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The l i terature reveals tha t  t he  non- i so the rmal  d e c o m p o s i t i o n  of  meta l  com- 
plexes of  h ippur ic  acid has no t  been  kinet ical ly  probed .  This c o m m u n i c a t i o n  
concerns  the  evaluat ion o f  t he  k inet ic  parameters  o f  t he  pyro ly t ic  d e c o m p o -  
si t ion o f  meta l  complexes  o f  h ippur ic  acid w i th  Cu(II),  Cd(II) ,  Pb(II),  Fe(III)  
and Pr(III) using the  procedures  o f  F reeman  and Carroll [1] ,  and Dave and 
Chopra  [2] .  

EXPERIMENTAL 

All t h e  reagents  used were  o f  B.D.H. quali ty.  For  isolat ion o f  t he  meta l  
complexes  in the  solid state, sod ium h ippura te  was added ,  w i th  cons t an t  stir- 
ring, to  t h e  meta l  solut ion.  The  so lu t ion  mix tu re  was re f luxed  for 1 h and 
a l lowed to stand. The  precipi ta te  was fi l tered and washed  wi th  ice-cooled 
wa te r  and dr ied  at 35--40°C.  The  dark  blue co loured  crystals o f  t he  copper - -  
h ippur ic  acid complex ,  Cu (C6HsCONHCH2COO)2- 4 H20,  were  recrystal- 
lised f rom MeOH to  obta in  light blue crystals, Cu (C6HsCONHCH2COO)2 • 
H20  [3] .  Table 1 conta ins  e lementa l  analysis da ta  col lec ted using THERE-  
LEC. For  the rmograv imet r i c  curves o f  the  meta l  complexes ,  samples were  
first air-dried and t h e n  pyro lysed  in a m o d e r n  the rmograv imet r i c  balance 
wi th  a Toshniwal  furnace.  The in s t rumen t  was s tandardised wi th  calcium 
oxalate .  The  hea t ing  rate was 10°C rain -I for all runs. 

RESULTS AND DISCUSSION 

The pyrolytic curves revealed the observed percentage weight losses in 
dark blue or light blue copper complexes, cadmium, lead and praseodymium 
complexes, in the temperature ranges: 60--200°C or 60--120 ° C, 60--180 ° C, 
44--160°C and 64--180°C, as 15, 4.89, 7.97, 7.60 and 9.43, respectively, 
which correspond to the loss of 4 H20, H20, 2 H20, 2.5 H20 and 4 H20. The 
thermal stability data show that the decomposition of anhydrous complexes 
started at 240°C (CUR2 from CuR2 ' 4 H20, dark blue), 140°C (CUR2 from 
CUR2-H20, light blue), 196°C (CdR2), 220°C (PbR2), 220°C (PrR3) and 
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80°C (FeR3), where  R = C6HsCONHCH2COO. 
In  the  iron complex ,  t he  TG curve fo l lowed a s imple sigmoidal  pa th  

whereas  two  or m o r e  sigmoids were  observed in the  TG curves o f  the  o the r  
complexes .  The  separate  s igmoidal  traces were  analysed for values o f  k inet ic  
parameters  using m e t h o d s  similar to those  e m p l o y e d  for  t he  TG curve having 
one  sigmoid.  

The  non- i so thermal  d e c o m p o s i t i o n  o f  t he  meta l  complexes  unde r  s tudy  
resembles  the  reac t ion  

As ~ Bs + C~ 

which  can be kinet ical ly  p robed  for  k inet ic  parameters  using the  expressions 
o f  F reeman  and Carroll (1) and Dave and Chopra  (2,3). 

(--E/2.303R) (AT- I )  A log(dw ~dr) 
=--n + (I) 

A log Wr ~ log Wr 

I~ - (---dx/dt) (for f irst-order react ion)  (2) 
A - - a  

(--E/2.303R) ( T - ' )  _ log(dx/d t )  
- - - n  * ( 3 )  

log(A --  a) log(A - -  a) 

w.here E is t he  act ivat ion energy o f  the  react ion;  dw/d t  is the  rate o f  loss o f  
weight ;  W r = Wc --  W, where  W c is the  weight  loss at the  c o m p l e t i o n  o f  t he  
react ion  and  W is the  weight  loss at t ime  t; - -dx /d t  is the  rate o f  loss o f  
weight ;  A is the  tota l  peak area u n d e r  the  di f ferent ia l  the rmograv imet r ic  
curves; a is t he  area at t ime  t, and n is t he  order  of  the  react ion.  

