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Abstract 

The thermal studies of ML. n H,O (where M = Co or Ni, n = 2; M = Cu, n = 1; L = dianion 
of Schiff base derived from salicylaldehyde and glycine, abbreviated as Sal:gly) have been 

carried out in the temperature range 27-500 o C using TG, DTG and DTA techniques. The 
decomposition of the complexes occurs in more than one step between 102 and 390°C. The 
dehydration takes place in the temperature range 102-133, 160-221 and 169-254O C for the 
cobalt, nickel and copper complex, respectively, two moles of water being lost in the cobalt 
and nickel complex, whereas one mole is lost in the copper complex. Dehydration is 
immediately followed by the decomposition of the ligand moiety attached to the metal ion 
giving the metal oxide end product. The kinetic data of the dehydration reaction have also 
been evaluated. The end product in each case has been identified by both far-IR and X-ray 
analysis. 

INTRODUCTION 

Imines (Schiff bases derived from amino acids) have frequently been 
suggested as intermediates in the reaction between pyridoxal vitamin $ 
aldehydes and various amino acids [l]. Furthermore, metal ions demonstrate 
a catalytic effect upon transamination involving vitamin $ [2,3]. These 
concurrent observations seem to indicate that the metal complexes of Schiff 
bases derived from amino acids are found as intermediates in the trans- 
amination reaction with vitamin $ [4]. For this reason, a plethora of 
references describing the metal complexes of such biologically important 
Schiff bases have appeared in the literature during the past few decades 
[5-131. However, nothing is known about the thermal behaviour of such 
complexes. In view of our continuing interest in the thermal behaviour of 
metal chelates of Schiff bases [14,15], we decided to study the thermal 
decomposition of cobalt, nickel and copper chelates of Schiff base derived 
from salicylaldehyde and glycine, with special interest in investigation of the 
kinetics of dehydration of the complexes. 
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EXPERIMENTAL 

Chemicals 

Salicylaldehyde (from HPC) and glycine (from E. Merck) were used 
without further purification. Metal acetates of B.D.H. and AnalaR grade 
were used as supplied. 

Preparation of metal complexes of Schiff base derived from salicylaldehyde and 
glycine 

Cobalt(H), nickel(I1) and copper(I1) complexes of the above stated Schiff 
‘base were prepared as described elsewhere [7-91. The ligand employed in the 
present investigation was prepared in situ by refluxing an aqueous solution 
of glycine (0.01 mol, 0.75 g) and an alcoholic solution of salicylaldehyde 
(0.01 mol, 1.047 ml) for 2 h at 50 o C. To this solution an aqueous solution of 
metal acetate (0.01 mol) was added with constant stirring. The mixture was 
refluxed for 1 h and the volume of the solution was reduced. The products, 
which separated on cooling either immediately or when the reaction mixture 
was set aside for some hours, were filtered, washed with alcohol and ether 
and dried in vacua over P,Os (yields 70-80%). 

Analytical procedures 

Microanalyses for carbon, hydrogen and nitrogen were performed using 
an elementary analyser (CHN-rapid) at the Indian Institute of Technology, 
New Delhi. Cobalt, nickel and copper were determined by atomic absorp- 
tion spectrometer (IL-751) at USIC, University of Roorkee. Analytical data 
of the complexes and their decomposition products are given in Table 1. 

Thermal measurements 

Thermal measurements were carried out using a Stanton Redcroft thermal 
analyser (STA-780 series), which simultaneously records DTA, DTG and 
TG curves. The samples of 7.8-8.1 mg were heated at a rate of 5 o C min-’ 
in a platinum crucible to a temperature of approx. 550°C in static air. 
Alumina was used as a standard reference material. A thermobalance with 
0.01 mg sensitivity was used and the chart speed was maintained at 20 cm 
h-‘. 

