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ABSTRACT 

A series of twelve novel chelate complexes of the general type, [M(Cl,Bh),]Cl,, where 
M = Mn, Co, Ni and Bh =-C,H,CONHNH,, was synthesized. Their spectra (IR and 
electronic) and their magnetic susceptibility measurements suggested a distorted octahedral 
structure in the solid state. 

Thermal investigations of the complexes using TG/DTG were carried out in a nitrogen 
atmosphere to determine their mode of decomposition. The thermal stability of the ligand is 
the determining factor in the thermal stabilities of the complexes, which follow the series 
3,4-C1,Bh > 2,4-C1,Bh > 2,5-C1,Bh > 3,5-Cl,Bh. 

INTRODUCTION 

With the knowledge of the significant applications of the benzoylhydra- 
zines and their coordination compounds to analytical chemistry [l], coordi- 
nation chemistry and pharmacology [2-51, a research project [6-81 started 
several years ago. In this, a number of monohalogen-benzoylhydrazines and 
their complexes with Co(I1) and Ni(I1) ions were synthesized and studied 
spectroscopically. As a continuation of our previous work we report here a 
series of twelve novel chelate complexes of the general type, [M(x, y- 
Cl,Bh),]Cl,, where M = Mn(II), Co(I1) or Ni(II), x, y = 2,4-, 2,5-, 3,4- or 
3,5- and Bh = -C,H,CONHNH,. In order to study the structure and 
bonding of the dichlorobenzoylhydrazines, we describe the spectral data (IR 
and electronic), the conductivity and magnetic susceptibility measurements 
and the behaviour of the above-mentioned complexes in solutions of organic 
solvents. In particular, we focus our attention on the thermal behaviour of 
the compounds in question by applying the TG/DTG technique in a 
nitrogen atmosphere. A literature survey revealed that thermal studies on 
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transition metal benzoylhydrazine complexes are limited to two papers 
[9,10]. In ref. 9 the thermal stabilities of hydrated unsubstituted benzoyl- 
hydrazine complexes are reported, while in ref. 10 the researchers found that 
the compounds decomposed exothermally. 

EXPERIMENTAL 

Preparation 

The dichlorobenzoylhydrazines and their complexes were prepared by 
known methods [6-81. 

Physical methods 

IR spectra, in Nujol mulls and KBr matrix, were recorded in the 4000-200 
cm-’ range on a Perkin-Elmer 1430 spectrophotometer calibrated against 
polysterene film. Electronic absorption spectra were recorded in the region 
200-800 nm at ca. 25°C in different solvents using a Perkin-Elmer model 
200 spectrophotometer. The magnetic susceptibility measurements were 
performed at ambient temperature on an Alpha Scientific Inc. system 
employing the Faraday method with Hg[Co(SCN),] as calibrant. The con- 
ductivity measurements were carried out with a WTW conductivity bridge 
for freshly prepared lo- 3 M solutions in water at 25 o C. 

Thermogravimetric analyses (TG/DTG) were done on a DuPont Instru- 
ments Series 99 thermal analyser with combined apparatus DuPont Instru- 
ments Series 951 thermogravimetric analyser. The measurements were per- 
formed in a dynamic atmosphere of nitrogen at a flow rate of 60 ml min-’ 
up to 800 o C. The heating rate was 10 o C min-’ and the sample weight was 
about 10 mg. 

RESULTS AND DISCUSSION 

The formulae of the ligands and the complexes obtained together with 
analytical data and some physical properties are reported in Tables 1 and 2. 
The complexes possess 1:3 metal to ligand stoichiometry in all cases. 
Substitution reactions of halogen and conductivity measurements suggest an 
ionic character of the complexes. The molar conductivity of the complexes 
confirms 2 +: 1 - electrolytes. 

The magnetic moment values (Table 2), corrected for diamagnetism using 
Pascal constants, show paramagnetic compounds with distorted octahedral 
symmetry. 
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TABLE 1 

Melting point and analytical data of dichlorobenzoylhydrazines 

Ligand Melting N found C found H found Cl found 
point (talc.) (talc.) (talc.) (talc.) 

(“C) (W) (%) (S) (W) 

2,4-Cl,C,H,CONHNH, 164-165 13.9 (13.9) 41.2 (41.0) 2.8 (3.0) 34.7 (34.6) 
2,5Cl,C,H,CONHNH, 173-175 13.9 (13.9) 41.1 (41.0) 2.8 (3.0) 34.3 (34.6) 
3,4-Cl,C,H&ONHNH, 155-156 13.9 (13.9) 41.0 (41.0) 3.0 (3.0) 34.4 (34.6) 
3,5-Cl,C,H,CONHNH, 195-197 14.0 (13.9) 41.0 (41.0) 2.8 (3.0) 34.5 (34.6) 

IR spectra 

To establish the coordination of the ligands, the IR spectra of the 
complexes were recorded and, for comparison, the spectra of the uncoordi- 
nated ligands. These results are reported in Table 3 and suggest that the 
ligands act as bidentates with the carbonyl oxygen and the nitrogen of the 
amine group at the coordination sites [11,12], forming five-membered chelate 
rings. 

On the basis of IR data and the results of conductivity and magnetic 
susceptibility measurements, a possible octahedral structure of the com- 
plexes is proposed (Fig. 1). 

The real symmetry is, however, distorted octahedral probably as a result 
of the inequality of the M-O and M-N bonds. 

