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� Akadémiai Kiadó, Budapest, Hungary 2015

Abstract The dichlorobispyridinecopper(II) complex,

[CuPy2Cl2], and its decomposition intermediates were

synthesized and characterized by MALDI-TOF MS, far-IR,

reflectance UV, atomic absorption spectroscopy tech-

niques. The thermal decomposition reactions of the

[CuPy2Cl2] were investigated by differential thermal ana-

lysis (DTA)/thermogravimetry (TG) combined system. The

intermediates and the final products were analyzed by high-

temperature X-ray powder diffraction (HT-XRD) tech-

nique. The XRD pattern of the complex indexed as

[CuPy2Cl2] (PDF: 00-014-991) has a monoclinic crystal

system, P21/n (14) space group with a = 16.9673 Å,

b = 8.5596 Å, c = 3.8479 Å; a = c = 90.00�, b =

91.98�, V = 558.51 Å3 and Z = 2.00. After comparison of

thermogravimetric results of the [CuPy2Cl2], the decom-

position mechanism was suggested. The intermediates were

prepared separately at 217 and 245 �C temperatures which

were chosen from TG curve by using a tube furnace under

N2 atmosphere and characterized. The spectroscopic results

reveal that the structure of the intermediates to be

[CuPyCl2] and [CuPy2/3Cl2] formulas (hereafter abbrevi-

ated as 2 and 3, respectively). MALDI-TOF MS spectra of

the 2 and 3 show [M?H]? (m/z = 214.978) and [M-H]?

(m/z = 185.614), [M?C2H3O]? (m/z = 221.002) mole-

cular ion peaks which correspond to suggested structure for

2 and 3, respectively. Also, HT-XRD results revealed that

the 2 and 3 are new phases and there is no any certain

information of these phases in the literature. The values of

the activation energy, Ea, were calculated by model-free

(Kissenger–Akahira–Sunose, Flyn–Wall–Ozawa) methods

for all decomposition stages.

Keywords Complexes � Pyridine complexes � Thermal

analysis � Transition metal–halides

Introduction

3-d transition metal complexes have been a subject of study

of many researchers for a long time. One of the subjects to

scrutiny is mixed complexes of pyridine derivatives. The

studies of the complexes with pyridine derivatives and

divalent transition metal ions such as Cr, Mn, Co, Ni and

Cu have been started in the 1960s. The initial works fo-

cused on their synthesis and characterization using UV–

Vis, IR and NMR techniques. Transition metal–halogen

complexes of pyridine derivative ligands such as pyridine,

2-chloropyridine, 2-bromopyridine, 3-chloropyridine,

3-bromopyridine, 2-methoxypyridine [1], 2-(p-tolyl)pyr-

idine [2], 2-methylpyridine, 3-methylpyridine, 3,4-dime-

thylpyridine [3], 4-benzoylpyridine,3-hydroxypyridine,

4-ethylpyridine [4] were synthesized and characterized in

previous studies. One of them has focused on the identifi-

cation of intermediate products of cobalt(II) pyridine

derivative complexes, and mechanism of decomposition

reactions has been proposed as follows [5]:
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Furthermore, it is claimed that the intermediate CoL2/3Cl2
has polymeric structure involving Co–Cl–Co bridges [5–16].

The chlorocuprate complexes that contain copper atoms

with a single coordination geometry, both in polymeric and

in monomeric compounds, have so far been reported by

researchers [6–10]. Some copper complexes such as

(HPy)2[Cu3Cl8(H2O)2], [CuPyCl2] and [CuPy2Cl2] were

prepared by chemical methods and investigated by spec-

troscopic and thermal analysis techniques [11].

The thermal stability and the thermal decomposition reac-

tions of pyridine derivative complexes were studied by ther-

mal analysis methods [4, 12–15, 18, 19]. In these reactions, the

starting compounds have been well known for a long time, but

the structure of the intermediate products of the degradation

has not been fully explained and also the kinetics of the de-

composition reactions have not been explored [12–22].

