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bstract

The reaction of FeCl3 with uracil (H2L1), citrazinic acid (H2L6), 5-(phenylazo)citrazinic acid (H2L7), 5-(m-hydroxyphenylazo)citrazinic acid
H2L8) and 5-(m-nitrophenylazo)citrazinic acid (H2L9) leads to the formation of complexes with the empirical formula Fe(HL)3·nH2O (n = 1–3). All

f the prepared complexes have octahedral complexation geometry where the azo group is not the reactive site for complexation. Thiouracil (H2L2)
nd the 5-(substituted phenylazo)thiouracil (H2L3–H2L5) ligands are bidentates on complexation with Co(II), Ni(II) and Cu(II). The complexes
ave been characterized by elemental analyses, IR, electronic spectra, magnetic susceptibility, DTA, electron spin resonance (copper complexes)
nd Mössbauer spectra (iron complexes). The coordination bond lengths between the metal ion and the active centers for complexation were
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. Introduction

Pyrimidine derivatives constitute an important class of com-
ounds because they are components of the biologically impor-
ant nucleic acid [1,2]. Compounds containing nitrogen and
ulphur as donor atoms have an important role to play as anti-
ancer and antiviral agents [3,4]. The Pt–uracil complexes have
igh antitumor, antibacterial and antiviral activities and have a
ow level of renal toxicity [5–9].

Citrazinic acid azo dyes were prepared to dye cellulosic and
ylon fibers [10]. Citrazinic acid is used in the field of pho-
ography [11–13] as an inhibitor-removing wash bath for direct
ositive colour photographic development [12].

In this paper, an attempt is made to assign the centers of
omplexation. The structures of complexes are based on vari-
us spectroscopic methods (UV, vis, IR, ESR and Mössbauer),
agnetic susceptibility and DTA. The coordination bond lengths
ere calculated. The structures of the ligands are shown in
ig. 1.
∗ Corresponding author. Tel.: +20 3 583 22 15; fax: +20 3 391 17 94.
E-mail address: drmsmasoud@yahoo.com (M.S. Masoud).
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. Experimental

All the azo compounds (H2L3 to H2L5 and H2L7 to H2L9)
ere prepared in a similar way by the usual diazotization process

14]. An example H2L3 is given here: (0.1 mol, 9.3 g) of aniline
as dissolved in 5 mL (0.2 mol) HCl and 25 mL distilled water.
he hydrochloride compound was diazotized below 5 ◦C with
solution of NaNO2 (0.1 mol, 6.9 g) in 20 mL distilled water.
he diazonium chloride was coupled with an alkaline solution
f H2L2 (0.1 mol, 12.8 g) in 30 mL distilled water. The crude
ye was filtered and crystallized from 75% ethanol–water (v/v),
hen dried in a vacuum desiccator over CaCl2.

The iron complexes were prepared by dissolving 30 mmol
3.36 g) of the ligand (H2L1) in 150 mL warm ethanol at 70 ◦C,
nd mixed with 50 mL of an alcoholic solution containing
5 mmol (4.05 g) of iron(III) chloride for 1 h. The reaction mix-
ure was left to cool at room temperature where the complexes
recipitated.

The complexes of cobalt(II), nickel(II) and copper(II)
10 mmol) were prepared in 10 mL of aqueous ammonia solu-
ion (25%) and 10 mL ethanol by refluxing 10 mmol of the

etal(II) chlorides with 20 mmol of the organic ligand dissolved

n 100 mL of ethanol. The reaction mixture was refluxed for 1 h
t 70 ◦C. The precipitated complexes then were separated by
ltration and washed with H2O followed by drying in a desic-

mailto:drmsmasoud@yahoo.com
dx.doi.org/10.1016/j.saa.2006.07.046


M.S. Masoud et al. / Spectrochimica Acta Part A 67 (2007) 662–668 663

Table 1
Analytical data of the complexes

Complex MW mp (◦C) % yield Colour Empirical formula Calculated/Found (%)

