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1. I N T R 0 D U C T I 0 N. 

1,1, The Thermal Decomposition of Solids, 

The chemical reactivity of a solid is influenc ed to a 

marked degree by the presence of imperf ections or defects in 

the solid, Bond strengths are considerably weaker at points 

of imperfection than elsewhere in the solid, and hence the ini-

tiation of reaction is favoured at these sites due to the re-

lative ease of bond rupture. Line defects, such as edge or 

screw dislocations, jogs, Smekul cracks etc, are of prime im-

portance in such changes. The surface of a solid or in inter-

granular boundaries, where a state of strain exists, are also 

favourable places for the initiation of a reaction, Point 

defects e.g. vacancies or interstitial ions or atoms also play 

important roles in chemical change, often in conjuction· with 

lin.~ defects. 

A characteristic feature of the thermal decomposition of 

a solid is the initiation and propagation of th e reaction from 

a number of preferred centres , termed nuclei, As indicated 

above, nuclei are generally formed at imperfections in the 

lattice. Certainty as to the nature of nuclei does not always 

exist but it is generally accepted that they are composed of 

solid reactant pro duct. For exampl e , nuclei of metallic 

barium are found in the thermal decomposition of barium azide~ 

Differences in physical properties , such as molecular 

volume, between the product and parent phases usually results 

in strain in the original latticf and this will favour the ~ 
I 

spread of the reaction from the original nucleus, 

Nuclei can be classified into two main groups, viz. 

compact nuclei and diffuse nuclei . The latter are spread uni-

formly throughout the solid , They form in large numbers but 

are not directly observable since they do not grow to a vis-

ible size, An example of this occurs in the thermal decom-

position of/,, ••• , •••. 
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position of mercury fulminate 2 , Similar activation energies 

for nuclear formation and growth favours their formation, 

Usually the activation energy for nucleus growth is less 

than that for nucleus formation, This favours the formation 

of compact nuclei, These nuclei are directly observable, 

They grow in a variety of shapes dependent on the physical 

properties of the solid e.g, spherical nuclei have been observro 

in the thermal decomposition of barium azide3 , and horn-shaped 

4 
nuclei in the dehydration of copper sulphate pentahydrate . 

The number of potential nucleus forming sites (and hence 

nuclei) can be increased by a number of means, Grinding or 

crushing of whole crystals usually achieves this, In some re-

5 actions, such as in the dehydration of hydrates , scratching of 

the surface facilitates nucleus formation. Preirradiation of 

the solid can also result in a large increase in the number of 

nuclei, Several instances have been recorded where preirra-

diation with ultra-violet light 6 , X-rays 7 , 8 9 Y-rays , electrons 

10 or neutrons has had this effect . An increase in the con-

centration of defects of one form or another can usually be 

associated with any of the above treatments. 

The majority of the thermal decompositions which have been 

studied are of the type 

A (solid ) B(solid) + c (gas) 

A convenient means of fo llowing the course of these 

react ions is to measure the pressure of the gas(es) evolved 

and then to plot rate/time, pressure/time or ~/time curves 

(where~ is the fractional decomposition). Mathematical ana-

lyses of these plot s oft en yield much information as to the 

nature of nucleation processes and the shape and mode of 

growth of the nuclei . However, the applicability of a p arti-

cular mathematical analysis is not concl us ive proof for a 

part icular mechanism and f urther evidence is u sually desired, 

Vis ual observations/ •. , •.... , 
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Visual observations of the decomposing solid and consideration 

of its chemical and physical properties, such as crystal struc-

ture, conductivity and general chemical reactivity are also of 

considerable importance in deducing the made of thermal decom-

position of the solid. 

Four main types of thermal decompositions of a solid can 

be classified according to the shape of the pressure/time plots 

These are shown in FIGURE l, Those in group (a) are sigmoid 

curves with a marked induction period with little or no evolu-

tion of gas, followed by periods of acceleration and decay of 

the reaction. 
11 The permanganates show plots which are typi-

cally of this type. In group (b) there is a very pronounced 

decay period and only a short acceleratory period, The ther -

1 2 13 
mal decomposition of mercuric oxalate and l ead styphnate 

follow this type of decomposition. In group (c) there is vir-

tually no induction period and the reaction rate is a maximum 

near the beginning of the decomposition. An example of this 

is the decomposition of lead azide
14

. The fourth class of 

decompositions, (d), show a rapid initial burst of gas followed 

by a period of s low gas evolution which leads into an acce-

leratory and then into a decay period, Thi s class . is in fact 

a combination of (a) and ( c ). The thermal decomposition of 

t . . d 15 po ass~um az~ e , and lithium a luminium hydride
16

, are examples 

of this, 

In general, t h e pr ess ure/time curves for the thermal 

decomposition of a solid will possess all or some of the fol-

lowing features: 

(i) An induction p e riod which may or may not be 

preceeded by an initial burs t of gas, 

(ii) a period of acceleration of the r eaction and, 

(iii) a decay period or period of deceleration . 

The induction period is considered to be the time during 

which nucl ei are forming . Nucl ear gro wth predominates during 

the acceleratory/ .•..... . .... . 
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the acceleratory period, although formation can still occur, 

The decay period corresponds to that period where overlap of the 

growing nuclei has occurred and reaction proceeds from a shrink-

ing reactant/product interface, 

As is evident from the above the mechanism of a particular 

decomposition and the kinetic equation which will describe the 

acceleration of the reaction will be dependent upon two factors 

viz,, the rate of nucleus formation, and secondly the rate and 

mode of growth of the nuclei, 

Nuclear Formation . 

The nature of the reactions associated with the formation 

of nuclei were not fully understood until the work of Mott and 

17 
Gurney on the photolysis of silver halides helped clarify 

the situation. Nevertheless, the laws of nucleation and some 

of those governing nucleus growth had been derived at a fairly 

early stage. The laws of nucleation can be divided into two 

sections, viz: 

(i) Nucleation involving a single stepJ and 

(ii) Nucleation involving multiple steps, 

In (i) it · is assumed that the decomposition of a single 

molecule will lead to the formation of a nucleus. If there 

are N
0 

potential nucleus forming sites, the rate of n ucleus 

formation will be given by 

dN I d t = k 1 ( N 
0 

- N) . . . . . . . . . . . . , . . . . . . . • . . . . . . ( 1 . 1 ) 

where N is the number of nuclei at time t. If the loss of 

possible sites by ingestion is ignor e d at this stage then on 

integration the e quation becomes 

N = N 
0 

(1- e-klt) ............... ........ . •... (1. 2 ) 

a nd h e nc e from 1,1 

dN/dt = k N e-klt 
1 0 

., •..••••.••••••••.••.••. (1. 3 ) 

Equation (1,3) is known as the exponential law of nucleus 

formation . / ....... . 
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f ormation, In the early stages of the reaction, and especially 

if the activation energy of nucleus formation is large (i,e, 

k 1 small) then the approximate relationship 

dN I d t :::: k 1 N 0 ••••••••••.• ' ••••••••• ' •• " •••• ( 1 • 4) 

is obtained, i.e. the number of nuclei increases linearly with 

time, This has been found to be valid in the dehydration of 

4 18 
copper sulphate pentahydrate and chrome alum , 

If k1 is very large then N ~ N
0 

i.e. instantaneous nu-

cleation occurs and the reaction proceeds from a fixed number 

of centres, 

When nucleation involves multiple steps, the rate of 

nucleus formation increases as powers of t greater than unity, 

This can be acco unted for in two ways, Firstly several succes-

sive decompositions may be required to form a stable nucleus, 

or alternatively, a stable nucleus may result from a bimolecu-

lar process involving the combination of two active interme-

diares, each of which is formed at a constant rate, Bagdass-

arian19 has shown that both these possibilities will l ead to 

nucleation according to the same power law, the number of 

nuclei, N, at time t being given by 

N .... ............. (1,5) 

or the rate of nucleation 

dN/dt DBtB - 1 
•••••••••••••• • ••••.••••••• ( 1 . 6) 

where D a constant 

B the number of successive decompositions required 

or B - 1 the number of separate entities required to form 

a stable nucl e us. 

Exampl es whe r e the number of nuclei have been observed to 

increase as a power of time are the d e hydration of nickel 

20 sulphate pentahydrate and the thermal decomposition of 

3 single crystals of barium azide . 

To summarize/ ......... ,, .. 
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To summarize, the rate of nucleus formation could be 

instantaneous, as a linear or exponential function of time, or 

as a power of the time. 

Nuclear growth and the acceleratory period: 

The acceleratory period of a thermal decomposition is a 

time where nucleus growth predominates. The main laws of 

nucleus growth can be divided into five groups, They are: 

(i) The power law; 

(ii) The exponential law, 

(iii) The Prout-Tompkins equation; 

(iv) The modified Prout-Tompkins equation; 

(v) The Avrami-Erofeyev equation, 

(i) The Power Law. 

If nucleation proceeds according to a power law, then 

assuming a constant rate of nucleus growth, and ignoring over-

21 lap and ingestion of nuclei, it can be shown that the frac-

tion, ~, decomposed at any time t is given by 

~ c' tn ...... - ... ...................... . ... (1.7) 

where c' a constant 

n an integer. 

Since ~ p/pf where p -i s the pressure at time t and Pf is the 

final pressur~ equation 1,7 can be rewritten in the form 

p . . . . . . . . . . . . . . . ~ ' . . . . . . . . . . . . . . . . . . ( 1 . 8 ) 

where n = B + A with B having the sam e value as before and 

~ = 1, 2 or 3 depending on whet her the nucl ei grow 1, 2 or 3-

dimensionally, i.e. are linear, plate- like or spherical. 

Equation 1,8 is known as the Power Law, It has b een 

successfully applied to the decomposition of a number of com-

pounds. 22 In the decomposition of barium styphnat e monohydrate 

a v alue of n = 2 was obtained, where there was two-dimensional 

growt h from a fix e d number of nuclei, A d . t23 ge merc ury f ul m~na e 

obeys the/, .•.• . .••..•. 
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obeys the power law with n = 3. This could correspond to 

three-dimensional growth from a fixed number of nuclei, or two-

dimensional growth of nuclei whose numbers are increasing lin-

early with time. A value of n = 4, corresponding to spherical 

nuclei increasing linearly with time, has been obtained for 

the ammonium chromates
24

, while Wis c hin
3 

deduced a value of 

n = 6 corresponding to spherical nuclei increasing in number as 

th e cube of the time, in the thermal decomposition of single 

crystals of barium azide. 

(ii) The Exponential Law. 

Among the earlier work the kinetics of the thermal decom-

posit ion of freshly prepared whole crystals of mercury fulmi-

25 nate could not be explained on the basis of the power law 

theory, Garner and Hailes
25 

derived the concept of linear 

branching chains to account for the d ecomposition mechanism. 

Assuming that the rate of nucleus formation is constant, and 

that there is a constant branching coefficient, k 2 , then the 

n e tt rate of nucleus production is given by, 

dN/dt ' = k N + k 2N • • • • . • <II • • • • I • • • • • • • • • .. • • • • • • ( 1 • 9 ) 

from which it can be shown that 

p ....... ,. ... . .......... . .......... (1,10) 

Equation 1.10 is known as the Exponential Law . However, 

altho ugh it d escr ibed the pressure/time plots in a number of 

cases, an objection to the theory was that linear branching 

chains would tend to separat e the crystal into mosaic blocks 

which would t h en decompose slowly, This original idea has 

thus been extended by the concept of branching plate-like 

26 
nuclei, firstly suggested by McDonald , a mechanism which 

woul d also be described by equation 1 , 10, This idea has been 

applied to t h e thermal decomposition of silver oxalate
27

, where 

it is suggested that the reaction proceeds along grain boundar-

ies and dis lo cations, and branches at intersections of any of 

these in the crystal, 
( iii) The Prout-Tompkins/ ...• 
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(iii ) The Prout-Tompkins Eguation. 

It . t d t b P t d T k' 
28 

was po1n e ou y rou an omp 1ns , when investi-

gating the thermal decomposition of potassium permanganate, 

that a weakness in the chain theory was that it did not allow 

for interference between branching nuclei, Their proposed 

mechanism for the decomposition of potassium permanganate took 

this into account. It was assumed that there were N nuclei 
0 

originally present and concentrated mainly at surface imperfec-

tions. The production of product molecules would give rise to 

lateral strains on the surface resulting in th e formation of 

cracks in the surface . These would be r egions of strain fa-

vouring decomposition and r e action would proceed a l ong them, 

In this manner surface coverage would be obtained, This would 

produce more cracking perpendicular to the inner surface of 

product followed by decomposition along these planes . Thus 

the reaction would proceed by a branching mechanism, 

Now if there are N
0 

original nuclei and if k 3 is the pro­

bability of branching and k 4 the probability of termination of 

nuclei by interference, then by anlogy with equation (1,9) th e 

overall rate of nucleation will be given by 

dN/dt = k1N0 + (k 3 -k4 ) N .... . •.. .•....... • . . . . (1,11) 

The initial N potential nucleus forming sites are soon ex­
o 

haust e d and the equation thus b ecomes 

dN I d t = < k 
3

- k 
4

) N • ••••.••••••.•. .. •••••••••• ( 1 • 1 2) 

Assuming the rate of decomposition d~/dt to be propor tional to 

the number of nuclei present then 

do</d t = k'N .......... . ... ...... ... ... ... . ... (1.13) 

Equations (1,12) and (1,13) cannot b e integrated unless the 

Now the fractional dependence of k
3 

and k
4 

on o( is known. 

pressure/time plot for potassium permanganate is symmetr ical 

and at the inflexion point o( = 0.5. Certain boundary condi -

tions can thus be applied viz, 

At t = o/,., . . , ., ., •. , 
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At t = o o( = 0 k4 = 0 

do(/d t is at a maximum and k 3=k4 

since dN/dt changes sign, The boundary condition is thus 

.... ..... .... ... ..... . .. ..... . (1.14) 

Substituting this into equation (1,12) we get 

dN/dt = k 3 ...................... (1.15) 

or from equation 1.13 

dN/do< = k (1- c<c<) •.•............... ....•.... (1.16) 
i 

on integration this yields 

N = k Co< -
o(2 
~) ..... ....... . ............ ... (1,17) 

l. 

which on substitution into equation 1,13 becomes 

dc(/dt = k3o((l-c<) . ....... ...•.. . ......... .•.. ,.(1.18) 

when c( = 
1~. Further integration now yields 

log (o</1-o<) = k
3

t + c 3 ....•................... (1.19) 

or since o( = p/pf 

log (p/pf-p) = k 3 t + c
3 

•.•. , ••.••••••.•.••••• (1.20) 

Equation 1.20 is known as the Prout-Tompkins Equation. It 

has successfully been applied to the thermal decomposition of 

11 irradiated and unirradiated permanganates , and several other 

29 30 compounds including lead oxalate , nickel formate , and 

31 lanthanum oxalate . 

(iv) The Modified Prout-Tompkins Equation. 

In a study of the thermal decomposition of silver perman-

32 
ganate Prout and Tompkins found it necessary to modify their 

e quation, In this case it was assumed that the branching 

coefficient, k 3 , was not constant, but vari e d inversely with 

the time so that it now bec~me 

k = 3 
' k3/ t .......... .. . ........................ (1.21) 

The fina l/ ..•.•..••... 
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The final equation then becomes 

' ' = k 3 log t + c 3 .....•.........•. (1,22) 

which is the Modified Prout-Tompkins Equation. 

The nature of the chains postulated in the exponential law 

and Prout-Tompkins equations has been subjected to a certain 

amount of criticism, particularly by McDonald
33 

and Hi11
34

• 

The latter suggested that the chains were more likely to be 

diffusion chains, consisting of a few ions or atoms of the pro-

duct wandering through the dislocation network of the crystal 

until they reach a nucleus forming site which they could ''fer-

tilize" and turn into a nucleus. No details of what the "fer-

tiliz.ation" process involved were given, 

(v) The Avrami-Erofeyev Equation, 

The effects of ingestion of potential nucleus forming sites 

by growing nuclei or the over-lapping of such nuclei i s not 

allowed for in (i) - (iv). A 
. 35 

vram~ , in a mathematical study 

of the kinetics of phase changes, analysed reaction/time curves 

using the concept of a random nucleation process at potential 

nucleus forming sites, fo llowed by nuclear growth. The paten-

tial nucleus forming sites were termed "germ nuclei " and those 

which became active and started growing were t e rmed ''grains" 

or "growth nuclei". Sites which were ingested by growing 

nuc l ei, and hence never became active, were called "phantom 

nuclei" , 

Suppose N is the total number of germ nuclei at time 
0 

t = 0. This number will decrease with time, and at time t 

' their number will beN (t), since N(t) become active growth 

nuclei and N"(t) are ingested by the growth of N(t) nuclei, 

Thus for any time dt the decrease in the numb e r of germ nuclei 

t 

is equal to the sum of the numbers of growth and phantom nuclei 

formed, i,e, 

' -dN = dN + dN" .............................. (1.23) 

wher e dN/ •••... .• . •••. 
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where dN = k~ N' dt ... , .. , ....• · ................ .. (1 , 24) 

and dN'' = N ' /1 - o(. dt , . . , . , . . , ..• .•.•... .....•... (1, 25) 

Previously ingestion i.e. dN" had been assumed negligible and 

thus 

or 

t I I 
-dN = kl N d t . I •••• ' ••••• • •••• •• ~ ••••• I , • • ( 1 . 2 6) 

N = N 
0 

t 
-klt e •...• ..•... .•. • ... . . .. . .....• . . (1.27) 

On allowing for ingestion then from equations 1,23, 1.24 and 

1,25 we get 

I t I T t 
dN /dt + k N + }', /1-o<. do</dt = o •..• •.••• , •. (1. 28) 

l 

which on rearranging and integrating yields 

N' = ( 1 -o() • 1 1 1 1 1 1 • 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 ( 1 I 2 9) 

' and thus dN/dt = k
1 

N
0 

( 1 -o() • • • • • • • • • • • • . • • • ( 1 • 3 0 ) 

law 

Thus for small o( values nucleation obeys the exponential 

t t 

I I - k y [ J N(t) = k
1

N
0 0 

e l 1-o<(y) dy, .... , ,, , , . , ,(1 , 31) 

If the nuclei -grow 

o( = 
v 

0 

three-dimensionally then 
t t 

Jo e-kly (t-y)
3
[1-o<(y) Jdy,,(l,32) 

where s is a shape factor, and V is the volume of product 
0 

obtained from the complete decomposition of w0 g, of r eactant. 

As the nuclei grow larger they will eventually impinge on 

one another and growth will cease at the point where they 

touch. The fraction o( decompos e d at a time t will thus b e less 

than the value calculated from equation 1, 32 wher e impingement 

is neglected, The problem is best overcome by introducing the 

concept of the "extended fractional decomposition o( ", which ex 

is the total fraction of reactant which would have decomposed 

in time t, i ncluding the contributions of phantom nuclei and 

ignoring overlap. It is best obtained by calculating the 

total or "extended·" volume Vex o c cupied by t h ese nucl ei , Thus 

o(ex = 1/Vo/., ......•. 
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t 

c( = 1/V ex o' 
V(ty) dN /dt l [ ' J 

0 t::::ry d y •••••••••••••• { 1 • 3 3) 

where V(ty) is the volume at time t of a nucleus formed at t = y, 

V(ty) =s[k~ (t-y)J
3 

... . ..................... (1.34) 

t 

where k2 is the linear rate of isotropic growth, Hence 

t 3 
c(ex = sk 2 

v 
0 

' 
kl N 

0 

t t 

l e-kly(t-y) 3 dy = Vex/V0 , ,(1.35) 
0 

Since the integral in equation 1,35 is readily evaluated 

the problem is thus to relate the extended VOlUme, VeXJ to the 

actual volume, V, of the product, Avrami has shown that this 

can be done in a quite general way but the final formula are 

rather intractable. However, he has also shown that whe re the 

distribution of the nuclei is uniform or even locally random 

then 

dV(t)/d Vex(t) = 1-V(t)''' .• , .•. . ............. (1,36) 

or on integration and rearranging 

V(t) = 1- e-Vex(t) •..... ....•. . ...••....... (1,37) 

Since V is proportional to c( thus 

do</dc(ex = 1-o( . , ..... , , .. , ................... (1. 38) 

This satisfies the boundary condition since at c( = 0 dc(/dt ~ 

dc<0 x/dt and at c( = 1 dc</dt 0 but dc<exldt is finite , 

Thus from equations 1,35 and 1 ,38 

c( 
ex 

00 l dc(/1-c( = 

or - log (1-c( ) = 

' 3 ' sk
2 

k
1 

v 
0 

t 

l -k t 3 e 1 ( t - y) d y • • ( 1 • 3 9) 
0 

N 
0 

........... .. . ..... (1.40) 

Thi s is the most g en eral solution to the p ro bl em of ran-

dom nucl e ation fo ll owed by three-dimensional growth, If c( i s 

v ery small and hence overlap and inges tion are negligible then 

C>( = c(e x1 • · · · · · · · · · · · · · · .. · 
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~ = ~ex and hence 

c( = 6s N 
0 

v 
0 

' 3 J + (kl t)/3 ..... . . .. .... . . . .. .. . . . . ....... (1 . 41) 

I 

From this it is seen that if k
1

t is very small then 

4 = ct , ........ . ... . . . ... . ..... . . . . . .... . ... (1.42) 

or for plate-like nuclei or instantaneous nucleation followed 

by three-dimensional growth 

- ' 3 - c t .... . .. . ............ . .. . ............. (1.43) 

or for linear growth 

~ = c"t 2 . . . . . . ........... ..... ...........•.•. (1.44) 

' When k 1 t is very large e quation 1.40 reduces to 

- log (1-~) = sN 
0 

U ...., 36 .. 
sing a different approach ~rofeyev derived a s~m~lar 

equation to this , Without making any special assumptions 

regarding the properties of the reacting system he first derived 

the general kinetic equation 
t 

c( = 1- exp (-fa pdt) ... ....... . ........... .,(1.46) 

or 
t 

-ln (l-c() = l pdy .. .. •.... . . .... . . . .. . .. .... 0.47) 

where p is the probability of the reaction of an ind ividu al 

molecule in a time int e rval dt, This general equation was 

then applied to the formation and growth of reaction nuclei in 

a sol id. 

If the rate of formation of nucl ei is given by dV/dt, 

then for a constant rate of nucleation we get 

dV/dt =canst . . ... , . ....................... (1.4!3) 

or of the rate is a power of time then 

dV/d t = canst . .. ( l. 49) 

where z is/ ........•... 
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where z is the number of electrons required to set up a stable 

nucleus. In both cases, for three dimensional nuclei, the 

probability pdt is proportional to the total volume of the 

spherical layers traced, at the constant t, around the nuclear 

centres that have arisen at the instant t~. Theradii of the 

spheres limiting the layers are 

r = u (t-tx ) and r + dr = u (t + dt - tx ) 

Accordingly we have 
t 

pdt = dt J 4rru3 (t-tx ) 2 dV/dt. dt 
0 

...... ( 1. 50) 

Now if nucleation proceeds as a power of time, then from equa-

tions 1.49 and 1,50 we get 

pdt = canst ...... ( 1. 51) 

and from this and equation 1.46 we get 

z + 4 
~ = 1-exp (-kt ) ..... 0.52) 

e , g , if the rate of nucleation is as the square of time then 

6 
c( = 1-exp ( - kt ) 

which for small values of t reduces to 

......... 0.53) 

o( = canst 
6 t ........................ .. ......... . . (1.54) 

which is the power law equation postulated by Wischin
3 

for 

barium azide. 

For a constant rate of nucleation equations 1,48 and 1,50 

combine to give 

pdt canst 
3 

t dt .............•................ (1.55) 

and this from equation 1. 46 yields 

4 
o( = 1-e xp ( - k t ) ... . .......... . ..... , , , , ....... ( l . 56) 

i. e . this would correspond to three-dimensional nuclei increas-

ing in number at a constant rate. 

For c ylindri cal nuc lei 

I I I I 4 I I I I I I f 4. I 41 I t I t I ........ (1,57) 

and for flat/ ... ~ .. ... -. 
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and for flat nuclei 

2 
c( = 1-exp (-kt ) ................ . .. .. ..... . ... (1. 58) 

Thus in general according to the shape of the nuclei and 

their rate of increase 

...... . ( 1. 59) 

or -log (1-c<) = n 
k5t ................................ (1.60) 

which is of the same form . as equation 1,45 derived by Avrami, 

In cases where there is considerable overlap and ingestion 

of nuclei which form and grow according to a power law, equa-

tions 1,59 and 1,60 are most commonly used to describe the 

course of the reaction, The expressions are known as the 

Avrami-Erofeyev Equations. 

In virtually all of the thermal decompositions which have 

been studied the acceleratory period can be accounted for topo-

graphically in terms of a reaction mechanism described by one 

of the above five groups of equations. 

The Decay Reaction, 

The decay period corresponds to that period where exten-

sive overlap of the growing nuclei has occurred and reaction 

thus proceeds from a shrinking reactant/product interface, If 

the interface remains intact the Avrami-Erofeyev equation may 

still hold i.e. 

3 
c( = 1-exp (-k 5t ) .............•........ . .... . . . (1.61) 

with the value of n = 3, since ingestion of potential nucleus 

forming sites will be virtually complet e . However, t}lis is 

seldom the case since the strain produced by di fferences in the 

molecular volumes of parent and product phases usually results 

in the collapse of the interface, This could leave isolated 

blocks of reactant containing no nuclei in which the rate of 

reaction is proportional to the amount of subs tanc e undecompo-

sed , Hence 
d d.../ d t ...••••.•.• ~ .•. 



- 1 6 -

do(/dt = k7 (1-o() •••• ••••. •• ••• .•. • . .. .. . .. . •• ,(1.6 2) 

and thus -log (1-o() ·= k
7

t .. ... ;;. , .....•. . ... , .. . ,,(1,63) 

= k7t . .. ~ ... . ......... ' ..... . . ... (1,64) 

Equations 1,62, 1,63 and 1.64 are different forms of the 

Unimolecular Decay Law . 

P t d m k' 28 rou an iomp ~ns , in their s tudy on the thermal decom-

posi tion of potassium permanganate, suggested that the rate of 

r eaction in the decay was proportional to the number of unre-

acted molecules, which is p ro portional to (pf -p), Also, for 

decomposition to be favoured, an unreacted molecule should be 

adjacent to a pro duct molecule because contiguity facilitates 

decomposition. Thus the rate reaction is 

dp/dt = k 8 (pf-p) P . ... ... , .... . .. .. ..... , ... .. (1.65) 

where P is the probability of the f a vour e d situation and is 

determined by o(' i.e. by p/pf• Therefore 

dp/dt = k8 (pf-p) p/pf .. .•.. .•...... . . .... • .. .. (1.66 ) 

On integration between limits this reduces to 

log (p/pf-p) = k 8 t + c 8 ••.•••.•••..•.• . .••• . , .• (1. 67) 

which is the Prout-Tompkins Equation (1,20) only with the rate 

constant, k
8

, different from that for the acceleratory period. 

Frequently, in cases where there is rapid and efficient 

surface nucleation of parti c le s , the surfaces of the particles 

b ecome coated wit h a layer of product at an early stage of the 

reaction, (e,g, c u rves band c , FIGURE 1), The rate deter -

mining step could then be the rate of penetration of this 

interface into the particle , If the particles are spherical 

and of initial radius r, then the fraction decomposed at time 

t is given by 

4 I 3 4; , . 3/4, 3 
o( = 3 rra - 3 rr (a - k t) / r3 7T a. , ••••• , • ( 1 • 6 8) 

= 1-
1-k't 3 

( ) ... . . ... .............. ..... . . (1. 69) a . . 

= 1-
3 

( 1-kg t) 1 1 1 •• i t t a. & t f t 1 t t 1 1 1 1 f 1 1 1 ' t t f t 1 ( 1 1 70) 

or 1-(1-o()/ . ..••.•.. , 
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::: kg t .............................. ( 1 . 71) 

Equation 1.71 is known as the Contracting Sphere Equation, 

It is also ·possible to get other shapes of contracting 

interfaces, e.g. a contracting parallelepiped, or rectangle, 

or circle depending on the geometry of both the particles and 

the interface, These can be treated in a similar manner to the 

contracting sphere example. 

In mo st of the thermal decompositions studied the decay 

reaction can be described in terms of one of the equations, 

1,61, 1.64, 1.67 or 1.71. 

Mathematical analyses of the pressure/time plots can thus 

yield much information on the reaction mechanisms of thermal 

decompositions. However, as stated earlier, a particular ana-

lysis is not conclusive proof of any one mechanism and further 

evidence must be sought. In this regard the effects of pre-

irradiation on the subsequent thermal decomposition has proved 

to be a powerful tool. Initially, such studies were confined 

to the effects of preirradiation with ultra-violet light, but 

this has since been extended to include the effects of high 

energy radiation such as Y-rays, The study of the effects of 

such preirradiations has often been invaluable in elucidating 

the nature of the irradiation damage, 

1,2, Effects of Ultra-Violet Light on Solids , 

1,2.1. The Interaction of Light with Matter, 

The effects of ultra-violet light on solids, can generally 

be accounted for in terms of electronic processes, with the 

production of various types of point defects . Ionic solids 

are insulators, excepting for possible ionic conduction, since 

each energy state in the first electron band contains its maxi-

mum number of 2 electrons i.e. it is a "full band", An elec-

tron in the full band may aquirc sufficient energy to be raised 

into the next/ .. , .. ,,,, .• ,, •.. 
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into the next band when the solid is irradiated with light of 

a wavelength characteristic of the particular solid, There is 

an abundance of empty states in this band. The excited elec-

tron is thus mobile and can move through the crystal. This 

second band is termed the "conduction band", The positive 

hole created by the loss of the electron from the full band is 

also mobile, The photoconductivity of insulators can thus be 

explained in terms of mobile electrons and mobile positive hal~ 

Inorganic salts/. exhibit regions of absorption of 1 ight of r 
/ 

characteristic wavelengths , The absorption spectra consist of 
.. 

a short series of broad peaks, usuall y one to three in number~, 

with no resolvable fine structure. The absorption spectra of 

the alkali halides have been extensively stud i ed, The effects 

given below were obtained from these halides but can be fairly 

generally applied to other ionic solids. Each absorption 

peak corresponds to the elevation of electrons to a particular 

excited state. Fergusson37 has shown that photoconductance is 

not observed in sodium chloride at wavelengths above that cor-

responding to the peak for the second absorpt ion band, The 

first peak must thus represent a mode of excitement below the 

conduction band and the second peak the series limit, as was 

38 
suggested by 1vlott . The first peak is considered to corres -

pond to an excited electron which is still bound to its posi-

tive hole, The excited electron and positive hole can move 

through the crystal as a single entity which is termed an 

•t 39 
exc~ on, 

The primary effect of irradiation with ultra-violet light 

is thus to elevate electrons into excited state s, resulting in 

the formation of excitons or free el e ctrons and their conjugate 

positive holes, In disposing of the extra energy which an 

excited crystal has obtained a number of secondary effects can 

result. Fluorescence and phosphorescence have often been ob-

served due to free electrons returning to the ground state 

accompanied by the re-emission of the absorbed energy, Re-

emission of/, .... .. ...•.. 

\ .. 



- 19 -

emission of absorbed radiation from the first band (excitons) 

has never been observed, and it is considered that excitons 

dissipate their energy by scattering or transferring energy to 

. f t. 40 l.mper ec J.ons, 

Since the conduction electrons are mobile, it is possible 

for them to move through the lattic and be trapped at sites 

where this is energetically possible. On exposure to ultra-

violet light or electron bombardment the alkali halides aquire 

a deep colour which gradually fades. Since only a single peak 

is observable it was concluded that the colour was due to a 

single transition, The centres responsible for this absorp-

41 42 
tion were termed F-centres by Pohl, De Boer suggested that 

F-centres were formed by an electron being trapped by an anion 

vacancy, a view which has subsequently been confirmed. 

It is also possible for the positive holes formed to react 

with vacant lattice sites, The existence of V-centres has bem 

43 demonstrated, and identified with the interaction of positive 

holes and cation vacancies. 

Further interaction of these point defects with electrons, 

or under suitable conditions, amongst themselves, can give rise 

to a large variety of other centres, For example an F-centre 

' may trap a second electron to give rise to an F -centre. Com-

bination of an F-centre with an anion vacancy would produce an 

R1 -centre, and with a second F-centre an R2-centre (or double 

F-centre). M-centres result from the combination of F-centres 

with cation/anion vacancy pairs. Analogues of these centres 

are also obtained by corresponding interactions of V-centres. 

The production of point defects under the action of ultra-

viol e t light is of fundamental importanc e to the theories of 

the photolysis of s olids, and the ef fects of s u c h preirrad ia-

tion on the the rmal d e composition of solids, 

1.2 .2 . Photolysis, and the Effects of Preir r adiation with 

Ultra-Violet Light on the Thermal De composition of 

Solids . 

In the cas e/ .•..... ,., 
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In the case of the alkali halides the effects described in 

the previous section are all reversible under suitable condi-

tions of temperature and illumination, In other cases, es-

pecially in the silver halides and many metallic azides, and, 

to a lesser extent, in oxalates, styphnates and fulminates, 

definite chemical changes do occur on irradiation, One of the 

most important of the earlier papers on photolysis was that by 

17 i.Iott and Gurney on the photolytic decomposition of silver 

bromide, The value of this work was that the authors were 

able to reconcile two apparently contradictory facts, namely, 

that while irradiation was done uniformly over the whole sur-

face, reaction took place at discrete nuclei. It was found 

possible to transfer their ideas to the formation and growth of 

nuclei in thermal decompositions, It had previously been es-

tablished that irradiation with light, above the first absorp­

tion edge, produced a new band in the visible spectrum
44 

accom­

panied by photoconductance, 45 Gurney and Mott thus concluded 

that free electrons were produced on irradiation, The posi-

tive holes so formed could then react with bromine ions forming 

neutral bromine atoms. These then combined to give bromine 

gas which easily escaped since the process was a surface one , 

The mobile e l ectrons could be trapped at metastable positions 

and also by interstitinl silver ions from Frenkel defects, 

yielding silver atoms. The silver atoms then trapped a further 

electron forming an Ag- ion 1 a process favoured by a high con-

centration of conduction electrons, A migrating interstitial 

A + . . A g ~on, neutra11zed the charge on the g ion and repitition 

of this process eventually produced a speck of silver, The 

metallic speck then catalysed the reaction since the lowest 

vacant energy levels in metallic silver ware lower than the ·e nergy 

levels of the conduction band of the crystal. Electron cap-

ture was thus favour e d, and the r everse process became unlikely. 

Hence the result was a growing nucleus accompanied by encape 

of the bromine/ •. . , ...... . 
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of the bromine formed. 

BheppaxJ 6
t

47 had shown that traces of certain impurities 

(mainly thioureas) could greatly increase the sensitivity of 

silver halides to light because of the formation of sensitivity 

specks of silver sulphide, Gurney and Motts theory could 

explain this since the conduction levels of Ag 2S are lower than 

those for Ag Br. Electrons were thus localised in the conduc-

tion bands of the specks which could then attract Ag+ ions and 

normal growth could proceed, 

Anastasevich and Frenke1 48 considered that si l ver bromide 

contained Schottky defects and that photolysis occurred by the 

capture of photoelectrons at vacant anion sites to give F-

centres, Migration of F-centres took place by successive dis-

placements of adjacent anion sites, These F-cenfres thus 

flocked together to form colloidal silver particles from which 

growth took place. 

Mitche1149 discussed the results obtained by Stasiw and 

50-54 Teltow on the photodecomposition of silver bromide con-

taining traces of sulphide, In contrast to Gurney and Matt 

he concluded that the Ag S went into solid solution forming 
2 

singly charged S- ions and F-centres. The F-centres aggre-

gated and formed coll~idal silver particles which acted as 

electron traps . These, he concluded, were the sensitivity 

specks. On illumination electrons could leave the F-centres 

and be transferred to the aggregates which then increased in 

size by a process of ionic migration, as in the Mott theory. 

Movement of F-centres was considered to be by a slowly moving 

vacant anion site coming to within a few lattice spaces of the 

F-centre, when the electron jumped across by the tunnel effect, 

The original site then diffused away, 

In a discussion of the photographic process Mitche11 55 

proposed a modification of Matt's theory to explain the growth 

of nuclei in non-sensitized crystals of silver bromide, He 

suggested that/ •.•• ,., 
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suggested that the free electrons could be trapped by sil~er 

ions in the sub-boundaries of the crystal to give silver atoms, 

Since diffusion of silver atoms along sub-boundaries and sur-

faces was possible, a silver atom could associate itself with 

a drifting silver ion to form a positively charged pair (Ag;) 

which could then combine with a further electron •. Nuclei grew 

by repitition of this process, In support of this type of 

56 mechanism, Grimly and Matt have shown, on theoretical grounds, 

that massive silver in contact with silver bromide, and in 

thermodynamic equilibrium with the defects of the ionic lattice, 

s hould aquire a positive charge due to attachment of intersti­

+ tial Ag ions. A group of three silver atoms was estimated as 

being the lower limit of size that could aquire a positive 

charge, 

Garner and Maggs
6 

showed that ultra-violet light could 

produce photolysis in barium azide, The reaction occurred at 

the interface between the product and the reactant and nitrogen 

was evolved at a constant rate, Preirradiation also shortened 

the induction period and increased the reaction rate in the 

thermal decomposition of barium and strontium azides. An 

enormous increase in the number of nuclei was observed, 

Mott57 examined the photolysis of barium azide and conclu-

ded that exactly the same theory as proposed by Mott and Gur­

ney17 for the photodecomposition of silver bromide could be 

applied in this case. He further concluded that the mechan-

ism for the thermal decomposition was th e same as that for 

photolysis. 

The Mott theory required that barium azide should show 

photoconductance ~ 
. 58 59 Thomas and Tompklns ' have shown that 

this is not the cas e , They also conclude d that the rate of 

nucleus growth could not be accounted for by any mechanism in-

volving both cation and anion migration, Instead the y po s tu-

lated a theory involving the production and trapping of exci t ona 

Irradiation with/., ..• •.•.. , 
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Irradiation with ultra-violet light produced excitons which 

were mobile and could migrate, These were subsequently trapped 

at some imperfections the most likely being cation vacancies 

although any imperfections could act as traps. It was con-

sidered that at cation vacancies the decomposition of two ex-

citons occurred with zero activation energy, At other trappfug 

centres a small energy of activation was needed to overcome 

steric hindrance. The excitons only existed for a short time 

before reverting to the ground state, but if two were trapped 

in adjacent positions before this then r eaction occurred, This 

reaction resulted in the liberation of nitrogen and the forma-

tion of two anion vacancies and two electrons, the original 

trap being regenerated, Nuc leus growth then took place by the 

++ transformation of lattice Ba ions to barium atoms with the 

atoms occupying the lattice position of the salt, On further 

growth this recrystallized to the metal lattice. The nitrogen 

could then escape through the cracks formed in the crystal by 

this process. 

Thomas and Tompkins 60 also r e ported a d ecrease in the 

duration of the induction period and an increase in the rate of 

the thermal decomposition after irradiation with ultra-violet 

ligh t . These effects were accounted for in terms of the large 

number of anion vacancies formed by irradiation. These faci-

litated nucleus formation. The acceleratory period was ana-

n lys ed by the power law in the form p = C (t-y) whe re y is a 

slow growth correction for small nuclei. The value of n was 

normally 6 but after h eavy doses decreased to 3, due to nucleus 

formation during irradiation. 

The photolysis of solid potassium azide was studied by 

Jacobs and Tompkins~1 
The salt turned blue on irradiation . 

The production of excitons was again considered to be the main 

mod e of excitement. The result s were the same as those for 

barium azide. The quantum yield was low and the rate of evo-

lution of nitrogen at c onstant tempe rature and intensity was 

cons tant ./ ........... . 
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constant, The rate varied as the square of the intensity and 

at constant intensity could be expressed by a similar function 

of temperature as found in barium azide, .It was thus conclu-

ded that the mechanism of photolysis was as in barium azide, 

but with one modification. It was reasoned that all the trapp-

ing centres were cation vacancies and that exciton pairs trapped 

at such points had a small but finite activation energy for 

decomposition, However, as the complex aquired thermal energy 

from the lattice so the steric factor decreased, and zero acti-

vation energies became more likely, It was also shown
62 

that 

preirradiation had no effect on the thermal decomposition of 

potassium azide, However, the blue colour obtained on irra-

diation could be more fully explained , On warming the colour 

rapidly faded, In addition to vacanci es and positive holes, 

irradiation also produced F-centres, formed by electrons from 

excitons tunneling to anion vacancies. The complex of the . 

F-centre and the positive hole formed in the process cons t ituted 

a col our centr e, On heating the revers e process rapidly occur-

red with bleaching of the colo ur. Hence e l ectrons were never 

elevated into the conduction band which was consistent with 

the absence of photoconductance , 

In a subsequent investigation, using both low and high 

pressure me rcury lamps, Jacobs, Tompkins and Young 63 concluded 

that the photolytic decomposition of barium azide was more 

complex than originally proposed, A number of mechanisms 

which were dependent on the wavelength of the radiation were 

considered possibl e . The primary act of the low pressure arc 

was the production of mobile excitons which were trapped and 

then decomposed according to the original mechanism. The 

radiation from the high pressure arc had a longer wavelength 

with insufficient energy to produce excitons i n th e bulk of 

the lattice , However, at special positions near dislocations 

where the selection rules were r e laxe d, absorption of radiation 

could produc e positive hol es and electrons. These were loca-

lized for a time/ .. • ...... • 
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lized for a time with a high probability for the reverse reac-

tion, The positive hole could, however, react with a second 

azide ion to give nitrogen., the barium produced being deposited 

along the plane of the mosaic boundary containing the active 

sites, Filamentary metal was thus formed in the dislocation 

network comprising the grain boundaries, The metal could trap 

positive holes and thus catalyse further decomposition, Once 

macroscopic specks of metal had been formed photolysis could be 

0 
induced by radiation of longer wavelength ()3, 300A). At the 

metal there was transfer of electrons from adjacent azide ions 

to the metal to give positive holes trapped next to negatively 

charged metal specks. There was a finite possibility that 

during its like-time a positive hole would react with an adja-

cent azide ion to yield nitrogen, and the metal speck would 

thus grow in size. 

Further mechanisms for the photodecomposition of barium 

azide were postulated by Jacobs, Tompkins and Verneker 64 . At 

least two mechanisms were considered to be operative, The 

first action of the radiation was the production and trapping 

of excitons as before, 63 only the number of traps decreased 

with time due to the crystal assuming different properties in 

these regions. Once barium atoms were formed they could lose 

electrons to the conduction band to yield Ba+ ions. These 

were neutralized by the transf er of e lectrons from adjacent 

azide ions, The positive hol e s formed could the n react with 

each other or with excitons t o yi e ld nitroge n. Since this 

also resulted in the formation of more barium atoms the proc es s 

was accelerated, These mechanisms could explain the initial 

decrease and subsequent increase in tho rate obtained experi-

mentally. At high concentrations of positive holes the rate 

d e termining step was the rate of production of excitons. This 

gave a constant rate of photolysis. 

Dodds
65 

has shown that the photolysis of s odium azid e can 

be explained by an exci ton mechanism similar to that propo sed 

by Thomas and Tompkins/ .... • . ... 
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. 54 55 by Thomas and Tompkins ' for barium azide, 

66 Garner and Reeves found that the acceleratory period in 

the thermal decomposition of calcium and strontium azides obey-

ed the equation 

lj3 
m k ( t-t ) 

0 

where m is the mass decomposed, Irradiation with ultra-violet 

light improved the extent of fit, shortened the induction period 

and caused a threefold increase in the acceleratory rate con-

stant. They considered that after irradiation there were more 

nuclei which were also more uniform in size, 

Finch, Jacob~ and Tompkins 27 transferred the exciton theory 

to the photolysis and thermal decomposition of irradiated sil-

ver oxalate. Little modification was needed . The main 

difference was that a single oxalate exciton could decompose 

whereas two azide excitons were necessary, It was proposed 

that on irradiation an exciton was formed which could be trapped 

at an anion vacancy. Further excitation of the complex by 

light could result in the vacancy capturing a second electron 

giving an oxalate radical associated with an anion vacancy con-

taining two electrons, This radi f al could then decompose 

according to the equation 

where [2e-] = 2 anion vacancies and 2 electrons. 

Preirradiation increased the rate of the thermal decom-

position , Thermal nuclei we re assumed to form at anion vacan-

cies by the same mechanism as photolytic nuclei , The increased 

numb er of anion vacancies r es ulting from pre irradiat io n facili-

tated this and henc e increased the rate, 

P t d T k . 12 f d h" ... rou an omp Ins oun ~gher ~nitlal rates in the 

thermal decompo sition of mercuric oxalate on preirradiatio n with 

ultra-violet light or electron bombardment. They concluded 

that the effect wa s a surface one, an elect ron b ei ng ejected 

from a surface/ .. ·.,, .•• ,. 
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from a surface oxalate group and then being recaptured by a 

mercury ion in the second molecular layer. This electron 
9 

transfer was then followed by an intramolecular change in which 

"mercurous oxalate" was formed. Decomposition of this gave the 

higher initial rate. 

The results of electron bombardment can usually be ex-

plained by mechanisms similar to those used in a study of ultra­

violet light effects . Groocock and Tompkins 9 investigated the 

decomposition of azides by electron bombardment and found this 

to be the case, Ho~ever, two differences were found in the 

case of barium azide . In the equation p = C(t-y)n,C increased 

as the square of the electron flux but linearly with the light 

intensity, and secondly, in the thermal decomposition the value 

of n remained at 6 throughout but with prolonged irradiation by 

ultra-violet light dropped to 3 , The high concentration of 

electrons resulted in all the anion vacancies capturing elec-

trons to form F-centres, These were immobile due to the ao-

sence of vacanci es and hence no nuclei formed during bombard-

ment, 

Meiler and Noyes 67 decomposed potassium chlorate with 

ultra-violet light of wavelengths below 280 m~ and also with 

22 volt electrons . No mechanisms were postulated, 

Miller and Brous 68 studied the decomposition of sodium 

azide by electron bombardment and ultra-violet light. A r epr o-

ducible threshold value for decomposition was found, but other-

wise the results we re inconclusive, being affected by several 

factors. 

J b 
69,70 

aco s bombarded films of potassium chloride on 

nickel with electrons, and found that the electrons trapped in 

the salt could be released by electrons of a critical energy 

which approximated to the photoenergy required to free electrons 

trapped at F-centres in potassium chloride, 

The interpretations of photolytic mechanisms has been of 

great value in achieving a better understanding of the nature 

of thermal/ ......•.... 
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of thermal decompositions, since the photo- and thermal proces-

ses can frequently be equated, This has been expecially the 

case for the processes of nucleation and nuclear growth. 

1 ,3 , Effects of High Energy Radiation on Solids. 

1,3,1, The Interaction of High Energy Radiation with 

Matter. 

The term "high energy radiation" inc;tudes the effects of 

particles, such as protons, neutrons and relativistic electrons, 

and Y-rays, and X-rays of very short wavelengths, In this 

energy range direct changes which could be produced by irradia-

tion are, (i) actual displacements of atoms or ions from lattice 

sites into interstitial positions, (ii) ionisation and electro-

nic excitation, (iii) radiolysis of the reactant resulting in 

the production of foreign "inclusions" in the original lattice, 

and (iv) nuclear transmutations. Secondary effects are, 

further excitation and disruption of the structure by atoms and 

electrons which have been knocked on, and trapping of excited 

electrons to produce electronic point defects. 

The effect of neutron bombardment is influenced by the 

velocity of the neutrons, The energy of neutrons varies from 

about 2 MeV for fast neutrons to 0.025 eV for thermal neutrons. 

Seitz and Koehler
71 

have estimated the minimum energy (Ed) for 

displacement of atoms into interstitial positions to be of th e 

order of 25 eV. Values approximating to this have been obtain-

df h .t72 73 e or grap _1 e and copper although detailed theoretical 

1 1 t . 74 . 7 5 
ca c u a 1ons on copper and german1um indicate that the value 

is also affected by the lattice type and the direction of 

displacement. Thus fast neutrons will produce damage mainly 

by collision processes wh e n target atoms are knocked out of 

place. When a fast n e utron "collides" with an atomic nucl e us 

it transfers e n e rgy to the nucle u s and if this is above the 

threshold value a primary knock - on is formed which ploughs a 

track through/ ..•..•.... 
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track through the material, The further interaction of such 

a knock-on has been analysed by Kinchin and Pease76 and several 

other. 77·- 80 
The primary knock-on can "collide" with several 

other atomic nuclei in turn, producing further knock-ens and 

each time losing energy until it comes to rest. The secondary 

can also produce further knock-ens and hence several atoms can 

be displaced by a cascade process resulting from a single neu-

tron. By making certain assumptions Kinchin and Pease were 

able to calculate the number of displaced atoms in such a sys-

tern. 

A drawback to this is that atoms are usually affected in 

large groups, no t singly, An approach has thus been developed 

where the excitation is considered to be of the form of a spread-

ing and dying of heat conductionJ the regions affected being 

termed spikes. Theories of thermal and displacement spikes 

81 82 83 . 
have been proposed by Seitz and Brinkman, ' respect1vely. 

Where the excitation is small and few or no atoms leave their 

sites, the disturbance is called a thermal spike. Where 

considerable displacement occurs due to a large number of atoms 

being brought rather violently to the molten state with con-

siderable turbulent f low the disturbed area is termed a dis -

placement spike. 

With thermal n eutrons, neutron capture by atomic nuclei 

can occur if materials of suitable cross-section are irradiated . 

If the transmutation product is unstable then the process is 

tantamount to the introduction of impurity atoms. The Y-rays 

of capture and decay may have consi d erable energy and cause 

further damage by i onisat ion proce sses . In addition the atom 

involved in the neutron capture process may be given sufficient 

recoil energy to d isplace it into an interstitial position. The 

6 1 0 
tr ansmutations in Li and B can result in radiation effects 

r-. t . " 5 
with local damage.~ ~ , u 

A recent development has been the us e of computer methods 

to calculate the effect of a large number of atoms in a latt ice 

interacting with/ ..........• ,. 
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interacting with realistic forces, This technique was intia-

ted by Vineyard et al and a number of results have been pub-

t d b . 1 tt• 86-90 lished for face-centred and body-cen re cu ~c a ~ces, 

The results obtained from these s tudies support the predictions 

of the cascade theories. 

Both Coulombic interactions and elastic collisions can 

occur with heavy charged particles, At high initial particle 

velocities electronic excitation predominates but as the par-

ticle Slows down tollisions with lattice atoms become more fre-

quent, The energies of the primary knock-ons formed are, how-

ever, considerably less than those from neutron bombardment, 

Only relativistic electrons have sufficient energy to pro-

duc e displacements. Displacement cross-sections are very small 

for electron energies in excess of the threshold value, and 

since alectron/target-atom collisions are heavily biased to-

wards small energy transfer the knock-ons produced seldom have 

sufficient e nergy to produce secondaries, Thus damage due to 

high energy electrons consists mainly of isolated pairs of 

vacancies and interstitials. 

Irradiation of matter with 1-rays and short X-rays has 

the primary effect of producing ionisation in all solids, which 

can result in the production of Compton and photoelectrons, 

91 
Dugdale has pointed out that Y-ray s may have s uffici ent energy 

for the Compton and photoelectrons generated by them to exceed 

the threshold for displacement, He showed that disordering 

Dis-co uld be produced in Cu3Au by means of Y-rays from C0
60 . 

placements in Ge by Y-ray irradiation have been reported by 

Cleland et a1 . 92 

1-ray irradiation is thus, in effect, an internal bombard-

ment of the solid by electrons varying in speed from very fast 

to very slow , It therefore produces the simplest type~ of 

damage, The energies of the electrons are close enough to 

t hr eshold so that only isolated vacancy-interstitial pairs are 

produced. These are distributed uniformly thoughout the 

spec imen since/ ...... . 
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specimen sinco the absorption of Y-rays is small enough to 

ensure this. Kinchin and Pease76 state that for light ele-

ments ( Z <50) the predominant interaction is the Compton effect 

while for heavy elements there may be direct displacements of 

atoms by recoil from the photoelectric effect. 

Apart from these effects already mentioned two other 

possible interactions of Y-rays with matter have been suggested, 

Seitz93 proposed his exciton theory whereb y excitons are 

produced by radiation and travel through the crystal until 

they encounter a lattice irregularity. Jogs in dislocation 

lines a r e likely sites. At these points the energy is dischar-

ged into the lattice producing a local "hotspot" . Temporary 

heating of the lattic e jogs can induce dislocation climb, i.e. 

vacancies can be boiled off . The energies involved ( ~ lOeV) 

are sufficient to produce such an effect. Also migration of 

point defects away from their points of origin may be caused 

by further absorption of excitons on the defects. The theory 

offers an attractive explanation for the production of colour 

centres in ionic crystals. 

V 1 94,95 96 
ar ey suggested a mode of interaction of Y-rays 

with matt e r which applies only to substances with highly ionic 

bonding, He stated that on Y-r ay irradiation some negative 

ions could become temporarily positive ly charged by the strip-

ping of two or more e lectrons. The electrons will diffuse 

away and the positive ion will be left in a very unstabl e elec-

tronic position. This instability could lead to ejection of 

the ion to an interstitial site wher e it would ul timat e ly 

aquire e lectrons to become partially neutralized . The vacant 

lattice site could also capture an e lectron and so become an 

F-centre. 

A combined mechanism with the Va rley process o ccurring 

near dislocations followed by th e interstitials joining the 

dislocation core and hence producing cl imb has been suggested 

by Mitchell et a1 . 97 

One f urther/ ....• . . . .• • 
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One further suggestion which has been made is that double 

98-102 ionisation could occur by an Auger-type process. The 

ejection of an electron from the K-shell would result in an 

L-shell electron replacing it, The energy emitted during 

this process could eject a second electron from the L-shell by 

an internal conversion process. 

l,3.2,The Thermal Decomposition of Preirradiated Solids. 

Preirradiation of solids with high energy radiation can 

often result in marked changes in the subsequent thermaldecom-

position of many compounds. Prior to 1954 this field of re-

search had received comparitively little attention, but in the 

last decade considerably greater interest has been taken in 

such studies, 

103 
The earliest work was that of Garner and Moon and 

M 104 . 33 uraour ~n 19 . The latter bombard e d ~-lead azide and 

silver acetylide with high energy electrons. The salts dar-

kened and a slow decomposition occurred at room temperature 

analogous to that on heating the compounds. However, no study 

was made of the high temperatur e decomposition of the irradiated 

salts. 

Garner and Moon studied the effects produced by the emiss-

ion from radium on the thermal decomposition of crystals of 

barium azide. No effect was fo und when the irradiations were 

done at room t emperature . When the radium needle ( 1 mg. in 

a glass tube) was plac e d next to the sample at the t emperature 

of decomposition a fourfold increase in the rate was observed. 

The main effect of the emission was not in nucleus formation, 

as expected, but appeared to b e an increase in the rate of 

nuclear growth. The nuclei were very similar in character 

for both the thermal and accel erated processes, but those on the 

c ry s tal face nearest the radium ne e dle were much l arger than the 

others. 

A similar acce l e ration of the reaction was found by Magg~5 

for strontium/ ., . . ••..•• 



- 33 -

for strontium azides using the same radium needle. 

Following these early papers the effects of high energy 

preirradiation remained a dormant field until 1954. Interest 

was then revived in an indirect way when Bowden and Singh
106 

attempted to initiate the detonation of explosives by irradia-

tion. The basi s of the attempts was the possibility that there 

would be a high concentration of energy in a small portion of 

the lattice on exposure to high energy and ionising radiation, 

Irradiation was done with electrons, neutrons, fission products, 

and X-rays, on several detonators and high explosives. However, 

detonation of the solid was not achieved excepting when using 

an intense electron beam. The latter effect was shown to be a 

thermal effect due to bulk heating of the c rystals. As an in-

cidental study the thermal decomposition of the preirradiated 

azides were examined. It was found that lithium azide decom-

posed with a greatly reduced induction period and a considerably 

accelerate d rate after preirra diation with thermal neutrons 

(approximate dose 2. 5 x 1011 nvt). Lead and cadmium azides 

were only slightly affected and no effect was fo und for silver 

azide. 

107 Flanagan investigated the effect of n e utron bombardment 

on the subsequent thermal d e composition of lead styphnato mono-

hydrate, in what was the first detailed st ud y of the effect of 

high e n ergy radiati o n on explosives , 108 
He had previously s hown 

that pre i rradiation with Y-rays had virtually no e ff ect on th e 

t h e rmal stability of the compound. For neutron irra di a tion 

only comparitively large dos es affec ted the decomposition , No 

aging e ff ect was found, and the effect was independent of th e 

neutron f lux, the tot al neutron do se b e ing t h e important quan-

tity , The press ure/t ime plot s were of the type (d) in FIGURE l, 

A greater i niti al burst of gas was fo und and the activation 

-1 e n e rgy for the process decreased from 31 k cal ,mole t o 10 kcal. 

-1 
mole after i r radiat ion. 

The primar y effect of irradia tion was cons idered t o be the 

\ 
nuclear reaction/ ... , ... 



- 34 -

nuclear reaction 

+ n + p 

and also direct atomic displacements resulting from knock-ons. 

The recoil energy of the c14 
atom is 45,000 eV. The recoil 

would thus immediately rupture the C-N bond and would subse-

quently damage the lattice by elastic collisions once suffi-

cient energy had been l ost by the inelastic processes, Simi -

larly the proton with a recoil energy of 0 , 56 MeV would produce 

atomic d i splacements. These regions of damag~ were believed 

to be homogeneously distributed throughout the material forming 

"irradiation nuclei". Dehydration did not remove any of the 

damage, i.e. the "radiation nuclei" remained intact. This 

suggested that the significant form of the radiation damage was 

the irreversible alteration of the styphnate units rather than 

displaced ions or vacancies, The low activation energy of 10 

-1 
kcal,mole for the initial decomposition was cons i dered to re-

present the decomposition of these a l tered groups. The altered 

groups appeared to be stabilized in the lattice in some manner 

because of the stability of the radiation damage (~o age effects 

after 3 years) and the very small quantities of gas evolved 

during the irradiation. 

The thermal decompositon of preirradiated ~-lead azide 

has been studied by Groocock109 and Jach , 10 

Groocock found that h eavy doses of pile-irradiation or 

high energy X-rays increased the decomposition rates and 

shortened the explosion time. There was also a progressive 

fall in the activation energies of the decomposition processes. 

No definit e conclusion as to the nature of the damage were 

reached, 

Jach investigated the thermal decomposition of pile-

irradiated colloidal ~-lead azide . The dose given was 35 

12 -2 1 hours at a flux of 7-8 x 10 neutrons em sec- Irradiation 

virtually eliminated both the induction and acceleratory p e r-

iods, The maximum rate which normally occurred at about 

~ = 0.40 took/ . . , .. . •..... 
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~ = 0,40 took place at almost ~ ~ o, and the pressure/time 

plots consisted almost entirely of a decay reaction . Activa-

tion energies calculated from the maximum velocity and decay 

-1 rate . constant were of the order of 10 kcal.mole less than the 

corresponding ones for the unirradiated salt. 