In the present study, dichlorobispyridinecopper(II) com-

plex, [CuPy2Cl2], and its intermediates (2 and 3) formed

during thermal decomposition of the [CuPy2Cl2] were pre-

pared and characterized by MALDI-TOF MS, far-IR, diffuse

reflectance UV, elemental analysis, atomic absorption spec-

trometer (AAS) and HT-XRD techniques. The DTA/TG

system was used for the investigation of the thermal decom-

position reactions. Further, the kinetic parameters of the de-

compositions were determined by KAS and FWO methods.

Experimental

Synthesis of the CuPy2Cl2

Dichlorobispyridinecopper(II) complex, [CuPy2Cl2], was

prepared according to the literature [2, 3, 14]. The reaction

equation is given as below:

CuCl2 þ 2Py �!70�C

½Ethanol�
½CuPy2Cl2� ð1Þ

A solution of copper(II) chloride (0.025 mol) in ethanol

(40 cm3) was added dropwise to solution of pyridine

(0.05 mol) in ethanol (20 cm3). The reaction mixture was

heated under reflux for 2 h at constant temperature of

70 �C and then cooled to room temperature. The obtained

complex was filtered and washed with ethanol and dried in

a desiccator.

Synthesis of the intermediates (2 and 3)

The intermediates 2 and 3 were obtained at 217 and 245 �C
determined from TG curves in a high-temperature furnace

under N2 atmosphere.

Dichlorobispyridinecopper(II), [CuPy2Cl2] (Calc. for

C10H10N2Cl2Cu: C, 41.04; N, 9.57; H, 3.44; Cu, 21.71.

Found: C, 40.84; N, 9.57; H, 3.45; Cu, 21.28 %). Far-IR

(KBr pellet, cm-1): m(Cu–Cl) 266, m(Cu–N) 289, t(Ar–C–H)

442 and 643.

The intermediate 2, [CuPyCl2] (Calc. for C5H5NCl2Cu:

C, 28.12; N, 6.56; H, 2.36; Cu, 29.76. Found: C, 26.68; N,

6.21; H, 2.31; Cu, 28.92 %). Far-IR (KBr pellet, cm-1):

m(Cu–Cl) 259, m(Cu–N) 288, t(Ar–C–H) 441 and 638.

Reflectance UV (nm): 250–350 (br.), 700 (br.). MALDI-

TOF MS, m/z: [M?H]? (214.978).

The intermediate 3, [CuPy2/3Cl2] (Calc. for C10/3H10/3N2/

3Cl2Cu: C, 21.39; N, 4.99; H, 1.80; Cu, 33.95. Found: C,

20.80; N, 4.73; H, 1.84; Cu, 33.31 %). Far-IR (KBr pellet,

cm-1): m(Cu–Cl) 252 and 332, m(Cu–N) 287, t(Ar–C–H)

439. Reflectance UV (nm): 250–300 (br.), 692 (br.).

MALDI-TOF MS, m/z: [M-H]? (185.614), [M?C2H3O]?

(221.002).

The intermediate 4, (CuCl2) Far-IR (KBr pellet, cm-1):

m(Cu–Cl) 237, 286 and 334. Reflectance UV (nm): 359,

409, 446 (w).

Instrumentals

Microanalyses were obtained using a LECOCHNS-932

model instrument. MALDI-TOF MS spectra were recorded

on Bruker Microflex LT MALDI-TOF MS instrument

without using a matrix. Acetone was used as a solvent for

intermediates. Far-IR spectra were recorded by Vertex

80 V instrument to investigate vibrations of Cu–N and Cu–

Cl bonds. Diffuse reflectance UV spectrum was recorded

by Varian Cary 100Bio to identify UV–Vis bands of the

complex in solid state. GBC 933 AA AAS was used in the

determination of amount of copper(II) ion in the complex

and intermediates. Bruker D8 model high-temperature

X-ray powder diffractometer (CuKa1 light source) was

used for the description of high-temperature phases of the
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complex. The TG/DTA curves were recorded by a Shi-

madzu DTG-60H equipped with DTA and TG units. The

thermal analysis system was used in the temperature range

of from 25 to 1000 �C. The samples were placed in Pt

crucibles, and a-Al2O3 was used as the reference material.