IR spectra 

IR spectra of the complexes and decomposition products at different 
temperatures were recorded in a KBr matrix on a Beckman IR 20 spectro- 
photometer in the region 4000-200 cm-‘. 
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TABLE 1 

Analytical data of ML.nH,O complexes and their decomposition products 

Sample Complex “/decom- Colour Elemental analysis: observed (calcd.) 

position product FC) C H N M 
[empirical formula] 

1 CuL.H,O Green > 270 40.65 3.71 5.45 24.37 

WWWul (41.78) (3.50) (5.41) (24.55) 

2 CUL (I) b 
[C,H,NO&u] - - 44.21 2.80 5.72 26.50 

(44.91) (2.93) (5.81) (26.39) 

3 cue c Black - - _ - 79.78 
(79.88) 

4 NiL-2H,O Light green >300 38.50 4.00 5.25 22.67 

W-41N05W (39.75) (4.08) (5.15) (21.59) 

5 NiL (I) b Yellow - 47.00 2.95 5.72 24.75 

(45.82) (3.00) (5.93) (24.89) 

6 NiO ’ Black - - - - 78.60 

(78.58) 
7 CoL.2H,O Brown >300 39.60 4.00 5.21 22.66 

K,H,,NG,Col (39.72) (4.07) (5.14) (21.65) 
8 COL (I) b Grey > 270 46.20 2.98 5.70 24.70 

(45.78) (2.99) (5.93) (24.96) 
9 Co2Gs = Black - - - - 78.70 

(78.64) 

a L is dianion of Schiff base Sal : Sly. 
b Decomposition product (I). 
’ End product. 

X-ray diffraction 

The X-ray diffraction patterns of the end products were taken with a 
Phillips diffractometer using Cu Ka radiation and a nickel filter at 35 kV. 

RESULTS AND DISCUSSION 

Stoichiometry and stereochemistry 

The composition and structure of the complexes ML - nH,O given in Fig. 
l(A) and (B) were confirmed using the methods reported in the literature 
[7-91. The elemental analysis revealed (Table 1) 1: 1 metal to ligand 
stoichiometry for all three complexes which are insoluble in common organic 
solvents such as benzene, acetone, acetonitrile and chloroform, but soluble 
in coordinating solvents such as dimethylformamide (DMF) and dimethyl- 
sulfoxide (DMSO). The analysis also indicated that the cobalt and nickel 
complexes contain two molecules of water whereas the copper complex has 
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Fig. 1. Structure of CuL. H,O and dimeric ML.2H,O complexes (where L = dianion of 
Sal : gly; M = Co or Ni). 

only one. The appearance of IR bands at 3400,925 + 5, and 740 f 10 cm -’ 
indicates the presence of coordinated water [ll]. The bands are assigned to 
the YO-H, rocking and wagging modes of the coordinated water [ll]. The 
60H at = 1600 cm-’ has also been assigned but it overlapped with the 
v,~COO at the same frequency. This is further confirmed by thermal decom- 
position data (Figs. 2-5). 

The complexes lose their water molecules in one step which is im- 
mediately followed by a single- or two-stage decomposition of the ligand to 
give the end product. Figures 3-5 show the TG, DTG and DTA curves of 
cobalt, nickel, and copper complexes, respectively. The various stages are 

discussed below. 
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Fig. 2. TG curves of ML-nH,O complexes. 
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Fig. 3. DTA, TG (W weight loss) and DTG curves of CoL*2H,O. 

Dehydration 

It is evident from the TG curves (Figs. 2-5) that the cobalt complex is 
stable up to 102” C, whereas nickel and copper complexes are stable up to 
160 and 169” C, respectively. The dehydration extends up to 133” C for 
cobalt, 211” C for nickel and 254” C for the copper complex, and corre- 
sponds to the loss of two water molecules per cobalt or nickel ion and one 
water molecule per copper ion. The observed weight losses are 13.84, 13.58 
and 7.4%, compared with the calculated values of 13.24, 13.25 and 6.96% for 
the cobalt, nickel, and copper complexes, respectively. This is observed in 
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Fig. 4. DTA, TG (5% weight loss) and DTG curves of NiL-ZH,O. 

the DTA (endothermic peak) and DTG curves as peaks at 120, 127” C, 
respectively, for the cobalt complex (Fig. 3); 215 and 204” C, for the nickel 
complex (Fig. 4); and 254 and 264O C, for the copper complex (Fig. 5); 
giving ML as an intermediate (I). 

