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The decomposition of molten KN3 and CSN~ catalyzed by surfaces of the group VIII and 1B 
metals was investigated. These catalytic decomposition reactions followed zero-order kinetics and 
the activities of the catalysts decreased in the direction from the VIII, over the VIII2 and VIII3 to 
the IB metals. For comparison, the thermal decomposition of transition metal azido complexes in 
molten salt solutions was studied. These complexes decomposed in first-order reactions and the 
activation energies of their decomposition reactions followed the same trends as observed in the 
catalytic decomposition of molten alkali azides on surfaces of the respective metals. These results 
support the theory that azido species are formed on the metal catalyst surfaces which are related to 
the respective transition metal azido complexes studied in solution. 

INTRODUCTION 

At elevated temperatures, inorganic az- 
ides decompose according to 2MN3 + 2M 
+ 3N2, forming metal and nitrogen. With 
heavy metal azides, this reaction is highly 
exothermic, which is a prerequisite for be- 
ing an explosive. The azides of potassium, 
rubidium and cesium, however, decompose 
in slightly endothermic reactions since 
much energy is required to reduce the alkali 
metal ions to alkali metals (I, 2). These 
three alkali azides melt before decomposi- 
tion takes place and their melts decompose 
very little at temperatures below 450°C. Ac- 
tivation energies of about 50 kcallmole are 
required (3, 4). In contrast, high rates of 
decomposition were found in the presence 
of the metals iron, cobalt, and nickel (4). 
These observations resulted in the investi- 
gation of the thermal decomposition of mol- 
ten KN3 and CsN3 on surfaces of all group 
VIII and 1B metals, presented in this paper. 

In view of the high catalytic activity of 
transition metals for the alkali azide melt 
decomposition, it was noteworthy that 
transition metal azides have the lowest 
thermal stabilities of all inorganic azides. 

This consideration led to the decision to 
study the thermal decomposition of a series 
of analogous transition metal azido com- 
plexes in molten salt solutions and to com- 
pare the results with the data of the alkali 
azide melt decomposition, catalyzed by the 
respective transition metals. By studying 
the decomposition of the complexes in so- 
lution, the complicating influences of the 
solid state were avoided and it could be ex- 
pected that the decomposition rates would 
reflect in a relatively consistent manner the 
facility with which the primary decomposi- 
tion step takes place, namely, the excita- 
tion and transfer of an electron from the 
azide ion to the cation of the decomposing 
species (1, 2). Transition metal monoazido 
complexes in solution in molten alkali ni- 
trates and molten potassium thiocyanate 
proved useful for this study. 

METHODS 

1. Apparatus 

The kinetics of all decomposition reac- 
tions was investigated by measuring the 
pressure increase resulting from the azide 
decomposition in a closed vacuum system. 
For this purpose a high-vacuum glass appa- 
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FIG. 1. Schematic representation of the decomposition apparatus. 

ratus was built, which is schematically 
shown in Fig. 1. It permitted a vacuum of 
better than 10P6 Ton-. By turning a glass 
spoon attached to a ground joint it was pos- 
sible to drop the samples into the reaction 
vessel of the high-vacuum apparatus. The 
reaction vessel was surrounded by a heated 
brass block whose temperature was kept 
constant electronically. For measuring the 
change of pressure due to sample decompo- 
sition an Alphatron Gauge was used. A re- 
corder, not shown in Fig. 1, recorded the 
pressure increase as a function of time, i.e., 
the recorder provided plots of the decom- 
position curves. The azide sample sizes 
were chosen to permit the use of the Alpha- 
tron Gauge range of O-100 mTorr. The out- 
gassing rates of the samples and of the ap- 
paratus were negligible at these pressures. 
The decomposition apparatus included two 
cold traps. One was part of the system in 
which the nitrogen accumulated during de- 
composition; the other separated this sys- 
tem from the pumps. All experiments were 
conducted at temperatures above the melt- 
ing points of the samples. The volume of 
the decomposition apparatus was deter- 
mined by measuring with the Alphatron 
Gauge the pressure attained when air con- 
tained in flasks of calibrated volume was 
allowed to expand into the evacuated appa- 
ratus. 