Measurements were taken using a dynamic nitrogen fur-

nace atmosphere at a flow rate of 50 mL min-1. Different

heating rates were chosen as 5, 10 and 15 �C min-1, and

the sample sizes vary in the mass range of 5–10 mg.

Results and discussion

Far-IR studies of the [CuPy2Cl2]

Far-IR measurement of the [CuPy2Cl2] was taken in the range of

10–800 cm-1 todetect thepresenceofvibration formetal–halide

and metal–nitrogen bond. Important far-IR peak data of the

[CuPy2Cl2] are given in experimental section. Far-IR spectrum

of the [CuPy2Cl2] shows two strong absorptions (266 and

289 cm-1) ascribed tobandstretching form(Cu–Cl)andm(Cu–N)

groups, respectively. The bending vibrations of t(C–H) groups

for pyridine rings also observed in 442 and 643 cm-1.

Elemental analysis and atomic absorption studies

of the [CuPy2Cl2]

Elemental analysis and atomic absorption spectroscopy

methods were used for the characterization of complex com-

position. C, H, N and Cu amounts in the [CuPy2Cl2] were

determined (the results are given in experimental section). The

calculated and experimental values for the [CuPy2Cl2] are

very close to each other, and as expected, the composition of

the synthesized complex was formulated as [CuPy2Cl2].

Thermal analysis (DTA/TG) of the [CuPy2Cl2]

Thermal decomposition reactions of the [CuPy2Cl2] were in-

vestigated 10 �C min-1 heating rate and under N2 atmosphere

by DTA/TG instrument, and the DTA/TG curves and obtained

results are shown in Fig. 1. The TG curve shows that the de-

composition process of the [CuPy2Cl2] takes place in four

stages. The [CuPy2Cl2] appears to be stable up to 130 �C de-

termined from the TG curve. The first decomposition stage

occurs in temperature range of 135–235 �C. In this step, the

elimination of 1 mol pyridine ligand resulted in an experimental

mass loss of 28.63 % (Calc.: 27.03 %). At the end of this stage,

the intermediate 2 formed as given [CuPyCl2] formula. The

second decomposition is observed in temperature range of

235–270 �C with mass loss of 9.01 % (Calc.: 8.64 %). At this

stage, 1/3 mol pyridine ligand was broken up and turned into the

gas products and formed intermediate 3 with [CuPy2/3Cl2]

formula. The third decomposition takes place between 270 and

350 �C with mass loss of 18.10 % (Calc.: 18.02 %) which

corresponds to the elimination of 2/3 mol pyridine ligand. At

the end of this stage, the intermediate 4 formulated as CuCl2 was

obtained. The last decomposition step is observed in tem-

perature range of 350–650 �C. In this stage, the CuCl2 may be

converted to some polymeric metal–halide compounds (struc-

turally unknown products). Thermoanalytical results of the

decomposition reactions of the [CuPy2Cl2] are given in Table 1.

The DTA curve shows seven endothermic peaks. The minimum

points of the endothermic peaks are 217, 245, 319, 380, 415 and

607 �C, respectively. The first four peaks belong to degradation

of the complex, while the others correspond to decomposition

and melting of the CuCl2. It is well known that TG/DTA peaks

of the chemical reactions move to higher temperatures as the

heating rate increases. In the higher heating rate, the amount of

gas diffusion around the sample material will be so low. Con-

sequently, the local partial pressure of the sample will increase

and the decomposition will take place at a higher temperature.

