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Kinetic parameters of thermal decomposition of compounds of the general formula 
MIMrT[Cu(NO2)~] (where MI = K +, Rb + or Cs+; and M rI = Ca 2+, Sr z+, Ba 2+ or 
Pb z+) and K2Pb[X(NO2)6] (whereX = Co x+, Ni ~+, Zn z+) are determined from the 
corresponding thermal curves. The order of reaction (n) and the activation energy 
(Ea) are derived. The kinetic data is discussed in terms of the effects of outer sphere 
cations and the central ion on the activation energy. 

A method for  nitri tocuprate preparat ion and the mechanism of  their thermal 
decomposi t ion is given in a previous paper [1 ]. This paper  describes calculations 
o f  the order of  reaction and the activation energy of  these reactions. The values 
are determined using Coats and Redfern 's  method [2] and Doyle 's  method modi-  
fied by Zsakd [3 ]. The object of  the present work was to examine the effect of  
outer sphere cations on the activation energy of  thermal decomposi t ion of  nitrito- 
cuprates (II). Kinetic parameters o f  the decomposi t ion o f  complex salts o f  the 
general formula  K2Pb[X(NO2)6] (where X = Co 2+, N f  '+,  Zn 2+) were also deter- 
mined in order to investigate the effect of  the central ion on the activation energy. 

Experimental 

Determination of  kinetic parameters 

Coats and Redfern's method 

Coats  and Redfern [2] proposed a method to determine the order o f  reaction 

1 -  - a ) l - ' l _  A on the basis of  thermogravimetric data, based on a plot of  log[ 7"(~1 --  n) ) - -  

1 
against ~ �9 10 z. 

Where:  ~ - thermal decomposi t ion rate o f  the sample, calculated f rom the 
W o -  W 

T G  curve, f rom the formula  ~ - ; in which Wo, Wk 
Wo- Wk 
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and W are initial weight, final weight and the weight o f  the 
sample at  the tempera ture  T 

n - order  of  react ion 
T - t empera ture  (K). 

A n u m b e r  of  such relat ionships are plot ted for  a number  of  assumed values 
of  n. The correct  value of  n for  a given thermal  decomposi t ion  reaction, gives 
a straight line. The act ivat ion energy is calculated f rom the equat ion:  

E =  2 . 3 " R t g f l  

where:  tg fl - the slope of  the straight line found in the previous plot  
R - gas constant.  

Fig. 1 shows the plots of  the above discussed relat ionship for  K2Sr[Cu(NO2)6] 
for  n = 0.5, 1.0 and  2.0. 

At 
6,5 I- n=l 

I / 
~ y / n = 0 . 5  

6.0 ~ r  / / n = 2  

55 - 

5.3 I ~.. 18 1,9 2.0 2.1 1 T ~03 

Fig. 1. Graphic determination of the order of reaction. A = -- log [ 1 --7.3(1(1 -- n)a)t-.]j 

n = 0.5 and 2.0 and -- log T 2 for n = 1 

for 

Orders of  reaction,  determined in this way, had  the same value - 2 - for  all 
the examined c o m p o u n d s .  

Table 1 gives values of  the act ivat ion energy for  the thermal  decomposi t ion 
of  the investigated compounds ,  calculated by  Coats  and Redfern ' s  method.  
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Table 1 

The values of the activation energy of thermal decomposition of the tested salts 

NO Compound formula kcal/mole 

10 
11 
12 

13 
14 
15 

K2Ca [Cu(NO2)6 ] 
RbzCa [Cu(NO2)6 l 
Cs2Ca[Cu(NOe)~] 

K2Sr[Cu(NO2)6] 
Rb2Sr [Cu(NO2)G] 
Cs2Sr [Cu(NO2)6 ] 

K2Ba [Cu(NO2)~] 
RbzBa [Cu(NO~)6] 
Cs~Ba ICu(NO,,)6 ] 

K2Pb [Cu(NO2)r 
Rb2Pb [Cu(NO0~;] 
Cs~Pb [Cu(NO2)~;] 

K,zPb [Ni(NOz)~] 
K2Pb [Co(NO,z)c,] 
K2Pb [Zn(NO2),~] 

