments are listed in Table S1(see the

Electronic Supplementary Material of this paper). For visual

comparison, the observed and simulated Raman and IR spectra
are presented, respectively, in Fig.3 and Fig.4. The computed
fundamental vibrational frequencies are slightly different from
the corresponding experimental values. These discrepancies are
explained by the combination of electron correlation effects and
by the fact that experimental value contains the anharmonic
oscillation frequency while the calculated value is a harmonic
frequency. These discrepancies may be also due to the inter-
molecular hydrogen bonding effects.

- (A)

4
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v/em™!
B
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Fig.3 Observed(A) and calculated(B) FT-Raman
spectra of compound 1
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Fig.4 Observed(A) and calculated(B) FTIR spectra
of compound 1
The splitting of Fy, stretching mode of CdCls(H,O) into
three components at 386, 371 and 361 cm™! in the Raman
spectrum depicted in Fig.3 corroborates the symmetry lowering
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of CdCl5(H,0) in the solid state toward the C; symmetry™’.

The symmetric stretching modes 11(A,,) and 1,5(E,) are found,
respectively, as one peak at 256 cm ™' and two peaks at 223 and
218 ecm™'. The bending modes are observed at lower frequen-
cies. The hydrogen atoms of water molecules act as pro-
ton-donors in hydrogen bonds of Ow—H--Cl type. H2y atom
participates in a very weak hydrogen bond in which CI1 chlo-
rine atom acts as a proton acceptor. According to X-ray data,
the length of this bond is 0.2452 nm. The second hydrogen
atom of water molecule, Hly atom is engaged in a stronger
hydrogen bond in which Cl1 chlorine atom acts as a proton
acceptor. For this hydrogen bond interaction, the length re-
sulted from structural investigations equals 0.2434 nm. Owing
to such a difference in the lengths of the above mentioned
bonds, the vibrations of water molecules manifest themselves
as two independent O—H stretching vibrations giving medium
infrared bands at 3441 and 3337 cm'. Their Raman counter-
parts may not be visible in the spectra, due to the insufficient
sensitivity of Raman detector above 3200 cm™'. The presence
of water molecules is clearly manifested by the strong band
observed in Raman spectrum at 1545 cm ™. This band was at-
tributed to in-plane deformation type of vibrations of water
molecules d(H,0)*”. The corresponding band due to the
out-of-plane bending type of vibration of water molecule y(H,0)

' and at 618 cm™' in

is observed in IR spectrum at 662 cm
Raman spectrum.

Numerous functional and skeletal groups, such as CHj,
CH, NH, N—C, N=C, C=C, CNC, NCC and NCN are
present in 1-methylimidazolium cation. These groups are
manifested in IR and Raman spectra in different ranges with
different intensities. For the assignments of CH; group, one can
expect that 9 fundamentals can be associated with each CHj
group, namely, the symmetrical stretching(CH; symmetric
stretch) and asymmetrical stretching(CH; asymmetric stretch),
in-plane stretching modes(i. e., in-plane hydrogen stretching
modes) and the symmetrical(CH; symmetric deform) and
asymmetrical(CH; asymmetric deform) deformation modes;
in-plane rocking(CHj ipr), out-of-plane rocking(CH; opr), and
twisting(tCH;) bending modes. For the methyl group com-
pounds, the asymmetric stretching mode appeared in a range of
2965—3005 cm™', and the symmetric stretching mode appeared
in a range of 2815—2860 cm'™!. The IR band at 2967 cm™' is
asymmetric stretching. The symmetric methyl stretching band
appeared at 2820 and 2859 cm ™. The asymmetric deformation
mode appeared in a range of 1445—1485 cm™' and symmetric
deformation mode appeared in a range of 1420—1460 cm ™',
The IR bands at 1535 and 1484 cm™ are considered as asym-
metric deformation vibrations. The IR band at 1330 cm™ is a
symmetric deformation mode. The CH; deformation absorption
occurs at 1436 cm . This vibration is known as umbrella mode
that overlaps with CN ring stretching vibrations for the title
compound. The C—H stretching vibration occurs above 3000
cm™ and is typically exhibited as a multiplicity of weak to
moderate bands, compared with the aliphatic C—H stretch™?.
In our present work, the C—H stretching vibration of imida-
zolium ring was observed at 3103 cm™ in FTIR spectrum. The

same vibration was calculated at 3164 cm™' and it showed a

good correlation with the experimental data. The in-plane
C—H bending vibrations appeared in a range of 1300—1000

cm™!