This effect was investigated in the other thermal analysis studies

in the literature [23–25]. The TG curves of the [CuPy2Cl2]

complex at different heating rates (5, 10, 15 �C min-1) are

shown in Fig. 2. The initial, final and peak temperature values of

each decomposition stages of the [CuPy2Cl2] are given in

Table 2. Also, thermal decomposition reactions of the complex

based on the TG data are recommended as follows:

217 oC 245 oC 319 oC
CuCl2

350-650 oC

I II III
(1) (2) (3) (4)

(5)

CuPy2Cl2 CuPyCl2 CuPy2/3Cl

(-Cl-Cu-Cl-)n

IV ð2Þ
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The synthesis temperatures of the intermediates (2 and 3)

were chosen as 217 and 245 �C from DTA curve in order to

clarify the structure of the intermediates. The complex was

heated at these temperatures under nitrogen in a tube furnace,

and intermediates (2 and 3) were prepared separately. The

obtained intermediates were characterized by elemental

analysis, AAS, far-IR, diffuse reflectance UV spectroscopy

(these data are given in the experimental section), MALDI-

TOF MS and HT-X-ray diffraction techniques. The results of

elemental analysis and AAS measurements are in agreement

with calculated values for the proposed structure of

intermediates. Also, these results are consistent with the

proposed thermal decomposition reactions.

Diffuse reflectance UV and MALDI-TOF MS studies

of the intermediates (2, 3 and 4)

Diffuse reflectance UV spectroscopy measurements were

taken in order to determine the coordination environment

for intermediates 2, 3 and 4. The results are given in ex-

perimental section. The diffuse reflectance UV measure-

ment of the intermediate 2 was taken from 200 to 800 nm.
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Fig. 1 DTA/TG curves and obtained results of the CuPy2Cl2

Table 1 Thermoanalytical results of the decomposition reactions of the [CuPy2Cl2]

Complex Stage DTA peak/�C TG temp. range/�C Mass loss/% Evolved moiety

Exper. Theor.

[CuPy2Cl2] I 217 135–235 28.63 27.03 –C5H5N

II 245 235–270 8.64 9.01 -1/3C5H5N

III 319 270–350 18.10 18.02 -2/3C5H5N
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Fig. 2 The TG curves of the [CuPy2Cl2] complex at different heating rates (5, 10, 15 �C min-1)
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The N ? Cu2? charge transfer transition observed be-

tween N of the pyridine ring and the central metal atom at

250–350 nm wavelength range [26]. The broad band is

observed 700 nm (14,409 cm-1) attributed to 2A1g ? 2B1g

and 2B1g ? 2Eg transitions which correspond to pseudo-

tetrahedral coordination structure [27–29]. Diffuse re-

flectance UV spectrum of the intermediate 3 showed a

broad band in the range of 250–300 nm. This band corre-

sponds to charge transfer transitions of N ? Cu2?.

Another broad band is shown at 692 nm attributed to the

pseudo-tetrahedral coordination structure like intermediate

2. Diffuse reflectance UV spectrum of the intermediate 4

shows three absorption bands at 359 nm (27,855 cm-1),

409 nm (24,450 cm-1) and 446 nm (24,421 cm-1) which

belong to square planar structure of the intermediate 4.

These results show that four coordination numbers still

were protected even if completely removing the pyridine

ligands [30].

MALDI-TOF MS spectra were taken without using a

matrix for 2 and 3 shown in Figs. 3 and 4. The molecular

ion peaks were determined as [M?H]? (m/z = 214.978)

for 2 and [M-H]? (m/z = 185.614) and [M?C2H3O]?

(m/z = 221.002) for 3 (M represents 2 and 3 molecules).

These results are in good agreement with proposed struc-

ture for 2 and 3.

Far-IR studies of the intermediates (2, 3 and 4)

Far-IR measurements were taken for the determination of

the bond vibrations of metal–nitrogen (Cu–N) and metal–

halogen (Cu–Cl) bonds of the intermediates (2 and 3).

Important far-IR peak data are given in experimental

Table 2 The initial, final and peak temperature values of each decomposition stages of the [CuPy2Cl2]

Decomposition stage Peak temperature/�C Heating rate, b/�C min-1 Avg.