2. Investigation of the Catalytic 
Decomposition of Molten 
Alkali Azides 

The samples were prepared by mixing 
metal powders with KNJ or CsN3 in exactly 
known proportions using a vibrating mixer 
mill. The specific surfaces of these metal 
powders were determined with the BET 
method. For performing a decomposition 
experiment a small pellet consisting of a ho- 
mogeneous azidelmetal powder mixture 
was placed on a rotatable spoon of the de- 
composition apparatus. After pumping the 
air out, the sample and apparatus were out- 
gassed at high-vacuum conditions. This 
was followed by closing a valve to establish 
a closed system, which was then checked 
with the Alphatron Gauge for zero pressure 
increase in the range O-10 mTorr. Subse- 
quently, the sample was dropped into the 
reaction vessel and the decomposition 
curves were recorded. Melting occurred, 
due to the very small size of the samples, 
almost instantaneously after the samples 
arrived at the bottom of the reaction vessel. 
The decomposition experiments were con- 
ducted at temperatures between 350 and 
380°C with the group VIII metals as cata- 
lysts and between 400 and 440°C with the 
1B metals. At the temperatures used in the 
catalytic azide decomposition studies the 
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rate of the noncatalytic decomposition was 
negligible. 

The decomposition curves provided by 
the recorder could be mathematically trans- 
formed and expressed as fractional decom- 
position versus time. This made it possible 
to compare all decomposition experiments 
conducted with samples having the same 
azide/catalyst mixture even when the sam- 
ple quantities were not the same. Decom- 
position curves expressed in these terms 
are shown in Fig. 2. This figure shows, as 
will be discussed in more detail below, that 
the catalytic alkali azide melt decomposi- 
tions take place with essentially constant 
rates. The temperature dependence of the 
rates as measured in the constant rate re- 
gion was used for the determination of the 
activation energies and frequency factors 
via the Arrhenius equation. The azide and 
catalyst quantities and the quantities of ni- 
trogen evolved in each experiment, as well 
as the specific surfaces of the catalysts, 
were known; thus the decomposition rates 
could be expressed as azide molecules de- 
composed per square centimeter and sec- 
ond. 

Another experimental procedure for 
studying the catalytic azide melt decompo- 
sition involved placing the metal powder 
catalysts into the reaction vessel and initiat- 
ing the decomposition experiments, after 
the outgassing period, by dropping a pure 
alkali azide sample on the catalyst. When 
this technique was used, the metal powders 
could be hydrogen treated, in situ, at ele- 
vated temperatures to assure surface oxide- 
free catalysts. This could be accomplished 
by admitting pure hydrogen into the evacu- 
ated decomposition apparatus and, after 
the appropriate treatment times, pumping 
the hydrogen out. Thus surface oxide-free 
metal powders could be prepared in situ 
and their properties as catalysts could be 
investigated without ever again exposing 
the hydrogen treated metal surfaces to air. 

In addition to the experimental proce- 
dures described above, the so-called split 
run technique was used to check the results 
obtained with the techniques discussed 
above. This method allows the determina- 
tion of the decomposition rates at different 
temperatures of one and the same sample. 
In the application of this technique to the 

TIME (sec.) 

FIG. 2. Decomposition of molten KN3 at 360°C catalyzed by iron powder. Solid line: catalyst used 
the first time. Broken line: catalyst used repeatedly or catalyst freed of surface oxide layer by in siru 
hydrogen treatment. 
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case considered here numerous decomposi- 
tions could be performed with one sample 
without leaving the constant rate decompo- 
sition region. This was accomplished by us- 
ing larger samples and decomposing them 
at lower rates which could be achieved by 
proper choice of temperatures and catalyst 
quantities. For sensitivity at low decompo- 
sition rates the most sensitive range of the 
Alphatron Gauge (O-10 mTorr) could be 
used. After each decomposition run the 
heated brass block was lowered to stop the 
decomposition completely. When the brass 
block had reached the next selected, con- 
stant temperature it was raised to the oper- 
ating position surrounding the reaction ves- 
sel. A constant decomposition rate was 
attained soon thereafter and recorded. 

Regardless of the technique used, the 
data required for the calculation of the Ar- 
rhenius parameters were obtained by per- 
forming at least 20, and sometimes 40, 
decomposition experiments at different 
temperatures. All techniques led to consis- 
tent results and the activation energies could 
be determined with a reproducibility of bet- 
ter than 2 1 kcal/mole with the group VIII 
metals and better than t2 kcal/mole with 
the group 1B metals. 