For the unirradiated salt it was considered that the re-

action initially occurred preferentially at surfaces, cracks, 

dislocations etc. The acceleratory period represented 2 and 

3-dimensional growth of these nuclei and the decay region was 

the 3-dimensional penetration of the interface after coales-

cence of the nuclei. The changes in the kinetics after irra-

diation were attributed to the formation of a large number of 

nuclei which grew very rapidly at the decomposition temperatur e . 

This gave rapid surface coverage followed by 3-dimensional pene-

tration of the interface. 

The nature of the radiation damage was considared to be 

analogous to that in the nitrates, 110 - 113 Initially nitrogen 

would be produced at all surfaces, internal and external, and 

at imperfections such as dislocation etc. Further irradiation 

would the n probably cause decomposition at normal lattice sites 

with the build up of gaseous nitrogen internally which then 

diffus e d and accumulated in pockets of high pressure gas which 

caused rupture and furth e r decomposition at the newly formed 

surfaces. Vacancies and/or clusters of vacancies would then 

be left behind where l ead would accumulate. Most of the da-

mage would be permanent. 

The decreas e in the activation energies was associated a 

change in the excitation energy of th e electron s resulting from 

the excessive local strain induced by a radiolysis of 20% prior 

to thermal decomposition. 

Erofeyev and Svir idov
114 

obtained complex r esults for the 

thermal decomposition of barium azide preirradiated with X-rays. 

The Avrami-Erofeycv e quation 

c( 1-exp/ ............. . 
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c< = 1-exp (-k5tn) ...........•....•....•. •........ (l,59) 

was used to analyse the pressure/time plots. Large variations 

in the value of n, depending on the dose and temperature, were 

found, The presence of moisture introduced further complica-

tions. On increasing the dose the induction period shortened, 

The acceleratory rate constant increased at first but decreased 

again at high doses. No theoretical analysis was given. 

Boldyrev and Skorik71 found that a larger irradiation 

effect with X-rays on barium azide was obtained if preirradia-

tion was done at the threshold temperature for decomposition 

than at room temperature, They suggested that stable irradia-

tion nuclei could form at the threshold temperature, but at 

room temperatur e any nuclei formed were unstable, The greater 

preirradiation effect was thus due to a larger n umber of ini-

tial nuclei when irradiation was done at the threshold tempera-

ture for decomposition , 

115 116 
Prout and Brown ' have shown that the thermal decom-

position of calcium azide is extremely sensitive to preirradia-

tion by Y-rays and X-rays, The induction period was sharply 

decreased and the acceleratory and decay rate constants were 

greatly increased after irradiation, The pre ssure/time plots 

for both the unirradiated and irradiat e d decompositions were 

described, over the acceleratory period, by the power law with 

n = 3. The contracting sphere formula described the decay 

period. No change in the activation energies was observed. 

The irradiation effects were associated with a large increase in 

the number of point def ects, especially anion vacancies, in the 

material. 

The substances dealt with so far are all primary or secon-

dary explosives, or closely related compounds . Preirradiation 

effects on several non-explosive solids hav e also been studied . 

In an initial study, Free man and And e rson117 found that 

preirradiation with X-rays significantly affect th e thermal 

decomposition of/ ....• ,, ... , 



- 37 -

decomposition of ammonium perchlorate. The reaction was stu-

died by differential thermal analysis. This effect and the 

effects of Y-ray preirradiation were later investigated more 

fully by Freeman, Anderson and Campisi:18 The thermal decom-

position of ammonium perchlorate was shown to be a multistage 

reaction which was profoundly affected by preirradiation with 

X-rays or Y-rays, The low temperature stages were those· mQst 

markedly affected. The number of stages was unchanged but the 

decomposition temperature for each stage was lowered on irra-

diation, 

Three posible interpretations were considered in explain-

ing the results. These were (i) the presence of new chemical 

species formed during irradiation induced decomposition, (ii) 

lattice defects which acted as reaction nuclei, caused by radia-

tion induced d~bomposition and (iii) the presence of electronic 

lattice defects, 

Furthe r experimental work with samples doped with possible 

radiolysis products, and also X-ray powder photographs indicated 

that (i) and (ii) were not operative and it was concluded that 

(iii) was the mechanism responsible for the irradiation effects. 

These electronic defects were considered to b e positive holes 

created in the electronic structure of the perchlorate ions by 

the X- or ¥-rays~ Transfer of electrons from the ClO~ ions to 

interstitial NH: ions was considered to occur, The less stable 

C104 radicals could then be e xpec ted to decompose at a lower 

temperature than the ClO~ ions. Confirmation of these . views 

was obtained by studying the irradiation effects on ammonium 

+ ++ perchlorate dop e d with Ag or Cu ions , These could act as 

electron traps and also as bridges in the electron transfer 

process, e.g . 

Cu++ + C -104 

+ NH + ~ Cu ++ 
4 

+ 

+ ~ 

It was predic t ed that the dop e d sampl es would s how greater 

sensitivity to/ .......... . 
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sensitivity to preirradiation than the pure samples. Experimen-

tal evidence proved this to be so. 

Freeman et al119-
124 

have extended this work considerably 

using several different techniques, and the whole problem has 

124 
subsequently been reviewed by Freeman and Anderson. The 

greater sensitivity of samples doped with Ag+ ions was confirmed 

and it has been shown that the unirradiated sample is unaffected 

119 by this doping. 
120 

Electrical conductivity measurements 

have supported the electron transfer mechanism. 

+ -The presence of NH
3

, C10
3 

and the C10
3 

ion have been shown 

from ESR121 
and EPR

122 
studies, The two ions were considered 

+ -to be formed by breakdown of the NH
4 

and C104 ions followed by 

electron transfer reactions. The C10; ion was ap~arently 

formed by annealing of the C103 radical. 

+ . that the NH
3 

1on could ~lso anneal . 

Evidence indicated 

Samples doped with C10; ions behaved in a similar manner 

to irradiated materia1,
119 

indicating that nuclei originated at 

sites of radiation induced reaction. The chlorate ions being 

relatively unstable could decompose to oxygen and chloride, 

resulting in the formation of vacancies and strain in the solid. 

The importance of lattice imperfections was also indicated by 

the high reactivity of the NH
4 

C10
4 

sublimate, which exhibited 

122 
marked X-ray broadening but has been shown not to contain 

chlorate ions. 

The effects of preirradiation on the thermal decomposition 

of a number of oxalates has b e en studied . Prout and Brown
125 

investigated the thermal decomposition of nickel oxalate, pre-

irradiated with Y- rays (1 .1 MeV) and f ound the results to re-

sembl e those f or lead styphnate in ma ny ways . The decomposi-

tion of unirradia ted material showed an initial burst of gas 

ob e ying the contracting area e quation . This corresponde d to 

surface coverage of the particles. It was followed by a cce-

leratory and decay periods which followe d the Prout-Tompkins 

me chanism . Preirradiation resulted in a higher rat e for the 

initial a nd/ .........• 
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initial and ncceleratory reactions, The salt darkened on irra-

diation, The amount of gas evolved in the initial reaction 

increased with dose but the duration of this reaction was con-

stant. The activation energies of the acceleratory and d ecay 

periods were unchanged, but that for the initial reaction de-

-l -1 creased from 33.0 kcal,mole to 15,7 kcal . mole on irradiation, 

The initial reaction was described by the unimolecular decay 

l~w after irradiation, A different reaction was thus consider-

ed to occur in this phase of decomposition, and it was in this 

initial stage, that the explanations to the prei r radiation 

effects were sought, 

No drop in the final pressure was observed on irradiation, 

The colour of the irradiated salt indicated the production of 

Ni by the Y-rays, The primary act of preirradiation was con-

sidered to be the freeing of electrons from the oxalate ions, 

S d by Ni ++ i t d ubsequently the electrons were trappe ons o pro uce 

Ni and an unstable intermediate arising from the oxalate radi-

cal, The nature of this intermediate was uncertain, but it 

was produced in amounts proportional to the ¥-ray dose, The 

initial reaction was considered to be the decomposition of the 

intermediate. The damage was considered to occur mainly on 

the surface, in sub-grain boundaries, and at imperfections and 

dislocations. At the end of the initial decomposition ther e 

was thus once again a surface coverage of the particles by Ni, 

and the Prout-Tompkins mechanism could then operate. The in-

creased rate in the acceleratory period was assumed to be due 

to additional vacancies formed by the decomposition of the in-

t ermediate. 

Jach
126 

obtained similar results for nick e l oxalate pre-

irradiated with neutrons. However, he did not study the ini-

tial decompo sition in any detail, which is the period of r eal 

significance, as was shown by Prout and Brown. 

127 
Herley and Prout have reported on increase in the rate 

of thermal decomposition of preirradiated ( Y-rays) lead oxalate. 

The effe.·ct 'of/;· ••. ·. ·. ~: · . . 
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The effect of reactor irradiation on the thermal decompo-

128 
si ti on of silver oxalate has been studied by Haynes and Young. 

The pressure/time plots for the unirradiated salt did not show 

an induction period. The acceleratory period obeyed the 

exponential law and the decay period the contracting sphere 

equation. The rate of decomposition over the acceleratory 

period was increased by preirradiation and the third power law 

fitted the irradiated plots , The decay rate was unchanged as 

was the analytical equation, No detailed mechanism to account 

for the irradiation effect was presented , It was suggested 

that electron traps were created by ¥-rays, and that "germ 

nuclei" were formed by fast neutrons, These nuclei grew three-

dimensionally and poisoned the branching mechanism. 

The sensitivity of silver oxalate to ¥-rays was also inves-

129 tigated by Boldyrev et al . Addition of impurities such as 

cadmium decreased the rate of both the irradiated and unirra-

diated decompositions. Irradiation was considered to produce 

breaking of bonds followed by electronic excitement~ 30 Trapp-

ing of electrons at favourable sites would then occur. The 

cadmium was considered to be able to trap positive holes. 

131 
Young has shown that the thermal decomposition of uranyl 

oxalate is affected by thermal neutrons. It was considered 

that in the irradiated material the sub-grains were traversed 

by a fixed number of linear imperfections which corresponded to 

the recoil paths of the fission fragments. Nucleat i on was 

favoured along these lines . Thus the reaction followed the 

kinetics of an e xpanding cylinder in the acceleratory period. 

In heavily dosed material irradiation affected th e initial re-

action more than the maximum rat e due to e a rly overlap of a 

large number of cylindrical zon e s . 

The thermal decomposition of unirradiated and preirrad i ated 

(j'-rays) potas sium bromat e was s tudi e d by Jach132 in the temp-

0 0 erature r a nge 342 -412 C. At low temperature ((367°C) the 

unirradiated decomposition consisted virtua lly of a uniroolecular 

decay only/ .....•.••• 
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decay only, The reaction was a true solid state one and the 

bromide ions formed were considered to catalize the reaction, 

Considerable splintering of the crystal was observed, At 

i:igher temperatures a distinct acceleratory period preceded the 

de~ay, Considerable melting on the crystal surface was ob-

served, This was thought to be due to the formation of a 

eutectic mixture of reactant and product, Preirradiation re-

sulted in pre ssure/time plots similar to the low temperature 

runs over the whol e temperature range, and an increase in the 

reaction rate was obtained, There was n decrease in the ac-

tivation energy after heavy Y-ray doses. Melting occurred at 

all temperatures, but to a lesser extent, Previous investi-

133 gators had shown that radio1ysis occurred at room temperature 

to an extent of 0,7% decomposition at the dos e used in this 

7 study (9,5 x 10 rad). It was considered that the irradiation 

products produced shattering of the crystals resulting in an 

increase in the number of irregularities, which facilitated an 

increased rate, 

The thermal decomposition of preirradiated p e rmanganates 

has b een systematically and extensivoly examined, This work 

was initiated when Prout8 discovered the preirradiation of 

t . t b t . d. t . c 60 
'V po ass1um permangana e y reac or 1rra 1a 1on, o d-rays, and 

145 MeV protons, drastically al t e r e d the subsequent thermal 

d ecomposition. There was a progressive shortening of the 

induction period and a n acceleration of the rate with increas-

ing dose, Splintering was observed in unir~adiated cryst~ls , 

and became more marked after irradiation, After heavy doses 

violent fracturing was observed at the start of the accel era-

tory period. No radiolysis was detected from the final pres-

sur e measurements. 

The nature of the radiation damage was considered to b e 

the displacement of potassium ions into i nterstitial positions 

by r ecoi l Compton electrons, some of which would have h ad energy 

above the/ ,,, .. ,,, ..... 
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above the threshold for displacement. The damage was consi-

dered to consist of randomly distributed vacancy/interstitial 

pairs. On heating 1 at the decomposition temperature, recombi-

nation of the vacancies and interstitials occurred with the 

associated release of \Vigner energy which was of sufficient 

magnitude to produce fracturing of bonds, resulting in a centre 

of decomposed material where decomposition was then favoured, 

and hence a decomposition "spike" would be formed. Further 

annealing of the damage, during the induction period, produced 

an incr ease in the size and number of spikes. After heavy 

doses t he large number of spikes at the end of the induction 

period produced severe strains on the crystal lattice causing 

violent fracturing, The activation energy for changes occurr-

ing during the induction period was 1,31 eV . By analogy with 

134 91 
cold worked copper and molybdenum it was assumed that re-

combination of defects took place through vacancy migration. 

Prout et al then made a systematic study of the effects of 

¥-rays on the thermal decomposition of the permanganates of 

. h' 135 d' 135 
11 t 1 urn , so 1 urn , b ' d' 136 d . 135 ru 1 1um an caes1um . The decom-

't' i . t d i 137 b . 1 38 t pos1 1 on of rrad1a e s lver and ar1um permangana es 

was also investigated. Lithium and barium showed only small 

irradiation effects. No systematic variation of the irradia-

tion effect with incr e asing atomic weight was found, e .g. in the 

alkali metals the effects for Cs and Na were comparable, Dienes 

and Vineyard
139 

have shown that for ¥-rays of 1 MeV or less the 

number of displaced atoms is a maximum for light e lements and 

decreases rapidly with increas ing atomic numb e r, becoming zero 

at an atomic weight of 125, Co nse quently, the abs ence of a 

sys tematic decrease in the irradiation effect, and the pronounc-

ed effect found for C~Mn04 , precluded the po ssibility of the 

effect being due to the formation of di splaced cations by in-

teraction with Compton e l ectrons , A modification of the Varley 

13 5 displacement mechanism was thus p ropos e d to account for the 

irradiation effec ts, Irradiation was thought to produce mul-

tiple ionisation/ . .. ... .... . 
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tiple ionisation of the permanganate ions causing them to be-

come temporarily positively charged. There would then be 

strong Coulombic repulsion between the stripped ions and the 

cations. Examination of the crystal structure of Kl\1n04 ind·i -

cated that spatially the cations have a greater fre edom of 

movement than the anions . Consequently, it was considered 

that the Coulombic repulsive forces ejected the cations into 

interstitial positions, producing a high density of defects 

(vacancy/interstitial pairs) as before. This mechanism would 

account for the experimental results more adequately, since the 

identity of the cation was relatively unimportant. 

t 140-142 Boldyrev e al did not agree with Prout's theory. 

The effect of preirradiation with 200 keV X-rays on the thermal 

decomposition of the permanganates increased in the order Li, 

K, Rb, Cs and Ag. 
. 141 142 

They proposed ' that the main effec t 

of irradiation resulted in the appearance in the crystal lattice 

of various defects and inclusions of radiolysis products which 

catalysed the decomposition . Lattice deformation at the radio-

lysis product interface and favouring of the electronic and 

ionic stages at these points would accelerate the reaction, 

However, no d etai ls as to the nature of the radiolysis products, 

or the mechanisms of the radiolysis and catalysis were given. 

It was considered that displacement effects could play a secon-

dary role. 

Furthe r investigations of the irradiation damage have been 

made by Prout et al using X-ray photographic methods. In 

treating the problem of a monatomic lattice containing a random 

distribution of distortion centres Huang143 found thr ee effects 

viz: 

(i) a reduction in inte nsity of the Bragg r e fl ec tions by an 

artificial t e mperature factor , 

(ii) a slowly varying background scatter
1 

(iii) a characteristic di ffuse scattering in the neighbourhood 

of the Bragg/ .......... . 
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of the Bragg directions. 

The effects of reactor irradiation on boron carbide was 

t b S · d T k 144 · th · 1 . interpreta ed y en1o an uc er us1ng 1s ana ys1s, In 

addition, electron density profiles drawn through carbon atoms 

showed a 46% displacement of the central atom in the linear 

chain of three carbon atoms. 

Prout and Woods145 attempted to detect interstitial atoms 

in Y-ray irradiated silver permanganate in a similar way. No 

artificial temperature factor was observed and no displacement 

of the silver or manganese atoms was detect ed from Fourier 

projections. However, Laue photographs taken at the end of the 

induction period showed marked asterism indicating very high 

stresses. This was not found in unirradiated crystals , The 

oxygen atoms could not be resolved due to the heavy silver 

atoms , and the possibility of rupture of the Mn-0 bonds could 

not be discounted, 

146 147 
Consequently Prout and Brown ' made a similar study 

of heavily irradiated (500 Mrad) potassium permanganate, A small 

lattice expansion was observed . Pronounced diffuse reflections 

independent of temperature were found, The diffuse maxima 

around the reciprocal lattice points were ellipsoidal in form. 

Konazaki
148 

has shown from calculations on c ubi c crystals that 

isolated defects (vacanci es or interstitials) would show lem-

niscate type maxima, and pairs of defects would show ellipsoidal 

maxima , He also predicted a lattice expansion. Thus pairs of 

defects appear to have been created in l{Mn0
4

• Fourier projec-

tions and difference syntheses of irradiated and unirradiated 

KMn0
4 

crystals showed no c hange, after irradiation, in the 

heights of the peaks due to 0, Mn and K atoms. However, this 

did not discount the formation of interstitial oxygen atoms and 

their associated vacancies since, as l49 indicated by Ozaroff, 

counter techniques are essential for the measurement of inten-

sites if changes in the electron density distribution due to the 

lighter oxygen atoms are to be detected , Blaunsht e in and 

Starodubtsev150 1. , . ....... . 
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Starodubtsev150 
have reported the presence of gaseous oxygen in 

KMn04 crystals after massive irradiation with Co 60 y-rays, 

I . f th . ti t• p t 151 id n v1ew o ese 1nves ga 1ons, rou now cons ers 

that preirradiation causes rupture of the Mn-0 bonds with the 

production of interstitial oxygen atoms and vacancies, On 

heating the unstable residue of the Mn04 group decomposes to 

give more oxygen and possibly nfu02 • The diffusion of this 

oxygen, and that already present before heating occurs, produces 

pockets of gas at very high pressure . The stresses thus 

caused produce fracture at the end of the induction period with 

the formation of small fragments, the surfaces of which are 

highly nucleated, Thereafter decomposition on the damaged 

fragments is rapid and a considerable acceleration of the reac-

tion occurs, 

The thermal decomposition of all solids is not necessarily 

affected by preirradiation e.g. 
152 

silver oxid e • It would be 

highly desirable to be able to predict whether t he decomposit i on 

of a solid would be affected by pre irradiation. In 1959, on 

. i t. . t p tl53 the 11m ted amoun of work ava1lable at the ime, rou ten-

tatively suggested that those compounds which decomposed accord-

ing to a branching chain ( e . g , Prout-Tompkins) mechanism would 

be the ones aff ec ted by preirradiation. However, subsequent 

work did n o t confirm this, An examination of the substances 

affected might lead to the conclusion that a polyatomic a nion 

is a prerequisite for an irradiation offect. Howevor, ammo-

• d' h L 154,155 . ff d V n1um 1c roma~e 1s una ecte by 1 -rays, Consequently , 

any us eful criteria are still obscure, It has, however, been 

151 observed by Prout that the irradiation effects do appear to 

b e able to take two forms. Firstly, there is the production 

of unstable compounds, decomposition of which affects the 

normal pyrolysis, Examples of this are found with nick e l oxa-

late
125 

and lead styphnate, 107 Secondly there is the produc-

tion of electronic point de f ects by irradiation whi ch determine 

the nature of the subs e quent thermal decomposition, This has 

been found/ .••.•....• 
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10 
been found, for example, in lead azide and ammonium perch-

lorate, 
118 

1.3.3, Uadiolysis of Solids . 

The radiolysis of solids is of importance to thermal de-

compositions in so far as the radiolysis products might affect 

the subsequent thermal decomposition. Several papers concerned 

solely with radiolytic reactions, and the mechanisms of these 

r eactions, have been published, some of which are discussed 

below. As in photolysis, the mechanisms are often similar to 

those for thermal decompositions, but this is not necessarily 

always so. 

The decomposition of sodium azide under the action of X-

156 
rays has been examined by Heal, and can be explained on a 

basis similar to the photolytic decomposition, Radiation is 

considered to produce positive holes (N
3

) and cond uction elec­

trons, or excitons which would then be thermally excited to form 

positive holes. The holes are then trapped at lattice imper-

fections where they react with an azide ion to yield nitrogen, 

i . e, 

-+ 3N2 + .. 
e 

Boldyrcv et a1 157 have reported that during the Y-radio-

lysis of alkali metal azides the initial yield of product is 

proportional to the free space in the lattice, There is no 

correspondence between the relative radiation and thermal sta-

bilities of the metal azides, 

The radiation induced decomposition of inorganic nitrates 

has been extensively studied . A general review of the sub-

ject has be e n given by Johnson. 158 
The primary reaction on 

irradiation is generally accepted to b e 

No; -+ No; + o 

alth o ugh for barium nitrate159 consideration has also been 

given to the r eactions 

N0-3 -r I . ..... .... .. . 
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A great deal of uncertainty exists as to the nature of the 

radiolysis, and the factors affecting it, Doigan and Davis
160 

attributed the different yields (G-values) to the field strength 

exerted by the cation. The yields decreased through the series 

Cs, K, Ba, Pb, Ag, Sr, Na and Li nitrates. Hennig et a1161 

considered that the difference in the free space was the in-

fluencing factor, 

113 
An extensive study by Cunningham and Heal supported 

this latter idea since the radiolytic yield platted against the 

free space yielded a smooth curve. It was considered that the 

oxygen atoms from the reaction combined at favourable lattice 

sites to give molecular oxygen, 

Hochanadel and Davis162 obtained similar variations i n G* 

values as did Doigan and Davis, They proposed that the decom-

position mechanism was, 

The extent of the last reaction was considered to be negligible, 

C . h 111 
unn~ng am , using isotopes of oxygen, found a pro-

nounced isotopic effect for the radiolysis of potassium nitrate 

at very low fractional decompositions. Attempts were made to 

explain this by the Franck-Rabinowitch cag e effect and the 

jump frequency of the oxyge n atom, 

Measurements of the heats of solution163 of irradiated 

nitrates established that the strain energy was greatest in 

the more tightly packed lattices and that more than one maximum 

in the heat of solution/dose curves occurred . These facts 

supported the belief that the oxygen liberat e d was present in 

the lattice/, ........ . 
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the lattice as molecules and not atoms. 

The nitrates of Pb, Li and Ag have been shown to yield 

the oxides of the metal as well as NO; and 0
2

, while ESR studies 

have revealed the presence of the species N03 , NO~, N02 and o;, 
0 

although some have only been detected at temperatures of 77 K 

or less. 

Chen and Johnson164 considered that the mechanism proposed 

by Hochanadel and Davis162 was valid except that the reverse 

reaction i.e. No; + 0 -+ l•m; occurred to a significant extent. 

Oa this basis they obtained good agreement with the experimental 

results. The relative yields for different cations were con-

sidered to be due to the differences in the relative importance 

of the last two reactions. 

As indicated, some attempts to account for the relative 

ease of decomposition of nitrates in terms of the concept of 

free space have been made, This concept has subsequently been 

applied to several other salts. In the alkali and alkaline 

165 166 earth perchlorates and the alkali metal bromates such cor-

relations have been claimed, However, in surveying the evi-

158 dence thus far accumulated, Johnson concluded that each com-

pound should be considered a s a unique system, and that broad 

generalisations regarding relative yields are invalid, 

166 Boyd et al found an exponential dependance of the radio-

lytic yield CG) on the free space in the alkali bromates. Radio-

lysis was considered to occur at random in the crystal lattice, 

or possibly in the vicinity of defects, i,e, the break up of 

excited or ionised bromate ions occurred at widely separated 

lattice sites. This was in contrast to the thermal decomposi-

tion reactions, which were surface on e s followed by an inte rface 

reaction. The primary step of radiolysis was cons idered to be 

the excitation or ionisation of bromate ions i.e . 

+ e 

Direct or stepwis e decomposition to the bromide and oxygen 

the n occurred . I .....•... 
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then occurred, The decomposition reactions for the exciton 

would be, 

* Bro; ~ Bro; + 0 or Br02 
+ 0 -

* + 
Bro; -* BrO + 02 

* + 
Bro; -+ Br + 0 + 02 

Hea1 167 found that potassium perchlorate decomposed under 

X-ray irradiation to give potassium c hloride and potassium 

chlorate in the molar ration of 1:4, Irradiation appeared to 

produce excitons which would then be trappe d at imperfections. 

Simultaneous trapping of two exciton s led to decomposition 

according to the equation 

2 C!O~ 

Alternatively a single trapped exciton could de c ompose to yield 

a chloride ion and oxygen 

Logan and Moore168 have indicated that the important fac-

tors affecting radiolytic yields (G-values) a~e the relative 

ease of transferring energy to the lattice v ibrational modes, 

and the density of vibrational states as well as to their aver-

age energies. 

The foregoing survey of radiolytic reactions is of value 

in the study of the thermal decomposition of solids in that it 

will perhaps assist in determining the nature of d efects pro-

duced during the preirradiation, and the radiolytic products 

which may be produced as inclusions, with parti c ular emphasis 

on thermally unstable radiolytic products. 
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2. PREVIOUS WORK ON THE THEFmffiL DECOMPOSITION OF MERCURIC 

OXALATE AND THE ALKALINE EARTH AZ IDES. 

2.1. Mercuric Oxalate. 

12 Prout and Tompkins studied the thermal decomposition of 

unirradiated mercuric oxalate and the effects of preirradiation 

by ultra-violet light, cathode rays, and a high density electron 

beam, on the decomposition. The acceleratory p er iod of the 

decomposition for the unirradiated salt obeyed the equation, 

~ 
dt = + clO .•. ....•........... .. ...... (2,1) 

and the decay period was described by the expression 

1;2 

(dp;dt) = k 11 t + c11 ......• , ...• . .. . .•.• .•. (2. 2) 

They proposed that the acceleratory reaction was a surface 

one proceeding by the two-dimensional growth of a f ixed number 

of nuclei, Aft er surface coverage the reaction rate was con-

trolled by the rate of linear propagation of the reactant inter-

face inwards. 

Preirradiation by ultra-violet light or cathode rays in-

creased the initial rate of d ecomposition, but did not affect 

the decay stage. The salt darkened on irradiation. It was 

suggested that the effect was a surface one and that irradiation 

produced mercurous oxalate by a mechanism of electron transfer. 

This salt decomposed faster than the parent material producing 

the higher initial rate, 

A high density electron beam did not affect the decomposi-

tion but resulted in considerable loss of weight of the salt 

accompanied by evolution of gas. 

2 , 2 . Barium Azide, 

Harvey
1 

investigated the thermal decomposition of single 

crystals of barium azide, He obtained p/t plots which possessed 

marked induction periods where there was a slow linear evolution 

of gas. This was followed by an accel e ratory period where the 

power law/ .......••..... 
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power law with n = 10 (from plots of log p vs log t) approxi-

mately fitted the p/t plot. Up to ~ = 0.10 the exponential law 

described the acceleration, It was used in the form, 

£1'. log (dt -a) = kl2t + cl2 •• • • ....•.. • .. . ,(2 . 3) 

where a = rate of evolution of gas over the induction period, 

The last 20% of the decomposition obeyed the unimolecular 

decay law, 

It was also established that the reaction proceeded from 

nuclei of metallic barium. These were concentrated on the 

surface but also appeared in the interior of the crystal. Their 

numbers increased with time but an expression for the rate of 

increase could not be obtained. He was unable to give a theo-

retical explanation of the results, 

G G d H . 1 169 1 . d th f•t f th arner, omm an a~ es exp a~ne e 1 o e expo-

nential law up to ~ = 0.10 in terms of the reaction spreading 

uniformly from nuclei only within individual grains composing 

the crystal. At bounding grain s ur faces reaction is retarded 

and spreads from grain to grain only at a few favoured points 

giving a branching mechanism , 

·v . 3 \~schtn was able to perform visual observations and 

measurements on the barium nucl ei and also study the p/t plots. 

Single crystal were used, The following expressions were ob-

tained: 

(i) the radius of the nuclei, r, increase d linearly with 
\ 

time, i.e. 

r k 13 t ........ ............... .. .. . .... .. (2.4) 

(ii) the number of nuclei, N, increased as th e third power 

of time, 

N = 
3 . 

k14 t . . ... ............... . .. . ... ' ...... ( 2 . 5) 

(iii) the pressure of nitrogen e volved increased as the 6th to 

8th power of time 

(6-8) 
p = Ct ..... ............. . ....... . ... .... ( 2. 6 ) 

The acti vat ion ene rgies for the above processes were 23 .5 

74.0 and 166.0 I .......... . 
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-1 
74.0 and 166.0 kcal. mole , respectivel y. 

It was thought that the nuclei started growing from the t~e 

of commencement of heating. 

From (i) and (ii) above, it was suggested that the correct 

theoretical value for the pressure increase was as the 6th power 

of time. The most probably mechanism for nucleus formation was 

57 thought to be that proposed by Mott. It was considered that 

a slow surface evaporation of nitrogen occurred, the barium atom 

left behind being mobile. When two atoms met a nucleus was 

formed, This would agree with the experimentally found bimole-

cular rate of formation of nuclei. 

Thomas and Tompkins 60 suggested that the departure from the 

value of n = 6 for the evolution of nitrogen was due to the slow 

growth of small nuclei, Below a critical size a nucleus was 

envisaged as growing more slowly than a large one . They stated 

that the power law should be used in the form, 

p c (t- y) ······· · ············ · ······~ · ·(2.7) 

where y is a slow growth correction, or the time taken for a 

nucleus to grow to the critical size for normal growth. The 

slow growth was explained by the fact that the activation energy 

for the process was 
-1 -1 

29 kcal,mole compared to 23.5 kcal, mole 

for normal growth . The activation energy for pressure evolution 
_, 

was given as 145 kcal.mole •: 

It was proposed that the mechanism for nucleus formation 

involved the loss of an electron from an azide ion into the con-

duction band of the crystal thus forming a positive hole. This 

could react with an excited azide ion (exciton) forming nitrogen 

and an F-centre and anion vacancy complex, This then dissocia-

ted to form a free F-centre and vacancy, The F-centres could 

then aggregate forming double F-centres which were regarded as 

nucl e i. Nucleus growth took place by the ejection of the elec-

tron of an azide ion into the conduction band of the m~al form-

ing a positiv e hole which could react with an exciton or an azme 

ion whenever/ . . ....•... .. 
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ion whenever enough energy was available, liberating nitrogen. 

The F-centre complex thus formed is bound to the nucleus. 

A decrease in the induct!on period and an increase in the 

reaction rate on preirradiation with ultra-violet light was 

found, Prolonged irradiation reduced the value of n in the 

power law to 3. The irradiation effect was attributed to the 

production of anion vacancies which facilitated the movement of 

F-centres and hence of nucleus formation, 

170 Bartlett, Tompkins and Young reported the results of the 

visual observation of the slow growth of nuclei in large, rela-

tively perfect crystals , 

Garner and Moon103 found that a radium needle placed next 

to a crystal of barium azide i n creased the rate of thermal de-

composition. They concluded that this was due to an increase 

in the rate of growth of nuclei and not of number. 

The effect of ultra-violet light on the thermal decomposi-

6 tion was initially investigated by Garner and Maggs. They 

found an increase in the reaction rate, a decrease in the indue-

tion period, and an increase in the value of n in the power law 

from 6 to 8 as the dose was increased. A plot of log '"r (dose) 

vs t 1 gave a linear plot. Visual observat ions showed an enor-

mous increase in the number of nuclei. The threshold wave 

length for photochemical action corresponded approximately to 

that for the ultra-violet absorption edge of th e N; ion in the 

solid state and in solut i on. 

The y proposed that the increase in the power from 6 to 8 

was due to the number of barium atoms required to form a nucleus 

increasing from 2 to 3 or 4 after irradiation. The e ff e ct of 

irradiation was to produc e a ttlatent image" which developed 

into nuclei on heating . This latent image was associated with 

hol e s produc e d by the ultra-violet light at which points nuclei 

could f o rm, On prolonge d irradiation photo lysis took place . 

In a public~t i on on the d ecomposition of the alkaline e arth 

azides, Garner/ ..• . ... , ... 



- 54 -

azides
1 

Garner and Reeves 66 confirmed the sixth power · law. They 

proposed that nucleation took place at points of emergence of 

edge dislocations. The long induction periods were thought to 

be due to time taken for F-centres to aggregate and form nuclei, 

Irradiation with ultra-violet light produced sites which nor-

mally did not develop into nuclei. It was also suggested that 

the reaction for the decomposition• of barium azide was, 

since no nitride was formed, 

Groocock and Tompkins 9 inve stigated the effect of electron 

bombardment on the thermal decomposition of barium azide . 

Similar results to thos e obtained with ultra-violet light irra-

diation were obtained, Howev e r, the exponent n in the power 

law remained at 6 even at high doses. 

Osinovik171 also reported a large increase in the maximum 

rate after irradiation with fast electrons. He also stated that 

there was a r emarkabl e shortening of the induction period after 
• 

several days exposure of the salt t o gamma-r ays , 

Erof eyev and Sviridov
114 

examined the effects of preirradi~ 

tion by X-rays on the kineti cs of the thermal decomposition of 

barium azide. Complex result s were obtained . Analysis of the 

acceleratory period was performed using the Avrami-Erofeyev 

equation , 

-ln (1 -o() 
n = (."),t:t ) (2 8) ~ 0 • • .. • • • • • • • • • • • • • • • • • • • • • • • 

Values of n were determined from the plots of log 

[-log(l-o<)] vs log t. The value of n varied from 7.9 to 1 2 as 

the temperature of d ecomposition increased . 

Preirradiation by X-rays produced a steady decrease in the 

duration of the induction period. The acceleratory rate con-

s t ant increase d at first but after l ong tim~ of exposure a 

deceleration was found. A decrease in the inflexion point was 

also observed, Complex p/t plots were o btained at high doses, 

e.g, at an irradiation time of 3 hours the p/t plot had two 

points of maximum/ •......•.... 
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points of maximum velocity, The salt developed a grey colour 

after long exposures. Moist samples of barium azide decomposed 

more slowly and were characterized by a smaller effect of preir-

radiation than the dry salt. No ageing of the irradiation 

effect was found, An effect similar to the irradiation effect 

was obtained by heating the unirradiated salt for a short time 

at the temperature of decomposition, Preirradiation caused 

involved variations on the value of n in the Avrami-Erofeyev 

equation. As the irradiation time increased n diminished from 

8 to e, then increased to 12-15 and finally decreased again to 

3, For the same dose and different temperatures n increased 

from 3 at 114°C to 7 at 126° and 132°C and dropped to 5 at 138~. 

Acti vation energies could not be calculated in the conventional 

manner because of the variation of n with t emperature, Using 

the temperature dependance of the time for 25% decomposition to 

be reached it was found that preirradiation produced a decrease 

in the total activation energy for the thermal decomposition, 

Thomas and Tompkins 60 had r eported a decrease in the reac-

tion rate with time. In contradiction to this Erofeyev and 

Sviridov found a slight increase in the rate of decomposition 

of the unirradiated salt after prolonged storage, 

Boldyriev and Skorik7 found that barium azide irradiated 

with X-rays at the threshold decomposition temperature showed a 

greater preirradiation effect than that preirradiated at room 

temperatur e . It was suggested that the nuclei, which were 

aggregates of atoms or F-centres, formed and gr e w by trapping 

electrons followe d by neutralisation of the charge by migrating 

interstitial cation or anion vacancies. Nuclei were only 

stable above a critical size, The concentration of free elec-

trons increased under X-ray irradiation, At room t e mperatur e 

the interstitial vacanci es possessed low mobility and h e nce few 

stable nuclei could be formed , However, for irradiation at 

the threshold t emperature their mobility had increased; thus 

a large number/ •.......• , 
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a large number of stable nuclei could form and hence a higher 

rate of decomposition took place. 

2,3, Strontium Azide. 

105 Maggs made the first study of the thermal decomposition 

of strontium azide, He obtained p/t plots with a marked 

induction period followed by a period of rapid acceleration. The 

early stages of the acceleratory period were obeyed by the ex-

ponential law viz, 

log p + c 2 • . ........ . ... . ..... . .... (2.9) 

the activation energy for acceleration was calculated to be 

-1 
20 kcals,mole . 

A radium needle placed next to the salt reduced the indue-

tion period and resulted in a large increase in k, The acti-

vation energy, however, remained the same. It was also stated 

that ultra-viol e t light increas ed the reaction rate. Maggs 

suggested that the action of the radiation was either to incre~ 

the rate of growth of the nuclei or to increase their rate of 

formation. 

Garner and Maggs 6 studied the effect of ultra-violet light 

on the thermal decomposition of strontium azide and made a 

similar study on barium azide. The results were similar, with 

a decrease in the induction period and an increase in the re-

action rate. The exponent n in the power law increased from 

6-8 with increasing dose. Th e same theoretical explanation 

was considered valid for both compounds. (Cf Bru~6 ). 

Garner and Rceves 66 found that the acccleratory period of 

the p/t plots obeyed the power law with n = 3 1 i.e. 

~ 
p Ct + c1 

The equation was only valid over the latter stages of the 

acce l e r atory period, Preirradiation with ultra-violet light 

decreased the inflexion point, improved the extent of fit of 

the power law and increased the acceleratory rate co n stant . It 

was considered/ ...•..•• .. .. 
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was considered that the improved extent of fit of the power law 

was due to equalisation of sizes of nuclei before the end of 

the induction period, by the ultra-violet radiation, The in-

creased rates were due to greater numbers of nuclei produced at 

sites caused by irradiation, 

172 Sviridov found that preirradiation in air at room tem-

perature by X-rays resulted in a faster decomposition at 126°C, 

In 20 minutes 30% decomposition occurred, whereas with the un-

irradiated salt the first sign of decomposition occurred only 

after 3 hours, 

2,4. Calcium Azide, 

Andreev173 did an initial investigation into the thermal 

decomposition of calcium azide and showed that there was a 

marked induction period followed by an acceleratory period which 

obeyed the equation 

n 
k15p ............................. . (2.10) 

0 
where n varied from 0,66 at 100 C to 0,80 at high temperatures. 

Activation energies were determined by split run techniques and 

the following values obtained in the acceleratory period: 

( i) 20 , 8 kcal., mole -1 from 61° to 81°C 

(ii) 22:.1 kcal . mole 
-1 

from 80° to 100°C 

(iii) 27 kcal mole 
-1 

from 93° to 106°C . 
Marke 174 confirmed this analysis. He concluded that the 

mode of decomposition was in general ~greement with the chain 

theory but that the nucl e i were not as diffuse as would be ex-

pected. 

The decay reaction obeyed the unimolecular decay law 

log (pf - p ) k 7 t + c 7 . ..•.......••..... (2,11) 

The activation energies for the acceleratory and decay 

-1 -1 
periods were 13 kcals,mole and 19 kc~l •. mole , respectively , 

The activation energy plots, howe v e r, were not good due to poor 

reproducibility of the results. 

Garner and Reeves/ . •... , ... 



- 58 -

Garner and Reeves 66 found that the acceleratory period 

followed the power law with n = 3 i.e. 

p ~ Ct 

The results were not very reproducible. Grinding produced 

a fourfold increase in C. The activation energy for the acce-

leratory period, from split runs, was in agreement with that 

obtained by Marke. Preirradiation with ultra-violet light 

shortened the induction period, increased the acceleratory rate 

constant, and improved the extent of fit of the power law. The 

interpretation of the results was considered to be the same as 

that for strontium and barium azides (Cf 2,2 and 2.3). 

Tompkins and Young1751176 examined the kinetics of the 

decomposition of calcium azide and concluded that the power law 

(n=3) was valid. However, they obtained anomalous results for 

the activation energy of the acceleratory period, which appeared 

to be influenced by the temperature range of the determination, 

the method employed, and on whether fresh or aged material was 

used, 
0 

At temperatures below 97 C the activation energy for 

the acceleratory period, as determine d on freshly prepared mat-

-1 
erial, by split run techniques, was 18 kcal,mole • This was 

0 
also true for temperatures above 11 2 C, Between these two 

temperatures anomalous rate constants we r e obtained and the 

Arrhenius plots were not linear. When individual runs were 

-1 
used the activation energy obtained was 35 kcal.mole Using 

-1 
aged or annealed samples a value of 18 kcal . mole was obtained 

irrespective of the method empl oyed , 

These results were associated with an excess of vacancies 

in freshly prepared material. On heating these formed clusters 

at t he surface and became nuclei on electron capture. The 

number of clusters was temperature dependent and increased with 

temperature, Thus the fixed number of nuclei growing thr ee -

dimensionally during the acceleratory period varied as the 

temperature of decomposition of indivudual runs was altered. 

This caused/ .•. .. ........ . 
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This caused the pre-exponential factor in the Arrhenius expres-

sion to be temperature dependent and an erroneous activation 

energy was determined. In split runs with only one temperature 

during the induction period, this fixed the number of nuclei 

and hence a true activation energy was obtained. 
0 Above 97 C 

bulk nuclei started to form in addition to the surface ones 

giving rise to the anomalous rate constants. This process was 

complete at 112°C. 

On ageing or annealing the excess vacancies were eliminated 

by aggregation or diffusion to boundary sinks. The equilibrium 

concentration was thus reached and cluster formation was com-

plete. Thus a constant number of nuclei were always formed at 

-1 all temperatures and the true activation energy of 18 kcal.mole 

was obtained. 

With aged or fresh material below 97°C preirradiation with 

ultra•violet light decreased the induction period and increased 

the reaction rate. It was proposed that this was due to forma-

tion and growth of nuclei on irradiation. The extent of fit of 

the power law also improved. With fresh salt above 97°C the 

validity of the power law was reduced virtually to zero, These 

effects were again associated with excess vacancies and the pro-

cution of bulk nuclei at higher temperatures . 

An extensive study of the thermal decomposition of unirra-

diated and preirradiated <Y-r ays , X-rays and ultra-violet light) 

calcium azide was completed by Prout and Brown115 , 116 shortly 

before the publi cation of Tompkins and Young, Their results 

for the unirradiated salt were in contradiction to those of 

Tompkins and Young with regard to the activation e n e rgy for the 

acceleratory period, The power l aw (n = 3) described the 

acceleratory period and the contracting sphere equation fitted 

the d ecay r eaction. -1 A value of 27 kcal.mol e was obtained for 

the activation energy of the acceleratory period, as determined 

from individual runs, 0 0 in the temperature range 105 -130 C. This 

disagr eed with both values obtained by Tompkins and Young. 

The activation/ •.... . ...... 
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The activation energies for the decay and induction periods we~e 

-1 18.8 and 18.2 kca1,mole respectively. A large increase in 

the reaction rate and a marked shortening of the induction per-

iod was found on preirradiation with Y-rays, X-rays or ultra-

violet light. However, the kinetic expressions remained the 

same throughout, as did the activation energies. 

It was considered that the decomposition of the unirradia-

ted salt comprised a slow surface decomposition of azide ions 

during the induction period, with the formation of nitrogen and 

calcium atoms, These calcium atoms were at the lattice spac-

ing of the calcium ions in the salt. At the end of the indue-

tion period recrystallization of the atoms occurred with the 

formation of metallic specks which were the nuclei. During 

the acceleratory period growth of these nuclei occurred, Nuclear 

growth occurred by the elevation of an electron from an azide 

ion into the lowest vacant energy level in the metal speck. The 

azide radical (positive hole) reacted with a second azide ion 

to yield nitrogen, the calcium formed adding on to the nucleus, 

The decay react ion took place at a contracting spherical metal 

interface. From the activation energy value it was considered 

that the reaction was the decomposition of strained azide ions. 

These were produced either by the compressive forces exerted 

by the metal sheath, or more probably, the high pressures 

exerted by trapped nitrogen, 

Preirradiation produced a large increase in the concentra-

tion of vacancies. On heating the se aggregat e d at the surface 

producing regions of strain whe re decomposition was favour e d. 

The induction period was thus short e ned a nd the increased num-

ber of nuclei resulted in high decomposition rate constants. 
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3. OBJECTS OF THE RESEARCH. 

3.1. The Thermal Decomposition of Irradiated Mercuric Oxalate. 

Irradiation of a solid with ¥ -rays may create the following 

types of damage: 

(i) radiolysis with the production of an intermediate which 

is thermally unstable at the normal decomposition temperature of 

the solid, 

(ii) electronic defects, e.g. vacancies, positive holes, 

F-centres. 

The thermal decomposition of nickel oxalate
125 

is accele-

rated if the sal t is exposed to ¥-rays before heating. The 

change in kinetics is explained by suggesting that (i) above 

occurs during irradiation. It was of interest to determine 

whether the thermal decomposition of mercuric oxalate would be 

similarly affected by preirradiation and if so whether the 

changes could be explained by (i) or (ii) above. The radiation 

change might be differ e nt, since mercuric oxalate differs from 

nick el oxalate in tha t it is sensitive to ultra-viol e t light 

whe r e as the latter is not. It was considered that a parallel 

investigation of the other commonly used radiations i.e. X-rays 

and ultra-violet light might assist in elucidating any e ffects 

found with ¥-rays , 

3.2 . The Thermal Decomposition of Irradiated Al kaline Earth 

Azides . 

103 105 The work of Garner and Maggs on the d ecomposition of 

irradiated (Ra needle) barium azide and calcium azide respec -

tively, indicate s that the decompositi o n of the al k aline earth 

azides might b e affected by ¥-rays, The effects of ultra-

viol e t light on the subsequent the rmal decomposition of barium 

azide h as b een e xplained by assuming that irradiation produces 

c hanges of typ e (ii). Thus, if an irradiation effec t is found 

with ¥-rays it would be of interest to determine whether the 

ef f ective irradiation/ ...•.•. . .. • 
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effective irradiation change is (i) or (ii) or both, Here, too, 

it was considered that the study would be more complete if the 

effect of oth er radiations was studied. Consequently the de-

composition of barium and strontium azides was investigated. A 

similar study of the decomposit i on of calcium azide was commen-· 

ced by Mr. M,E, Brown of this department. However, on the 

completion of the studies by Brown it was felt necessa~y, for 

the completeness of this work, to extend his res e arch by a few 

additional experiments with ultra-violet light. 

The publication by Tompkins and Young176 appeared after 

the completion of Brown's studies, and it was felt necessary to 

attempt to resolve the discrepancy betwee n the findings of 

Brown, and Tompkins and Young with regard to the activation 

energy for the reaction during the acceleratory period of the 

thermal decomposition of calcium azide. 
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4, APPARATUS AND EXPERIMENTAL PROCEDURES . 

4,1, Apparatus. 

4.1.1. The High Vacuum Line, 

The course of all the thermal decompositions was 

followed in a high vacuum line, This is shown diagrammatically 

in FIGURE 2. It has been described in detail by Herley, 177 

The main features are the pumping system, the pressure gauge 

and the decomposition chamber. 

The pumping system comprised a three-stage Edwards "Speedi-

vac" oil diffusion pump (B), model 203B which was backed by an 

Edwards "Speedivac" gas ballast rotary high vacuum pump (A) model. 

2SC2oA. 
-6 

This system enabled pressures down to 1 x 10 cm .Hg , 

to be obtained, 

A calibrated McLeod gauge (C) was used to measure pressures. 

The volume of the McLeod bulb was 123,1 ml. at 25°C, 

(D). 

Decompositions were performed in the decomposition chamber 

This has been described in detail by Prout and Herley , 178 

The temperature control was approximately 0,03°C in the tempera-

ture range at which the work was carried out, Silicone oil was 

used in the outer jacket . Liquids used in the inner jacket at 

various temperatures were; 

acetylene tetrachloride (120°-145°C) and ethyl salicylate (180°-

Cold traps (E,F and G) surrounded by liquid air were stra-

tegically placed to condense water vapour or any other condensa-

ble gases. These were positioned, (i) between the decomposit:ion 

chamber and the McLeod gauge to protect the former from mercury 

vapour and water vapour (G), (ii) just before the oil diffusion 

pump (F) and (iii) in the back line (E). In the work on mer-

curie oxalate a P 20 5 trap replaced the cold trap between the 

McLeod gauge and the decomposition chamber . 

The volume of that s e ction of the line used in a decomposi-

tion (i.e, excluding/ ......•. 
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tion (i . e. excluding the pumping system) was determined before 

0 the work was commenced, and found to be 785,1 ml. at 25 C. 

4,1.2. Preirradiation Equipment. 

(a) Y-rays, The majority of these preirradiations were carried 

out in the spent fuel facility at Harwell, The average ¥-ray 

energy was .,..,.1 Mev 
-1 

and the dose rate 4 Mrad. hour . In cases 

where the required dose was too low for accurate dosage at Har-

60 
well (1,000-lOO,OOO rad), the Co source at Wantage was used, 

Here the dose rate was 
-1 

3,400 rad min However, in any one 

particular series, all irradiations were performed in the same 

source for comparitive purposes. 

(b) X-rays, A Philips PW 1009 X-ray generator, employing a 

sealed X-ray tube,Cu, was used. The X-ray tube was mounted 

horizontally in order to obtain ~ vertical beam which was direc-

ted onto the sample. For mercuric oxalate the tube was operat-

ed at an applied voltage of 40kV and a tube current of 20mA. 

In the work on the azides the voltage was 10 kV and the current 

5 mA, White radiation was us ed throughout. 

{c) Ultra-violet light. The mercuric oxalate irradiations were 

performed in sunlight as no ultra-violet lamp was availabl e at 

that stage, Irradiations on the azides were carried out using 

a Hanovi a low intensity ultra-violet lamp. 

4,2, Experimental Procedures. 

The samples were decomposed in a small pyrex bucket. Be-

fore e ach run the bucket was carefully cleaned in hot nitric 

acid, rinsed with pure water, dried by h e ating to a dull red 

h eat in a flame and then allowed to cool, The required weight 

. of sample was weighed into the bucket which was then placed in 

the high vacuum line . The line was pump e d hard for several 

hours before commencing a decomposition, (Pr eliminary tests 

showe d that a satisfactory v acuum could be maintaine d for at 

least 48 hours). The decomposition system was then isolated 

from the pumping/ •.. . ..... 
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from the pumping system, by closing tap H, and the bucket lower­

ed into the decomposition chamber, the temperature having been 

previously adjusted to the required value. The stopwatch was 

started and the pressure measured at various times. The level 

of the liquid air surrounding the cold trap in the decomposition 

system was kept constant throughout the duration of a run. The 

final pressure Pa was read half an hour after the apparent end 

of a run. 

Preirradiations by Y-rays were done in dnrkened sealed 

evacuated pyrex ampoules. Each ampoul e was approximately the 

same size as the glass bucket and contained sufficient sample 

for one run only, When the ampoules returne d from irradiation 

they we re opened under argon and immediately placed into the 

vacuum line, the ampoule taking the place of the pyrex bucket 

for the decomposition. 

Preirradiations with X-rays or ultra-violet light were per ­

formed by spreading the sample out in a thin l ayer on a flat 

bottomed porcelain dish and placing it directly beneath the 

radiation source, 

tions in sunlight, 

The same procedure was adopted for irradia­

In this case all irradiations wer e done 

between 11 a.m. and 1 p,m. as the U.V. intensity of sunlight re-

mains fairly constant over this time. In any one series irra-

diations were done simultaneously for comparit ive purposes . 

The X-ray and ultra-viol et light irradiations were all done in 

air, 

A few more specialised procedures require explanation. 

These are given below. 

(i) Water interrupt~. 

Va luabl e information on the azide d ecompositions was 

obtained from a series of runs where the decomposition was in-

t errupted and water vapour admitted ontQ the salt. These are 

termed "water interruptions''. The following procedure was 

adopted. The cold trap (G) in the decomposition system was 

thoroughly cleaned/ ...•..•. . •. 
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thoroughly cleaned and a small amount (1 cc) of degassed water 

placed in the bottom, The water was then solidified by the 

liquid air surrounding the trap which also ensured complete eli­

mination of any water vapour. The sample was then placed in 

the line and the normal decomposition procedure followed, When 

the reaction had reached the selected point of interruption the 

sample was lifted out of the decomposition chamber and allowed 

to cool for ten minute s during which time the line was pumped 

hard. The decomposition system was then isolated from the 

pumping system again and the liquid air removed from around the 

0 cold trap which was then warmed to 20 C, This melted the ice 

and the r esulting water vapour was allowe d to expand onto the 

sample and remain in contact with it for 10 minutes. The li-

quid air Dewar was then replace d around the trap and the line 

pumped hard for one hour after which the decomposition was 

allowed to continue, 

(ii) Interruption followe d by irradiation, 

Thes e experiments were a lso concerned only with the 

azides. It was desired to irradiate the samples at various 

stages in the decomposition. As the reaction products included 

the free metal (Ba, Sr or Ca) which was very reactive in air, 

special precautions were necessary to prevent the sample from 

c oming into contact with water vapour or oxygen while irradia-

ting after interruption of the run. In the case of X-ray 

irradiation, a special pyrex ampoule was made whi c h was con-

siderably longer t han the normal one and which had a ground 

glass socket at the top with a corresponding stopper. The de-

compositions were done in the normal manner up to the point 

where irradiation was desired, The ampoule was then lifted out 

of the decomposition chamber and allowed to cool for 10 minutes 

during which time the line was pumped hard. High purity nitro-

gen was then bled into the l ine at tap I until atmo spheric pres-

sure was reached, any trace of water vapour being eliminat ed by 

the cold trap, Th e ampoule was then removed from the line and 

the stopper/ •.. .- . .. • 
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the stopper immediately inserted into the socket. The ampoule 

was then placed in the X-ray beam and the irradiation thus done 

in an atmosphere of dry nitrogen. The decomposition system was 

flushed out again with high purity nitrogen before reloading the 

sample into the line, which was then pumped hard for two hours 

before continuing with the run, 

Interruptions followed by irradi a tions with ultra- violet 

light were done in the same manne r excepting that a quartz am­

poule, transparent to this radiation, was used, 

For interruptions followed by Y-ray irradiations the pyrex 

ampoules used were baked in an oven for several days at 300°C 

before use, At the point of interruption the ampoule was 

cooled and high purity nitrogen allowed in as before. The am-

poule was then removed from the line, immediately re-evacuated, 

sealed and sent off for irradiation, However, despite these 

precautions , it was discovered that it was impossible to pre­

vent wat e r vapour from coming out of th e walls of the ampoules4 

This reacted with the free metal forming the metal hydroxide. 

Irradiations we re thus carried out on a mixture of th e azid e and 

the metal hydroxide, Experimental evidence of this was ob­

tained (Cf BaN6 6 ) and no solution to the probl0m could be 

found. 

5. THE THERMAL/ . . ... . .... . 
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5, THE THERMAL DECOMPOSITION OF MERCURIC OXALATE. 

THROUGHOU'r THESE RESULTS, AND THOSE FOR THE ALKALINE 

EARTH AZIDES, THE RATE CONSTANTS (k) ARE NUMBERED SO THAT 

THOSE FOR THE ACCELERATORY PERIODS CARRY A LOWER NUMBER 

THAN THOSE FOR THE DECAY PERIODS. THESE CONSTANTS ARE 

NOT EQUIVALENT TO ANY CORRESPONDINGLY NUMBERED ONES IN THE .,_ 

INTRODUCTION. THE NUMBERING OF THE MATHEMATICAL EQUATIONS 

IN ALL THE RESULTS DOES NOT CORRESPOND TO THAT IN THE 

INTRODUCTION, BUT IS CONSISTENT THROUGHOUT THE RESULTS. 

5.1. RESULTS . . 

Unless otherwise stated, (i) all pressures are re­

corded in units of 10-3 cm mercury, (ii) in any one series 

the results are all normalised to a common final pressure, 

pf' for comparitive purposes. The final pressure actually 

recorded before normalisation is p . Time is recorded in 
a 

minutes. 

5.1,1. Preparation. 

Mercuric oxalate was prepared by the method of Prout 

and Tompkins~ 2 Equal val umes ( 250 ml) of ~10 mercuric 

acetate and ~0 oxalic acid were added dropwise at equal 

rates to 100 ml of distilled water at 25°C with vigorous 

mechanical stirring. The resulting precipitate of 

mercuric oxalate was filtered off, washed thoroughly with 

distilled water, and dried and stored in vacuo over P 20
5 

in a darkened dessicator. The above operations were 

performed in a dark room using red light as the salt is 

light sensitive. 

5 ,1. 2, Unirradiated Mercuric Oxalate, 

(i) Reproducibility, 

5.0 mg were u s ed in e ach run, The decomposition 

temperature was 206°C. Three consecutive runs were done, 

The results are given in TABLE 1, 

TABLE 1/. .. . , ... 

., 
\ 

/ 

' 

' •.. 

.. -



206°C 

t p 

1 0,11 

2 0,19 

3 0.39 

4 1,30 

5 3.01 

6 5,57 

7 8.41 

8 12.25 

9 16,17 

10 20.35 

12 27,43 

14 33.4 2 

16 38 , 40 

206°C 

t p 

1 0.06 

2 0,11 

3 0,23 

4 1,01 

5 2,50 

6 4,67 

7 7,64 

8 11,50 

9 15 . 16 

10 19,32 

12 26,75 

14 33,09 

16 38,49 

206°C 

t p 

1 0.08 

2 0.22 

3 0,46 

4 1.32 

!5 2,98 

6 5.30 
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TABLE 1, 

Run 1, 

t p 

20 46,14 

25 54.21 

30 60,33 

35 66.28 

40 71 , 87 

45 76.74 

50 80,94 

55 84,24 

60 87,12 

70 94,03 

80 100,16 

90 104.36 

100 108 . 09 

Run 2 . 

t p 

20 46,02 

25 53.82 

30 60.65 

35 65,83 

40 71. 23 

45 7 5.12 

50 79.08 

55 82,69 

60 85,92 

70 9 2. 08 

80 97.46 

90 101,47 

100 105.56 

Run 3. 

t p 

20 45.94 

25 54.46 

30 61,22 

35 67. 08 

40 72,34 

45 77 . 30 

5,0 J:llg, 

t p 

110 111,91 

120 115.22 

130 116,89 

1 40 11S,58 

150 120. 27 

160 121. 43 

180 123,16 

200 124. 31 

220 125.47 

240 126. 6 2 

pf 127.20 

Pa 126. 67 

5 , 0 mg, 

t p 

110 109.20 

120 111,85 

130 113,99 

140 116,30 

150 117,78 

160 118,84 

180 121, 61 

200 123. so 

220 124.39 

240 126. 61 

Pf 127. 20 

Pa 129 t 3 6 

4.9 mg. 

t p 

110 114.56 

120 116.80 

130 119,07 

140 120. so 

150 121. 94 

160 123,10 

TABLE 1 Cont./ , ...... . 
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TABLE 1 cont. 

t p t p t p 

7 7.98 50 81,99 180 124. 28 

8 11.05 55 86.31 200 125,46 

9 14.20 60 90.23 220 126.03 
' 

10 17.97 70 96,81 240 126. 64 

12 24.7 2 so 102,04 Pf 127. 20 

14 31,36 90 10 6. 31 Pa 124.37 

16 36.87 100 110. 6? 