5 10 15

I Ti 136 147 161 148

Tf 193 212 226 201.33

Tm 187 199 210 198.67

II Ti 193 212 226 210.33

Tf 223 246 257 242

Tm 214 227 237 226

III Ti 223 246 257 242

Tf 298 323 337 319.33

Tm 290 303 313 302
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Fig. 3 MALDI-TOF MS

spectrum of 2
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section. In the far-IR spectrum of the complex, m(Cu–Cl)

and m(Cu–N) stretching vibrations were observed at 289

and 266 cm-1, while these values shifted to 288 and

259 cm-1 for intermediate 2, respectively. Also, t(C–H)

bending vibrations of the intermediate 2 shifted to 441

and 638 cm-1. Unlike from the [CuPy2Cl2], a new

m(Cu–Cl) vibration band was observed at 330 cm-1. After

one mole of pyridine removed, the intermediate 2 formed

and new Cl–M–Cl bridges occurred. Further, the four

coordination number still was reserved in this way [31]. In

far-IR spectrum of the intermediate 3, the vibrations of

m(Cu–Cl), m(Cu–N) and t(C–H) were observed at 287, 252

and 439 cm-1, respectively. However, unlike the inter-

mediate 2, a new m(Cu–Cl) band observed at 332 cm-1 for

intermediate 3. This band was estimated to be Cl–M–Cl

bond bridge like intermediate 2 [31]. Far-IR spectrum of

the intermediate 4 (CuCl2) showed that after complete

separation of the pyridine ligands from the complex,

m(Cu–N) stretching bands were not observed. However,

m(Cu–Cl) vibrations were observed at 237, 286 and

334 cm-1. These band vibrations correspond to the bridge

bonding [31, 32].
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Kinetic analysis

The FWO and KAS model-free isoconversional methods

were used for the calculation of the activation energies, Ea

of decomposition reactions for the conversion degree, a
varying in the range of 0.05–0.95 in a step of 0.05. The

ICTAC kinetic committee has recommended to determine

the Ea values in a wide range of between 0.05 and 0.95 with

increments of 0.05 [33]. The main assumption of these

methods is that the reaction mechanism does not change

with reaction conversion (a), temperature and heating rate.

The final equations of these methods as follows [34–42]:

Table 3 The activation energy, Ea, values at different decomposition stages of the [CuPy2Cl2]

