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ABSTRACT

Rates of thermal decomposition of cuprous azide at six
different temperatures have been measured. The sigmoid
ghapes of the curves representing increase in pressure with
time suggest that at a given temperature a fixed number of
nuclei are formed at the end of the induction period. The
nuclei increase in size in three dimensions. The radius of any
nucleus at any instant (t)is directly proportional to ( t—t, )
where t, is the induction period. The activation energy in-

- volved in thermal decomposition has been found to be 265
‘K calories. It is suggested that this activation energy
corresponds to the energy required for thermal transition
of an electron from 3 d band to the Fermi level of the:
metallic coppér nuclei.

The impact sensitivity and induction period necessary for
explosion at-various temperatures for crystalline and precipi-
tated samples of cuprous azide have been measured. The
results indicate that cuprous azide is more sensitive towards.
heat and impact than lead azide. The impact sensitivity of

~cuprous azide is found to increase with increase in crystal
size. :

Infroduction

Cuprous azide possess high sensitivity both towards heat and impact. This
is an increasing combination of explosive properties. A detailed study of ite
~ behaviour on thermal decomposition and its sensitivity towards heat and
impact is likely to yield valuable information regarding the mechanism of
explosive reactions,

- Inalarge variety of detonators, lead azide is often put in brass containers.

On storage under hot and humid conditions cuprous azide is formed on the
surface of the containers. A slight friction on such surfaces often leads to
serious accidents. An investigation of explosive behaviour of this compound
is likely to be useful in safe handling of ammunition in which cuprous azide
has formed. ‘

Preparation and properties of cuprous azide were first studied by Wohler
- and Krupko! Straumanis and Circulis® extended their work. In the present
investigations it was necessary to obtain large single crystals. For this purpose
Wohler and Krupko’s method with some modifications was found to give
good results.
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- EXPERIMENTAL
(i) Preparation

Cuprous chloride weighing about 5 grams was washed successively with
dilute acetic acid and distilled water. It was suspended, in saturated solution of
sodium chloride. To this suspension 2 ¢.c. of 23 per cent solution of potassium
bisulphate were added when cuprous chloride went into solution. The solution
was acidified with acetic acid and to this 10 per cent solution of sodium azide
was slowly added. During this addition slow agitation was maintained. A fine
precipitate of cuprous azide was obtained. It was filtered and washed success-
ively with distilled water, alcohol and ether. It was dried in vacuum. The
specific gravity was found to be 3-31. :

For the purpose of crystallization, a saturated solution of potassium chlo-
ride containing about 0-1 per cent potassium bisulphate was saturated with
dry cuprous azide at 65°C. The clear solution was filtered while hot and allowed
to ool slowly. A crop of tetragonal crystals of cuprous azide was thus obtained.
A photograph of a single erystal is shown in Fig. 1. :

(ii) Thermal Decomposition

- _Thermal decomposition of single crystals was studied in an apparatus -
similar in design to one described by Yoffe? A crystal weighing about:2

mgms was dropped from a spoon fitted within the evacuated apparatus into

decomposition tube. The latter was maintained at fixed temperature with the

help of an electric furnace whose temperature was controlled by Sunvic RT,

controller. The accuracy of the control was 4 0-15°C. The rise of pressure with

time was studied. : B

(iii) Thermal Sensitiviiy :

The temperature of explosion was measured in an apparatus similar in
design to one employed by Copp et al* About 5 mgms of the material was
enclosed in a copper cap having a diameter of 0-2” and depth of 0-2”, The cap
was dropped in a 'Wood’s metal bath maintained at fixed temperature. The
induction period to explosion was recorded at various temperatures, At each
temperature 15 readings were taken. :

(iv) Impact Sensitivity _

The heights of the steel ball which bring about 50 per cent explosions on
impact in samples of cuprous azide were determined on a machine similar in
design to one used by Taylor and Weale® The base of the machine was _
a steel disc having a diameter of 8” and a height of 3”. Tt was face hardened to
about 650 Vickers hardness number and polished. The sample was placed between
a disc and a pin fitted in a collar. The ball was allowed to fall on pin. At
each height 15 trials were carried and numbers of explosions were recorded.