Ligand decomposition 

The decomposition of the ligand takes place immediately after the dehy- 
dration, in two steps for the copper complex and in a single step for the 
cobalt and nickel complexes. The first step in the ligand decomposition of 
the copper complex takes place at 259-266 “C and corresponds to the loss 
of two moles of carbon monoxide and one mole of hydrogen to give an 
intermediate (II), having tentative composition CuC,H,NO. The observed 



17 

20 - 

40- 

60 - 

t 

I I I I I 
0 100 200 300 400 500 

TEMPERATURE(°C 1 - 

Fig. 5. DTA, TG (% weight loss) and DTG curves of CuL*2H,O. 

weight loss is 23.28% compared with the calculated value of 21.99%. Both 
DTA and DTG show peaks at 269 (exothermic) and 264” C respectively, as 
is evident in Fig. 5. The second stage occurs between 266-371°C and 
involves the loss of organic (C,H,) moiety and one half-mole of nitrogen to 
give CuO as an end product. The further weight loss of 39.88% is observed 
against the calculated value of 39.86% along with the exothermic DTA and 
DTG peaks at 294, 350 o C and 346 o C, respectively. 

The decomposition of the ligand in the cases of cobalt and nickel 
complexes occurs in the 211-346 and 25%389’C ranges, respectively, 
corresponding to the loss of all ligand moiety to give Co,O, and NiO as the 
end products. The observed weight losses are 57.31% and 59.25% compared 
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Fig. 6. IR spectra of CoL.2H,O, (A); CoL.2H,O heated to 14O*C, (B); CoL.2H,O heated 
to 350 o c, (C). 

with the calculated values of 56.28% and 59.27% for the cobalt and nickel 
complex, respectively. These are evident (Figs. 3 and 4) in the DTA and 
DTG curves as peaks, at 307 (exothermic) and 302°C for the cobalt 
complex, and at 365 (exothermic) and 336, 352 o C for the nickel complex, 
respectively. In the case of the nickel complex an unidentified inflection 
occurs at 350°C. 

Characterization of the decomposition products 

The compositions assigned to the intermediates are well supported by the 
results of elemental analyses and IR spectra (Tables 1 and 2) of the samples 
obtained by heating ML - nH,O isothermally at 140, 350 o C (Fig. 6, curves B 
and C), 225, 390 O C (Fig. 7, curves B and C) and 255, 375 O C (Fig. 8, curves 
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Fig. 7. IR spectra of NiL-2H,O, (A); NiL-2H,O heated to 225OC, (B); NiL.2H,O heated to 
390 o c, (C). 

B and C) for the cobalt, nickel, and copper complexes, respectively. The 
intermediate (I) in all three complexes does not show peaks of coordinated 
OH at 3400,925 + 10, and 740 f 10 cm-‘, indicating the loss of coordinated 
water molecules to form an anhydrous complex (Fig. 6, curve B, Fig. 7, 
curve B and Fig. 8, curve B). This is further confirmation of dehydration. 

Elemental analyses also correspond to the proposed formula of the 
intermediate (I) in all three complexes. The IR spectrum of the intermediate 
(II) formed in the decomposition of the copper complex could not provide 
any information on stoichiometry and the stereochemistry of the product. 
This is probably due to the lack of a clear-cut horizon in the TG curve at 
this temperature. 

The end product in each case is a metal oxide which is characterized by 
X-ray analysis and metal determination. All d values together with their 
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Fig. 8. IR spectra of CuL.2H,O, (A); CuL.2H,O heated to 255OC, (B); CuL*2H,O heated 
to 375 o c, (C). 

TABLE 3 

Kinetic parameters for the thermal dehydration of ML+ nH,O complexes 

Sample Complex S* G* H* log Z log k, 
number (J mol-’ (kJ W (s-l) (s-l) 

mol-‘) K-‘) mol-‘) mol-‘) 

1 CuL . H,O 521 87.69 - 128.86 150.49 83.34 6.30 - 2.49 
2 NiL.ZH,O 477 79.24 - 129.70 137.27 75.39 6.22 - 2.45 
3 CoL.2H,O 402 75.47 - 104.26 114.01 72.13 7.47 - 2.33 

Key: E *, energy of activation (kJ mol-‘); S*, entropy of activation (J mol-’ K-l); G*, 
free energy of activation (kJ mol-‘); H *, enthalpy of activation (kJ mol-‘); Z, frequency 
factor (s-l); k,, specific rate constant (s-l). 



intensities (measured by peak height) are in accordance with those reported 
[16]. The IR spectra of the end products do not show aromatic CH 
stretching and bending vibrations or other characteristic frequencies of the 
ligands (K=N, vCO0 etc.), but the characteristic vM-0 at 500, 538, 642 
and 510 cm-’ for the copper, cobalt and nickel oxide, respectively, are 
observed [17]. 