a FWO R2 KAS R2 FWO R2 KAS R2

Stage 1 Stage 2

0.05 59.59 0.9893 55.69 0.9862 68.01 1.0000 63.33 1.0000

0.10 76.84 0.9161 77.63 0.9961 68.33 0.9999 63.92 0.9998

0.15 85.78 0.9842 82.91 0.9812 79.24 0.9992 75.33 0.9984

0.20 85.5 0.9702 82.55 0.9646 82.69 0.9974 78.93 0.9968

0.25 85.89 0.9644 82.9 0.9578 84.45 0.9963 80.75 0.9954

0.30 88.02 0.9613 85.1 0.9543 86.71 0.9938 83.1 0.9925

0.35 89.13 0.9720 86.22 0.9668 89.48 0.9957 85.99 0.9948

0.40 87.74 0.9741 83.05 0.9734 89.23 0.9940 85.71 0.9927

0.45 87.95 0.9793 84.91 0.9754 93.08 0.9928 89.73 0.9913

0.50 88.59 0.9826 85.56 0.9793 91.87 0.9951 88.45 0.9940

0.55 88.66 0.9825 85.61 0.9791 90.07 0.9955 86.55 0.9945

0.60 90.17 0.9861 87.16 0.9834 96.61 0.9908 93.39 0.9890

0.65 90.19 0.9907 87.17 0.9889 98.61 0.9894 95.48 0.9874

0.70 91.22 0.9920 87.49 0.9904 100.04 0.9873 96.97 0.9850

0.75 90.75 0.9928 87.72 0.9914 101.09 0.9888 98.06 0.9867

0.80 90.85 0.9991 87.81 0.9917 102.64 0.9901 99.68 0.9883

0.85 90.05 0.9908 87.93 0.989 103.11 0.9851 100.14 0.9824

0.90 89.78 0.9910 87.62 0.9892 103.3 0.9850 100.33 0.9828

0.95 90.87 0.9945 87.75 0.9934 104.22 0.9734 101.23 0.9688

Stage 3 Stage 4

0.05 107.24 0.9567 106.07 0.9493 63.2 0.9626 54.77 0.9725

0.10 103.97 0.9795 102.57 0.9756 52.36 0.9981 44.29 0.9975

0.15 102.87 0.9808 99.26 0.9771 45.02 0.9983 35.41 0.9834

0.20 106.03 0.9841 104.02 0.9425 37.65 0.9947 28.21 0.9911

0.25 105.46 0.9879 101.85 0.9855 31.7 1.0000 22.4 0.9826

0.30 107.2 0.9877 103.63 0.9853 32.16 0.9976 21.91 0.9961

0.35 108.41 0.9882 104.86 0.9859 31.17 0.9976 20.69 0.9961

0.40 103.86 0.9835 100.03 0.9802 30.81 0.9972 20.19 0.9952

0.45 101.2 0.9912 97.19 0.9894 30.3 0.9581 20.61 0.9933

0.50 101.79 0.9900 97.76 0.9879 30.8 0.9939 20.77 0.9878

0.55 104.87 0.9895 100.96 0.9873 31.91 0.9929 21.13 0.9856

0.60 105.72 0.9909 101.82 0.9891 32.14 0.9900 21.31 0.9790

0.65 105.72 0.9935 104.78 0.9921 32.5 0.9859 21.64 0.9698

0.70 109.01 0.9899 105.21 0.9879 33.49 0.9825 22.61 0.9625

0.75 110.15 0.9986 106.38 0.9899 34.34 0.9816 23.43 0.9613

0.80 109.86 0.9891 106.05 0.9869 35.14 0.9809 24.21 0.9589

0.85 108.15 0.9835 104.22 0.9803 35.77 0.9749 24.8 0.9478

0.90 105.41 0.9814 101.3 0.9776 36.42 0.9742 25.42 0.9468

0.95 90.49 0.9523 85.53 0.9412 37.43 0.9770 26.39 0.9535
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FWO equation:

ln b ¼ A � Ea

R � gðaÞ

� �
� 5:3305 � 1:05178

Ea

R
:

1

T
ð3Þ

and KAS equation:

ln
b
T2

¼ ln
AR

gðaÞEa

� �
� Ea

R
:

1

T
ð4Þ

where a is the degree of conversion, A is the pre-expo-

nential factor, Ea is the activation energy, g(a) is an un-

known function of the conversion, and R is the gas

constant.

The graphs of lnb versus 1/T (for FWO equation) and

the graphs of lnb/T2 versus 1/T (for KAS equation) are

prepared for a constant. Apparent activation energies can

be calculated with the use of slope values of these graphs.

It was observed that the Ea values calculated using methods

slightly differ from each other, whereas they show quite

similar a-dependent behavior for all decomposition stages.

The calculated values for the activation energies of all

decomposition step of the [CuPy2Cl2] with respect to de-

composition ratio are shown in Fig. 5.

In the stage I, the activation energy values increase with

an increase in decomposition ratio, a and reach to

87.65 kJ mol-1 at a = 0.35. The Ea values remain

relatively constant a values between 0.35 and 0.95.

Therefore, it is concluded that the decomposition occurs

multi-step except in the range of 0.35–0.95 where de-

composition occurs only in one step (Fig. 5a). The average

Ea values are 86.71 kJ mol-1 for FWO and 83.83 kJ mol-1

for KAS methods, respectively.

In the stage II, the activation energy, Ea, values persis-

tently increase as a increase up to 0.45 and then decrease in

the range of 0.45 B a B 0.55 and then start to increase up

to 0.95 (Fig. 5b). Therefore, it is concluded that the de-

composition takes place at least in two steps [43]. The

average Ea values are 91.19 kJ mol-1 for FWO and

87.74 kJ mol-1 for KAS methods, respectively.

