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Synthesis and Thermal Behaviour of Co(ll), Ni(ll) and
Cu(Il) Complexes of N,N-di-n-propyl-N’-
(2-chlorobenzoyl)thiourea
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The Co(ll), Ni(I1) and Cu(ll) complexes of N,N-di-n-propyl-N'-(2-
chlorobenzoy!)thioureawere synthesized and the thermal behaviour of
all complexes was studied by differential thermal analysis and thermal
gravimetry methods. A GC-M S combined system was used to identify
the decomposition products. The pyrolytic end products were identi-
fied by X-ray powder diffraction method. Both nickel and copper
complexes decomposed in three stages, but cobalt complex decomposed
in two stages. End products of the decomposition reactions were iden-
tified as NisS,, Co,S; and Cuy ¢S. The decomposition of the complexes
begins with breakage the longer metal-oxygen bond in chelate ring,
since these complexes decompose at higher temperatures proportional
to 1/metal-ligand bond length.

Key Wor ds: Benzoylthiourea, M etal complexes, Ther mal behaviour,
Pyrolysis, DTA/TG.

INTRODUCTION

Thioureaderivatives are selective analytical reagent for the determina-
tion of transition metalsin complex interfering matrices' and yield highly
sensitive reactions with the transition metals in solutions. The synthesis,
characterization and some properties of thiourea derivatives and some of
their transition metal complexes have been reported®®. The complexation
capacity of thiourea derivatives has been reported in several studies®#.
I'n addition, thioureas have been shown to possess antibacterial, antifungal,
antitubercular, antithyroid and insecticidal properties. The biological
activities of complexes with thiourea derivatives have been successfully
screened for various biological actions'®2-#+23,

Binzet et al.®*%** have previously reported the preparation, antimicro-
bia activities and crystal structure of N,N-di-n-propyl-N'-(2-chloroben-
zoyl)-thiourea (DPBT) and their metal complexes. The thermal properties
of metal complexes of DPBT have not been studied previously. In this
study, wereport the thermal decomposition characteristicsof Cu(ll), Ni(I1)
and Co(Il) complexes of DPBT. We have also investigated relationship
between the metal-ligand bond length and decomposition initial tempera-
ture.
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EXPERIMENTAL

Synthesisof theligand: A solution of 2-chlorobenzoyl chloride (0.01
mol) in acetone (50 cm®) was added dropwise to a suspension of potassium
thiocyanate (0.01 mol) in acetone (30 cm®). The reaction mixture was heated
under reflux for 0.5 h and then cooled to room temperature. A solution of
di-n-propylamine (0.01 mol) in acetone (10 cm?®) was added and the result-
ing mixture was stirred for 2 h. Hydrochloric acid (0.1 N, 300 cm®) was
added and the solution filtered. The solid product was washed with water
and recrystallizated from ethanol:dichloromethane mixture (1:1)*. N,N-
di-n-propyl-N'-(2-chloro-benzoyl)thiourea, (HL): Anal. Calcd. for
C1sH1sN,OSCI: C56.3, H 6.4, N 9.4. Found: C 56.3, H 6.5, N 9.5%.

Synthesisof metal complexes. A solution of the corresponding metal
acetate (0.01 mol) in ethanol (30 cm?®) was added dropwise to a solution of
theligand in a1:2 ratio with asmall excess of ligand in ethanol (50 cm?®) at
room temperature and the resulting mixture was stirred for 0.5 h. The solid
complexes were filtered and recrystallized from ethanol :dichloromethane
mixture (1:1)*. Bis(N,N-di-n-propyl-N'-(2-chloro-benzoy!)thioureato)-
nleeI(”), [N|L2] Anal. Calcd. for C28H36N40282C|2N| C 514, H 56, N
8.6. Found: C 51.3, H 5.6, N 8.5%. Bis(N,N-di-n-propyl-N'-(2-chloro-
benzoyl)thioureato)copper(l1), [CuL,]: Anal. Calcd. for CasH3sN4O.S,ClCu
C51.0,H5.5,N 8.5. Found: C50.6, H 5.6, N 8.5 %. Bis(N,N-di-n-propyl-
N'-(2-chloro-benzoyl)thioureato)cobalt(l1), [CoL]: Anal. Calcd. for
C2sH3sN40,S,Cl,Co: C 53.0, H 5.7, N 8.8. Found: C 53.1, H 5.7, N 8.8 %.

