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The thermal properties of  the complexes of  ortho-, meta- and para-amino- 
benzenemonocarboxylic acids with nickel(I1), copper(ll), and zinc(II) are determined 
by TG and DTA. The activation ener~.¢ values for the first decomposition step of  the 
anhydrous compounds are also calculated. The thermal data are then examined and 
correlated with the structure of  the compounds. 

IN"rRODUCHON 

In this paper the thermal behaviour of the complexes obtained by reaction 
between the ortho-, nmta- and para-aminobenzenecarboxylic acids with the metal ions 
nickel(I1), copper(II) and zinc(ll) is studied. 

The pdt's and the activation ener~ '  values are examined and correlated with 
the structure of  the complexes. 

-------------------E~ ERI2~IE~--I'AL 

Instrumentation 
Du Pont 951 thermobalance. Du Pont  990 thermal differential analyser. 

Radiometer PHM 22r potentiometer. 
A heating rate of  10°C min -  ~ was employed. Atmosphere: air or nitrogen. All 

the temperatures referred to are the procedural decomposition temperatures (pdt's) 
at the employed heating rate. 

Preparation o f  compounds 
The complexes of ortho- and rneta-aminobenzeneca.rboxylic acids were obtained 

by mixing the boiling 0.1M solution of  the acid and of  the metal chloride until an 
initial ligand-metal molar ratio of  4:1 was obtained, at a pH sufficiently low to 
prevent hydrolysis phenomena.  

By this method it was impossible to obtain the complexes of  the para-amino- 
benzenecarboxylic acid. 

They were prepared by mixing the solid compounds, 2 mmoles ofpara-amino-  
benzenecarboxylic acid and 0.5 mmoles of  metal chloride, adding 0.5 ml absolute 
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ethanol  and  then heat ing in a s team-bath until  the e thanol  has completely evaporated.  
The  obta ined solid mixture is then treated with successive port ions o f  ethyl e ther  until  
complete  removal  o f  the free acid, soIuble in ethyl ether,  when  the compIex is jus t  
slightly soluble. 

Each obta ined c o m p o u n d  was dried in vacuo  for  48 h at  r o o m  temperature .  
Thermogravimet ry  was used to determine the water  content  and  the residual  

metal  oxide; the metal  content  was also established by compleximetr ic  t i t rat ion o f  the 
anhydrous  compound .  

RESULTS 

T G  and  D T A  curves in air  and  in ni t rogen were obtained,  only the T G  curves 
in ni t rogen o f  the copper  compounds  are repor ted in Figs. 1-3 as an  example.  
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F i g .  1 .  T G  a n d  D T G  c u r v e s  o f  c o p p e r - - o r r h o - a m i n o b e n z c n c c a r b o x y l a t e .  H e a t i n g  r a t e  1 0 " C  m i n -  t ; 

nitrogen atmosphere. 

The  pdt ' s  o f  the first decomposi t ion step are  summarized  in Table  1. In  all the 
compounds  the meta l - l igand mola r  rat io appeared  to  be 1:2 and  the found  percentage 
o f  oxide agrees well wit_b, the calculated value. The  decomposi t ion  process in air and  
in ni trogen,  according to  Erdey  t '2, appeared  to be a single step for  nickel(II) and  
copper(H) compounds ,  while for  the z inc0I  ) complexes the decomposi t ion proceeds 
in a two-step process giving first the  carbonate  and  then  the oxide. 
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Fig- "~ T G  a n d  D T G  curv¢~ o f  ¢ o p p c r - m e m - a m i n o b e n z e n e c a r b o x y l a t e .  Hea t ing  ra te  10"-C r a i n -  t ;  
n i t rogen  a tmosphere -  
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Fig- 3. T G  a n d  D T G  cur~-cs o f  c o p p e r - p a r a - a m i n o b e n z e n e c a r b o x y l a t e .  H e a t i n g  ra te  10 ~C r a i n -  t ; 
n i t rogen  a tmosphere .  
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T A B L E  1 

P D T ' S  I N  C O F  T H E  F I R S T  D E C O M P O S I T I O N  STEP O F  
T H E  A N H Y D R O U S  C O M P O U N D  

Ni t rogen  a tmosphere .  20 1 h -  t ;  heat/n.g rate. I0 °C r a i n -  I. 

ortho-Arninoben=ene- 
carboxylic acid 

meta-Arninobenzene- 
carboxylic acid 

para-Aminobenzene- 
carboxylic acid 

Nickel  420 435 440 
Copper  300 310 310 
Zinc  370 360 340 

D T A  curves confi rm this and  ~ v e  only endothermic  peaks  in ni t rogen while in 
air the decomposi t ion peaks become s t r o n ~ y  exothermi,  

The  T G  curves werc also used to calculate the condit ional  activation energy 

values for the first decomposi t ion process. 
To  minimize the errors  and to standardize the process, the T G  curves were 

obtained by using a plat inum cylindrical sample holder  10 m m  diameter ,  3 m m  depth  
xsfith a 1 m m  sample layer. The  sample particles sizes ranged between 100 and  

120 mesh. 
The  purge gas was very pure  (99.99%) ni t rogen at  20 1 h -  1 
The  activation energy values v,~re obtained by a Univac  1108 computer ,  by a 

pro m'am properly implemented as referred to before 3. 
The  activation energy values are summar ized  in Table  2. 