and the out-of-plane bending vibrations occured in a
frequency range of 1000—750 em '™ The C—H in-plane
bending vibrations of imidazolium were coupled with ring
C=C and C—N stretching modes as is evident from PED. IR
active C—H in-plane bending vibration of the title molecule
appeared at 1272 cm™ with a PED contribution of 24%. The
Raman active bands at 1299, 1273 and 1158 cm ™' correspond to
the C—H in-plane bending modes. The theoretically predicted
wavenumbers at 1259, 1248 and 1217 cm™! by DFT method are
attributed to the C—H in-plane bending vibrations and are in
line with the measured wavenumbers. The C—H out-of-plane
bending vibrations were observed at 915 and 854 cm™ in FTIR
and at 917 and 871 cm™' in FT-Raman and the corresponding
vibrations were calculated at 937 and 859 cm™'. The vibrations
belonging to N—H stretching always occur in a region of
3450—3250 cm™' which, being the characteristic region, allows
for ready identification of this structural feature! %, In this
region, the bands are not affected appreciably by the nature of
the substituents. In this study, the FTIR band observed at
3259 em is assigned to N2—H(N2) stretching vibration. The
theoretically-calculated values at 3420 comi™ are assigned to the
N—H stretching vibration. The PED of this mode is 93%, thus
suggesting that this is an almost pure mode. Most of the com-
puted frequencies are assigned to C=C stretching vibrations,
and thus almost coincide with experimental data without sca-
ling. The C==C stretching modes of the imidazolium group are
expected in a range from 1650 cm™ to 1200 cm™'. The actual
position of these modes is determined not so much by the na-
ture of the substituents but by the form of the substitution
around the ring*”). The bands at 1623, 1608, 1597, and 1272
cm™ in FTIR and the bands at 1631, 1590, 1578, and 1299
em™' in FT-Raman were observed due to the C=C stretching
vibrations. The theoretical wavenumbers for C=C stretching
vibrations were predicted at 1641, 1592, 1563 and 1259 cm™!
and coincided very well with the experimental data as well as
with the literature data. The identification of C=N and C—N
vibrations is a very difficult task, since the mixing of several
possible in this region. In the case of
1-methylimidazolium, the C—N stretching bands are found to
be at 1300 and 1272 cm™'. Hachula er al*® identified the
stretching frequency of the C==N band in imidazole at 1438
em . In our present work, for 1-methylimidazolium molecule,
the band observed at 1465, 1378 cm™' in FTIR spectrum and at
1440, 1373 cm' in FT-Raman spectrum were assigned to

bands is

C==N stretching vibrations. The theoretically-computed value
of C=N stretching vibration also falls in a region of
1451—1354 cm™". The CNC in-plane bending vibrations are
observed at 1001, 732, and 552 cm™' in FTIR and at 1002, 663,
and 457 cm! in FT-Raman. These assignments are in good
agreement with the values in the literature™®*). The CCN
in-plane and out-of-plane bending vibrations were also
predicted at 1076 and 934 cm, respectively and exactly
correlated with the measured FTIR wavenumbers.

It is well known that hydrogen bonding brings about
remarkable wavenumber shifts. While the intermolecular
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hydrogen bonds give rise to broad bands, intramolecular
hydrogen bonds will produce sharp and well resolved bands.
X-Ray diffraction analysis of the compound revealed that the
structure was described by a typically thick-layered organiza-
tion containing all its components. Each [CdCls(H,O)]”
groupment is surrounded by two organic molecules and two
anions, issuing two N—H--Cl and two O—H---Cl hydrogen
bonds. The hydrogen bond lengths of N(O)—H:---ClI types range
from 0.2434 nm to 0.2758 nm. The assignment of the stretching
UO(N)—H---Cl], the in-plane bending s[O(N)—H--Cl] and the
out-of-plane bending y[O(N)—H:--Cl] vibrations to the respec-
tive bands was made on the basis of our calculations as a pre-
liminary source and also on the basis of classical hydrogen
bond theory presented in several reference worksP*'. The
three broad bands in IR spectrum located at 3441, 3337 and
3259 em! are accredited to fO(N)—H-~Cl] mode, whereas
the DFT calculated ones to their positions are at 3597, 3483 and
3420 cm™'. The wavenumbers of this mode were shifted
towards lower values. As seen in {O(N)—H:--Cl] stretching,
wavenumbers were clearly lower than the calculated values and
the bending wavenumbers were not much different from the
expected range, which indicates that the linear distortion is
much greater than the angular distortion.

