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Abstract Four new mononuclear Pd(II) complexes of the

type [PdX2(tdmPz)] {X = Cl- (1); Br- (2); I- (3); SCN-

(4); tdmPz = 1-thiocarbamoyl-3,5-dimethylpyrazole} have

been synthesized and characterized by elemental analysis,

IR spectroscopy, 1H and 13C{1H}-NMR experiments. The

thermal behavior of the complexes 1–4 has been investi-

gated by means of thermogravimetry (TG) and differential

thermal analysis (DTA). From the initial decomposition

temperatures, the thermal stability of the complexes can be

ordered in the sequence: 3 \ 4 : 2 \ 1. The final products

of the thermal decompositions were characterized as

metallic palladium by X-ray powder diffraction.

Keywords Pd(II) complexes � 1-thiocarbamoyl-3,

5-dimethylpyrazole � TG and DTA

Introduction

Thiocarbamoylpyrazole ligands have attracted consider-

able attention in recent years due to their ability to coor-

dinate in neutral S-monodentade [1], neutral N,S-chelating

bidentate [2], anionic N,S-bidentate [3], and anionic N,N-

bidentate fashions [4].

In particular, a great deal of interest has been devoted to

the synthesis of mononuclear Pd(II) compounds containing

N,S-chelating 1-thiocarbamoylpyrazole ligands due to their

promising antitumor [5] and antiamoebic activities [6–8].

In our previous article [9, 10], we have reported the syn-

thesis, spectroscopic characterization, and antitumor eval-

uation of the compounds [PdX2(tdmPz)] (X = Cl-, Br-,

I-, SCN-; tdmPz = 1-thiocarbamoyl-3,5-dimethylpyra-

zole). However, systematic studies on the thermal decom-

position of this class of compounds have not been

described yet in the literature.

In pursing our interest on thermal behavior [11–16],

structural aspects [17–19], and biological activity of pal-

ladium(II) complexes [20–22], we present in this study the

thermal investigation of tdmPz and compounds of the type

[PdX2(tdmPz)] by means of thermogravimetry (TG) and

differential thermal analysis (DTA).

Experimental

Preparation of the complexes

The tdmPz ligand and complexes 1–4 (Scheme 1) were

synthesized according to the procedure described in the

literature [9, 10].

Instrumentation

Elemental analyses of carbon, nitrogen, and hydrogen were

performed on a microanalyser elemental analyser CHN,

model 2400 PerkinElmer. Infrared spectra were recorded in

KBr pellets on a Nicolet model SX-FT-Impact 400 spec-

trophotometer in the 4000–400 cm-1 spectral range. The

spectra of nuclear magnetic resonance of 1H and 13C were

recorded on VARIAN multinuclear spectrometer, model

INOVA 500, using dmso-d6 for dissolution of samples.

Thermal analyses (TG) and differential thermal analyses
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(DTA) were carried out using a TA Instruments model

SDQ 600, under flow of dry synthetic air (50 mL min-1),

temperature up to 900 �C and at heating rate of 20 �C

min-1 in a-alumina sample holders. The reference sub-

stance was pure a-alumina in DTA measurements. X-ray

powder diffraction patterns were measured on a Siemens

D-5000 X-ray diffractometer using CuKa radiation

(k = 1.541 Å) and setting of 34 kV and 20 mA. The peaks

were identified using ICDD bases [23].

Results and discussion

The results of the elemental analyses confirmed the pro-

posed formula for the compounds 1–4 (Table 1).

Spectroscopy

The N,S-chelating coordination of tdmPz ligand was evi-

denced in the IR spectra of the complexes by the shift to

lower frequencies of mC=S band from 879 cm-1 (free

ligand) to ca. 866 cm-1 (1–4) as well as by the appearance

of a new IR absorption (mN–N) at 1205 cm-1 [10]. The

presence of terminal S-bonded thiocyanato groups in 4 was

detected by the masSCN bands at 2114 and 2098 cm-1 [24,

25].
1H and 13C{1H}-NMR spectra unambiguously showed

the formation of the N,S-chelated products. Regarding the
1H-NMR spectra, signals of the chelating N,S-tdmPz were

observed as singlets at ca. 2.60 (3–CH3), 6.53 (H4), 2.59

(5–CH3), 9.49 ppm (NH2). Besides the typical signals of

the pyrazolyl ring, the 13C{1H} NMR spectra of 1–4 also

exhibited the C = S resonance at *161 ppm, which was

found quasi 18 ppm upfield when compared to the free

ligand. This upfield shift clearly indicated the coordination

of thiocarbonyl group toward palladium(II) center [9].