13.15 
37.61 
43.14 

17.78 
47.23 
51.66 

19.80 
36.26 
46.49 

27.18 
32.67 
46.59 

37.72 
35.65 
22.98 

D o y l e ' s  me thod ,  mod i f i ed  by  Z s a k 6  

The order  of  react ion and the act ivat ion energy of  n i t r i tocupra tes  o f  the general  
fo rmula  M~Sr[Cu(NO2)6] (where M I = K +, Rb  +, Cs +) were ca lcula ted  on the 
basis o f  the  same thermograv imet r ic  data ,  using Doyle ' s  me thod  modif ied  by 
Zsak6.  Doyle  fo rmula ted  the fol lowing equa t ion  of  the the rmograv imet r i c  curve 

where" g(~) = 

o o  

�9 dc~ J 
o 

reacted 

Z �9 E a 
g(~)  - p ( x )  

R ' q  

and f ( a )  is a cer tain funct ion o f  the initial c o m p o u n d  

E a - activation energy 
Z - pre-exponent ia l  fac tor  
q - heat ing rate  
p ( x ) -  the funct ion of  t empera tu re  and  act ivat ion energy. 

Zsak6  gave Doyle ' s  equa t ion  in a logar i thmic  fo rm:  

Z "Ea 
log - log g(c0 - log p ( x )  = B 

R ' q  
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g(~) can be calculated for different temperatures and for knownf(~) ,  on the basis 
of  the thermogravimetric data. p(x) for assumed activation energy can be found 
for the same temperatures. The activation energy is selected by a trial-and-error 
method. For a given thermal decomposition such a value of E a is accepted for 
which B has the least temperature variation. The variation is characterized by 
a standard deviation (6) of  individual B values from the arithmetic mean/~.  

,~ = / ( B  - ~)2 
1" 

where: r - the number  of individual values of B. The minimum value of fi 
indicates the accepted value of the activation energy. The least value of 6 also 
indicates the correlation of thermal decomposition and a given f(~) for different 
assumed f(~). 

The simplest equation of thermal decomposition of solids is: 

f (a)  = (1 -- 00" 
where: n - order of reaction. 

Function 9(a) was calculated for the order of reaction using the following 
equation: 

O~ 
g ( ~ )  - 

1 - - a  

-- thermal decomposition rate of  the investigated compounds,  calculated 
in the same way as in Coats and Redfern's method. The values of log p(x) 
for the investigated temperature range and for different values of the acti- 
ra t ion energy were taken f rom the tables [3]. 

By use of  the above-mentioned calculation method we obtained the values of  
the activation energy presented in Table 2. 

Table 2 

The values of the activation energy and of the standard deviation 

Ea, d No Compound formula kcal]mole 

K2Sr [Cu(NO2)6 ] 

Rb.oSr[Cu(NO2)6] 

Cs2Sr [Cu(NO2)6] 

17.9 
18.0 
18.1 

46.7 
46.8 
46.9 

51.8 
51.9 
52.0 

0.0030 
0.0027 
0.0028 

0.0158 
0.0157 
0.0158 

0.0003 
0.0001 
0.0007 
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Table 3 contains the values of the activation energy of M~Sr[Cu(NO2)6] enteu- 
lated by Coats and Redfern's method and by Zsak6's method. 

Table 3 

The comparison of the values of  the activation energy, determined by Coats and Redfern's 
method and by Zsak6's one 

No Compound formula 

KzSr[Cu(NO~)6I 
Rb2Sr [Cu(NO2)6] 
Cs2Sr [Cu(NO2)6] 

Activation energy, kcal]mole 

Redfern's Zsakd's 
method method 

17.78 18.0 
47.23 46.8 
51.66 51.9 

Discussion 

The investigations prove that the order of reaction of the decomposition of all 
examined salts is 2. The activation energy varies from 13 kcal/mole up to 50 kcal/ 
mole. The activation energy increases and decreases together with increase and 
decrease of the temperature of the first endothermic peaks [1]. The activation 
energy of decomposition of nitritocuprates depends on outer sphere cations and 
increases together with the increase of M l ionic cation radius. The relationship 
between the activation energy and the difference of ionic radii 2rM1 -- rMn is 
shown in Fig. 2. Caesium salts have the highest activation energy, the lowest 

so / / "  

40 

20 / 
I I I I 

1012 14 16 18 20 22 

2 r M I - r MII ) 

Fig. 2. Dependence of the activation energy on the thermal decomposition of nitritocuprates 
on the difference in the radii of outer sphere cations. The change of M ~ cation. 

o M[ Ca[Cu(NOz)6]; �9 M~ Sr[Cu(NO2)~]; ,~ M I Ba[Cu(NOe)6]; �9 M~ Pb[Cu(NO2)~;] 
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values were obtained for potassium salts. The high activation energy of thermal 
decomposition of nitritocuprates of rubidium and caesium, as different from 
potassium, may be explained on the basis of their structure, when carrying out 
calculations of the distance between the complex anions and outer surface of 
potassium group ions [1 ]. 