M C H N

Fe(HL1)3·3H2O 443 320 85 Yellowish brown C12H15FeN6O9 12.6 (12.8) 32.5 (32.6) 3.3 (3.4) 18.9 (19.1)
Fe(HL6)3·3H2O 572 325 79 Black C18H18FeN3O15 9.8 (9.6) 37.6 (37.5) 3.1 (3.2) 7.3 (7.0)
Fe(HL7)3·2H2O 866 340 77 Brownish yellow C36H28FeN9O14 6.5 (6.4) 49.9 (49.8) 3.2 (3.1) 14.5 (14.6)
Fe(HL8)3·3H2O 932 360 82 Brown C36H23FeN9O18 6.0 (6.1) 46.4 (46.4) 3.2 (3.2) 13.5 (13.7)
Fe(HL9)3·H2O 983 365 80 Brownish yellow C36H28FeN12O19 5.7 (5.7) 43.9 (43.8) 2.3 (2.2) 17.1 (17.2)
Co(HL2)2·3H2O 365.9 315 85 Pale brown C8H12CoN4O5S2 15.8 (15.5) 26.4 (26.2) 3.3 (3.2) 15.3 (15.0)
Ni(HL2)2·3H2O 365.7 319 73 Green C8H12NiN4O5S2 15.8 (15.7) 26.2 (26.3) 3.3 (3.2) 15.3 (15.1)
Cu(HL2)2·H2O 335.5 325 76 Pale blue C8H8CuN4O3S2 18.9 (18.7) 28.6 (28.5) 2.4 (2.4) 16.7 (16.9)
Co(HL3)2·3H2O 373.9 318 82 Orange C20H20CoN8O5S2 9.8 (10.0) 41.9 (41.8) 3.5 (3.4) 19.5 (19.3)
Ni(HL3)2·3H2O 373.7 320 85 Green C20H20NiN8O5S2 9.7 (9.8) 41.9 (41.8) 3.5 (3.5) 19.5 (19.3)
Cu(HL3)2·2H2O 561.5 333 82 Green C20H18CuN8O4S2 11.3 (11.2) 42.7 (42.6) 3.2 (3.1) 19.9 (19.8)
Co(HL4)2·3H2O 605.9 320 75 Deep brown C20H20CoN8O7S2 9.5 (9.3) 39.7 (39.8) 3.3 (3.3) 18.5 (18.4)
Ni(HL4)2·4H2O 623.7 321 76 Light green C20H22NiN8O8S2 9.3 (9.2) 38.5 (38.5) 3.5 (3.3) 18.0 (17.8)
Cu(HL4)2·2H2O 593.5 335 80 Blue C20H
Co(HL5)2·4H2O 623.9 322 81 Brown C20H
Cu(HL5)2·3H2O 611.5 340 82 Deep green C20H
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Fig. 1. Structures of the ligands.

ator over anhydrous CaCl2. The metal content was determined
y usual complexometric titration procedures [15]. The analyt-
cal data and some of the physical properties are collected in
able 1.

. Results and discussion

.1. Iron complexes

All of the iron complexes are of 1:3 stoichiometry. A gener-

lized equation is given to represent these reactions:

eCl3+ 3H2L → Fe(HL)3·nH2O + 3HCl

stands for any ligand used (L1, L6, L7, L8, L9) and n is 3, 3,
, 3, 1 in the sequence of these ligands.

[
t
t
t

18CuN8O6S2 10.7 (10.5) 40.4 (40.5) 3.0 (3.1) 18.9 (19.0)

22CoN8O8S2 9.2 (9.1) 38.5 (38.5) 3.5 (3.5) 18.0 (18.0)

20CuN8O7S2 10.4 (10.3) 39.2 (39.1) 3.3 (3.2) 18.3 (18.1)

.2. Iron–uracil complex

The IR spectra of this complex show the following features:

1) The broad bands at 3410 and 3370 cm−1 in uracil and its iron
complex, respectively, are due to ν(OH) of water molecules
and hydrogen bonds of the type N–H· · ·O [14,16].

2) The uracil ν(NH) bands at 3111 and 3041 cm−1 are strongly
affected on complexation to iron(III) with the presence of
only one band at 3100 cm−1 due to Fe–N interaction [16].

3) Both ν(C O) bands of uracil at 1740 and 1714 cm−1 are
affected on complexation to iron(III) with different degrees.
The first band is shifted to 1727 cm−1, while the second one
disappeared. Such finding typified Fe–O bonding [14].

4) The two amide bands of uracil at 1666 and 1643 cm−1 are
affected on complexation. The first band is affected very
slightly and appeared at 1663 cm−1 while the second band
is absent. Thus, uracil acts as a bidentate ligand through oxy-
gen and nitrogen atoms on reaction with iron. In the lower-
frequency spectral region bands for ν(Fe–O) and ν(Fe–N)
are seen at 548 and 428 cm−1, respectively [17].

