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Abstract

In this work dichlorotetrakis(1-vinylimidazole)cadmium(Il), [CdClx(vim)s] complex was synthesized using 1-
vinylimidazole (vim) ligand and CdCl,. The structure of the complex was characterized by FT-IR spectroscopy,
thermal analysis (TG, DTG, DTA) and X-ray single crystal studies. In the FT-IR spectrum of the complex, the
characteristic peaks (C—H stretch, C=C and C=N vibration bands) of vim were observed. X-ray crystallographic
data of the titled complex revealed that vim ligand coordinated to the metal atom via the heterocyclic ring
nitrogen atom. The coordination geometry of the Cd(Il) central atom is elongated octahedral. Compound
crystallized in P21/n space group, and the mononuclear units were weakly linked to each other by C-H---Cl
hydrogen bonds. It was determined by thermal analysis data that the complex degraded in four steps and total
mass loss was 99%.
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1-Vinilimidazol Ligant1 iceren Kadmiyum(II) Kloriir Kompleksi:
Yapisal, Spektroskopik ve Termal Ozellikler

Oz

Bu c¢alismada 1-vinilimidazol (vim) ve CdCl; kullanilarak; diklorotetrakis(1-vinilimidazol)kadmiyum(ll),
[CdCl,(vim)4] kompleksi sentezlendi. Kompleksin yapist FT-IR spektroskopisi, termal analiz (TG, DTG, DTA)
ve X-sinlar tek kristal ¢alismalar1 ile karakterize edildi. Kompleksin IR spektrumunda vim ligandna ait
karakteristik pikler (C—H gerilme, C=C ve C=N titresim bandlar1) gozlendi. Kompleksin X-iginlar1
kristallografik verileri komplekste vim ligantlarinin heterosiklik halka azotu {izerinden metal atomuna koordine
oldugunu ortaya koymustur. Cd(I1) merkez atomunun koordinasyon geometrisi uzamis oktahedraldir. Kompleks
P21/n uzay grubunda kristallenmis ve mononiikleer birimler, C-H---Cl hidrojen baglar1 ile birbirlerine zay:f

sekilde baglanmistir. Termal analiz verilerinden kompleksin dort basamakta bozundugu ve toplam kiitle
kaybinin % 99 oldugu belirlenmistir.

Anahtar Kelimeler: 1-Vinilimidazol, Kadmiyum(ll) Kompleksi, Kristal Yap1, Termal Analiz

1992), anti-anthelmintic (Lunt et al., 1987),
anti-fungal  (Johnson et al.,, 1999),
antitubercular (Pandey et al., 2009),
antimicrobial (Vijesh et al., 2013),

1. Introduction

Imidazole is of great significance as a
ligand due to its presence in many

biological systems (such as amino acids
histidine and purines, enzymes) and
providing a potential binding site for metal
ions (Edsall et al., 1954; Brooks and
Davidson 1960, Mighell and Santoro,
1971). Imidazole and its derivatives have
become an important part of many
pharmacological  activities such  as,
analgesic, anti-inflammatory (Suzuki et al.,

*Corresponding Author: zuhal.yolcu@giresun.edu.tr

anticancer (Miyachi et al., 1998) and
cardiovascular (Erhardt et al., 1989)
activities.

Except their pharmacological effects, they
also function as catalysts (Jencks, 1970)
and polymerizing agents (Samdal and
Mollendal, 2011) for example 1-
vinylimidazole (vim) (Figure 1) is used as
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a copolymerization agent in the production
of cationic polymers (Ebel et al., 2000).
Imidazole and its derivatives are actively
used in the synthesis of various
coordination compounds. Vim is a
unidentate simple heterocyclic ligand and
forms complexes with metal ions through
its tertiary nitrogen atom (Vijesh et al.,
2013).

Although there are numerous transition
metal complexes with imidazole and its
derivatives in the literature (Jian et al.,
2002; Wu et al., 2013; Tas et al., 2014; Di
Santo et al, 2017), the number of
transition metal complexes with vim ligand
have been limited (Baran and Linert, 1999;
Pang et al., 2007; Yolcu et al., 2016; Li et
al., 2007). In the early studies, cadmium
complexes with vim ligand were described
in literature (Liu et al., 2007; Yilmaz et al.,
2018). Liu et al. have reported
synthesis, structural characterization and
electrochemical property of
[CA(NCS)2(Vim)s] complex (Liu et al.,
2007). Yilmaz and co-workers have
studied surface areas and hydrogen storage
capacities of polymeric squaric acid Co(ll),
Zn(ll), and Cd(Il) complexes containing
vim ligand (Yilmaz et al., 2018). It is also
known that the compounds assembled by
d® metal centre Cd(Il) and imidazole or
imidazole  derivatives  ligands are
promising candidates for luminescent
materials (Cheng et al., 2017).