Reproducibility was satisfactory, The acce1eratory 

period rate constants, ~(equation 1) obtained were 1,812, 
1;2 

1,832 and 1,800 x 10-
2 

em Hg min-1 respectively, and in 

the decay period the rate constant k 7 (equation 2) gave 

-3 -1 values of 3,80, 3.45 and 4,00 x 10 min r espectively , 

(ii) Effect of varying the temperature of decomposition, 

The activation energies · were determined by evaluating 

the rate constants at various temperatures. Results are 

given in TABLE 2. The rate constants, k 1 and k7, appear 

in TABLE 3, 

TABLE 2. 

200°C Run 1 5.2 mg. 

t p t p t p 

1 0.30 25 29 .0 3 200 99,07 

2 0,60 30 33,09 220 103,66 

3 0,75 35 36,87 250 109,80 

4 1 , 30 40 40,27 280 114.14 

5 2,55 50 46.28 
: 

300 116.60 
' 

6 4.1 2 60 51.69 3 20 119.07 

7 5,85 70 56.75 340 1 21.07 

8 ?,50 so 62,02 360 123.0 9 

9 9 ,0 8 90 66 .0 5 380 124 ,11 
·, · 

10 10.81 100 69,04 400 
' · 

125.12 

12 14.0 2 120 76,04 420 126. 15 

14 16,88 140 83 , 38 Pf 127. 20 

16 19. 21 160 88,89 Pa 130,80 

20 23,88 180 93,69 : 

TABLE 2 , cont/ •••.•... 



· 206°C 

t p 

1 0.22 

2 0,32 

3 0,45 

4 1,42 

5 3 , 09 

6 5,66 

7 8,85 

8 12,38 

9 16,22 

10 19,80 

12 26.77 

14 32.98 

16 37,91 

20 45,24 

22o°C 

t p 

1 0 ,4 6 

2 0,95 

3 1.73 

4 4. 21 

5 9,30 

6 17.70 

7 29,62 

8 41.15 

23o°C 

t p 

1 0,43 

2 1,07 

3 6,70 

4 17.14 

5 30,53 

6 41,78 

7 50 .08 

8 56,11 

... 71 -

TABLE 2 cont. 

Run 2. 

t p 

25 52,47 

30 58,63 

35 63,90 

40 67.68 

45 71.13 

50 74,21 

55 77,36 

60 80,12 

70 85,77 

80 90,42 

90 94.61 

100 98,67 

110 102 .85 

120 106 . 25 

Run 3 

t p 

9 51,90 

10 60,56 

12 73,46 

14 8 2. 73 

16 88,59 

2 0 98,77 

25 107,84 

30 114,50 

Run 4. 

t p 

9 61,32 

10 66.16 

12 75 . 04 

14 8 2. 99 

16 90.10 

18 96,39 

20 101,94 

25 112,78 

5.4 mg. 

t p 

130 108,68 

140 110,91 

150 .. 112.49 

160 114,71 
·. 

170 116,37 

180 118.06 

200 120.31 

220 122. 66 

250 124. 91 

260 125. 4 7 

280 1 26. 0 9 

Pf 127. 20 

Pa 127 ,18 

5.0 mg. 

t p 

35 119,05 

40 122. 21 

45 124. 15 

50 125,45 

55 126.03 

60 126. 63 

pf 127 . 20 

pa 123. 21 

5,1 mg. 

t p 

30 119,98 

35 123. 7 2 

40 125 . 8 6 
.. 

45 126. 67 

Pf 127. 70 

Pa 126 . 68 

TABLE 2 , cont/ . ..... . 
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TABLE 2 cont. 

· 24e°C Run 5. 4,8 mg. 

t p t p t p 

1 0. 20 5 93,12 Pi 127.20 

2 0,38 6 119,31 Pa 120.78 

3 3,59 7 124. 54 

4 22 ,43 8 126.52 

TABLE 3 , 

RATE CONSTANTS 

Temperature oc kl cm1/2 min -1 
k7 min -1 

200 1.309 X 10- 2 
1,72 X 10-3 

206 1,963 
-2 -3 

X 10 2.77 X 10 

220 3,403 
-2 -2 

X 10 1. 24 X 10 

10- 2 -2 : 
230 4 . 908 X 1,995 X 10 

246 1,063 
-1 

1. 0 5 10-l X 10 X 

(iii) Measurement of particle size. 

The particles were approximately spherical. 

The average radius determined by direct measurement under 

-5 
high magnification was 2.0 x 10 em . 

(iv) Analysis of gas(es) evolved on decomposition. 

Carbon dioxide and carbon monoxide have been named 

as t h 1 . 1-. t d d . d . t . 1 2 e gases 1uera e ur1ng a ecompos1 1on. A 

decomposition was done at 206°C with a liquid air trap 

in the line, After four hours the decomposition chamber 

was isolated from the cold trap and McLeod gauge and the 

liquid air Dewar was removed from around the trap . The 

results li s ted in TABLE 4 show that the g as e volved is al-

most completely cond e nsable in the trap, Analysis of 

the cond e nsed gas showed that it was carbon dioxide 

only, 

TABLE 41 . ......... . 
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' 

206°C 

t p 

1 0,04 

2 0,07 

3 0,10 

4 0,17 

5 0,22 

6 0 ,3 0 

7 0 ,34 

8 0 ,53 

9 0,79 

10 1.00 

12 1,33 

15 2.01 

20 2. 47 

25 2 .82 
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TABLE 4, 

Run 1 . 

t 

30 

40 

50 

60 

80 

100 

120 

140 

160 

180 

200 

240 

p 

3,18 

3.47 

3.77 

4,18 

4. 29 

4.40 

4,52 

4,63 

4,74 

4.85 

4,97 

4,79 

Dewar Removed 

245 l 5. 09 

(v) Percentage decompositio~. 

5,3 mg. 

t p 

246 117.92 

247 122.52 

248 133,08 

249 133. 20 

250 130.78 

251 129,59 

252 128. 40 

253 127. 80 

254 127.4 2 

Pf 127. 20 

Pa 123. 79 

In view of the results of (iv) above, the chemical 

equation for the thermal decomposition is considered to be; 

The percentages calculated in terms of this equation 

are given in TABLE 5, The average percentage decomposi-

tion obtained from these values is 102% of that calculated 

theoretically 

TABLE 5. 

Temperature oc Weight used % decomposition. 

206°C 10.4 mg. 114.10 

20 6°C 10.0 mg. 91,40 

206°C 10,4 mg •. 103.35 
0 

206 c 5,0 mg. 95 , 80 

22o°C 5,0 mg, 104.95 

200°C 5 ,0 mg. 103,10 

(vi) Mathematical analysis of the r es ults. 

A typical plot for the therm~decomposition of 

mercuric oxalate is shown in FIGURE 3, ':'here is a brief 

period of acceleration and a prolonged decay reaction , 

The power law/ ....... . . 
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The power law with n = 2 i.e. 
112 

p = kl t + OJ. • ' ' • • • • • ; •••••••••• ( 1 ) 

describe the acceleratory reaction. 
1;2 

The plot of p vs t 

is shown in FIGURE 3 . 

The decay reaction follows the contracting sphere 

formula, viz., 

p 1;3 
(1 - -f>t) = k 7 t + c 7 •• ••••• , , ••• , , , •••• ( 2) 

P/. 1f. The plot of (1 - Pf) 3 vs t is also shown in 

FIGURE 3. 

The critical increments were evaluated using the 

Arrhenius expression, 

2.303 log10 
-E 

k = + K RT 

where E the activation energy 

k = the rate constant 

T = the decomposition temperature in degrees Kelvin 

K = a constant 

R 1.987 calories degree -1 mole -1 
= . 

Plots of log k1 and log k 7 vs. ~ are shown in 

FIGURE 4. The activation energies obtained were 

-1 
(a) Acceleratory period 25 ,6 kcals.mole . 

(b) Decay period 
-1 

40,3 kcals.mole • 

Prout and Tompkins obtained the following values 

-1 
(a) Acceleratory period 25 , 6 kcals,mole • 

(b) Decay period 
-1 

40.3 kcals,mole • 

The results are thus in agreement with the earlier 

work done by Prout and Tompkins 

5,1 , 3, Preirradiated (sunlight) Mercuric Oxalate. 

(i) Preliminary investigation. 

The method employed for irradiation has been described. 

A sample of mercuric oxalate was preirradiated for 45 

0 minutes and subsequently decomposed at 206 C. The 

results are shown in FIGURE 5 and tabul ated in TABLE 6. 

TABLE 6/., ... ... . 
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TABLE 6. 

206°C 45 min. sunlight. Run 1 . 4.8 mg. 

t p t p t p 

1 0,08 14 56.26 70 109,55 

2 2,46 16 61,40 80 114.28 

3 7.37 20 68.17 90 116,10 

4 16. 24 25 74,31 100 117,92 

5 21.06 30 80. 20 120 122. 21 

6 25,66 35 85,30 140 124.68 

7 30.09 40 90,53 180 126. 56 

8 34,59 45 94.29 Pf 127. 20 

9 38,59 50 97,59 Pa 122, 64 

10 42.89 55 101,50 

12 50,53 60 104.25 

206°C Unirradiated blank. Run 2. 4,9 mg. 

t p t p t p 

1 0,08 20 45,94 110 114,56 

2 0.22 25 54,46 120 116. 80 

3 0,46 30 61,22 130 119,07 

4 1 . 32 35 67,08 140 120. 80 

5 2.98 40 72,34 150 121' 94 

6 5,30 45 77.30 160 123 ,10 

7 7.98 50 81,99 180 124. 28 

8 11.05 55 86,31 200 125. 4 6 

'• 9 14. 20 60 90.23 220 126. 03 

10 17.97 70 96,81 240 126. 64 

12 24 '7 2 80 10 2. 04 pf 127. 20 

14 31,36 90 106.31 pa 124.37 

16 36,87 100 110.67 

At this temperature the main effect is seen to be an 

increase in the acceleratory rate constant. The decay 

period is relatively unaffected except that it is 

displaced to shorter times. 

(ii) Study of the initial phase of decomposition with 

preirradiated salt. 

The initial reaction was more closely studied than 

by Prout and Tompkins by decomposin g a larger amount 

of salt/ ..•.... • •.. 
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of salt (35 mg) at a lower temperature. The real nature 

of the preirradiation effect by sunlight on the thermal 

decomposition is shown in FIGURE 6 and TABLE 7 where the 

0 decomposition temperature is 100 C. Pressures are not 

normalised, 

TABLE 7. 

100°C 45 min sunlight Run 1 . 35 mg. 

t p t p t p 

1 0,10 12 13,31 80 25,99 

2 0. 24 14 14,66 90 27.32 

3 0,45 16 15,88 100 29. 24 

4 0,69 20 16.92 110 30,66 

5 1, 24 25 18.23 120 32,70 

6 2.66 30 19,12 130 34. 20 

7 4,84 35 19.81 140 35.7 2 

8 7,38 40 20.27 150 37,92 

9 9,32 50 21.69 160 39,86 

10 10,97 60 23.16 170 41,84 

11 12,38 70 24.68 180 43,18 

100°C Unirradiated blank Run 2, 35 mg. 

t p t p t p 

1 0. 02 8 0.77 60 1,74 

2 0,10 10 0,92 80 1.91 

3 0.19 12 1.02 100 2,10 

4 0,35 15 1,07 120 2,25 

5 0.41 20 1, 24 150 2,65 

6 0.56 30 1,40 180 2,92 

7 0.69 40 1. 61 

The initial reaction of preirradiated mercuric 

oxalate comprises a well defined acceleratory period 

followed by a "decay'period as compared to practically 

no decomposition of the unirradiat ed oxalate. The 

"decay " passes into a s low, almost linear evolution of 

gas. 

(iii) Effect of/ .....•... 
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(iii) Effect of varying sunlight dose on the initial 

reaction, 

The effect on the initial reaction of varying the 

preirradiation dose was fully investigated, The decom­

position temperature was l00°C, The irradiation times 

increased from 0 min. to 42 min, The effect on the 

subsequent thermal decomposition is shown in TABLE 8 and 

FIGURE 7. Pressures are not normalised, 

TABLE 8, 

100°C 6 min. sunlight, Run 1. 36.1 mg 

t p t p t p 

1 0,07 9 0. 21 30 0,86 

2 0,08 10 0,26 40 1,01 

3 0,08 11 0.32 50 1 , 41 

4 0,08 12 0,39 60 1,67 

5 0,08 14 0.49 80 2,74 

6 0,13 16 0. 60 100 4. 24 

7 0,17 20 0. 64 120 5,67 

8 0,18 25 0.77 

100°C 12 min . sunlight. Run 2. 36,2 mg, 

t p t p t p 

1 0. 0 5 10 0.72 35 3,16 

2 0.07 11 0,92 40 3,37 

3 0,08 12 1.07 50 3,87 

4 0.10 13 1,18 60 4,50 

5 0,11 14 1,30 80 5,91 

6 0,15 16 1,48 100 8,10 

7 0,22 20 1,81 120 10.29 

8 0,39 25 2,25 

9 0,56 30 2,74 

100°C 18 min , sunlight. Run 3. 35,1 mg. 

t p t p t p 

1 0.01 9 1 , 36 30 3,47 

2 0.02 10 1. 61 40 3,98 

3 0.11 11 1,81 50 4,50 

4 0,19 12 2. 0 2 60 5,18 

TABLE 8 cont/, . . ... . . . 
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TABLE 8 cont. 

t p t p ) t p 

5 0.22 14 2.33 80 5,84 

6 0,35 16 2.57 100 6,54 

7 0. 60 20 2,91 120 7. 20 

8 0.91 25 3,28 

0 
Run 100 c 24 min , sunlight 4. 36,2 mg. 

t p t p t p 

1 0.02 9 2.10 30 5,79 

2 0,04 10 2,66 40 6,56 

3 0,04 11 3 ,10 50 7. 24 

4 0 , 04 12 3,57 60 7.81 

5 0,10 14 4 .0 7 80 9 ,64 

6 0. 27 16 4,50 100 12,38 
: 

7 0,69 20 4 , 95 120 15,06 .. 
8 1,30 25 5.42 

100°C 30 min, sunlight, Run 5. 36,2 mg. 

t p t p t p 

1 0.03 9 2,92 30 7 ,9 5 
: 

2 0.07 10 3,57 40 8,70 

3 0,08 11 4. 28 50 9,64 

4 0.11 12 4. 7 2 60 10.63 

5 0.22 14 5,42 80 13.12 

6 0,52 16 6,04 100 15,88 

7 1 .1 2 20 6.83 120 19 . 12 

8 1,95 25 7.52 

l00°C 36 min. sunlight Run 6. 36.4 mg . 

t p t p t p 

1 0. 0 2 9 4 . 50 30 11,66 

2 0,04 10 5 , 67 40 12.75 

3 0.11 11 6,70 50 13,88 

4 0 . 24 12 7 .52 60 15 .06 

5 0,45 14 8 . 40 80 17 , 57 

6 1.00 16 9,16 100 20.50 

7 1.95 20 10,29 1 20 23,64 

8 3. 64 25 11.14 

TABLE 8 cont/ . ..... , , , 
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TABLE 8 cont. 

l00°C 42 min. sunlight Run 7. 36,4 mg. 

t p t p t p 

1 0,02 9 3.19 30 9,32 

2 0,03 10 4,18 40 10,29 

3 0.05 11 4,95 50 11,31 

4 0,08 ·. 12 5,67 60 12,38 

5 0,13 14 6,78 80 14,86 

6 0,39 16 7. 24 100 17,57 

7 1 , 02 20 8. 24 120 20,74 

8 2. 0 2 25 9,01 

The rate constants (k1 ) for this initial reaction 

and the corresponding doses are given in TABLE 9, 

TABLE 9. 

Dose min, 
J./2 . -1 

k
1 

em m~n. 

6 1,636 X 10 
-3 

12 3,681 X 10- 3 

18 5,849 X 10- 3 

-3 
24 9,571 X 10 

30 1,096 
-2 

X 10 

1,252 
-2 

36 X 10 

The pressure (pf) at which the slow evolution of 

gas begins is related to the time of irradiation, T, by 

the expression: 

= k 'T + C .•••. . ••..•••. ,.(3) 

t 
The plot of pf vs T is shown in FIGURE 8, 

TABLE 10 shows the complete decomposition at 180°C 

of 5 mg mercuric oxalate preirradiated for 0 min . 18 min , 

and 36 min, respectively, Very little information 

could be obtained from these runs, The decay period 

is extremely slow at this temperature, and once 50 -

60'7o cie 8ouposi ·~ icn he.cl been reached the reacti on was 

allowed to go to completion overnight, 

TABLE 10/ . . ....... . 
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TABLE 10 , 

Unirradiated blank Run 1 . 

p t p 

0. 61 25 10.24 

0,94 30 11 , 99 

0,99 35 13,48 

1. 27 40 14,67 

2,00 50 16,96 

2,64 60 18,96 

3,37 so 22,29 

4,07 100 25 , 89 

4,63 1 20 28,63 

5 , 09 150 31,80 

5,82 180 35,76 

7. 02 210 39 ,52 

8,48 240 43,46 

18 min, s unlight, Run 2. 

p t p 

0,08 20 22,56 

0.22 25 2 4, 5 8 

0 , 89 30 26,16 

3. 77 35 27 . 52 

8,94 40 28 , 6 3 

11,99 50 31,51 

14,07 60 3 3 ,30 

1 5 . 48 s o 3 6 . 7 1 

1 6 , 32 100 3 8 , 9 7 

1 7 ,18 1 20 41, 6 4 

1 8,7 3 1 4 0 45.0 9 

20. 35 160 47 , 5 9 

36 min, s unli ght, Run 3. 

p t p 

0,0 6 20 24 ,01 

0. 34 2·5 2 5,8 8 

1, 65 3 0 27 , 54 

5. 1 8 35 29 . 20 

10, 49 40 3 1 , 0 2 

1 3.65 50 33 , 45 

15 , 2 8 60 35 , 67 

5 . 0 mg. 

t p 

270 47 .oo 

300 49,98 

330 51 , 88 

360 53,91 

390 55 ,7 6 

420 56,77 

450 58.0 2 

480 59,31 

510 60,42 

540 61,56 

Pf 1 27. 21 

Pa 118,10 

5,1 mg. 

t p 

180 50,15 

210 53,55 

240 5 7 .0 7 

280 61.10 

310 6 4.00 

3 4 0 6 6,137 

370 69.1 4 

400 72 . 22 

Pf 1 2 7.20 

Pa 1 23 . 79 

4 , 8 mg . 

t p 

180 56 , 42 

21 0 59 , 7 1 

240 6 2 . 4 7 

28 0 66 ,0 5 

3 20 6 9 , 35 

3 60 7 2 .10 

4 00 74 , 57 

TABLE 1 0 cont / .. . .• . ... 
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TABLE 10 cont. 

t p t p t p 

8 16,56 80 40,61 Pf 127. 20 

9 17,67 100 44,81 Pa 1 29 .14 

10 18,35 120 47.74 

12 19.99 140 50.91 

15 21.70 160 53 .67 

(iv) Effect on the initial r eaction of varying the 

temperature of decompos ition . 

The initial decomposition of salt preirradiated for 

0 0 
40 min, was studied in the temperature range 80 C - 105 C, 

From these runs the rate constants for the acce1eratory 

and decay periods were evoluated, The p/t values and 

the rate constants, k
1 

and k
8 

(equations 1 and 4) are 

listed in TABLES 11 and 13 respectively. 

The slopes k1 of the almost linear reaction after 

the initial .. decay" reaction was determined at various 

0 temperatures in the range 110 These and the 

p/t values are given in TABLES 13 and 12 respectively, 

Pressures are not normalised, 

TABLE 11 

8Q°C 40 min, sunlight. Run 1. 36 . 1 mg. 

t p t p t p 

1 0,04 10 0.92 22 4,61 

2 0.05 11 1, 3 0 25 4,95 
' · 

3 0,06 1 2 1,74 30 5. 42 

4 0.08 1 3 2 .10 40 6 . 43 
" 

5 0.10 14 2.57 50 7,24 

6 0,13 15 3 .00 60 7,81 

7 0,22 1 6 3. 28 70 8,55 

8 0,35 18 3.77 80 9 , 16 

9 0. 60 20 4 . 28 

TABLE 11 cont/ .•.•....• 
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TABLE 11 cont. 

84°C 40 min, sunlight, Run 2. 3 5,1 mg • 

t p t p t p 

1 0,30 11 4,95 25 9,48 

2 0.86 12 5,42 30 10,29 

3 1.07 13 5.78 35 11.00 

4 1,07 14 6,30 40 11.31 

5 1,18 15 6,83 50 12,02 

6 1,42 16 7. 24 60 12.75 

7 1,88 17 7,52 70 13,12 

8 2,49 18 7.81 80 13. 50 

9 3. 28 20 8.55 100 14.27 

10 4,07 22 9,01 120 15.47 

94°C 40 min. sunlight, Run 3. 35,6 mg. 

t p t p t p 

1 0.02 11 5,07 40 11.00 

2 0.04 12 5,92 50 11.48 

3 0.06 13 6.43 60 12.02 

4 0 . 08 14 6,96 70 12.38 
: 

5 0.17 16 7.81 80 12 . 75 

6 0,45 18 8,40 100 13,50 

7 1,02 20 8,85 120 
' 

14,47 

8 1,95 25 9.64 

9 3.00 30 10.29 

10 4.18 35 10,63 

· l00°C 4 0 min, sunlight, Run 4. 35,4 mg. 

t p t p t p 

1 0 . 07 9 6,30 22 11, 49 

2 0.13 10 7.38 25 11,84 

3 0. 29 11 8,25 30 12. 20 

4 0,42 12 8,85 40 12.75 

5 0.82 1 4 9,80 50 13.45 

6 1,81 16 10.46 60 14.08 

7 3,28 18 10.80 7 0 14.66 

8 4,95 20 11.14 80 15.12 

TABLE 11 cant/ . . ..... . • 
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TABLE 11 cont. 

105°C 40 min , sunlight, Run 5. 35.2 mg. 

t p t p t p 

1 0,06 10 10.13 50 18,90 

2 0,15 12 11,31 55 20.01 

3 0. 27 15 12.38 60 21,21 

4 0,52 20 13,50 65 22.18 

5 1 .54 25 14.47 70 23,16 

6 3,47 30 15,26 80 25.72 

7 5,67 35 15,88 90 28,41 

8 7,81 40 16.98 100 30.95 

9 9,16 45 17,79 120 35,42 

TABLE 12. 

110°C 40 min, sunlight, Run 1. 16.4 mg • 

t p t p t p . . 

1 0,07 12 5,42 35 9,01 

2 0.17 14 5,81 40 9,64 
., 

3 : 0.32 16 6,17 45 10,49 

4 0,56 18 6,49 50 11,31 

5 1,07 20 . 6,83 55 12.21 

6 2,02 22 7,13 60 13,12 
. . 

7 3.00 24 7,52 65 13,96 

8 3,87 26 7. 81 70 14,66 

9 4. 50 28 8,10 

10 4,84 30 8,48 

115°C 40 min, sunlight, Run 2, 16,3 mg. 

t p t p t p 

1 0,07 12 5.76 32 10.46 

2 0 . 13 13 5.92 34 11,04 

3 0. 21 14 6 , 12 36 11,67 

4 0, 52 16 6,48 38 12 , 38 

5 1 ,48 18 6 . 86 40 13,1 2 

6 2.74 20 7.24 42 13,88 

7 3.87 22 7.75 44 14.50 

8 4,50 24 8,22 46 14 .. 90 

9 4,93 26 8,70 48 15.47 
· ' 

10 5,30 28 9,26 50 .. 15,87 

11 5 ,42 30 9 , 90 60 18.21 

TABLE 12 Cant/,, .• • , . • •• 
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TABLE 12 cont. 

l20°C 40 min, sunlight . Run 3 . 16 .5 mg. 

t p t p t p 

1 0,04 13 6,38 25 12.00 

2 0,07 14 6.70 26 12.57 

3 0 , 17 15 7.02 27 13,12 

4 0.52 16 7,52 28 13.65 

5 1,67 17 8,04 29 14,19 

6 3,10 18 8.46 30 14,66 

7 4 .07 19 8,85 31 15.0 6 

8 4,84 20 9 , 32 32 15.47 

9 5,18 21 9.96 35 17.14 

10 5,42 22 10.42 40 18,89 

11 5,67 23 10.97 50 22.67 

12 6,01 24 1.1..59 60 25.4 6 

125°C 40 min, s unli ght, Run 4 . 16,2 mg. 

t p t p t p 

1 0,10 11 8,40 21 16. 29 

2 0. 27 12 9,01 22 17,13 

3 0,52 13 9,64 24 18,67 
., 

4 1,67 14 10.46 26 20.04 
. . 

5 3,67 15 11.31 28 21.21 
. ' / 

6 5. 54 16 12. 20 30 22.18 
; 

7 6,17 17 13 .12 40 26 , 78 

8 6.70 18 14.07 50 30.09 

9 7.25 19 15 . 06 60 32,40 

10 7.81 20 15.78 

130°C 40 min, sunlight. Run 5. 16.3 mg • 

t p t p t p 

1 o.Go 11 10,97 24 25, 20 

2 0,81 12 12.38 26 26 . 78 

3 1 .07 1 3 13,69 2 8 27.84 

4 3 ,37 14 15.4 7 3 0 2 8,69 

5 5 , 42 15 1 6 ,6 6 35 30 ,66 

6 6. 70 16 18.01 40 3 2 ' 40 
7 7 , 52 17 1 8 , 90 50 35,42 

8 8.10 18 20, 0 4 60 37.29 

9 8, 70 20 21,93 

10 9,64 22 23 . 67 

TABLE 1 2 cant/ ....•...• 
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TABLE 12 cont. 

136°C 40 min. sunlight. Run 6. 16.4 mg. 

t p t p t p 

1 0.03 11 10.97 24 26.51 

2 0.04 12 12.9 3 27 28,41 

3 0.13 13 14.86 30 29,81 

4 1,18 14 16.92 35 31,53 

5 3,10 15 18. 45 40 33,00 

6 4,28 16 19.58 45 34 , 32 

7 5,18 17 20,74 50 35.42 

8 5,79 18 21,93 60 37,49 

9 6,97 20 23,66 

10 8.85 22 24 . 94 

TABLE 13. 

Temperature oc l.! -1 
k1 cm 2min. k8 

-1 
min. k em min. -1 

80 5 , 644 X 10-3 

-3 -2 84 6.609 X 10 3,70 X 10 

10- 2 -2 
94 1,099 X 5. 20 X 10 

-2 -2 
100 1. 3 50 X 10 8,60 X 10 

-2 
1.15 10-l 105 1,734 X 10 X 

110 1,492 X 10-4 

115 3,173 X ro- 4 

4. 820 
-4 120 X 10 

125 8 ,0 34 X 10-4 

130 1,339 X lo- 3 

1,902 -3 136 X 10 

(v) Visual Observations. 

Irradiation by sunlight produced a darkening of the 

salt, Unirradiated mercuric oxalate is white in colour, 

After ten minutes irradiation it is a very light grey, A 

distinct darkening of the colour is observable after 

approximately 20 min. At a dose of 40 min. the salt is 

a dark grey, 

(vi) Mathematical analysis of the results and evaluation 

of activation energies, 

FIGURE 9 shows the p/t plot for the initial reaction 

of preirradiated/ ......• ,, .. 
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of preirradiated mercuric oxalate. The irradiation time 

was 40 min, and the decomposition temperature 94°C, 

The acceleratory period obeyed the power law with 

n = 2 i.e, 
1,1. 

p 2 = ••..••.•••••• , ••••••• , •• {1) 

The 11decay" reaction obeys the equation for a reaction 

interface contracting two d imensionally, i,e. the contract-

ing area formula, This equation can be written in the 

form 

I 
where Pf is taken as the pressure at the commencement of 

the linear portion of the p/t plot. 

The evol u tion of gas after the "decay" period was 

almost linear with time and consequently the velocity 

constant for this phase of the decomposition was evaluated 

using the expression 

p = kt + c . • ' . ' ••• ' ' .•.. .•... . .....••. • • .. ( 5) 

~ [ ~] Plots of p 2 vs t and 1 -(1- P~~) vs t for the 

acceleratory and ''decay" periods respectively are also 

shown in FIGURE 9. 

Plots of log k
1

, log k 8 and log k vs 
1/r T gave the 

following activation energies, 

(i) Acceleratory period 11 .3 kcals,mole -1 

(ii) "Decay" period: 12.7 kcals.mole 
-1 

' 

(iii) Linear period: 26.1 kcals ,mole -1 . 
FIGURE 10 shows the graphical plots for the determina-

tion of these energies . 

(vii) Percentage d ecomposition , 

No chang e in the percentage decomposition after 

preirradiation with sunlight was observable. 

5,1 , 4, Preirradiated/, .. •. .. .. . 
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5,1,4, Preirradiated (X-rays) Mercuric Oxalate, 

(i) Preliminary investigation, 

The apparatus and techniques involved in X-ray 

irradiations have been described, The X-ray tube was 

operated at an applied voltage of 40 kV and a tube current 

of 20 mA, All irradiations was done in air. 

A pre~rradiation dose of one hour was chosen for the 

preliminary work. The initial reaction was studied at 

l00°C and the complete decomposition at 206°C. The 

results are tabulated in TABLE 14 and shown graphically 

in FIGURES 11 and 12. Pressures are not normalised on 

the initial reaction. 

TABLE 14. 

206°C 1 hr. -T .. ,.-rays. Run 1 . 5,3 mg. 

t p t p t p 

1 1.14 12 79,86 45 114.35 

2 1,37 13 83,08 50 117.64 

3 13,07 14 86,36 55 120.42 
' 

4 25.16 15 88 , 27 60 122,10 

5 34.29 16 90 .19 65 122,36 

6 42.48 18 94,66 70 124 .3 6 

7 50.82 20 96.59 so 126. 64 

8 59.12 25 102,69 90 126 . 98 

9 65,55 30 106.84 Pf 127. 20 

10 70,59 35 110.04 Pa 131.22 

11 75 .8 2 40 112,18 

100°C 1 hr. X-ray. Run 2 . 38 .1 mg. 

t p t p t p 

1 0. 0 2 30 8,75 90 39.34 

2 0.09 32 9,91 95 41 . 29 

3 0,26 34 
/ 

11.16 100 43. 28 

4 0.44 36 12.38 105 45,75 

5 0.58 38 13.48 110 47.75 

6 0,76 40 14.62 115 49,52 

7 0.80 42 15.82 120 51.70 . . 

8 0,89 44 16,85 125 53,17 

TABLE 14 Conti .. ·····~·. 
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TABLE 14 cont. 

t p t p t p 

9 1,04 46 17,91 130 55,43 

10 1, 20 48 19,01 135 57.74 

11 1, 26 50 20.14 140 59.69 

12 1.37 52 21.07 145 61.28 

14 1,56 54 22,01 150 62,88 

16 1,82 56 22,98 155 64,10 

18 2,34 60 25,23 160 65,33 

20 3,09 65 27,59 165 66,58 

22 4,05 70 30,33 170 67 . 41 

24 5,15 75 32 , 62 175 68,25 

26 6,24 80 34.99 : 180 69.09 

28 7.44 85 37.14 

(ii) Effect of varying doses of X-rays, 

Here again both the initial reaction and the complete 

decomposition were studied , Irradiation times varied from 

0 to 2 hrs. The results are contained in TABLES 15 and 

16 while FIGURES 13 and 14 illustrate them graphically, 

The acceleratory rate constants, k1 , for the initial re­

action are given in TABLE 17. The acce1eratory period 

in the complete decomposition is too rapid for accurate 

evaluation of the rate constant, The rate constants 

increase as the dose increases, The inflexion point in 

the p/t plots for the initial reaction f alls as the time of 

irradiation increases. Pressures are not normalised , 

TABLE 15, 

l00°C 5 min, X-rays. Run 1. 38,2 mg. 

t p t p t p 

2 0,03 45 2 . 74 115 1 3 . 50 

4 0 . 07 50 3 ,10 120 14.47 

6 0.22 55 3 ,5 7 125 15,57 

8 0. 27 60 4,18 130 16.30 

10 0,39 65 5,07 135 17,14 

12 0. 60 70 5 , 79 140 18.01 

14 0.77 75 6,56 145 18,90 

TABLE 15 Conti .... . ....• 
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TABLE 15 cont. 

t p t p t p 

16 0.87 80 7 , 38 150 19,81 

18 0,97 85 8,10 155 20,74 

20 1 , 07 90 9,01 160 21.69 

25 1,36 95 9,80 165 22.76 

30 1 . 61 100 10,80 170 23.41 
.. 

35 1,95 105 11,67 175 24.17 

40 2,33 110 12.75 180 24,68 

100°C 15 min. X-rays, Run 2, 38,2 mg. 

t p t p t p 

2 0,04 45 3,67 115 27.0 5 

4 0.07 50 4. 61 120 28.69 

6 0,13 55 5 , 67 125 30,37 

8 0,22 GO 6,97 130 3 2. 40 

10 0.32 65 8,40 135 34.20 

12 0 .52 70 9 , 96 140 36.04 

14 0,7 3 75 11,66 145 37,60 

16 0 . 87 80 13,31 150 38.88 

18 1. 0 2 85 15.06 155 40,19 , 

20 1 , 18 90 16.71 160 41.84 

25 1,48 95 18.90 165 43,19 

30 1 , 81 100 20.97 170 ; 44,56 

35 2,33 105 23,16 175 45.96 

40 2 ,92 110 25.20 180 47.01 

100°C 30 min. X-rays. Run 3 . 38,0 mg, 

t p t p t p 

2 0,01 32 7.38 95 30,09 

4 0. 32 34 8,10 100 32,11 

6 0 ,56 36 8,73 105 34. 20 

8 0.87 38 9 ,3 2 110 36.02 

10 1,30 40 9,96 115 37.92 

12 1.47 45 11,56 120 39 ,86 

14 1 , 67 50 1 3 ,31 125 41. 51 

16 1,95 55 14.86 130 43,19 

18 2 , 41 60 16.50 135 44,91 

20 2 . 92 65 18 ,45 140 46.66 

22 3 , 67 7 0 20,27 1 45 48.09 

TABLE 15 cont/., . . . • . .• 
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8 
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11 
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16 

18 

20 

22 

24 

26 
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t 

1 

2 

3 

4 

6 

8 

10 
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1 4 

p t 

4.39 75 

5,18 80 
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TABLE 15 cont. 

p 

22,18 

24.17 

25,98 

27.86 

Run 4, 

p 

8,75 

9,91 

11 . 16 

12,38 

13, 4 8 

14,62 

15,82 

16,85 

17,91 

19.01 

20,14 

21 .07 

22.01 

22,98 

25,23 

27.59 

30.33 

32,62 

34,99 

37, 14 

120 min. X-rays . Run 5. 

p t p 

0.16 32 10,85 

0.84 34 11,94 

0,94 36 12.89 

0,99 38 13,88 

1,16 4 0 14,91 

1,35 45 17,51 

1.54 50 20.09 

1,75 55 22. 5 8 

2 . 0 5 60 24,95 

t p 

150 49,53 

160 51,95 

170 55.15 

180 56,69 

38.1 mg. 

t p 

90 39,34 

95 41,29 

100 43.28 

105 45,75 

110 47.75 

115 49,52 

120 51,70 

125 53,17 

130 55,43 

135 57.74 

140 59. 69 

145 61,28 

150 62.88 

155 64,10 

160 65.33 

165 66,58 

170 67.41 

175 68,25 

180 69,09 

38,0 mg. 

t p 

105 46,30 

110 48,53 

115 50,81 

1 20 52.76 

125 53,94 

1 30 55,94 

135 57 ,98 

140 59,63 

145 61.32 

TABLE 15 cont/ ..••..... 
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TABLE 15 cont. 

t p t p t p 

16 2,62 65 27 , 45 1 50 63.0 2 

18 3,37 70 29,45 155 65 , 18 

20 4,32 75 3 2. 46 160 66.49 

22 5,39 so . 34.9 6 165 67.8 2 

24 6,44 85 37,24 170 69,27 

26 7,58 90 39.58 175 70,06 

28 8 , 66 95 41,99 180 70 , 97 

30 9,64 100 44,12 

TABLE 16 

206°C 5 min, X- rays Run 1, 5,1 mg. 

t p t p t p 

1 0 , 03 12 57 , 32 60 113,97 

2 0,14 13 61 , 09 70 117~49 

3 4 , 80 14 64,55 so 119,86 

4 14,74 16 71. 28 90 121. 66 

5 20,44 18 75.00 120 124.07 

6 25,66 20 78,82 140 125. 29 

7 31,47 25 87.65 160 125. 90 

8 37. 21 30 9 2,9 5 180 126. 51 

9 43,08 35 9 7 ' 20 Pt 127 . 20 

10 48 , 23 40 101,54 Pa 118,64 

11 53,27 50 108,23 

20 6°C 15 min. X-rays, Run 2. 5 , 1 mg. 

t p t p t p 

1 0,08 11 6 3 ,22 40 104,17 

2 0.15 12 66 , 85 50 110,01 

3 6.15 13 70 , 11 60 114,79 

4 17 . 88 14 72.98 80 119,67 

5 25 . 19 16 77.88 100 1 23. 4 0 

6 32,43 18 81 , 4 0 120 1 24. 66 

7 39,8 9 20 84,48 1 4 0 1 25 . 2 9 

8 46,55 2 5 90 . 82 160 125. 9 2 

9 52 ,9 1 30 96 . 27 Pf 1 27. 20 

10 57.94 3 5 100 . 7 5 Pa 11 2 , 4 8 

TABLE 16 con t/, . .. . . , .... 
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TABLE 16 cont. 

2oe°C 30 min. X-rays, Run 3. 5,1 mg. 

t p t p t p 

1 o. 21 11 64,72 40 102,31 

2 0,77 12 68,01 50 109,22 

3 11.66 13 71.12 60 114,70 

4 20.96 14 72.87 70 118.0 5 

5 28.94 16 76,90 80 120 .. 87 

6 36,64 18 80,11 100 124.31 

7 43,51 20 83,39 120 126.0 5 

8 50.24 25 89,15 140 126. 63 

9 55,89 30 94,61 pf 127.20 

10 61,03 35 98,68 Pa 129.0 8 

206°C 60 min, X-rays, Run 4. 5,0 mg. 

t p t p t p 

1 0.45 11 73,03 40 113,53 

2 0,89 12 77,72 50 116,74 

3 12,74 13 81.58 60 119,96 

4 23.17 14 85,04 70 123. 33 

5 31, 64 16 90.61 80 125. 3 5 

6 39,70 18 94,64 90 126.10 

7 47,18 20 97,97 100 126,56 
., 

8 54,90 25 104,49 pf 127. 20 

9 61.93 30 108,97 pa 119,90 

10 68,48 35 111,81 

206°C 120 min. X-rays. Run 5. 5,0 mg, 

t p t p t p 

1 0,03 12 79,84 45 117,39 

2 0,77 13 83,37 50 119,20 

3 5 , 77 14 86,98 60 121. 64 

4 19,96 15 89.61 80 125. 38 

5 27.56 16 92,13 100 126.01 

6 36,38 18 9 6. 61 120 126. 63 

7 4 4.91 20 98,82 140 126,80 

8 53.52 25 105,59 pf 127. 20 

9 61,13 30 109,07 pa 113,28 

10 68.78 35 112.00 

11 74.45 40 114.97 

TABLE 17 I . ........ . 
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TABLE 17, 

Irradiation kl em. 
~12 

time min. 

-:1.. 
min, Inflexion 

Point. 

l00°C 5 1.06 X 10-3 20.74 

10o°C 15 1,513 X lo-3 15.06 

100°C 30 2,781 X lo-3 8,10 

100°C 60 3. 8 54 X 10-3 8,75 

1oo°C 120 3. 517 x 10-3 8,66 

(iii) Effect of varying the temperature of decomposition. 

The effect of preirradiation with X-rays is best 

seen when the initial reaction is studied. Rate constants 

over the range of temperatures 100 - 125°C were determined 

for this reaction, The irradiation time was 1 hr. The 

results are given in TABLE 18, Rate constant~k1 , are 

listed in TABLE 19, 

TABLE 18. 

100°C 60 min, X-rays, Run 1. 37,4 mg. 

t p t p t p 

2 0,07 30 2,57 70 14.66 

4 0,13 32 3,00 75 16.50 

6 0,19 34 3,47 80 18,67 

8 0.27 36 3,96 85 20.97 

10 0,39 38 4,39 90 23,16 

12 0,52 40 5,07 95 25,18 

14 0,69 42 5,54 100 27,33 

16 0.82 44 6,04 105 28.97 

18 0,97 46 6,69 110 30,66 

20 1..18 48 7. 24 115 31,82 

22 1,42 50 7.81 120 33,59 

24 1 . 67 55 9.48 130 36.04 

26 1,94 60 11.31 140 38,24 

28 2.25 65 12,75 160 42.52 

105°C 60 min. X-rays, Run 2, 37.0 mg. 

t p t p t p 

2 0,81 34 7. 24 66 27.75 

4 1,00 36 8,40 68 28 , 97 

6 1. 24 38 9 , 32 70 30,09 

TABLE 18 cont/ .••••••••. 
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TABLE 18 cont. 

t p t p t p 

8 1.36 40 10,46 75 33,00 

10 1,48 42 11,67 80 36.04 

12 1. 67 44 12,93 85 39.21 

14 1,88 46 14.27 90 41.84 

16 2,10 48 15,47 95 44,56 

18 2,33 50 16,71 100 47,37 

20 2,74 52 18,01 105 49,53 

22 3,10 54 19.35 110 52,11 

24 3 , 47 56 20.64 115 54,38 

26 3 , 97 58 22,18 120 56,30 

28 4,61 60 23,67 125 57,87 

30 5.42 62 25.20 130 59,45 

32 6.43 64 26.51 140 62.28 

ll0°C 60 min. X-rays, Run 3. 37 .o mg. 

t p t p t p 

2 0,07 28 12.0 2 54 40.19 

4 0.22 30 14.27 56 41,84 

6 0. 60 32 16. 50 60 45 ,26 

8 1. 30 34 18,90 65 49,43 

10 1.81 36 21.21 70 52,86 

12 2,25 38 23,66 75 56,30 

14 2,60 40 25,72 80 59.06 

16 3,28 42 27,86 85 61,47 

18 4,07 44 30,09 90 64.34 

20 5.18 46 32,11 95 66,87 

22 6,43 48 34.20 100 68 , 99 

24 8.10 50 36,35 105 71,15 

26 9.96 52 38,56 110 7 2. 91 

115°C 60 min. X-rays, Run 4. 37,6 mg. 

t p t p t p 

2 0,02 20 9 ,92 38 42 , 52 

4 0,07 22 13,56 40 45,26 

6 0,22 24 17 , 57 42 48, 09 

8 0.87 26 21 .69 44 50.63 

10 1,54 28 25,72 46 52,86 

12 2 , 02 30 29 . 24 48 54 , 76 
14 3,10 32 33 ,00 50 56,30 

16 4.72 34 36.04 55 61.06 
18 6,97 36 39,53 60 65.17 

TABLE 18 cont/ .... , ..• 
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TABLE 18 cont. 

120°C 60 min. X-rays. Run 5. 37,4 mg. 

t p t p t p 

2 0,10 20 22,18 38 45.61 

4 0,39 22 26,25 40 47,01 

6 1,18 24 29,52 45 50.26 

8 1,81 26 32,70 50 53.24 

10 2.74 28 35.72 55 55,53 

12 4,95 30 38,24 60 57,87 

14 8.40 32 40.19 70 6;1..87 

16 12.7 5 34 42,18 80 64,34 

18 17.57 36 43,88 90 66,43 

125°C 60 min. X-rays. Run 6. 37,2 mg, 

t p t p t p 

2 0,02 12 10.63 22 55,53 

4 o.o8 14 21.21 24 61.47 

6 0,69 16 31,82 26 66,01 

8 1,67 18 41,84 28 69,42 

10 3,87 20 49,53 30 7 2,47 

TABLE 19. 

Temperature oc k1 
-Y'2 . -1 em m1.n. 

100° 1,800 X lo- 3 

105° 2.740 X 10-3 

110° 4,663 X 10-3 

115° 7,722 X 10-3 

120° 9,980 
-3 

X 10 

125° 1 , 849 X 10- 2 

(iv) Visual observations. 

In contrast to sunlight and Y-ray irradiations no 

colour change was observable on irradiating mercuric 

oxalate with x-rays, 

(v) Mathematical analysis of th e results and evaluation 

of activation energies, 

A plot of the initial reac tion for the isothermal 

decomposition of X-irradiated mercuric oxalate is shown 

in FIGURE 15 cont / . ....•. 
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in FIGURE 15, The acceleratory period conforms to the 

power law with n = 2 i . e . 

1;. 
p 2 = k

1 
t + c

1 
, •••••••• , , •••....••. . ... ( 1) 

This analysis is also shown in FIGURE 15, 

There was no real "decay 11 reaction as was fottnd with 

mercuric oxalate preirradiated with sunlight. 

The p/t plot for a complete decomposition is shown 

in FIGURE 16. There appears to be a fast almost linear 

evolution of gas with time prior to the main decay reaction 

when the complete decomposition is followed. The decay 

period obeys the contracting sphere formula viz 

( 1 - PJ.p f ) 1;§ = t ( ) k
7 

+ c
7 

, ..•..•.• , , .• , , • . 2 

The extent of fit is however less than for the 

decomposition of unirradiated mercuric oxalate viz, from 

o<~ 0. 31 to <l(~ 0. 71 for the irradiated salt as compared 

to~ c( 0. 3 5 to cc::: 0. 91 for the unirradiated salt. 

The plot of log k1 VS 
1/r gave a value of 27.70 

-1 kcals,mole as the activation energy for the processes 

occurring during the acceleratory period of the initial 

reaction, The plot is shown in FIGURE 17 . 

(vi) Percenta1e decomposition. 

This was unchanged compared to that for the 

decomposition of unirradiated mercuric oxalate , 

5,1,5 , Preirradiated (y-rays) Mercuric Oxalate, 

(i) Preliminary investigation, 

Irradiations were done in sealed evacuated pyrex 

ampoules as described previously, Preliminary work was 

done on a sanlple of salt preirradiated with a dose of 

50 Mrad. The initial reaction and the complete decom-

position were again studied at l00°C and 206°C respectively, 

The results cont/ •....•..• 
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The results are shown in FIGURES 18 and 19 respectively 

and tabulated in TABLE 20, Pressures are not normalised, 

TABLE 20. 

0 
100 c 50 Mrad. Run 1 33.1 mg. 

t p t p t p 

1 0,05 10 16.71 30 29.52 

2 0.10 11 18.90 40 30.95 

3 0.13 12 20.74 50 31,82 

4 0,32 13 22.18 60 3 2. 70 

5 1.07 14 23.16 80 33,50 

6 3.10 16 24,94 100 34,80 

7 6,30 18 25.98 120 36,04 

8 10.29 20 26.78 

9 13. 50 25 28,69 

206°C 50 Mrad. Run 2, 5.5 mg. 

t p t p t p 

1 0.07 9 60.26 30 80,15 

2 6,70 10 64,34 40 81,08 

3 14.67 11 67.28 60 82,48 

4 18.45 12 69.41 80 83.43 

5 25 , 72 14 72.91 100 83.63 

6 36.36 16 75.13 Pa 83,90 

7 50.26 20 77,85 

8 55.53 25 79.23 

The p/t plot for the initial r e action resembles that 

for the decomposition of mercuric oxalate preirradiated by 

sunlight, The complete decomposition shows an initial 

burst of gas followed by an acceleration and decay which 

are considerably faster than in the decomposition of the 

unirr a diated salt. There is a marked decrease in the 

final pr e ssure in the complete decomposition of the pre-

irradiated sal t , 

(ii) Effec t of varying Y-ray doses. 

The e f f ect of various doses of Y-rays was stud i ed 

on b o th the initial cent/ ••••.• 



w 
a: 
::> 
If) 

If) 

w 
a: 
a.. 

75 

25 

0 10 

FIG.20. 

20 30 
T I ME (MIN.) 

F 

E 

D 

c 
B 

GAMMA-IRRADIATION.' 

VARYING DOSES. 

A. Unirradiated. 
B. 5 · 0 Mrad. 

C. 1 Q. 0 Mrad. 

D. 20. 0 M r od. 

E. 3 5. 0 M r a d. 

F. 50· 0 Mrad. 

t. O 

A 



- 98 -

on both the initial reaction and the complete decomposition, 

The results are given in TABLES 21 and 22 and illustrated 

in FIGURES 20 and 21. Pressures are not normalised, 

TABLE 21. 

100°C 5 Mrad, Run 1. 34,8 mg. 

t p t p t p 

1 0,02 14 0,88 50 2. 9 2 

2 0. 02 16 0.97 55 3,19 

3 0,05 18 1. 24 60 3,47 

4 0.10 20 1,36 70 4. 28 

5 0.17 22 1,54 so 5,42 

6 0.27 24 1,67 90 6,56 

7 0.38 26 1.81 100 7,66 

8 0,52 30 1,88 110 9,01 

9 0. 60 35 2. 02 120 10.97 

10 0,69 40 2,25 140 1~.75 

12 0.77 45 2.57 
-

100°C 10 ?vh· ad. Run 2, 34.9 mg. 

t p t p t p 

1 0,04 12 2.25 45 8,25 

2 0,10 14 2.74 50 8,85 

3 0. 21 16 3. 28 60 9,96 

4 0,39 18 3,77 70 10,97 

5 0,60 20 4,28 80 11.84 

6 0,77 22 4.72 90 12.75 

7 1,00 24 5.07 100 13,50 

8 1. 24 26 5 ,4 2 110 14.27 

9 1.42 30 6,17 120 14.86 

10 1,67 35 6,97 

11 1 . 95 40 7,66 

100°C 20 Mrad, Run 3. 34 , 8 mg, 

t p t p t p 

1 0,03 11 10,43 30 27 .0 5 

2 0.04 12 12.38 35 28 ,97 

3 0.07 13 14.08 40 30 ,09 

4 0,10 14 15,47 50 32,40 

5 0.19 15 16 .71 60 34.20 

TABLE 21 cant/ ...••••••• , 



t p t 

6 0. 60 16 

7 2. 02 18 

8 4.28 20 

9 6,43 22 

10 8,70 25 

100°C 35 Mrad, 

t p t 

1 0.02 9 

2 0.04 10 

3 0.10 11 

4 0,39 12 

5 1. 54 14 

6 6,97 16 

7 18,90 20 

8 28.97 25 

100°C 50 Mrad, 

t p t 

.. 1 0,04 9 

2 0,52 10 

3 0,87 11 

4 1,54 12 

5 6,70 14 

6 24,94 16 

7 39 , 86 20 

8 48 , 81 25 

206°C 5 Mrad , 

t p t 

1 0,02 11 

2 0,4 4 12 

3 6,29 14 

4 16,77 16 

5 2 7,27 20 

6 36.49 25 
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TABLE 21 cont. 

p 

17,57 

19,81 

21. 4 5 

22,91 

24.68 

Run 4 . 

p 

35.42 

40.52 

44.22 

46.67 

51,00 

53,62 

57.08 

59,45 

Run s. 

p 

54 . 76 

59.45 

61 , 87 

64,34 

67.70 

7 0. 73 

72,91 

75,58 

TABLE 22. 

Run 1. 

p 

62,97 

65,43 

69. 21 

71.79 

75,74 

79.35 

t p 

70 35.42 

80 36,35 

100 37.92 

120 39,86 

3 5.1 mg • 

t p 

30 61,0 6 

40 63,51 

50 65.17 

60 66,43 

80 68,56 

100 70.28 

120 7 2. 03 

34.7 mg. 

t p 

30 77.39 

40 79,69 

50 81.55 

60 82.49 

80 84,85 

100 87,30 

120 89,18 

5,1 mg. 

t p 

60 94.12 

80 101.72 

90 103,79 

100 10 5. 90 

120 109,08 

140 112,31 

TABLE 22 Cont/ ........ . 
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TABLE 22 cont. 

t p t p t p 

7 44,29 30 82.11 160 114.49 

8 51,00 35 84,45 180 116,14 

9 55,87 40 86,34 200 117.80 

10 59,76 50 90.19 Pa 117,83 

206°C 10 Mrad, Run 2. 5,0 mg. 

t p t p t p 

1 0,13 11 54,76 60 94.65 

2 0,32 12 56,69 70 98.72 

3 4,07 14 60.26 80 100,79 

4 11.31 16 62,69 90 102,88 

5 19,81 20 67,28 100 104,99 

6 28,97 25 7 2.03 120 106.58 

7 37,28 30 76,49 140 107,66 

8 43,88 35 80,13 160 108.19 

9 48,45 40 82.95 180 108.73 

10 51 .74 50 88.71 pa 109,27 

206°C 20 Mrad, Run 3 . 5.0 mg. 

t p t p t p 

1 0.13 11 39,86 40 71.15 

2 0,69 12 43,19 50 75.58 

3 4.72 13 45,96 60 77.85 

4 7,52 14 48,81 80 81.08 

5 10.97 16 52,86 100 84,85 

6 15,47 18 55,92 120 87.73 

7 20.74 20 58,27 140 89.19 

8 26,25 25 62,69 160 89,68 

9 31,82 30 66,43 Pa 90,77 

10 36,35 35 68,99 

206°C 35 Mrad, Run 4. 5.0 mg. 

t p t p t p 

1 0,1 3 10 48,45 40 7 2. 47 

2 5 , 42 11 51.74 50 73,79 

3 9,64 12 54.38 60 74.69 

4 12.38 14 57,87 80 76,35 

TABLE 22 cont/ .... . ..•• 



t p t 

5 15,88 16 

6 22,18 20 

7 27,86 25 

8 38,56 30 

9 43,88 35 

206°C 50 Mrad, 

t p t 

1 0.09 9 

2 6, 42 10 

3 11.19 11 

4 14.07 12 

5 17,27 14 

6 21. 27 16 
I 

7 25,18 20 

8 28,87 25 
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TABLE 22 cont. 

p 

60.66 

64,34 

67.70 

70. 28 

71 , 59 

Run 5. 

p 

32,51 

35,77 

38.24 

40,14 

44.09 

46,47 

50.35 

53,27 

t p 

100 78,31 

120 78,76 

140 79.27 

Pa 79,64 

5,1 mg. 

t p 

30 55,51 

35 57,03 

40 58 , 19 

50 60,14 

60 60 , 93 

80 62.52 

100 63.37 

pa 63.74 

The value of pf for the initial reaction increases 

as the dose increases. Rate constants, k
2 

(equation 6) 1 

for the acceleratory region of the initial reaction are 

given in TABLE 23, 

If a constant weight of salt is irradiated it is 

found that radiolysis occurs since, after opening the 

ampoule, there is a progressive loss in weight with in-

creasing dose . This is accompanied by a corresponding 

fall in the final pressure, ~Pa' for the complete decom­

po.sition, • These results are listed in TABLE 24. The 

following expressions relating the dose, }, the loss in 

mass, m1 and the drop in the final pressure, ~Pf, were 

found to hold 

(a) 

(b) 

(c) 

== 

== 

km + c 

k ~pf + c 

km + c 

Plots of log ~ vs ~pf' and ~pf vs m, for b and c 

respectively, are shown in FIGURE 22, 

TABLE 23 con t/ ............ . 
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TABLE 23, 

Dose Mrad, k
2

cm, min, -1 

-2 
5 6,93 X 10 

-2 
10 9. 24 X 10 

20 1. 5 25·x 10 
-1 

-1 
35 6,00 X 10 

-1 
50 6,4 X 10 

TABLE 24, 

Dose Mrad, Mass Loss in Pa L'lp 
irradiated a mass mg. 
mg. 

0 34,8 0 123.19 0 

5 34,9 0.6 117.83 5,36 

10 34,8 1,8 109,27 13.92 

20 34.8 2.6 90,77 32.42 

35 34,9 4,4 79,64 43,55 

50 34.7 5. 5 63,74 59,45 

(iii) Effect of varying the tem2erature of decom2osition, 

The initial reaction was studied in the range 

70°C - 95°C and the complete decomposition in the range 

The specimens were preirradiated by Y-rays 

with a dose of 50 Mrad, The results are tabulated in 

TABLES 25 and 26, and the rate constants, k
2 

and k
9

, 

(equations 6 and 7) which were obtained, are given in 

TABLE 27. Pressures are not normalised for the initial 

decomposition. 

TABLE 25, 

70°C 50 Mrad. Run 1 . 35,2 mg. 

t p t p t p 

1 0,06 17 10,97 36 37.29 

2 0.13 18 12.93 38 38 , 56 

3 0.19 19 15,06 40 39,53 

4 0,32 20 17 , 14 42 40.19 

5 0 , 45 21 18,90 45 41 , 84 

6 0. 60 22 20 . 74 50 43 , 88 

7 0,82 23 22 , 67 55 45 , 26 

TABLE 2 5 con t I . . . . . . . . . . . . 



85°C 50 Mrad. 

t p t 

1 0,13 10 

2 0. 24 11 

3 0.32 12 

4 0,52 13 

5 1.00 14 

6 1.95 15 

7 3,87 16 

8 7,81 18 

9 14,27 20 

90°C 50 Mrad. 

t p t 

1 0.09 9 

2 0.22 10 

3 0,38 11 

4 0,77 12 

5 1.95 13 

6 5,18 14 

7 11,23 16 

8 23.16 20 

95°C 50 Mrad. 

t p t 

1 0,13 8 

2 0.22 9 

3 0,38 10 

4 0,87 11 

5 2.57 12 

6 11,31 14 

7 28 ,11 16 

200°C 50 Mrad. 

t p t 

1 0.06 10 

2 5,43 11 
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TABLE 25 cont. 

Run 4 . 

p 

21.18 

27.86 

33,33 

37.29 

40.52 

43,19 

45,26 

48,45 

50,63 

Run 5. 

p 

33,00 

39. 21 

43,88 

47,37 

50,26 

52,49 

55,53 

60.26 

Run 6. 

p 

40,52 

48,81 

53.24 

57,08 

59,45 

63,92 

66.85 

TABLE 26. 