Thermal analysis

Table 2 lists the initial and final temperatures (oC), partial

mass losses (%) and DTA peaks of the thermal studies on

compounds 1–4 together with the assignments of each

decomposition stage based on mass calculation. Therefore,

the groups indicated at the right column of the Table 2 do

not correspond necessarily to the gaseous final products of

decomposition. The final residues were characterized by

X-ray powder diffraction techniques and the peaks were

identified using ICDD bases for Pd0(card 05-0681) and

PdO (card 06-0515).

The TG and DTA curves of 1-thiocarbamoyl-3,5-

dimethylpyrazole are shown in Fig. 1. The TG curve

indicated that tdmPz is thermally stable up to 66 �C.

Afterwards, the TG curve showed two consecutive and

overlapped weight loss steps up to 242 �C and a further

progressive mass loss between 242 and 550 �C. These

events are associated with endothermic peaks at 99 �C and

194 �C and the exothermic signal at 240 �C, assigned to

the oxidation of carbonaceous material.

The TG and DTA curves of complex [PdCl2(tdmPz)] (1)

are depicted in Fig. 2. The TG curve showed that 1 is

thermally stable up to 126 �C, then undergoes the elimi-

nation of the tdmPz and Cl- ligands together with uptake

of O2 in multiple and overlapped mass losses at

126–462 �C. This step is accompanied by 62.34% weight

loss (calculated. 63.19%) and associated with the endo-

thermic peak at 225 �C and the exothermic signals at

385 �C and 443 �C. A slight and progressive mass gain of

?0.58% occured up to 797 �C which is ascribed to the

oxidation of the remaining Pd0 to PdO. The decomposition

of PdO to Pd0 is observed in the last mass loss (5.10%)

between 797 and 844 �C (calcd. 4.81%), which is accom-

panied by an endothermic peak at 824 �C.

The TG and DTA curves of compound [PdBr2(tdmPz)]

(2) are illustrated by Fig. 3. Compound 2 started to degrade

at lower temperature (101 �C) than 1. Afterwards, the

release of the tdmPz and Br- ligands together with uptake

of O2 took place in overlapped mass losses over range

101–671 �C (calcd. 70.95%; found 68.79%), yielding PdO

as residue. In this temperature range, the DTA curve

showed an endothermic event at 226 �C and two exother-

mic at 374 and 663 �C. The last stage (787–830 �C) is

characterized by the decomposition of PdO to Pd0 (calcd.

3.80%; found 4.23%), accompanied by an endothermic

signal at 823 �C.

Table 1 Results of the elemental analyses

Complex Elemental analysis% calc./obt.

C H N

1 22.67/22.35 2.93/3.05 13.06/13.19

2 17.40/17.53 2.15/2.28 10.17/10.37

3 13.99/14.25 1.96/2.18 8.65/8.70

4 25.13/24.99 2.40/2.64 18.34/18.05

H3C

CH3

H2N S X

Pd

NN X

Scheme 1 Proposed structure of the compounds [PdX2(tdmPz)]

(X = Cl-(1), Br- (2), I-(3), SCN-(4); tdmPz = 1-thiocarbamoyl-

3,5-dimethylpyrazole)
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The TG and DTA curves of compound [PdI2(tdmPz)]

(3) are depicted in Fig. 4. The first step (71–530 �C) is

associated with two overlapped decomposition stages

(calcd. 76.25%; found 75.43%) assigned to the elimination

of the tdmPz and two iodide ligands and uptake of 0.5 O2,T
a

b
le

2
T

h
er

m
al

an
al

y
si

s
d

at
a

o
f

co
m

p
o

u
n

d
s

[P
d

X
2
(t

d
m

P
z)

]
{
X

=
C

l
(1

),
B

r
(2

),
I

(3
),

S
C

N
(4

)}

C
o

m
p

o
u

n
d

s
S

te
p

s
D

T
/8

C
D

m
/%

P
ea

k
s

D
T

A
/8

C
A

ss
ig

n
m

en
t

O
b

t.
C

al
c.

E
n

d
o

E
x

o

1
1

1
2

6
–

4
6

2
-

6
2

.3
4

-
6

3
.6

4
2

2
5

3
8

5
.4

4
3

-
2

C
l-

.-
td

m
P

z.
?

0
.4

5
O

2

2
4

6
2

–
7

9
7

?
0

.5
8

?
0

.4
8

–
–

?
0

.0
5

O
2

3
7

9
7

–
8

4
4

-
5

.1
0

-
4

.8
1

8
2

4
–

-
0

.5
O

2

R
es

id
u

e
3

3
.1

0
3

2
.0

0
P

d
0

2
1

1
0

1
–

6
7

1
-

6
8

.7
9

-
7

0
.9

5
2

2
6

3
7

4
.6

6
3

-
2

B
r-

.-
td

m
P

z.
?