On the basis of the above mentioned results, the following tentative 
schemes are proposed for the thermal decomposition of ML - nH,O com- 
plexes 

Or-f”’ 

O\ /N=CH - 
“T -“I”’ 

“/\. - 

-b 

O\ /N=cH 

\ / 

cu\o - 

4 

+ H20 
(1) 

\ 1 

(I) (Empirical formula C,H,NO,Cu) 

C,H,NO,Cu + 1.50, + C,H,NOCu + 2C0, + H,O (2) 
(I) (II) 
C,H,NOCu + 8.50, + CuO + 7C0, + 0.5N, + 2.5H,O (3) 
(II) end product 

M(C,H,NO,) - 2H,O + M(C,H,NO,) + 2H,O (4) 
(I) 

M(C,H,N03) + 9.50,(100,) - NiO(O.SCo,O,) + 0.5N, + 9C0, + 3.5H,O 

(I) end product 
(where M = Ni or Co) 

(5) 

Kinetics of thermal dehydration 

Using the TG curves (Fig. 2), a kinetic study has been made of the 
dehydration process. The methods of Horowitz and Metzger [18] and Fuoss 
et al. [19] were found to be suitable for this. 

Various kinetic parameters for the thermal dehydration reaction have 
been evaluated and are presented in Table 3. The same table contains the log 
2 values. 

Determination of reaction order 

The Horowitz and Metzger equation C, = (n)‘/‘-” [18], where C, is the 
weight fraction of the substance present at the DTG peak temperature T,, 
given by 

c,=(w,- w,)/(K- W) (6) 
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was used for determining the values of reaction order. Here W, stands for 
the weight remaining at a given temperature T,, i.e. the DTG peak tempera- 
ture, W, and W, are the initial and final weights of the substance, respec- 
tively. The order of the dehydration reaction of ML - nH,O complexes is 
obtained by comparing the C, value yielded by the above equation with the 
values given in the Horowitz and Metzger [18] table. The values of C, for the 
copper, nickel, and cobalt complex are 0.366, 0.3636, and 0.37, respectively. 
Therefore, the calculated order in each case shows that the dehydration 
follows first-order kinetics. 

Evaluation of other kinetic parameters 

The activation energy E * and the frequency factor 
kinetics of dehydration have been calculated by the 
using the following equations: 

E*= -(s)(g)i 

‘= -( g)( $F); edE*/RTi,) 

Z for the first order 
Fuoss Method [19], 

(7) 

(8) 

where R is the gas constant, Ti is the inflection temperature (measured in 
K), W, is the weight at the point on the TG curve where it goes from 
concave-down to concave-up, (dW/dT)i is the rate of change of weight at 
the point of inflection i.e. corresponding inflection slope, and a is the 
heating rate. 

Equations (9), (10) and (11) are employed for calculating the activation 
entropy S *, the free energy of activation G* and the specific reaction rate 
constant k, [20], respectively. 

G*=H*-TS” (10) 
k, = Z exp( -E*/ RT-,) 01) 

where k and h are the Boltzmann and Planck constant, respectively. The 
kinetic parameters thus obtained are compiled in Table 3. 

Perusal of Table 3 shows that the activation energies for the splitting of 
H,O-Co, H,O-Ni and H,O-Cu bonds lie around 18.04, 18.94 and 20.96 
kcal mol-‘, respectively, with an estimated uncertainty of f 0.55 kcal mol-‘. 
These values are comparable to the generally accepted values of the activa- 
tion energy of the dehydration reaction [21] and are also consistent with 
those reported by Khadikar [22]. 

The negative value of the activation entropy suggests that the thermal 
dehydration reaction is slower. This is clearly borne out from the shape of 
the corresponding TG curve. 
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Binding strength of the water molecules 

The order of binding strength of the water molecules to the metal(I1) ions 
is shown clearly from the temperature range over which these chelates are 
dehydrated. The dehydration temperatures are found in the order Cu > Ni 
> Co. It is also noteworthy that for dehydration of these complexes, more 
quantitative evidence for the binding strength of water molecules in the 
chelates is obtained from the corresponding values of activation energy, 
which are also found in the order given above. 
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