On p lo t t ing  A T - l / A  log W~ vs. log(dw/dt) / log W~ (F reeman  and Carroll), a 
straight l ine is ob ta ined ,  the  slope and in te rcept  o f  wh ich  cor respond  to  
- -E /2 .303  R and n, respectively.  Small  samples were  used to  main ta in  a con- 
s tant  hea t ing  rate.  The  m e t h o d  o f  Dave and Chopra,  involving DTG curves, 
could  give more  d e p e n d a b l e  values o f  k inet ic  parameters  because it does  no t  
involve t h e  m e a s u r e m e n t  o f  slopes o f  TG curves, which  are k n o w n  to  be 
sensitive [4] .  In addi t ion ,  t he  ef fec t  o f  small f luc tua t ions  due  to heat ing  rate  
and t e mp e ra tu r e  variat ion in the  original TG trace is largely min imised  as the  
points  in the  p lo t  o f  dw/d t  vs. t empe ra tu r e  (DTG curve) are j o ined  by  a 
s m o o t h  curve and the  enclosed area is used in the  calculat ions [eqns.  (2) and 
(3)].  

Using eqn.  (2), values o f  log /~ were  calculated f rom DTG curves, and 
p lo t t ed  against t he  reciprocal  o f  absolute  t empera tu re .  A straight l ine fol- 
lowed,  indicat ing tha t  non- i so thermal  de so lva t i on /decompos i t i on  follows 
first-order kinetics.  A p lo t  o f  T- I / log  ( A -  a) vs. log ( d x / d t ) / l o g ( A -  a) for 
all t he  react ions  [eqn.  (3)] gave a straight line, f rom the  slope ( - -E/2 .303 R) 
and  the  in te rcep t  (n) o f  wh ich  E and n could  be ob ta ined .  

Table 2 conta ins  the  values o f  t he  k inet ic  parameters  for  t he  pyro ly t ic  
d e c o m p o s i t i o n  o f  meta l  complexes  o f  hippuric  acid. It is seen tha t  the  values 
ob ta ined  using the  d i f fe ren t  p rocedures  are qu i te  comparable .  The  act ivat ion 
energies for  t he  pyro ly t ic  d e c o m p o s i t i o n  o f  i ron and  p r a s e o d y m i u m  corn- 
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T A B L E  2 

Values  o f  E ( ene rgy  o f  ac t iva t ion )  a n d  n (o rde r  o f  r e a c t i o n )  fo r  the  d i f f e r en t  r e a c t i o n s  

Reaction * Method 

A B C 

E ~- E ~ E 
(kcal  (kcal  (kca l  
m o l e  - I  ) m o l e  - I  ) m o l e  - I )  

CuR2 - 4 H 2 0  -~ CuR2 + 4 H 2 0  0 .90  
CuR2 -~ C u R u 2  + R3/2 0 .80  
C u R u 2  -~ C u R s n 6  + R3n6  0 .85  
C u R s n  5 --> CuO + 

dissoc ia t ion  p r o d u c t  0 .90  
CuR 2 - H20 --> CuR2 + H20 0 .60  
CuR2 -> CuRl/2 + R312 0.70 
CUR,/2 -~ CuO + 

dissociation product 0.34 

CdR 2 - 2 H20-~ CdR~ + 2 H20 0.36 
CdR2 --~ CdO + 

dissociation product 0.50 
PbR2 • 2.5 H20 -~ PbR2 + 2.5 H20 0.50 
PbR2 -~ PbR + R 
PbR -+Pb304 + 

dissociation product 0.30 

FeR 3 -+ Fe203 + 
dissociation product 0.40 

PrRs  • 4 H 2 0  -> P r R s  + 4 H 2 0  0 .40  
PrR~ --~ P r 2 0  z + 

d i s soc ia t ion  product 0.50 

14.63  1 14 .44  0 .93  13 .73  
45 .76  1 28 .60  0 .84  38 .90  
21 .74  1 22 .88  0 .40  27 .46  

2 7 4 . 4 6  1 271 .71  - -  - -  
16 .78  1 16 .90  0 .93  16 .02  
13 .73  1 10 .17  0 .74  11.77 

9 .15  1 9 .15  0 .38  8 .85  
7 .32  1 8.17 0 .50  10 .98  

12 .58  1 12 .71  0 .70  12 .06  
9 .92  1 9 .15  0 .58  9 .47 

9 .15  I 9 .84  0 .55 9 .15  

10 .68  1 4 .09  0 .53  4 .58  
5 .72  1 14 .30  0 .60  18 .30  

12 .20  1 16 .41  0 .70  14 .30  

* R = CsHsCONHCH2COO. 
** A = Freeman and Carroll method; B = Dave and Chopra method (DTG). Equation (2) 
for first-order reaction; C = Dave and Chopra method [eqn. (3)]. 

p l e x e s  o b t a i n e d  f r o m  e q n .  ( 1 )  d i f f e r e d  f r o m  t h o s e  o b t a i n e d  u s i n g  e q n s .  ( 2 )  
a n d  ( 3 ) .  
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