3. Investigation of the Transition Metal 
Monoazido Complexes in Molten Salt 
Solutions 

A. Spectrophotometric studies. The mol- 
ten eutectic mixture of KN03 and LiN03 
(mp 129°C) as well as molten KCNS were 
the media used in these investigations. The 
formation of the azido complexes was stud- 
ied spectrophotometrically at 150°C with 
the KN03/LiN03 melt and at 185°C with 
the KCNS melt using a Cary 14 spectropho- 
tometer, optical quartz cells, and a high- 
temperature sample cell holder. For the 
preparation of the samples, reagent-grade 
solvent salts were dried at 110°C overnight, 
subjected to a shock drying technique in- 
volving heating and freezing cycles under 
vacuum, and weighed and melted under 

vacuum (5). Water-free transition metal 
salts and potassium azide were added to the 
melts and portions of the resulting solutions 
were transferred into the optical quartz cell 
which was held at the desired temperature 
by the temperature-controlled sample cell 
holder. An alternate technique involved 
adding the transition metal salt and potas- 
sium azide to the solvent melt in the optical 
cell. In this case, a homogeneous mixture 
was obtained by stirring the melt with a 
glass fiber. 

B. Transiti& metal monoazido complex 
decomposition studies. The decomposition 
of such complexes in molten salt solutions 
was studied with the decomposition appa- 
ratus described above. The samples were 
prepared by mixing known quantities of 
water-free transition metal salts, potassium 
azide, and the above-mentioned dried, solid 
solvent salts within a little agate vial of 
a vibrating mixer mill. When dropping 
a small, outgassed pellet of such a sample 
into the reaction vessel of the high-vacuum 
apparatus, almost instantaneous melting 
and onset of the decomposition reaction oc- 
curred. Depending on the temperature cho- 
sen, the times required for the decomposi- 
tion of the azido species in the melt droplet 
formed ranged from a few minutes to hours. 
All the transition metal monoazido com- 
plexes studied decomposed in perfect first- 
order reactions. The first-order rate con- 
stants of these decompositions were 
determined at various temperatures and 
used for the determination of the Arrhenius 
parameters. The data allowed the determi- 
nation of the activation energies with a re- 
producibility of -+l kcal/mole in the case 
of the group VIII metal azido complexes 
and ? 1.5 kcal/mole with the Cu(I1) azido 
complex. In the absence of transition metal 
ions no decomposition was observable at 
the temperatures of these experiments. 

RESULTS 

I. Transition Metal-Catalyzed Alkali 
Azide Melt Decomposition 

The transition metal-catalyzed alkali az- 
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ide melt decomposition resulted in the for- 
mation of pure nitrogen, as confirmed mass 
spectrometrically, and alkali metal. The lat- 
ter evaporated and condensed as a mirror 
on the cool, upper part of the reaction ves- 
sel. The decomposition reactions on sur- 
faces of all metal catalysts took place with 
perfectly constant rates from the beginning 
of each experiment to a fractional decom- 
position of at least 0.65 if the metal cata- 
lysts had been rendered surface oxide-free 
by a prior, in situ hydrogen treatment. An 
example can be seen in Fig. 2. Above frac- 
tional decomposition 0.65, a very gradual 
decrease of the decomposition rates took 
place, which is explained by the observa- 
tion that part of the catalyst powder parti- 
cles lose contact with the melt droplet when 
it shrinks due to its decomposition. When a 
metal powder was used as catalyst which 
was not freed of surface oxide, an initial, 
short period of higher decomposition rate 
was found, followed by the constant rate, 
as observed with the oxide-free metal cata- 
lysts. Perfectly constant rates, however, 
from the beginning of each experiment to at 
least 65% fractional decomposition were 
found with all metal powders when used 
repeatedly as catalysts without exposing 
them to air again. This could be accom- 
plished by dropping pure alkali azide sam- 
ples on the catalyst which remained in the 
reaction vessel at the end of a decomposi- 
tion experiment, using one of the three ‘ro- 
tatable spoons located within the decompo- 
sition apparatus above the reaction vessel. 
(For simplicity only one spoon is shown in 
Fig. 1.) Figure 2 shows characteristic de- 
composition curves as discussed above. 
The solid line is the decomposition curve of 
molten KN3 on iron powder surfaces. Very 
similar curves were obtained with all group 
VIII transition metals as catalysts. The bro- 
ken line is the decomposition curve ob- 
tained when the iron powder or any other 
metal powder was used repeatedly as cata- 
lyst without being exposed to air. The bro- 
ken curve is also an example of the decom- 
position curves observed with in situ 