RESULTS
Thermal Decomposition : ,

On thermal decomposition the rise of pressure with time was studied at
temperatures of 170, 175, 180, 185 190 and 195° C. The pressure versus time curved
are sigmoid in shape. For first four temperatures these curves are shown in Fig.
U For these temperatures the plots of (p)§ versus (t—t,) are shown in Fig. ITI.
It is seen from these figures that the data fit well into the following ex-
- pression:— ’

\S/I;-=k(t‘-to)
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whpre p; k, t and t, are the pressure (mm of H, ), rate constant of reactios, time
(minutes) and induction period respectively. The values of k an? t, at various
temperatures ate given in Table I. = .

TABLE 1

Induction periods and reaction rate constants at various temperatures
Jor crystalline cuprous azides.

Reaction rate Induction

Temp °C constant k period to
: (Relative minutes
values)
170 . . .. . 0-184.. 7-0
176 . . . . 0-259 60
180 . . .. 0-367 50
185 .. e .. 0-493 4-0
19 .. .. .. .. 0eB 3.0
195 .. .. .. .. 0-916 15

A plot of log k against 1/T where T is the absolute temperature is shown in
Fig. IV. The slope of the curve gives the value of activation energy equal to
265 K calories. . ,
Thermal Sensitivity
. Plots of induction period (t) versus temperature of explosion in
degrees absolute (T) are given in Fig. V for precipitated and crystalline samples
of cuprous azide. The curves representing the relationship log t, = E/4-57T-B
where E ig the activation energy and B is a constant are shown in figure VI,
" From the slopes of these curves which are almost rectilinear values of activation
energy have been estimated and are given in Table II. :

TABLE II
Values of E and B for samples of cuprous azide

Temperature of Activation

Samples Q explosion for  energy E Constat B
: induction K calories '
period of -
b seconds
Crystalline .. - 216-7°C 20-5 —8:33

Precipitated .. V . 217-8°C 31-2 . —13-39
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Tt is not possible to associate any physico-chemical process with these.
energies of activation. It is significant, however, that these values are: roughly
equal to the activation energy involved in thermal decomposition.. The dats
show that cuprous azide is more sensitive towards heat than lead azidet,

r7p

LOG k

" . N L 4 .
BT 2.2 2-23 221 219 en s 213wl

Fro. IV:—VARIATION OF LOG K WITH RECIPROCAL OF
ABSOLUTE TEMPERATURE OF REACTION.
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Impact Sensitivity ; ,

Qurves showing percentage of explosions out of 15 trials at various heights
are shown in Fig, VIL The critical heights which bring about 50 per cent..
explosions in crystalline and precipitated samples are given in Table IIL. -;

‘ ' TABLE III
Heighis for 50 per cent explosions. Diameter of steel Ball 7-8"

Samplo | Height in inches

Crystalline. .. .. e .. 240 mesh 225
B ‘ ' 150 mesh Co. 1540
Precipitated .. .. . . ‘ - 200
14
Wk PRECIPITATED ’
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These results show that cuprous azide is more sensitive towards impact =

than lead azide, Again it is observed that the sensitivity of a crystalline sample -
of cuprous azide increases with increase in crystal size. :
Discussions S : ‘ o

_ The sigmoid shape of the thermal decomposition curves suggest that the
chemical reaction is catalysed by the interface between the nuclei that are
formed at the end of the induction period and the crystal. The Kinetics of
interfacial reactions may be represented with the help of the following
equations:— »

— I ()

(No/ JA) > (No/QA) +e ,

The electron tunnels to the metallic nucleus

N @

AN,/ DA >2CA+3N, Y

ks : . .
NONFe> & O o8
T_I_e;cu ‘ ..'-...(4:)

In these equations (N;/ [JA), e, (Ny/ [ A), T, A [J'denote anion in lattice
site, electron, hole, trap and vacant anion sites respectively. If the value of k.
be negligible in' comparison with k;, it can be shown as.has beendone by
Gray and Waddington® that , R