The Nujol mull electronic absorption spectra of the yel-
owish brown–iron complex [Fe(HL1)3]·3H2O (Table 2) gave
harge transfer bands at 42,105 and 27,826 cm−1. The visible
–d electronic spectral band at 20,121 cm−1 and the effective
oom temperature magnetic moment (μeff = 5.9 BM) typified the
xistence of an octahedral high-spin state [18]. The structure in
ig. 2 is proposed for the Fe(III)–uracil complex.

.3. Iron–citrazinic acid complex

The infrared spectrum of the iron–citrazinic acid complex

Fe(HL6)3]·3H2O, shows a band at 3404 cm−1, which is due
o ν(O–H) of the citrazinate moiety or to H2O molecules in
he structure of the complex. The band at 3214 cm−1 is due
o ν(N–H) of the citrazinate moiety. The bands at 1705 and
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Table 2
Nujol mull electronic absorption spectra and room temperature (25 ◦C) magnetic
moment values of the metal complexes

Complex λ (cm−1) μeff (298 K) (BM)

Fe(HL1)3·3H2O 42,105; 27,826; 20,121 5.9
Fe(HL6)3·3H2O 42,105; 37,175; 21,739 6.1
Fe(HL7)3·2H2O 36,866 23,426; 20,779 5.96
Fe(HL8)3·3H2O 36,866; 23,520; 20,000 5.8
Fe(HL9)3·H2O 36,866; 31,546; 23,529; 20,000 5.85
Co(HL2)2·3H2O 45,662; 37,736; 22,727; 17,857 5.1
Ni(HL2)2·3H2O 47,170; 35,842; 22,988; 19,685 3.1
Cu(HL2)2·H2O 36,900; 27,397; 19,841 1.8
Co(HL3)2·3H2O 39,683; 31,746; 23,810; 19,569 5.2
Ni(HL3)2·3H2O 34,483; 29,499; 22,727; 20,000 3.2
Cu(HL3)2·2H2O 46,512; 37,037; 21,798 1.9
Co(HL4)2·3H2O 47,170; 38,462; 22,727; 18,762 5.1
Ni(HL4)2·4H2O 38,168; 29,412; 22,890; 19,048 3.1
Cu(HL4)2·2H2O 37,736; 30,581; 22,222 1.82
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Fe(III) and the oxygen atoms of the ligand. Such covalency
promotes d-electron transfer from the non-�-bonding orbitals
of the central atom to �-acceptor orbitals of the ligand with
o(HL5)2·4H2O 42,194; 30,769; 23,809; 19,231 5.15
u(HL5)2·3H2O 38,462; 30,770; 20,619 1.83

685 cm−1 are due to ν(C O) of the keto group of the citraz-
nate moiety. The band at 1613 cm−1 is due to ν(C N). The
wo bands at 1460 and 1394 cm−1 are due to νas(COO−) and
s(COO−), respectively, and confirm that the bonding occurred
ia the bidentate carboxylate group. The presence of the low-
requency bands at 432 and 365 cm−1 are due to ν(Fe←O) and
(Fe–O) of the carboxylate group [19], respectively.

The Nujol mull electronic absorption spectra of the black
ron–citrazinic acid complex [Fe(HL6)3]·3H2O (Table 2) gave
harge transfer bands at 42,105 and 37,175 cm−1, and a visible
and at 21,739 cm−1 as well as the room temperature magnetic
oment value μ = 6.1 BM, which suggests an octahedral struc-

ure of high-spin state [18] as shown in Fig. 3.

.4. Iron–5-(phenylazo)citrazinic acid complex

The IR spectra of the iron–5-(phenylazo)citrazinic acid com-
lex gave a well-defined band at 3460 cm−1 due to ν(OH) of
he citrazinic ring or to water molecules [14,15]. The bands at
164, 3097, 1740, 1645, 1525, 1455 and 1410 cm−1 are due to

(N–H) of the citrazinate nucleus, hydrazo group, ν(C O) of
he keto group, ν(C N), ν(N N), νas(COO−) and νs(COO−),
espectively. The appearance of the two bands at 428 and

Fig. 2. Suggested structure of the iron(III)–uracil complex. F
Fig. 3. Suggested structure of the iron–citrazinic acid complex.