In the stage III, the Ea values decrease with increasing a
up to a = 0.15 and then increase up to a = 0.30 and then

decrease in the range of 0.30 B a B 0.40. The activation

energy values increase again up to a = 0.75 and then very

fast decrease up to 0.95 (Fig. 5c). Therefore, it is con-

cluded that the decompositions contain multi-step kinetics.

The average Ea values are 105.15 kJ mol-1 for FWO and

101.76 kJ mol-1 for KAS methods, respectively.

In the stage IV, the Ea values decrease with increasing a
up to a = 0.25 and then remain relatively constant in a
values between 0.25 and 0.95. Therefore, it is concluded

that the decomposition occurs multi-step in the range of

0.05–0.25. The decomposition occurs only one step in the

range of 0.25–0.95 (Fig. 5d). The average Ea values are

36.54 kJ mol-1 for FWO and 26.33 kJ mol-1 for KAS

methods, respectively. The activation energy, Ea, values of

all decomposition stages (kJ mol-1) are tabulated in

Table 3.

HT-XRD studies of the [CuPy2Cl2]

High-temperature powder diffraction (HT-XRD) patterns of

the [CuPy2Cl2] (PDF: 00-014-0991) measured for every

20 �C increase in temperature between 25 and 600 �C are
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shown in Fig. 6. Accordingly, the complex is stable up to

130 �C, and the intermediate 2 begins to occur above 130 �C
and transformation is completed at 235 �C. At this point, the

intermediate 3 starts to occur, and also the transformation is

completed at 270 �C. After this step, intermediate 3 is de-

composed into intermediate 4 as given CuCl2 formula (PDF:

00-001-0185) at 270 �C. Further, this product returns to CuO

after 400 �C (PDF: 5-661) under air atmosphere. The results

showed that the thermal decomposition intermediates (2 and

3) are new phases and there is any certain information of

these phases in the literature. The XRD pattern of the com-

plex indexed as [CuPy2Cl2] (PDF: 00-014-991) has a

monoclinic crystal system, P21/n (14) space group with

a = 16.9673 Å, b = 8.5596 Å, c = 3.8479 Å; a = c =

90.00�, b = 91.98�, V = 558.51 Å3 and Z = 2.00.

Conclusions

The [CuPy2Cl2] was prepared by known synthesis

method, and its intermediates (2 and 3 which are

[CuPyCl2] and [CuPy2/3Cl2]) were prepared separately at

217 and 245 �C temperatures which were chosen from

TG curve by using a tube furnace under N2 atmosphere

and characterized. Diffuse reflectance spectra of the

[CuPy2Cl2] and intermediates show a broad band is ob-

served 700 nm (14,409 cm-1) attributed to 2A1g ? 2B1g

and 2B1g ? 2Eg transitions which correspond to pseudo-

tetrahedral coordination structure. In far-IR spectra of the

[CuPy2Cl2] and intermediates (2 and 3), Cu–Cl, Cu–N

and C–H vibration bands are observed. However, far-IR

spectrum of the intermediate 4 shows only Cu–Cl bands.

These bands correspond to the bridge bonding. The

spectroscopic results revealed that the coordination

number of 4 was retained in the intermediates even if all

the pyridine ligands were separated. The molecular ion

peaks of 2 and 3 were observed as [M?H]? (m/

z = 214.978), [M-H]? (m/z = 185.614) and

[M?C2H3O]? (m/z = 221.002) from MALDI-TOF MS

spectra. These results revealed the suggested structures

for 2 and 3 are true. HT-XRD results show that

[CuPyCl2] and [CuPy2/3Cl2] intermediates are new phases

formed at the end of the first and second decomposition

steps. Thermal behaviors of the [CuPy2Cl2] also inves-

tigated. The TG plot of the [CuPy2Cl2] shows four de-

composition steps. Average Ea values of these steps have

been calculated as 85.27, 89.46, 103.46 and

31.41 kJ mol-1, respectively.
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