T A B L E  2 

A C T I V A T I O N  E N E R G Y  V A L U E S  0cca lmol  - l )  O F  T H E  A N H Y D R O U S  C O M P L E X E S  
R E F E R R E D  T O  A F I R S T  D E C O M P O S I T I O N  STEP 

Ni t rogen  atmosphere ,  20 1 h - x ;  heat ing rate, 10 °C r n i n - i .  

ortko-Arninoben=ene- meta-Aminobenzene- para-Arninoben:ene- 
carboxylic acid carboxylic acid carbox).'Hc acid 

Nickel 65 - -3  56----_3 61 --_+.3 
Copper  1.54- '9 7 4 ~ 3  125--'8 
Zinc  67---+-3 111 ~5 5394-23 

DISCUSSIO~q 

Looking  at  the condit ional  activation energy values obta ined for  the ortho- 
aminobenzenecaxboxylie acid complexes it is possible to see the following sequence 

• E ~ Ecun> Ez~u ~-- ,~in 

This sequence agrees with that o f  the stability constants o f  these complexes in 
solution found by Y o u n g  and Sweet 4 and with that o f  the AG sequence for the 
formation o f  the same complexes,  proposed by Thompson  s (Fig. 2). 
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Fig. 4. Graphic representation o f  the parameters: E* (a), pdt's (b), B (c) and AG (d) for the copper 
complexes o f  the ortha-aminobenzenecarboxylie acid. 

While  the act ivation energy is an increasing funct ion o f  the complex  stability in 
a series having  the same ligand, the initial pdt  is a decreasing function.  This  behaviour 
can be explained on  the basis  that the strength of interrnolecular bonds  plays a notable  
part in the thermal stability o f  sol id c o m p o u n d  as seen before 6. It seems probable that 
the intermolecular bonds  o f  the solid lattice o f  complexes  having strong covalent  
metal - l igand bonds  are weaker than those  exist ing in the case o f  complexes  in which  
the metal - l igand bond  has a h i -~er  ionic: character. W e  can assume that the"lower A H  
value s for  the format ion  o f  the copper(l.~)-o:.tho-aminobenzenecarboxylate involves 
an increase o f  the covalent  b o n d  C u - N  as explained by  Nancol las  7 for similar 
c o m p o u n d s  bringing about  a more effective neutralization o f  cationic and anionic  
charges by reducing the distance between them. The  study o f  Hill  and Curran 8 on  the 
IR  spectroscopy o f  the complexes  o f  the ortho-aminobenzenccarboxylic acid suppgrts 
this hypothesis .  

This  p h e n o m e n o n  justifies whether the higJaer stability constant  o f  the copper 
complex ,  or the lower decompos i t ion  temperature is a consequence  o f  the weaker 
intermolecular bonds .  
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Finally examining the activation energy values in a series ha~dng the same central  
ion, e.g., the copper(If)  with the three aminobenzenecarboxyl ic  acids, we have the 
sequence: 

This behaviour  can be justified considering that  in the case o f  the ortho-amino- 
benzenecarboxylic acid there is the in t ramolecular  stabilization effect whether  for the 
format ion  o f  a chelate, or  for  the electron dono r  effect o f  the amino  group that  
implies a charge delocalisation along the ring with a localisation o f  a 6 -  on the 
carboxylic ~o~-oup and following stabilization o f  the Cu-carboxyl ic  oxygen bond.  

The  copper-carboxyl ic  group interaction is fur ther  increased by the bond  
shortening 7 with more  neutralisation o f  the anionic and cationic charges. 

For  the para-aminobenzenecarboxylic acid we can assume that  as regards the 
steric effect the chelat ion is impossible and then the metal  is bound  to  the carboxyl 

group.  The  amino  group in para position to the carboxyl  group implies a charge 
delocalisation along the r ing with a 6 -  Iocalisation on the carboxyl  group and  then a 
bond  stabilization. 

F o r  the meta-aminobenzenecaxboxylic acid we can still assume tha t  there is no 
chelation and that  the metal is bound  to the carboxyl  group,  but  now the amino  group 
effect in meta position is lower with consequent ly  a weaker  meta l - l igand bond. 

The  pdt ' s  for  both  compounds  are  higher than for  the copper(II)-ortho-amino- 
benzenecarboxylate.  Considering the meta and para acid complexes,  the higher 
percentage o f  the ionic bond accounts  for the differences in the pdt ' s  and the E*  
values. 

The  nickel compounds  show- a similar behaviour,  while the behaviour  o f  the 
zinc complexes is quite different. 

The  activation energy values increase f rom the ortho to the para c o m p o u n d  as 
the pdt ' s  decrease. The  reaction order  for  the ortho-aminobenzenecarboxylic acid 
complex is 2, and  also for the nickel and copper  compounds ,  and changes to 3 for  the 
para complex and  to 0.66 for  the meta complex. 

This phenomenon  probably  accounts  for  the format ion  o f  polymers with a 
consequent  increase in activation ener~y. 

AC KNOV~rLEI.~ ~--M~-F 

This work  has been suppor ted  by the Nat ional  Research Council  (CNR).  
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