63 cm−1 are due to ν(Fe←O) and ν(Fe–O) of the carboxy-
ate group, respectively [19].The Nujol mull electronic absorp-
ion spectra of the brownish yellow [Fe(HL7)3]·2H2O iron–5-
phenylazo)citrazinic acid complex (Table 2) gave three bands at
6,866, 23,426 and 20,779 cm−1. Its effective room temperature
agnetic moment value (μ = 5.96 BM) typified the existence of

n octahedral spatial structure of high-spin state [18]. Thus, the
tructure of this complex is suggested as shown in Fig. 4.

.5. Mössbauer spectroscopy of iron complexes

The obtained isomer shift values for the iron–uracil and
ron–5-(m-nitrophenylazo)citrazinic acid complexes (δ = 0.3616
nd 0.3488 mm/s), respectively, are less than those reported for
igh-spin Fe(III) complexes (δ = 0.5–0.7 mm/s) [20], probably
ue to the increase in the electron density at the nucleus or
ue to the increase in covalency character of the bond between
ig. 4. Suggested structure of the iron–5-(arylazo)citrazinic acid complexes.
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he appropriate symmetry. The symmetry of the charge dis-
ribution around the iron nucleus results in a decrease in the
lectronic field gradient at the position of the nucleus. This
eads to a decrease in the quadrupole splitting (�EQ = 0.6624,
.4384 and 0.7008 mm/s, respectively) for the iron–uracil,
ron–citrazinic acid and iron–m-(nitrophenylazo)citrazinic acid
omplexes, respectively.

.6. IR and electronic spectra of cobalt, nickel and copper
hiouracil complexes

The following equation is given to explain the mechanism of
omplexation for 1:2 complexes:

M2+ + 2H2L → M(HL)2+ 2H+,

M = Co, Ni or Cu, L = L2, L3, L4 or L5

he IR spectra show the following characteristic features:

1) The ν(OH) band at 3526 cm−1 of thiouracil is shifted to
3324, 3370 and 3402 cm−1 in the corresponding Co(II),
Ni(II) and Cu(II) complexes, respectively, probably due
to the presence of water molecules in these complexes
[21].

2) The doublet ν(N–H) bands of thiouracil at 3130 and
3042 cm−1 are absent in the cobalt complex. These are seen
at 3080 and 3160 cm−1 in the Ni(II) and Cu(II) complexes,
respectively, to identify M–N interaction [22].

3) The ν(C O) and ν(C N) bands of thiouracil at 1696 and
1620 cm−1, respectively, are affected on complexation. In
the Co(II) complex, the first band is absent and the second
band is shifted to 1585 cm−1. However, in the Ni(II) com-
plex, both bands appeared at 1645 and 1580 cm−1. For the
Cu(II) complex, the two bands shift to 1645 and 1595 cm−1,
respectively. These data verify M–O interaction.

4) A new δ(OH) band appeared for the Co(II) complex at
1340 cm−1. This band is at 1350 and 1335 cm−1 in Ni(II)
and Cu(II) complexes, respectively [23].

The Nujol mull electronic absorption spectral bands of the
obalt–thiouracil complex [Co(HL)2]·3H2O (Table 2), gave
harge transfer bands at 45,662 and 37,736 cm−1, and visible
–d electronic spectral bands at 22,727 and 17,857 cm−1, and
magnetic moment value of 5.1 BM, typical of an octahedral

patial configuration of high-spin state [23,24].
The Nujol mull electronic absorption spectra of the green

i(II)–thiouracil complex [Ni(HL2)2]·3H2O (Table 2), gave
our bands at 47,170, 35,842, 22,988 and 19,685 cm−1, probably
ue to octahedral spatial configuration. The [Ni(HL2)2]·3H2O
omplex has an effective room temperature magnetic moment
alue of 3.1 BM, reflecting spin–orbit coupling in an octahedral
onfiguration.

The electronic absorption spectrum for the pale blue 1:2

opper(II)–thiouracil complex [Cu(HL2)2]·H2O, gave three
ands at 36,900, 27,397 and 19,763 cm−1, which may be
ssigned to square-planar D2h symmetry of the Cu(II) complex
25]. The effective room temperature magnetic moment value

o
[
3

Fig. 5. Suggested structure of metal–H2L2 complexes.

quals 1.8 BM. All of the data suggest a square-planar geometry
or such complexes.