Run l, 

p 

43,88 

48,09 

35.3 mg. 

t p 

22 52,49 

25 54.76 

30 57.87 

35 60.66 

40 62.69 

45 64,34 

50 65,60 

60 68,56 

35,4 mg. 

t p 

25 64.34 

30 66,85 

35 68,56 

40 69,85 

50 73.81 

60 74.69 

35,3 mg. 

t p 

20 70,72 

25 73,79 

30 76,03 

35 77,39 

40 78,31 

50 80,61 

60 8 2, 9 5 

10,6 mg, 

t p 

35 83,43 

40 85,81 

TABLE 26 cant/ ........ . 
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TABLE 26 cont. 

t p t p t p 

3 13.88 12 51,74 50 89,68 

4 17.14 14 57.87 60 91,16 

5. 20.27 16 62.69 80 92,63 

6 24,68 18 66 .85 pf 93,14 

7 29,52 20 69,42 pa 93,14 

8 34,20 25 75,59 

9 38,88 30 79,69 

205°C 50 Mrad. Run 2. 10,5 mg . 

t p t p t p 

1 0,09 9 51,47 40 89,24 

2 8.62 10 56,35 50 90.70 

3 16 . 69 12 64.18 70 92,64 

4 21,12 14 68,43 ao 92,99 

5 26.60 16 71.85 pf 93,14 

6 33,59 20 78.04 Pa 92,81 

7 40.42 25 82,62 

8 46,47 30 8 5 . 90 

211 °C 50 Mrad, Run 3. 10,2 mg, 

t p t p t p 

1 0,01 8 45,96 18 81,55 

2 0.03 9 53. 24 20 84,37 

3 11,67 10 59 , 06 25 87,73 

4 16 ,29 11 63,92 30 90.17 

5 20.97 12 67.70 50 92,65 

6 28. ·11 14 73. 79 pf 93.14 

7 37.60 16 77.85 Pa 90,16 

216°C 50 Mrad . Run 4 . 10,5 mg. 

t p t p t p 

1 0,01 7 47 ,00 16 84,84 

2 5.67 8 56,69 20 88,70 

3 14. 27 9 63.52 25 91,67 

4 18 , 90 10 68,56 30 92,66 

5 25 .7 2 12 76,48 pf 93.14 

6 35,43 1 4 81.09 pa 94 , 01 

TABLE 26 cant/ .. . ..•.... , . 
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TABLE 26 cont. 

220°C 50 Mrad. Run 5. 10.2 mg. 

t p t p t p 

1 0. 0 2 7 59,73 20 89,94 

2 10.08 8 69,81 30 91,56 

3 18.51 9 74.78 40 92 , 33 

4 23,48 10 78.44 pf 93,14 

5 34. 21 12 83.57 pa 88,76 

6 48,09 15 87,58 

TABLE 27. 

Temp, oc k2 
-1 

kg min, 
-1 

kg min. 
-1 

em min. 

( initial (complete 
reaction) reaction) 

70 1. 24 X 10-1 3,35 X 10- 2 

75 1. 60 X 10-1 4 , 25 X 10- 2 

10-1 
4. 60 

-2 
80 2. 46 X X 10 

85 
-1 

7,90 lo- 2 
2.90 X 10 X 

90 3. 60 X 10 -l 8,40 X 10 
-2 

4,75 10 
-1 

9,30 10- 2 
95 X X 

200 2,40 X 10 
-2 

205 3,42 X 10-2 

' -2 
211 5,41 X 10 

216 7,40 X 10 
-2 

220 9,75 X 10-2 

(iv) Visual observations. 

Mercuric oxalate darkens on exposure to ¥-rays , 

There is a steady increase in the degree of darkening 

with incr e asing dos e . The unirradiated salt is white. 

After a dose of 5 Mrad it is an off-white colour, The 

colour continues to change through light brown, brown, 

dark brown to almost black as the dose increases i,e. 

10, 20, 35 and 50 Mrad, 

(v) Analysis of the gas(es) evolved, 

A liquid air trap placed in the line condensed virtually 

all the evolved gas. The condensed gas proved to be C0
2

• 

This is shown cant/ . ... •. ,. 
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This is shown in TABLE 28, TheY dose was 50 . Mrad, 

TABLE 28. 

206°C 50 Mrad, Run 1 • 4.7 mg. 

t p t p t p 

1 0.09 11 38. 24 80 62.52 

2 6,42 12 40,14 100 63 .. 37 

3 11,19 14 44,09 120 63,74 

4 14.07 16 46,47 140 63.74 

5 17,27 20 50.35 Liquid air trap. 

6 21,27 25 53,27 142 58,60 

7 25.18 30 55,51 144 2.16 

8 28,87 40 58,19 145 2,01 

9 3 2. 51 50 60,14 146 2,01 

10 35,77 60 60,93 150 2,01 

(vi) Mathematical analysis of the results and evaluation 

of activation energies. 

A pressure vs. time plot for the complete thermal 

decomposition of mercuric oxalate preirradiated with a 

dose of 50 Mrad is shown in FIGURE 23 . The decomposition 

temperature was 200°C, An initial burst of gas is 

followed by a fast reaction when the evolution of gas is 

almost linear with time, After this the main decay 

process commences, At high temperatures only the decay 

reaction can be successfully analysed. It conforms to 

the unimolecular decay law, viz. 

log (pf- p) = k 9 t + c9 .......•..... . ... (7) 

The plot of log (pf - p ) vs t is shown in FIGURE 23, 

FIGURE 24 shows the p/t plot for the initial reaction 

at 80°C and with a dose of 50 Mrad, The acceleratory 

period is fitted by the exponential law, 

log p = k 2 t + c 2 ..•............•...• . •• ,(6) 

The unimolecular decay law fits the decay period, i.e. 

t 
log (pf - p) = k t + 9 c 9 ....•.••••••••.•. {?) 

Plots of log cont/ •••• ,., •• 
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Plots of log p vs, t and log (pf - p) vs . t are 

shown in FIGURE 24. 

Plots of log k
9 

vs 1~ for the complete decomposition 

1;,: 
and log k

2 
and log k

9 
vs T for the initial reaction are 

shown in FIGURE 25, The following activation energies 

were obtained: 

(i) Complete decomposition: 

Main decay period 
-1 

35.7 kcals. mole 

(ii) Initial reaction: 

-1 
Acceleratory period: 12.5 kcals. mole . 

Decay period: 
-1 

11.9 kcals, mole . 

(vii) Percentage d e composition. 

The percentag~ decomposition of mercuric oxalate 

preirradiated with 1-rays could not be determined since 

considerable radiolysis occurred during irradiation . 

5.1.6, Superimposed Irradiations. 

(i) Sup e rimposed ?.-ray and sunlight irradiations. 

A thermal decomposition of mercuric oxalate which 

had been preirradiated for one hour followed by 35 min. 

preirradiation in sunlight was done, The results toge-

ther with blank runs for singly irradiated salt are shown 

in TABLE 29, The initial reaction only was studied. 

The doubly irradiated mat erial behaved as though it had 

b een irradiated by sunlight only, in so far as the 

sigmoid portion was almost unchanged, although the rate 

of reaction after completion of the initial reaction was 

faster. This is illustrated in FIGURE 26, Pressures 

are not normalised. 

TABLE 29/ ...........•... 
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l00°C 

t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

100°C 

t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

100°C 

t 

2 

4 

6 

8 

10 

12 

14 

16 

1 hr. -r ,{_-rays. 

p t 

0,27 16 

0.78 18 

0,93 20 

1. 24 25 

2,16 30 

3,71 35 

5,43 40 

6,80 50 

8. 0 5 60 

8 , 93 70 

9,55 75 

10,02 so 

11,01 85 
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TABLE 29 

35 min, sunlight . Run 

p t 

11,52 90 

11,87 95 

12,22 100 

12. 58 105 

12,94 110 

13,33 115 

13,49 120 

14,63 125 

16.02 130 

18.35 140 

19.43 150 

20.79 

22. 20 

1. 38.6 mg. 

p 

23,41 

24,90 

26.18 

27.76 

29.39 

30,75 

32,20 

33,95 

35.44 

38.20 

40,76 

35 min, sunlight, Run 2. 38,6 mg. 

p t p t p 

0,03 11 7. 29 70 16,91 

0.06 12 7,97 80 18,46 

0 . 07 14 9 . 0 5 90 20 .35 

0.16 16 9 , 80 100 22,04 

0.52 20 11 .19 110 23,81 

0,96 25 11,82 120 25,96 

2 ,1 7 30 12.11 140 29. 59 

3,62 40 13,56 160 33,30 

4,88 50 14,48 180 36,49 

6 , 33 60 15,92 

1 hr. v ,{ ... -rays. Run 3. 37,4 mg. 

p t p t p 

0,07 30 2,57 70 14,66 

0,13 32 3,00 75 16.50 

0,19 34 3,47 80 18,67 

0,27 36 3,96 85 20,97 

0,39 38 4,39 90 23.16 

0,52 40 5,07 95 25,18 

0,69 42 5 , 54 100 21,33 

0,82 44 6 , 04 105 28,97 

TABLE 29 cont/ .•••.•.•• 



t 

18 

20 

22 

24 

26 

28 

p t 

0,97 46 

1,18 48 

1,42 50 

1,67 55 

1.94 60 

2,25 65 
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TABLE 29 cont. 

p 

6,69 

7. 24 

7.81 

9,48 

11,31 

12,75 

t p 

110 30,66 

115 31,82 

120 33.59 

130 36.04 

140 38,24 

160 42,52 

5,1.7. Com2arison of Irradiation Effects. 

FIGURE 27 shows a comparison of the effect of sun• 

light, X-rays and Y-ray preirradiation on the initial 

reaction of the thermal decomposition of mercuric oxalate. 

5,2. DISCUSSION/ •••.•••••••• 
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5. 2. DISCUSSION. 

5.2,1, Unirradiated Mercuric Oxalate, 

The results obtained for the thermal decomposition 

of unirradiated mercuric oxalate confirm the earlier work of 

12 
Prout and Tompkins, except that a new chemical equation for 

the decomposition is proposed. The short acceleratory period 

is due to the two-dimensional growth of reaction centres, or 

nuclei, from many favourable sites on the surface of the par-

ticle, The reaction is confined to the surface during this 

stage, and there is no inward penetration of the reaction inter-

face , There is a deceleratory region immediately after the in-

flexion point in the p/t plot where equation (2) does not apply; 

this must be the time during which the surface nuclei have tou-

ched and the decomposition comprises a contracting two-dimen-

sional growth on the surface accompanied by the commencement of 

three-dimensional inward movement of the reaction interface, 

Once complete surface coverage is achieved the decomposition 

proceeds solely by the i nward movement of the reaction interfMe 

and the decay period consists of the decomposition of approxi-

mately spherical particles by a contracting sphere mechanism, 

The acceleratory and decay reactions are distinguished by 

different activation ene rgies. The difference may be asso-

ciated, during the decay period, with a process of activated 

gaseous diffusion which is absent during the acceleratory period 

when the r eaction is confined to the surface of the particle, 

5 , 2 ,2, Preirradiation by Sunlight. 

The effect of preirradiation by sunlight is to ere-

ate an ~rradiation product" which fo rms and grows under the ac-

tion of light from surface nuclei which may be located at emer -

gent dislocations or steps on the crystal surface , The nature 

of the irradiation product and its mode of formation is, howe~~ 

uncertain and/,,,,, .••••. 
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uncertain and it is considered that it is not possible to make 

any definite suggestion about these because of the unknown crys-

tal structure of mercuric oxalate. The single molecule should 

be covalently bound, However, the salt may be composed of 

giant molecules where the bonds may possess a high degree of 

ionic character. It has been established that there is no 

measurable gas evolution during irradiation and it is suggested, 

12 as before , that there is an electron transference process to 

produce the unstable''irradiation product" . An electron freed 

from a surface oxalate group could be trapped by a mercuric 

"ion", which would lead to the production of a lower-valent 

mercury compound which is identified as the "irradiation pro-· 

duct"-, and which may be mercurous oxalate. Unfortunately, no 

information is available about the thermal decomposition of mer-

curous oxalate, in particular the activation energy of the de-

composition is unknown, As the salt is darkened by exposure to 

sunlight, it is probable that mercury is produced during the 

change as well . 

No activation energy was determined previously for the de-

composition of this surface product . This decomposition was 

thus studied in greater detail by a series of low temperature 

runs. The fit of equations (1) and (4) for these p/t plots 

indicate the growth of two-dimensional reaction centres within 

the areas of the "irradiation product" on the surface during 

the acceleratory period, followed by decomposition in reaction 

centres which contract in a two-dimensional manner dur i ng the 

"decay " period. This latter pro cess occurs when the initial 

reaction centres touch each other at the time corresponding to 

the inflexion point in the p/t plot (FIGURE 9). The activa-

tion energies for the accel eratory and "decay " periods are 

sufficiently close to sugges t the same chemical reaction and 

-1 h ave an average v alue of 12.0 kcals.mole • At th e end of the 

decomposition of the " irradiation product" the amount of reac-

tion product will b e greater than that resulting from the growth 

of normal/, ..•..•.•• •. 
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of normal reaction centres, and thus the product/reactant inter­

face and consequently the rate of decomposition at this time 

should be greater than with the unirradiated salt. This is seen 

to be so in FIGURE 6. The activation energy for the decomposi-

tion after the initial reaction is 26.1 kcals.mole-l which is 

approximately the same as for the acceleratory period of unirra­

diated material where reaction is confined, in the main, to the 

surface of the particle. 

The fact that the decay region for a given temperature is 

practically unchanged after irradiation, except for a shift to 

shorter times, indicates the correctness of the original assump­

tion that the acceleratory region in the decomposition of un­

irradiated material is confined to the external surfaces of the 

particles. 

5.2.3. Preirradiation by X-rays, 

The effect of preirradiation by X-rays appears to be 

an increase in the number of potential nuclei in the oxalate 

particle. This will occur on the surface and within the par-

ticle, e.g. at grain boundaries. The period of acceleration 

is reduced and the rate of acceleration is increased with in-

creasing dose, This is shown in FIGURE 13 where there is a 

drop in the inflexion point with time of irradiation. The fit 

of equation (l) indicates, again, two dimensional growth of re-

action centres from the nuclei . The fact that the activation 

energy for this process is approximately the same as that for 

the reaction during the corresponding period in the decompo si­

tion of the unirradiated material indicates the same chemical 

reaction in both cases, The fall in the inflexion point (~1) 

is due to the fact that more nuclei are created , The reaction 

centres will thus touch earlier. If the nuclei are planar and 

grow two-dimensionally there should not be a drop in ~i as the 

irradiation dose increases. However, with only a few nuclei it 

is likely that they will not all touch at the same time. Con­

sequently there/ .. ..••..•.• 
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sequently there will be a transition period before the decay 

proper begins and thus the ~i will not be a true one. This is 

the case for low 'irradiation doses, However, with a heavy dos~ 

and hence a large number of nuclei, the transition period will 

shrink and a true inflexion point will be found which should be 

low for two-dimensional growth. If the additional nuclei are 

confined to the surface then the p/t plots for the decay reac-

tion for the complete decomposition should be transferre d to 

shorter times but otherwise be unchanged as compared to the un-

irradiated decay, This is not so <FIGURE 12), Thus it is 

concluded that after irradiation by X-rays internal nuclei are 

also formed, These wi ll be formed in regions of stress in the 

parti c le such as grain boundaries. 

Irradiation of X-ray irradiated material by light destroys 

the majority of the nuclei created on or very near the surface 

of the particle by X-rays since the sigmoid portions of the p/t 

plots for material preirradiated with sunlight only and with 

X-rays followed by sunlight, are almost identical (FIGURE 26 

plots Band C). The increased rate of d ecomposition after the 

initial reaction with the doubly irradiated material, as com-

pare d to that irradiated by sunlight only, must b e due to the 

additional reaction centres st emming from nuclei created within 

the partic le by X-rays. This is further evidence for internal 

nucleation. 

The fractional decomposition, ~, at any time, t, calculated 

179 from the model of a contracting sphere is given by 

1j3 
u;r = [1-(l-~) ]/t ....................... (1 2 ) 

where u is the l inear rate of penetration of the interface, 

which can b e transformed to 

ut 2 
= 3kpf/r(l- r) ..... , •... , , . · ........... (1 3 ) 

where k is a v elocity constant . The value of u is, 

u = - Sr 
I .. .. . . ...................... . ......... (14) 

where I and S/ ......... . 
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where I and S are the intercept and slope respectively, of the 
]/2 

plot (~) vs t, which is a further expression for a contract-

ing sphere, From the measured value of r for the spherical 

0 particle the value of u at 206 C for the decomposition of un-

irradiated salt is 1.010 x 10-S . -1 
em. m~n Assuming this value 

for the rate of movement of the interface in the decay period 

for the decomposition of irradiated material, at the same tern-

-7 perature, the calculated value of r is 3 x 10 em. Thus the 

decomposition in the acceleratory phase considerably reduces 

the particle size at the commencement of the decay reaction as 

compared to the size at the corresponding stage in the decompo -

sition of unirradiated mercuric oxalate. This is expected 

since the acceleratory reaction occurs internally, possibly 

along grain boundaries, as well as on the surface of the par-

ticle, whereas with unirradiated material the acceleratory re-

action is confined to the surface of the original particle. 

The nature of the nuclei created by X-rays is uncertain, 

but they may be aggregates of vacancies created from disloca-

tions. Esterman et alia, in a study of the effect of X-ray 

bombardment of potassium chloride concluded that vacancies were 

produced in the crystal by the X-rays . 
180 

It has been suggested 

that these may be vacancies which have been "boiled off" from 

jogs in dislocations by electrons generated by the X-rays which, 

in passing near these regions, supply sufficient local heating 

to free the vacancies. A similar mechanism may operate here 

and the vacancies produced may aggregate to produce c e ntres 

around which the activation energy for decomposition of mer-

curie oxalate would be lowered. 

5.2,4 . Prei rradiation by Y-rays , 

During preirradiation by Y-rays damage will occur 

throughout the solid, although it is most likely to be at dis-

continuities in the crystal structure such as dislocations and 

grain boundaries. The effect of Y-rays will be the internal 

bombardment of/ ..•.••. , •. 



- 116 -

bombardment by electrons of widely varying energy, The pre-

irradiation by ¥-rays, unlike light and X-ray irradiation, is 

accompanied by a measurable decomposition of mercuric oxalate 

with the evolution of gaseous product(s). The difference in 

the final pressures for the decomposition of equal masses of 

unirradiated and irradiated salt (weighed before irradiation) 

may be as high as 48% (dose 50 t~ad) of the final pressure for 

the unirradiated salt. The l oss of mass is directly propor-

tional to the drop in the final pressure indicating that the 

nature of the radiolysis is independent of dose, 

In addition to the radiolysis an "irradiation product" is 

formed which decomposes on heating, The decomposition was 

studied in detail at low temperatures, The "irradiation pro-

duct" does not appear to be the product of radiolysis only, 

since the same relationship which exists between the dose and 
t 

6pf does not hold between dose and Pf· It is probable that 

the "irradiation product 11 is similar to that produced by the 

action of light since the average activation energy associated 

with the acceleratory and "decay" portions of the initial reac-

tion is very close to the corresponding value for light irradia­

ted salt, 
-1 

(12,2 and 12,0 kcals.mole respectively), 

The analysis of the initial reaction on heating (FIGURE 24) 

indicates that the acceleratory reaction occurs through a 

b h . h . h . 25 ranc ~ng c a~n mec an~sm, In the analysis of the mechanism 

of decomposition of silver oxalate 27 it was proposed that chain 

branching is facilitat ed by the presence of dislocations in the 

crystal, It is considered for mercuric oxalate that the init~ 

acceleratory react ion occurs internally in the particl e of mer-

curie oxalate through de composition by a branching chain mechan-

ism, of the irradiation product formed along dislocations, The 

" decay" reaction obeys the unimolecular law and would indicate 

the decomposition of "irradiation product" not favourably placed 

for chain branching. 

The initial/,,,, ..•••.••. 
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The initial decomposition of the "irradiation product" on 

heating constitutes as much as 22% (dose 50 Mrad) of the total 

gas evolved in the complete thermal decomposition of mercuric 

oxalate. Thus, at the commencement of the main decay reaction, 

a particle of the solid will contain in addition to the undecom­

posed mercuric oxalate, the products of radiolysis and of the 

thermal decomposition of the "irradiation productn. Therefore 

it is not surprising that the activation energy for decomposi­

tion during this period is different from that for the corres­

ponding period with unirradiated mercuric oxalate. The decom­

pos i tion follows the unimolecular decay law, 

5,2,5, General Observations. 

The nature of the influence exerted by two of the 

types of radiation as compared to the third is essentially 

different. The action of sunlight is limited to the surface 

layer only and irradiation is effective in the initial stage of 

reaction i.e. only the period of acceleration is changed. The 

action of X-rays and ¥-ray~ however, results in the formation 

of active centres not only on the surface but also in the in­

terior of the crystal, and so affects not only the initial 

stage but also the further course of the thermal decomposition. 

The applicability of equation (1) to the acceleratory 

period of unirradiated and X-ray irradiated specimens suggests 

that the growth of the decomposition nuclei is similar in both 

cases . In addition, the agreement between the activation 

energies over this period indicates the same chemical reaction 

stemming from the nuclei, In a very insoluble salt, formed 

by rapid precipitation, a highly irregular for m of particle 

will be produced and the surface will be pitted and stepped. 

Such regions will be centr es around which deformation of the 

crystal structure will occur and decomposition will b e f a voured. 

It has been suggested that during X-ray irradiation aggregates 

of vacancies are formed in the crystal and on or very n ear the 

surface, and/ •...•.•. . , .••• 
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surface, and these will produce similar regions of stress at 

which reaction will be favoured. 

It is not clear why the "irradiation product" should be 

formed with sunlight and Y-rays, and that the salt should darke~ 

whereas neither of these effects is detectable with X-ray irra-

diation. During ¥-ray irradiation the salt will be internally 

bombarded with electrons varying from very slow to very fast 

and it is possible that a large number of these will have, or 

at some stage be slowed down to, an energy equal to that re-

quired for the production of the "irradiation product". Elec-

trons will also be present during X-ray bombardment and there 

may be a similar production of radiation product, but with the 

irradiation doses used the amount may have been insignificant. 

6. THE THERMAL/ ...••.•••• 
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6. THE THERMAL DECOMPOSITION OF BARIUM AZIDE. 

6.1. RESULTS. 

6,1,1, Preparation, 

Barium azide (L, Light and Co.) was recrystallized 

several times from high purity conductance water, During 

crystallization the solution was maintained acid (phenolph-

tholien) by the dropwise addition of 3% hydrazoic acid, Small 

crystals of the monohydrate Ba(N
3

)
2

. H
2
0 were obtained. These 

were dehydrated in a vacuum dessicator over P 20 5 with con-

tinuous pumping for 48 hours, The barium azide thus obtained 

was finely ground in a WIG-L-BUG for 15 minutes. Nylon 

grinding balls were used. The powder was stored in vacuo 

over P
2
0

5 
in a darkened dessicator. 

A second preparation (Prep,.II) was later prepared in the 

same manner but with 5 minutes grinding, This preparation was 

used in studies on the effect of ultra-violet light on the 

thermal decomposition. 

6.1.2. Unirradiated Barium Azide, 

(i) Reproducibility, 

Approximately 6,5 mg , of material was used in each run. 

Three runs at 1 25°C were done to check the reproducibility of 

the results. These are shown in TABLE 30 and FIGURE 28, 

Reproducibility was of a high order, The induction period 

was 58 min, in each case. Rate constants, k
3 

and k
7 

(equations 

8 and 2) for the acceleratory and decay periods, respect ively, 

were as follows: 

(i) A -2 . -1 cceleratory period: 1.30, 1 , 34 and 1,35 x 10 m~n. 

respectively, 

(ii) Decay period : -2 -1 9,45, 9,32 and 9.48 x 10 min . 

respectively. 

TABLE 30/ .....••... 
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TABLE 30. 

l25°C Run 1. 6,6 mg. 

t p t p t p 

10 0,04 80 6.11 130 101,93 

20 0.07 85 9.14 135 107.31 

30 0,10 90 13,74 140 111.71 

40 0.15 95 21.41 150 117,34 

50 0.33 100 32.55 160 120. 20 

55 0,54 105 43.90 170 121. 94 

60 1.00 110 57,34 200 125.45 

65 1.59 115 71,23 220 126.63 

70 2.49 120 84,19 pf 127.20 

75 3,79 125 94,16 Pa 123. 21 

I 
125°C Run 2. 6 . 3 mg . 

t p t p t p 

10 0.03 so 6,58 130 108,59 

20 0.03 85 10.98 140 115.89 

30 0,04 90 17.38 150 120.03 

40 0,09 95 27.99 160 122.39 

50 0.26 100 42,51 180 123. 57 

55 0,48 105 61,30 200 124.7 6 

60 0,92 110 74.04 220 125,95 

65 1.58 115 86,31 250 126,57 

70 2.57 120 95,65 " pf 127. 20 

75 4,13 125 103.11 Pa 119,23 

125°C Run 3. 6,4 mg. 

t p t p t p 

10 0,11 85 8,43 140 108,05 

20 0.15 90 13 . 11 1 50 114 .46 

30 0.19 95 21 , 57 160 118 , 64 

40 0. 2'7 100 33,06 170 121.0 6 

50 0,44 105 47 ,00 1 80 122. 89 

55 0.68 110 59,29 2 00 125. 3 6 

60 0,99 115 71.56 220 126. 60 

615 1,48 120 81.7 2 pf 127. 20 

70 2 , 31 125 90,44 Pa 122.41 

75 3,53 130 97,95 

80 5,52 135 103,50 

(ii) Eff e ct of/ .•••••.. ... . 
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(ii) Effect of interrupting a decomposition, 

The effect of interrupting a decomposition, allowing the 

sample to cool, and then continuing the run after one hour, was 

0 
studied at 120 C. During interruption the salt was kept in 

vacuo at 25°C and the run was recommenced at the same tempera-

ture as before. Interruptions were done at -six stages in the 

decomposition viz, half way along the induction period, at 

the end of the induction period and at « =0.07, 0 . 30, 0,51 

and 0.71, 
-3 

A pressure of approximately 0,60 x 10 cm.Hg, was 

taken as representing the end of the induction period, Apart 

from a small heating lag there was no effect, The results 

appear in TABLE 31. 

TABLE 31; 

120°C Uninterrupted blank. Run 1, 6.9 mg. 

t p t p t p 

20 0.10 105 10.36 155 109,51 

40 0.15 110 16.24 160 113.99 

60 0,-20 115 24.72 165 117.36 

70 0,33 120 35,28 170 120. 21 

75 0. 50 125 48,45 175 121. 3 7 

80 0.79 130 62.04 180 122.52 

85 1. 27 135 74,57 190 124. 27 

90 2.22 140 86,29 210 126. 27 

95 3,75 145 94,90 pf 127.20 

100 6,44 150 103.53 pa 124. 37 

120°C Run 2. 6 .6 mg. 

t p t p t p 

20 0.06 100 4,44 155 108.36 

35 0,07 105 7.29 160 114,00 

Interrupted 110 11,92 165 117.31 

so 0,07 115 18.45 170 120.19 

60 0,08 120 26,96 180 123.09 

70 0,13 125 3 8,0 3 190 124.86 

75 0,25 130 51,76 200 1 26 .04 

80 0,43 135 66,74 210 126. 63 
85 0,80 140 80,28 Pf 127.20 
90 1.47 145 9 1,51 Pa 118.45 
95 2,58 150 101.34 

TABLE 31 cont/ ..•.... 
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TABLE 31 cont. 

120°C Run 3. 6,7 mg. 

t p t p t p 

20 0. 0 6 95 3.69 150 108,82 

40 0.08 100 6,44 155 114.24 

50 0.12 10 5 10. 60 160 118,17 

60 0,29 110 16.41 165 119,79 

65 0,41 115 24.47 170 121. 48 

70 0. 67 120 35,97 180 123. 7 5 

Interrupted 125 49.32 190 125.47 

75 0. 68 130 63,96 200 
' 

1 26. 6 2 

80 0,73 135 78,65 pf 127.20 

85 0.80 140 91,90 Pa 126. G 6 

90 1,92 145 101.47 

12o°C Run 4. 6.7 mg. 

t p t p t p 

20 0,08 105 8,70 145 92,12 

40 0.09 Interrupted 150 102.12 

60 0,11 110 8.73 155 109,27 

70 0.17 115 11. 20 160 115.31 

80 0,48 120 24.59 170 121, 53 

85 0.92 125 34.17 180 124. 3 5 

90 1,67 130 49,66 200 126.49 

95 3 , 00 135 64,78 pf 127. 20 

100 5,18 140 80,58 Pa 121,4 6 

120°C Run 5 • 6,8 mg. 

t p t p t p 

20 0,04 Interrupted 190 117.52 

40 0,06 125 41,22 200 121 .12 

60 0.17 130 58,67 21 0 1 23 . 56 

80 0. 72 135 7 5 ,17 220 125.41 

90 2.22 140 86,41 230 126. 66 

100 7 , 84 145 95 .08 pf 127. 20 

110 14,08 150 · 101,26 Pa 126.40 

115 25.21 160 108,87 

120 38,66 170 114,86 

TABLE 31 cont/ .......... . 
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TABLE 31 cont. 

120°C Run 6. 6,4 mg. 

t p t p t p 

20 0. 21 115 5,92 165 72.11 

40 0.25 120 9.01 170 83,42 

60 0,39 125 13.56 175 92.87 

70 0,45 130 19,35 180 100.10 

80 0,52 135 26,51 190 110,40 

85 0 , 64 140 34,50 200 117,00 

90 0,82 145 43 ,53 210 120. 9'i 

95 1.07 150 53.62 220 124.33 

100 1,61 155 64,34 240 126.67 

105 2,41 Interrupted pf 127. 20 

110 3,87 160 65,10 Pa 122.64 

120°C Run 7 . 6.4 mg. 

t p t p t p 

20 0 , 05 125 20.65 175 96.30 

40 0.0 7 130 28.20 180 102.30 

60 0,10 135 37.28 185 107 ,12 

70 0. 20 140 47,23 190 110.93 

80 0,55 145 57,71 200 115.54 

90 1,10 150 67.36 210 119,32 

100 2,53 155 76.51 230 123.84 

105 3,95 160 84,66 240 125. 74 

110 6,25 165 91,05 250 126,71 

115 9.41 Interr"pted pf 127.20 

120 14,27 170 
t 

91.79 Pa 1 22. 53 

(iii) Effect of admitting water vapour onto the salt in an 

interrupted decomposit ion, 

These are termed "water int e rruptionstt, The technique 

has been described in detail earlier , At the point of 

interruption the line was pumped hard and water vapour 

(17.0 mm, pres sure) was admitted onto the sample at room tern-

perature for ten minutes and then pumped off , The run was 

then continued after pumping for one hour, The decomposition 

temperature was 124°C in all cases, Interruptions along the 

induction period and in the acceleratory period resulted in 

the apparent/ ..•..•••.••. 
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the apparent return of the decomposition reaction to zero time. 

A new induction period was produced followed by acceleratory 

and decay periods. The rate constants were, however, reduced 

in magnitude. Interruption at the inflexion point or be-

yond destroyed any further decomposition, 

Interruption at the end.of the induction period resulted 

in a new induction period. A second interruption at the end 

of this induction period caused yet another new induction 

period, The procedure could be repeated as often as desired 

with the same result. However, on allowing the reaction to 

6 
proceed~ afte.7 inte:n:-uptions the , acceleration of the reaction 

is very slow. 

The final pressures obtained after "water interruptions" 

were considerably lower than normal. The lost gas could, 

however, be completely recovered by heating at 300°C in vacuo. 

The results are tabulated in TABLE 32 and shown graphi-

cally in FIGURE 29. TABLE 33 gives the rate constants, k 3 , 

(equation 8) which were obtained, and the lengths of the in-

duction periods. Pressures are not normalised , 

TABLE 32, 

u 

124 c Run 1. 6,5 mg. 

t p t p t p 

20 0.30 120 1,74 210 66.40 

35 0.39 130 3,48 220 75.97 

Water Interruption 140 6,31 230 82,45 

50 0.40 150 11.01 240 87,68 

60 0.41 160 17.52 250 90.14 

70 0,42 170 25 .06 260 92,06 

90 0,48 180 33,98 270 93,22 

100 0,60 190 44 ,26 Pa 93,73 

110 0,99 200 55.9 2 

TABLE 32 cant/ .... . •..• 
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TABLE 32 cont, 

124°C Run 2. 6,6 mg, 

t p t p t p 

20 0 , 07 130 0,93 230 48 ,69 

40 0,11 140 1. 29 240 59.00 

60 0,39 150 2. 0 2 250 68 , 25 

70 0. 61 160 3,52 260 75,41 

Water Interruption 170 5,55 270 80.66 

80 0.61 180 8.70 280 83,74 

90 0,62 190 13,35 290 86,04 

100 0,65 200 19.05 300 87,92 

110 0,67 210 27,38 320 89.06 

120 0,73 220 37 ,26 pa 90,40 
I 

I 
/ 

124°C Run 3. 6. 2 mg. 

t p t p t p 

20 0,14 160 21,91 290 60,58 

40 0. 28 170 22.14 300 68,71 

60 0,38 180 22,47 310 76.07 

80 1,54 190 23,11 320 82,35 

90 3.67 200 24.10 330 87.70 

100 8,10 210 25,36 340 91.97 

110 14.86 220 27.11 350 94.61 

117 21,69 230 29. 21 360 96.83 

Water Interruption 240 31.99 370 98 . 63 

120 21.72 250 35,19 380 100,00 

130 21,7 3 260 39,70 390 100,92 

145, 21,75 270 45.61 Pa 101.38 

150" 21,79 280 52.64 

124°C Run 4. 6.3 mg 

t p t p t p 

20 0,09 130 24,17 220 54,81 

40 0,35 140 34,20 240 54,86 

60 0,56 150 44.22 260 54 . 93 

so 0.87 160 54,76 280 55,03 

90 2,17 Water Interruption 300 55,65 

100 4,72 170 54. 77 320 55.36 

110 9,16 180 54,77 340 55,49 

120 15.06 200 54.79 Pa · 55 . 59 

TABLE 3 2 cont/ ••••..••.. 
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TABLE 32 cont. 

124°C Run 5. 6.3 mg. 

t p t p t p 

20 0,10 290 0,83 610 5,46 

40 0,14 300 0,85 620 7,55 

60 0. 21 310 0 .94 630 10.09 

70 0,45 Water Interruption 640 12,87 

Water Interruption 360 1 ,00 650 16.05 

100 0,46 380 1 .01 660 19.39 

120 0,48 390 1.01 670 23,08 

130 0. 50 400 1,12 680 27,10 

140 0,52 Water Int e rruption 700 36,47 

150 0,54 450 1.14 720 47.34 

Water Interruption 480 1.38 740 57,30 

180 0.56 Wat er Inte rruption 760 65.7 2 

210 0.61 540 1,45 780 71.18 

220 0,68 560 1.71 800 75,18 

230 0,77 580 2,29 840 81.07 

Water Interruption 590 2. 93 880 84,14 

280 0,81 I 600 3,96 pa 87.19 

TABLE 33. 

Point of k3 min . 
-1 

Induction Number of Induction 
Interruption , Period Inte rrup- P e r i od 

min, tions. min, 

Uninterrupted 1,59 X 10-2 
70 0 70 

1;2 a long In- 6 ,35 X 10- 3 
75 1 80 

duct ion P. 

End of In- 6.25 X 10- 3 
70 2 80 

duction P. 

0( = 0,20 5,20 X 10-3 63 3 80 

0( = 0,50 . No reaction No reac- 4 90 
tion, 

6 consecu- 3 ,60 X 10 -3 
80 5 so 

tive 
6 80 

(iv) Ef fec t of varying the t emperature of d e composition, 

To obtain the critical increment of the process(es) 

occurring, decompositions were done over a range of tempera-

tures (110° - 140°C) and the rate constants determined at each 

temperature, These runs are listed in TABLE 34 while the r a t e 

constants, k
3 

and k
7 

( equations 8 and 2) obtained appear in 

TABLE 35, 
TABLE 34/ ........ •• 
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TABLE 34. 

110°C Run 1' 6,2 mg. 

t p t p t p 

30 0,04 270 4.15 400 77,84 

60 0,09 280 5,50 410 84,89 

90 0,15 290 7.80 420 9 2. 24 

120 0.17 300 11,04 430 98,79 

140 0. 20 305 12.97 440 103,85 

160 0,25 310 15. 28 450 107,87 

180 0,38 315 17,54 460 111,97 

190 0,45 320 19.9 6 480 117.35 

200 0,56 330 25,23 500 122.24 

210 0.75 340 31,49 520 124,10 

220 0.95 350 38.73 540 125' 34 

230 1,25 360 46,41 pf 127. 20 

240 1,65 370 53,92 Pa 118.10 

250 2,19 380 61.99 

260 2,90 390 70,11 

115°C Run 2, 6.0 mg. 

t p t p t p 

30 0,07 190 11.16 260 ?2.23 

60 0,14 195 14.00 265 76,84 

80 0.18 200 17.16 270 81.12 

100 0,23 205 20.64 275 85.51 

110 0,29 210 24,44 280 89,51 

120 0,41 215 28,57 290 97,25 

130 0,60 220 32.71 300 104. 23 

140 0.93 225 37.13 310 109,75 

150 1,39 230 41,83 320 114.28 

160 2,24 235 46,81 340 120.07 

170 3,91 240 52,07 360 123.01 

175 5,28 245 57.20 380 124. B.O 

180 6,86 250 62,16 pf 127.20 

185 8,80 255 67,32 Pa 116,76 

120°C Run 3, 5,9 mg. 

t p t p t p 

30 0,07 135 10.09 195 93,90 

60 0,16 140 13. 54 200 100,16 

80 0,28 145 18.17 205 105,53 

TABLE 34 cont/ ...•..•.. 



t p t 

90 0,44 150 

95 0,59 155 

100 0,86 160 

105 1. 24 165 

110 1,75 170 

115 2,52 175 

120 3.63 180 

125 5.18 185 

. 130 7,29 190 

125°C 

t p t 

10 0,03 70 

20 0,07 75 

30 0.10 80 

35 0 .12 85 

40 0,14 90 

45 0,14 95 

50 0,14 100 

55 0. 21 105 

60 0. 29 110 

65 0,73 115 

130°C 

t p t 

10 0.04 58 

20 0,15 60 

so 0.25 62 

35 0,48 64 

40 1,06 66 

43 1.78 68 

45 2.33 70 

48 3 ,78 72 

50 5. 3 2 74 

53 8,03 76 

55 11,30 78 
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TABLE 34 cont. 

p 

23,73 

29.75 

37.08 

44.87 

53.01 

61,42 

70,00 

78.20 

8 6. 36 

Run 4. 

p 

1.27 

2.17 

4,05 

7.61 

12,12 

20.26 

31,36 

44,86 

59.53 

74,88 

Run 5. 

p 

16. 23 

21.01 

26,13 

3 2,12 

38,03 

4 5. 20 

52,98 

60.94 

68,99 

76,58 

85,53 

t 

210 

220 

230 

240 

260 

280 

pf 

Pa 

t 

120 

125 

130 

135 

140 

150 

160 

170 

pf 

Pa 

t 

80 

85 

90 

95 

100 

110 

120 

pf 

pa 

p 

109.93 

116,12 

119.57 

121 . 90 

123. 6 6 

126.0 2 

127. 20 

116.76 

6,2 mg. 

p 

89,95 

102,13 

110,86 

116,57 

120. 65 

124.21 

126.00 

126.61 

127. 20 

121. 50 
I 

6,1 mg. 

p 

90,27 

105.65 

114.99 

120.41 

123. 4 8 

125.34 

126. 59 

127. 20 

122.64 

TABLE 34 cont/ .•.•.....• 
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TABLE 34 cont. 

l35°C Run 6. 6 .0 mg, 

t p t p t p 

5 0.05 42 18,04 64 104.68 

10 o.o8 44 24,64 66 109.82 

15 0,11 46 32,'27 70 116.86 

20 0.13 48 40 . 93 75 121.62 

25 0,37 50 49,84 80 124 ,13 

30 1.47 52 58,77 90 125. 98 

32 2,22 54 67,54 100 126. 60 

34 2,73 56 76,42 pf 127.20 

36 5,89 58 85,35 pa 122,07 

38 8,87 60 93 , 16 

40 12 . 85 62 99,11 

140°C Run 7. 6.3 mg. 

t p t p t p 

10 0,07 28 48,79 45 122,98 

15 0,36 30 65,60 50 124.79 

18 1,85 32 81,43 60 126.62 

20 4 , 27 34 94,68 pf 127. 20 

22 9,60 36 10 5. 00 pa 124.94 

24 18 . . 91 38 112,36 

26 32,58 40 117.61 

TABLE 35. 

Temperature Induction k3 min, 
-1 

k7 min. 
-1 

oc Period min . 

110° 180 - 3 -3 3,599 X 10 4.00 X 10 

115° 120 4,980 
-3 

5,10 
-3 

X 10 X 10 

120° 7,440 
-3 

8,15 10 
-3 

90 X 10 X 

125° 1. 28 5 
-2 

1,40 
-2 

60 X 10 X 10 

130° 37 1,660 X 10- 2 1,91 X 10- 2 

135° 25 2.250 
-2 

2,26 10- 2 
X 10 X 

140° 15 4,125 -2 3,85 -2 
X 10 X 10 

(v) Effect of mi xing barium azide with the solid end product 

The mixing was done by decomposing a sample of barium azide 

and adding to it some fresh sample. The two were mixed 

together as/, ..•...... . 
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together as well as possible in an atmosphere of dry nitrogen, 

The resulting mixture was then decomposed at a temperature of 

The induction period appeared to terminate a little 

earlier than usual, but otherwise no effect was obtained. 

TABLE 36 and FIGURE 30 illustrate the results. 

TABLE 36. 

124°C Blank run. Run 1 . 6,7 mg. 

t p t p t p 

10 0,04 100 6,97 190 114.75 

20 0,06 110 12 . 25 200 119,23 

30 o.oa 120 27,86 210 122. 64 

40 0.10 130 45 . 96 220 124.94 

50 0,13 140 64 ,75 230 126.10 

60 0,19 150 80,61 pf 127.20 

70 0.52 160 92.65 Pa 127.21 

80 1,18 170 101,83 

90 2 , 92 180 109,21 

124 °C Mixture Run 2 . 6. 5 mg. 

t p t p t p 

10 0,19 90 15.45 170 103,93 

20 0,32 100 25.98 180 108,39 

30 0.43 110 40,59 200 115 , 27 

40 0,61 1 20 56,00 220 120.57 

50 1,00 130 70.19 240 123. 57 

60 3. 20 140 8 2. 01 260 125 . 38 

70 5,30 150 9 2,12 pf 127.20 

80 7 . 95 160 99,55 pa 115,86 

(vi) Decompo s ition along t h e i ndgc t ion per iod, 

As is s hown i n FIGURE 28 app a rently n o g a s is e vol v ed 

dur ing t h e ind uct io n p er i od, It was cons i dered ( s e e Dis-

cus s i o n) tha t s ome n itrogen ma y b e p r oduced during th i s t i me . 

A more detailed i n vesti gati o n into t he na t u r e o f t he ind uction 

period was t h u s carr ied o ut. 

I t was po ssi b l e t ha t wi th the app a r a tus u sed a nd the s mall 

amount of/ •. • ..•..•• 
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amount of azide, that any gas evolved during the induction 

period might not be detected, Consequently a decomposition 

was performed using 500 x the normal weight of barium azide. 

Decomposition was only followed to the onset of the accelera-

tory period, No gas was evolved during the induction period, 

This is shown in FIGURE 31 and TABLE 37. The temperature of 

0 
decomposition was 110 C. 

TABLE 37, 

110°C Run l • 

t p t p 

5 0,01 60 0. 0 2 

10 0.01 65 0,02 

15 0,01 70 0. 0 2 

20 0,01 75 0.04 

25 0,01 80 0,04 

30 0,01 85 0,04 

35 0,01 90 0,04 

40 0,01 95 0,06 

45 0.02 100 0.10 

50 0,02 10 5 0,17 

55 0. 02 110 0,27 

3,089 g. 

t p 

115 0.49 

120 1,00 

125 1,54 

130 2.74 

135 4.72 

140 8,10 

145 13.12 

150 22,18 

155 31.53 

160 61,87 

165 102,88 

It is possible that all of the nitrogen which may be pro-

duced could be adsorbed on the azide surface, remembering that 

the salt is a very fine powder, Therefore a large weight 

(3.0 g) of barium azide was placed in the decomposition chamber 

0 at 110 C, The line was pumped hard and then dry nitrogen at 

a pressure of 3,7 x 10- 2 em. Hg was admitted onto the salt, 

The change in gas pressure was then recorded over a period of 

one hour after which time the pressure had dropped to a value 

-2 
of 2.0 x 10 cm.Hg, This result is shown in TABLE 38 

and FIGURE 3 2. The volume o f nitrogen was 1~8 litres. 

TABLE 38/. , ..•..•.. 
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TABLE 38. 

110°C Run 1. 3,042 g. 

t p t p t p 

10 o.o 15 35,72 30 22,42 

Nl trogen Admitted 16 34,50 35 21. 21 

11 36,97 17 3 2, 70 40 20.74 

12 36,97 · 18 30,66 45 20.50 

13 36.66 20 27.32 50 20.34 
' 14 36,35 25 24.17 70 20.03 

(vii) Visual observations . 

These centred upon the colour of the salt at various 

stages of decomposition, The colour remained white up to the 

end of the induction period. The colour started to change 

as soon as the decomposition entered the acceleratory phase, 

At the onset of the acceleratory period the sample was a very 

light grey, The colour darkened as the reaction proceeded 

until by « = 0,30 it was dark grey and at ~ = 0,50 the salt 

was black 

(viii) Mathematical analysis of the results. 

A typical pressure vs. time plot for the thermal 

decomposition of unirradiated barium azide is shown in FIGURE 

33, There is a well defined induction period with no gas 

evolution, followed by a period of acceleration and a rela-

tively short decay, The inflexion point is at « = 0,62. 

The power law was frequently used by earlier workers to 

analyse the acceleratory period~' 3 ' 60 A value of n = 6 

was most commonly used , However with the results obtained a 
l~t 

plot of p 6 vs. t gave curved plots and the fit was only 

« = 0.02 to « = 0.24, 

Using the equation in 
l,~t 

the forrn . (p- p
0

) 4 vs, t, where 

p 0 is a small correction pressure, « = 0,005, the extent of 

fit improved to cover the range « = 0.02 to « = 0,35 but d i d 

not describe the whole of the acceleratory period. (FIGURE 33), 

The Avrami-Erofeyev/ .....•••• 
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The Avrami-Erofeyev equation with n = 4 i,e. 

[ 
P,< ]

1
4 _ "log (1- Pf) - k 3 t + c 3 , ....•..•... . (8) 

described the whole of the acceleratory period, The fit 

(~ = 0,10 to ~ = 0,66) is excellent, especially if a small 

correction factor p
0 

is applied, viz, the equation is used in 

the form 

[-

The term p0 

-3 
is usually of the order of 6.0 x 10 mm. Hg 

which is equivalent tD ~ = 0,005. The plot of 

P - Po 14 
[ - log (1 - )] vs t is shown in FIGURE 33, 

Pf - Po . 

The decay reaction is well described by the contracting 

sphere formula, 

( 1 - P!p f ) 1;3 = k 7 t + c 7 . • • • • • • • . • . • • • • • • • ( 2 ) 

This fit is also shown in FIGURE 33 and is from 

• = 0,62 to « = 0,90. 

The critical increment of the chemical process(es) was 

determined from the Arrhenius equation. Plots of log I.P. 

(min), log k 3 and log k
7 

vs. ~T(°K) are shown in FIGURE 34, 

The following activation energies were obtained: 

(i) Induction period: 24.7 kcals.mole 
... 1 

(ii) Acceleratory period: 26,8 kcal s, mole 
-1 

(iii) Decay period: 24,3 kcals. mole 
-1 

(ix) Electrical conductivity measurements. 

These were made by Mr. C.A.R, Phi1lpotts, From the plot 

of log <r vs. the activation energy in the temperature 

0 0 
range 20 - 60 C for an unirradiated pellet was found to be 

-1 
11,6 kcals, mole . The Arrhenius plot is shown in FIGURE 35, 

(x) P e rcentage decomposition, 

This was calculated assuming the equation for decomposi-

tion to be 

Ba + 3N 
2

• 

The results/ •......• 
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The results of a series of determinations are summarized in 

TAOLE 39, The average percentage decomposition was 93% 

of the theoretical value, 

TABLE 39. 

Temperature Wt used mg. % decomposition, 
oc. 

120° 5.3 93,41 

120° 5,5 90,73 

120° 5,9 94,98 

130° 6,1 9 5. 7 2 

130° 6,1 90.04 

(xi) Measurement of particle size. 

The average particle size, as determined microscopically, 

-4 was 5.0 x 10 em. 

6.1.3. Preirradiated (Ultra-Violet Light) Barium Azide, 

(i) Preliminary investigations. 

Prep. II was used in all work on the effect of ultra-

violet preirradiation on the thermal decomposition of barium 

azide, A preliminary investigation was done by irradiating a 

sample of barium azide for 15 min. from a distance of 10 em, 

The apparatus used has be e n d es cribed previously. The salt 

0 was decomposed at 110 C, Results are shown in FIGURE 36 

and TABLE 40. There is a shortening of the induction period 

and an increase in the rate. By trial and error an irradia-
"' 

tion height of 40 em, was selecte d as being the most suitable, 

TABLE 40 . 

ll0°C Unirradiated blank. Run 1. 6,3 mg. 

t p t p t p 

30 0,03 160 10.62 23 5 101,51 

60 0.05 165 13,53 240 106,02 

70 0.07 170 16,89 245 109,68 

80 0,09 175 21,27 250 112.79 

TABLE 40/ •.•.•••.•.. 
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TABLE 40 cont. 

t p t p t p 

90 0,13 180 26,24 255 115.46 

100 0.24 185 31 ,90 260 117 . 54 

110 0.49 190 37,23 265 119,64 

120 1,00 195 43.73 270 121.01 

125 1,31 200 51,15 275 122. 57 

130 1,85 205 60,03 280 1 23. 71 

135 2,53 210 67,37 290 125 . 04 

140 3,56 215 75,42 300 1 26. 0 6 

145 4.56 220 84,87 pf 127.20 

150 6. 21 225 89,86 pa 119,47 

155 8.02 230 95,65 

110°C 15 min, u.v. 10 em, Run 2. 6 , 4 mg. 

t p t p t p 

10 0.04 90 6.59 130 92,91 

20 0,04 93 9,46 135 96.46 

30 0,06 96 13.30 140 104.70 

40 0,07 99 19.20 145 109,62 

45 o.oa 102 26.41 150 112. 60 

50 0.09 105 34,97 155 115,86 

55 0.14 108 44,44 160 118.06 

60 0,19 111 53,10 165 120 .16 ' 

65 0,35 114 61,13 175 123. 40 

70 0,62 117 68,97 185 125.30 

75 1.12 120 7 5. 50 195 1 2 6. 56 

so 2.07 123 81,41 pf 127.20 

85 3,66 126 87,01 Pa 121 .8 8 

(ii) Effect of varying doses of ultra-violet light. 

The eff e ct of differ e nt doses of ultra-vi olet light 

on the thermal decomposition of barium azide was studied at a 

decomposition temperature of 12o°C, Irradiation times 

ranged from 1 min. to 90 min, The results appear in TABLE 

41 and are shown graphically in FIGURE 37. 

On increasing the dose the duration of the induction 

period decreased, the acc e l e ratory rate constants, k
3 

and k
4

, 

(equatio::l. 8 c.nd C)/ .... , ..... 
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(equation 8 and 9) increased and the inflexion point in the 

p/t plots dropped. These features are summarized in TABLE 

42. 

TABLE 41. 

120°C U1 tra-v io1 et dose = 0 . Run 1 . 6. 5 mg. 

t p t p t p 

20 0,12 90 37,22 116 100,98 

40 0,18 92 42,34 118 104,15 

50 0,44 94 47.00 120 107.76 

60 2,67 96 51,71 125 112,88 

65 3. 61 98 56.82 130 116,60 

70 6,28 100 61.90 135 119,76 

73 8,57 102 66,93 140 121 ,11 

76 11,67 104 7 2. 77 145 122 . 34 

79 15.28 106 77,91 155 1 24.08 

82 19.79 108 83. 23 170 125. 9 6 

84 24. 21 110 88.26 190 126. 9 6 

86 28,52 112 92,72 pf 127. 20 

88 32.82 114 97,08 Pa 128. 51 

12o°C 1 min, u.v. Run 2, 6,4 mg. 

t p t p t p 

9.0 0,10 66 7,66 97 87,75 

40 0.21 68 9, •U 100 ·94 ,53 

45 0. 57 70 11,75 103 101,00 

48 0,77 72 14.23 106 104,67 

50 0,89 74 17,80 110 111,68 

52 1, 29 76 23,85 115 116,85 

54 1,89 79 3 2, 23 120 118,85 

56 2.31 82 40,34 125 122. 9 6 

58 3,09 85 50. 21 130 124.91 

60 3,95 88 60,91 135 126.00 

62 4,91 91 69,80 pf 127. 20 

64 6,13 94 79. 23 Pa 120. 36 

120°C 2 min, u.v. Run 3 . 6,6 mg. 

t p t p t p 

10 0.01 60 30,73 84 103,82 
20 0. 91 62 37.96 88 109 , 84 

TABLE 41 cont/, ..... 
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TABLE 41 cont. 

t p t p t p 

30 0,04 64 45,07 92 114,51 

40 0,96 66 52,71 96 118.58 

43 1.95 68 59,39 100 119,83 

46 3,70 70 66,87 110 123.81 

49 6,28 72 73 ,45 120 125,35 

52 10,49 74 79.65 130 126. 69 

54 14,03 76 85,56 pf 127.20 

56 18.77 78 91,12 Pa 121. 50 

58 24,37 so 9 3 '7 5 

120°C 5 min, u.v. Run 4. 6,5 mg. 

t p t p t p 

5 0,03 53 9,59 70 75,79 

10 0,04 54 11,95 72 82,68 

20 0,04 55 14.0 5 74 88,41 

30 0.06 56 17.28 76 93.65 

35 0,19 57 20,54 80 101.94 

37 0,30 58 24,71 85 110.09 

39 0,51 59 29,21 90 115.76 

41 0,83 60 34,58 95 120.56 

43 1,40 61 39,17 100 122' 27 

45 1 . 92 62 44 ,0 9 105 123. 56 

47 2 . 97 63 48,26 110 1 24 . 91 

49 4 , 49 64 53,04 120 1 25. 84 

50 5,28 65 57,25 130 127 '0 6 

51 7 .19 66 61. 50 pf 127.20 

52 8,11 68 65,85 Pa 126 . 69 

l2o°C 30 min. u.v. Run 5 . 6,4 mg. 

t p t p t p 

5 0,01 49 34.81 68 108,39 

10 0. 02 50 41,13 70 111,99 

15 0,03 51 47,15 72 114,41 

20 0. 0 5 52 53,29 74 115,95 

25 0 ,0 7 53 59 ,0 4 76 118,08 

30 0,19 54 64 , 52 80 1 21.89 

35 0 , 78 55 69,38 85 123.22 

38 2.65 56 74 . o 5 90 125. 27 

40 3 . 14 57 78 . 86 95 126.30 

TABLE 41 cont/ .... .•.. .. 



t p 

42 5,24 

44 8,83 

46 15.49 

47 23,50 

48 28.98 

120°C 90 min. 

t p 

5 0,01 

10 0,01 

15 0,01 

20 0,03 

25 0,03 

30 0.19 

35 0,85 

38 2,09 

40 3,65 

42 6,21 

44 10,62 

45 14,48 

46 20.81 

t 

58 

60 

62 

64 

66 

u.v. 

t 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

60 
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TABLE 41 cont. 

p 

82.47 

90,47 

96.17 

101.13 

10 5. 4 5 

Run 6. 

p 

33,05 

39,66 

46,56 

52,47 

58,99 

64,77 

70.16 

75.05 

79,40 

83 .24 

8 7 .11 

90.52 

97.09 

TABLE 42. 

t p 

100 126. 60 

110 126. 94 

pf 127. 20 

Pa 123. 7 9 

6 .5 mg. 

t p 

62 101,97 

65 108,32 

68 113,41 

71 116.87 

75 120 ,19 

80 123. 7 5 

85 125. 3 5 

90 126 ,19 

95 126. 51 

100 1 26. 64 

110 126. 90 

pf 127. 20 

Pa 118,10 

Dose min. k3 min -1 Induction Inflexion 
period min. point. 

0 2.25 X lo - 2 
55 0. 60 

1-- --- ,__ - - - --- - - -- - - - - - -- - --
k4 min. 

-1 

f---- - ,_ __ -- --- - -- -- - - -- -- - --
1 1.180 X 1 0- 2 

47 0. 51 

2 1. 645 X 10- 2 
39 0,35 

5 2. 3 20 X 10- 2 
4 0 0.31 

30 2,650 X lo- 2 
·33 0,32 

90 3 .4 70 X 
. -2 
10 32 0,27 

With irradiation times greater than 90 min. the salt went 

a buff co lour. The thermal decomposition of these samples 

gave low final pressures , indicating that photolysis had taken 

place, 
(iii) Effect of/ ...... . . . 
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(iii) Effect of interrupting a thermal decomposition and 

irradiating the salt. 

The decomposition was interrupted at various stages of a 

run and the sample irradiated, The technique used has been 

described earlier, The irradiation time was 30 min. and the 

decomposition temperature was 120°C, The results are given in 

TABLE 43 and illustrated in FIGURE 38. A quartz ampoule was 

used in place of the usual pyrex one, and hence blank runs for 

both unirradiated and irradiated samples were first done, At 

the point of interruption and irradiation of the salt, the 

word "Irradiation" is written in the table. 

TABLE 43, 

120°C Unirradiated blank. Run 1. 6,6 mg. 

t p t p t p 

20 0.13 90 16.03 140 114,24 

40 0. 20 95 24,48 145 117.59 

50 0.29 100 35.05 150 120. 55 

55 0,47 105 48,21 155 121. 8 2 

60 0.79 110 62.00 160 123. 00 

65 1.26 115 74 . 56 170 .124.41 

70 2,04 120 86,31 180 125 , 14 

75 3,71 125 94,92 190 126,27 

80 6,39 130 103.59 pf 1 27. 20 

85 10,21 135 109,78 pa 119.97 

12o°C Irrad iated blank. Run 2. 6,7 mg. 

t p t p t p 

10 0,01 50 10,88 80 83,88 

20 0,03 52 16 , 28 85 92,17 

30 0.1 7 54 23,33 90 99 . 66 

35 0,54 56 29 ,68 100 111.15 

38 1,06 5 8 35 .39 110 118.73 

40 1 . 68 60 4 0.84 120 1 22. 61 

42 2,4 4 62 45,88 130 125. 23 

44 3 , 44 65 53, 34 140 1 26 . 55 

46 4 , 88 70 64 .16 pf 127 .20 

48 7 ,18 75 74.45 Pa 124 ,18 

TABLE 4 3 cont/ . . .•.•.... 
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TABLE 43 cont. 