hydrogen-treated iron or any other in situ 
hydrogen-treated metal as catalyst. In the 
decomposition of CsN3 melts on transition 
metal powders exactly the same decompo- 
sition curves were obtained as shown in 
Fig. 2 for the catalytic decomposition of 
KN3 melts. All these results indicate that 
the decompositions of molten alkali azides 
on transition metal surfaces follow essen- 
tially zero-order kinetics. More accurately, 
the decompositions proceed with essen- 
tially constant rates, which is not surprising 
since the reaction products disappear from 
the liquid phase and the alkali azide con- 
centration in the liquid phase does not 
change. 

In order to better understand the influ- 
ence of the surface oxide layers, alkali az- 
ide melt decompositions in the presence of 
transition metal oxides were performed. In 
the presence of oxides such as Fe304, 
CoZ03, or NiO the decomposition rates 
were nearly zero during the first 10 set after 
initiation of an experiment. This contrasts 
sharply with the transition metal-catalyzed 
alkali azide melt decompositions, where the 
decomposition commences immediately af- 
ter the sample is dropped into the reaction 
vessel. After these induction periods, last- 
ing approximately 10 set, the decomposi- 
tion rates increased in an acceleratory man- 
ner. The lengths of the acceleratory peri- 
ods, i.e., the fractions of the azide samples 
decomposed during the acceleratory peri- 
ods, were directly proportional to the metal 
oxide-to-azide ratio of the samples. The ac- 
celeratory periods were followed by the 
characteristic decomposition curve of the 
metal-catalyzed alkali azide melt decompo- 
sition. These observations indicated that 
the oxides themselves exert little or no cat- 
alytic effect and that the catalysts were 
formed during the acceleratory periods. On 
the basis of thermodynamic considerations 
reduction of the respective oxides to the 
metals could be expected. This was une- 
quivocally confirmed by X-ray analysis of 
decomposition residues. Thus, during the 
acceleratory periods the oxides are reduced 



CATALYTIC ALKALI AZIDE MELT DECOMPOSITION 415 

to the respective metals. This reaction is at 
first very slow but the metals formed cata- 
lyze the alkali azide decomposition which 
results in progressively faster oxide reduc- 
tion rates until all oxide is reduced. This 
autocatalytic process results in the induc- 
tion and acceleratory periods mentioned 
above. The acceleratory periods are fol- 
lowed by the alkali azide melt decomposi- 
tion catalyzed by the metals formed. It was 
shown in these studies with oxides that the 
metals formed in the acceleratory periods 
catalyzed the alkali azide melt decomposi- 
tion with the same activation energies as 
the metal powders. 

In the case of alkali azide melt decompo- 
sition on transition metal powders the 
quantity of surface oxide present is too 
small for the acceleratory periods to be 
seen. They could be observed, however, 
when strongly oxidized metal powders 
were intentionally used as catalysts. The 
higher rates in the initial phase of the metal- 
catalyzed decomposition (solid line in Fig. 
2) should not be confused with the accelera- 
tory periods mentioned above. This initial 
decomposition phase, prior to attaining the 
constant rate, is due to catalytic decompo- 
sition on metal surfaces which briefly be- 
fore were freed of the oxide layer and had 
not reached an equilibrium state. The acti- 
vation energies were the same regardless of 
whether the rates were obtained from the 
initial decomposition phase or from the 
constant-rate region. 

It is noteworthy that transition metal 
ions, introduced into alkali azide melts in 
the form of transition metal salts, are nearly 
instantaneously reduced to the respective 
metals. The metal particles formed in this 
manner also catalyze the alkali azide melt 
decomposition as observed with the metal 
powders (6). It is obvious, therefore, that 
any homogeneous catalysis effects cannot 
possibly contribute to the heterogeneously 
catalyzed reaction discussed in this paper. 