The differential thermal analysis (DTA) and thermal gravimetry (TG)
curveswere obtained by a Shimadzu DTG-60H system equipped with DTA
and TG units. The thermal analysis system was used over the temperature
range of 273-1200 K. The sampleswere placed in Pt cruciblesand a-Al,O;
was used as the reference material. M easurement was performed by using
adynamic nitrogen furnace atmosphere at aflow rate of 50 mL min™. The
heating rate was 10 K min™ and the sample sizes ranged in mass from 7 to
8 mg. A GC-MS system, VG-ZabSpect model DFM S was used to identify
pyrolysis products evolving during heating. Microanalyses were obtained
using a Carlo Erba MOD 1106 instrument. X-ray powder diffraction
analyses of the final residues were made with a Siemens F model
diffractometer equipped with an X-ray generator, Phillips, PW-1010 model
ranging from 20 to 40 kV and 6 to 50 mA while using a fine focus CuKq
radiation (A = 1.5406 A).

RESULTSAND DISCUSSION

Co(l1), Ni(I1) and Cu(Il) complexes were studied by thermogravimetric
analysis from ambient temperature to 1200 K in nitrogen atmosphere. The
range of temperature and the experimental and calculated mass |osses of
the decomposition reactions are given in Table-1.
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TABLE-1
THERMOANALYTICAL RESULTS OF METAL COMPLEXES OF
N,N-DI-n-PROPY L-N'-(2-CHLORO-BENZQOYL) THIOUREA

DTA,, TG Temp. Mass |oss (%) Evolved
(K)  Range(K)  Exper. Calcd. moiety*
[ 513 489543 3658 3664 -C,H,NOCI

Sample Stage

NiL I 566 543-704 37.03 36.64 -C,H,,NOCI
2 " - 704-1145 14.81 1449  **
Residue - 11.56 1223  Ni;S,
I 429 416-549 35.88 36.37 -C,H,;NOCI
-C3HgNOCI
cuL, I 595 549-709 45.03 4518 -SON
" - 709-1420 7.14 6.33  **
Residue - 11.93 1212 CuiS
-C3HgNOCI
I 528 465-631 81.28 8213 -C,,H,;NOCI
CoL, -SCN
I - 631-1256 5.69 519  **
Residue - 12.81 1268 Co,S,

*C,,HsNOCI: 2-chloro-N,N-di-n-propylbenzamide. **Unknown product.

Cu(l') complex (CxH3sN4O.SClCu): The Cu(ll) complex of DPBT
isstable up to 416 K and decomposition begins beyond this temperature as
indicated by the first massloss stage in the TG curve. At this stage, copper
complex decomposes and losses 35.9 % of its mass. The decomposition
reaction occurs in three stages. Cu, S, the end product of the decomposi-
tion reaction, corresponds to an experimental mass of 11.9 %, which is
equal to the expected theoretical mass (Fig. 1).
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100.00- DTA
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r -20.00
r -40.00
0.00+

40000  600.00  800.00 _ 1000.00 1200.00  1400.00
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Fig. 1. DTA/TG diagram of bis(N,N-di-n-propyl-N'-(2-chloro-benzoyl)-
thioureato) copper(l1) complex



5714 Binzet ef al. Asian J. Chem.

The first decomposition occurs between 416 and 549 K with a 35.9 %
mass loss, the second decomposition occurs between 549 and 709 K with a
45.0 % mass loss and the third decomposition occurs between 709 and
1420 K with a 7.14 % mass loss. The expected theoretical decomposition
mechanism is given in Scheme-I and the black end product, Cu, S (JCPD
File no: 29-0578) of decomposition was identified by X-ray powder dif-
fraction pattern data (Fig. 2).

Stage | Stage Il Stage 1l
CagHaeNe02S,CL0U 9% 6 HigNaOSCI0U — o L o Gu(SCN) — 2221 oy, 8
- C13H1gNOCI - C3HgNOCI - Unknown
- SCN

Scheme-1

CPS
220 A

200 |
180 { | 3
160 i
140 A
120 1 |
100

29-0578 : CU1.86 S

40 45 50 55 60 65 70
Deg.

Fig. 2. X-ray powder diffraction pattern of Cu, S (File No: 29-0578)

Ni(II) complex (C:3H3,N:O,S;CLNi): The TG studies of the Ni(II)
complex of DPBT shows that the initial decomposition begins at 489 K
and ends at 1145 K with a total of 88.4 % mass loss. A yellowish-bronze
solid residue is corresponds to a mass of 11.6 % (Fig. 3).

