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ABSTRACT 

Mixed ligand complexes of the type MLL’+nH,O, where M = CofII), Ni(II) or Cu(II), 
L = acetylacetone, benzoyfacetone or dibenzoyImethane and L’ = l-phenyl-3-methyl-4- 
benzoyl-2-pyrazoline-5-one, have been synthesized by the reactions of two different ligands L 
and L’ in aqueous alcoholic medium. The pyridine adducts of the mixed ligand complexes 
[MLL’(py)z] have also been synthesized and all complexes are suitably characterized. 
Thermal studies of the mixed ligand complexes and their pyridine adducts have been carried 
out to determine their mode of decomposition. apparent activation energy and the order of 
each thermal reaction. Infrared and thermogravimetric analyses suggest that two water 
molecules are present in the coordination sphere of the Co(I1) and Ni(I1) mixed ligand 
complexes showing that they are paramagnetic and octahedral in geometry. 

INTRODUCTION 

The /3-diketones are well known ligands capable of formation of stable 
complexes with various metal ions [l-4] which have the general structure 

(I) 

where R, R’, R” = H, alkyl or aryl group, n = oxidation number and 
M = metal ion. Less well characterized are the complexes of pyrazolone 
which are of the type [5,6] 
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where R = H, alkyl or aryl group and R’ = C, H,. 4-Acyl pyrazolones-5 are a 
class of potentially bidentate ligands which were originally investigated by 
Jensen [5] as reagents for radiochemical separations. These molecules are 
similar to /3-diketones since in both classes keto-enol tautomerism is possi- 
ble. Pyrazolone and its derivatives have been used widely as potential 
fungicides [7,8]. A literature survey revealed that only binary metal chelates 
have been formed from the ligands type I and II. In this work it was of 
interest to determine the nature of the mixed ligand complexes which form 
when a heterocyclic P-diketone and aliphatic P-diketone compete for coordi- 
nation sites with bivalent metal ions. In the present communication we 
report the preparation and detailed investigations of some mixed ligand 
complexes of Co(H), Ni(I1) and Cu(I1) and their pyridine adducts. 

EXPERIMENTAL 

Chemicals 

Acetylacetone, benzoylacetone and dibenzoylmethane (Fluka) were used. 
1-Phenyl-3-methyl-2-pyrazoline-5-one and benzoyl chloride were obtained 
from Aldrich Chemical Co., U.S.A. All metal salts, pyridine (BDH) and 
sodium acetate were of AR grade. DMF, ethanol, methanol and chloroform 
were purified by distillation before use. 

Synthesis of the ligand 

The ligand, l-phenyl-3-methyl-4-benzoyl-2-pyrazoline-5-one (Hpmbzp) 
was prepared from 1-phenyl-3-methyl-2-pyrazoline-5-one and benzoyl chlo- 
ride as reported earlier [9]. 

Preparation of mixed ligand complexes 

[M(pmbzp)(acac)] - nH,O, [M(pmbzp)(bzac)] . nH,O and [M(pmbzp)(db- 
m)] - nH,O complexes were prepared by adding a methanolic solution of 
l-phenyl-3-methyl-Cbenzoyl-2-pyrazolil;le-5-one (0.01 M, 50 ml) and 
acetylacetone, benzoylacetone (0.02 M, 25 ml) or dibenzoylmethane (0.01 M, 
50 ml) to an aqueous solution of metal salt (0.02 M, 25 ml) in a 1 : 1 : 1 ratio. 
After mixing, the pH was raised by sodium acetate solution (1 M) to - 5.5. 
The reaction mixture was stirred well and refluxed for 6 h. Upon cooling, 
solid complexes separated out. These were filtered by suction and washed 
with hot water and ethanol and stored over P,O,,. 

Preparation of pyridine adducts of mixed ligand complexes 

For [(pmbzp)(acac)(py),lCo(II) or WI), [(pmbzp)(bzac)(py),lCo(II) or 
Ni(I1) and [(pmbzp)(dbm)(py),]Co(II) or Ni(II), a solution of pyridine (0.5 
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ml) in 10 ml ethanol was added to a suspension of (1 g) mixed ligand 
complexes of Co(I1) or Ni(I1) in 50 ml ethanol. The reaction mixture was 
stirred well and refluxed for 4-6 h. Coloured complexes separated out on 
cooling. They were filtered, washed with ethanol and dried over P,,O,,. 