The recordograms representing the pres- 
sure increase in the decomposition appa- 
ratus as a function of time constitute the 

primary experimental data of this work. 
More than 1000 decomposition experiments 
were conducted. In view of the large quan- 
tity of data collected it does not seem 
worthwhile to tabulate them. The data per- 
mitted, as mentioned under Methods, the 
determination of the decomposition rates 
with different catalysts at various tempera- 
tures and their expression in terms of azide 
molecules decomposed per square centi- 
meter and second. The results were double- 
checked with the split run technique and in 
the experiments with in situ hydrogen- 
treated metal powders. These rates served 
for the calculation of the activation energies 
and frequency factors shown in Table 1. 
The activation energies of this table could 
be determined with a reproducibility of bet- 
ter than +I kcal/mole with the group VIII 
metals and better than -+2 kcal/mole with 
the 1B metals. The frequency factors for 
silver and gold catalysts are not listed be- 
cause no accurate data for the specific sur- 
faces of the silver and gold powders were 
available. The results displayed in Table 1 
will be discussed below. 

2. Transition Metal Azido Complex 
Decompositions in Molten Salt 
Solutions 

When the azide ion concentrations in the 
molten salt solutions were higher than the 
transition metal ion concentrations, azido 
complexes formed which decomposed too 
rapidly to be studied with the techniques 
used. On the other hand, the complexes 
formed when the transition metal ion con- 
centrations were higher than the azide ion 
concentrations decomposed in compara- 
tively slow, first-order reactions. At tem- 
peratures near the melting points of the sol- 
vent salts, such solutions were thermally 
stable and were studied spectrophotometri- 
tally. The shifts of the ligand field bands 
and the appearance of charge transfer 
bands established that azide coordination 
took place. The comparison of these spec- 
tra with the spectra of azido complexes in 
aqueous solutions showed that the slow- 
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TABLE 1 

Arrhenius Parameters of the KN, and CsNr Melt Decompositions on Group VIII and 1B Metal Surfaces 

VIII, VIII2 VIII1 1B 

E, (kcal. mole-i) 
A (molecules cm-2 set-I) 

E. (kcal. mole-i) 
A (molecules cm-2 set-i) 

E, (kcal. mole-r) 
A (molecules cm-2 set-I) 

E, (kcal. mole-i) 
A (molecules cm-2 set-I) 

E, (kcal. mole-i) 
A (molecules cm-2 set-i) 

KN, 

Fe 
31 

2.9 x 1O26 

Ru 
27 

4.9 x 1025 

OS 
33 

4.4 x 1025 

Fe 
30 

1.0 x 1026 

Ru 
28 

1.9 x 1025 

co 
29 

7.2 x 102’ 

Rh 
26 

5.4 x 1024 

Ir 
32 

3.0 x 1025 

CsN, 

co 
28 

6.6 x 1024 

Rh 
25 

6.4 x lO23 

Ni 
31 

3.8 x lo*’ 

Pd 
33 

7.8 x 10z4 

Pt 
34 

9.7 x 1025 

Ni 
31 

1.1 x 1025 

Pd 
32 

2.1 x 1024 

cu 
41 

5.0 x 1028 

& 
42 

Au 
41 

cu 
42 

4.0 x 102’ 

Ag 
42 

decomposing species were transition metal 
monoazido complexes (7-9). These com- 
plexes were suitable for the purpose of this 
study, which was to determine the thermal 
stabilities and decomposition kinetics pa- 
rameters of a series of analogous transition 
metal azido complexes and to compare the 
results with the data obtained in the transi- 
tion metal-catalyzed alkali azide melt de- 
composition. The first-order rate constants 
of the transition metal azido complex de- 
compositions were determined at various 
temperatures and these rates were used for 
the calculation of the Arrhenius parame- 
ters. The data permitted a reproducibility of 
the activation energies of better than -+ 1 
kcal/mole in the case of the group VIII 
metal monoazido complexes and + 1.5 kcal/ 
mole with the Cu(I1) monoazido complex. 
The results for the monoazido complexes of 
Co(II), Ni(II), Cu(II), Rh(III), and Ir(II1) 
are displayed in Table 2. They will be dis- 
cussed below. The complexes of the re- 
maining group VIII and 1B ions could not 
be investigated because they were either 

thermally too unstable or the respective 
transition metal ions did not dissolve in the 
molten salt solvents. 