C 

+2 

Fig. 1. Schematic diagram of the proposed octahedral structure of the dichlorobenzoylhydra- 
zinc complexes studied. 
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Electronic spectru 

The distorted octahedral geometry of the complexes studied is further 
supported by their absorption spectra. These exhibit the ligand field bands 
expected for octahedral and pseudo-octahedral structures [13]. The Mn(I1) 
complexes are white, which means the absence of d-d transitions. The 
Ni(II) complexes are light blue in the solid state as well as in solution. The 
ethanolic solution absorption spectra of the dichlorobenzoylhydrazine Ni(I1) 
complexes show three regions of absorption all of weak intensity (E - 11 
mall’ dm3 cm-‘). The first (Yi - 1020 nm) is attributed to the transition, 

3T,,( F) t3AIg( F), while the second (V2 - 600 nm) is assigned to the 
transition, 3r,,( F) +- 3AZg( F). In the third region ( V3 - 400 nm) a unique 
band appears corresponding to the transition, 3r,,( P) + 3A2g( F). 

The Co(I1) complexes studied are pink solids, while in solution their 
colour depends on the “acceptor number” (AN) of the solvent according to 
Gutman et al., [14]. In solvents with AN greater than 20 (water, ethanol or 
chloroform) they have the characteristic pink colour of Co(H) octahedral 
complexes. The electronic absorption spectra in the aforementioned solvents 
show the “red” spectrum, characterized by a broad band with a maximum at 
- 1200 nm, which should be assigned to the 4T2,( F) h4 T,,( F) excitation. 
A second broad band at - 520 nm (Fig. 2a) is attributed to the 4,42,( F) +-- 
4 T,,( F) transition. The shoulder at approximately 450 nm is the beginning 
of a strong charge-transfer band. When the “acceptor number” (AN) of the 
solvents is less than 20 (acetonitrile, acetone, dimethyl sulphoxide, dioxan or 
tetrahydrofuran) the Co(I1) complexes studied have the characteristic blue 
colour of the Co( II) tetrahedral compounds. In addition, when these solvents 
are employed in electronic absorption spectra a new envelope at about 
580-695 nm appears (Fig. 2b) which characterizes the “blue” spectrum 
indicative of the tetrahedral structure. 

Consequently the change in colour should be assigned to the change in 
structure. It has been established that in solvents with AN below 20 the 
halogen coordination is enhanced and in substantial concentrations of halide 

t 

550 600 650 

Wavelength, 

800 

Fig. 2. Electronic absorption spectra of [Co(3,4-CI,Bh),]Cl, in: (a) 5 x 10e3 M ethanolic 
solution (- .-) and (b) 1.25 X 10e3 M acetonitrile solution ( -)- 
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ions the tetrahedral structure predominates. It has also been confirmed that 
the octahedral and the tetrahedral structures in such solvents exist in 
equilibrium. Equilibrium constants for analogous Co(I1) complexes have 
been determined in a previous paper [8]. 

Thermal analyses 

Thermogravimetric studies (TG/DTG) over the temperature range 
50-800” C for both the ligands and the corresponding complexes, were 
carried out in nitrogen to determine their stability and mode of decomposi- 
tion. The thermal analysis curves of representative compounds are depicted 
in Figs. 3-10. The free ligands are found to be volatile in the range 
lOO-25O’C (DTG,, = 220 o C) (Fig. 3a) with total mass loss, with the 
exception of the 3,5-C1,Bh ligand (Fig. 3b) which decomposes at 120-300 o C 

(DTGIIW = 240, 255“C) losing 88% of its weight. This is attributed to the 
evolution of the moiety {Cl,C,H,CO} (calculated 84.8%) while a second 
decomposition occurs at 300-580” C (DTG,,, = 500’ C) leading to an 
empty crucible. 

The decomposition processes of the complexes include various thermal 
effects. The temperature ranges and percentage mass losses of the decom- 
positions, the temperatures of the greatest rate of decomposition (DTG,,,) 
and the theoretical percentage mass losses are presented in Tables 4-6. 

The dichlorobenzoylhydrazine derivatives decompose at 160-300 o C with 
a rapid mass loss (55.2% found) corresponding to the elimination of two 
ligands (55.33% calculated.). The DTG curves of some complexes, e.g. 
[ Mn(2,5-Cl 2 Bh) ,]Cl 2 (Fig. 4) however, show two distinct consecutive steps 
for this decomposition, each one corresponding to the evolution of one 
ligand molecule. 

The second stage (300-380°C DTG,,, = 330’ C) corresponds to the 
evolved moiety { Cl &, H JO}, after breaking of the metal-oxygen and 
carbon-nitrogen bonds, which means that the coordination bond M-O is 
weaker than the corresponding M-N. The third stage (480-650 o C) depends 
on the metal and corresponds to the evolution of the chlorine molecule. The 
residues above 700°C were metallic Mn or Co plus a remaining portion of 
the ligand and, in the case of nickel complexes, metallic Ni or a mixture of 
metallic Ni with NiCl, owing to partial sublimation of the latter [15]. 
Moreover, the thermolysis curve of NiCl 2 at 599-800 o C (DTG,,, = 760 ’ C) 
gave 84% mass loss. 

As a conclusion we can state that the thermal stability of the ligand is an 
important determining factor in the thermal stabilities of the complexes 
which follow the order 3,4-Cl ,Bh > 2,4-C1,Bh > 2,5-C1,Bh > 3,5-Cl ,Bh. The 
thermal stabilities based on the initial decomposition temperatures of the 
investigated complexes with the same ligand depend on the nature of the 
metal and increase in the order Ni > Co 2 Mn. 
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