In this contribution, a new coordination
compound of Cd(Il) ion containing vim
ligand and ancillary CI atom was
synthesized. Spectroscopic (FTIR) and
thermal (TG/DTG/DTA) properties of the
complex were investigated. The molecular
structure of the complex was determined
by using X-ray single  crystal
diffractometry.

N
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Figure 1. The structure of 1-vinylimidazole

2. Material and Method

All the chemicals for synthesis and
analysis were commercially available and
used as received. Elemental analysis for C,
H, and N were performed using a Costech
ECS 4010 CHNSO analyzer. Fourier
transform infrared (FT-IR) spectra (4000—
400 cm™) were recorded on a JASCO FT-
IR 430 spectrophotometer, with samples
prepared as KBr pellets. An SII-O Extar
6000 thermal analyzer (Japan) was used to
record TG, DTG, and DTA curves in a
static air atmosphere at a heating rate of 10
(°C)min? from 30 to 700 °C using
platinum crucibles. Highly sintered o—
Al>,O3 was used as a reference.

2.1. X-ray Crystallography

Suitable crystals for single-crystal structure
determination were carefully selected
under an optical microscope. The
diffraction data were collected on a STOE
IPDS 2 diffractometer with graphite
monochromatized (A=0,71073 A) at the
temperature of 293(2) K. The structure was
solved by direct methods (Altomare et. al.,
1999) and refined with full-matrix least-
squares method  (Sheldrick, 2015).
Mercury programs were used for molecular
graphics (Macrae et. al., 2008). All non-
hydrogen atoms were refined
anisotropically. Crystallographic data have
been deposited with the Cambridge
Crystallographic Data Centre as the
supplementary publication No. CCDC
1915988. Copies of the data can be
obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (fax: +44-1223- 336033 or e-
mail: deposit@ccdc.cam.ac.uk).
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2.2. Synthesis of [CdClz(vim)a]

[CACI2(vim)s] complex was prepared by
the reaction of 1-vinlylimidazole (4 mmol)
with CdCl,.0.5H20 (1 mmol) in 20 mL
ethanol by stirring at room temperature for
2 hours. Colourless stick-like tiny crystals
suitable for X-ray measurements were
obtained by slow evaporation of the
solvent within 2 weeks in a 75% yield.
Anal. Calc. for C20H24NsCl.Cd: C, 42.91;
H, 4.32; N, 20.02. Found: C, 42.56; H,
4.63; N, 19.85.

3. Results and Discussion
3.1. FT-IR Study

The infrared spectroscopic investigation
was conducted to define the coordination
environment of the cadmium atom in the
[CdCI>(vim)s] complex. In the IR spectrum
of the complex (Figure 2), the vinylic v(C—
H) stretching and aromatic v(C—H)
stretching vibrations of vim ligand
occurred at 3111 cm?® and 3040 cm?,
respectively. The peaks at 1647 cm™ and
1498 cm™ in the complex belong to the
v(C=C) and v(C=N) stretching vibrations
of vim ligand. The presence of bands in
this range indicates that vim coordinated to
metal (Yolcu et al., 2016; Yilmaz et al.,
2018).
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Figure 2. FT-IR spectra of [CdCI,(vim).] and
vim ligand
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3.3. X-Ray Crystal Structure

The crystallographic data and details of
structure-refinement parameters of title
complex are listed in Table 1. Selected
bond lengths and angles are listed in Table

2.

Table 1. Crystal data of [CdClx(vim)s] complex.

Chemical formula C20H24NgCdCl,
M 559.77
Crystal system Monaclinic
Space group P2,/c
Temperature(K) 293
r(A) 0.71073
a(d) 7.4719(4)
b (A) 15.3167(7)
c(A) 11.4673(7)
£O 111.082(5)
V (A3 1224.53(11)
z 2
d (mg/m®) 1.518
Absorption coefficient (mm?) 1.133
F(000) 564
Crystal size (mm) 0.42x0.23x0.13
6 range for collection () 2.32-27.52
h, k, I range -9<h<9
-19<k <19
-14<1<14
Collected reflection 9647

Independent reflection
Observed reflection (>2c)

2818 [R(int) = 0.0555]
2160

Completed data 1.000
Refinement method Least squares method
Absorption correction Integration
Tmax' Tmin 0.7810-0.3898
Data/ restraints / parameters 2818/0/142
Compatibility (F?) 1.058
Final R indices [1>2o(1)] R~1=0.0356
wR~2=0.0864
Final R indices (all data) R~1=0.0509
wR~2 =0.0914

Highest positive and negative 0,545 ve -0,724
electron density (e.Agst®)