DISCUSSION 

The data displayed in Table 1 show that 
molten KN3 and CsN3 decompose, consid- 
ering the experimental error, with the same 
activation energy when the same metal cat- 
alyst is present. This result lends support to 
the concept that the alkali metal cations are 
not involved in the rate-determining step of 
the transition metal-catalyzed alkali azide 
melt decomposition. The data of this table 
also show that the frequency factors are 
consistently smaller in the catalytic CsN3 
melt decomposition than in the catalytic 
KN3 melt decomposition. The smaller fre- 
quency factors found with the CsN3 melt 
may be due to the larger size of cesium ion 
which will occupy more catalyst surface 
area than the potassium ion. Smaller cover- 
ages with cesium than with potassium or 
sodium were reported by investigators who 
studied the alkali metal adsorption on tran- 
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TABLE 2 

Arrhenius Parameters of the Transition Metal 
Monoazido Complex Decompositions in Molten 

KCNS and KNOJLiN03 Solutions 

E. (kcal. mole-‘) 
A (set-‘) 

E. (kc& mole-‘) 
A (see-I) 

VIII* VIII, 

KCNS 

Co(I1) Ni(II) 

2.0 ‘,’ IO” 1.7 :RlOl3 

Rh(III) W(U) 

3.2 ',810'o 4.6 ',' 1O'2 

IIfIII) 
E. (kcal. mole-l) 
A (set-I) 

E. (kc& mole-') 
A (set-I) 

1.2 t9 ,010 

KNOJLiNO, 

Co(I1) Ni(II) Cu(II) 

1.5 i5 1013 6.2 :810" 4.9 i910'S 

sition metal surfaces using the LEED tech- 
nique (20). 

Comparing the Arrhenius parameters of 
Table 1, i.e., the catalytic activities of the 
transition metals for alkali azide decompo- 
sition, very distinct trends can be recog- 
nized. (1) The lowest activation energies 
are found with the VIII2 metals. (2) With 
the VIII1 metals the activation energies are 
somewhat higher but the larger frequency 
factors more than compensate for this, 
which results in the highest specific decom- 
position rates observed. (3) The VIII3 
metals are less active catalysts than the 
other group VIII metals because the activa- 
tion energies are somewhat higher and the 
frequency factors do not compensate. (4) 
The highest activation energies are ob- 
served with the 1B metals. With these 
metals as catalysts very low decomposition 
rates are found even though a strong com- 
pensation effect is operative as the results 
with copper indicate. Certain trends can be 
noticed also in the horizontal direction of 
Table 1. Except for palladium, the activa- 
tion energies are lowest and the specific 
rates highest in the second period of the 
group VIII metals, followed by the metals 
of the first and third period. 

Assuming a surface site density of 10” 
sites per cm2 it was possible to express the 
frequency factors of Table 1 in terms of fre- 
quency factors per site and second. The 
results showed that the frequency factors 
per site obtained with the VIII* metals cor- 
respond closely to the frequency factors of 
the VI& transition metal monoazido com- 
plex decompositions in the KCNS melt (Ta- 
ble 2), while the frequency factors per site 
of the VIII3 metals do not correspond 
closely to the frequency factors of the re- 
spective VIIIs transition metal monoazido 
decompositions in the KCNS melt. It does 
not seem appropriate, however, to attach 
too much significance to these results, be- 
cause close examination of Table 2 reveals 
that the frequency factors of the transition 
metal monoazido complex decompositions 
are, in contrast to the activation energies, 
affected by the solvent melt. 

Let us now discuss Table 2 in more de- 
tail. The data of this table show that the 
transition metal monoazido complexes de- 
compose with the same activation energies 
in both solvent melt systems, i.e., the acti- 
vation energies are not influenced by the 
solvent melt ligands. This is an important 
result indicating that only the azide ion and 
the transition metal ions are involved in the 
rate-determining step and that solvent li- 
gands play a secondary role only. Table 2 
also shows that the activation energies of 
decomposition increase in the direction 
from the left to the right side of the periodic 
table of elements. Interestingly, this trend 
in the activation energies parallels the trend 
of the thermodynamic stabilities of transi- 
tion metal complexes widely referred to as 
the natural order of stabilities. This trend 
was discussed in considerable detail by 
Irwin and Williams and interpreted in terms 
of the effective electronegativities of the 
ions involved and is also frequently attrib- 
uted to the effects of the ionic radii of the 
cations and the superimposed contributions 
of the crystal-field stabilization energies 
(11-13). The frequency factors of Table 2 
indicate that the transition metal complexes 
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decompose in KCNS melt solution with 
low or near normal first-order rate con- 
stants (negative entropies of activation) and 
in the alkali nitrate melt solution with high 
or near normal first-order rate constants 
(positive entropies of activation). 