Examination of the TG curve showed that the sample decomposes in
three stages. The sample losses 36.6 % of its mass between 489 and 543 K,
37.0 % between 543 and 704 K and 14.8 % between 704 and 1145 K. The
expected theoretical decomposition mechanism is given in Scheme-II and
the yellowish-bronze end product, NiS, (JCPD File no: 76-1870), is iden-
tified by X-ray powder diffraction pattern data.

. tage | St I} j¢ 1
CasHsaNaC2S,CLNI _ SP88 1 o nos,oin —292 | isony, 2298 s,
- Cy3HgNOCI -Cy3H1gNOCI - Unknown

Scheme-I1
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Fig. 3. DTA/TG diagram of bis(N,N-di-r-propyl-N"-(2-chloro-benzoyl)-
thioureato)nickel(Il) complex

Co(II) complex (CxsH3sN,0,S:CLCo): The Co(II) complex of DPBT
begins to decompose at 465 K and ends at 1256 K in two stages with a total
mass loss about 87.0 %. The black solid rest product of the decomposition
reaction was identified by X-ray powder diffraction as Co,Ss (JCPD File
no: 02-1338) which corresponds to a calculated mass loss about 12.7 % of
the complex Fig. 4).
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Fig. 4. DTA/TG diagram of bis(N,N-di-n-propyl-N'-(2-chloro-benzoyl)-
thioureato)cobalt(II} complex
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The TG curve shows that the sample decomposes in two stages, losing
81.3 and 5.7 % of its mass, respectively. The temperature range of each
stage was found between 465 and 631, 631 and 1256 K, respectively. The
Co(ll) complex of DPBT loses two moles C;3H:sNOCI and one mole SCN
in the first stage (Scheme-I11).

CagHagNaO;8,C1,00 _ 529! cosony _Stegell Co4Ss
- C43H1gNOCI - Unknown
- Cy3H4gNOCI
_SCN
Scheme-111

Thermal behaviour: The thermal behaviour of these chelates was
studied in detail. The melting point of Co(l1), Ni(l1) and Cu(ll) complexes
are 481, 381 and 383 K, respectively. The Co(ll), Ni(ll) and Cu(ll)
complexesof DPBT arethermally stable up to 465, 489 and 416 K, respec-
tively. Both nickel and copper complexes decompose in three stages, but
cobalt complex decomposein two steps. According to TG curves, the overall
mass loss of the complexes was found 87.9 % for CuL,, 87.8 % for NiL,
and 87.3 % for CoL,. End products of the decomposition reactions were
identified as NisS; (JCPD File no: 76-1870), Co,S; (JCPD File no: 02-
1338) and CuyS (JCPD File no: 29-0578) by X-ray powder diffraction
method. All of these data confirmed by both GC-MS dataand TG data.

Inthefirst stage, the evolved decomposition moiety of Ni(l1) and Cu(ll)
complexes was 2-chloro-N,N-di-n-propylbenzamide (C;3sH:sNOCI),
whereas the Co(l1) complex yields 2 mol of C13H:sNOCI and 1 mol SCN.
The intermediate products (Ci3H1sNOCI (239 m/z) and SCN (58 m/z)) of
decomposition reaction was confirmed by GC-M S studies. The theoretical
and experimental mass |osses obtained from these decomposition stages
are also in agreement with each other.

Common to all complexes in the first stage is the 2-chloro-N,N-di-n-
propylbenzamide moiety. It seems that the decomposition reaction begins
with breakage the metal-oxygen bond. The decomposition temperature of
2-chloro-N,N-di-n-propylbenzamide moiety for Cu(ll)-, Co(l1)- and Ni(l)-
complexesare416 K, 465 K and 489 K, respectively. The shorter the metal -
ligand bond length, the greater the metal-ligand bond energies. Therefore,
decomposition of the complexes should begin with breakage the longer
metal-ligand bond, since these complexes decompose at higher tempera-
tures proportional to 1/d (d = metal-ligand bond length). The measured
decomposition temperatures agree well with bond length of Cu-O (1.931
A)#, Co-0 (1.920 A)* and Ni-O (1.859 A)® bonds which were determined
by XRD method in the complex form:
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Tni =489K >Te,=465K > T, =416 K
1/dni.o = 0.538 Atl> 1/dco.o = 0.521 Al> 1/dcw.o = 0.518 At
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