The complex is crystallized in a
monoclinic crystal system with the P2i/c
space group The molecular structure of the
complex is depicted in Figure 3. The
results of X-ray diffraction analysis show
that the molecular structure of the complex
consists of one cadmium central atom, two
chloro atoms, and four vim ligands. The
coordination environment of the Cd(ll)
atom is an elongated octahedron occupied
by two chloro atoms and four N atoms
from vim ligands. The equatorial plane of
the complex is constructed by four Cd-N
bonds with lengths ranging from 2.340 (3)
to 2.360 (2) A, and the axial positions are
occupied by two Cd-Cl bonds (2.6355(7)
A).
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These data correspond with those observed
in [CA(NCS)2(Vim)a] (Liu et al., 2007) and
[CACI2(Im)s] (Cheng et al., 2017). The
values of the bond angles around Cd(ll)
ion are close to those expected for a
regular octahedral geometry (Table 2). The
trans angles are all 180° as result of
symmetry restrictions and the cis ones are
all close 90° with ranges from 87.43(9)° to
92.57(9)°.

C
L)b
Figure 5. 2D supramolecular structure of
[CdCIz(vim)s] along the bc-plane

Figure 3. Molecular structure of
[CACIy(vim)4]. Symmetry code: i:-x+1,-y+1,-
z+1

H9

1
: ;
: Figure 6. 3D supramolecular structure of
b 1@, [CdCIz(vim)a] along the a-axis
C'I. ’/' : ~~‘\sz
woet i Table 2. Crystal data of [CdCl2(vim)4]
Hs: Selected Bond Lengths (A)
Figure 4. C-H---Cl H-bond interactions for Cd1-N1 2.360(2) Cd1-N3 2.3403)
the asymmetric unit of [CdClx(vim)4] Cd1-Ci1 2.6355(7)
Selected Bond Angels (°)
N1-Cd1-Cl1 90.45(6) N3-Cd1-Cl1 88.46(6)
N1-Cd1-N1' 180.00(2) N3-Cd1-N1' 92.57(9)
N1-Cd1-CI1! 89.55(6) N3-Cd1-CI1! 91.54(6)
N1-Cd1-N3 87.43(9) N3-Cd1-N3' 180.00(1)

Cli-Cdi-Cll’  180.00(3)

H Bond Interactions(A, °)
D-H-A D-H H A DA D-
H-A()
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C2-H2--CIL 093(4)  2.901(1) 3.794(4) 161.53
C8-H8--Cll 093(4)  2.835(1) 3.652(4) 147.18
C9-H9---CIL 093(6)  2.871(1) 3.717(6) 151.81

i-x+1,-y+1,-z+1

The molecular structure is stabilized by
weak van der Waals interactions and non-
classical C—H---Cl hydrogen bonds. There
are three intermolecular H-bonds: C2-
H2---Cl1, C8-H8:--Cll and C9-H9---Cll,
extending the structure into 3D
supramolecular network (Figure 4, Table
2). The neighboring octahedral units are
connected by the hydrogen bond
C2-H2---Cl1, generating 2D
supramolecular layers (Figure 5). The
layers are assembled in bc-plane along the
a-axis, extending the structure into 3D
supramolecular network through the
linkages of C8-H8---Cll, and C9-
H9---Cl1, as shown in Figure 6.

3.4. Thermal Analysis

The thermal stability of the complex was
investigated by TG, DTG and DTA
techniques. The thermogram is shown in
Figure 7, it is observed that the complex
decomposes in four steps. The first and the
second decomposition steps in the 121-222
°C thermal range, 2 mol vim ligands
removed, with an experimental mass loss
of 29.8% (calculated: 33.6%; DTA:
157,199 °C). In 222-347 °C range, the

third step related to the removal of one mol
vim ligand with a mass loss of 16.2
(calculated: 16.8%; DTA: 332 °C). The
complex was stable at of 347-517 °C
range, without any mass loss. The last step
between 517 and 620 °C temperature range
corresponds to the removal of 1 mol vim
ligand and the volatilization of CdCl;
(DTA: 554 and 598°C). The total
experimental mass loss at 620 °C was
99.0%. This behavior can be explained by
considering that CdCl, melts at 568 °C and
then the compound vaporizes. (Di Santo et
al., 2017).

4. Conclusions

In the present work, a novel coordination
compound [CdClx(vim)s] was synthesized
and characterized. The complex features a
distorted octahedral [CdACI2Ng4]
coordination with chloro and vim ligands.
vim bonded to the metal center via its
ternary nitrogen atom as in a monodentate
manner. The compound has 3D
supramolecular structure constructed by
weak van der Waals interactions and non-
classical C—H---Cl hydrogen bonds in the
solid state.
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Figure 7. Simultaneous TG, DTG and DTA curves of [CdCl,(vim)4] (in the static air atmosphere)
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