Comparing the data of Tables 1 and 2, 
similarities in the trends of the activation 
energies are found which are of particular 
interest within the framework of this inves- 
tigation. The VIII, transition metal mono- 
azido complexes are not listed in Table 2 
because they were thermally too unstable 
to be studied. This is interesting in view of 
the observation that the use of VIII, metals 
as catalysts for alkali azide melt decompo- 
sition resulted in the highest decomposition 
rates observed. The VIII2 metal monoazido 
complexes decomposed with the lowest ac- 
tivation energies as did alkali azide melts on 
VIII2 metal catalysts. As in the catalytic de- 
composition, the activation energies in- 
creased and the rates decreased in the di- 
rection from the VIII2 over the VIIIJ to the 
1B metal complexes. Comparing the differ- 
ent periods represented in Table 2, it can be 
seen that the activation energies are lowest 
in the second period, a trend also found in 
the catalytic alkali azide melt decomposi- 
tions on the respective metal surfaces. 

If only the data of Table 1 were available 
one could be led to interpret the results on 
the basis of the collective electronic proper- 
ties of metals using the electron band the- 
ory or Pauling’s valence bond theory of 
metals (14, 15). The significant difference 
in the catalytic activities of group VIII and 
1B metals would be viewed as a conse- 
quence of the partially filled d-band or the 
partially filled atomic d-orbitals, respec- 
tively. If one considers, however, the 
results of the transition metal monoazido 
complex decompositions (Table 2) in addi- 
tion to the catalysis work (Table 1) one real- 
izes that the above interpretation is not ap- 
propriate. It seems unlikely that the 
similarities in the trends of the activation 
energies of the catalytic alkali azide melt 
decompositions and of the transition metal 

monoazido complex decompositions are 
coincidental. They suggest a related mecha- 
nism of the heterogeneous and homoge- 
neous decompositions, i.e., they suggest 
that the azide ions become adsorbed on the 
surfaces of the transition metal catalysts 
whereby a surface azide species is formed 
which is related to the respective transition 
metal monoazido complex in solution. Both 
the activation energies for the decomposi- 
tion of these surfaces azide species and the 
activation energies for the decomposition 
of the transition metal azido complexes in 
solution appear to be affected by the ther- 
modynamic stabilities as expected on the 
basis of the “natural order of stabilities” of 
transition metal complexes. 

The results of this paper are consistent 
with a mechanism of the alkali azide melt 
decomposition on surfaces of transition 
metal catalysts as follows: When an azide 
ion comes into contact with the metal sur- 
face it will become adsorbed whereby a 
positive charge may become localized at 
the adsorption site. A surface azide entity 
will thus be formed which is related to the 
respective transition metal monoazido 
complex as studied in the molten salt solu- 
tions. The alkali metal ions will also tend to 
adsorb on the transition metal surface 
whereby a negative charge will become lo- 
calized at the adsorption site resulting in 
binding by the image force as discussed by 
DeBoer (26). When sufficient thermal en- 
ergy is supplied to the adsorbed azide ion it 
will transfer an electron to the transition 
metal surface atom which was partially 
“demetallized” by the azide ion adsorp- 
tion. The data of this investigation suggest 
that this step of the decomposition reaction 
is rate determining as is the case in azide 
decomposition in general (I, 2). The azide 
radical thus formed on the catalyst surface 
will tend to interact with an azide radical 
formed on an adjacent site because mono- 
molecular decomposition of azide radicals 
is forbidden by the correlation (spin conser- 
vation) rules (I, 2). The energy released in 
the resulting formation of three molecules 



of nitrogen provides the driving force for tween heterogeneous and homogeneous re- 
the electron transfer from the catalyst to actions. 
the adsorbed alkali metal ion. Evaporation 
of the alkali metal follows. In this mecha- 
nism the transition metal catalysts provide 
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