120°C 30 min, u.v. Run 3. 6. 6 mg. 

t p t p t p 

20 0,08 70 10.18 110 98,23 

30 0,10 72 15,90 115 105.46 

Irradiation 74 21.82 120 111.06 

50 0,11 76 26,87 130 117.76 

55 0 ,16 80 37,15 140 122.13 

60 0.55 85 48 , 3 0 150 124.66 

62 0,83 9 0 59,14 160 125 . 94 

6 4 1,50 95 69,64 pf 127. 20 

66 2.73 100 79,99 pa 121. 50 

68 5,06 105 89,42 

1 20°C 30 min , u.v. Run 4 . 6 .5 mg. 

t p t p t p 

20 0. 3 2 92 18,85 125 100,19 

40 0,45 94 28 , 70 1 3 0 106, 50 

60 0. 51 96 3 6. 7 5 1 4 0 114,80 

Irradiation 98 43 ,90 150 119,68 

70 0,51 100 49,69 160 1 2 2.16 

75 0 ,54 10 5 62,33 180 1 25 . 93 

so 0,62 1 10 73,47 pf 1 27. 21 

85 2 ,1 5 115 83 . 39 Pa 119.17 

9 0 6,73 120 92,44 

1 20 °C 30 min. u.v. Run 5. 6 , 4 mg. 

t p t p t p 

20 0,0 8 95 12,08 120 95. 17 

40 0,19 100 12 . 32 1 22 10 2. 4 1 

50 0 . 51 105 13,76 125 109,36 

60 0,75 110 23,64 130 116 , 56 

70 1, 58 112 37 , 25 135 120 . 26 

75 2,32 113 44 , 97 140 122 . 7 7 

80 3 ,78 11 4 53,73 1 50 1 25. 30 

85 6,0 1 115 62 , 65 160 1 26. 57 

90 10 ,0 4 116 71 ,0 6 pf 127. 20 

92 12.03 117 78 , 15 pa 118,10 

Irradiation 118 84 , 62 
I 

TABLE 43 cont/ ..•... . 
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TABLE 43 cont. 

120°C 30 min, u.v. Run, 6. 6,3 mg. 

t p t p t p 

20 0,11 Irradiation 150 120. 67 

40 0,31 105 37.38 160 122.83 

60 0,62 110 43.04 170 124.47 

70 1,66 115 58,56 .180 125,57 

80 4. 21 120 74.98 190 126. 67 

85 7,58 125 91,20 pf 127. 20 

90 12.77 130 103,94 
- Pa 116.98 

95 21.70 135 111,32 

100 37,13 140 116.45 

12o°C 30 min. u.v. Run 7. 6,4 mg . 
.. 

t p t p t p 

20 0,14 105 36. 20 145 113,25 

40 0. 29 110 47,73 150 119,97 

50 0.48 115 61.31 155 123. 52 

60 1. 20 120 74,59 160 124. 74 

70 2.79 Irradiation 170 125,97 

80 6. 4 2 125 75,06 180 126. so 

90 13.37 130 80,04 pf 127. 20 

95 18.65 135 92,25 pa 120.93 

100 26,26 140 103,26 

Up to a value of ~ = 0,10 for the point of irradiation 

there is a pronounced increase in the acceleratory rate aft e r 

approximately 20 - 30 min, after an interrupted and irradiated 

decomposition is allowed to continue. At values of ~ > 0,30 

there is virtually no effect on the subsequent thermal decom-

position, 

(iv) Effect of admitting water vapour onto the salt in an 

interrupted decomposition. 

The technique of "water int erruptions " has been described, 

An irradiation time of 30 min . was chosen and the s ubsequent 

decomposition temperature was 120°C, 

Interruptions during the induction period and in the 

acceleratory period/ . . ... , ..• 
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acceleratory period resulted in a new induction period being 

formed when decomposition was resumed, The duration of the 

new induction period was greater than with the decomposition of 

preirradiated salt, The subsequent reaction was considerably 

slower. 

Successive interruptions and admission of water vapour, 

in which the point of interruption was taken as the time for 

-+ the pressure to equal 6,0 x 10 · mm. Hg were carried out, 

Five such interruptions were performed and then the reaction 

was allowed to proceed normally, Each new induction period 

was longer than the previous one and eventually equalled that 

for normal decomposition of unirradiated barium azide at the 

same temperature. 

In all these runs the final pre ~ sure was lower than that 

normally expected, The lost gas could be recovered by heating 

at 300°C in vacuo. The results are shown in TABLE 44 and 

FIGURE 39, Pressures are not normalised, Data on the 

acceleratory rate constan~ k
3 

and k
4

, (equation 8 and 9) and 

induction period lengths is given in TABLE 45, 

TABLE 44, 

120°C Irradiated blank . Run 1. 6 ,6 mg. 

t p t p t p 

10 0,26 52 14 , 13 80 105,86 

20 0,32 54 23.91 85 112,36 

30 0.46 56 31.96 90 117, 20 

35 0.6 2 58 40. 09 100 12 2 ,78 

40 1. 21 60 48,35 110 124 . 99 

42 1,69 62 56,96 1 20 12 5. 23 

44 2 ,33 64 64.44 Pa 125,88 

46 3 ,48 66 71 .91 

48 5,24 70 84,91 

50 8,31 75 96 .76 

TABLE 44 cont/ . . ,, .. . . • 
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TABLE 44 cont. 

120°C 30 min. u.v. Run 2. 6,5 mg. 

t p t p t p 

18 0.17 70 2,21 95 46.75 

Water Interruption 72 3,90 100 51,95 

20 0,17 74 7,86 110 59,67 

30 0,17 76 11.59 120 63,71 

' • 40 0.18 78 15,59 130 65,55 

50 0,19 80 20,17 140 66,48 

60 0,33 82 23,93 Pa 66,95 

65 0,84 85 30.49 

68 1,51 90 39,62 

120°C 30 min, u.v. Run 3 . 6 . 6 mg. 

t p t p t p 

10 0,04 95 1,18 125 35,30 

20 0,07 100 3,61 130 39,15 

30 0,10 102 5,81 140 44,33 

40 0.64 104 8,57 150 17,45 

Water Interruption 106 11,47 170 50.66 

60 0,66 108 14,35 200 52,31 

70 0,68 110 17.56 220 53.15 

80 0.70 112 20,56 Pa 53,56 

85 0,81 115 24,37 

90 0.92 120 30.68 

12o°C 30 min, u.v. Run 4, 6,6 mg. 

t p t p t p 

10 0,07 80 14.68 170 46.48 

20 0,13 90 14,69 175 50.70 

30 0.27 110 14.80 180 54,20 

35 0,48 120 15.08 190 60,27 

40 1,12 130 15.90 200 64.20 

42 1 , 67 135 16.76 210 66.41 

44 2,41 140 18,53 220 67,91 

46 3,57 145 21,63 230 69 , 04 

48 5,30 150 26.00 240 69,54 

50 8,40 155 31,17 Pa 70.20 

52 14,66 160 36,36 
I 

Water Jnterrupti?n 165 41.44 

TABLE 44 cont/,,, .•..•.. 
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TABLE 44 cont. 

120°C 30 min. u.v. Run 5. 6.7 mg. 

t p t p t p 

20 0.07 90 29. 57 220 65.87 

30 0 , 19 110 29,79 230 71.37 

40 0,86 120 30,05 240 76.19 

45 2. 0 2 130 30,65 250 80,52 

48 3,37 140 31,83 285 88,98 

50 4. 61 150 33.08 300 91,40 

52 6,43 155 34,14 310 9 2. 21 

54 9,48 160 35,58 320 92,62 

56 13.50 170 38,53 330 93,45 

58 19,80 180 42,83 340 93,86 

60 26,51 190 47,75 pa 94,28 

61 29,52 200 53,44 

Water Interruption 210 59.61 

120°C 30 min. U,V, Run 6, 6 .6 mg, 

t p t p t p 

20 0.12 68 48.09 230 57,53 

30 0,19 70 53.24 240 58,19 

40 0.77 Water Inter ruption 250 58,78 

45 1.74 110 53,27 280 60.07 

50 3,86 150 53.51 290 60,48 

55 8,70 170 53,93 300 60.76 

58 15,88 180 54 .31 310 60,91 

60 23,66 190 54.78 320 61,19 

62 30,66 200 55.4 2 330 61,33 

64 36,66 210 56,07 340 61,49 

66 4 2, 85 220 56,81 pa 61.64 

120°C 30 min. u.v. Run 7. 6,6 mg. 

t p t p t p 

40 0. 60 Water Interruption 385 22,82 

Water Interruption325 3,34 390 24,96 

80 0.77 330 3.54 40 0 28.20 
88 1. 20 335 3.88 410 31.42 
Water Interruption 340 4,43 420 33 ,39 

130 

I 1.38 345 5,11 430 34,83 
1 43 1 ,81 350 6 .11 440 35,71 

TABLE 44 cant/ .••. ,,, ..•.. 
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TABLE 44 cont. 

t p t p t p 

Water Interruption 355 7,82 450 36.31 

190 j 1 ,87 360 9,57 470 37.21 

202 2,41 365 11.71 480 37,51 

Water Interruption 370 14.33 pa 37,82 

260 2,80 

270 3,01 

Point of 
Interruption, 

Uninterrupted 

375 17.48 

380 20,15 

TABLE 45, 

-1 
k

4 
min, 

2,330 X l0-2 

Induction Number Induction 
period of In- period 
min. terrup- min, 

tions. 

35 0 40 
----- - 1------- - r-- - -- ~ 

k3 min, 
-1 

1 48 

1-- --- ..... - - 1-------- 1-- - - --
1;. 

2 along I. P. 2,530 X l0- 2 
44 2 55 

End of I .P. 2,075 X 10-2 
55 3 59 

Q( = 0.12 1. 320 X lo- 2 
60 4 68 

« = 0. 24 5.500 X 10-3 
65 5 65 

-3 
c;f. = 0,42 4,830 X 10 90 

5 consecu- 9,900 X 10-3 
65 

tive 

(v) Effect of varying the temRerature of decomposition. 

An irradiation time of 30 min, was selected, Decompositio~ 

were performed in the temperature range 100° - l25°C. These 

results are given in TABLE 46 , TABLE 47 lists the rate con-

stants, k 4 and k 7 , (equation 9 and 12) obtained from these runs. 

TABLE 46 , 

100°C 30 min. u.v. Run 1 . 6 ,2 mg. 

t p t p t p 

60 0.03 260 5 , 73 390 77.49 

90 0,05 270 7 .87 400 83,39 

120 0,07 280 10,36 410 89,03 

1 4 0 0,09 290 13.59 420 93 ,7 6 

160 O,l4 300 17,71 440 101.93 

TABI.E 48 cont/ ........ . 
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TABLE 46 cont. 

t p t p t p 

180 0,25 310 22,65 160 109,27 

190 0,33 320 28,48 480 115,69 

200 0.55 330 3 5. 31 500 120.4 7 

210 0,82 340 42,87 520 123. 51 

220 l, 27 350 50,37 540 125. 34 

230 1.97 3 60 57,23 560 ! 26. 59 

240 2,91 3 70 64,52 pf 1 2 7. 20 

250 4.14 380 71,32 pa 112.58 

105°C 30 min. u.v. Run 2. 6.4 mg. 

t p t p t p 

20 0,07 180 8,46 270 89,98 

40 0.10 190 13,26 280 96.27 

60 0,14 200 20,36 290 101.68 

80 0.19 205 25,01 300 106,67 
' 

100 0. 21 210 30,44 310 110,64 

120 0,39 215 36,08 3 '20 113,52 

130 0.62 220 4 2. 20 330 115,85 

140 0,96 230 53.46 340 118.20 

150 1,77 240 63,85 390 126. 6 2 

160 3,03 250 73,77 pf 127 . 20 

170 5 .0 9 260 82,41 Pa 123,79 

110°C 30 min, u.v. Run 3 . 6,4 mg. 

t p t p t p 

20 0,13 120 10.77 190 106,38 

40 0,18 125 15. 77 200 112.14 

60 0,30 130 22,24 210 116 ,8 6 

70 0.41 135 30,42 220 119,86 

80 0,60 140 39,88 230 122 . 29 

85 0,73 145 49,06 24 0 124,13 

9 0 1,04 150 57.93 250 125.36 

95 l. 61 155 66,63 260 126 . 60 

100 2.30 160 74.03 pf 127. 20 

105 3,52 165 so. 82 Pa 124.94 

110 5,11 170 86,88 

115 7.30 180 97,47 

TABLE 46 cont/ ..••••..•• 
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TABLE 46 cont. 

115°C 30 min. u.v. Run 4. 6 , 4 mg. 

t p t p t p 

10 0,08 72 10,11 100 85.26 

20 0, 1 1 74 13,36 105 93.09 

30 0,15 76 18,36 110 100,15 

40 0. 24 78 24.7 6 115 105.19 

50 0 , 48 80 3 2,17 120 109,78 

55 0.93 82 39,03 130 116.24 

60 2,07 84 45,50 140 120.4 5 

62 2.66 86 51,66 150 123. 51 

64 3,53 88 57.38 160 125,36 

66 4,65 90 62.95 170 126 . 60 

68 5,92 92 67,87 pf 127. 20 

70 7.49 95 74,40 Pa 122.64 

120°C 30 min. u.v. Run 5. 6,6 mg. 

t p t p t p 

10 0.19 58 16. 51 77 90.28 

20 0,29 59 22.19 80 97.05 

30 0,38 60 27.83 85 106,28 

35 0,49 61 31,95 90 113,04 

40 0.69 62 36,03 95 117.08 

45 1. 27 63 40.01 100 120.60 

48 2,03 64 44.20 105 122. 96 

50 2 , 97 66 52.42 110 125.38 

52 4.. 29 68 60,51 120 126. 59 

54 6.40 70 68,73 pf 127, 20 

56 9. 92 72 76.0 6 Pa 128. 44 

57 12,62 74 81,79 

125°C 30 min. u.v. Run 6. 6,5 mg. 

t p t p t p 

10 0.03 36 9,56 48 88 , 07 

20 0.15 37 14 . 55 50 95,00 

25 0,31 38 26.83 52 101,06 

28 0,79 39 3 4 . 20 55 108,47 

30 1,43 40 41,74 60 117.35 

31 1.94 41 49.25 67 122. 23 

TABLE 46 cont/ ••.. . •• 
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TABLE 46 cont. 

t p t p t p 

32 2,61 42 55 ,70 70 125. 3 2 

33 3,59 43 62,11 75 126. 51 

34 4,84 44 67,95 pf 1 27. 20 

35 6,56 46 78.91 pa 122. 9 2 

TABLE 47, 

Temperature Induction min . -1 min, -1 
k4 k7 

oc period 
min, 

100° 205 3.100 
-3 2,990 10-3 

X 10 X 

105° 130 4,960 X 10- 3 4 ,. 220 X 10- 3 

110° 80 
-3 -3 

8,125 X 10 6,630 X 10 

115° 52 1,490 
-2 

9.900 10-3 
X 10 X 

120° 
-2 -2 

40 2.310 X 10 1 . 520 X 10 

125° 26 3,300 X 10- 2 
2,355 X lo- 2 

(vi) Percentage decomposition. 

The percentage decomposition (for irradiation times of 

less than 90 min.) was the same as that obtained with the un-

irradiated salt. 

(vii) Mathematical analxsis of the results and evaluation 

of activation energies, 

The acceleratory period was fitted by the Avrami-Erofeyev 

equation but the value of n increased from 4 to 6 when the salt 

was preirradiated with ultra-violet light, The equation was 

thus used in the form, 

[ -
1;, 

p-po J 6 _ log (1- _ ) - k
4

t + c
4 
......... ,(9) 

pf Po 

The extent of fit was « = 0,05 to « = 0,35 on a sample 

preirradiated for 2 minutes. 

The contracting sphere equation, 

p 1;3 
(1 - YPf) = k

7 
t + c

7
, •••••. .•.• ••.••••• ( 2) 

fitted the decay reaction 

FIGURE 40/,, ...•. , 
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FIGURE 40 shows a typical p/t plot with the analysis for 

the thermal decomposition of irradiated barium azide . 

When water vapour is admitted onto the salt in an interrup-

ted run, the subsequent acceleratory period is described by 

the Avrami-Erofeyev equation with n = 4, The equation thus 

becomes, 

[ - log (1 -

The analysis is thus the same as for the unirradiated salt 

once more. 

P I P ( lJ,:T OK lots of log • , min.~ log k4 and log k 7 vs 

are shown in FIGURE 41. The following activation energies 

were obtained: 

(i) Induction period: 
-1 

23 . 10 kcals.mole 

-1 
(ii) Acceleratory period: 27.70 kcals,mole 

(iii) Decay period: 
-1 

25.00 kcals.mole • 

6.1.4. Preirradiated CX-rays) Barium Azide, 

(i) Preliminary investigations. 

Irradiations were done in sealed, evacuated pyrex ampoules 

as has been described earlier, An initial decomposition was 

0 done at 125 C on a sample which had received a dose of 20 Mrad, 

The results are tabulated in TABLE 48 and the p/t plots are 

shown in FIGURE 42 

TABLE 48 , 

125°C Unirradi a ted blank. Run 1. 6,2 mg. 

t p t p t p 

10 0,03 70 1,27 120 89.95 

20 0.07 75 2.17 125 102.13 

30 0.10 80 4,04 130 110.86 

35 0.12 85 7.61 135 116,51 

40 0,14 90 12.12 140 120. 65 

45 0,14 95 20. 26 150 124. 21 

TABLE 48 cont/ .•.......• 
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TABLE 48 cont. 

t p t p t p 

50 0.14 100 3 1 ,36 160 126.00 

55 0 . 21 105 44 .. 86 170 12G. 61 

60 0. 29 110 59.53 pf 127 . 20 

65 0.73 115 74.88 pa 121. 50 

125°C 20 Mrad, Run 2. 6,3 mg. 

t p t p t p 

1 0 . 04 8 0.37 16 121 . 71 

2 0.07 9 45.79 20 124 .14 

3 0.12 10 80.18 25 125 . 67 

4 0,14 11 102,34 30 126.43 

5 0,16 12 112,25 pf 127. 20 

6 0,19 13 116,64 Pa 118.69 

7 0.22 14 118 .. 86 

(ii) Effects of air, nitrogen and argon , 

Decompositions were done on samples where the ampoules 

had been opened in air, dry nitroge n, and dry argon, respec-

tive1y, No difference in the subsequent de~ompositions was 

found . The dose given was 1 Mrad and the decomposition temp-

0 
erature was 110 C. The results appear in TABLE 49. 

TABLE 49, 

ll0°C 1 Mrad. Run 1. Argon. 6,5 mg. 

t p t p t p 

10 0,38 60 8 , 28 105 107.56 

20 0,53 65 13 , 38 110 115,77 

25 0.62 70 20.8 2 115 120.85 

30 0.87 75 31 . 36 120 122. 98 

35 0 , 99 80 45.09 130 125,45 

40 1.19 85 59,30 140 126,62 

45 1.82 90 7 2, 3 2 pf 127. 20 

50 3. 0 2 95 85 .68 Pa 126. 68 

55 4,97 100 97.58 

TABLE 49 cont/ ....•.. . .. 



- 151 -

TABLE 49 cont. 

110°C 1 Mrad. Run 2. Nitrogen. 6.4 mg. 

t p t p t p 

10 0.12 60 8,06 10 5 109,22 

20 0.18 65 13,80 110 116.08 

25 0.41 70 21.18 115 119.70 

30 0.63 75 32,86 120 122 . 40 

35 0.72 so 46.51 130 125 . 42 

40 0,86 85 62,54 140 126. 61 

45 1,43 90 78,09 pf 127.20 

50 2.54 95 90,76 Pa 120. 93 

55 4,76 100 101.60 

110°C 1 Mrad, Run 3 . Air, 6.5 mg. 

t p t p t p 

10 0,19 60 7.93 105 108.0 2 

20 0. 23 65 12.87 110 115. 21 

25 0,35 70 18.99 115 119,96 

30 0.59 75 30.02 120 122.14 

35 0.81 80 43 . 78 130 125. 41 

40 1,02 85 57.82 140 126. 68 

45 1,45 90 71,41 pf 127. 20 

50 2,87 95 85,01 Pa 118,10 

55 4 . 12 100 97,65 

(iii) Effect of varting doses of X-rays, 

The effect of an increasing dose of Y-rays on the sub-

sequent thermal decomposition is given in TABLE 50 and shown 

graphically in FIGURE 43. All irradiations in this series 
60 

were done in the Co source at Wantage, The decomposition 

0 
temperature was 110 C throughout the series, Doses ranged 

from 1 1 000 rad to 20 Mrad. A marked decrease in the induction 

period and an increase in the acceleratory and decay rate 

constants, k 3 and k 7 (equation 8 and 2), are the main conse-

quences of increasing the dose. TABLE 51 lists these effects. 

A further feature is a decrease of the inflexion point of 

the p/t plot with increasing dose, This is well illustrated 

in FIGURE 44/ ........ . 
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in FIGURE 44, which shows the p/t plot for the decomposition of 

a sample after a dose of 20 Mrad. The mathematical analysis 

of the plot is also shown. 

TABLE 50. 

ll0°C Unirradi a ted blank, Run 1 . 6.7 mg, 

t p t p t p 

30 0.06 235 6,71 3 20 82,15 

60 0.09 240 8,49 330 90,47 

90 0,09 245 10.96 340 96.73 

120 0,13 250 13.76 350 10 2. 70 

140 0. 20 255 17.08 360 107.29 

160 0.30 260 20,99 370 111.99 

170 0,41 265 25.30 380 115,17 

180 0. 50 270 30,01 390 117,32 

190 0.90 275 3 5.12 400 118,94 

200 1,31 280 40.63 420 121. 67 

205 1,68 285 46.21 440 124. 64 

210 2.01 290 51,43 460 126.11 

215 2,46 295 56 ,92 480 126. 67 

220 3 .12 300 62,70 pf 127. 20 

225 4.07 305 68,34 Pa 131.98 

230 5,36 310 73,36 

110°C 1000 rad, Run 2. 6,4 mg. 

t p t p t p 

20 0. 02 145 1 7,61 200 100.55 

40 0.03 150 23,26 210 110.62 

60 0.06 155 29.40 220 116.43 

80 0.10 160 36,92 230 121 ,18 

100 0.50 165 44,56 24 0 123 . 60 

110 1.44 1 7 0 53 ,3 3 250 124 . 81 

120 3. 21 175 62.44 260 125 ,42 
: 

130 6.84 180 71.35 2 80 126 . 64 

135 9,82 1 85 79 ,88 pf 127. 20 

140 13,3 2 190 87,86 pa 114. 75 

TABLE 50 cont/, ... . . • . . 
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TABLE 50 cont. 

0 
110 c 10,000 rad. Run 3 . 6,5 mg. 

t p t p t p 

20 0. 02 115 11 . 08 165 103 , 03 

40 0.03 120 16.01 170 108.55 

50 0.05 125 22,33 180 116,52 

60 0.07 130 30 ,60 190 121. 21 

70 0,16 135 40,84 200 124 .18 

80 0. 29 140 51.79 210 125.38 

90 1,15 145 63.60 240 126. 59 

100 3.14 150 75,69 pf 127. 20 

105 4. 61 155 85,82 Pa 118,10 

110 7. 21 160 9 5. 01 

110°C 20,000 rad. Run 4 . 6.8 mg, 

t p t p t p 

20 0.03 105 12.93 155 109 , 43 

3 0 0,05 110 20.10 160 11 2,38 

40 0.06 115 30,37 170 116,38 

50 0,08 120 41.83 180 119 . 44 " 

60 0.10 125 55 .1 3 200 123. 54 

70 Or35 130 69 ,88 220 1 25. 62 

80 0 , 78 135 82 , 08 240 126,47 

90 2.59 140 91.65 pf 127. 20 

95 5. 02 145 99,88 pa 138,00 

100 8.38 150 105. 56 

l10°C 50,000 rad Run 5. 6,4 mg. 

t p t p t p 

10 0.01 95 12.55 140 116.43 

20 0,01 100 20 . 46 150 121 '18 

30 0 . 03 105 31,51 160 124. 81 

40 0,05 110 46.40 170 126 . 03 

50 0.09 115 62.44 180 1 26 . 64 

60 0.14 120 7 7. 94 pf 127. 20 

70 0. 61 125 91,47 p 114 . 75 
a 

80 1.64 130 101 .64 

90 6 . 56 135 110.05 

TABLE 50 cent/ ...•.• .. 



110°C 1.0 Mrad. 

t p 

10 0,18 

20 0,30 

30 0,41 

40 0,58 

50 1 , 13 

60 2,39 

70 4,11 

80 8. 92 

ll0°C 4 , 0 Mrad, 

t p 

5 0.05 

10 0 , 13 

15 0.28 

20 0.48 

' 30 0,68 

40 0 . 89 

45 2.18 

50 7.38 

110°C 20 Mrad. 

t p 

5 0,01 

10 0 . 10 

1 2 0,25 

14 0,48 

15 0. 63 

16 0.71 

17 0,89 

18 1 , 42 

19 2,69 

20 6,41 

21 14,64 
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TABLE 50 cont 

Run 6. 

t p 

85 14,54 

90 21.78 

95 33.79 

100 50,31 

105 70.10 

110 87.10 

115 100,52 

120 · 109.25 

Run 7. 

t p 

55 18.07 

60 33,49 

65 49,47 

70 64,49 

75 77.41 

so 88,15 

85 9 6. 06 

90 103 . 15 

Run 8. 

t p 

22 25,93 

23 34,9 6 

24 44,32 

25 51,54 

26 57.77 

27 63,20 

28 67,61 

30 75.60 

32 82,67 

34 89,58 

36 95,33 

6.3 mg. 

t p 

125 114,90 

130 118,36 

140 122. 4 5 

150 1 24 .12 

160 125.4 2 

180 126.42 

pf 127. 20 

pa 119.79 

6.2 mg • . 

t p 

100 109.85 

110 114,86 

120 119 ,33 

130 122. 59 

140 124. 55 

160 126.33 

pf 127.20 

pa 121.49 

6.7 mg. 

t p 

4 0 106,80 

45 116,24 

50 120. 57 

55 123.0 6 

60 124.9 6 

65 126.08 

70 l 26 . 64 

pf 127.20 

Pa 135,57 

TABLE 51/ .••... ,. 
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TABLE 51. 

Dose. Induction min 
-1 

k min 
-1 

period 
k3 7 

min. 

0 185 5,220 X 10-3 
4,400 X 10-3 

-3 8,300 
-3 

1,ooo rad 102 7,610 X 10 X 10 

10- 3 -2 
1o,ooo rad 85 9,500 X 1,095 X 10 

20,000 rad 78 1.085 X 10- 2 
1,105 X 10- 2 

50,000 rad 70 1.385 X 10-2 
1.440 X 10- 2 

1.0 Mrad 42 1. 550 X 10- 2 
1,662 X 10- 2 

Mrad l0- 2 -2 
4.0 30 1. 920 X 1.070 X 10 

20.0 Mrad 15 8,30 X 10._ 2 
1,88 

-2 
X 10 

(iv) Effect of interrupting a thermal decomposition and 

irradiating the salt. 

The method used and precautions taken in performing this 

type of experiment ar~ described elsewhere. It has also been 

pointed out that it is impossible to prevent water vapour from 

coming out of the walls of the ampoule, The vapour reacts 

with any metal present at the point of interruption and this 

affects the subsequent decomposition. 

Interruptions were done at five points on the p/t plots 

as shown in FIGURE 45. The decomposition temperature was 

0 
110 C and the ¥-ray dose 4,0 Mrad, The results obtained are 

tabulated in TABLE 52 and shown in FIGURE 45, 

TABLE 52. 

ll0°C Unirradiated blank. Run 1 . 6 ,2 mg . 

t p t p t p 

20 0.02 210 4 .79 310 82,04 

40 0.03 220 7,25 320 90 , 99 

60 0.05 230 10,76 330 98.09 

80 0,11 240 15,87 340 104 . 29 

100 0,15 250 22 , 21 3.80 119,93 

120 0. 20 260 30.24 400 123. 4 3 

140 0,25 270 39.49 420 125. 31 

160 0.43 280 49,98 460 126. 57 

180 1.1~ 290 61,71 pf 127.20 

200 3,02 300 72.74 Pa 121.41 

TABLE 52 cont/ .•.. ... . 
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110°C 4.0 Mrad, 

t p t 

20 0,06 100 

40 0.07 101 

60 0.09 102 

80 0,13 103 

Irradiation 104 

90 0.13 105 

95 0.17 106 

98 0,30 107 

99 0,73 108 

110°C 4.0 Mrad. 

t p t 

60 0.12 198 

100 0.16 199 

140 0. 23 200 

160 0,31 201 

180 0.45 202 

Irradiation 203 

185 0.45 204 

190 0,45 205 

195 0,46 206 

110°C 4.0 Mrad. 

t p t 

60 0,08 255 

100 0,13 260 

140 0.27 265 

180 0,98 268 

200 2. 51 269 

210 3.72 270 

220 6,26 271 

230 10.14 272 

240 15.01 273 

250 21,4 2 274 

Irradiation 2 76 
I 
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TABLE 52 cont. 

Run 2, 

p 

1.81 

9,72 

26,36 

43,57 

59.78 

7 2.18 

80,73 

86.88 

9 2. 08 

Run 3. 

p 

0.46 

0,50 

1.25 

8,84 

30.97 

50.35 

67.00 

78 , 55 

t 

110 

112 

115 

120 

130 

140 

150 

pf 

pa 

t 

208 

210 

215 

220 

230 

240 

250 

pf 
86,57 ·p 

a 

Run 4. 

p t 

21,48 278 

21,57 280 

21 , 65 285 

22.08 290 

27,47 295 

49.28 300 

66,58 310 

78,52 pf 
86,97 pa 
93,94 

103,43 

6,5 mg. 

p 

98,65 

104.19 

10 9. 24 

114,41 

121 . 04 

125.11 

1 26. 4 8 

127. 20 

112.48 

6 . 5 mg. 

p 

97,88 

104.39 

112.36 

118.05 

123. 22 

125 .18 

126.52 

127.20 

113,82 

6 , 5 mg. 

p 

108,95 

112,35 

118,16 

122.33 

124,14 

125. 3 6 

126.46 

127. 20 

111,45 

TABLE 52 cont/ .....•.• 



110°C 4.0 Mrad, 

t p 

60 0,12 

100 0,17 

140 0,41 

180 1,58 

200 4,13 

220 8. 24 

230 12.01 

240 17,32 

250 24.79 

260 33.81 

0 
110 c 4, 0 Mrad. 

t p 

60 0,09 

120 0,26 

180 1,02 

220 7,98 

240 17.62 

260 31,88 

270 40.86 

280 50,13 

290 62.01 

300 7 2, 81 

- 157 -

TABLE 52 cont. 

Run 5. 

t p 

270 43,12 

280 53,56 

Irradiation 

290 54.07 

295 54.63 

297 55,45 

298 61.9 5 

299 74.53 

300 83,38 

301 91.41 

Run 6, 

t p 

310 81,95 

Irradiation 

315 82,04 

320 82,18 

3 25 82,31 

330 8 3. 0 5 

331 83,69 

332 87.7 2 

333 92,27 

334 97,42 

6,5 mg. 

t p 

30 2 97,40 

304 106.05 

306 111.55 

310 117.14 

315 121. 61 

320 124.37 

325 125.77 

330 126.71 

pf 127. 20 

Pa 118,31 

6,5 mg. 

t p 

335 102.24 

33 6 10 6. 20 

338 112,15 

340 115,54 

345 119.84 

350 122.4 8 

360 125,59 

370 126.79 

pf 127. 20 

Pa 115. 54 

At all points on the p/t plot interruption and irradiation 

of the salt results in a new, short, induction period followed 

by a period of extremely rapid acceleration, The short in-

duction period is almost certainly due to water vapour effects. 

Confirmation of this was obtained by carrying out a decomposi-

tion where water vapour was deliberately admitted onto the 

sample at the point of interruption, Irradiation was then 

carried out. The resul t ant decomposition was exactly the 

same as in the runs without water admission as can be seen in 

TABLE 53 and FIGURE 46, In addition a sample of partially 

decomposed salt/ ... •..•. . . 
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decomposed salt kept in a sealed evaucated ampoule turned 

white after 1 week, whereas one kept open in the high vacuum 

line with continuous pumping and liquid air traps in position 

for fourteen days remained black. 

TABLE 53. 

110°C 4.0 Mrad, Run 1, Water vapour. 6,5 mg. 

t p t p t p 

60 0,08 269 21,56 280 98,91 
< 

120 0,14 270 21,71 282 106,07 

180 0,83 271 22.06 285 112.53 

220 6.17 272 23.9 5 290 118.70 

230 10.02 273 38,53 295 122. 93 

240 14.88 274 53,62 300 125 '08 

250 21.40 275 64,66 310 126.71 .. 

Irradiation 276 73,81 pf 127. 20 

260 21.45 277 82.19 Pa 122. 21 

265 21,47 278 88,98 

(v) Effect of admitting water vapour onto the salt in an 

interrupted decomposition. 

"Water interruptions" were performed at several stages 

in the decomposition, The Y-ray dose for irradiation was 

4.0 Mrad, and the decomposition temperature was ll0°C, 

The effect of '1water interruption" is to produce a new 

induction period at the point of interruption which is longer 

than the normal induction for the decomposition of the irradia-

ted salt. As the value of e< at which the interruption is 

performed increases, so does the duration of the induction 

period, Rate constants, k
3

, (equation 8) for the reaction 

are reduced. Interruption in the decay period virtually 

destroys the react ion. 

Interruption at the end of the induction period followed 

by r epeated inter r uption at the end of each new induction 

period formed, r esul ts in a progressive increase in the length 

of this period, until eventually the unirradiated induction 

period is/ .••..•... 
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period is reached. 

Final pressures were always lower than normal but the 

residual gas was evolved if the residue was heated to 300°C in 

vacuo, 

These results are given in TABLE 54 and· appear graphically 

in FIGURE 47. TABLE 55 gives the rate constants obtained and 

the lengths of the induction periods . Pressures are not 

normalised. 

TABLE 54. 

ll0°C 4,0 Mrad, Run 1 . Blank run. 6 ,5 mg. 

t p t p t p 

10 0.07 46 56,73 70 110.98 

20 0 . 13 48 67.89 75 113.77 

30 0,61 50 77.19 80 115.63 

35 3,42 52 85,25 90 118.73 

38 11.14 54 91,45 100 120.28 

40 21.39 56 9 6. 41 110 121.37 

42 32,87 60 102.44 120 121. 8 3 

44 44,95 65 106.64 Pa 122. 4 5 

110°C 4,0 Mrad . Run 2. 6,4 mg. 

t p t p t p 

10 0.07 80 5 ,18 140 65 .59 

20 0,29 85 9,96 150 70.72 

30 0.47 90 16.08 160 74.69 

Water Interruption 95 22,91 170 78,31 

40 0,48 100 29,52 180 81 ,08 

50 0,49 105 3 5. 7 2 190 82,95 

60 0,51 110 41,84 200 84,37 

65 0,54 115 47.3 7 210 85 .33 

70 0.77 120 51,74 pa 85 , 81 

75 2.09 130 59.0 6 

110°C 4.0 Mrad, Run 3 • 6,5 mg. 

t p t p t p 

10 0.10 90 13,63 190 64.12 

20 0.22 95 14,19 200 65,99 

30 0.87 100 15.07 210 67.12 

TABLE 54 cont/ ..••••. 
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TABLE 54 cont. 

t p 

110 18,19 

120 24,09 

130 33,93 

140 42,09 

150 50 . 41 

. 160 55,98 

170 59,78 

180 62,29 

Run 4. 

t p 

t p 

220 67 , 88 

230 68.65 

240 69,43 

250 70 . 21 

260 70.99 

Pa 71,79 

6 . 3 mg, 

t p 

0 , 10 Wat e r Interruptio n 120 62.74 

0 , 15 50 52,14 130 71.01 

0,87 60 52 , 16 140 78,39 

8.70 70 52.27 150 83,35 

21.49 80 52,57 160 8 5. 71 

3 2.11 90 53,29 170 87.22 

42,52 100 54,52 pa 87.57 

52,11 110 57.07 

4.0 Mrad, Run 5 , 6,4 mg. 

p t p t p 

0,07 Wat e r Interruption 1 7 0 74,38 

0 . 21 60 7 0 . 7 3 180 75 ,90 

0.77 70 70,73 190 7 8.10 

3. 10 80 7 0 , 76 200 80 , 36 

9, 64 9 0 7 0.78 210 8 2 ,56 

18,70 100 7 0.3 2 2 20 84, 60 

28,41 110 7 0 . 93 2 30 86,59 

3 8, 8 8 120 71,1 3 240 88,07 

49 . 17 1 3 0 71.40 " 250 88, 9 4 

58 ,66 1 40 7 1 .7 9 260 8 9 .61 

66. 85 150 7 2 . 39 2 70 9 0,06 

7 0. 72 1 60 73 . 13 p a 90. 29 

4 ,0 Mrad . Run 6 . 6 , 3 mg , 

p t p t p 

0 . 1 3 120 1,83 29 0 3 ,48 

0, 42 1 30 1 , 85 300 4 . 2 9 

TABLE 54 c ont / •.. . .•.. 



- 161 -

TABLE 54 cont. 

t p t p t p 

25 0. 60 140 1,89 310 5,60 

Water Interruption 150 1,94 320 7.71 

40 0.65 155 2,02 330 10,81 

45 0,73 160 2,13 340 15 ,34 

50 1, 21 165 2,41 3 50 21,08 

·water Interruption Water Interruption 360 27.35 

60 1. 23 180 2. 42 370 33,36 

70 1,25 200 2. 4 3 380 38,45 

80 1, 27 220 2,43 390 42,60 

85 1,34 240 2. 4 8 400 4 3. 61 

90 1.47 250 2,54 420 48,90 

95 1,81 260 2,63 440 54.90 

Water Interruption 270 2,86 460 57.17 

110 ~ 1,83 280 3,10 pa 57,94 

TABLE 55. 

Point of k3 min 
-1 

Induction Number Induction 
Interruption, Period of In- Period 

min, terrup- min, 
tions. 

Uninterrupted 4.00 X 10-2 
30 0 25 

End of I,P. 1, 350 X lo- 2 
40 1 25 

e( = 0,11 1 .150 X 10- 2 
53 2 45 

c( ::: 0 ,43 1.275 X 10 
-2 

40 3 70 

« :;::: 0,58 6,05 X 10-3 
80 4 115 .. 

4 consecu- 5,95 X 10-3 
115 

tive 

(vi) Effect of thermal annealing, 

An irradiated (0,25 Mrad) specimen wa s t h ermally annealed 

at 70°C for 2 hours in vacuo before being decomposed at 110°C, 

TABLE 56 shows that this has no effect on the subseque nt decom-

position, 

TABLE 56, 

110°C 0,25 Mrad. Run 1, Annealed 2 
0 

hrs.70 C 6,5 mg. 

t p t p t p 

20 0,11 135 26,26 190 111 ,98 

40 0.2 2 140 34 . 20 200 116,75 
60 0.38 145 43 ,51 210 119,77 

TABLE 56 cont/ .•..•.•• 
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TABLE 56 cont. 

t p t p t p 

80 0.70 150 54,05 220 121. 61 

100 1,64 155 65.22 240 124.08 

110 3,48 160 74.53 260 125. 3 2 

115 5.47 165 8 3. 74 280 126,57 

120 8,55 170 92,30 pf 127. 20 

125 13,31 175 98.24 pa 118,63 

130 19 , 36 180 103.88 

l10°C 0. 25 Mrad, Run 2, Blank run 6 , 4 mg. 

t p t p t p 

20 0.11 135 23,77 190 111.68 

40 0,19 140 31. 21 200 118,46 

so 0,33 145 39 ,34 210 121,93 

80 0.71 150 48,40 220 124. 27 

100 1,74 155 57,60 240 126.04 

110 3,80 160 66,74 2SO 126. 69 

115 5 , 63 165 76,55 pf 127.20 

120 8,56 170 85,56 Pa 122. 64 

. 125. 12.28 175 94,56 

130 17.78 180 101 . 34 

(vii) Effect of varying the temperature of decomposition. 

Two irradiation doses, viz. 0.5 Mrad and 4.0 Mrad, were 

chosen and the critical increments for thermal decomposition 

were determined, Decompositions were carried out over a 

0 0 range of temperatures (100 - 125 C) and the rate constants, 

k 3 and k
7

, (equation 8 and 2) determined at each temperature. 

The p/t values are given in TABLE 57 and the derived rate 

constants in TABLE 58 , 

TABLE 57, 

100°C 0.5 Mrad, Run 1. 6,3 mg. 

t p t p t p 

30 0 , 03 220 5,57 330 75.74 

60 0,11 230 8,35 340 83 , 07 

80 0,25 240 11,87 350 90,17 

100 0,3 5 250 16.23 360 95.65 

TABLE 57 cont/., ••••••• 
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TABLE 57 cont. 

t p t p t p 

120 0,42 260 21,01 380 106,23 

140 0,89 270 . 27,28 400 112.06 

160 1.24 280 34,04 440 119.78 

180 1,78 290 41,55 480 125,38 

190 2.25 300 49,80 500 126. 24 

200 2,87 310 57,96 pf 127.20 

210 4,00 320 67,81 pa 123. 7 2 

0 
0. 5 Mrad. Run 6.3 105 c 2. mg. 

t p t p t p 

30 0,02 145 6.39 230 97,84 

60 0,33 150 8. 51 240 105.68 

70 0,48 155 11.12 250 112.06 

80 0,59 160 14.28 260 116.22 

90 0,67 170 23.37 280 121.0 6 

100 0.98 180 33,42 300 '124 .1 4 

110 1. 29 190 46,71 pf 127.20 

120 1,93 200 60,52 pa 117,56 

130 2,88 210 74.19 

140 4,81 220 86,63 

ll0°C 0,5 Mrad. Run 3 • 6.4 mg. 

t p t p t p 

20 0,15 100 6 ,34 140 108,23 

40 0,33 105 10.44 145 112.83 

60 0.66 110 17 .78 150 116 , 35 

70 1,08 115 31 ,19 160 120 . 52 

80 1.52 120 50. 28 170 122. 23 

85 1,87 125 71.10 210 125. 99 

90 2 . 70 130 87.66 pf 127.20 

95 4 .10 135 100,95 Pa 129. 62 

115°C 0.5 Mrad, Run 4, 6,2 mg. 

t. p t p t p 

20 0,11 80 9 . 42 100 89,94 

30 0,34 82 12.33 105 106 , 36 

40 0. 60 84 17.43 110 115.09 

50 0,88 86 24 ,49 115 119,88 

TABLE 5 7 cont/ .... • .... 
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TABLE 57 cont. 

t p t p t p 

60 1.35 88 33,39 120 122 . 23 

70 2.75 90 44,03 140 126. 64 

75 4,77 92 55,32 pf 127. 20 

78 6.90 95 69,72 pa 123. 7 9 

12o°C 0.5 Mrad, Run 5. 6,4 mg. 

t p t p t p 

20 0,26 60 11.89 78 100,69 

30 0.62 62 17.50 80 107.03 

40 1,03 64 25,60 85 117,81 

45 1.41 66 36,25 90 123.40 

50 2 , 33 68 49.14 95 125. 29 

52 2,88 70 62,19 100 126.56 

54 4,09 72 73.35 pf 127.20 

56 5.64 74 83,87 pa 126.10 

58 7.99 76 93.45 

125°C 0. 50 Mrad. Run e. 6.5 mg. 

t p t p t p 

10 0,04 43 22.04 52 100,22 

20 0,29 44 31.20 54 110,18 

30 0,89 45 41,96 56 116,50 

35 1,82 46 53,08 60 122.40 

38 3,88 47 62 ,94 65 125,98 

40 6,85 48 71,79 pf 127. 20 

41 10.48 49 80 ,26 Pa 120.3 6 

42 15.10 50 87,67 

105°C 4 ,0 Mrad, Run 7 • 6,4 mg. 

t p t p t p 

5 0,01 65 3 , 95 140 80.16 

10 0.03 70 9. 05 150 88,70 

15 0,06 75 13.76 160 96.16 

20 0.08 80 18.50 180 109,51 

25 0.11 85 23,47 200 117,78 

30 0,16 90 29.0 2 220 122.02 

35 0. 21 95 34 ,71 240 124.60 

TABLE 57 cont/ ... . ••. .. 
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TABLE 57 cont 

t p t p t p 

40 0.29 100 40.90 260 126.34 

45 0.37 105 4 6. 53 pf 127. 20 

50 0,52 110 51,97 pa 115,86 

55 0,68 120 61,93 

60 1,87 130 71,39 

ll0°C 4,0 Mrad, Run 8 • 6.2 mg. 

t p t p t p 

5 0,08 48 16.99 80 98.08 

10 0,11 50 22,04 85 106.20 

15 0,17 52 27.74 90 112.18 

20 0,25 54 34,43 95 116.47 

25 0. 51 56 40,39 100 118,95 

30 0.70 58 46,03 110 121.46 

35 2,39 60 51.22 120 123. 3 6 

40 4.52 62 56.68 140 125. 89 

42 6,79 65 64.25 pf 127. 20 

44 9. 21 70 77.74 pa 128.44 

46 12.60 75 89,24 

ll5°C 4,0 Mrad . Run 9. 6 ,4 mg. 

t p t p t p 

5 0.14 37 22.68 65 94,95 

10 0.18 38 25,64 70 104,23 

15 0,31 40 31.79 75 110,37 

20 0,68 42 37,59 80 115.71 

25 2,49 44 43,87 85 119,27 

28 3,90 46 49,10 90 1 22. 28 

30 5,95 48 54,62 95 124.10 

32 9 , 23 50 60.42 100 125,32 

33 11,33 52 65,64 110 126,46 

34 13,65 54 70,60 pf 127.20 

35 16,41 56 74 , 81 Pa 124. 26 

36 19,66 60 84,58 

TABLE 57 cont/ ... , ....• 
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TABLE 57 cont. 

120°C 4.0 Mrad Run 10. 6,1 mg. 

t p t p t p 

5 0,12 26 29.43 50 110.12 

10 0,38 28 39.46 55 116,97 

15 0.64 30 48,94 60 120.86 

20 5 . 38 32 56,72 65 125.0 2 

22 11.01 35 68,57 70 125.62 

23 15,13 40 85.46 pf 127. 20 

24 19,59 45 . 100. 60 Pa 115.86 

125°C 4.0 Mrad. Run 11, 6. 5 mg. 

t p t p t p 

5 0,31 21 19,96 32 95.63 

10 0 . 51 22 30.23 34 103,74 

12 1,13 23 38,65 36 110.20 

14 1.48 24 46,39 40 119.58 

16 2.15 25 53.91 45 123. 71 

17 2,84 .· 26 60. 52 50 125 , 10 

18 4,25 27 67,01 60 126,51 

19 6.40 28 73.28 pf 127. 20 

20 11,17 30 84.95 Pa 121.85 

TABLE 58 

Dose Tempera- Induction k3 min 
-1 

k7 min 
-1 

Mrad, ture. Period 
oc. (Min.) . 

0.5 100° 130 3,825 X 10-3 
7 . 375 X 10-3 

0,5 105° 90 6,250 X 10-3 6,250 X 10-3 

0.5 110° 10-2 
1, 020 

-2 
60 1.650 X X 10 

0,5 115° 2,420 10-2 . 2.100 
-2 

40 X X 10 

0,5 120° 30 2,950 X 10-2 
2. 520 X 10-2 

0.5 125° 25 5 , 250 10-2 3,795 -2 
X X 10 

------ ---------- ----------~---- ---- - ---- --------------
4,0 10 5° 55 10-3 

4,650 
-3 

7,90 X X 10 

110° 30 
-2 -2 

4,0 1, 7 60 X 10 1,150 X 10 

4,0 115° 20 2, 350 X 10 
-2 

1.225 X 10-2 

120° 3,640 
-2 10-2 

4.0 15 X 10 1,700 X 

4.0 125° 11 6,600 X 10-2 . 2,9 2 5 X 10-2 

(viii) Perc entage / ..•....•• , 
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(viii) Percentage decomposition, 

The percentage decomposition was approximately the 

same as for the decomposition of unirradiated barium azide, 

(ix) Mathematical analysis of the results and evaluation 

of activation energies, 

The acceleratory period is once again described by the 

Avrami-Erofeyev equation with n = 4 
1;.: 

[ - log (1- p - PQ ) l 4 = k t 

i.e. 

pf - Po - 3 
+ c3. •' • • •. • ... • ,(8) 

The degree of fit is « = 0.03 to « 0 , 54 for a dose of 0,5 

Mrad, 

The decay stage is described by the contracting sphere 

equation, viz, 

Pj 1/3 
(1 - pf) = k

7
t + c

7 
..................... . (2) 

The above equations are applicable irrespective of the 

¥-ray dose used, FIGURE 48 shows the p/t plot for the decom-

position of a specimen preirradiated with a dose of 0,50 Mrad, 

The corresponding analyses are also given. 

~he Arrhenius plots of log I.P., log k
3 

and log k
7 

vs 

1/T °K, respectively, gave the following activation energies: 

(a) 0.5 Mrad, 

(i) Induction period 

(ii) Acceleratory period 

(iii) Decay period 

(b) 4.0 Mrad, 

(i) Induction period 

(ii) Acceleratory period 

(iii) Decay period 

-1 
21,90 kcals.oole 

-1 
28,40 kcals.mole 

-1 
27,00 kcals.mole 

-1 
20. 60 kcal s . mole 

-1 
26,80 kcals,mole 

-1 
27. 50 kcal s, mole 

FIGURES 49 and 50 show the Arrhenius plots. 

6. 2. DISCUSS ION/ ••••.••••• 
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6.2. DISCUSSION. 

6,2.1. Unirradiated Barium Azide. 

(i) Mathematical analysis of the pressure-time plots, 

The power law; 

n 
p Ct , ............ . ...... . . . ..... . ...... ( 15) 

where C and n are constan~ has been most commonly applied to 

i . h d 't' f b . ' d l, 3 
the k net~cs of t e ecompos~ 1on o ar1um az1 e, An 

obvious solution of this expression is p = o, t = o. One of 

the features of the decomposition of barium azide using the 

masses normally employed is that it shows an induction period 

during which no measurable amount of gas is evolved . Conse-

quently the method of evaluating n by plotting log p against 

log t where the values of t include those from t = 0 to the end 

of the induction period must be incorrect . In fact unless the 

induction period is non-existent, or very short, the plot should 

be curved. This explains the fact that Harvey1 and Wischin
3 

found that p varies as the 7th - lOth and 6th - 8th power of 

time, respectively , Th d T k . 60 tl omas an omp 1ns apparen y overcame 

this dif fic ulty by applying a "slow growth" correction, y, viz 

p = c 6 
(t-y) •. ~ . .............• . . . ... . .... .. (16) 

The value of n = 6 was c ho sen in the light of Wischin's results 

(s ee later) . It is not possible to det ermine whether y = t 1, 

nor is it possible to determine the extent of applicability of 

this equation from the published r esults. When attempting to 

d e termine the value of n, by adjusting y, its value is very sen ­

si tive to changes in y, as has been demonstrated by Ja~h. 10 

Att empts were made to fit the pressure-t ime plots in the 

manner us ed by Thomas and Tompkins , It was found tha t y is 

approximately 
1~ t 1• However, the plots of p v ers u s (t-y) 6 

are curved and the ext ent of "fit" in the temperature rang e 

ll0°C to 140°C is only~= 0 . 0 2 to~= 0.24 which means that a 

v ery large part of the acceleratory period is not defined by the 

equation/ . . . .•.• • ..•• 
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equation (FIGURE 51). In any case, Thomas and Tompkins follow-

ed only the first 10% to 20% of decomposition. Thus it was 

concluded that the power law in the form of either of the two 

equations above is not applicable to the decomposition of 

ground barium azide. 

The power law describes decomposition occuring at centres 

which are increasing according to a fixed power of time and 

growing 1, 2 or 3-dimensionally, but takes no account of over­

lap of nuclei, or ingestion of nuclei by each other. Avrami
35 

made such allowances and derived the kinetic expression; 

-ln (1 - c() 
n = klOt •. ~ ........ • .. • • • • • .. • .. {17) 

where k10 and n are constants, the value of n being determined 

by whether growth is 1, 2 or 3-dimensional and on the rate of 

increase in the number of nuclei. The equation is usually 

referred to as the Avrami-Erofeyev (A-E) equation, 

In attempting to test the applicability of the Avrami-

Erofeyev equation it should be appli e d in the form: 

[ -1 n ( l - c() ] 
n = ( kll t) •.•••••••••••••••••• ( 18 ) 

or, alternatively, as used in this work, i,e, 

l;n 
[-log(l c()] = k

11
t ..................... (19) 

and integral values of n tried. It was found that the best fit, 

viz. c( :.:::0,01 to c..(= 0,66 is obtained when n = 4, However, if 

n is determined by plotting log [-log(l - c()] against log t wifu 

values of t from t = 0 and drawing the best straight line 

through the slightly curved plot, n varies between 7.7 and 9,4 

<TABLE A). 

TABLE A. 

T emperature t1 n 
oc 

140 15 8.3 

13 5 25 7.4 

130 37 7 ,7 

115 120 8,9 

110 180 9,4 

The v ari ations/ ,, .••••. 
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T . t· . f db E f d S · ·d 114 he var1a 1ons 1n n oun y ro eyev an v1r1 ov in a stucty 

of the thermal decomposition of unir r adiated (n = 7.9 to 12.0) 

and preirradiated (X-rays, n = 3 to 15) barium azide are pro-

bably due to the Avr ami-Erofeyev equation being misapplied in 

the manner described above. 

For small values of c< , log (1-c()::::; c<, and thus c( = k 

4 (t-t1 ) should fit the early part of the main decomposition; 
1;4 

the plot of p versus t is a straight line from c( = 0.01 to 

c< = 0.35 (FIGURE 33). 

(ii) Activation energies. 

Wischin3 found that during the thermal decomposition of a 

dehydrated single crystal of barium azide the following expres-

sions were obeyed, 

r = k
1 2 

t e t e • , 1 1 1 t , • t , , , , 1 , e , t , t , , , , t f t II t , t , ( 20) 

(r = radial growth of a visible Ba nucleus) 

3 
N = kl3 t ..... I •• •••••• •• ••• • • • • ' •• •• • ••••• ( 21) 

(N = number of visible Ba nuclei at time t) 

6 
p = k14t .... . ... . .. .. .. . .... . . . .......... . (22) 

(p = pres sure of N2 evolved over the acceleratory 

period). 

Th e derived activation energies, as determined from the 

plots of log k vs 0 K are 

-1 = 23.5 kcal.mole 

-1 = 74 kcal.mole 

-1 
Ek14 = 16 6 kcal,mole 

It must be point ed out that these last two values are not 

true (or conventional) activa ti on energies since the Arrhenius 

activation energies, E, is obtained from the expression; 

-:EfRT 
k = cons t . e •.. . •.. . .. • . , • • . . . . . . . . . • .. ( 2 3 ) 

where k is a rate constant, i.e. with the dimensions of(time)-1
. 

Cons equentl y/ ... .. •. . 
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Consequently equations (21) and (22) should be written 

lf. 
N 3 ' = kl3t ••..•.•••••.••• ~ ................. ( 24) 

' = kl4t ••..•.••••••••.•••••••.••.• " •.•• ( 2 5) 

and the activation energies should be obtained from the plots of 

' ' 1./r o log k13 or log k 14 versus T K. Wischins values would then 

become; 

Ekl2 23. 5 kcal.mole -1 (radial growth) 

' -1 
Ek13 = 24.6 kcal.mole (nucleus formation) 

' Ekl4 = 27.7 kcal.mole 
-1 

(pressure evolution) 

Similarly, the activation energy obtained by Thomas and 

Tompkins60 using equation (16) reduces from 145 -1 kcal .mole 

-1 to 24,2 kcal,mole • 
-1 

Wischins value of 74,0 kcal,mole for 

nucleus formation was accepted by Mott 57 and Thomas and Tomp­

kins60 and created difficulties in their theoretical specula-

tions. 

When the kinetic expressions are used in their correct 

form it is found that there is a general agreement in the values 

of the activation energies obtained by various workers. These 

values are listed in TABLE B. 

TABLE B. 

Reference Conditions Equation us ed Activation 
energies 
kcal.mole-1. 

This work Unirradiated 
'l./, 

[ -1 0 g ( 1 - o() J 4 26,8 

Irradiate d = k3t + c3 27 .0 
0.5 Mrad. 

Irradiated 26 ,8 
4,0 Mrad, 

This work Unirradiated 26 .1 

Irradiated 1;3 28,4 
0,5 Mrad, ( 1-o() = 
Irradiat ed k7t + c 27.4 
4,0 Mrad, 7 

Irradiated u.v. 25,0 

TABLE B cont/ ..•......• 
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TABLE B . cont . 

Reference Conditions Equation used Activation 
energies 

-1 kcal.mole . 
This work Unirradia ted 26 . 5 

Irradiated 21.9 
0,5 Mrad. ti(for c( = 0. 005) 

Irradiated 20.6 
4,0 Mrad, 

Irradiated u.v. 23 .1 

This work Irradiated u.v. [ -log(l-«) ].Lf6 27.7 

= k4t + c4 

Wischin 3 Unirradiated kl2 t 23,5 r = 
1/3 

I 
N = kl3t 24.6 

1; 
t p 6 -- kl4t 27,7 

Harvey 1 Unirradiated log - 21,0 p -
k2t + c2 

Thomas and Unirradia ted p lj6 = C(t-y) 24.1 
Tompkins60 

y ::::: k 29,0 

Erofeyev Unirradi a ted t for c( = 0,25 26,7 
and 
8 - . d 114 Unirradiated t for c( - 0,02 29,5 v1r1 ov -

Irradiated t for c( = 0,25 29.0 
X-rays, 

(iii) Mechanism of thermal decomposition. 

(a) Nucleus formation, 

A theoretical treatment of nuclear formation involving 

the production of a nucleus, either by alternate trapping of 

++ . 57 conduction electrons and interstitial Ba 1ons , or the bi-

181 molecular aggregation of interstitial atoms , h as been made. 