Analytical methods 

Microanalyses for C, H and N were done by the microanalytical unit of 
the Department of Chemistry, Calcutta University, Calcutta. Metal analyses 
were carried out by standard procedure [lo]. TLC analyses were done on 
silica gel G (Sichem) using a chloroform-ether (5 : 3) mixture as eluent. 
Magnetic susceptibilities were determined by the Gouy method. Conduc- 
tance measurements were obtained on a Systronics model 302 conductivity 
bridge. Infrared spectra in the region 4000-400 cm-’ were recorded in the 
solid state (KBr pellets) on a Perk&Elmer IR spectrophotometer. The 
electronic spectra of the complexes were taken in chloroform on a Beckman 
DB-GT UV-visible spectrophotometer at room temperature in the range 
340-1200 nm. Thermal studies were done with a Mettler M-3 thermobalance 
(Switzerland) with a TA-3000 microprocessor at a heating rate of 10°C 
mine1 in air, using 5-10 mg samples. The thermobalance and temperature 
calibration (with Pt-100) were checked by the standard samples supplied by 
the Mettler Company. A Beckmann thermometer was used to determine 
molecular weight by a cryoscopic method. 

RESULTS AND DISCUSSION 

The analytical data and physical constants of the mixed ligand complexes 
are listed in Table 1. All the complexes are soluble in common organic 
solvents. The complexes are paramagnetic and their molecular weights 
suggest a monomeric nature. Low conductance in chloroform solution at 
room temperature indicates that the complexes are non-electrolytes. TLC of 
the mixed ligand complexes was performed, and single spots were observed 
for all the complexes. This indicates that they are single mixed ligand 
complexes and not mixture of the corresponding binary complexes. 

Cobalt(H), nickel(H) and copper(I1) aqueous solution on being treated 
with one mole each of Hpmbzp and acac, bzac, or dbm in alcoholic medium 
at specific pH, results in the formation of the mixed ligand complex III. 

Mapzetic measurement studies 

The cobalt(I1) mixed ligand complexes and their pyridine adducts exhibit 
magnetic moments in the range 4.38-5.23 BM indicating that they have very 
high orbital contributions. This high orbital contribution is attributed to the 
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IIIb : R=R’: -C& 

IIIc~ Rz-CH3 and d:-CgH5 

three fold orbital degeneracy of the 4r1p ground term. These results indicate 
the distorted octahedral geometry of the cobalt(II) complexes. 

The mixed ligand complexes of nickel(I1) are light green in colour, 
whereas their pyridine adducts are sky blue to light green. These complexes 
are high-spin and have magnetic moments ranging from 2.97 to 3.4 BM 
depending on the magnitude of the orbital contribution [ll], indicating that 
they are not square planar. 

The mixed ligand copper(I1) complexes exhibit magnetic moments rang- 
ing from 1.82 to 1.85 BM co~esponding to one unpaired electron. 

Visible spectral studies 

Cobalt in the complexes [Co(acac)(pmbzp)] . nH,O [C~bzac)(pmbzp)] . 
nH,O, [Co(dbm)(pmbzp)] - nH,O and the pyridine adduct compounds has a 
coordination number of six and the expected geometry is a distorted 
octahedron. The ground state of octahedrally coordinated Co(H) is 47’1p. The 
three transitions should take place, i.e. 4T,B(Fj -+ 4 T&, 4A2g and 4T1g(Pj. In the 
electronic spectra of cobalt(I1) complexes two absorption bands are observed 
around 20,600 and 8,500 cm-’ regions, assignable [12] to an octahedral 
environment. Nickel(H) mixed ligand complexes and their pyridine adducts 
exhibit two bands at 16,000-15,115 cm-’ ~~(~2”~~~~) + 3A,,) and 
10,526-10,309 cm-’ Y~(~T~ 
erly below 25,000 cm-’ 

+ 3_4.& The third band is not resolved prop- 
v3( $ Z”lgcPo +- ‘A& It may be a charge transfer band. 

These regions are assignable to the characteristics of an octahedral environ- 
ment. Copper(I1) mixed ligand complexes show one broad band at - 14,925 
cm-‘, which is attributed to a combination of three transitions in square 
planar stereochemistry. 
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Infrared spectral studies 

Examination of the infrared spectra of the mixed ligand complexes shows 
the disappearance of the -OH ligand band near the 2700-2600 cm-’ region, 
indicating the replacement of protons from both the ligands during complex 
formation. In all mixed ligand complexes there are two bands observed at 
1610 and 1580 cm-‘, corresponding to the C=O stretching frequency of 
pmbzp and acac, bzac or dbm, respectively, in which there is delocalization 
of 7r-electrons. Similarly, two sharp bands observed at 1570 and 1560 cm-’ 
may be due to the C=C stretching mode of aliphatic /3-diketones and pmbzp, 
respectively. The C=N (cyclic) stretching observed at 1590 cm-’ of the 
pmbzp ligand does not undergo any change in the complexes, ruling out 
coordination through this nitrogen. The infrared spectra of cobalt(I1) and 
nickel(I1) mixed ligand complexes before heating and after heating at 120 o C 
show a broad band in the region 3400-3240 cm-‘, indicative of the presence 
of the coordinated water molecules [13], whereas in all copper(I1) complexes 
this band is absent. This band disappears in pyridine adduct complexes of 
cobalt(I1) and nickel(II), indicating that two water molecules have been 
replaced by pyridine molecules. The octahedral geometry of the complexes 
accounts for the association of two water or pyridine molecules with the 
metal ion. 