0
.5

O
2

2
7

8
7

–
8

3
0

-
4

.2
3

-
3

.8
8

2
3

–
-

0
.5

O
2

R
es

id
u

e
2

6
.7

8
2

5
.2

5
P

d
0

3
1

7
1

–
5

3
0

-
7

5
.4

3
-

7
6

.2
5

2
0

2
3

8
6

.4
6

4
-

2
I-

.-
td

m
P

z.
?

0
.5

O
2

2
8

0
4

–
8

6
0

-
3

.3
1

-
3

.1
0

8
3

4
–

-
0

.5
O

2

R
es

id
u

e
2

1
.0

0
2

0
.6

5
P

d
0

4
1

1
0

1
–

5
3

0
-

6
6

.4
4

-
6

7
.6

0
2

1
0

4
8

2
-

2
S

C
N

-
.-

td
m

P
z.

?
0

.5
O

2

2
7

8
8

–
8

3
0

-
3

.8
8

-
4

.2
3

8
1

3
–

-
0

.5
O

2

R
es

id
u

e
2

9
.6

8
2

8
.1

7
P

d
0

100

80

60

40M
as

s/
%

20

0

300 400 500 600 700 800 900

–1

Temperature/°C
100 200

0

ΔT

1

2

3
TG
DTA

Exo

Fig. 1 TG and DTA curves of the tdmPz
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Fig. 2 TG and DTA curves of the [PdCl2(tdmPz)]
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affording PdO as residue. This process is related to one

endothermic peak at 202 �C and two exothermic peaks at

386 and 464 �C. The decomposition of PdO to Pd0 is

observed by the mass loss of 3.31% between 804 and

860 �C (calcd. 3.10%), which is accompanied by one

endothermic peak centered at 813 �C.

According to TG and DTA curves, complex 4,

[Pd(SCN)2(tdmPz)] decomposed into PdO by two consec-

utive weight losses (calcd. 67.60%; found 66.44%)

between 101 and 530 �C, attributed to the elimination of

thiocyanato and tdmPz ligands, and the uptake of oxygen

required for oxidation of Pd0 to PdO. These events are

associated with an endothermic peak at 210 �C and an

exothermic signal at 482 �C. In the range of 788–830 �C,

the PdO decomposes into Pd0 (weight loss calcd. 4.23%;

found 3.88%) (Fig. 5).

Considering the initial decomposition temperature, the

thermal stability of the complexes 1–4 varies in the

sequence 3 \ 4 & 2 \ 1. From the inspection of TG and

DTA curves, it became clear that the anionic ligand plays an

important role in the thermal behavior of the [PdX2(tdmPz)]

complexes. The chloro-complex 1 displayed the highest

thermal stability being in accordance with the previous

thermal studies on pyrazolyl Pd(II) compounds [11–13].

Compound 3 started to decompose at the lowest tempera-

ture probably due to the steric hindrance introduced by cis

iodo ligands.

Conclusions

The thermal behavior of complexes of general formula

[PdX2(tdmPz)] (X = Cl-, Br-, I-, SCN-; tdmPz =

1-thiocarbamoyl-3,5-dimethylpyrazole) has been described

in this study. The TG and DTA curves showed that the

nature of the anionic ligand in [PdX2(tdmPz)] compounds

strongly affects their thermal stability. The steric hindrance

introduced by cis-related iodide groups may be responsible

for the lowest thermal stability found for compound 3.
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Parellé ML, Sánchez A, Sánchez-Gonzalez A, Sordo J, Touceda

A. New Pd(II) and Pt(II) complexes with N, S-chelated pyra-

zolonate ligands: molecular and supramolecular structure and

preliminary study of their in vitro antitumoral activity. J Inorg

Biochem. 2008;102:33–45.

6. Budakoti A, Abid M, Azam A. Synthesis and antiamoebic

activity of new 1-N-substituted thiocarbamoyl-3,5-diphenyl-2-

pyrazoline derivatives and their Pd(II) complexes. Eur J Med

Chem. 2006;42:63–70.

7. Budakoti A, Abid M, Azam A. Syntheses, characterization and in

vitro antiamoebic activity of new Pd(II) complexes with 1-N-

substituted thiocarbamoyl- 3,5-diphenyl-2-pyrazoline derivatives.

Eur J Med Chem. 2007;42:544–51.