3.3 Frontier Molecular Orbital Analysis

The frontier molecular orbitals termed highest occupied
molecular orbita(HOMO) and lowest unoccupied molecular
orbital(LUMO) play an important role in the electric and
optical properties, as well as in UV-Vis spectra and chemical
reactionsl®?. These orbitals determine the way that the mole-
cule interacts with other species. The LUMO as an electron
acceptor represents the ability to obtain an electron, but HOMO
represents the ability to donate the electron. The energy gap
between HOMO and LUMO is a critical parameter in deter-
mining the electrical transport properties of molecules!®.
Recently, the energy gap has been used to prove the bioactivity
from intermolecular charge transfer®***l. A molecule with a
small frontier orbital gap is more polarizable and is generally
associated with a high chemical reactivity and a low kinetic
stability. It is also termed as soft molecule™®. The contour
surfaces of the frontier molecular orbitals are sketched in

Epno==3.464 eV

LUMO AE=3.696 ¢V

Eiome=—9.433 eV

HOMO

Fig.5 Frontier molecular orbitals of compound 1

Fig.5. The HOMO is localized on the [CdCls(H,O)] parts and
LUMO is distributed on the [CdCls(H,O)] groups without
water molecules. The LUMO energy is —5.464 ¢V and the
HOMO energy is —9.433 eV. The HOMO-LUMO gap(AE=
Erumo—Enomo) of compound 1 is found to be 3.696 eV. The
title compound is dynamically more stable due to the large
energy gap.

3.4 UV-Visible Absorption Spectroscopy

The electronic spectrum shown in Fig.6 reveals an absorp-
tion band centered at 314 nm(3.96 eV, 31948 em™Y, £,,=9120
mol "-em™), which is due to the band gap absorption and it is
assigned to the excitation of free electron-hole pairs within the
[CdCl5(H,0)]". This peak is mainly due to the absorption
between Cl(3p) and Cd(5s)(band to band) which suggests that
the material behaves as a semiconductor™”.
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Fig.6 UV-Vis spectrum of compound 1

3.5 Thermal Behavior

From the TGA mass loss curve(Fig.7), we deduced
that there is one water molecule per formula unit
(C4H;N,)CdCI3(H,O)(calculated mass loss 5.63%, observed
mass loss 5.43%). The removal of water molecule, observed in
a temperature range of 75—128 °C, is related to the first endo-
thermic peak on the DTA curve with maximum elimination at
95 °C. The weakness of the hydrogen bonds in the network
explained the departure of the water molecule in this low
temperature range. The second and third endothermic peaks,
observed respectively at 142 and 160 °C, can be attributed to
weak phase transitions. However, the stability of the compound
is not very high, since it melts at 228 °C and decomposes in a
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Fig.7 TG-DTA curves of compound 1
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range of 246—500 °C with a maximum elimination at 378 °C.
Within this temperature range, a rather bad smell escaped from
the resulting melting black compound.

3.6 Electrochemical Measurements

In order to discuss the redox properties of our compound,
the cyclic voltammogram was performed in a 10~ mol/L
sample solution in acetonitrile(CH;CN), containing tetrabu-
tylammonium tetrafluoroborate(TBAF) as supporting electro-
lyte. The range of potential studied was in between 0 and —2.25
V at a scan rate of 100 mV/s. Two successive reduction waves
in the negative potential region were observed, demonstrating
that electroactive species can have two different oxidation
states(Fig.8). Therefore, observed waves can be respectively
assigned to Cd(IT)/CA(I)(E,= —1.30 V, I,= -3.77x 107 A)
and Cd(I)/Cd(0)(Epe= —1.65 V, I,.= —4.96x10" A) couple
processes®* %%, In addition to these waves, there is one oxida-
tion wave at —1.35 V appeared upon measuring in the opposite
direction. Thus, it does not correspond to Cd(0)/Cd(II) process.
The peak separation between anodic and catodic peak poten-
tials(E) was the highest at a scan rate of 100 mV/s. The large
potential difference separation(E) at the glassy-carbon electrode
is an indicative of an electrochemically irreversible process.

104 /A
|

25 I 1 I 1 L
-2.0 -1.5 -1.0 -0.5 0

EN(vs. Ag/AgCl)
Fig.8 Cyclic voltammogram of compound 1

4 Conclusions

Crystal structure, X-ray diffraction study, optical proper-
ties, thermal behavior and vibrational and PED analysis using
the density functional density(DFT) approach of
(C4H7N,)CdCl3(H,0) have been investigated and reported. We
studied the molecular parameters and frequency assignments of
the compound using the FTIR and FT-Raman spectra. The good
agreement of the calculated and observed vibrational spectra
revealed the advantages of a smaller basis set for quantum
chemical calculations. HOMO-LUMO analysis of the title
compound explains the eventual charge transfer interactions
taking place within the molecule. Electrochemical measure-
ment by cyclic voltammetry was performed, proving the
cadmium oxidation state. Our overall simulated results for
different molecular properties of our compound were obtained
for the first time. We hope that they will be helpful in the syn-
thesis, design and application of new organometallic chlorides
based on cadmium.
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