Thermal studies 

The use of thermogravimetric data to evaluate kinetic parameters of solid 
state reactions involving weight loss has been investigated by a number of 
workers [14-161. We followed the method of Broido [17]. This is a simple 
sensitive graphical method of treating TGA data. The kinetic parameters of 
each decomposition step were calculated from TG curves, and are presented 
in Table 2. The probability that a molecule possesses energy in excess of an 
amount E per mole, at a temperature T is related to the Boltzmann factor 
eeEIRT where R is the molar gas constant. The reaction rate is dependent 
upon the product of A, which is the frequency factor and eeEiRT. Thus the 
decomposition equation of a first order reaction of the type A(,) + Bcs, + CcpJ 
will be K=Ae- . E’RT For a first order reaction, i.e. n = 1, this equation 
takes the form ln(ln(l/y)) = - (E/R)(l/T) + constant, where the fraction 
not yet decomposed, (i.e. residual weight fraction) y = (F - W,)/( W, - 
W,), w is the weight of the substance at temperature t, W, is the weight of 
the substance at initial stage, and W, is the weight of the residue at the end 
of decomposition. 

TG curves are shown for all mixed ligand complexes in Fig. 1. The 
TG/DTG curves of complexes [(pmbzp)(dbm)]Co(II) or Ni(I1) . nH,O, 
[(pmbzp)(dbm)(Py),]Co(II) or Ni(I1) (Fig. 2) show three decomposition 
steps. In [(pmbzp)(dbm)]Co(II) . nH,O, a first step begins at 36 o C, and the 
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TABLE 2 

Kinetic parameters of mixed ligand complexes and their pyridine adducts 

Compound 

[(pmbzp)(acac)lCu(II> 

Step Temperature (O C) Step analysis 

Start Peak End Wt. Loss (%) Activation energy 

(kcal mol-‘) 

I 145 221 244 6.1046 12.7 
18.5 
16.7 
10.5 
11.7 

9.3 
5.6 

22.8 
11.9 

9.4 
21.4 
11.7 

5.3 
18.8 
18.3 
10.9 
15.5 
11.3 

7.5 
18.4 
11.4 

2.0 
5.5 
8.4 
4.7 
4.0 

10.6 
15.6 
28.5 
16.8 

5.9 
14.1 
13.2 
13.3 
13.7 
11.3 
13.6 

7.3 
10.4 
6.0 

10.4 
13.1 
13.2 
4.5 

15.2 

II 244 311 41.5 37.7910 
III 415 451 589 47.1950 
I 143 258 279 16.3110 
II 219 311 393 24.6780 
III 393 487 566 46.2010 
I 120 223 230 3.6393 
II 230 310 402 46.9200 
III 402 412 590 40.6890 
I 48 156 182 7.1677 
II 300 349 423 44.6450 
III 423 516 556 38.9840 
I 38 41 162 8.0182 
II 270 342 399 42.9410 
III 399 433 545 37.3360 
I 54 125 180 7.7816 
II 264 345 400 46.3677 
III 400 473 551 33.2513 
I 3x 79 130 10.6090 
II 265 376 405 38.5200 
III 405 480 554 41.5040 
I 36 56 174 13.9080 
II 197 280 306 7.8161 
III 306 375 530 64.0230 
I 36 61 71 5.7326 
II 75 102 191 6.7348 
III 192 383 544 75.3060 
I 112 198 210 8.3890 
II 210 347 405 47.186 
III 405 523 439 36.791 
I 111 204 253 15.6990 
II 253 343 418 44.7040 
III 418 475 522 26.902 
I 48 178 188 7.7822 
II 188 341 375 47.5439 
III 375 427 528 36.3491 
I 115 170 183 5.7544 
II 183 221 294 12.1400 
III 294 370 580 72.8630 
I 125 182 205 7.0177 
II 205 262 311 19.7033 
III 311 434 509 59.9810 
I 97 162 261 21.738 
II 261 293 301 6.2334 
III 301 372 495 63.747 
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(b) 

Temperature (“Cl 

Fig. 1. TG curves for mixed ligand complexes. (a) [(pmbzp)(acac)(H,O),]M(II), 
(b)[(pmbzp)(bzac~H~O)~]M(II), (c)[(pmbzp~dbm~H~O)~]M(II), where M(H) = Co(H) or 
Ni(II) and m = 2, and M(H) = Cu(I1) and m = 0. A’, B’ and C’ are the base lines. 

