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KINETICS AND MECHANISM OF THERMOLYSIS 
OF HEXAMMINE METAL PERCHLORATES 

Gurdip Singh* and Durgesh Kumar Pandey 
Chemistry Department 

D.D.U. Gorakhpur University 
Gorakhpur-273 009, India. 

ABSTRACT 

The thermal decomposition studies on four transition metal hexammine 

perchlorates, viz. [Cu(NH&,](C104)?, [CO(NH&,](C104)2, [Ni(NH&](CiO& and 

[Zn(NH3)6](C104)2. have been carried out using Themogravimetry (TG). derivative 

thermogravimetry (DTG) and explosion delay (DE) measurements. Although, the kinetics 

of thermolysis of these complexes were evaluated by fitting isothermal TG data in nine 

mechanism-based kinetic models but the contracting area (n=2) and contracting cube 

(n=3) give the best fits. It has been observed that deammination takes place at Iower 

temperatures and arnmine metal perchlorates and/or metal perchlorates are formed as 

intermediates which decompose to metal oxides at higher temperatures. The 

decomposition pathways for hexammine metal perchlorates have also been suggested. 
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INTRODUCTION 

As a part of our ongoing research programme to understand the mechanism of 

thermolysis of energetic materials,'-" we have reported the preparation and 

characterisation of hexammine metal perchlorates (HAh4Ps) in our earlier paper." 

Studies on thermolysis of these complexes are quite The kinetic data are of 

practical interest for a number of technologically important 

Thermoanalytical techniques can provide the measurement of overall (global) kinetic 

parameter of thermally stimulated reactions which permit a deeper insight into the 

mechanism of decomposition of highly energetic compounds. Thus. it was planned to 

carry out the thermolysis of HAMP complexes using TG, DTG and explosion delay 

measurements. The kinetic parameters have been evaluated and plausible pathways for 

their decomposition have also been proposed in this communication. 

EXPERIMENTAL 

The preparation of four HAMP complexes, namely [Cu(MI&j](C104)2. 

[cO(NHd61(c10&, [Ni(NH3)6](C104)2 and [2wH3)6l(ClO& have already been 

reported." The detailed thermolysis of these complexes has been investigated as follows: 

Non-isothermal TG 

TG studies on these HAMP complexes (wt.20mg, 100-200 mesh) were 

undertaken in static air at a heating rate of 2"C/min using indigenously fabricated TG 

Apparatus'' fitted with temperature indicator-cum-controller (Model CT 808T, Century). 

Bucket type platinum crucible (h=lcm & d=lcm) was used as sample holder. The plots 

of percent decomposition (a) vs temperature ("C) are given in Figure 1. 
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Simultaneous TG-DTG 

Simultaneous TG-DTG thermograms on HAMP complexes were obtained on a 

Mettler Toledo Star system in nitrogen atmosphere (flow rate 50 cm'lmin) at a heating 

rate of 1O'Clmin and thermograms are given in Figure 2. TG and DTG data profiles are 

summerised in Table 1. 

Isothermal TG 

The isothermal TG on these complexes (wt. 20mg. 100-200 mesh) were canied 

out in static air using the same apparatus as mentioned above at appropriate temperatures. 

The percent decomposition (a) vs time (min) plots are given in Figure 3. The kinetics of 

thermal decomposition have been evaluated from isothermal TG data which were fitted in 

nine mechanism-based kinetic Contracting area and contracting cube 

equations (Equations 1 & 2) have been found to give best fits (Figures 4 & 5). 

(1) 

(2) 

..................................... Ii? I-(1-a) = kt 

I-(1-a) = kt ...................................... In 

The Arrhenius plots are given in Figures. 6 & 7. The correlation coefficient values (r) 

were also evaluated using the relation: 

CXY 

d(ZX2)( Z J )  
................. Correlation coefficient (r) = (3) 

where x and y are values at abscissa and ordinates, respectively. The calculated values for 

rate constants (k), E, and r are reported in Table 2. 