100 200 300 400

Temperature/°C
500 600 700 800 900

–1.5

–1.0

–0.5

0.0

0.5 ΔT

1.0

1.5

2.0

2.5

3.0
TG
DTA

Exo

100

80

60

40

M
as

s/
%

20

Fig. 4 TG and DTA curves of the [PdI2(tdmPz)]

110

100

90

80

70

M
as

s/
%

60

50

40

30

100 200 300 400 500 600 700 800 900
Temperature/°C

TG
8

6

4

2

ΔT

0

–2

DTA

Exo

Fig. 5 TG and DTA curves of the [Pd(SCN)2(tdmPz)]

388 F. V. Rocha et al.

123



8. Husain k, Abid M, Azam A. Novel Pd(II) complexes of 1-N-

substituted 3-phenyl-2-pyrazoline derivatives and evaluation of

antiamoebic activity. Eur J Med Chem. 2008;43:393–403.

9. Rocha FV, Barra CV, Netto AVG, Mauro AE, Carlos IZ, Frem

RCG, Ananias SR, Quilles MB, Stevanato A, da Rocha MC. 3,5-

Dimethyl-1-thiocarbamoylpyrazole and its Pd(II) complexes:

synthesis, spectral studies and antitumor activity. Eur J Med

Chem. 2010;45:1698–702.

10. Treu-Filho O, Rocha FV, Netto AVG, Pinheiro JC, Utuni VHS,

Kondo RT, Mauro AE. Molecular structures and vibrational

frequencies for [PdX2(tdmPz)] (X = Cl-, SCN-): A DFT study.

J Mol Struct. 2009;921:239–43.

11. Netto AVG, Takahashi PM, Frem RCG, Mauro AE, Zorel Júnior

HE. Thermal decomposition of palladium(II) pyrazolyl com-

plexes. Part I. J Anal Appl Pyrolysis. 2004;72:183–9.

12. de Almeida ET, Santana AM, Netto AVG, Torres C, Mauro AE.

Thermal study of cyclopalladated complexes of the type

[Pd2(dmba)2X2(bpe)]. J Therm Anal Calorim. 2005;82:361–4.

13. Netto AVG, Santana AM, Mauro AE, Frem RCG, de Almeida

ET, Crespi MS, Zorel Júnior HE. Thermal decomposition of

palladium(II) pyrazolyl complexes. Part II. J Therm Anal Calo-

rim. 2005;79:339–42.

14. Netto AVG, Frem RCG, Mauro AE, Crespi MS, Zorel Júnior HE.

Synthesis, spectral and thermal studies on pyrazolate-bridged

palladium(II) cocordination polymers. J Therm Anal Calorim.

2007;87:789–92.

15. Fernandes RL, Takahashi PM, Frem RCG, Netto AVG, Mauro

AE, Matos JR. Synthesis, spectral and thermal studies on dicar-

boxylate-bridged palladium(II) coordination polymers. Part I.

J Therm Anal Calorim. 2009;97:123–6.

16. Fernandes RL, Takahashi PM, Frem RCG, Netto AVG, Mauro

AE, Matos JR. Synthesis, spectral and thermal studies on dicar-

boxylate-bridged palladium(II) coordination polymers. Part II.

J Therm Anal Calorim. 2009;97:153–6.

17. Moro AC, Watanabe FW, Ananias SR, Mauro AE, Netto AVG,

Lima APR, Ferreira JG, Santos RHA. Supramolecular assemblies

of cis-palladium complexes dominated by C–H…Cl interactions.

Inorg Chem Commun. 2006;9:493–6.

18. Netto AVG, Frem RCG, Mauro AE. Low-weight coordination

polymers derived from the self-assembly reactions of Pd(II)

pyrazolyl compounds and azide ion. Polyhedron. 2005;24:

1086–92.

19. Netto AVG, Mauro AE, Frem RCG, Santana AM, Santos RHA,

Zoia JR. Synthesis and structural characterization of dichlor-

obis(1-phenyl-3-methylpyrazole)palladium(II) and diazidobis

(1-phenyl-3-methylpyrazole)palladium(II). J Coord Chem. 2001;54:

129–41.

20. Moro AC, Mauro AE, Netto AVG, Ananias SR, Quilles MB, Carlos

IZ, Pavan FR, Leite CQF, Hörner M. Antitumor and antimyco-

bacterial activities of cyclopalladated complexes: X-ray structure

of [Pd(C2, N-dmba)(Br)(tu)] (dmba = N, N-dimethylbenzylamine,

tu = thiourea). Eur J Med Chem. 2009;44:4611–5.

21. de Almeida ET, Mauro AE, Santana AM, Netto AVG, Carlos IZ.

Emprego de compostos organometálicos mononucleares de
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