peak temperature is 61’ C, indicating that water molecules may be present 
outside the coordination sphere in this compound. In other compounds, the 
weight loss observed in the range 75-191°C may suggest the presence of 
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Wrtaht aokn - 

Fig. 2. TG/DTG curves for mixed Iigand compiexes. {a) [(pmbzpXdbm)(H,U),]Co(II)- H,O, 
(b) f(pmbzp)CdbmXw) 2 YWI), tc)[(pmb2p)(dbm~H~O) 2 IWII), (4 [(pmbzp)tdbm)(py) 2 l- 
Ni(II). 

water molecules inside the ~or~nation sphere. In pyridine adduct com- 
pounds the first decomposition step begins only at z 110 o C, indicating the 
absence of any water molecules. From the step analysis of DTG curves, it 

was observed that there are three steps in the decomposition of each 



- .[fPmbzP)fabm)]Cu(II) 

_I +‘* \. -:[[PmbZD)(aCaC)(H20)2] Nit111 
+0.8- - C(PmbzP,(bzoC)(H,O)Ni(II) 

+a4- dd- [(PmbzP)(dbmifH20)2]NiiiI) 

00 -‘lipmbz~jioCoCi(P~)~]Ni(iI) 

-O4- -‘-‘-:~Pmb~P)(btOC~(py)2]N~(II) 

1 

-0s 

-1.2 I 

-:t(PmbzP)(dbml(py)2lN~(11) 

-3.2- 

-3.s 

-40 
;12 113 i4 15 1!5 17 lk $9 $0 it 

l/T x 103_ 

I/T X d- 

Fig. 3. Plots of ln(ln(l/~)) vs. l/T for mixed &and complexes. 

compound. The decrease in weight with increase in temperature corresponds 
to the formation of a 1: 1: 1 complex after the loss of two different ligand 
molecules. These intermediates formed after the first weight loss have been 
confirmed on the basis of their elemental analyses and infrared spectra. At 
- 550°C the stable metallic oxide was formed. The plot of ln(ln(l/y)) vs. 
l/T results in a straight line of slope = E/R (Fig. 3). The order of the 
reaction was assumed to be one in all cases. The plots made according to the 
Broido method are found to be linear over the entire range of decomposi- 
tion, and this supplements the assumption regarding the overall order of the 
thermal decomposition reaction. The apparent activation energy was calcu- 
lated for the solid state decomposition reactions 

[MLL’(H,o),] + MLL’ + MO 

[ MLL(I’y),] + MLL’ -+ MO 

[ MLL’] -+ ML -+ ML’ ---z MO 



where M = Co(H) or Ni(II) for the first and second reactions, and M = 
Cu(II) for the third. 

The thermal decomposition range and the calculated apparent activation 
energy are presented in Table 2. It is observed from activation energy data 
that the activation energy of I-I,0 outside the coordination sphere is less 
than that for H,O which bonds to metal atom, i.e. inside the coordination 
sphere. Similarly, in the pyridine adduct compound the activation energy of 
the first step is higher than that of water coordinated compounds. This 
indicates that the M-N bond is more stable than the M-OH, bond. The 
thermal stability order of the metal chelates Ni(I1) > Cu(I1) > Co(I1) was 
derived from the activation energy values obtained from Broido curves. 
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TABLE 3 

Magnetic susceptibilities, electronic spectral bands, their assignments and the stereochemistry 
assigned to some mixed ligand complexes and their pyridine adducts 

t(pmbzp)(acac)lCu(rI) 
~(pmbzp)(bzac)~~u(II) 
I(pmbzp)(dbm)~Cu(II) 
~(pmbzp)(acac~H ,O) a ICoW) 

Compound hff h Inax Band assign- Stereochemistry 

(BM) (cm-‘) ments assigned 

1.82 Square planar 

1.85 Square planar 
1.84 Square planar 
4.59 Octahedral 

14,925 
15,925 
14,925 

8,500 
20,600 

8,584 
20,000 

8,695 
19,607 
10,309 
15,115 
10,416 
15,385 
10,471 
15,504 

8,700 
19,608 

8,500 
20,250 

8,600 
20,400 
10,450 
15,873 
10,500 
15,400 
10,600 
15,100 

[(pmbzp)(bzac)fH20)21~ofIIf 4.38 

[(pmbzp)(dbm)(HaO),]Co(II)-Hz0 4.41 

KpmbXaWW,O) 2 IWII) 2.91 

[(pmbzp)(bzac)(H,O),INi(II) 3.22 

KpmbzpXdbmXH 20) 2 IWW 3.36 

KpmbzpXbWWh IWII) 4.98 

KpmbzpXdWW2 ICoW) 5.23 

[(pmbzp)(acac)(py),lNi(II) 3.02 

KpmMW=%py) z IWI) 3.29 

KpmbzpXdbmXpy)2 NW) 3.46 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedra1 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 
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