However these theories have been reject ed by Thomas and Tamp-

kins 60 as i mprobable. Instead they propose that two adjacent 

azide groups on the surface of the crystal are electronically 

excited by receipt of s uffi c i ent thermal energy and decompose 

to give nitrogen. In order that the overall experimental ac-

-1 3 tivation energy of 74 kcal.mole (Wischin ) should not be ex-

ceedcd it was/ ........... . 
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ceeded it was suggested that a positive hole is formed by the 

ejection of an electron into the conduction band of the crystal 

followed by the trapping of the positive hole at some surface 

defect. If an adjacent azide ion receives sufficient thermal 

energy to create an exciton this reacts with the positive hole 

to give 3N2 . The first excitation process is considered to be 

rate determining; i.e. the overall experimental activation 

-1 
energy of 74 kcal,mole will not be exceeded, The remaining 

complex dissociates to give a free F-centre and a vacant anion 

site, 
49 

The F-centre~ aggregate as in Mitchell's theory form-

ing double F-centres which are regarded as nuclei. 

However, the estimated thermal energy for the ejection of 

an electron from the azide full band to the conduction band is 

-1 64 approximately 70 kcal.mole . This is considerably more trum 

the true (corrected Wischin value) activation energy of 24.6 

-1 
kcal,mole • 

57 Mott has suggested that there is a slow evaporation of 

nitrogen from the surfaces of barium azide crystals which is 

constant at constant temperature and that, as a result of this 

evaporation, barium atoms are left on the surface in a number 

proportional to time. Although there is no experimental evi -

denc e that it occurs in the case of barium azide there is ample 

evidence that it occurs in potassium and sodium azide15 and 

mercury fulminate
182 

during the "induction period". The ex-

periments done in this work indicate that it is likely that if 

this slow decomposition takes place in barium azide the nitrogen 

is adsorbed on the surface of the particle. 

An emergent edge dislocation, either isolated or in a 

grain boundary te~minating at the s ur face , will have a core 

near which the lattice is severely strained and thus this region 

will be one at which decompositions will be favo ur ed . S. hl83 l.ng 

has discussed mechanisms for preferential decomposition at the 

surface during the slow thermal decomposition of mercury ful-

minate crystals. Etch pits on the surface produced during 

decomposition/ .. , .....•..• 
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decomposition were supposed to occur at points where edge dis-

locations emerged. 
184 Similarly Dreyfus and Levy showed that 

decomposition of potassium azide during Y-ray irradiation occurs 

preferentially at steps produced artificially by subjecting the 

crystal to shock or strain . Such steps will contain a large 

number of disl ocations. 

The stresses induced in barium azide during the prepara-

tion used in this work (dehydration and grinding) will have 

generated a large number of dislocations which will have grouped 

to form high angle grain boundaries. The crystal structure 

of barium azide is not known but it is likely to be similar to 

strontium azide185 which has a layer structure (the azides of 

sodium, potassium and silver also possess layer structures), 

It is highly probably that a large number of the incomplete 

planes of the edge dislocations in an emergent grain boundary 

will contain only azide ions or Ba2+ ions, The decomposition 

of two adjacent azide ions at the core of a dislocation will be 

167 favoured, particularly if they both lie on the surface , De-

compo s ition will produce a barium atom and 3N 2 . It is assumed 

that the latter are adsorbed on the sur~ace, The dislocation 

will then climb along the surface (and also down the core) pro-

ducing barium atoms which, initially, will be at the inter a tomic 

spacing in the azide which is greater than in barium metal. 

When a critical concentration of barium atoms i s reached a 

barium met a l speck will c rystallize to form what is now con-

sidere d to b e a"nucleus '' and will have the electronic proper-

ties of the metal. At this stage growth proper will begin 

( see below) and the reac tion will accel erate, reaction occuring 

at a rapidly expanding metal/salt interface, 

It se ems clear from the exp e riments with water vapour, when 

th e barium atoms or metal specks were destroyed, that the in-

duction p eriod and the subsequent nuclear growth a re def initely 

related to the presence of barium . De struction of barium atoms 

during the induction period returns the reaction to zero time 

and this process/ , . .. ...••.• 
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and this process can be repeated many times indicating a slow 

surface decomposition. Obviously from FIGURE 29 plot D, when 

the "emergent" grain boundaries are covered by the product of 

reaction between barium and water, decomposition of the surface 

azide ions is practically undetectable. This is probably due 

to the fact that any additional vibrational energy which these 

azide ions aquire thermally, and which might lead to decomposi-

tion 1 can be transferred to the product, i.e, the azide ion is 

no longer an ion at a "free" surface. 

The concept of nuclear formation given here is thus, in 

essence, similar to that of Thomas and Tompkins except that it 

is considered that barium atoms are formed when the nitrogen is 

evolved whereas they propose that two F-centres aggregate to 

form a "nucleus", after evolution of nitrogen. Such a centre, 

however, will not constitute the metal speck which they assume 

to be necessary for continuous decomposition, i, e , growth, 

Such a centre would probably not be destroyed by water vapour. 

Previous visual observations of barium nuclei formed dur-

ing the decomposition of d e hydrated single crystals have shown 

. 1 3 170 that the nuclei are approximately spher1cal. ' ' If the 

nuclei in this study also grow thre dimensionally then the 

applicability of the Avrami-Erofeyev equation and p = k(t-t1 )
4 

indicates that the nucl ei are formed linearly with time i.e. 

the crystallization and formation of nuclei of barium metal 

occurs linearly with time, If the rate of initiation of climb 

at an e dg e dislocation decreases slowly with time but is appro-

ximately constant during the induction p eriod , and if the size 

of the nucleus when it is first formed is also constant, the n 

the deduced rate of nucleation will result . The decrease in 

k 3 , after "water interruption(s)" is associat ed with a d ecrease 

in the number of nucle i formed, or in the process of for ming at 

the end of the induction period, the original ones having been 

destroyed. · The apparent approximat e constancy of the time 

taken for «to reach 0.005 in plot E of FIGURE 29 is probably 

due to the/, .•...•.... 
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due to the difficulty in distinguishing, by pressure measure-

ments, between say ~ = 0.005 and ~ = 0.0025, The reason for 

the lower pf is discussed later in connection with the preirra-

diated salt, 

Harvey1 was unable to determine the rate of nucleation by 

visual observations, but Wischin3 found that the number increas-

ed as a power of time between 2.5 and 3 ,5. Bartlett et a1170 

observed a dependence involving the third power of time. The 

difference between the deduced rate of nucleation in this work 

and the third power relationship is probably associated with 

the use by the above workers of carefully grown, fairly perfect, 

single crystals whereas in this work rapidly precipitated crys-

tals which were ground to a powder were used, 

Thomas and Tompkins 60 attribute the induction period as 

being due to partly, if not wholly, the slow growth of nuclei. 

Wischin3 states that when the plot of the radius of the largest 

nucleus against time is extrapolated to r o, the extrapola-

tion intersects the time axis very c lose to t = o. Her plots 

of r versus t (FIGURE 3 of the publication) do not bear this 

0 0 out for the decompositions at 100 C and 115 C. Extrapolation 

of similar plots by Bartlett et a1, 170 show too that growth 

does not begin at the commencement of h eating. The visual ob-

servations done support this in that at the commencement of the 

acceleration (using 3.0 g of salt) the powder is still white 

and no nuclei are observable und e r low magnification (x40). The 

salt begins to darken immediately gas is detectable. 

(b) Nuclear growth. 

I 15 
n potassium azide the rate of emission of nitrogen 

measured in vacuo, so that the nuclei evaporate at once , is 

several thousand times l ess than in potassium vapour. Obvious-

ly contact between the metal and azide catalyses the r eact io n , 

Similarly the destruction of barium metal specks during the 

early part of the acceleratory period destroys growth and re-

turns the reaction to zero times. It would appear further 

that the metal/ .... . , ..... . 
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that the metal must be intimately incorporated in the particle 

since mixing the salt with the end product of decomposition viz. 

Ba, has no effect on the decomposition. Mott
57 

and Thomas and 

60 Tompkins have stated that less energy is requir ed to transfer 

an electron from the full band to the lowest vacant level of 

the metal nucleus than to eject it into the conduction band of 

the cry s t al . Consequently they assumed that growth occurs by 

the creat ion of an azide positive hole which reacts with an 

adjacent azide ion which has received sufficient thermal energy 

to raise it to an exciton level or, alternatively, with an azide 

ion whenever sufficient activation energy is available. It is 

considered that the latter is most probable since the energy 

required to raise an azide ion to an exciton level is approxi-

-1 64 
roately 50 kcal.mole . Matt and Thomas and Tompkin s identi-

fy the activation energy for growth i.e. leV with the energy 

difference of the electron in the full band and in the lowest 

level of t he metal, After liberation of the nitrogen the freed 

electrons are trapped in the newly formed anion sites forming 

an F-centre complex which is bound to the nucleus, On attaining 

a cr it ical size the aggregate collapses to yield barium atoms 

which add on to the nucl e us, The results obtained in this 

work support this mechanism of nuclear growth in that the "cata-

lytic" importance of the barium metal has been shown. 

lf nucleation occurs only on the surface of the particl e s 

then the decay stage of the reaction, when the nuclei have so 

overlapped as to form a continuous interface with the salt, 

corresponds simply to the penetrat ion of this interface into the 

particles. One ther e fore expects a cont racting sphere formula 

of the typ e us e d here, viz. e qua tion 2 t o hold. 

6,2,2. Prei rradiated CY-ray s) Barium Azide. 

Erofeye v and Sviridov
114 

ob served a decrease in the 

length o f the induction p e riod and an increase in t he maximum 

velocity on preirradiation of barium azide with X-rays (Fe cath-

ode, 35 kV, 14 mA)/ .. ..... .. 
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ode, 35 kV, 14 mA) in dry air. No decrease of the irradiation 

effect took place aft e r six months, Similar effects were 

found by Osinovik
171 

and Groocock and Tompkins
9 

using fast elec-

trons, The latter found that preirradiation did not affect the 

exponent in the power law (equation 16) , These results are 

in general in agreement with the results obtained here for the 

decomposition of preirradiated <Y-rays) barium azide, However, 

as indicated, Erofeyev and Sviridov failed to obtain a satis­

factory analysis of their pressure-time plots using the Avrami-

Erofeyev equation, 

been suggested. 

The possible reason for this failure has 

The significant features of the decomposition of preirra-

diated barium azide as the Y-ray dose is increased, are; 

(i) the induction period is progressively shortened, 

(ii) the value of the rate constant, k
3

, in the Avrami­

Erofeyev equation increases but the exponent n remains at 4, 

(iii) the onset of the decay reaction commences at snaller 

~ values, 

In addition, the r e is a change in the ionic conductivity 

of a preirradiated pellet compared to that for an unirradiated 

pellet. The activation energy for the ionic (anionic) con-

ductivity is unchanged. 

The facts that the same kinetic e xpr essions apply in the 

acceleratory and decay period and that the relevant ac tivation 

energies agree, indicate that the mode of thermal d ecompo sition 

during these phases of the reaction is unchanged by preirra­

diation, but that reaction now proceeds from many more nuclei, 

There is, however, a difference in the processes occurring 

during the induction period, This conclusion is supported 

by the lower activation energy (derived from t i) for preirra­

diated salt and is confirmed by the fact that r e action of 

preirradiated salt occurs with irradiated barium az ide which 

is almost coated with the product formed from th~ reaction of 

barium with water, Unirradiated barium azide once coated with 

the product/ ..• . ...•. ,, 
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the product ceases to decompose . A comparison of the plots 

FIGURE 45G and FIGURE 29 D illustrates this point. 

Previous work has indicated that in the solid phase azide 

X 186 radicals are formed during bombardment by -rays and 

v 184,187,109 , -rays . Kaufman187 showed that nitrogen was li-

6 
berated from «-lead azide with Y-ray doses greater than 10 r 

and Hea1 186 generated nitrogen by bombarding sodium azide crys-

tals with X-rays. ~ . 188 h 
~lectron spin resonance stud1es s ow 

that nitrogen atoms are produced by Y-ray irradiation but are 

short lived above -170°C . 

Irradiation of a solid with h i gh e nergy Y-rays is, in 

e ff e ct, an inte rnal bombardmen t by elec t rons varying in vela-

city from v e ry fast to v e ry slow and the po s sibl e r eaction s i n 

th e solid are nume rous. The following chang e s ar e possibl e 

in barium azid e during irrad iation : 

+ e 

ill+ e -+ F 

where W anion v acancy 

ill cat ion vacancy 

F = F - cent re 

·* N; ., excited state ( internal excitation o r a n 

exciton), 

Thus , t h e b ari um azi d e afte r irradi at io n ma y c o n t ain n i tro-

g e n, cati o n a nd a n io n vacan cies , a nd F cen tre s. The increase 

i n c ond uc ti v ity , but wit h n o sign ificant c h a n ge in the activa-

t i on e n e r gy , i n d ica t es t hat a nion v ac ancies are f o r med. By 

a nctl o gy with/ . . , .. . , •... 
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andlogy with irradiation effects in sodium and potassium 

azides and the alkali halides, and from the buff colour of the 

salt after a heavy Y-ray dose, it is almost certain that there 

is a high concentration of F-centres after irradiation, 

Nucleation may occur throughout, or on the surface of the 

particle as with the unirradiated salt, The lower inflexion 

point of the pressure-time plots for irradiated salt, and the 

steady fall in this point with increasing Y-ray dose, is in-

dicative of surface nucleation, if one assumes that with in-

creased dosage more nuclei are created but that the nuclear 

growth rate is constant. 

The effect of irradiation on the subsequent thermal de-

composition is considered to be associated with the production 

of F-centres. During the induction period these will aggre-

gate and collapse to form barium atoms. The collapse could 

occur, 

(i) within the particle after which the barium atoms 

would migrate along grain boundaries and accumulate on the 

surface where they would crystallize to form barium nuclei, or 

(ii) at the surface, after the F-centres have migrated 

there and aggregated - crystallization occurring after collapse . 

Mitchell 49 assumes that migration of an F-centre occurs 

as a result of a moving anion vacancy coming to within a few 

lattice sites of it. The electron may then jump across (by 

tunnel effect) and the original site diffuse away, The activ-

at ion energy should thus approximate to that for the movement 

of an anion vacancy; in this approximately 12 kcal,mole -1 case . 
Scott et 1189 

a ' however, find that the activation energy for 

migration of F-centres in additively coloured potassium chlo-

ride is 0.43 eV, as comp a red with a value of 1 . 5 eV for the 

activation energy for the migration of anion vacancies. 

If the activation energy d e rived from the variation of t 1 
-1 

with temperatur e (21.3 kcal.mol e ) represents the energy for 

the slow stage during the nucleation period then it appears 

that (i) above/ •........•. 
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that (i) above occurs. The activation energy for the migra-

tion of barium atoms in barium azide has been est i mated at 

-1 59 20-25 kcal.mole which supports this conclusion. 

The effects of admitting water vapour show that the nuclei 

are on the surface and that, as with the unirradiated salt, the 

metal is essential for the propagation of the decomposition, 

The increase in the duration of the induction period on succes-

sive interruptions (FIGURE 47 plot F) may be interpreted as a 

steady consumption of the F-centres (which must be quite con-

s i derable in number) si n ce there is a marked lengthening of the 

time required for ~ to equal 0,005, When the reaction is 

a llowed to accel e rate in this instance, it i s probably ma inly 

the normal unirradiated decomposition which o c curs . The fact 

that 53% of the salt was unde c omposed at the end of the run may 

be due to the c omplete removal of pote ntial nuclear sites on 

the surface of a number of small particles. This would, in 

turn, indicat e that with pr e irradiated salt aggregation of 

barium atoms, fol l owed by recrystallization, takes pl a ce at 

sites wher e the nucle i would form with unirradiated salt, which 

is h i ghly probabl ~ . The absence of an apprec iable rate of de-

composition after in t erruption in the decay reac tion (FIGURE 47 

plot E) sho ws t hat at this stage all F- centres are consumed and 

most nuc l e ation sites are destroyed. 

6 , 2 , 3. Preirradiated (Ultra-Violet Light) Barium Azide, 

Preirradiation by ultra-violet light decreases 

t h e dur atio n o f t h e ind uction period a nd inc r eases the r ate of 

t h e therma l decomp os i tion ov e r th e a c c e l erat or y period . The 

d ecay r eaction is rel atively unaffe c ted, Th e s e effect s are 

not near ly as marked as t h e corr espo nding c h a n ges a f t e r ¥-r ay 

ir r a di atio n , Th ere i s a l so a ste ady and s ub s t an ti al fal l i n 

the i nfl exion p oint wi t h increasing do s e . Th e e xponent, n, in 

the Avr a mi-Er ofeye v e qua t ion increases fr om 4 to 6 af t er irr a -

d iat i on. Th e decay e qua ti on is u ncha nged, Th e sal t devel o p s 

a b uff col our / ... . ..... . . . 
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a buff colour and after prolonged irradiation the final pres-

sure in the thermal decomposition is considerably lower than 

normal, indicating that photolysis has taken place. 

Irradiation after interruption of the normal decomposition 

of unirradiated salt is only effective at low « values (FIGURE 

38). This is due to the fact that the product layer on the 

surface will screen the unreacted azide from the ultra-violet 

light, The buff colour is indicative of F-centre formation, 

and it is suggested that the effec~ of irradiation are similar 

to those for r-ray irradiation, F-centres formed will aggre-

gate and collapse on heating to give barium atoms. These will 

migrate and accumulate at favourable sites, such as steps on 

the surface or emergent dislocation edges, where they will 

crystallize to give metal nuclei . Nuclear growth will then 

proceed by the same mechanism as for unirradiated barium azide. 

The activation energy for t he induction period, 23.1 kcal . 

-1 
mole , is different from that for the unirradiated salt (26.5 

-1 
kcal.mole ) and is close to that for the decomposition of un-

-1 
irradiated (0.5 Mrad) salt, namely 21,9 kcal.mole . On sue-

cessive interruptions with water vapour the duration of the in-

duction period increases markedly and approaches the unirradia-

ted value in a manner analogous to the ¥-irradiated salt, where 

this is due to the steady c onsumption of F-centres. The acce-

leratory and decay period activation energies remain unaltered 

(within e xperimental e rror), as would be expected, 

The increase in the exponent n in the Avrami-Erofeyev 

e qua t i on, fr om 4 - 6, is a c count e d f or if o n e ass ume s that 

aft e r irrad i a tio n the number of nu c l e i no lon ger inc r eases 

lin e a rl y with t ime, but with t he c ub e of t h e t ime. Thi s is 

t h e val ue ob taine d b y Wi sch i n 3 in wo rk o n si ngl e c r ystal s o f 

b a rium a zid e , Th e lin e ar r a t e i s res tor e d a ft e r "wa t er in -

t e rrupt i on s due to t h e c o n s umpt i on of a l a r ge number o f 

F -ce nt res a t th e po i nt of i nt erruption. 

Th e s harp f al l i n t he inflexi o n point c an b e a ccounte d 

for in two/ ... . ... . .. . 
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for in two ways, Firstly the large increase in the number of 

nuclei, which are formed only at the surface, will result in 

rapid surface coverage and the decay reaction will commence 

before appreciable penetration of the nuclei into the interior 

of the particles. Secondly, since photolysis occurs at high 

doses, there will probably be some portion of the surface 

covered with barium hydroxide or barium carbonate, Thus, when 

surface coverage is complete, a smaller fraction will have de-

composed. As the fall in the inflexion point is very marked, 

~i = 0,60 for unirradiated salt and~- = 0,27 after a dose of 
l. 

90 minutes, a combination of both factors is likely, 

7 • THE THERW.AL I . . . . . . . . . . . 
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7 . THE THERMAL DECOMPOSITION OF STRONTIUM AZIDE. 

7 . 1. RESULTS. 

7.1.1, Preparation, 

Six grams of strontium hydroxide (A,R.) were dis-

0 
solved in a minimum quantity of water at 35 C. Hydrazoic 

aciJ 90 (3%) was added to the resulting solution until it.·was 

just acid to phenolphthalein (external indicator). The solution 

was then evaporated to dryness, the pH being kept just acid by 

the addition of hydrazoic acid, The resulting precipitate of 

strontium azide was then dried for 48 hours over P20
5 

in a 

vacuum dessicator with constant pumping, after which it was 

finely ground, The salt was stored in vacuo over P
2
0 5 , In 

all subsequent handling light was excluded. 

7.1.2. Unirradiated Strontium Azide, 

(i) Reproducibility, 

7,5 mg. of salt were used in each run. Three consecutive 

0 
runs were done at 140 C. The results are given in TABLE 59, 

The reproducibility was satisfactory. In each run the indue-

tion period was 22-23 min, The rate constants, k
5 

and k
7

, 

(equation 10 and 2) for the acce1eratory and decay periods, 

respectively, were as follows: 

( i) 
-2 Acce1eratory period: 1.426, 1,406 and 1,406 x 10 

1/3 -1 
cn,Hg min r ~gpcct ivc1y. 

(i i ) Decay period: 9,75 x 10-
3

, 1.11 5 and 1,115 x l0-
2
min:1 

respectively 

TABLE 59, 

140°C Run 1. 7.6 mg • 

t p t p t p 

5 0.04 38 25,98 70 112 . 54 

10 0,04 40 34. 20 75 115.86 

15 0 . 07 42 42,52 80 119. 27 

20 0. 35 45 55 , 53 85 121. 50 

TABLE so cont/. , .•...•.• 



t p 

25 1,67 

30 5. 92 

32 9,01 

34 13,31 

36 18,90 

14o°C 

t p 

5 0,05 

10 0,05 

1 5 0.09 

20 0,29 

25 1.45 

28 3.13 

30 5.18 

32 8.06 

34 11.94 

36 17.0 2 

140°C 

t p 

5 0.04 

10 0.07 

15 0.10 

20 0. 29 

25 1. 28 

28 2.96 

30 4 . 87 

32 7.84 

34 11.87 

36 17.18 
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TABLE 59 cont. 

t p 

48 66,85 

50 74,24 

55 89,19 

60 99,75 

65 107,12 

Run 2, 

t p 

38 23,25 

40 30,16 

42 37.31 

45 47.77 

48 58,70 

50 65.0 2 

55 78.63 

60 8-9. 94 

65 99,31 

70 106,38 

Run 3. 

t p 

38 23.47 

40 30,15 

42 37,66 

45 48,22 

48 58,84 

50 65 . 20 

55 78,89 

60 90.78 

65 99.72 

70 1 06,82 

t p 

90 123.79 

95 124.94 

100 126.10 

pf 127.20 

Pa 127. 27 

7.7 mg. 

t p 

75 112,12 

80 116,56 

85 119,47 

90 123 . 01 

95 125. 40 

100 126. 60 

pf 127. 20 

Pa 118. 64 

7.6 mg. 

t p 

75 112.45 

80 116.48 

85 119,99 

9 0 122. 9 6 

95 125,36 

100 126 . 57 

pf 127.20 

Pa 117.54 

(ii) Effect of interrupting a decomposition. 

A series of decompositions was done where the decompositi on 

was interrupted, the salt a llowed to cool, and then kep t in 

v ac uo at 25°C for one hour before continuing with the run , 

Inte rruptions were done h alf way along the induct ion period, at 

the end/ ......•. . ... 
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the end of the induction period, and at ~ = 0.13, 0,31 1 and 

0,61, respectively, The results are given in TABLE 60, and 

from these it is seen that there was no effect on the subse-

quent decomposition apart from a short time lag necessary for 

reheating, The decomposition temperature was 125°C in all 

cases. 

TABLE 60 

125°C Unirradiated blank, Run 1. 7. 6 mg. 

t p t p t p 

20 0,11 115 16.4 6 190 98,52 

40 0.18 120 21,89 200 104,52 

60 0. 3 2 125 28.10 220 112,98 

70 0.49 .130 34,76 240 118,80 

80 0,71 140 48,69 260 122. 98 

90 2. 21 150 61.52 28 0 125. 41 

100 5,41 160 73,51 300 126. 59 

105 8,22 170 83,57 pf 127. 20 

110 11,98 180 91.67 pa 116.42 

125°C Run 2, 7.6 mg. 

t p t p t p 

20 0.04 110 8,71 200 102.41 

40 0,06 120 16,47 210 106,72 

Interrupted 130 28,34 220 111.12 

50 0.0'7 140 41,35 240 117.31 

60 0,10 150 55,23 260 121. 35 

70 0,25 160 67.61 280 124.14 

80 0. 63 170 78,41 300 126.48 

90 1.74 180 88 . 0 2 pf 127 . 20 

100 4.01 190 95,59 Pa 122,64 

125°C Run 3 • 7.5 mg. 

t p t p t p 

20 0,02 120 10,53 210 104.52 

40 0.04 130 19. 20 220 108.99 

60 0. 21 140 31,04 24 0 115,87 

70 0,42 150 44,27 260 120.58 

TABLE 60 con t/ ... . .... ' .. , . 



t p 

80 0,64 

Interrupted 

90 0,84 

100 1,83 

110 4.80 

125°C 

t p 

20 0 . 05 

40 0.09 

60 0,31 

70 0,57 

80 1.53 

90 3,76 

100 8,84 

108 16,26 

Interrupted 

110 I 16.27 

125°C 

t p 

20 0,08 

40 0 , 14 

60 0.23 

70 0,40 

80 0,85 

90 1,95 

100 4.34 

110 8,42 

120 15 , 65 

130 26,45 

125°C 

t p 

20 0.13 

40 0,22 

60 0 , 42 

70 0,67 
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TABLE eo cont. 

t p 

160 57,35 

170 70.30 

180 81 ,60 

190 90.12 

200 97.99 

Run 4. 

t p 

115 17.7 2 

120 23,12 

130 37.99 

140 52.83 

150 66,75 

160 78,86 

170 99,66 

180 98,09 

190 105 .08 

200 110,38 

Run 5. 

t p 

140 40,06 

Interrupted 

145 40 . 69 

150 45,45 

160 59.46 

170 73 .11 

180 84 , 23 

190 93,43 

200 101,22 

210 106,90 

Run 6 . 

t p 

140 38.26 

150 52,07 

160 65,36 

170 78,22 

t p 

280 123. 56 

300 125,38 

320 126,59 

pf 127.20 

Pa 116,42 

7.6 mg, 

t p 

210 113.83 

220 116.84 

230 119.39 

240 121.44 

260 124. 57 

280 126 .15 

pf 127.20 

Pa 134,12 

7,5 mg. 

t p 

220 112,17 

230 116 . 26 

240 119.52 

260 122. 8 4 

280 124.77 

300 126,22 

pf 127. 20 

pa 122.46 

7. 5 mg, 

t p 

220 109 .45 

230 113,52 

240 117,15 

250 119,61 

TABLE 60 cont/,, ..•..•. 



t p 

80 1 ,00 

90 1,99 

' 
100 4,25 

110 8.58 

120 15,69 

130 25,46 
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TABLE 60 cont. 

t p 

Interrupted 

175 78,80 

180 82.70 

190 91,83 

200 98,74 

210 104,79 

t p 

260 122.04 

270 123. 4 9 

280 125,33 

300 126. 4 5 

pf 127. 20 

115.72 
t 

pa 

(iii) Effect of admitting water vapour onto the salt in an 

interrupted decomposition. 

A series similar to the above was done but in each case, 

on interruption, the line was pumped hard and water vapour 

{17,0 mm. pressure) was admitted onto the salt at room tempera-

ture, for ten minutes. The water vapour was then pumped off, 

and the run continue~ after pumping for one hour. Interrup-

tions were done at similar points on the p/t plot as in the 

above series, and, in addition, a run was done where successive 

interruptions were performed at the end of each new induction 

period, The latter point was that time at which the pressure 

-3 rose to 0.60 x 10 cm.Hg i.e. « = 0,005. The temperature for 

all experiments was 130°C, The results are given in TABLE 61 

and illustrated in FIGURE 52. From FIGURE 52 it is seen that 

the effect of ttwater interruptions" is to regenerate a further 

induction period of approximately the same duration of time as 

the original one, followed by the usual acceleratory and decay 

periods, but with lower rate constants. Repeated interrup-

tions at the end of each induction period (FIGURE 52) shows 

that the induction period can be repeated a large number of 

times after which a normal p/t curve is obtained, with slightly 

slower rate than normal. 

The above points are illusted in TABLE 62 where the 

acceleratory rate constants, k
5 

(equation 10), and the lengths 

of the induction periods are listed , 

A constant/ .........• 
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A constant mass of salt was used in all the above experi-

ments and it can be seen that the final pressure is always 

lower for an i n terrupted run than for an uninterrupted one, 

The lost gas can be regained by heating the salt at 300°C in 

vacuo. 

TABLE 61. 

130°C Blank run Run 1. 7,6 mg. 

t p t p t p 

20 0.09 80 15.18 150 103.48 

30 0.14 85 22.16 160 109.62 

40 0 , 32 90 30.16 170 114,78 

50 0. 61 95 38,72 180 118,87 

55 1 , 11 100 46,11 190 121. 84 

60 2.13 110 61 , 56 200 123.64 

65 3,69 120 74,95 210 1 25.11 

70 6. 20 130 86.62 pa 125,40 

75 9,85 140 95.92 

13o°C Run 2, 7.6 mg. 

t p t p t p 

10 0.07 95 4,61 160 74.69 

20 0.08 100 7.10 170 80.15 

25 0.10 105 10,46 180 86,77 

Water Interruption 110 14.86 190 91.65 
' 

30 0.11 115 20. 27 200 05,66 

40 0,12 120 26.78 210 98.7 2 

50 0,13 125 33.59 220 101,31 

60 0.15 130 39,86 230 103,93 

70 0.27 135 4 5. 96 240 106.05 

80 0 , 97 140 52,49 250 107.12 

85 1.67 145 59.45 Pa 107.66 

90 2,74 1 50 65.17 

130°C Run 3. 7.7 mg. 

t p t p t p 

10 0.1 3 105 1.67 165 78.76 

20 0,19 110 2.74 170 84.37 

30 0. 27 115 4.72 180 93,65 

TABLE 61 con t/ .. . ..... , .. 



t 

40 

45 

50 

Water 

60 

80 

90 

95 

100 

130°C 

t 

10 

20 

30 

40 

50 

55 

60 

65 

70 

71 

Water 

80 

130°C 

t 

10 

20 

30 

40 

50 

55 

60 

65 

70 

75 

80 

85 
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TABLE e1 cont. 

p t p 

0,45 120 8,10 

0 , 52 125 13.12 

0,62 130 19,81 

Interruption 135 28,41 

0. 63 140 37,29 

0,66 145 46,66 

0,70 150 55,53 

0,77 155 63,92 

1,07 160 71 , 59 

Run 4. 

p t p 

0,08 90 8,13 

0,10 100 8,14 

0,11 110 8. 21 

0.22 120 8,52 

0.73 130 9,23 

1,30 140 11,28 

2,41 150 15,48 

4,28 160 22,37 

7.24 170 31,26 

8,10 180 40. 50 

InterruptJ.r l9o 49.28 

1 8.13 . 200 57,30 

Run 5. 

p t p 

' 
0.07 100 21.60 

0,13 105 21.74 

0,17 110 21,90 

0,29 120 22, 18 

0,77 1 30 22 .75 

1. 42 13 5 23,31 

2 , 25 140 24,04 

3,86 145 25,28 

6 ,17 150 27,38 

9,32 155 30 ,22 

13,69 160 33,96 

19,57 165 3 8. 3 5 

t p 

190 99,73 

200 103,93 

210 107,12 

220 109 , 27 

230 111.45 

240 113 , 09 

250 114. 20 

260 114,41 

Pa 114.75 

7.6 mg. 

t p 

210 63.63 

220 69,57 

230 74,95 

240 78,82 

250 82 , 34 

260 85.50 

270 87.78 

280 89 , 18 

290 90,11 

Pa 90,58 

7.6 mg. 

t p 

185 59,14 

190 64. 40 

200 7 5. 21 

210 83.0 8 

220 89.77 

230 92,01 

24 0 99,98 

250 103,23 

260 106.06 

270 107,98 

280 109,43 

290 110,56 

TABLE 61 cont/ .••...•• 
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86 

Water 

90 

130°C 
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10 

20 

30 

40 

50 

55 

60 

65 

70 
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t 

10 

20 

30 

40 

50 

60 

65 

70 

75 
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85 

90 

95 
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TABLE 61 cant, 

p t p 

21.21 170 43,88 

~nterrupti~n 175 49,35 

21.32 180 54. 21 

Run 6. 

p t p 

0,02 95 3 6. 04 

0,03 100 44,56 

t p 

Pa 110,90 

7,6 mg. 

t p 

190 72.70 

200 81,22 

0,05 Water Interruption 210 87.76 

0. 24 110 44,66 220 92,65 

0. 60 120 44,83 230 95,56 

1,18 130 4 5 .o 2 240 97.81 

2,17 140 45.25 250 99,33 

3,77 150 46.11 260 100,48 

6,30 160 48,13 270 101. 26 

9,80 165 50 .35 280 101.64 

14,47 170 53 ,89 Pa 10 2. 04 

20,50 175 58,25 

27 .84 180 62 , 57 

Run 7 . 7.6 mg. 

p t p t p 

0,19 110 54,'76 260 87.32 

0,31 115 61,87 270 88,94 

0.45 120 68 , 13 280 90,33 

0.60 125 75,35 290 91,43 

0,82 130 78,31 300 92.77 

1.48 Water Interruption 310 94.19 

2,25 170 78.63 3 20 95.45 

3,66 180 78,91 330 9 6. 31 

5,79 190 79,18 340 97.20 

9 , 32 200 79 , 72 370 100.48 

14.66 210 80,41 380 101.47 

21.69 220 81 , 40 390 101.97 

30 . 37 230 82 . 59 400 102,48 

39. 21 240 83,97 410 10 2. 99 

47,37 2 50 8 5. 54 Pa. 103.24 

TABLE 61 cant/ ........ . 
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TABLE 61 cont 

l30°C Run 8 . 

t p t p t 

10 0,05 150 2,00 285 

20 0.09 155 2,15 290 

30 0.13 160 2. 42 295 

40 0 , 22 Water Interruption 300 

45 0.45 180 2,46 30 5 

48 0 . 61 190 2.59 310 

Water Interruption 195 2,74 315 

so 0,93 200 3,03 3 20 

85 1,13 Water Interruption 330 

88 1. 21 210 3,07 340 

Water Interruption 220 3,10 350 

100 1. 23 230 3,30 3 60 

110 1 ,33 235 3,55 370 

115 1,45 237 3.84 380 

120 1,79 Water Interruption 390 

122 1 ,83 250 4,16 400 

Water Interruption 260 4,82 410 

130 1.85 270 6.38 420 

140 1 ,87 280 10,34 pa 

TABLE 62, 

Point of k5 
lj3 

min 
-1 

I nduction Number em 
Inte rrup- Period of 
tion. Min, Interrup-

tions, 

Uninter - 6.207 X 10-3 
52 0 

rupted 
I; 

a long 5 , 26 10-3 
5 0 1 2 X 

I .P . 

End of 6,225 X 10-3 
48 2 

I .P. 

« = 0,06 4. 920 X 10- 3 52 3 

c( 0,17 5. 0 5 
-3 = X 10 30 4 

(;.( = 0 , 36 5 , 30 X 10-3 
40 5 

-3 
ex: = 0.62 1 . 65 X 10 50 6 

5 conse- 6,10 X 10-3 25 
c ut i v e 

7.6 mg. 

p 

13.93 

19.11 

25 , 82 

33,16 

40.30 

48,20 

55.40 

61,51 

7 2. 63 

81 . 49 

87,34 

91,98 

96.79 

100. 31 

10 2. 3 6 

104,91 

104,94 

105,99 

106 .52 

Induction 
Per i od 
Min, 

48 

40 

34 

38 

4 0 

37 

25 

( i v) Effect of/ . . ..... . . . 
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(iv) Effect of varying the temperature of decomposition. 

The critical increment of the process(es) occurring during 

a thermal decomposition was determined by performing a series 
.. 

of separate decompositions at various f ixed temperatures . 

These are shown in TABLE 63 below. TABLE 64 gives the rate 

constants, k
5 

and k
7

, (equations 10 and 2) for the acce1eratory 

and decay periods, respectively, as well as the length of the 

induction period (min,) at each temperature, 

TABLE 63, 

12o°C Run 1 • 7.7 mg. 

t p t p t p 

10 0.01 140 6.46 270 105,11 

20 0.01 150 10,19 280 109,59 

30 0,02 160 15.17 290 113,60 

40 0 . 02 170 22,16 300 116,50 

50 0.07 180 31,05 310 118,84 

60 0,16 190 40,10 320 120.03 

70 0,21 200 51.00 330 123,01 

80 0 ,3 2 210 61,54 340 124.8 2 

90 0,47 220 70,78 350 126.0 5 

100 0,68 230 79.21 3 60 126. 64 

110 1,55 240 87,10 pf 127. 20 

120 2,55 2 50 93,79 Pa 116.42 

130 4,01 260 99,64 

125°C Run 2. 7.6 mg. 

t p t p t p 

10 0.0 5 1 20 12 .0 7 23 0 111.45 

20 0,08 130 20 , 16 240 117,75 

30 0.10 140 30 .61 250 120 . 67 

40 0,12 150 42,18 260 123. 0 3 

50 0,16 160 54.0 2 270 124.82 

60 0,19 170 66,01 280 126,01 

70 0.48 180 77.79 290 126. 61 

80 0, 93 190 87 . 01 pf 127.20 

90 1, 86 200 95,69 Pa 119,23 

100 3,60 210 103,15 

110 7 . 00 220 108,65 

TABLE 63 cont/ .... . •.. 



13o°C 

t p t 

10 0.11 75 

20 0,14 80 

30 0. 21 85 

40 0,39 90 

50 0,58 95 

55 1,11 100 

60 2,13 110 

65 3,69 120 

70 6. 20 130 

135°C 

t p t 

10 0,02 60 

15 0,02 65 

20 0.03 70 

25 0,08 75 

30 0,16 80 

35 0.42 85 

40 1 . 21 90 

45 2 . 77 95 

50 5,97 100 

55 11. 2 7 105 

140°C 

t p t 

5 0,05 38 

10 0,05 40 

15 0.09 42 

20 0.29 45 

25 1,45 48 

28 3,13 50 

30 5,18 55 

32 8,06 60 

34 11.94 65 

36 17.02 70 
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TABLE 63 cont. 

Run 3 . 

p 

9. 8 5 

15,18 

22,16 

30,16 

38 .7 2 

46,11 

74.95 

86,62 

95,92 

Run 4. 

p 

19. 63 

31. 20 

43,99 

58,81 

67,96 

78.0 5 

87,33 

9 5. 0 2 

101,41 

106,85 

Run 5. 

p 

23.25 

30,16 

37,31 

47,77 

58,70 

65.02 

78.63 

89 , 94 

99,31 

106 , 38 

7,5 mg. 

t p 

140 103 , 48 

150 109.62 

160 114,78 

170 118.87 

180 121. 84 

190 123. 64 

200 125.11 

pf 127. 20 

pa 118.10 

7.5 mg. 

t p 

110 111.38 

115 115,63 

120 118,86 

125 121.81 

130 124.19 

135 125.40 

140 125.99 

pf 127.20 

Pa 118 , 64 

7.6 mg .. 

t p 

75 112,1 2 

80 1 16 ,56 

85 119,47 

90 123. 01 

95 1 25 . 4 0 

100 1 26 . 60 

pf 127 . 20 

Pa 119.17 

TABLE 63 cont/ .... ..... . 



145°C 

t 

5 

10 

. 15 

18 

20 

22 

24 

26 

28 

30 

15o°C 

t 

5 

10 

15 

18 

20 

22 

24 

26 

Tempera-
0 ture C. 

120° 

125° 

130° 

135° 

140° 

145° 

150° 

p 

0,01 

0,02 

0,08 

0.47 

1,12 

2,43 

4.62 

8,44 

14,07 

21. 61 

p 

0.04 

0.07 

0.62 

3,18 

8,03 

17,84 

32.41 

47.25 

- 195 -

TABLE 63 cont. 

Run 6. 

t p 

32 31,06 

34 41.87 

36 52,37 

38 62.37 

40 71,88 

42 80.65 

44 87,42 

46 93,45 

48 98,63 

50 10 2. 87 

Run 7 . 

t p 

28 60.30 

3 0 71,80 

32 81.44 

34 90,19 

36 96,78 

38 102,02 

40 105,76 

42 109.02 

TABLE 64. 

Induction k5 cm
11

3 min. 
Period 
min. 

100 3,010 X 10-3 

75 4,022 X 10-3 

52 6. 207 X 10-3 

-3 37 8,625 X 10 

25 -2 1,406 X 10 

19 1. 824 X 10- 2 

15 2,939 X 10- 2 

7.6 mg. 

t p 

52 106.11 

55 110 50 

60 116.13 

65 120. 7 3 

70 123. 65 

75 125. 4 2 

80 126. 60 

pf 127' 20 

pa 122.07 

7.6 mg. 

t p 

45 112.33 

50 117.39 

55 120. 25 

60 123.73 

65 125.27 

70 126.64 

pf 127.20 

pa 123.7 9 

-1 
k7 min. -1 

4,10 X 10-3 

4.90 X 10-3 

5,90 X 10-3 

-3 
9,13 X 10 

1.15 
-2 

X 10 

1,45 -2 
X 10 

2,22 X 10-2 

(v) Mathematical analysis of the results and evaluation of 

activation energies. 

FIGURE 53 shows a typical p/t plot for the isothermal decom-

position of strontium azide . The main features are (i) a 

marked/ ..... .....• .. . 
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marked induction period with no evolution of gas, followed by 

(ii) a well defined period of acceleration, and (iii) a decay 

period. 

Since no gas was evolved no mathematical analysis of indue-

tion period was possible. For comparitive purposes the lengths 

of induction periods (min.) we~e used. 

The acceleratory period was well described by the power 

law with n = 3 viz, 

1;3 
p = k 5 t + c

5 
........ , .......................... (10) 

The decay period was well fitted by the contracting sphere 

equation, 

The extent of fit of the power law was from ~ = 0,02 to 

~ = 0,41 and the contracting sphere from ~ = 0,42 to ~ = 0,92, 

This fit was approximately the same throughout the temperature 

A typical analysis is shown in FIGURE 53 . 

The Arrhenius plots of log I.P. (min,), log k
5

, and lo~ 

l;,T OK vs. respectively (FIGURE 54) gave the following 

activation energies: 

(i) Induction period: -1 23,3 kcals.mole 

(ii) Acceleratory period: 25,0 kcals.mole-1 

(iii) Decay period: 21,7 kcals . mole-1 , 

(vi) Perc e ntage decomposition, 

This was calculated using the equation, 

The results of a series of determinations are listed 

in TABLE 65, 

TABLE 65/ ..••...••.. 



Temperature 
oc. 

140° 

140° 

140° 

130° 

125° 

14 5° 

150° 
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TABLE 65. 

Weight used 
mg. 

6.4 

7.6 

7.7 

7.7 

7.6 

7.6 

7.7 

% decomposition. 

65.70 

77 .12 

69,87 

69 , 54 

70.81 

72.48 

72.85 

The average percentage decomposition was evaluated as 

being 71.20% of the theoretical value. 

7.1.3. Preirradiated (Ultra-Violet Light) Strontium Azide. 

( i ) Preliminary investigation, 

In order to det e rmine whether preirradiation by ultra-

violet light would have any effect on the subsequent thermal 

decomposition, an initial run was done in which a sample of 

strontium azide was irradiated for one minute at a distance of 

10 ems. The techniques employed in ultra-violet light irra-

diations have been described, The subsequent decomposition 

at 130°C is shown in FIGURE 55 and the results in TABLE 66. 

An unirradiated decomposition at the same temperature is also 

given for comparitive purposes. 

TABLE 66 . 

130°C Unirradi a ted blank Run 1, 7. 5 mg. 

t p t p t p 

10 0.11 75 9.85 140 103,48 

20 0.14 80 15,18 150 109.62 

30 0. 21 85 22.16 160 114.78 

40 0,39 90 30.16 170 118,87 

50 0,58 95 38.72 180 121. 84 

TABLE 66 cont/ ••...... • . 
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TABLE 66 cont. 

t p t p t p 

55 1.11 ' 100 46,11 190 123. 64 

60 2.13 110 74,95 200 125 . 11 

65 3,69 120 86,62 pf 127.20 

70 6. 20 1 30 95.9 2 Pa 118,10 

130°C 1 min. u.v. 10 ems. Run 2. 7.6 mg. 

t p t p t p 

10 0,05 32 36,49 70 116,78 

15 0.08 35 46.82 75 120.38 

20 1.13 40 82,11 80 122. 9 9 

22 3,05 45 74.99 85 124. 23 

24. 6,98 50 86,87 90 126 .15 

26 13. 21 55 96,35 pf 127.20 

28 20.96 60 104.87 Pa 152,97 

30 28,94 65 111.74 

Preirradiation with ultra-violet light has a marked effect 

on the thermal decomposition, The induction period is shorten-

ed considerably, and the rate of decomposition is greatly 

accelerated, There is also an increase in the percentage de-

composition, 

By a method of trial and error it was decided to irradiate 

with the lamp at a distance of 80 ems from the sample, 

(ii) Effect of varying the dose of ultra-violet light, 

A series of decompositions were done at 120°C where the 

time of preirradiation varied from 2 sees . to 15 min, The 

results, in tabular form, are given in TABLE 67 and FIGURE 56 

gives a graphical illustration of the results. The main 

features emerging from this are, that with increasing dose 

there is, (i) a decreas e in the duration of the induction period, 

(ii) an increase in the rate in the acc e leratory period, and 

(iii) a decrease in the inflexion point, ~i· The decay re-

action is not affected to any extent. Rate constants, k
5

, 

(equation 10)/ ••.....•.. 
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(equation 10) for irradiation times of up to one minute, and 

k
1 

(equation 1) for irradiation times exceeding one minute, are 

given in TABLE 68 together with the other effects mentioned, 

TABLE 67, 

120°C Un i r r ad i ate d blank, Run 1 . 7.7 mg. 

t p t p t p 

10 0,01 140 6.46 270 105.11 

20 0,01 150 10,1 9 280 109,59 

30 0,02 160 15.17 290 113.60 

40 0. 0 2 170 22.16 300 116. 50 

50 0.07 180 31,05 310 118,84 

60 0.16 190 40 , 10 320 120.03 

70 0. 21 200 51,00 330 123.01 

80 0,32 210 61.54 340 124. 8 2 

90 0.4 7 220 70.78 350 126.0 5 

100 0,68 230 79. 21 360 126. 64 

110 1,55 240 87,10 Pf 127. 20 

120 2,55 250 93.79 Pa 116.42 

130 4,01 260 99,64 

12o°C 2 sees, u.v. Run 2. 6,8 mg. 

t p t p t p 

10 0,01 110 11 .1 3 210 109.92 

20 0.03 120 17.06 220 114.97 

30 0,05 130 25.04 230 118.41 

40 0.07 140 35,17 240 121.31 

50 0,14 150 47,75 250 123,65 

60 0.37 160 60,59 260 125 . 4 2 

70 0.86 170 73,13 270 1.26.61 

80 1,97 180 84,89 pf 127 . 20 

90 3,74 190 95.44 pa 121. 50 

~00 6 . 59 200 103.36 

12o°C 10 sees, u.v. Run 3 . 6,9 mg. 

t p t p t p 

10 0,05 110 20.61 210 114,75 

20 0.07 120 30.54 220 119,07 

30 0.08 1 30 42,06 230 122.17 

TABLE 6 7 cont/ .. . ..... . 
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TABLE 67 cont. 

t p t p t p 

40 0,09 140 53,74 240 124. 65 

50 0,23 150 65,03 250 125,94 

60 0,67 160 75,91 260 126,57 

70 1,75 170 86,68 pf 127.20 

80 3.90 180 95,73 pa 122. 64 

90 7,63 190 103,61 

100 13.23 200 109,43 

120°C 1 min, u.v. Run 4. 7.1 mg. 

t p t p t p 

10 0,04 75 11.87 160 107.29 

20 0.05 80 16.13 170 109.43 

30 0,06 85 21.03 180 115. 20 

40 0,16 90 26,58 190 119. 50 

45 0,50 100 37.11 200 123.33 

50 0,89 110 48.87 210 125. 53 

55 1.79 120 60.58 220 126,65 

60 3 , 28 130 7 2. 71 pf 127. 20 

65 5,43 140 83.67 Pa 138,49 

70 8. 27 150 93,94 

120°C 2 min, u.v . Run 5 .. 6.9 mg • 

t p t p t p 

10 0,16 70 20. 53 150 108.63 

20 0,25 75 26,90 160 115.05 

30 0, 36 80 34 ,1 2 170 119,38 

35 0,44 85 40,89 180 122,71 

40 0,57 90 47,58 190 125. 51 

45 1,12 100 6 0,13 200 126. 64 

50 2,43 110 72.41 pf 127. 20 

55 5,13 120 83,52 Pa 134,37 

60 9,13 130 92.49 

6 5 14.26 140 100,90 

TABLE 67 cont/ ....•. •. .. 
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TABLE 67 cont. 

120°C 5 min, u.v. Run 6. 6,6 mg. 

t p t p t p 

10 0,02 70 30,95 140 106.58 

20 0,04 75 38,88 150 111,99 

30 0,07 80 46,66 160 116.98 

35 0. 24 85 54,00 170 120. 93 

40 0,56 90 61.06 180 123. 7 9 

45 1.74 95 66,85 190 125,52 

50 4,18 100 7 2 , 03 200 126. 69 

55 8.40 110 8 2. 9 5 pf 127. 20 

60 14,47 120 91,65 Pa 127.27 

65 22.18 130 99,75 

v 

120 c 15 min, u.v. Run 7. 6,4 mg. 

t p t p t p 

10 0.03 70 52.86 130 113 , 09 

20 0.04 75 61,06 140 118,10 

30 0,13 80 68,13 150 122.64 

.. 35 0,49 85 74.24 160 124.94 

40 1,88 90 79.69 170 126,10 

45 5,79 95 84,85 180 1 2 6.65 

so 12.93 100 89,68 pf 127. 20 

55 22.67 105 94,65 pa 127. 69 

60 33,89 110 98,72 

65 43,53 120 106,58 

TABLE 68 . 

u.v. Dos e . ks 
.lf3 

min, -1 I n duction Inflexion em . 
period point o(i 
min. 

0 3,010 X 10-3 
100 0,44 

2 see s . 2. 850 X 10-3 
66 0, 43 

10 3,094 -3 sees . X 10 60 0 . 39 

1 min. 4,222 X 10-3 
47 0. 30 

1-- -- - - -- - Ti2 -- - - - t-- - - -- - - - - -- -
k1 min. -1 em 

f-- - -- - -- - - - - -- - t--- --- - - - --- -
2 min, 4 , 663 X 10- 3 

42 0.31 

5 min, 5. 602 X 10-3 
42 0,31 

15 mi n , 7,362 X 10 - 3 
38 0. 29 

(iii) Effect of/ ..•....•.•.. 
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(iii) Effect of interrupting a decomposition and then 

irradiating the salt, 

When an unirradiated run was interrupted and then con-

tinued no effect onthe subsequent decomposition was found, It 

was of some significance therefore to determine whether irra-

diation at these points of interruption of the decomposition 

would affect the subsequent reaction , The technique for 

irradiating an interrupted decomposition has been described, 

All specimens were irradiated for 5 min, and the decomposition 

0 temperature was 120 C, Blank runs for the unirradiated and 

preirradiated salt were done, as a quartz ampoule was used in 

place of the normal pyrex one. The results are given in 

TABLE 69 and shown graphically in FIGURE 57. 

It can be seen (FIGURE 57) that the rate of the subsequent 

reaction is increased only when irradiation is done at low « 

values. During the induction period, and at ~ = 0,14, the sub-

sequent rate is increased by irradiation, but for values of 

« ~ 0.30 the reaction rate is the same as for an unirradiated 

specimen, 

TABLE 69 

120°C Unirradiated blank Run 1 . 7,4 mg . 

t p t p . I t p 

20 0.08 125 15,46 200 97.76 

40 0,14 130 20,22 210 103,24 

60 0,22 135 26,52 220 108 , 98 

70 0,36 140 33,01 240 115,41 

80 0 , 54 145 40,23 260 121.20 

90 0,72 150 47 ,85 280 123. 76 

100 1 . 98 160 61,01 300 125,92 

110 4.76 170 72,98 3 20 1 26. 68 

115 7' 39 180 82.67 pf 127 . 20 

120 10.98 190 91 , 04 Pa 118.09 

TABLE 69 cont/ . .... . ... . . 
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TABLE 69 cont. 

120°C Irradiated blank . Run 2, 7.0 mg. 

t p t p t p 

20 0.01 85 35,71 135 106,27 

40 0,33 90 43. 21 140 109,89 

45 0,80 95 51.43 150 116,24 

!50 1,94 100 59,58 160 120. 58 

55 3,97 105 67,52 170 123. 33 

60 6,83 110 7 5. 08 180 125,55 

65 10,80 115 80.57 190 126,67 

70 15,87 120 90,47 pf 1 27. 20 

75 21,91 125 96,73 Pa 137,39 

80 28,66 130 101.69 

120°C 5 min. u.v. Run 3 • 7.0 mg . 

t p t p t p 

20 0,11 100 5,36 155 87.88 

40 0,14 105 8,58 160 94,03 

45 0.19 110 12.98 170 105,65 

Irradiation 115 19.05 180 111,23 

50 0. 21 120 25,98 190 116.23 

60 0,23 125 34,33 200 120.05 
: 70 0.31 130 43,45 240 126,55 

so 0,42 135 53.21 pf 127. 20 

85 o.ss 140 62.57 pa 1 23. 7 9 

90 1.74 145 71. 68 

95 3.30 150 80.36 

12o°C 5 min, u.v. Run 4. 7.0 mg, 

t p t p t p 

20 0,02 130 3. 60 195 73,49 

40 0,04 135 5,18 200 80.59 

60 0,06 140 7.32 205 87,07 

70 0,09 145 10.15 210 93,32 

so 0,24 150 14.01 220 102.83 

90 0. 61 155 18 ,26 230 110.14 

Irradiation 160 22 . 82 240 115 . 51 

100 0,62 165 29 , 29 250 119.35 

105 0.64 1'70 35,92 260 1 22 . 12 

110 0,68 175 43,57 270 1 23. 91 

115 0,87 180 50.86 280 - 126 . 64 

120 1.41 185 58,71 pf 127.20 
. 125 2,38 190 66.31 Pa 133.17 

TABLE 69 cont/ ... . . . . . , .. 



12o°C 5 min. u.v. 
t p 

20 0,06 

40 0,10 

60 0.27 

ao 0,38 

90 0,52 

95 0.87 

. 100 1.30 

. 105 2,10 

110 3,37 

115 5.30 

120 7,66 

125 11,14 

130 15.27 

133 18.01 

120°C 5 min, u.v. 
t p 

20 0 .. 08 

40 0,11 

60 0,15 

70 0. 21 

80 0,31 

90 0,80 

100 2,16 

105 3,37 

110 5 , 09 

115 7.59 

120 10,75 

125 13,88 

130 18 ,97 

135 24,07 

120°C 5 min, u.v. 
t p 

20 0,06 

40 0,08 

60 0. 12 

80 0. 21 

.. 204 -

TABLE 69 cont. 

Run 5. 

t p 

Irradiation 

140 18,42 

145 21.10 

150 26,11 

155 31,51 

160 37.36 

165 42,71 

170 48,10 

175 53,73 

180 59,18 

185 64. 64 

190 70.12 

195 75.88 

200 81,52 

Run 6. 

t p 

140 29.21 

145 35.15 

150 40.98 

Irradiation 

155 41.31 

160 42,84 

165 47,06 

170 51 . 73 

175 56,05 

180 60.17 

190 67,39 

200 77.65 

210 82,63 

220 90,41 

Run 7. · 

t p 

180 65.07 

186 70.61 

Irradiation 

190 1 70. 99 

6,8 mg . 

t p 

205 86,98 

210 92,25 

215 96,97 

220 100.96 

230 108.67 

240 114.68 

250 118.80 

260 121,94 

270 124.06 

280 125 •. 66 

290 126. 74 

pf 127 . 20 

Pa 127. 28 

7.0 mg • 

t p 

230 97,27 

240 103.75 

250 103.85 

260 112.81 

270 115.93 

280 119,14 

290 121.48 

300 123. 3 7 

310 124.80 

320 125.77 

330 126 ,7 4 

pf 127.20 

pa 123. 7 6 

7.0 mg. 

t p 

260 104.49 

270 108.16 

280 113.39 

290 114.42 

TABLE 69 cant/ •.••••••• 
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TABLE 69 cont. 

t p t p t p 

90 0,52 195 7 2,15 300 117. 20 

100 1,18 200 75.55 310 120.0 6 

110 3,09 205 79,30 320 122,64 

120 9,31 210 82,97 330 124.53 

130 11,65 215 86,05 340 126,44 

140 19.32 220 88,81 pf 127. 20 

150 30,05 230 93,74 Pa 127.40 

160 42.45 240 97.62 

170 53,92 250 101.22 

(iv) Effect of admitting water vapour onto the salt in an 

interrupted decomposition. 

This was done in the same manner as before. The irradia-

0 tion time was 20 min, and the decomposition temperature 115 C 

in all cases. The results appear in TABLE 70 and are illus-

trated in FIGURE 58~ Results similar to the corresponding 

runs for the unirradiated salt were obtained, with a new indue-

tion period being regenerated, and the rate constants decreas-

ing, The induction period was repeated with successive 

interruptions, and each new induction period was of approximat~ 

ly the same duration of time. TABLE 71 gives the rate 

constants, k 1 (equation 1) for interruptions in the induction 

period, and k 5 (equation 10) for interruptions in the accelera-

tory and decay periods. The duration of each induction period 

formed is also given. 

Again the final pressures are lower than normal, but the 

gas can be partially recovered by strong heating at 300°C in 

vacuo, Pressure are thus not normalised. 

TABLE 70. 

115°C Uninterrupted blank Run 1 . 6.7 mg. 

t · p t p t p 

10 0.03 70 25,72 140 103.93 

20 0,05 75 35,42 150 110,36 

30 0.07 80 43,19 160 115,86 

TABLE 70 cont/ ..••..•• 
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TABLE 70 cont. 

t p t p t p 

35 0,11 85 51,37 170 120.93 

40 0 . 22 90 58,66 180 125,52 

45 0. 69 95 65.17 190 129.03 

50 2, 02 100 71,59 200 130,80 

55 5,18 110 81,56 210 131,98 

60 10.29 120 90,07 Pa 132,57 

65 17,35 130 97,70 

115°C 20 min. u.v. Run 2. 6,8 mg, 

t p t p t p 

10 0.09 so 9,48 170 81,08 

20 0,13 90 16.08 l.BO 86,29 

Water Interruption 100 23,41 190 90,67 

30 0 . 14 110 31.24 200 94,65 

40 0.17 120 39,53 220 98.7 2 

60 1,18 130 48.09 : 240 101.31 

65 2,41 140 57,08 260 102.88 

70 4,39 150 66,43 280 103,93 

75 6 . 70 160 74. 24 pa 104.46 

115°C 20 min . U.V. Run 3 . 6,7 mg. 

t p t p t p 

20 0.04 85 1.02 170 56,69 

30 0.05 90 2.74 180 61,87 

35 0 , 07 95 5,30 190 66,85 

40 0,15 100 8 , 70 200 71,59 

45 0,45 105 12,93 210 75,71 

46 0 ,56 110 17,35 220 78.77 

Water Interruption 115 21 , 69 23 0 81,55 

50 0. 57 120 25 , 98 24 0 83,43 

60 0.58 130 33,29 250 85,33 

70 0. 60 140 39,53 260 8 6. 7 7 

80 0. 64 150 45,96 3 00 9 0,67 

82 0,70 160 51, 37 Pa 91,15 

TABLE 70 cant/ . , •...•.. 
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TABLE 70 cont. 