S =k®/ Qs o)
According to this equation the rate of chemical reaction at the end of induction
period is proportional to the number of anions at the interface. If the radius (r)
of the nucleus at any time t is assumed to be proportional to (t—t_) where t_ is
the induction period and it is assumed that fixed number of nuclei appear at the
end of induction period which grow later in size it can be shown that the pressure
(p) at any instant t is given by the expression N
: YP = k(t—t,) e e +(6)

The fact that experimental results on thermal decomposition obey the
relationship (6) suggests that the assumptions made above are reasonably
correct. v :
It is likely that the activation energies involved in steps (2), (3) and (4) of
the chain reactions are very small and that mainly step (1) determines the
activation energy involved in thermal decomposition. In this step an electron
tunnels from the azide band to the metallic nucleus. The energy required for this
purpose can be estimated on the basis of considerations given below.

The energy levels in metallic copper and cuprous azide are shown in Fig. -

VIII. The energy levels in cuprous azide have been assumed to be those in
cuprous bromide. ILukrisky, Gudris and Kulikowa?8 have measured the:
energy required to remove an electron -from cuprous bromide crystallites -
and have found a value of 62 e.v. The energy gap between conduction and
- empty bands in cuprous bromide has been estimated to be 5 e. v. by Marton?.

The electron affinity of the crystal is therefore 1:2 e.v. The energy levels

in metallic copper have been evaluated by Howarth®®. Some of his results are
- given.in Fig. VIII, . o e e
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As mentioned earlier the initial and rate determining step is the transfer of
an electron from the azide band to the Fermi level of the metallic nuclei. There
are two possible routes for this step viz. (4) direct transfer of an electron from
the azide band to the Fermi level of the metallic nuclei, and (¢¢) indirect trans-

fer involving thermal excitation of an electron from the top of 3 d band to the

Fermi level of metallic nuclei followed by jumping of an electron from the
azide band into the hole in 3 d band of copper nuclei formed on the surface of
the erystal. The energy required for direct transfer of an electron () can be
calculated with the help of the following expressionll,
2k3T2
E=4¢+n—I— —— (dlog glae)

where i is the energy required to remove an electron from the azide ion at
the interface, I is the work function of the metallic nuclei, k is Boltzmann’s
constant, T is the absolute temperature, g is the density of electronic levels of
energy (e), n is the extra activation energy as shown in Fig. IX. The value
of (¢) works out to be high. On the other hand indirect transfer requires less
energy. Metallic copper shows strong absorption at 5750 A. It has been jsuggested
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by Mott and Jones'? that this absorption arises from transition of an

electron from top of 3 d band to the Fermi level of copper. Friedel’® has
argued that Coulomb energy (E, ) of interaction between the electron and the
hole created by light absorption plays a considerable role in this transition.
Since on thermal excitation the lattice par ameters near the hole Cu ™+ contract
by 10 per cent the value of E, therefore increases by 10 percent. The energy
required. for thermal excitation of electron would therefore be 1-3 e.v. instead
of 2-1 e.v. for optical transition. On: thermal excitation of electronsfrom 3 d
band of metallic nuclei, electrons from azide band of the crystal jump into
holes left in the band. This leads to initiation of chain reactions shown in equa-
tions (1)-and (4). Thus activation energy involved in thermal decomposition of
cuprous azide works out to be 13 e.v. This value is very close to the value of
activation energy 1-15 e.v. determined experimentally.

Gray and Waddington® in interpretation of their results on decom-

position of silver azide ascribe no role to metallic nuclei. This does not appear -
to be a valid assumption. On the basis of the suggestions advanced in this paper -

it is easy to explain the thermal behaviour of other azides. As for example in

173
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thermal decomposition of azides of transition metals vacant ‘d’ orbitals play -
an important role. In the case of alkaline earth azides the energy gap between
first and second Brillouin zones in the principal crystallographic directions of
metallie nuclei exert a great influence on thermal decomposition. These results
will be presented in another paper.
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