Thus, the bidentate nature of thiouracil is suggested and its
omplexation to the metal is given through oxygen and nitrogen
toms as shown in Fig. 5.

.7. IR and electronic spectra of 5-(phenylazo)thiouracil
nd its metal complexes

The IR spectra show the following characteristic features:

1) The broad ν(OH) band at 3470 cm−1 of the free ligand is
shifted to 3440, 3425 and 3420 cm−1 in the corresponding
Co(II), Ni(II) and Cu(II) complexes, respectively, probably
due to the presence of water molecules in these complexes
[21].

2) The doublet ν(N–H) bands of the free ligand at 3110 and
3070 cm−1 shift to 3165 and 3050 cm−1 for the Co(II) com-
plex. However, both shift to 3155 and 3065 cm−1 for the
Ni(II) complex and for the Cu(II) complex to 3140 and
3050 cm−1. Thus, the imino nitrogen acts as a chelation
site [26,27].

3) The ν(C O) band of the free ligand at 1700 cm−1 is red-
shifted to 1660, 1675, and 1675 cm−1 in the corresponding
Co(II), Ni(II) and Cu(II) complexes, respectively, due to
complexation with the metal ion [27].

4) The ν(N N) band of the ligand at 1510 cm−1 is shifted
slightly on complexation to 1520, 1530 and 1530 cm−1 in
the Co(II), Ni(II) and Cu(II) complexes, respectively, i.e. no
M-azo bonding exists [26,27].

5) The δ(OH), γ(OH), δ(NH) and ν(C–N) modes of vibrations
of the free ligand are affected on coordination with the metal
ions to suggest that the oxygen and nitrogen N(3) atoms are
considered as centers for complexation [27].
The Nujol mull electronic absorption spectral bands
f the orange cobalt–5-(phenylazo)thiouracil complex
Co(HL3)2(H2O)3] (Table 2), gave charge transfer bands at
9,683 and 31,746 cm−1. The visible d–d electronic spectral
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Fig. 6. Suggested structure of metal complexes 5-(arylazo)thiouracil.

ands observed at 23,810 and 19,569 cm−1 and the room
emperature magnetic moment value of 5.2 BM prove that this
omplex exists in an octahedral complexation. The ligand is
onded to Co(II) via the N(3) nitrogen adjacent to the carbonyl
roup and via the oxygen atom. The electronic spectral data of
he Ni(II) complex [Ni(HL3)2(H2O)3] (Table 2), gave electronic
pectral bands at 34,483 and 29,499 cm−1 due to charge transfer
lectronic transitions of the free ligand. The bands at 22,727
nd 20,000 cm−1 and the effective room temperature magnetic
oment value of 3.2 BM support the octahedral complexation

or this complex [28]. The ligand is bonded to Ni(II) ion through
he oxygen and nitrogen N(3) atoms of the pyrimidine ring. The
-(phenylazo)thiouracil–copper complex [Cu(HL3)2]·2H2O
ave bands at 46,512, 37,037 and 21,798 cm−1. The room
emperature magnetic moment for the copper complex is
.9 BM. All of these data identified square-planar geometry
27].

So, the bidentate nature of 5-(arylazo)thiouracil is suggested
nd its complexation to the metal occurs through oxygen and
itrogen atoms as shown in Fig. 6.

.8. Electron spin resonance of copper complexes

The room temperature polycrystalline X-band ESR spec-
ra of Cu(II) (HL2)2·H2O, Cu(II) (HL3)2·2H2O and Cu(II)
HL3)2·2H2O gave similar spectral patterns. All complexes are
f broad signals due to polymeric property. The data are of
sotropic nature with gs values at 2.14, 2.13 and 2.16 and A
alues at 225, 250 and 200, respectively. [29]

.9. Calculation of the coordination bond length

The calculations are based on recording the change in the
requency of the band positions of the free ligand with respect
o its complexes. If it is suggests that the C N or C O groups
btained by tautomerism are bonded to the metal ion, the coordi-
ation bond length (r) can be determined from the relation [30]
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Table 4
Thermal properties of iron–uracil, iron–citrazinic acid and cobalt–thiouracil complexes

Complex Tm (◦C) n �E (kJ mol−1) αm Z (s−1) �S* (kJ K−1 mol−1) �H* (kJ mol−1) Weight of the
product (mg)

Fe(HL1)3·3H2O
105 1.03 43.28 0.627 4.76 0.253 95.66

18.1340 0.83 90.18 0.659 6.07 0.250 156.35
410 1.18 128.62 0.600 7.81 0.254 173.48