115°C 20 min. u.v. Run 4 . 6.6 mg • 

t p t p t p 

20 0. 24 so 18,97 160 64,56 

30 0,41 90 19.07 170 75.98 

40 0. 87 95 19.19 180 86,17 

50 2.10 100 19,46 190 94.03 

55 4. 50 110 20,78 200 100.44 

60 8,10 120 24. 20 210 104,70 

65 14.47 130 30,22 220 107.59 

68 18,90 140 39,87 240 111.54 

Water 1nterruption 150 52,22 Pa 112. 54 

115°C 20 min. u.v. Run 5. 6,6 mg. 

t p t p t p 

20 0.05 Water Interruption 200 62,39 

30 0,08 100 35,10 210 68,40 

40 0.13 110 3 5. 28 220 74.66 

50 0,52 120 36,36 230 80,76 

60 2,41 130 37,38 240 85.07 

65 4.95 140 38,67 250 89,19 

70 9,01 150 40,47 260 91,89 

75 14.47 160 43 . 20 300 98.73 

so 21,21 170 46,47 340 10 2. 51 

85 28,41 180 50.68 Pa 103,36 

90 34,80 190 56. 50 

115°C 20 min, u.v. Run 6. 6,7 mg. 

t p t p t p 

20 0,12 105 58.66 220 66,04 

30 0,18 Water Interruption 230 69,63 

40 0,27 110 58,68 240 73,52 

50 1. 54 120 58.70 250 77,33 

60 6 . 97 130 58.70 260 81,33 

65 12.02 140 58.7 2 270 84 . ·64 

70 18,01 150 58,76 310 96,26 

75 25,20 160 58,83 340 102.19 

80 31,82 170 58,98 370 10 5 .32 

85 37.60 180 59,34 410 106,78 

90 43,53 190 60.08 440 108,19 

95 48,81 200 61.23 Pa 110.40 

100 54.06 210 63.38 

TABLE 70 cont/ •.•......• 



- 208 -

TABLE 70 cont. 

115°C 20 min. u.v. Run 7 • 6.8 mg • 

t p t p t p 

20 0.13 160 1,90 315 9,67 

30 0,13 170 1,94 320 12.64 

40 0.17 180 2.43 325 15.75 

45 0. 27 Water Interuuption 330 19. 29 

50 0,65 210 2,56 335 23,27 

Water Interruption 220 2,65 340 27,68 

60 0.67 230 3,00 350 36.59 

80 0,87 Water Interruption 360 45,18 

90 1. 24 240 3,02 370 52.90 

Water Interruption 250 3.04 380 59,69 

100 1. 28 260 3.07 390 64,87 

110 1. 29 270 3,13 400 69,01 

120 1.46 280 3,35 420 74.15 

130 1,83 290 4,07 440 77,69 

· Water Interruption 300 5.10 460 80.39 

140 1,85 305 6,37 Pa 82,23 

150 1,87 310 7,95 

TABLE 71. 

1/. -1 Induction Induction Point of kl em 2 min, Number 
Interrup- Period of In- Period 
tion. min, terrup- min. 

tions. 

Uninter- 5,808 X 10-3 
45 0 50 

rupted. 
1;. 

2 along 3,436 X 10-3 
35 1 40 

I ,P. 

End of 4.136 X 10-3 
40 2 40 

I.P. ---- - .r- - - 1i3- - --1 1---- -
k

5 
em min. 3 50 

!------ --- - --- -. - --- -
0.15 4,98 

-3 
32 4 50 o( = X 10 

0,27 2 . 370 
-3 

25 5 50 « = X 10 

0.46 2,62 10 - 3 
65 « :::: X 

5 conse- 4,110 X 10 - 3 
50 

cutive 

(v) Effect of/ • . ....•••. . . 
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(v) Effect of varying the temperature of decomposition. 

In order to evaluate the cr~tical increment of the process-

(es) taking place a number of decompositions at various tempera-

tures were carried out. The azide was preirradiated for 20 

min, The results are listed in TABLE 72~ The rate constants, 

k
1 

and k
7

, (equation 1 and 2) which were obtained are given in 

TABLE 73 together with the lengths of the induction periods , 

TABLE 72 . 

105°C 20 min , u.v. Run 1. 6 , 7 mg. 

t p t p t p 

20 0.06 120 3,42 220 82.35 

30 0,06 130 6 . 60 240 70.94 

40 0 , 07 140 1 1,33 260 78.56 

50 0,07 150 17 . 32 280 85,54 

60 0,07 160 24,08 300 91.83 

70 0 , 09 170 31 . 08 320 97.33 

80 0,13 180 38.02 360 107.73 

90 0. 24 190 44,62 420 119,26 

100 0,55 200 51,38 pf 127. 20 

110 1,52 210 57,44 Pa 129.03 

110°C 20 min, u.v. Run 2, 6.7 mg . 

t p t p t p 

20 0 . 02 110 31 , 80 230 109,84 

30 0,02 115 37.56 240 113 , 10 

40 0,04 120 43.12 250 116,41 

50 0.07 130 53,16 260 119. 21 

60 0. 24 1 4 0 62 ,09 270 1 22 .0 3 

70 1.17 1 50 70,04 2 80 1 23,74 

75 2.3 1 1 60 77. 1 0 290 1 24 . 8 9 

8 0 4 . 1 4 170 83 .8 5 300 126 .0 5 

8 5 6,7 6 1 8 0 87 , 85 3 10 1 26 . 63 

9 0 10. 20 1 90 92.7 5 pf 1 27.20 

9 5 14 , 52 200 97 , 77 Pa 1 28. 44 

100 19 •. 6 2 210 1 01.89 

1 0 5 25 . 4 7 220 106.0 9 

TABLE 7 2 cant / .. • .•.... 
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TABLE 72 cont. 

115°C 20 min, u.v. Run 3. 6,7 mg, 

t p t p t p 

20 o .• 04 75 33,98 150 105,89 

30 0,06 80 41.44 160 111.17 

35 0,11 85 49,29 170 116,03 

40 0. 21 90 56,31 180 120.44 

45 0,66 95 62,53 190 123.80 

50 1,94 100 68.69 200 12 5. 50 

55 4,98 110 78. 24 210 126.64 

60 9,88 120 86,43 pf 127. 20 

65 16.65 130 93.74 Pa 132,58 

70 24. 68 140 99.72 

12o°C 20 tnin. u.v. Run 4, 6,9 mg. 

t p t p t p 

10 0.09 60 42 ,7 6 115 112.78 

20 0,16 65 52,91 120 116,58 

30 0,31 70 62,13 125 119,32 

35 0. 74 75 69,95 130 122.01 

40 2,97 80 77.35 135 123. 80 

45 8.64 85 83.71 1 4 0 124.93 

48 14.26 90 89,37 145 126.07 

50 18,56 95 94,72 150 126. 64 

52 23.19 100 99.72 pf 127. 20 

54 28,33 105 104.33 Pa 132,58 

57 3 5. 78 110 108.51 

125°C 20 min, u.v. Run 5. 6,9 mg . 
.. 

t p t p t p 

10 0.02 38 20 , 40 85 101,58 

15 0,03 40 26 ,56 90 108,38 

20 0,06 42 3 2. 09 95 114.85 

22 0.13 45 39.41 100 119 ,27 

24 0,29 50 50,32 105 122.64 

26 0,7 5 55 58.60 110 124.91 

28 1.76 60 66,67 115 126,03 

30 3,37 65 73,51 120 126,62 

32 6,12 70 80.67 Pf 127.20 
34 10.01 75 87.69 Pa 130.80 

36 14,84 so 94,51 

TABLE 72 cont/ ... .. ..• .... 
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TABLE 72 cont. 

13o°C 20 min. u.v. Run 6 . 6.8 mg, 

t p t p t p 

10 0,04 27 24,47 55 97,39 

15 0. 06 28 29,81 60 106,18 

18 0,35 29 34.76 65 113,16 

20 1,39 30 38,80 70 118,12 

21 2,52 32 45,79 75 121,49 

22 4,42 34 52,25 80 123. 7 6 

23 7.11 37 59.93 85 125,48 

24 10.43 40 66,44 90 126.62 

25 14,59 45 76.85 Pt 127. 20 

26 19. 21 50 87,05 Pa 129.62 

TABLE 73. 

Temperature Induction k1 
lf2 min, -1 

k7 min. 
-1 

em 
oc period min, 

105° 102 3. 907 X 10-3 
1,830 X 10 - 3 

110° 65 5,808 X 10-3 
3 , 000 X 10-3 

115° 45 8,262 X lo-3 4,440 X 10-3 

120° 34 1.104 10 
-2 

6.700 X 10-S X 

125° 25 1,783 
-2 

1.250 10- 2 
X 10 X 

130° 19 2 .503 X 10-2 
1.830 X 10- 2 · 

(vi) Percentage decomposition, 

The percentage decomposition increases on irradiation with 

ultra-violet light as compared to the unirradiated salt. As 

the irradiation time is increased so does the percentage decem-

position, and an average limiting value of 87.33% of that 

calculated theoretically is reached, The limiting value is 

reached after a dose of 1 minute. TABLE 74 summarizes the 

results of a series of calculations, 

TABLE 74/. , ..... • ...•. 
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TABLE 74. 

Temperature Dose. Weight used % decornposi-
oc mg. tion. 

120° 2 sees, 7.7 71.52 

120° 10 sees. 6.9 80.?3 

120° 1 min , 7 , 1 88.49 

120° 2 It 6,9 88,52 

120° 5 II 6 , 6 88.42 

120 
0 

15 " 6.4 90.03 

105° 20 tt 6,7 87.40 

110° 20 II 6,7 87,02 

115° 20 •• 6,7 89.69 

120° 20 tt 6.9 87.41 

125° 20 ll 6,9 85,96 

130° 20 It 6,8 86,47 

The average percentage decomposition for a sample pre-

irradiated for 20 min. is 87,33% of the theoretical value, 

assuming the equation for the thermal decomposition to be, 

(vii) Mathematical analysis of the results and evaluation 

of activation energies. 

The acceleratory period of the p/t plot was described 

by the power law with n = 3 for low doses of irradiation, 

lt 
p 3 = k t 

5 + c5 •••.•. , . ... ..... ......... , • • (10) 

This is the same as for the unirradiated decomposition, and 

and is valid for irradiation time of up to 10 sees, As the 

irradiation time increases, however, the value of the exponent 

1;. lj 
changes from 3 to 2. The equation thus becomes 

]/2 
p = k

1 
t + c

1 
..•••.•.• • ....•.•••. . •• , ..• ( 1) 

for heavily dosed samples. 

An irradiation time of one minute appears to be the 

transition point, At this dose neither power law fits well; 

below it n = 3, and above it n = 2. FIGURE 59 shows the p/t 

plots for/ . . ..•.•••••• 



125 4-665 

< m 
uJw 
>:> 
a:: a:: 
=>:::> 
uu 

100 3-874 

M 
0 

M 

;:;; 75 3-093 

~ 
u 

ui 
a:: 
:::> 
lll 
lll 
llJ 
a:: 
A. 

w 
0::: 
:::> 
lll 
lll 
w 
a:: 
a. 

50 2-132 

25 1-531 

U V-1 RRADIATION : 

10 SECS . 

A. P against T. 
1/3 B. P against T. 

. 1/ 
C. P 2 against T. ,, 
D. (1-P/P,) 3 against T. 

Fl G. 59. 

!50 20" 
T IMF_ (1\!lN.) 

() 0 

I S -0 0-80 

14 .() 07 0 

'U 
::0 
IT\ 
Ul 
(Jl 

c 
:0 
1'11 

10-0 0-6 0 
-n 
:s:: 
~, 
N 

>< -0 
N 

6 .o o.so 



100 18-67 

N 
0 

X 

...£:' -...... .., 1/') 

~ ~ 
u 

>< ~ 

-c;-75 14-50 
~ .!::' 
u -~ ..... l!J 

il:: 

w ;::) 

a: 1/') 

;::) 
1/') 

1/') w 
1/') 0: 

w a.. 
a: 
a.. 

SQ 10-33 

2 5 6 -1 6 

FIG. 60. 

100 
TlME (MIN) 

UV-IRRADIATION. 

5 MIN, 

A. p against T. 
B. P11

2 ago ins t T. 
C. P.1' 3 against T. 

D.(1-P/1f)11J against T. 

150 

I · ] .6 0 70 

-=a -:::: 
I 

:111 ~ , ., 
V1 
V1 ~-

c <;;-
::0 
1'11 
~-..,-

1 -~ () .(i (. 
...... 
(') 

~ 
V1 
~-w 
X 

-0 

1-2 0-50 

o .6 0 . I, Q 



o .e 2.s 

....., 
~ 
~ 

ll: 
.;-

...: f.D 

0 
0 
-' 0 

...J 

1.3 .i:.o 

1.8 rs 

FIG. 61. 

UV-IRRADIATION . 20 MIN. 

A. Log I. P.(minJ agcin st 1/T°K. 

B. Log k1 against 1/T°K. 

C. Log k 7 against l/T°K . 

2 . 6 0 2-65 

(") 
c 
~ 
fTI 

() 

2 ·0 

3.s 

' 0 
0 
,.. 

...... 

3.0 



- 213 -

plots for a low dose (10 sees.) with the corresponding analysis 

for n = 2 and 3, while FIGURE 60 shows the same plots for a 

high dose (5 min,) . 

The decay stage is fitted by the contracting sphere for-

mula in all cases viz. 

+ c7. • .. • ••..••. •. • .•. ' ••. • .(2) 

The plot of (1 - vs t is also shown in FIGURES 59 and 

60 

The analysis of the p/t plots after water vapour has been 

admitted onto interrupted runs also shows a power change in the 

exponent in the power law. At the dose given (20 min~) the 

power law holds with n ~ 2. After one interruption at the 

end of the induction period n is still 2. However, after 5 

consecutive interruptions n changes to 3. Also after any 

'water interruption" done in the acceleratory or decay periods 

n reverts back to 3 in the subsequent acceleratory period. 

Plots of log I.P. (min.), log k 1 , and log k
7

, vs 
11

T °K, 

respectively, are shown in FIGURE 61. From them the following 

activation energies were evaluated: 

(i) Induction period: 
-1 

19.50 kcals.mole 

-1 
(ii) Acceleratory period: 23.00 kcals. mole 

(iii) Decay period: 
-1 

21.70 kcals.mole • 

7.1.4. Preirradiated (X-rays) Strontium Azide. 

(i) Preliminarx investigation, 

The apparatus and techniques employed in X-ray irradiations 

have already been describ e d, An initial run to test for any 

effect was done by irradiating a sample in air for five minutes 

with a beam current of 5 mA and an applied voltage of 10 kV. 

Decomposition was then carried out in 0 vacuo at 120 C. The 

resulting p/t plot is shown in FIGURE 62 and the results are 

listed in TABLE 75. 

TABLE 7 5/ ••••.••.•.. 
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TABLE 75. 

12o°C Unirradiated blank Run 1, 7.7 mg • 

t p t p t p 

10 0,01 140 6,46 270 105.11 

20 0.01 150 10,19 280 109,59 

30 0.02 160 15.17 290 113,60 

40 0.02 170 22.16 300 116 .50 

50 0,07 180 31,05 310 118.84 

60 0,16 190 40.10 320 120.03 

70 0. 21 200 51.00 330 123.01 

80 0.32 210 61.54 340 124.8 2 

90 0,47 220 70.78 350 126.05 

100 0,68 230 79.21 360 126. 64 

110 1,55 240 87 . 10 pf 127. 20 

120 2,55 250 93,79 Pa 116.42 

130 4,01 260 99,64 

120°C 5 min. X-rays. Run 2, 6,2 mg. 

t p t p t p 

10 0.07 53 17,30 70 104.84 

15 0,14 54 23,29 75 113,76 

20 0,14 55 30,46 80 118,94 

30 0,18 56 38,27 85 121. 87 

40 0,31 57 45.87 90 1 23. 64 

45 1 ,1 4 58 52.22 100 125.42 

48 3,10 eo 65,28 110 126,62 

50 6,28 62 76.03 pf 127. 20 

51 8,92 64 85. 61 pa 119 , 79 

52 12,39 66 93,69 

(ii) Effect of varying doses of X-rays, 

The high sensitivity of strontium azide to X-ra ys made it 

necessary to insert an absorber to reduce the intensity. An 

aluminium absorber of thickness 0,43 mm . gave the required 

screening effect~ A beam current of 5 mA and applied voltage 

of lO kV was used in all the X-ray studie s, unless otherwise 

stated, 

The effect of increased dosage of Z - rays on the thermal 

decompo sition was studi ed at a decomposition temperature of 120°C 

Irradiation/ ...•..•...•.. 
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Irradiation times ranged from 15 sees, to 4 hours, The results 

are listed in TABLE 76, and are shown in FIGURE 63, An un-

irradiated blank run is given in TABLE 75 (Run 1). A marked 

decrease in the duration of the induction period, and an in-

crease in the accereratory and decay rate constants, are the 

main features, The acceleratory rate constants, k
5

, (equation 

10) for exposure times of up to 30 min., and k
6 

(equation 11) 

for longer exposures, are given in TABLE 77, together with the 

decay rate constants, k
7

, (equation 2) and the lengths of the 

induction periods (min,). 

TABLE 76. 

120°C 15 sees, X-rays, Run 1 . 6,7 mg. 

t p t p t p 

10 0.03 110 7.38 220 102.35 

20 0,03 120 13,50 240 110.36 

30 0,04 130 22,42 270 118,10 

40 0.07 140 33,59 310 122. 64 

50 0.10 150 45,96 340 124.94 

60 0 ,13 160 57,87 360 126.10 

70 0,24 170 68,56 380 126. 68 

80 0 ,60 180 78.31 Pf 127 . 20 

90 1,54 190 86,29 Pa 127. 27 

100 3,57 200 92,65 

12o°C 1 min. X-rays. Run 2. 6,2 mg. 

t p t p t p 

10 0,06 100 7.44 180 101.03 

20 0.09 105 10.70 190 107 . 29 

30 0,12 110 15. 63 200 112. 54 

40 0,16 115 21,11 210 116,71 

50 0. 20 120 27.38 220 120. 3 5 

60 0,25 125 34.19 230 122.81 

65 0.36 130 41 . 73 240 124. 67 

70 0,52 135 49' 23 250 125. 91 

75 0, 79 140 56,94 260 126. 54 

so 1.37 145 64,30 Pi 127. 20 

85 2.10 150 71 .18 Pa 109,81 
90 3 ,18 160 83,92 
95 4.96 170 93,33 

TABLE 76 cont/ .. ..... . 
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TABLE 76 cont. 

120°C 2 min, X-rays. Run 3 • 6.5 mg. 

t p t p t p 

20 0,05 90 11.06 160 96.23 

30 0,06 95 16.37 170 102.30 

40 0,08 100 22,98 180 106.27 

50 0.15 105 30,41 200 113,23 

60 0.37 110 38,16 220 119,21 

65 0,69 115 45.?2 240 122. 87 

70 1,42 120 53,92 260 125. 34 

75 2,58 130 66.97 280 126 . 58 

80 4,43 140 81,1 1 pf 127. 20 

85 7. 23 150 90,34 Pa 110,90 

120°C 5 min, X-rays , Run 4, 6,7 mg. 

t p t p t p 

10 0,06 85 12.98 140 106,39 

20 0.07 90 20,35 150 113,30 

30 0,07 95 29,96 160 117.44 

40 0.19 100 40 , 37 170 121.0 5 
< 

50 0.19 105 51 ,14 180 123. 4 8 

60 0 , 51 110 61,88 190 125,32 

65 1.09 115 7 2. 23 200 126. 55 

70 2,12 120 81.39 Pf 127. 20 

75 4 , 25 125 89 , 53 Pa 112,54 

80 7,54 130 95,88 

12o°C 15 min, X-rays. Run 5. 6 , 4 mg . 

t p t p t p 

10 0. 02 78 13,86 120 104.79 

20 0.03 80 17,77 130 113.95 

30 0.03 85 29.37 140 119,27 

40 0.07 90 43 ,87 150 122. 8 8 

50 0,15 95 58 , 32 160 125,32 

60 0. 67 100 71,53 170 126,55 

65 1,87 105 82,58 Pf 127. 20 

70 4,33 110 91,25 Pa 113,64 

75 9.07 115 99. 26 

TABLE 7 6/ .......••.. .. 



120°C 30 min. 

t p 

10 0,08 

20 0,13 

30 0.17 

40 0,22 

50 0. 61 

55 1,69 

58 3,31 

60 5. 24 

62 8,18 

64 12,51 

120°C 60 min, 

t p 

10 0.04 

20 0,07 

30 0,10 

40 0,14 

45 0. 28 

50 0,77 

52 1.25 

54 1 ,91 

56 3,18 

58 4,99 

60 7,65 

120°C 240 min, 

t p 

10 0,06 

20 0,10 

30 0.13 

40 0. 69 

44 1. 61 

46 2, 92 

48 5,30 

50 9,16 

52 1 6.29 
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TABLE 76 cont. 

x .... rays. Run 6 .• 

t p 

66 18,19 

68 25,45 

70 33.93 

72 42,26 

74 51,51 

76 60,06 

78 68.38 

so 76.34 

82 83,31 

85 92,57 

X-rays. Run 7 . 

t p 

62 11,59 

64 17.22 

66 24,48 

68 33,32 

70 42,82 

72 52,35 

74 e2. oo 

76 71.11 

78 78,94 

80 86,19 

82 89.54 

X-rays, Run 8 . 

t p 

54 27.32 

56 42.52 

58 57.08 

60 70,28 

62 81,55 

64 91 .1 6 

66 99.75 

68 105,52 

70 110.36 

6,4 mg. 

t p 

90 103,91 

95 111.44 

100 117,02 

105 120.42 

110 122.71 

115 124. 4 5 

1 20 125. 61 

130 126.78 

Pf 127. 20 

Pa 125. 89 

6.6 mg. 

t ·t p 

85 100.05 

90 109,85 

95 116.07 

100 120 ,1 2 

105 123. 6 5 

110 125. 4 3 

115 126. 62 

Pf 127.20 

Pa 120.36 

6 ,7 mg. 

t p 

72 114.20 

75 118.10 

80 122. 64 

85 124.94 

90 126,10 

95 126. 68 

Pf 127. 20 

Pa 127.27 

TABLE 77/ .... . .•... 
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TABLE 77. 

Induction k5 em 
l./3 

min, 
period 
(min,) 

-3 
100 3,010 X 10 

4,280 -3 
80 X 10 

-3 
73 5. 210 X 10 

5,898 -3 65 X 10 
-3 62 7,303 X 10 
-3 

60 9,443 X 10 
-2 

50 1; 505 X 10 
f--- ---- -- ---- -

k6 min. -1 

~-- ---- -- ---- -
2.875 

-2 48 X 10 

4,120 -2 40 X 10 

-1 
k 7 min, -1 

4,100 X 10-3 

3,800 X 10-3 

5.625 X 10- 3 

5,100 X 10-3 

-3 8,550 X 10 
-2 

1.050 X 10 
-2 

1. 7 60 X 10 
- ------- -

- ------- -
1,890 X 10- 2 

2,660 X 10- 2 

(iii) Effect of interrupting a decomposition and irradiating 

the salt. 

The effect of irradiating at various stages during a 

decomposition was done in the same manner as before, The 

techn i que used,which involved irradiating through thin glass 

ampoulesJ has been described earlier. Because the pyrex am-

poule absorbed a con s iderable amount of th e X-rays the aluminium 

absorber was removed and the gen e rator run at 16 kV and 8 rnA. 

The irradiation time was 10 minutes and the decomposition 

0 temperature 120 C. TABLE 78 and FIGURE 64 give the results. 

An unirradiated blank run is given in TABLE 75. It is seen 

that in all cases the interrupted and irradiated salt continues 

decomposing in the normal manner for an unirradiated decompo-

sition for a period of approximately 30 - 40 minutes, This is 

of the same order as the duration of the induction period for 

the preirradiated salt, At this point there is a distinct 

increase in the rate of acceleration and the remainder of the 

decomposition has the characterist ics of the preirradiated 

d ecomposition, 

TABLE 78/ • ..•...•.• 
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TABLE 78. 

120°C Irradiated blank. Run 1 . 

t p t p 

10 0.01 54 15,16 

20 0.01 56 22,60 

30 0 , 03 58 31,81 

35 0.07 60 41,54 

40 0,29 62 51.42 

43 0,74 65 64,48 

46 1,95 68 76 , 65 

48 3,34 70 83,87 

50 5,84 72 89,37 

52 9.71 75 97.14 

120°C 10 min, X-rays. Run 2. 

t p t p 

20 0. 0 2 96 11,10 

40 0,05 97 16,19 

50 0,07 98 22,97 

Irradiation 99 30,65 

70 0,08 100 39,12 

80 0,09 101 46.84 

85 0,24 102 54.12 

90 1.16 103 61,69 

92 2,53 104 67 ,70 

94 5,20 105 73.73 

95 7.66 106 79.11 

12o°C 10 min, X-rays. Run 3 . 

t p t p 

20 0,04 130 2,03 

40 0,05 135 3 .1 2 

60 0.08 138 4 , 32 

70 0.13 1 4 0 5. 7 2 

80 0 , 22 142 9,64 

90 0,39 143 12.47 

95 0. 60 144 15,67 

Irradiation 145 19.49 

100 0,62 146 25 ,99 

7,0 mg, 

t p 

80 106,35 

85 112,53 

90 116 ,56 

95 120.0 6 

100 122.43 

110 125. 4 2 

120 126. 62 

Pf 127. 20 

Pa 118.10 

6,9 mg. 

t p 

108 88,97 

110 9 6. 88 

112 103.03 

115 110.44 

120 118.11 

1 25 122. 61 

130 124.89 

134 126.04 

140 126. 61 

Pf 127.20 

Pa 129. 61 

7,0 mg. 

t p 

151 71,08 

1 52 78,97 

153 86,22 

154 92.68 

156 102.81 

158 109,86 

160 114,69 

165 122,13 

170 124. 66 

TABLE 78 cont/ ....... . 
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TABLE 78 cont. 

t p t p t p 

110 0,71 147 34.43 175 126.57 

115 0.83 148 43.66 Pf 127. 20 

120 0.95 149 54,00 Pa 119,23 

125 1.29 150 62 . 70 

120°C 10 min. X-rays , Run 4. 6,9 mg. 

t p t p t p 

20 0,08 Irradiation 211 63,73 

40 0.11 180 19,34 212 68.54 

60 0,23 185 21.26 214 78.05 

70 0,35 188 23,62 216 86.61 

80 0.42 190 25,24 218 94,82 

90 0,52 192 27 , 11 220 100.56 

100 0,65 194 29.06 222 105,99 
.. 

110 0,89 196 31.21 225 112. 64 

120 1. 28 198 33 ,0 5 230 118,99 

130 1.96 200 35,37 235 122,25 

140 3,44 202 37,62 240 124.44 

150 5. 8 6 204 41,03 245 126. 11 

160 10,07 206 44.72 250 126,67 

170 16 . 50 208 50.47 Pf 127. 20 

173 18.99 210 58.83 Pa 117.73 

12o°C 10 min, X-rays. Run 5, 6. 9 mg. 

t p t p t p 

20 0 , 02 180 3 6. 7 9 234 81.71 

40 0.07 190 4 5. 91 236 86.79 

60 0.11 Irradiation 238 91.83 

80 0 . 25 195 46.27 240 96 . 76 

90 0,43 200 47,49 242 101.14 

100 0 , 63 202 48,51 245 106,55 

110 1.19 204 49.89 250 113,55 

120 2.26 206 51.18 255 118,11 
; 

130 4,54 208 52,65 260 121. 40 

135 6,18 210 53.99 265 123. 31 

140 8. 23 215 57.39 270 124.76 

145 10 . 75 220 60,54 280 126,22 

150 13.81 225 64 , 90 Pt 127. 20 
160 20.32 230 72.58 Pa 114,09 
170 28.38 232 76,98 

TABLE 78 cont/ .. . .... . 
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TABLE 78 cont. 

120°C 10 min, X- rays. Run 6. 6.9 mg. 

t p t p t p 

20 0,05 180 39,30 260 87,38 

40 0,09 190 49.05 265 94,12 

60 0,12 200 58,14 270 102.79 

80 0. 21 210 66,15 275 110 ,22 

90 0,43 220 73.70 280 116,26 

100 0,58 Irradiation 285 119,64 

110 0.76 225 74.28 290 122. 62 

120 1.83 230 74,98 295 124.7 5 
: 130 3,91 235 76,03 300 125. 97 

140 7.66 240 77,61 310 126.79 

150 13. 27 245 79.74 pf 127. 20 

160 20.67 250 81.68 Pa 113,64 

170 29.40 250 83,88 

(iv) Effec t of admitting water vapour onto the salt in an 

interrupted decomposition, 

The proce dure for this type of experiment has been given 

earlier, The time of X-ray irradiation was one hour, and the 

decomposition temperature 120°C throughout the series. These 

runs are tabulated in TABLE 79, and illustrated in FIGURE 65, 

Again a new induction period is generated, and the subsequent 

rate constants are decreased, Interruption &nd admission of 

water vapour in the decay region produces a flash of flame 

from the sample and further decomposition is virtually e1imi-

nated. Successive interruptions along the induction period 

results once more in producing new induction periods all of 

approximately the same duration, 

Acceleratory rate constants, k
5

, (equation 10) are given 

in TABLE so, together with the lengths of the induction periods 

formed, 

Reduced values for the final pressures are once more 

obtained. Partial recovery of the lost pressure occurs on 

heating to 300°C in vacuo . Pressures are thus not normalised 

in the tables. 

TABLE 79 I . . . ........ . 
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TABLE 79, 

120°C Irradiated blank, Run 1, 6,5 mg. 

t p t p t p 

10 0.04 60 17.79 90 109.27 

.20 0.06 62 24.68 95 114. 20 

30 0,13 64 32,40 100 118.10 

40 0. 21 66 40,52 105 120.93 

45 0. 60 68 48.81 110 122. 64 

50 1.95 70 57,08 115 123,79 

52 3,28 72 64.75 120 124. 37 

54 5,30 75 75,58 Pa 124.94 

56 8,25 so 90,17 

58 12,38 85 101,31 

120°C 60 min , X-rays, Run · 2. 6.4 mg. 

t p t p t p 

10 0. 05 78 10,29 105 68,99 

20 0.09 80 14.27 110 73,79 

23 0,13 82 19,12 120 79.23 

Water Interruption 84 24,42 130 82.48 

40 0.14 86 30,37 140 83,90 

50 0,32 88 35,72 150 84,85 

60 0. 60 90 40,84 160 85,81 

65 1,00 92 4 5. 96 170 86,29 

70 1.95 95 53. 24 Pa 86,77 

75 5,67 100 62.28 

120°C 60 min, X-rays. Run 3 ' 6.5 mg 

t p t p t p 

10 0,11 88 4,28 115 55,92 

20 0.17 90 6.56 120 61.06 

30 0,22 92 9,80 130 67.70 

40 0. 29 94 13,88 140 71.59 

50 0. 60 96 18,45 150 73,79 

Water Interruption 98 23,16 160 75,58 

60 0,62 100 27,86 ' 170 76,49 

70 0,65 102 32,70 Pa 76,94 

80 0,69 105 39.21 

85 2. 02 110 48,45 

TABLE 79 con t/ ......... . 
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TABLE 79 cont. 

12o°C 60 min. X-rays, Run 4. 6,5 mg. 

t p t p t p 

10 0. 21 60 18,23 110 36,60 

20 0.32 61 21,93 115 41.74 

30 0,41 Water Interruption 120 47.13 

40 0. 60 70 22.20 125 52,02 

45 0,86 75 22.39 130 56.43 

48 1,36 so 22,80 140 61.79 

50 ' 2,02 85 23.41 150 65.47 

52 3,28 90 24.42 180 68,24 

54 5,18 95 26,01 210 70,38 

56 8,40 100 28.38 Pa 72,59 

5 8 12. 57 1 05 31.90 

120°C 60 min, X-rays, Run 5. 6. 5 mg . 

t p t p t p 

10 0.12 66 19,35 135 49,40 

20 0,18 68 25.72 140 50.99 

30 0 ,27 70 33,00 145 53,73 

40 0.39 72 39,86 150 55.79 

45 0,52 73 44.56 155 58.25 

50 0.87 Water Interrupt :Lon 160 60.03 

52 1. 24 80 44.57 170 63.46 ' 

54 1.81 90 44.58 180 65,54 

56 2.74 100 44.63 190 6 6.74 

58 4,07 110 44, 86 200 67.73 

60 6.17 120 45,64 210 68,27 

62 9,32 125 46,52 . Pa 68,48 

64 13.69 130 47.75 

120°C 60 min. X- r ays. Run 6. 6,5 mg. 

t p t p t p 

10 0,03 68 24,17 140 82 ,69 

20 0.04 70 32 ,70 150 83,10 

30 0 , 10 72 42,18 160 83,66 

40 0,17 74 51,37 170 84,57 

45 0. 27 76 60.66 180 85,03 

50 0,56 78 69,85 190 86,06 

52 0,88 so 77,85 20 0 86,51 

54 1,36 81 81,56 220 86,98 

TABLE 79 cant/ ..••...• 



t p 

56 2,10 

58 3,28 

60 5,07 

62 7,95 

64 12.02 

66 17,35 
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TABLE 79 cont. 

t p 

Water Interruption 

90 81.69 

100 81.78 

110 81,89 

120 8 2, 01 

130 82,32 

120°C 60 min, X-rays , Run 7. 

t p t p 

10 0,14 120 1,82 

20 0. 21 130 1,91 

30 0,32 135 2.13 

40 0.41 138 2,40 

45 0. 60 Water Interruption 

Water Interruption 150 2.41 

60 0,69 160 2.46 

70 0.87 165 2,56 

75 1. 20 170 2.78 

Water Interruption 173 3,00 

90 1.31 Water Interruption 

100 1,33 190 3.01 

105 1.65 200 3,03 

:t,06 1,81 210 3,27 

Water 1nterrupt~on 215 3,59 

TABLE 80. 

Point of k5 
lfs min, -1 

Induction em 
Interrup- period 
tion. min , 

Uninterrq:>- 1,450 -2 
X 10 4 5 

ted, 

1;2 along 1. 231 -2 
40 X 10 

I . p. 

End of IP. 1. 289 X 10- 2 
30 

or:;( = 0,18 5.479 -3 
X 10 20 

o( 0.36 4,287 -3 
40 = X 10 

<:( = 0,65 1,160 X 10-3 
50 

5 6,372 -3 conse- X 10 40 
cutive. 

t p 

240 87.22 

260 87,35 

280 87,42 

Pa 87,47 

6. 5 mg. 

t p 

220 4,14 

225 5,41 

230 7.72 

235 11,10 

240 15,57 

245 20,79 

250 25,91 

255 31,14 

260 35.46 

270 41.88 

280 46.19 

3 20 54,37 

330 55,86 

340 56,62 

Pa 57.00 

Number Induction 
of In- period 
terrup - min. 
tions. 

0 45 

1 30 

2 31 

3 32 

4 35 

5 40 

(v) Effect of/,, ·,, ....•... 
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(v) Effect of varying the temEerature of decomEosition. 

An irradiation time of two hours was selected for these run~. 

A series of decompositions in the temperature range 100°-130°C 

were carried out and the necessary rate constants determined 

at each temperature, The results appear in TABLE 81, The 

acce1eratory and decay period rate constants, k
6 

and k 7 (equa­

tions 11 and 2) respective1y,and the induction periods (min,) 

are given in TABLE 82, 

TABLE 81, 

100°C 2 hrs , X-rays. Run 1. 6. 5 mg, 

t p t p t p 

60 0.07 240 4,21 340 84,58 

120 0,11 250 6,90 3 50 9 2, 30 

140 0,15 260 10,97 360 99,26 

160 0,15 270 16,86 380 108.75 

180 0. 24 280 24,81 400 115,71 

190 0. 36 290 34.31 440 123.49 

200 0,55 300 44,24 460 125.32 

210 0,86 310 55.0 2 480 126,56 

220 1,52 320 66.08 pf 127. 20 

230 2,52 330 75,76 Pa 113,64 

105°C 2 hrs, X-rays. Run 2. 6.4 mg, 

t p t p t p 

20 o.oa 180 8.10 240 92,15 

40 0,10 185 12.20 250 101,83 

60 0.10 190 17,14 260 109,81 

so 0.17 195 23,16 270 115,30 

90 0,17 200 30,09 280 119,79 

100 0.17 205 37 , 60 290 122. 64 

110 0,22 210 4 5. 96 300 124.94 

120 0,26 215 54,76 310 126,10 

140 0,68 220 63,51 3 20 126. 69 

160 1.95 225 71 .15 Pf 1 27. 20 

170 3.67 230 78.77 Pa 127. 70 

TABLE 81/cont •.•....•. 
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TABLE 81 cont. 

110°C 2 hrs, X-ra.ys, Run 3, 6,5 mg, 

t p t p t p 

20 0.07 110 12.78 155 103,48 

40 0.10 115 21.46 160 108,90 

60 0,10 120 32,54 170 115,01 

70 0. 21 125 45,28 180 120 .14 

80 0.33 130 58,11 190 123.04 

90 1,11 135 69.87 200 125,39 

95 2.01 140 80,81 210 126.56 

100 3.99 145 90,04 pf 127. 20 

105 7.47 150 97 . 16 Pa 123. 21 

115°C 2 hrs. X-rays, Run 4. 6,5 mg. 

t p t p t p 

20 0 , 05 82 12,20 110 98,72 

30 0,08 84 16. 29 115 108 . 19 

40 0.10 86 21.4 5 120 113,64 

50 0,13 88 27.59 125 118,10 

60 0.32 90 34,50 130 120. 93 

65 0 , 60 92 41,51 135 123. 4 3 

70 1,34 94 48,81 140 124. 94 

72 2.16 96 56,30 145 126,10 

74 3.16 98 63.9 2 150 126. 68 

76 4,39 100 71.59 Pf 127. 20 

78 6,17 102 78 , 31 Pa 127. 70 

80 8. 7 6 105 86,77 

120°C 2 hrs. X-rays. Run 5. 6.8 mg. 

t p t p t p 

10 0,04 56 19,37 75 105 , 89 

20 0,06 58 29,72 80 114. 51 

30 0,09 60 41,63 85 119 , 97 

40 0,25 62 53,69 90 122.73 

45 0,90 64 64.79 95 125.0 6 

48 2,18 66 74,87 100 126,08 

50 3,90 68 83,77 105 126. 63 

52 7,03 70 91,73 Pf 127. 20 

54 11.91 72 98.56 Pa 136.17 

TABLE 81 cont/ ....•.•.• 
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TABLE 81 cont. 

125°C 2 hrs, X-rays, Run 6. 6 , 5 mg. 

t p t p t p 

10 0,07 40 19,19 54 110,67 

20 0,10 41 27,26 56 114,57 

25 0,16 42 37,36 58 117,39 

30 0,40 43 47,97 60 119.10 

32 0,80 44 57,09 65 122. 57 

33 1. 21 45 65.71 70 124. 89 

34 1.86 46 73,14 75 126.07 

35 2 , 73 47 80,50 80 126,66 

36 4,19 48 87.23 Pf 127. 20 

37 6,08 49 9 2, 70 Pa 123.79 

38 9,10 50 97,30 

39 13 ,49 52 105.22 

130° 2 hrs, X- rays, Run 7, 6.5 mg, 

t p t p t p 

10 0.10 31 33,00 40 115,86 

20 0.19 32 50.34 42 119. 23 

25 0.97 33 70.28 45 122.07 

26 1,67 34 83,90 50 124.94 

27 2. 9 2 35 93,65 55 126 . 10 

28 5,07 36 101,31 60 126. 69 

29 8,85 37 107,12 Pf 127. 20 

30 16,29 38 110.36 Pa 127. 4 7 

TABLE 82, 

Temperature Induction k6 min, 
-1 

k7 min, -1 

oc period min. 

100° 205 6,50 X 10-3 
4,360 :X 10-3 

105° 140 9,65 X lo- 3 
7, 050 :X 10-3 

110° 87 1,513 X 10- 2 
9,850 X 10- 3 

115° 10- 2 - 2 
65 2,125 X 1.540 X 10 

120° 43 <1,000 10 - 2 
2,130 

-2 
X X 10 

125° 31 5,600 10- 2 -2 
X 3,260 X 10 

130° 23 1,008 X 10 - 1 
5,480 X 10- 2 

(vi) Percentage/, ...•. . .. ,, 



- 228 -

(vi) Percentage decomposition, 

This was calculated in terms of the equation: 

On irradiation with X-rays the percentage decomposition 

increases compared to the unirradiated salt. TABLE 83 lists 

a series of determinations of the percentage decomposition. 

For samples which had been irradiated for two hours the average 

percentage decomposition was 87.4% of the theoretical value, 

TABLE 83 , 

Temperature oc Dose, Weight used % decompo-
m. g . sition. 

120° 15 sees. 6.7 86,26 

120° 1 min, 6.2 80.25 

120° 2 II 6.5 77.25 

120° 5 II 6,7 7 6. 36 

120° 15 II 6,4 80 . 48 

120° 30 II 6,4 89. 24 

120° 60 " 6,6 82.63 

120° 240 II 6,7 86,27 

100° 120 H 6,4 80.48 

105° 120 " 6.4 90 , 43 

110° 120 It 6 ,5 85.88 

115° 120 " 6 . 5 86,67 

120° 120 " 6,6 93,44 

125° 120 " 6,5 86,27 

130° 120 II 6 . 5 88,63 

(vii) Mathematical analysis of the results and evaluation 

of activation energies, 

For irradiation times of up to 30 min. the power law with 

n - 3 fitted the acceleratory period i.e, 

::: k t 
5 + cs · ··········· · · · · · · · ··-···(10) 

With irradiation times exceeding 30 min. the above ex-

pression was no longer applicable . The Avrami-Erofeyev equa-

tion, with n = 3 gave a better analysis, The equation was u sed 

in the form/, , •. . •. , •. . ..• 
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in the form, 

lj3 

L- log (1- ~f--p%0 ) J ~ k 6t + c 6 ....•.•. , ... (11) 

-3 
where p is a small pressure (1,00 x 10 em, Hg) at the end of 

& 

the induction period, 

The extent of fit of the power law was from « = 0,014 to 

~ = 0,38 for an irradiation time of 5 min. The Avrami-

Erofeyev equation held from « = 0 ,024 to ~ ~ 0 , 40 for an irra-

diation time of one hour, 

The contracting sphere formula, 

P/ lj3 
(1 - pf) ~ k

7
t + c

7 
............ . ....... ,(2) 

describes the decay period in all cases, the average extent of 

fit being « = 0.44 to ~ = 0,90, 

A typical p/t plot for the decomposition of lighay irra-

diated (5 min,) strontium azide is shown in FIGURE 66 together 

with the analysis plots, FIGURE 67 gives the p/t plot and 

analysis for a heavily dosed (1 hr.) specimen . 

When the decomposition of a heavily dosed sample is inter-

rupted and water vapour admitted onto the s al t, the s ubsequent 

acceleratory reaction is described by the power law, with n = 3, 

once more. 

FIGURE 68 shows the Arrhenius plots of log I.P, (min.), 

1;. 0 
log k 6 , and log k 7 , vs. T K. The activation energies ob-

tained from these plots were: 

(i) Induction period: -1 
22 ,70 kcals.mole 

( ;i) A t · -1 • ccelera cry per~od: 26 , 50 kcals.mole 

(iii) Decay period: -1 
24 .00 kcals,mole • 

7.1.5, Preirradiated (X-rays) Strontium Azide. 

(i) Preliminary investigation, 

The method of irradiation has been described, All ampoules 

were opened under argon. TABLE 84 and FIGURE 69 shows the 

effect of a 20 Mrad dose on the decomposition of strontium azide. 

The decomposition/ •.••...••• . 
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The decomposition temperature was 125°C. 

TABLE 84, 

125°C Unirradiated blank. Run 1. 7.6 mg. 

t p t p t p 

10 0,05 120 12.07 23 0 111,45 

20 0 ,0 8 130 20 , 16 240 117.75 

30 0.10 140 30,61 250 120. 67 

40 0 . 12 150 42,18 260 123.0 3 

50 0,16 160 54 , 02 270 124.82 

60 0,19 170 66,01 280 126.01 

70 0,48 180 77.79 290 126. 61 

80 0,93 190 87,01 pf 127. 20 

90 1,8 6 200 95,69 Pa 119,23 

100 3. 60 210 103,15 

110 7.00 220 108,65 

125°C 20 Mrad , Run 2 .. 6,7 mg, 

t p t p t p 

5 0,09 16 27,91 22 125 . 7 6 

10 0,27 17 74,89 25 126.49 

12 0,55 18 107.57 Pf 127. 20 

14 1. 21 19 119.30 Pa 141,67 

15 3,29 20 122.87 

(ii) Effect of varying doses of X-rays, 

The extreme sensitivity of strontium azide to Y-rays 

necessitated a reduction of the temperature of decomposition 

by 20-30°C in order to obtain a reasonably slow rate of decom-

position, The decomposition temperature in this series was 

l00°C, . The Y-ray doses ranged from 1,000 rad to 10 Mrad. 

All the irradiations were carried out in the Co 60 source at 

Wantage. The results are tabulated in TABLE 85 and s hown 

graphically in FIGURE 70 . Reduction of the induction period 

and increased acce1eratory and decay rates with increasing 

dose, are found , The acce1eratory rate constants, k
5 

(equa-

tion 10) for doses not exceeding 100 ,000 rad, and k
2 

for 

higher doses (equation 6) together with the decay rate con-

stants, k
7

,1 ... ..... . . 
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stants, k
7

, (equation 2) and the induction per~ods (min.), for 

the various preirradiation doses are given in TABLE 86. The 

rate constants for the decomposition of the unirradiated salt 

at this temperature were obtained by extrapolation of the 

unirradiated activation energy plots. 

TABLE 85. 

100°C 1,ooo rad, Run 1 . 6.7 mg. 

t p t p t p 

60 0,10 190 14,82 240 108,47 

100 0.15 192 18.87 245 112.62 

120 0.15 195 25,60 250 115.79 

140 0. 20 200 37.46 255 119,00 

160 0.29 205 49,82 260 121. 70 

165 0,41 210 61.21 265 123,89 

170 0,58 215 71.24 270 125. 55 

175 1.29 220 80.70 275 126. 66 

180 3.16 225 88,88 Pf 127. 20 

185 7.64 230 96,00 Pa 139.82 

188 11,43 235 102,89 

100°C 10,000 rad, Run 2. 6.7 mg, 

t p t p t p 

20 0,03 152 4,26 180 78,41 

40 0. 06 1 54 5,87 185 91.22 

60 0. 06 156 8,15 190 101,09 

80 0.08 158 11,61 195 108,46 

100 0,13 160 15.49 200 114.54 

110 0.17 162 20,35 20 5 120. 26 

120 0. 28 164 26,37 210 122 . 91 

130 0,45 166 33 ,17 215 124. 51 

140 0,68 168 40,13 220 125. 58 

145 1,42 170 46.77 225 126,66 

148 2.28 172 53,22 Pf 127. 21 

150 3.07 175 63,85 Pa 14 7 .83 

TABLE 8 5 con t I . . ....... . 
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TABLE 85 cont. 

100°C 20,000 rad. Run 3 . 6,8 mg. 

t p t p t p 

50 0,09 140 11.61 165 98,32 

80 0,12 142 18,09 170 107,38 

100 0,16 144 26.21 175 114,31 

120 0.22 146 35.06 180 118,36 

125 0,32 148 44,85 185 121. 9 7 

130 0. 64 150 53,40 190 124.0 5 

132 1.12 152 61,59 195 125. 63 

134 2,05 154 68,41 200 126.68 

136 3,90 156 74.77 Pf 12 7. 20 

138 7.17 160 86,56 Pa 154,25 

100°C 50,000 rad Run 4 , 6,8 mg. 

t p t p t p 

40 0,09 126 13.85 146 94.61 

60 0,14 128 19.98 150 103,83 

80 0,19 130 28,12 155 112. 50 

100 0,26 132 37.66 160 118,48 

110 0,36 134 47,63 165 122,03 

115 0,68 136 57,35 170 124.0 9 

118 1,74 138 66,45 175 126. 28 

120 3,18 140 74.62 180 126. 68 

122 5 , 36 142 82,00 pf 1 27.20 

124 8,79 144 88,84 Pa 145,32 

100°C 100,000 rad. Run 5. 6,7 mg • 

t p t p t p 

20 0.11 106 6,58 122 79.76 

40 0,16 107 8.86 125 90.01 

60 0. 23 108 11.81 130 103,33 

80 0,28 109 15.37 135 112,37 

90 0,34 110 19,62 140 118,62 

95 0.46 111 24 ,3 8 145 122 ,87 

98 0.64 112 29 ,9 2 150 125' 03 

100 0,94 113 3 5. 4 5 155 126.11 

10 2 1 , 84 114 41,44 160 126. 6 5 
103 2 , 63 116 52,37 pf 127. 21 

104 3,56 118 62,63 Pa 145,39 

105 5, 07 120 71 .7 5 

TABLE 85 cont/ •. • ... , ...•.. 
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TABLE 85 cont . 

100°C 250,000 rad, Run 6. 6.7 mg, 

t p t p t p 

20 0,18 100 15,98 114 91 ,23 

40 0,25 101 21,30 116 97,95 

60 0.31 102 27.37 118 103,39 

70 0.38 103 32,22 120 107,96 

80 0. 51 104 37.46 125 116,32 

90 0,67 105 43.7 5 130 121 ,16 

92 1,12 106 50,83 135 124. 71 

94 1,84 107 57,78 140 126.10 

96 3 . 70 108 64,73 145 126.66 

97 5,40 109 70,41 pf 127. 20 

98 7.64 110 75.04 Pa 139,83 

99 10.94 112 83,84 

100°C 1.0 Mrad. Run 7 • 6,7 mg . 

t p t p t p 

20 0. 21 87 15.54 98 97.57 

40 0,29 88 24,90 100 104,24 

60 0,38 89 34,12 102 109.65 

70 0.51 90 43,57 105 115. 17 

75 0,64 91 52 , 79 110 120.34 

80 0,95 92 62 .,1 4 115 123. 4 8 

82 1,52 93 70.62 120 125. 60 

83 2 , 17 94 77,60 125 126,67 

84 3,43 95 84,00 Pf 127. 20 

85 5,64 96 89,31 Pa 151. 0 6 

86 9 , 24 97 93,85 

100°C 2. 0 Mrad. Run 8. 6.7 mg. 

t p t p t p 

20 0 ·,1 6 79 13.03 92 103 . 76 

30 0,23 80 23,00 95 111,14 

40 0 ,38 81 33,29 100 118,26 

50 0,45 82 42 , 94 105 121. 91 

60 0,54 83 52 ,10 110 1 24 .01 

70 0,61 84 61,40 115 125 . 60 

74 1.30 85 70,25 120 126. 67 

75 1.77 86 77 . 60 Pf 1 27 .20 

76 2. 76 8 7 84 ,00 Pa 151.0 6 
77 4 , 57 88 89,31 
78 7 .72 90 97,57 

TABLE B 5 con t I . . . . . . . . . . 
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TABLE 85 cont. 

100°C 4,0 Mrad. Run 9. 6.9 mg, 

t p t p t p 

20 0,11 RO 22,09 92 112. 30 

30 0.17 81 33,68 94 116.32 

40 0,23 82 47.08 96 119,39 

50 0,30 83 60,49 100 123. 01 

60 0,42 84 71.16 105 125 ,10 

65 0,63 85 80,15 110 126,16 

70 1. 21 86 87,46 115 126.65 

75 1,79 87 93,67 pf 127.20 

78 6,44 88 98,79 Pa 154,25 

79 12.09 90 106,41 

l00°C 10,0 Mrad, Run 10. 6,7 mg, 

t p t p t p 

10 0,11 67 26,75 80 97.33 

20 0,13 68 32,48 82 103.09 

30 0,17 69 39.36 84 108,01 

40 0. 21 70 46,91 86 112,03 

50 0,25 71 53,69 90 117,15 

55 0,33 72 60 f 57 95 121.34 

60 0,70 73 67,07 100 123 . 92 

62 1.32 74 7 2. 67 105 125. 60 

64 3.76 75 77.66 110 126. 67 

65 7. 45 76 81,93 Pf 127 f 20 

66 21,58 78 89.92 Pa 148,52 

TABLE 86 . 
Dose, Induction 1;3 

-1 -1 period (min,) k5 em min. k7 min. 

0 866 6.131 X 10-4 6,918 X 10- 4 

1,ooo rad 170 9,588 X 10-3 
9,050 X 1o-3 

1o,ooo " 140 1,173 X 10-2 1,355 X 10-2 

20,000 It 130 1,695 X 10- 2 1.505 X ro- 2 

5o,ooo II 115 1.612 X ro- 2 1. 830 X 10-2 

1oo,ooo " 98 2,089 X 10-2 1,845 X lo- 2 
1------ - - ---- -- - -- ----- --------1 

1- ---- - - k 2 em . min , ----- - - ------ - 1-------
250,000 , 

90 1.530 10-1 -2 
X 2,145 X 10 

1 ,0 Mrad 75 2 .116 X 1o-l 3 ,010 X lo- 2 

2, 0 fl 70 2 ,30 X 1o-1 3,150 X 10- 2 

4.0 It 65 2,28 X 1o-1 3.770 X lo- 2 

10,0 II 60 3,125 X ro-1 2. 350 X 1o- 2 · 

(iii) Effect of/ .•. ,, ••. , .• 
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(iii) Effect of interrupting a decomposition and irradiating 

the salt, 

The method used to irradiate samples at various stages 

has been described, It was not possible to eliminate water 

vapour from the glass, Thus the irradiation was actually done 

on a mixture of strontium hydroxide and undecomposed azide, 

Decompositions were done at 120°C up to the point of interrup-

tion, the decomposition interrupted, irradiation performed, and 

the run continued at l00°C, The results appear in TABLE 87 

and FIGURE 71. The irradiations were done in the spent feul 

facility at Harwell, In all cases there was fi short induction 

period (due to the effect of water vapour) followed by a very 

rapid acceleration. 

TABLE 87. 

l00°C 4,0 Mrad. Run 1. Blank run 6,0 mg. 

t p t p t p 

10 0.02 71 13,63 82 108,97 

:w 0.04 72 21,95 83 112,18 

30 0,06 73 33,70 85 117,08 

40 0,09 74 42.26 87 119,86 

50 0,19 75 60,70 90 122,66 

60 0,51 76 71,88 95 125. 50 

65 1,75 77 81,24 100 126. 64 

67 2 , 57 78 89.71 Pf 12 7. 20 

68 3,74 79 96.09 Pa 131,38 

69 5,49 80 101,66 

70 8,42 81 105,80 

4,0 Mrad. Run 2. 6.0 mg • 

t p t p t p 

120°C 92 0,76 104 98,91 - -- -~- ~.~3- -45 93 1, 21 105 106.17 

Irradiation 94 1,92 106 110,98 
I 

100°C 95 3 , 22 107 114.79 --- - - ----
50 0,13 96 5,20 108 117,56 

60 0.13 97 8,69 110 120.91 

TABLE 87 cant/, .•.•...•••.• 
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TABLE 87 cont. 

t p t p t p 

70 0,13 98 14.78 112 123.75 

80 0,14 99 26,54 115 125.47 

85 0.14 100 45.10 120 126. 62 

88 0,15 101 64.78 pf 127. 20 

90 0.32 102 79,11 Pa 129,62 

91 0,52 103 90,43 

4.0 Mrad. Run 3 • 6,1 mg. 

t p t p t p 

120°C 137 0,88 149 95.45 

30 0.15 138 1,55 150 100.16 

60 0,32 139 2.78 152 107.72 

90 0. 68 140 4,95 154 113. 28 

Irradiation 141 9,43 156 116 , 69 
I 

100°C 142 17,94 160 120. 7 3 

100 0,69 143 46,27 165 123. 6 6 

110 0,69 144 54.96 . 170 125. 43 

120 0.71 145 63,51 175 126. 63 

130 0,72 146 7 2. 68 Pf 127.20 

135 0,74 147 81.51 Pa 121. 50 

136 0,79 148 89,34 

4.0 Mrad. Run 4 • 6 .1 mg. 

t p t p t p 

120°C 185 17,67 202 93,54 

40 0,11 188 18.46 203 100.66 

60 0,26 190 19,59 204 106,45 

100 0.71 191 20,34 205 111,66 
.. 

120 1,62 192 21 . 66 206 115. 30 

130 3,79 193 23,00 208 120.08 

140 7,93 194 25 ,44 210 122,79 

150 15.79 195 30.16 212 124. 43 

Irradiation 196 35,35 215 125. 53 
I 

l00°C 197 4 2. 95 220 126. 63 

155 15.9 3 198 53,08 pf 127. 20 

160 16 .0 7 199 63,35 Pa 122.92 

170 16.19 200 74,46 

180 16.69 201 84 . 97 

TABLE 87 cont/ .•....... 
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TABLE 87 cont. 

4,0 Mrad, Run 5, 5,9 mg. 

t p t p t p 

120°C 190 40,82 220 71 .24 

30 0,14 200 41,40 221 80,68 

60 0,28 202 41.70 222 86,24 

100 0.72 204 42.05 224 96,05 

120 2,13 206 42 , 52 226 104. 24 

130 4,75 208 4 3. 08 228 111,20 

140 9. 21 210 43,85 230 115.72 

150 14,68 212 44,98 232 119,47 

160 21,38 214 46,79 235 122. 80 

170 30,52 216 50.0 2 240 125. 23 

180 40,68 217 52.62 245 126.70 

Irradiation 218 57.00 Pt 127.20 

100°C 219 64.07 Pa 120. 58 

I 

4,0 Mrad. Run 6. 6.0 mg. 

t p t p t p 

12o°C 210 70.07 275 91,75 

30 0. 23 Irradiation 276 98,26 

60 0. 42 100°C 277 104,40 

100 0,88 220 70 . 24 278 109,48 

120 2.63 230 70,46 279 113,52 

130 4,71 240 70,53 280 116,32 

140 6. 98 250 70 , 68 282 120. 69 

150 12,17 260 70,84 285 123. 71 

160 18,68 2G5 71.06 290 126.04 

170 26,55 270 72 . 06 295 126. 8 2 

180 39~41 272 74,44 pf 127 . 20 

190 51,37 273 78.35 Pa 124.47 

200 61,58 274 85,47 

(iv) Effect of admitting water vapour onto the salt in an 

interrupted run. 