In the case of the same M x cation, and change of M n cation, the highest values 
of activation energy are obtained for strontium salts. Salts of calcium, barium 
and lead have similar values. 

The comparison of the values of the activation energy of complex nitrite salts, 
containing different central ions and the same outer sphere cations, proves that 
the salts can be graded according to the decreasing values of the activation energy: 

KzPb [Ni(NOz)6] > K~Pb [Co(NO2)6] > KzPb [Cu(NOz)6] > K~Pb [Zn(NOz)6] 

Nickel salt is the most stable one. It has the highest stabilization energy of the 
crystalline field. In cases of octahedral high-spin complexes it is (in Dq) 12 Dq 
for nickel, 6 Dq for copper and 0 Dq for zinc. The salt KzPb[Co(NOz)6] is a low- 
spin complex, with one electron in the 4 d orbital [4]. 
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Rr~SUMI~ --  Les  pa r am6 t r e s  cin6t iques de la d6compos i t ion  t h e r m i q u e  des compos6s  de fo rmu le  
g6n6rate M~Mu[Cu(NOz)6]  off M ~ = K+~ R b  + e u  Cs + et M u = Ca  2+, Sr 2+, Ba 2+ ou  Pb ~+ 
et KzPb[X(NOz)6]  off X = Co ~ +, Ni  2 +, Z n  z + on t  6t6 d6termin6s  ~t par t i r  des courbes  t h e r m o -  
ana ly t iques  co r r e spondan te s .  L ' o r d r e  de r6act ion (n) et l '6nergie  d ' ac t iva t ion  (E~) on t  6t6 cal- 
cul6s. Les  effets des  ca t ions  de  la sphere  ex terne  et ceux de l ' ion  centra l  sur  l '6nergie d 'ac t iva-  
t ion  son t  discut6s.  

ZUSAMMENFASSUNG - -  Die k ine t i schen  P a r a m e t e r  der  t h e r m i s c h e n  Z e r s e t z u n g  yon  Ve rb indun -  
gen  des a l lgemeinen  Typs  M~MII[Cu(NOz)6] (M~ = K +, R b  + oder  C s + ;  M ~l = Ca 2+, Sr 2+, 
Ba 2+ oder  Pb 2+) bzw. KzPb[X(NO,2)6] (X = Co 2+, Ni  z+, Z n  2+) werden  aus  den  en t sp rechen-  
den  t h e r m i s c h e n  K u r v e n  be s t i mmt .  Die  R e a k t i o n s o r d n u n g  (n) u n d  die Akt iv ie rungsenerg ie  
(Ea) werden  abgelei tet .  Die  k ine t i schen  P a r a m e t e r  werden  h ins icht l ich  der  Effekte der  K a t i o n e n  
in der / iu l3eren Sph~tre und  des zen t ra len  Ions  a u f  die Ak t iv ie rungsenerg ie  diskutier t .  

Pe3~oMe - -  I43 COOTBeTCTByromHx TepMI4qeCK/4g xprm~ix onpe~es~em, i KrmeTn~ecKae napaMeTpbl 
repMrI~ecioro pa3~oxenrIa  coe~irmenrL~ o6meB qbopMyasl M~MU[Cu(NOz)sl , ,  r a e  MI = K +, 
R b  + HJin Cs+ ;  M n  = Ca  z+, Sr'2+, BaZ+ Hna Pb ~+, a T a i x e  coe~uneHrI~ KzPb[X(NOz)6] ,  r~Ie 
X = Co 2 + Ni2 +; Zn2 +. YcTanoBaenI, i nop~Ror~ peaKunn (n) rI ~Heprr~ axTaBauna  (E~). KnHeTH- 
~ecKne ;aanm, Ie o 6 c y ~ e H ~ I  Ha OCROBe BnnaHI~a ~emnecqbepm,  xx raTnonoB ~ UeaTpansaoro  rIona 
na  aneprnro arxrma~urL 
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