Fe(HL6)3·3H2O

90 1.02 35.93 0.626 4.10 0.254 92.19

13.9
220 0.93 33.896 0.735 2.80 0.260 128.02
365 0.82 98.73 0.664 6.39 0.225 162.67
440 1.18 295.0 0.602 17.79 0.247 176.32

Co(HL2)2·3H2O

175 0.98 218.74 0.636 22.32 0.242 108.24

10.3
265 0.92 97.69 0.650 7.58 0.252 135.64
410 1.11 133.56 0.614 9.20 0.252 152.93
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423 0.996 209.75 0.630

he Tm, n, �E, αm, Z, �S* and �H* values are assigned to sample temperatu
ecomposed substance fraction, collision factor, entropies of activation and enth

ν is the shift in the oscillator frequency (νligand− νcomplex),
nd α is the bond polarizability. The α values were computed
ased on published data for complexes with a similar pyrimidine
ompound to our complexes [31]. These are 48.61, 46.59 and
2.50 for cobalt, nickel and copper, respectively; a is the lattice
onstant of the metal salt [a = 3.5, 3.524 and 3.614 for cobalt,
ickel and copper, respectively] [32]; νx=y the frequency of the
scillator with a double bond [ν(C N) and ν(C O), respec-
ively]; νx−y the frequency of the oscillator with a single bond
ν(C–N) and ν(C–O), respectively]; 	 is the length of the oscil-
ator coordination to the metal ion. A literature survey for uracil
nd pyrimidine complexes shows that the most prominent fea-
ure is that the N(3)–C(4) distance is 1.364 Å and the O–C(4)
istance is 1.257 Å [33].

In the present work, one can use these values as the 	 param-
ter in the calculation [33]. From such data, the r-values for the
ond between the metal and the nitrogen atom of the C N group
nd the oxygen atom of the C–O group are computed [34].

Table 3 collects the values of the frequency shift, �ν

νligand− νcomplex), νx−y and r (Å). For the thiouracil complexes,
he values of the calculated coordination bond length of the tran-
ition metal complexes decrease in the sequence either to the
xygen or the nitrogen atom:

i < Co < Cu

or the octahedral Co(II) and Ni(II) complexes, the coordination
ond lengths are smaller than that of the square-planar Cu(II)
omplex. In general, the M–N bond length is longer than that
f M–O. This is attributed to the electronegativity difference
etween the oxygen and nitrogen atoms. Also, square-planar
omplexes (e.g., copper) have longer bond lengths than octa-
edral ones (e.g., cobalt and nickel). Thus, the geometry of the
omplex compound plays a major factor for controlling such
rends. In turn, the flexibility factors assist such behaviour.
.10. Differential thermal analysis (DTA)

The DTA curves of the octahedral iron complexes obtained
rom H2L1 and H2L6 of the stoichiometry [Fe(HL)3]·3H2O
2.79 0.250 173.17

hich the peak DTA deflection occurs, reaction order, activation energy, value
of activation, respectively.

howed well-defined strong endothermic peaks. These peaks are
t 105, 340 and 410 ◦C for the [Fe(HL1)3]·3H2O complex, while
he [Fe(HL6)3]·3H2O complex gave four peaks at 90, 220, 365
nd 440 ◦C. The peaks at 90 and 105 ◦C are due to dehydration
f water molecules in the outer sphere of the two complexes.
owever, the second peak at 220 ◦C in the thermogram of the

ron–citrazinic acid complex may be due to the formation of
ome decomposition products. On the other hand, the last two
eaks of both complexes represent their decomposition to Fe2O3
s a final decomposition product [17]. Calculation of the thermal
nalysis data, ln �t against 1000/TK plots, gives best-fit straight
ines for all peaks. The thermal parameters were calculated and
oth complexes decompose via first order reactions.

The octahedral cobalt–thiouracil complex [Co(HL2)2·2H2O]
2O gave an endothermic peak at 175 ◦C probably due to dehy-
ration of water molecules in the inner sphere of the complex.
he second peak at 265 ◦C may be due to the formation of some
ecomposition products, while the last two peaks at 410 and
23 ◦C indicate the formation of CoO as the final product [22].
he ln �t against 1000/T plots give straight lines for all peaks.
ll the thermodynamic parameters were evaluated as shown in
able 4.
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