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The literature concerning the applications of 2-hydroxy- 1,4-naph- 
thoquinone (lawsone) [l-7] make no reference to the kinetics of non-isother- 
mal decomposition or X-ray powder diffraction studies on dihydrated bis(2- 
hydroxy- 1,6naphthoquinonato) cobalt(I1) and nickel{ II) complexes: this 
note concerns studies undertaken on these lines. 

EXPERIMENTAL 

. All the chemicals used were of Analar quality. Ni(I1) and Co(I1) 2-hy- 
droxy- 1,6naphthoquinone chelates were isolated according to the method of 
Bottei and McEachern [8] and recrystallised for X-ray studies in EtOH. 
Chemical analysis (THERELEK) of the chelates tallied with M(C,0H503)2 - 2 
H,O where M = Ni(I1) and Co(II), in agreement with Bottei and Mc- 
Eachern. 

A duPont instrument was used for pyrolysis using the parameters: 
range, = 2 mV cm-‘; time constant, = 5 s; atmosphere, = N,; flow rate, = 50 
ml min- ‘; time axis, progress rate = 5°C min- I, range = 25OC ,min - ‘. 

For X-ray analysis, a GE XRD-6 was used with the following parameters: 
radiation = Cu 50, kV = 15 ma; filter = Ni; line focus; take-off angle = 4”; 
toll. slit = lo ; soller slit = MR; H.T. = 780; amp. gain = 16/0.67; E = 8 V; 
AE = 34 V; time constant = 1 set; linear; scan speed = 2” min-‘; chart 
speed = 24 inch min- ‘. 

RESULTS AND DISCUSSION 

The pyrolysis data on Ni( II) and Co(I1) 2-hydroxy- 1,6naphthoquinone 
chelates, tallied with the inferences drawn by Bottei and McEachern. 
Sigmoids appearing in thermogravimetric curves, correspond to the desolva- 
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tion/decomposition of chelates. 

ML2.2HzO+ML2+2H20 

ML, + Metal oxide + Volatile products 

where M = Ni(I1) or Co(I1) and L = CIOH503. 

(1) 

(2) 

The kinetics of reactions (1) and (2) have been probed following the 
methods of Dave and Chopra [9]. For n = 1 

k = (-Wdt) 
(A-4 

-E/2.303R(T-‘) = _n + log(dx/dr) 

log( A - u) log( A - u) 

This method yielded dependable kinetic 

(3) 

(4) 

data for E (activation energy), n 
(order of reaction) and 2 (collision number) under conditions which, if 
applied to other slope-dependent procedures [ 10,111, lead to errors in data. 

Values of A, a and dx/dt were worked out from the derivative thermo- 
gravimetric (DTG) curves derived differentially from the thermogravimetric 
(TG) curves. A plot of log k vs. l/T gave a straight line in each case, 
showing that the desolvation/ decomposition follows first-order kinetics. 
The slope (E/2.303R) and intercept gave the values of the E and Z, 
respectively. 

Using eqn. (4), a linear plot of log(dx/dt)/log( A - a) vs. T-’ x 

103/log( A - a), with a slope equal to - E/2,303R and intercept equal to n 
was observed for each reaction. 

The Coats and Redfern [ 121 procedure, viz. 

- log 
I 

-log(l -a) 

T2 1 = -log 
%[++2.3:RT (5) 

where (Y (fraction of substance at time t) = (W, - w)/( W, - W,); W, = 

initial weight, W, = final weight and y = weight lost at time t; A = the 
frequency factor; E = activation energy; a = linear heating rate. 

On plotting - log[ - log( 1 - a)/T2] vs. l/T, a straight line relationship 

was obtained, in support of the foregoing inferences. The value of E was 
obtained from the slope which is equal to E/2.303R. The value of logAR[ 1 
- 2RT/E]/uE as per Coats and Redfern is constant. 

Table 1 gives the kinetic data obtained using eqns. (3)-(5). Low values of 
Z (collision number) indicate that the reactions are slow processes. 

X-Ray studies 

X-Ray powder diffraction studies on Ni(I1) and Co(I1) 2-hydroxy-1,4- 
naphthoquinone chelates could give an idea about their molecular arrange- 
ment within the lattice. The X-ray powder diffraction data shown in Table 2, 
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led to the proposal that both metal chelates assume cubic(P)-type lattice 
structures with the absence of reflections hkl, that is, N = h2 + k2 + I2 = 7, 
15, 23, 28. The morphology of both complexes is given by: system, cubic(P); 
axial ratio, a : b : c: : 1 : 1 : 1. 

X-Ray powder diffraction data 

Lawsone chelates 

Ni(I1) Co(H) 

Cell dimension, a = b = c 15.27 A 14.68 A 
Formula weight 440.69 440.94 
Formula weight per unit cell 1 1 
Density (g cmm3) 0.2056 0.2312 

Fusion behaviour 

The metal chelates decompose in the range 190-2OOOC. The melt does not 
recrystallise on cooling. 
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