Explosion Delay (DE) and Explosion Temperature (ET) Measurements 

These studies were undertaken using tube furnace (TF) technique" as reported 

earlier". The sample (wt. 20 mg, 100-200 mesh) was taken in an ignition tube (1=5 cm & 
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d d . 4  cm) and time interval between the insertion of the ignition tube into the TF and the 

moment of an audible explosion, noted with the help of a stop watch, gave the value of 

explosion delay (DE) in seconds (s). The time taken for insertion of the ignition tube was 

also kept constant throughout the measurements. The accuracy of temperature 

measurement of TF was +lac. Each run was repeated three times and mean DE values are 

reported in Table 3. The explosion temperatures (ET) were taken of DE at 30 s to have a 

comparison between the relative thermal stability of the four complexes and data are 

reported in Table 3. DE data were found to f i t  in the following equationu-= 

(4) ~/DE = .................. 

where E* is the activation energy for explosion and T is the absolute temperature. 

Typical plots of log DE vs l/r are given in Figure 8. 

RESULTS AND DISCUSSION 

It is evident from TG sigmoidal curves presented in Figure 1 that all these 

complexes show mass loss (a) up to 75-80%. TG-DTG data (Table 1. Figure 2) show that 

these complexes undergo decomposition in two stages. Partial deammination takes place 

at lower temperatures prior to exothermic decomposition of ammine metal perchlorates 

(formed as intermediates) to their respective metal oxides. However, complete 

deammination was observed in the case of copper complex. The overall decomposition 

temperature range has been found in order: 

~ ~ ( ~ ~ ) ~ l ( ~ ~ O ~ ) a ~ N i ( ~ ~ ~ ~ ~ ( C l O ~ ~ ~ ~ [ C ~ ( N H ~ ~ ~ ~ ~ C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Thus, it is clear that cobalt complex is. very sensitive towards heat and zinc complex is 

stable at considerable higher temperatures. Dynamic TG plots reported in Figure 1 are 
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consistent with this trend. The decomposition pathways for these complexes can be 

proposed as follows which are based on TG and DTG results reported in Table 1: 

[Cu(NH3)6](CIO4)2 207-243"c Cu(ClO& .-b 257-3 I0"C CuO 
-6NH1 

-3NH1 

The kinetics of thermal decomposition of these HAMPs were evaluated using nine 

mechanism-based kinetic models out of which contracting area (CA) and contracting 

cube (CC) equations were found to fit in TG data. Estimated kinetic parameters and 

correlation coefficients (r) are reported in Table 2. The values of E. obtained from both 

CA and CC equations for all the complexes are almost the same. However, copper and 

cobalt complexes gave the same E, values which is Iower as compared to those of nickel 

and zinc complexes. However, E, of these complexes was found in the order: 

These complexes are stable at room temperature and explode when subjected to a sudden 

high temperatures. Thus, it was deemed to be of interest to undertake explosion delay 

measurements (Table 3). Copper and cobalt complexes gave the lower value of DE 

whereas zinc complex did not explode at furnace temperatures up to and exceeding 

400'C. ET and E* for copper and cobalt complexes are found to be similar in both the 
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cases and are quite low as compared to zinc complex. These values also support the TG 

data reported in Table 2. 

Surnmerising these results it can be concluded that thermal decomposition of HAMP 

complexes involve deammination prior to decomposition yielding corresponding metal 

oxides as final decomposition product. Copper and cobalt complexes are less thermally 

stable than those with nickel and zinc. 
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FIGURE 1 
Nonisothemal TG Therrnograrns of HAMP Complexes 
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FIGURE 2 
TG-DTG Thennograms of HAMP Complexes 
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FIGURE 3 
Isothermal Decomposition of HAMP Complexes 
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FIGURE 4 
Kinetic Analysis of HAMP Complexes by the Contracting area equation (n=2) 
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FIGURE 5 
Kinetic Analysis of HAMP Complexes by the Contracting cube equation (n=3) 
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Plots of log DE vs l/r (OK) for HAMP Complexes 
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