The results obtained from successive interruptions of the 

irradiated salt during the induction period, are rather unique 

and will be dealt with separately 

(a) Single/, .•....... ,. 
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(a) Single interruptions. 

Interruptions were done at five points on the p/t 

plots. The decomposition temperature was 95°C and the Y-ray 

dose was 2,0 Mrad in each case. The results are given in 

TABLE 88 and are illustrated in FIGURE 72, A new induction 

period and acceleratory and decay periods are again produced, 

11Water interruptions" in the induction period and the accelera-

tory period results in the subsequent acceleratory period 

proceeding at a faster rate than for the uninterrupted salt, 

The rate is slower than normal if the interruption is done at 

the inflexion point, I n the decay period there is a flash of 

flame when water vapour is admitted and further reaction is 

destroyed. TABLE 89 shows the changes in the induction periods 

and acceleratory rate constants, k 2 (equation 6)~ 

Final pressure are again lower than normal. Partial 

recovery ot the lost pressure is possible by heating to 300°C 

in vacuo, Pressures are thus not normalised, 

TABLE 88. 

95°C 2,0 Mrad, Run 1. Uninterrupted blank, 
6,0 mg. 

t p t p t p 

20 0. 20 104 4 , 96 118 89,03 

40 0,40 105 7,03 120 95,65 

60 0,44 106 9 ,9 5 122 100,91 

70 0,46 107 13,97 125 106,36 

80 0,55 108 19,59 130 111 . 28 

90 0,63 109 26,71 135 114,66 

95 0,72 110 35,56 140 116,37 

98 0,96 111 44 ,61 145 117. 51 

100 1,42 11 2 53,51 150 117.83 

101 1,88 113 61,55 Pa 118.09 

102 2,53 114 68,38 

103 3 . 44 116 80 , 73 

TABLE 88 cont/ ....•..... 
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TABLE 88 cont. 

95°C 2.0 Mrad. Run 2 . 6.0 mg. 

t p t p t p 

20 0,04 137 1,54 150 64,34 

40 0,08 138 2,83 152 69,85 

50 0.11 139 5,07 155 75,58 

Water Interruption 140 8.55 160 81,08 

80 0,12 141 13,88 165 84.37 

100 0.12 142 22.18 170 86.77 

120 0,14 143 31,82 175 87,73 

130 0,19 144 37,29 Pa 88,22 

135 0,52 146 47,73 

136 0.86 148 56,69 

95°C 2.0 Mrad. Run 3 • 6.1 mg. 

t p t p t p 

30 0,11 147 2,25 157 77.39 

60 0,19 148 3.87 158 82.95 

70 0,32 149 6 , 43 160 91,16 

80 0,40 150 10,80 162 96,68 

90 0.49 151 18,90 165 10 2. 3 5 

95 0. 61 152 33,00 170 107,12 

Water Interruption 153 45,26 175 109,81 

110 0,62 154 54,38 180 111,45 

140 0,65 155 62,69 185 112,54 

145 0.77 156 70.28 Pa 113,09 

95°C 2.0 Mrad, Run 4. 6,0 mg. 

t p t p t p 

20 0.13 119 11,31 206 29 .7 6 

40 0. 20 120 15,88 207 34.77 

60 0,38 Water Interruption 208 40,05 

80 0,56 130 15,88 209 45.68 

90 0,64 140 15 , 90 210 50,99 

100 0.77 150 15.90 211 55 . 74 

105 0,97 160 15.92 212 59,75 

110 1, 24 180 15,94 214 66,88 

112 1,48 190 15.97 216 71,79 

114 2 , 25 200 16,40 220 78,57 

TABLE 88 cont/ .. .••. • .• 
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TABLE 88 cont. 

t p t p t p 

115 2,92 202 16,62 225 82,31 

116 4.07 203 18,62 230 84,43 

117 5,67 204 20. 60 235 85,29 

118 8,16 205 24.13 Pa 85,73 

95°C 2,0 Mrad. Run 5. 6. 2 mg. 

t p t p t p 

20 0,13 101 33,29 200 67.41 

40 0. 24 102 45,95 202 71,48 

60 0,38 103 59,45 204 77,46 

80 0,52 Water Interruption 206 83,62 

90 0.97 130 59.52 208 89,54 

92 1,36 160 59,59 210 94,87 

94 2,33 170 5 9,63 212 99,00 

95 3,28 180 59,75 215 103.67 

96 4,95 190 60,14 220 107.54 

97 7.52 192 60.53 225 109.72 

98 11,31 194 61.26 230 110.64 

99 16, 50 196 62,55 235 111.57 

100 23,66 198 64,52 Pa 111,94 

95°C 2,0 Mrad. Run 6 . 5,9 mg . 

t p t p t p 

20 0,09 99 12.0 2 Water Interruption 

40 0,17 100 19.12 1 50 83,08 

60 0,27 101 30.37 180 83,31 

80 0,39 102 42,52 200 83.48 

90 0,68 103 51,00 220 83,77 

95 1,81 104 60.26 240 84,07 

96 2,83 105 68,5 6 260 8 4 ,31 

97 4,50 106 76,48 300 84 , 43 

98 7.66 107 82,95 p3 8 4 ,70 

TABLE 8 9 I . .. . ........ . 
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TABLE 89, 

Point of Induction k2 min. 
-1 em, 

interruption, period min, 

Uninterrupt e d 90 1,490 X 10-l 

l;z along I .P. 85 1,875 X 10 -l 

End of I,P. 50 2,310 X 10-l 

c( :::: 0,13 80 
-1 2,400 X 10 

~ :::: 0,50 87 1,025 X 10-l 

Q( = 0.70 No reaction No reaction, 

(b) Effect of successive interruptions, 

Interruption and admission of water vapour at the end 

of the induction period followed by repeated interruptions and 

admission at the end of each new induction p e riod resulted in 

a shortening of the induction period to a limiting value of 

approximatel y 30% of the original induc tion per i od after four 

or five interruptions, Allowing the decomposition to proceed 

without inte rruption after the sixth int erruption r e sulted in 

a very fast rate of reaction culmi nating in an explosion at 

c< = 0,10. The expecte d final pressure was obtained after the 

explosion. These results are shown i n TABLE 90 and FIGURE 73, 

The temp e rature of decomposition was 95°C and the Y-ray dose 

2. 0 Mrad. 

t 

60 

90 

100 

1 0 2 

2. 0 Mrad. 

p 

0,13 

0. 3 2 

0.52 

0. 61 

TABLE 90, 

t 

24 0 

250 

255 

260 

Run 1. 

p 

1,83 

1 , 83 

1, 8 6 

2 . 0 9 

Wa t e r Interruption 261 2 . 27 

262 2, 41 

6, 2 mg . 

t p 

3 24 3. 61 

Water Int e rruption 

330 

3 40 

345 

3 50 130 

140 

150 

160 

165 

170 

0. 62 

0, 62 

0. 63 

0. 63 

0 , 6 4 

0,68 

Wat er Interr uptio n 35 2 

3. 61 

3, 6 2 

3,62 

3,73 

3 ,92 

4 ,12 

4 , 4 7 

5,08 

6.1 7 

270 

2 80 

2 90 

2 93 

2 .4 2 

2 . 42 

2 ,5 2 

2 ,86 

3 53 

354 

3 5 5 

3 56 

TABLE 90 can t/ .. .• ....... 
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TABLE 90 cont. 

t p t p t p 

175 0.78 294 2,99 357 8,32 

178 1, 20 Water Interruption 358 12. 61 

Water Interruption 300 3,00 Explosion 

200 l, 21 310 3,00 359 108,06 

220 1,26 315 3,00 360 107,53 

225 1.72 320 3,00 362 106,48 

226 1,82 322 3,26 Pa 104,91 .. 
Water 

1
Interrupti?n 323 3 ,47 

0 
Further experiments were then performed at 95 C on a 

specimen preirradiated with a heavier (10 Mrad) dose . After 

six "water interruptions" explosion again occurred, but at a 

lower «value viz, ~ = 0.025, The effect was highly reprodu~ 

cible. 

at 95°C, 

Aft e r three orseven interruptions no explosion resulted 

Heating the fresh sample at 95°C in contact with water 

vapour for a length of time equal to the combined lengths of the 

induction periods produced a fast reaction but no explosion, 

At l00°C explosion was obtained a fter two successive 

interruptions at « = 0,01, 

90°C under any conditions, 

No explosions were obtained at 

Storage of the specimen for 48 hours in vacuum after th e 

second interruption did not produce explosion wh en the run was 

allowed to proceed nornally at 100°C, The normal sigmoid p/t 

plot was obtained. 

Attemps to prepare a specimen, and then e xplode it i n air 

0 at 110 C were unsuccessful, Failure to produc e an explosion 

was probably due to the water vapour in the air, 

The a bove results are all contained in TABLE 90, from 

run 2 onwards , Runs 2 and 3 were done under identical con-

ditions in order to check the reproducibility. 

TABLE 90 cont/ •.•.•... 
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TABLE 90 (cont) 

10.0 Mrad. Run 2. 6.2 mg. 

t p t p t p 

30 

60 

80 

85 

90 

93 

0,04 

0 .08 

0,11 

0.17 

0.32 

0.63 

190 

195 

1. 30 

1,83 

Water Interruption 

300 

Water Interruption 305 

220 

225 

230 

1.89 

1,92 

2,49 

310 

313 

314 

Water Interruption Water Interruption 315 

3.67 

3,67 

3.75 

4.11 

4,52 

5 ,47 

120 

140 

145 

150 

155 

0. 64 

0,65 

0,68 

0,76 

1. 24 

250 

255 

258 

2,51 

2,62 

3,07 

Explosion 

316 

317 

Water Interruption 318 

270 

Water Interruption 275 

180 t 1,25 1 282 

10,0 Mrad, 

t p t 

3,08 

3.08 

3,66 

Run 3, 

p 

320 

325 

Pa 

t 

289 

94,31 

91.39 

89,95 

88,51 

87.56 

87.10 

6. 0 mg . 

p 

3.67 30 

60 

70 

80 

90 

95 

0,02 

0 .o 2 

0,09 

0,15 

0,27 

0.62 

200 

205 

211 

1. 28 

1,32 

1,84 

Water Interruption 

300 

. Water Interruption 305 

230 

23 5 

Water Interruption 237 

1,86 

2.11 

310 

313 

314 

Water Interruption 315 

3,68 

3,70 

3,84 

4.19 

4,64 

6.00 120 

140 

150 

160 

165 

0,63 

0,63 

0.64 

0.75 

1,26 

250 

260 

266 

2,50 

2.53 

3.08 

Explosion 

316 

317 

Water Interruption 318 

82,89 

81,5 2 

~1.06 

80,61 

78,70 

Water Int e rruption 280 

180 t 1,27 l 285 

95°C 10.0 Mrad. Run 

t p t 

30 0.09 180 
·. 

60 0,17 190 

so 0.27 192 

3,09 

3.19 

4. 

p 

1. 25 

1,55 

1.86 

3 20 

Pa 

6,1 mg. 

t p 

229 18,57 

230 19,87 

232 2 2,80 

TABLE 90 cont/ ... . •.• 
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TABLE 90 cont. 

t p t p t p 

90 0,38 ·water Interruption 23 5 26,28 

95 0,62 210 1,87 240 3 2, 42 

Water Interruption 220 1,96 245 40,75 

120 0,63 224 2,38 250 50,67 

140 0,65 225 3,34 255 58,16 

150 0.72 226 9,10 260 61,31 

156 1.23 227 10,86 265 62,52 

Water Interruptipn 228 17,74 Pa 63,33 

'· 

95°C 10.0 Mrad, Run 5. 6,2 mg • 

t p t p t p 

30 0 . 14 230 1,89 337 16,44 

60 0. 21 237 2,44 338 16.62 

so 0. 3 5 Water Interruption 340 16,80 

90 0,52 250 2,45 345 18,12 

95 0. 60 255 2~55 350 19,71 

Water Interruption 259 3,03 355 21,81 

145 0,77 Water I:qterruption 360 23,59 

150 0,99 270 3,04 365 24.98 

152 1, 20 281 3,65 370 26,66 

Water Interruption Water Interruption 375 29,96 

170 1. 21 300 j 3,75 380 34,91 

180 1.22 306 4. 24 385 37.24 

190 1,25 Water Interruption 390 38,44 

195 1,30 320 4,25 395 38,74 

200 1.39 330 4,41 400 39,04 

204 1,82 334 4,92 Pa 39,35 

Water InterruptiDn 335 5,92 

220 1 1.83 1 33 6 8,96 

In run 6 the spe cimen was heat ed at 95°C in water vapour 

for 280 min, (the sum total of six interruptions). When the 

vapour was condensed in a liquid air trap the pressure in the 

vacuum line was only 0,97 x 10-
3 

cms,Hg indicating that very 

little d e composition had occurred, The run was then a llowed 

to proceed no rmally, There was no explosion. 

TABLE 90 cont/ ....•..•• 
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TABLE 90 cont. 

95°C 10.0 Mrad. Run 6. 6.2 mg. 

t p t p t p 

5 0 , 01 15 25,72 25 66,85 

10 0,17 16 33,29 30 7 2' 03 

11 0,39 17 40,84 35 74,24 
' 12 1,18 18 45,60 40 76.03 

13 3 ,28 20 54,76 45 77,29 

14 15.67 22 60 . 66 Pa 77 . 85 

100°C 10.0 Mrad, Run 7 ' 6,1 mg. 

t p t p t p 

20 0.17 90 0,64 151 1,83 

30 0. 24 100 0,65 Explosion 

40 0,35 110 0,70 152 75.92 

50 0,48 117 1. 23 153 75.02 

56 0,62 Water Interruption 155 74,14 

Water Interruption 130 1. 24 Pa 73,26 

70 1 o. 64 1 150 1. 50 

90°C 10.0 l\1rad. Run 8 . 6,0 mg. 

t p t p t p 

90 0.12 Water Interruption 383 5 . 02 

119 0,62 300 2,47 · 3 84 6,07 

Water Interruption 310 2 .. 50 385 7.53 

160 0 ,6 3 315 3,06 386 10.09 

180 0,63 Water Interruption 387 13,62 

185 1. 24 330 3.07 388 16.97 

Water Interruption 346 3 , 66 389 19,95 

210 1,25 Water Interruption 390 23,01 

220 1,26 3 60 3,67 392 26.5 7 

230 1, 27 370 3,67 395 32,35 

240 1,86 375 3 ,70 400 36 . 95 

Water Interruption 380 3,98 405 39,08 

260 1,87 381 4,18 410 40.32 

283 2 , 46 382 4,53 Pa 40,63 

In run 9 the decomposition temperature was 100°C, After 

the second interruption the specimen was kept in the vacuum 

line with constant pumping for 48 hours b efore continuing the 

decompo s ition/ •....•.•. • •. 
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decomposition . The subsequent acceleration was very fast but 

there was no explosion, 

100°C 10 , 0 Mrad, Run 9. 6,1 mg. 

t p t p t p 

20 0,12 100 1. 23 110 55,98 

46 0.60 102 1,26 111 59.88 

Water Interruption 104 1. 60 112 63,09 

60 0. 61 105 3,63 114 66,39 

80 0.61 106 31,88 116 68,92 

82 1.22 107 37,88 120 71,94 

Water Interruption 108 45,10 125 74.13 

48 hrs. pumping I 109 51,48 Pa 75,01 

(v) Effect of thermal annealing, 

Annealing of a sample of strontium azide 1 preirradiated 

with a Y-ray dose of 1,0 Mrad, by heating at 70°C for three 

hours in vacuo had no effect on the subsequent decomposition 

0 
at 100 C. 

l00°C 

t 

20 

40 

60 

70 

75 

80 

82 

83 

84 

85 

86 

100°C 

t 

20 

40 

TABLE 91 gives these results. 

TABLE 91, 

1,0 Mrad , Run 1 • Blank run. 6.7 mg, 

p t p t p 

0 . 21 87 15,54 98 97 . 57 

0,29 88 24,90 100 104 , 24 

0,38 89 34.12 102 109,65 

0. 51 90 43,57 105 115,17 

0,64 91 52.79 110 120,34 

0,95 92 62 . 14 115 123,48 

1,52 93 70.62 120 125.60 

2.17 94 77' 60 125 126. 67 

3,43 9 5 84,00 Pf 127.20 

5,64 96 89,31 Pa 151,06 

9,24 97 93,85 

1.0 Mrad, Run 2. Annealed 3 hrs. 70°C 

6,7 mg. 

p t p t p 

0,05 86 11 , 53 98 91,56 

0 , 08 87 17 . 46 100 98,98 

TABLE 91 cont/ . . .•.• . •.• 
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60 0.11 

70 0.14 

75 0,18 

80 0,58 

81 0.99 

82 1.64 

83 2. 76 

84 4,67 

85 7,33 
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TABLE 91 cont. 

t ' p 

88 26,55 

89 41.40 

90 48,07 

91 54.53 

92 60,65 

93 67.11 

94 72.16 

95 78,02 

96 82.70 

t p 

102 104.73 

105 111.64 

110 119 , 30 

115 123.4 8 

120 125. 60 

125 126,67 

Pf 127. 20 

Pa 1 51.0 6 

(vi) Effect of varying the temperature of decomposition. 

An irrad~ation dose of 2.0 Mrad was selected at which the 

critical increment of the chemical process(es) occurring was 

determined, The temperature range of the decompositions was 

The results are tabulated in TABLE 92, Accelera-

tory and decay period rate constants, k 2 and k
7 

(equation 6 

and 2), and the duration of the induction periods (min.) at 

each temperature, are given in TABLE 93, 

TABLE 92, 

87.5°C 2,0 Mrad, Run 1. 6,0 mg. 

t p t p t p 

60 0,09 208 5.18 230 90,17 

120 0.17 210 8. 24 235 102,88 

160 0. 21 212 12.7 5 240 110,37 

180 0.37 214 18,90 245 116,42 

190 0,43 216 27.86 250 120. 3 6 

195 0.67 218 39.86 255 122 .64 

200 1 ,0 7 220 51,00 260 124. 3 6 

204 2.41 222 60. 26 pf 127. 20 

206 3,47 225 72.91 Pa 129.52 

TABLE 92 cant/ ...•....• 
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TABLE 92 cont. 

90°C 2,0 Mrad, Run 2. 6.1 mg. 

t p t p t p 

30 0,12 168 1.63 190 97,32 

60 0,14 170 2,57 192 103,86 

90 0.15 172 4,49 195 111.19 

100 0,17 174 7,99 200 118,17 

110 0. 21 176 14,06 205 122. 7 5 

120 0,25 178 23,40 210 124.16 
: 

130 0,25 180 37,06 215 125. 37 

140 0,33 182 52,26 220 126,59 

150 0,42 184 66,47 pf 127. 20 

160 0,59 186 79,46 Pa 133.41 

165 1,02 188 89,27 

92.5°C 2.0 Mrad. Run 3 . 6.2 mg. 

t p t p t p 

40 0,08 156 13,27 190 115,72 

80 0,19 158 27.39 200 120 .11 

100 0,33 160 48 ,16 21 0 123,30 

120 0,45 162 65,09 220 125. 24 

130 0,70 164 76.77 230 126.53 

140 1,08 166 84,56 Pf 127.20 

150 1.77 170 9 5. 53 Pa 129. 61 

152 3,01 175 104. 20 

154 6,18 180 108,37 

95°C 2,0 Mrad. Run 4. 6.0 mg. 

t p t p t p 

40 0.07 105 3,83 118 97.86 

60 0,14 106 6,12 120 104.97 

70 0 , 19 107 9,43 122 110 .0 5 

80 0,24 108 14 ,89 125 115. 24 

90 0,32 109 23 .66 130 120. 55 

95 0.46 110 35 . 75 135 123. 55 

98 0.58 1 11 46,16 140 1 2 5,37 

100 0.72 112 56,26 145 126. 59 

102 1.18 113 65 , 59 pf 127 .. 20 

103 1,63 114 73,75 Pa 128 , 44 

104 2 ,57 116 87,91 

TABLE 92 cant/ .••.•• ,,.,, •• 
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TABLE 92 cont. 

l00°C 2,0 Mrad, Run 5. 5 ,9 mg. 

t p t p t p 

20 0,09 71 11,32 82 114,50 

40 0.15 72 24,64 85 119.26 

60 0,19 73 48,30 90 122' 91 

65 0,44 74 63,96 95 125. 3 7 

66 0 . 60 75 75.01 100 126. 61 

67 0,88 7 6 84 , 84 pf 127.20 

68 1. 61 77 92.63 Pa 132,31 

69 2. 9 2 78 99,66 

70 5.89 80 108,67 

105°C 2,0 Mrad, Run 6. 6,0 mg • 

t p t p t p 

10 0,16 42 37.49 60 111. 24 

20 0. 29 43 49,84 70 116,23 

30 0.42 44 62.11 80 120.05 

36 0,52 45 72,68 90 122. 63 

38 0.69 46 7.9. 84 100 12 5 . 24 

39 1.82 48 89 , 54 110 126.56 

40 3,85 50 96,91 . pf 127.20 

41 13,20 55 106,35 Pa 126,10 

TABLE 93, 

Temperature Induction min, -1 
k7 min 

-1 
k2 em 

oc . period min, 

87.5° 195 9,100 X 10- 2 
1,780 X 10- 2 

90° 10-1 
2.680 

-2 160 1,190 X X 10 

92, 5° X 10-1 -2 1 3 0 1.530 2 , 640 X 10 

95° 100 1,900 X 10-l 3.160 X 10- 2 

100° 2 ,850 10-1 4. 660 -2 66 X X 10 

105° 38 4. 500 X 10-1 3,740 X lo- 2 

(vii) Percentage decomposition. 

The percentage decomposition is higher after Y-ray irra-

diation than for the unirradiated salt. For a dose of 2.0 

Mrad the average percentage d ecomposit ion is 97.63% of the 

theoretical value calculated from the equation: 

Sr(N3 ) 2 / ••• ••• ••••• , ••• 
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TABLE 94 lists the results of a series of determinations. 

TABLE 94. 

Temperature Dose. Weight used % decomposi-
oc. mg. tion. 

100°C 1,ooo rad, 6.7 94,66 

l00°C 1o,ooo tl 6,7 100,38 

l00°C 20' 000 " 6,8 103.00 

l00°C so,ooo tt 6.8 96,99 

l00°C 100,000 It 6.7 98.47 

l00°C 250,000 tf If 6.7 94,6 6 

l00°C 1,0 Mrad, 6.7 102.29 

l00°C 2,0 If 6.7 102,29 

l00°C 4,0 ,, 6,9 101,11 

100°C 10.0 II 6.7 100.38 

87,5° 2 ,0 II 6,0 97,87 

90° 2,0 " 6,1 99,16 

92.5° 2.0 .. 6,2 94.65 

95° 2,0 " 6.0 97 .o 2 

100° 2.0 tf 5,9 101,73 

105°C 2.0 H 6.0 95,32 

(viii) Mathematical analysis of the results a nd e valuation 

of activation energies. 

In the acceleratory period the power law with n 3, 

holds for Y- ray doses of up to 50 1 000 rad, 

1;3 
p = k 5 t + c

5 
••• , •••.•••. , .•.••••..••• , •• (10) 

On a dose of 20,00 rad the fit is from « = 0,016 to 

« = 0.36. However the power law i s invalid with doses ex-

ceeding so,ooo rad, 

The exponential law, 

log p = k 2 t + c 2 ,, .. •., .. ,.,, ...•...•.•• . , ,(6) 

describes the acceleratory period for Y-ray doses of 250,000 

rad and higher, Between d oses of 50,000 rads and 25o ,ooo rads 

there is a period of change where neither equation fits well. 

The decay reaction is described by the contracting sphere 

formula over/ ......•.•••. 
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formula over the whole range of Y-ray irradiations. 

P/ 1;3 
(1 - pf) = k

7
t + c 7 ...•............... ,(2) 

For heavily dosed specimens the exponential law holds to 

an ~value of approxi~ately 0,30. The decay equation holds 

from ~ = 0. 50. Between these two values the decomposition 

proceeds at an almost linear rate, 

FIGURE 74 shows the p/t plot for the decomposition of a 

speclmen irradiated with a low dose (20,000 rad) with the 

corresponding analysis, FIGURE 75 shows the same plots for a 

high dose (1.0 Mrad). 

Activation energies were calculated from the plots of log 
lj 0 

I.P. , log k 2 , and log k
7

, vs. T K, respectively, for speci-

mens preirradiated with a dose of 2,0 Mrad, The following 

values were obtained: 

(i) Induction period: 

( ii) Acceleratory period: 

-1 
24.70 kcals,mole 

-1 
24.00 kcals. mole 

(i~i) Decay period: -1 20.10 kcals.mole , 

The activation energy plots are shown in FIGURE 76, 

7,1.6, Superimposed Irradiations. 

(i) Superimposed ultra-violet light and x-ray irradiations. 

Decompositions were performed on specimens irradiated 

prior to decompo sition firstly with X-rays, and t h en ultra-

violet light, and vice versa. Two series were done with 

irradiation times chosen so that (i) the induction period for 

the ultra-violet light irradiated specimen was shorter than 

that for the x-ray irradiated specimen and (ii) vice versa, 

0 All decompositions were done at 110 C, TABLE 95 and FIGURE 

77 show the results for decompositions of type (i) and TABLE 

96 and FIGURE 78 the results for type (ii), 

In all the above cases the acceleratory and d ecay periods 

of the p/t plots have the same characteristics as the 

decomposition of/, , ....••.• 
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decomposition of a specimen preirradiated with X-rays only~ 

The induction period always corresponds to the shorter 

induction per iod. 

TABLE 95, 

110°C 15 min u.v. Run 1, u.v. blank 6,4 mg. 

t p t p t p 

30 0,04 120 30,09 220 105,52 

60 0,22 125 35,42 230 109,81 

70 0,52 130 40,49 240 113,64 

75 1.01 135 4 5. 61 250 117.54 

so 1,88 140 50.63 260 120.93 

85 3,37 150 59,85 270 123. 21 

90 5 .30 160 68.56 280 124 . 94 

95 7.95 170 76.45 290 126. 10 

100 11,31 180 83,43 300 126. 69 

105 15,26 190 89,68 pf 127.20 

110 19.81 200 95,66 Pa 127. 27 

115 24,68 210 100,79 

110°C 60 min X-rays Run 2 X-ray blank 6.5 mg. 

t p t p t p 

40 0.13 130 14.80 180 100.13 

60 0.17 135 22.13 lG5 105.40 

80 0,22 140 30,94 190 109,71 

90 0,33 145 41,21 200 115,78 

100 0. 61 150 51,46 210 1 20. 9 2 

105 1.03 155 61.20 220 123. 7 5 

110 1.83 160 70.91 230 125,49. 

115 3,03 165 79,94 240 1 26. 6 5 

120 5,32 170 87.44 pf 127 . 20 

125 9,09 175 93,88 Pa 126 ,10 

11 0°C (i) 15 min, u.v. Run 3 . (ii) 60 min , X-rays. 
6,6 mg , 

t p t p t p 

20 0,07 1 05 19.73 160 104,40 

40 0.12 11 0 26.10 165 108,99 

60 0. 24 1 15 33 . 35 170 112,63 

65 0,3 5 120 41 ,81 175 115,79 

TABLE 95 cant/ •• ••. ,. 
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TABLE 95 cont. 

t p 

125 50,87 

130 60,06 

135 69.0 2 

140 77.20 

145 85. 20 

150 92.65 

155 98,93 

t 

180 

190 

200 

210 

220 

pf 

Pa 

60 min X-rays Run 4, (ii) 15 min 

p t p t 

0.05 105 21.24 160 

0,09 110 27.02 165 

0. 29 115 33,48 170 

0,54 120 40,59 180 

1,06 125 48,49 190 

1.95 130 56.93 220 

3.38 135 65.46 230 

5,43 140 7 2. 80 pf 

8,23 145 80,52 Pa 
11,95 150 87.72 

16.17 155 94,27 

TABLE 96. 

min, u.v. Run 1. u.v. blank 

p t p t 

0,05 160 16 . 12 270 

0.08 170 20.63 280 

0,13 180 25.72 300 

o .. 22 190 31,35 3 20 

0,47 200 37,22 340 

0.91 210 42.91 360 

1,74 220 48,62 380 

3. 23 230 54,70 400 

5,40 240 61 .12 420 

8. 29 250 67.91 pf 

11,79 260 75 .05 Pa 

p 

117,92 

121 ,16 

123,89 

125. 55 

126,66 

127. 20 

139.82 

u.v. 6.5 mg. 

p 

99,09 

103.53 

107.56 

113.75 

117,44 

125,52 

126. 6 5 

127. 20 

138~00 

6.3 mg. 

p 

81,60 

87,42 

97.58 

106,65 

113,86 

118.99 

123.06 

125. 4 2 

126. 60 

127 . 20 

1 22. 0 7 

TABLE 96 cont/ ....•... . . 
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TABLE 96 cont. 

110°C 240 min, X- rays Run 2. X-ray blank 6,4 mg • 

t p t p t p 

40 0,17 115 33,61 160 112.33 

60 0,17 120 46,52 170 117,39 

70 0. 27 125 59,49 180 120. 84 

80 0,54 130 71,36 190 123. 15 

90 1,94 135 81,92 200 124.93 

95 3,77 140 91,19 210 126.07 

100 7,16 145 98,34 220 126. 66' 

105 13,11 150 104,14 pf 1 27. 20 

110 22.0 5 155 108,47 pa 123,79 

110°C (i) 1 min, u.v. Run 3. (ii) 240 min, X-rays 
6,4 mg. 

t p t p t p 

40 0,06 115 29. 51 160 111,90 

60 0,10 120 42.56 170 118,03 

70 0,17 125 55,64 180 122.0 2 

80 0,49 130 68,31 190 124. 90 

90 1,75 135 7 9,48 200 126.0 7 

95 3,12 140 89,01 210 126. 65 

100 5.84 145 97,03 pf 127.20 

105 10,73 150 10 3. 27 Pa 126 ,10 

110 18,84 155 108,68 

110°C (i) 240 min, X-rays Run 4 . (ii) 1 min, u.v. 
6.3 mg. 

t p t p t p 

40 0,18 115 13,34 160 108,70 

60 0.23 120 23,04 170 116,05 

70 0,28 125 35,68 180 120.10 

80 0,41 130 50 .69 190 122.45 

90 0,67 135 64,85 200 124. 23 

95 1 .0 8 1 40 77.43 210 125,42 

100 2, 00 145 88 ,0 9 220 1 26, 6 2 . 
105 3 ,79 150 97,34 . pf 127. 21 

110 7,25 155 18·3,75 pa 119,79 

(ii) Mathematical/ .•••.••• 
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(ii) Mathematical anallsis of the results, 

The Avrami-Erofeyev equation in the form 

1;3 
[ -log (1- p- Po )l = k

6
t + c

6 
....•... (11) 

pf - Po ...; 

when p = 1,0 x 10-3 cm,Hg fitted the acceleratory period. 
0. 

The decay period was described by the contracting sphere 

formula 

( 1 - P/, ) 
113 = k t + c ( 2) p f 7 7 I f t t f I I • I • f f f ••••• 

FIGURE 79 shows a typical p/t plot with its analysis, 

7.2. DISCUSSION/ •••••••••• 
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7. 2. DISCUSS ION. 

7.2.1. Unirradiated Strontium Azide. 

The reproducibility of the results for the thermal 

decomposition of ground strontium azide was very good. No 

ageing effect was found, The pressure-time plots for the iso-

thermal decomposition show that there is a true induction period 

during which time there is no measurable evolution of gas. This 

is followed by an acceleratory decomposition where the pressure­

time plots obey the simple power law with the exponent n = 3, 

The expression fits the whole of the acceleratory period show­

ing that there is no significant overlap or ingestion of nuclei 

before the decay reaction commences. Such changes would have 

necessitated the use of the more sophisticated Avrami-Erofeyev 

equation, as for barium azide, The decay reaction is described 

by the contracting sphere formula, The activation energies for 

all three phases of decomposition are approximately the same. 

( cf CaN
6 

later). 

It is considered that the geometric form of the nuclei 

during the acceleratory period is that of a steadily expanding 

2-dimensional reaction centre; the radial rate of growth being 

constant. These nuclei increase in number linearly with time, 

The value of n = 3 in the power law is consistent with such a 

picture of nucleation and growth. However it must be appre-

ciated that th e following two possibilities would also yield a 

power of three , Thes e are, 

(i) three-dimensional growth of nuclei from a fixed number 

of centres, or 

(ii) one-dimensional nuclei increasing in number as the 

square of the time, 

The experiments involving the destruction of the metal 

nuclei by water vapour discount possibility (i) since after 

destruction the complete course of reaction is repeated, Possi-

bility (ii) is not like ly since the decay reaction commences at 

« Z 0 ,40 and/ ,, ...... ,,. 
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~~0.40 and such a mechanism would not account for this rela­

tively high fractional decomposition, 

The nuclei are considered to be surface ones and when they 

touch the surface of the spherical particle will be covered by 

reaction product. Reaction then proceeds by the inward pro-

gression of the interface, This type of mechanism explains 

the applicability of the contracting sphere expression for the 

decay reaction. 

It can be assumed that no nuclei are initially present 

since any metal atoms or specks would have been destroyed by 

contact with water vapour or oxygen present in the air, during 

the preparation or subsequent handling of the salt. It is 

considered that a slow surface decomposition oc c urs at locali­

ties on the surface of the particle where disorganisation or 

mechanical damage has taken place, In such places, there will 

be a higher thermodynamical instability occasioned by strains 

and unsaturation of the cohesive forces . Such regions could 

be formed during grinding, by the aggregation and collapse of 

vacancies. Accordingly, it is suggested, as for barium azide, 

that the reaction N; + N; ~ 3N2 occur s on the surface of the 

particle during the induction pe~iod with the formation of 

strontium atoms. These crystallize to the metal at the end of 

the induct ion period and reaction then takes place at an expa~-

ing me tal nucleus. The exper iments with water vapour indicate 

·that strontium is formed during the induction p eriod, Des true-

tion of the metal by water vapour returno the reaction, in 

effect, to zero time and a new induction period takes place . 

The mech~nism suggested for barium azide for the growth 

of nuclei during the acceleratory period and the inward move­

ment of the reaction interface during the decay period appears 

to be equal ly applicabl~ here, However, it is possibl e that 

an alternat ive mechanism may apply during the decay period and 

this will be di scussed in the general discussion. The activa-

tion ener gies/ . .......... . . 
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tion energies for the slow surface decomposition, the nuclear 

g r owth process, and the interface reaction during decay, are 

-1 
23,3, 25.0 and 21.7 kcal.mole respectively. 

Interruptions with water vapour during the induction period 

result in the subsequent acceleratory period having-~rtually 

the same rate constant as the acceleratory period for an unin-

terrupted decomposition. This is valid even after five succes-

sive interruptions. Therefore it is concluded that there must 

be a very large number of potential nuclear forming sites and 

the same number of new nuclei must be formed after each inter-

ruption. Interruptions in the acceleratory and decay periods 

results in lower rate constants in the new acceleratory period. 

This must be due to considerable ingestion of the potential 

nuclear forming sites by the growing nuclei, At the end of 

the new induction period there will then be fewer nuclei pres~t 

than at the end of the original induction period and consequent-

ly the rate of gas evolution will be less . (TABLE 61). 

Th e chemical equation for the decomposition is considered 

to be 

The volume of gas evolved in a decomposition is only 71.2% 

of the theoretical value . It is considered that the remaining 

strontium azide is undecomposed at the end of the reaction. 

This view is supported by the fact t hat after preirradiation 

with Y-rays there is virtually 100% d ecomposition but the ac-

tivation energies obtained are the same within experime ntal 

error indicating that the same process(es) are occurring in 

both instances . 

7.2.2, Preirradiated CX-ravs) Strontium Azide. 

Preirradiation produces no colour change in the 

salt. The subsequent thermal decomposition is characterised 

by a shorter induction period and increased values for the 

rate constants as compared to the unirradiated salt . The same 

kinetic expressions/ •.... 
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kinetic expressions are obeyed up to a dose of 100,000 rad, but 

for doses greater than 250,000 rad the accel eratory period is 

described by the exponential law . However, the activation 

energies are practically unchanged. No ageing of the irradia-

tion effect was detectable and annealing the salt in vacuo at 

70°C for 3 hours produced no diminution in the radiation effect. 

Admission of water vapour at various points in the decomposition 

up to~= 0.5 causes the reaction to begin afresh with a shorter 

induction period. The rate constants in the acceleratory per-

iod are slightly increased for interruptions at ~ values of up 

to ~ = 0 . 13 but decreased at ~ = 0,50, 

The results for the decomposition of preirradiated stron-

tium azide differ from those for preirradiated barium azide in 

that there is no change in the activation energies as compared 

to those for the corresponding unirradiated salt, in particul ar 

the energy for the induction period is unchanged , Consequently 

it can be assumed that the same rate determining process is 

occurring over the induction period for the decomposition of 

both irradiated and unirradiated strontium azide. It is sug-

gested, therefore, that irradiation produces a high concentra-

tion of vacancies in the salt, The primary act of irradiation 

is to strip electrons from the azide ions i,e. 

or to raise the electron 

following reactions could 
-T 

TJ: 

N3 + N; -+ 3N2 

N3 + F -+ N; 

N3 + _@ + 

wher.e ~' [9 , F 

to an 

+ 

then 

+.0 

m 
3N 

2 

excited state in the ion. 

produce vacancies: 

+ F 

+[f) + 2W 
are as given in barium azide , 

The 

In 

addition, vacancies could b e "boi led off" from jogs in dis­

locations by the method propos ed by Seitz . 93 

It is then postulated that during the induction period 

the vacancies/ . . .... , .•. 
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the vacancies aggregate and collapse to produce regions of high 

strain at which decomposition proceeds, This decomposition 

reaction will be the same as the slow surface decomposition 

postulated for unirradiated strontium azide during the indue-

tion period, The rate determining step during the induction 

period will be this slow decomposition, The strontium atoms 

produced will crystallize at the end of the induction period to 

form metallic nuclei and thereafter reaction will proceed as 

for the unirradiated salt, except that it will be much faster 

because of the greater number of nuclei, The induction period 

will be shorter becaus e of the more rapid production of stron-

tium atoms. The increase in the decay rate constant on pre-

irradiation suggests that the two-dimensional nuclei are formed 

at internal surfaces as well as on the surface of the particle, 

Th is will probably occur in the sub-grain boundaries, The de-

cay stage for the irradiated salt will therefore consist of 

a large number of "contracting envelope" reaction interfaces 

in a single particle, Consequently the rate will be higher 

than for the unirradiated salt, The results for the series of 

runs where the decomposition was interrupted, the salt irradia­

ted, and the decomposition continued (FIGURE 71), support the 

suggestion that nuclei are formed internally since the irra­

diation effect is found to be to the same marked degree when 

interruption is performed in the acceleratory or decay period, 

Interruption in the decay period means that the salt particles 

are covered with the decomposition product, and yet the irra­

diation effect is found , 

The change in the mathematical equation describing the 

acceleratory period from the power law (n = 3) to the exponen­

tial law at high Y-ray doses, must be interpreted as being due 

to the onset of a branching chain (material chains) mechanism. 

This can be visualized as being due to h eavy radiation damage 

along dislocations. Reaction commences and proc e eds along 

such line defects and branches on reaching an intersection of 

dislocation/ .. .• ..... 
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dislocations. A similar type of mechanism has been suggested 

to explain the applicability of the exponential law in the 

decomposition of silver oxalate. 27 There is a transition re-

gion in the p/t plot for the decomposition of a heavily irra­

diated specimen where neither the exponential law nor the con-

tracting sphere formula fit (FIGURE 75), This part of the 

plot is linear. It is assumed that at this stage in the decom-

position the rapid branching reaction is over and reaction con­

sists of the plate-like one-dimensional growth of nuclei in 

sub-grain boundaries from the dislocations along which the 

branching reaction took place. The exponential law fits over 

only 30% of the decomposition which would be expected if reac­

tion was confined to a dislocation network. 

The admission of water vapour during the acceleratory 

period will destroy the metal nuclei. On recommencing the 

reaction, the centres of product of the reaction between water 

and strontium will act as vacancy traps, and thus the nuclei 

will form earlier than before interruption. Consequently the 

induction period will become shorter, When interruptions are 

done near the inflexion point (~~0.50) the subsequent accelera-

tory rate constant is decreased . This is a r e sult of a deere~ 

in the number of available vacancies i.e. a depletion of the 

"vacancy reservoir 11 will have occurred during the decomposition 

before interruption. Interruptions at low ~ values, however, 

(e.g. ~ = 0.13) result in increased rate constants for the 

accel eratory period, At this stage there is still a large 

"r eservoir" of vacancies. Each vacancy trap can act as a 

centre where several nuclei are formed. There will thus be an 

increase in t h e number of nuclei and consequently an increase 

in the rate constant. This id ea is further enlarged b elow , 

The runs involving the successive interruption and ad­

mission of wat e r vapour without allowing the pressur e to rise 

above th e value usually taken as marking the end of the induc­

tion per iod are of great interest, and produced results totally 

diff e r ent from/ •.... , •.••.... 



- 262 -

different from the other alkaline earth azides. It is assumed 

that the concentration of vacancies is very high indeed after 

a dose of 10 Mrad, This assumption is supported by the fact 

that strontium azide is very much more sensitive to preirra­

diation than either calcium or barium azides (see general dis-

cussion later). With repeated interruptions the number of 

vacancy traps (product of Sr and H2C reaction) will increase 

and if the reaction is allowed to proceed (at a certain stage 

viz. 6th interruption) the concentration of nuclei around a 

trap is so high that a vigorous reaction develops and self-

heating causes explosion. After seven interruptions the num-

ber of available vacancies has begun to fall and when reaction 

is allowed to proceed self-heating is not great enough to ini-

tiate explosion. The duration of the induction period de-

creases with repeated interruptions because nuclei form sooner 

around a trap. 

7. 2. 3. Preirradiated (X-rays) Strontium Azide. 

The effects of preirradiation by X-rays are simi­

lar to those found with strontium azide which has been preirra-

diated by ¥-rays. One marked difference is found however in 

that with a heavy X-ray dose the acceleratory period is des-

cribed by the Avrami-Erofeyev equation with n = 3 . This in-

dicates that the overlap and ingestion of the nuclei becomes 

more significant as the number of nucl ei increase with increas-

ing dose. Evidently the irradiation effect is never so great 

as to cause the rapid chain branching reaction that one finds 

with heavy doses of ¥-rays. The irradiation effects can be 

explained by the same r e asoning as for the effects of Y-rays 

on strontium azide. 

7,2 .4. Preirradiated (Ultra-Violet Light) Strontium Azide. 

The salt is not darkened by preirradiation with 

ultra-violet light. The subsequent thermal decomposition 

differs from that of unirradiated strontium azide in that the 

induction period/, • ... ...... . 
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induction period is reduced and the velocity constant for the 

acceleratory period is increased, The increase in the rate 

constant is not very great, certainly not as great as with 

¥-ray or X-ray irradiated strontium azide, The most signi­

cant features of the study are (i) the steady fall in the in­

flexion point of the p/t plot (FIGURE 56) and (ii) the change 

in the exponent, n, in the power law from 3 to 2 as the ultra­

violet dose is increased, Except for this change, the kinetic 

expressions are the same as for the decomposition of unirra-

diated strontium azide, There is a slight fall in the acti-

vation energies but the change is not significant, It is 

suggested that the effects of irradiation are similar to those 

of preirradiation by ¥-rays and X-rays except that the effect 

is largely confined to the surface of the azide particle. This 

view is supported by the fact that there is not a drastic 

change in the rate constant for the decay reaction after irra-

diation. Also irradiation after interruption of the decompo-

sition of unirradiated salt is effective only when the expected 

time of acceleration due to the U.V. effect is less than the 

time at which the decay reaction commences (FIGURE 57), This 

too indicates that the nuclei are primarily surface ones, Two­

dimensional nuclei are considered to grow and increase in num­

ber linearly with time during the acceleratory period of the 

lightly dosed specimens, i,e. when the exponent in the power 

law is 3, However, during the same period for the decomposi-

tion of heavily irradiated strontium azide the value of n de­

creases to 2 signifying that the number of surface nuclei is so 

great at the end of the induction period that any further in-

crease in number with time is virtually "swamped", The fall 

in the inflexion point as the U.V. dose is increased is pro­

bably due to the fact that photolysis occurs at high doses so 

that the surface is partly covered with strontium carbonate or 

strontium hydroxide, Thus when the nuclei cease growing over 

the surface/ ...•..•..•.. 
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the surface a smaller fraction of the salt will have been decom­

posed than with the unirradiated salt. 

The change to a value of n = 3 for the new accel e ratory 

period after interruption(s), admission of water vapour, and 

recommencement of heating, is due to a fall in th e number of 

vacanci e s with partial decomposition (or repeated interruptions), 

so that the salt after interruption resembles a lightly irra­

diated specimen. 

8 . THE THEID~I ....•.... 
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8. THE THERMAL DECOMP03ITION OF CALCIUM AZIDE. 

8.1 RESULTS. 

8,1.1. Preparation. 

Two specimens of calcium azide were used; 

115 
(a) that prepared by Brown , by a method similar 

to that used for the preparation of strontium azide. 

This specimen had been finely ground and stored over 

P
2
0

5 
in a vacuum desiccator for one year; 

(b) a freshly prepared sample which was not ground. 

8,1 . 2, Unirradiated Calcium Azide. 

{i) Effect of varying the temperature of decomposition. 

The critical increment of the process(es) occurring 

was determined by two methods, viz, (1) individual runs 

and (2) split run methods. 

(1) Individual runs. 

Approximately 4,5 mg. of specimen (a) which had 

been annealed for 24 hours at 60°C in vacuum was used in 

each run. These runs were done in the normal manner 

where the temperature remained fixed for the duration of 

\ 
~the whole run. Rate constants were determined over the 

0 0 
temperature range 105 - 125 C. The results are given 

in TABLE 97. Acceleratory and decay rate constants, 

k
5 

and k
7 

(equations 10 and 2), and the duration of the 

induction period (min.), are given in TABLE 98 , 

TABLE 97. 

105°C Run 1. 4.5 mg. 

t p t p t p 

50 0,09 220 5.71 350 60.21 

100 0. 21 230 7 •. 28 360 66,75 

110 0,27 240 9,19 380 78.11 

120 0,38 250 11,68 400 88,42 

130 0,52 260 14.65 420 97 . 83 

TABLE 97 cont/ ..• ··•*· .. 
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TABLE 97 cont. 

t p t p t p 

140 0.63 270 17.7 5 440 106,67 

150 0,85 280 21.62 460 113,68 

160 1,16 290 26,14 480 119,22 

170 1,52 300 31.08 500 123 .18 

180 2,00 310 36.14 520 125. 4 8 

190 2,62 320 41,92 540 126. 63 

200 3,52 330 47.76 pf 127.20 

210 4,44 340 53.99 pa 129.03 

110°C Run 2, 4,5 mg. 

t p t p t p 

40 0.06 160 13.76 270 10 5. 0 9 

60 0.16 170 19. 24 280 109,76 

70 0,25 180 26.14 290 114,00 

80 0.42 190 34,40 300 117.78 

90 0,72 200 44 .4 5 310 120. 52 

100 1.11 210 54,30 320 123. 28 

110 1.76 220 64,33 330 124. 96 

120 2 . 82 230 73 , 91 340 126.08 

130 4,33 240 83,23 pf 127 . 20 

140 6,41 250 91,67 pa 135,57 

150 9.66 260 99.51 

115°C Run 3 . 4.5 mg. 

t p t p t p 

20 0.01 105 15,71 165 92.47 

40 0.11 110 20,49 170 96.55 

50 0.29 115 26,16 180 105.18 

60 0.67 120 32,24 190 111.57 

65 0,99 125 38,94 200 116.48 

70 1. 51 130 45.93 210 120. 38 

75 2.20 135 53 .1 3 220 123 . 20 

80 3,02 140 60.0 5 230 124. 91 

85 4.40 145 66,98 240 1 26 .0 6 

90 6.15 150 73,85 250 1 26. 63 
.. 

95 8,50 155 80.16 pf 127 . 20 

100 11 . 75 160 86.67 Pa 130 . 20 

TABLE 97 cont/ .•.... .•. .. 
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TABLE 97 cont. 

120°C Run 4 . 4,6 mg, 

t p t p t p 

20 0,03 75 25,98 125 113.23 

30 0.15 80 3 5. 50 130 116,38 

35 0,29 85 47.80 135 118.79 

40 0,63 90 59,27 140 121 .19 

45 1,27 95 70.72 150 123. 91 

50 2. 24 100 80.97 160 125. 55 

55 4,04 105 90.03 170 126. 65 

60 6,75 110 97,63 pf 127. 20 

65 11,12 115 104,02 Pa 130,33 

70 16,97 120 109.09 

125°C Run 5. 4.6 mg, 

t p t p t p 

20 0,06 50 15,48 75 97,96 

25 0.15 52 21.33 80 106,87 

30 0,40 p4 28,64 85 113.54 

35 1 ,16 56 37,03 90 118 ,27 

38 1.94 58 45,83 95 121.40 

40 2,84 60 53,75 100 124,19 

42 3. 9 2 62 61,16 105 125.83 

44 5.62 64 68.23 110 126.93 

46 7.90 67 77.40 pf 127. 20 

48 11 . 05 70 85,79 Pa 131,18 

TABLE 98 

Temperature Induction period k5 
1;3 tnin, -1 

k7 min, -1 em 
oc. min. 

105° 140 1,70 X 10-3 
3,10 X 10-3 

110 
0 

85 2,80 10-3 -3 
X 4.70 X 10 

115° 60 
-3 

6.50 
-3 

4,50 X 10 X 10 

120 
0 10-3 -3 

40 6,85 X 9,55 X 10 

125° 32 -2 1,437 
-2 

1,32 X 10 X 10 

(2) Split runs, 

The activation energy of the acce1eratory period only 

was determined by this method • The decomposition was allow-

ed to proce e d at a particular fixed temperature for sufficient 

time for cont/ •........... 
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time for the rate constant to be determined, The sample was 

then raised out of the decomposition chamber and allowed to 

cool while the temperature was adjusted to a new value. The 

decomposition was then continued until the new rate constant 

was obtained. In this manner several rate constants for the 

acceleratory period were determined from a single decomposition. 

Split run decompositions were performed on specimens (a) 

and (b) above. The results appear in TABLE 99. The accelera-

tory rate constants obtained, k
5 

(equation 10), are listed in 

TABLE 100. Pressures are not normalised. 

A decomposition of freshly prepared unground calcium azide 

(specimen b) where the decomposition was taken to compl e tion 

0 at a f i xed temperature (110 C) was also performed to check the 

applicability of the mathematical analysis. This run is 

shown in TABLE 101. 

TABLE 99. 

Specimen (a) Run 1. 4.9 mg. 

t p t p t p 

ll0°C 205 5.30 240 15.67 

100 1 o. 60 208 5,79 242 17.57 

l05°C 211 6,43 244 19,81 

120 1,07 214 7.24 246 22.18 

130 1. 24 217 8,10 248 24,94 

140 1.42 220 9,07 125°C 

150 1.67 115°C 250 25.20 

160 2. 0 2 224 9,16 252 25,98 

170 2,41 226 9.64 254 29.24 

180 3,00 228 10,63 255 31.24 

185 3,37 230 11.67 256 33. 29 

190 3,87 232 1 2.82 257 35.72 

195 4,41 234 13,96 258 38. 24 

200 5.07 236 15. 26 259 40.84 

ll0°C 120°C 260 43,19 
I I 

TABLE 99 cont/ .... . ... . 
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TABLE 99 cont. 

Specimen (b) Run 2, 4,9 mg. 

t p t p t p 

115°C 162 7.10 196 18,01 

90 f 1. 61 165 7,81 198 19,35 

l05°C 168 8,55 200 21.21 

100 1,81 171 9 , 32 202 23.16 

110 2.41 115°C 204 25,20 

120 2,83 175 9,48 206 27.58 

130 3 , 47 178 10,13 125°C 

135 3,87 180 10,97 210 28,68 

140 4,28 182 11,84 211 29.80 

145 4,84 184 12.7 5 212 31,49 

110°C 186 13,81 213 33,00 

150 5. 07 188 14 , 86 214 34,81 

153 5,42 190 16,08 215 36,66 

156 5. 9 2 12o°C 216 38,22 

159 6,43 194 I 16.45 

Specimen (b) Run 3 • 4,9 mg, 

t p t p t p 

120°C 161 6,43 192 16.08 

80 ~ 1. 67 164 7.10 120°C 

l05°C 167 7.81 196 16.29 

90 2,17 170 8,64 198 17.14 

100 2,41 173 9,48 200 18.67 

110 2.74 115°C 202 20,04 

120 3,19 176 9,64 204 21,69 

130 3,47 178 9,96 206 23.16 

140 4 , 18 180 10,46 208 24,69 

145 4.72 182 11,14 210 26.78 

150 5,30 184 12,02 212 28,97 

110°C 186 12.93 214 31,24 

155 5,67 188 13,88 216 33,29 

158 5,90 190 14,86 

TABLE 100/ .....•... 
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TABLE 100 

Temperature k5 
lj3 . -1 

em m~n. 
1,1, -1 

k
5 

em 3min. 
oc. Run 1 . Run 2, 

105° 1,402 
-3 

1,173 
-3 

X 10 X 10 

110° -3 
2.063 

-3 2,514 X 10 X 10 

115° -3 3,225 
-3 

3,545 X 10 X 10 

120° 
-3 10-3 5,415 X 10 4,515 X 

125° 7.670 X 10-3 
6,085 X 10 

-3 

TABLE 101 

ll0°C Specimen (b) Run 1. 

t p t p t 

40 0.22 140 12.28 210 

50 0. 29 145 15.79 220 

60 0.35 150 19,73 230 

70 0,41 155 24.60 240 

so 0,55 160 29,74 250 

90 0.75 165 35,08 260 

100 1,18 170 41,17 270 

105 1.52 175 47,07 280 

110 2,05 180 53,36 290 

115 2. 82 185 59,66 300 

120 3,71 190 65,92 pf 

125 5,04 195 72,07 pa 
130 6,97 200 78,05 

135 9,21 205 84.28 

k5 
1/3 -1 em min, 

Run 3 . 

1,290 X 10-3 

2,127 X 10-3 

2,965 
-3 

X 10 

3,870 
-3 

X 10 

4.7 mg. 

p 

89,80 

99,46 

106.92 

113,13 

117.36 

120. 60 

122. 77 

' 
124.42 

125,52 

126 t 63 

127.20 

139,82 

(ii) Mathematical analysis of the results and evaluation 

of activation energies, 

115 
The mathematical analysis given by Brown was con-

firmed for ground calcium azide (specimen a), The accel e ra-

tory period was describ e d by the power law with n = 3 i,e, 

1;. 
·P 3 k 5 t + c 5 ..........•. , .......... (10) 

The e xt e nt o f fit was~ = 0,04 to ~ = 0.39 , 

The contract ing sphere formul a , 

Pf. 1;3 
( 1 - Pf) = k

7
t+c

7
., .. ............ (2) 

described the/ ••.• ,,, •. , 
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described the decay period from « ~ 0.42 to « = 0,90 FIGURE 

80 shows a typical p/t plot with the corresponding analysis 

plots. 

The above equations also apply to the freshly prepared 

sample~ (b), but the extent of fit of the power law decreases 

to a range of ~ ~ 0,04 to « ~ 0,31. 

Activation energy values obtained from the plots of lpg 

1 
I ,P. (min), log k

5
, and log k

7
, vs IT, are listed in TABLE 102. 

The Arrhenius plots are shown in FIGURES 81 and 82. 

TABLE 102, 

Activation energies kcal s. mole 
-1 

Type of run Induction Acceleratory Decay 
and specimen. period, period. period. 

Individual (a) 20.60 26,90 21,00 

Split (a) 26.46 

Split (b) 
·· . 

24,30 

Split (b) 26.10 

8,1,3 Preirradiated (Ultra-Violet Light) Calcium Azide, 

(i) Effect of varying doses of ultra-violet light. 

The apparatus and techniques used have been described 

previously, All irradiations were done at a distance of 80 em. 

from the lamp. The effect of a steadily increasing dose on 

the subsequent thermal decomposition is shown in FIGURE 83, 

The results are tabulated in TABLE 103. The decomposition 

temperature was ll0°C in each case, and doses ranged from 2 

seconds to 30 minut e s. Progr es s ive shortening of the indue-

tion period, an increase in the acc eleratory rate constants, 

and a fall in the inflexion point of the p/t plot with in-

c r easing dose, are the main features, The acceleratory rate 

constants, k 5 (equation 10) for irradiation times of up to 1 

minute, and k1 (equation 1), for heavier doses are listed in 

TABLE 104 together with the induction period and inflexion 

point values (~1 ). 

The above/, •..•.•.•. 

• 
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The above experiments were all performed using specimen 

(a) • 

TABLE 103, 

ll0°C Unirradiated blank. Run 1, 4,9 mg. 

t p t p t p 

30 0,04 180 5,75 310 80,67 

60 0,18 190 7,73 3 20 88,65 

70 0.26 200 10 . 17 330 96,01 

so 0,37 210 13.13 340 102.62 

90 0. 51 220 16,67 350 107,85 

100 0,67 230 21,09 360 112. 67 

110 0,84 240 26,87 370 116,50 

120 1,09 250 33.42 380 120.39 

130 1.44 260 39,72 390 123. 20 

140 1,90 270 47,49 400 125. 48 

150 2,50 280 55,90 410 1 26. 6 2 

160 3 , 37 290 64,19 pf 127. 20 

170 4,38 300 7 2, 63 Pa 130,80 

110°C 2 sees, u.v. Run 2. 4,5 mg. 

t p t p t p 

20 0,01 150 12. 69 260 95,72 

40 0.03 160 17.98 270 100,82 

60 0 , 12 170 24 , 66 280 105,60 

70 0,22 180 31,96 290 109,26 

80 0,42 190 40,45 300 112 , 36 

90 0,73 200 49,52 320 118.05 

100 1,25 210 57. 71· 340 122,08 

110 2.25 220 67,01 380 126. 52 

120 3,78 230 74,43 pf 127. 20 

130 5,83 240 81,71 pa 123.79 

140 8,67 250 88,78 

110°C 5 sees, u.v. Run 3. 4 , 5 mg. 

t p t p t p 

20 0.02 140 15,31 240 114. 21 

40 0,04 150 24,00 250 117.75 

60 0,11 160 35,03 260 1 20. 6 2 

70 0. 24 170 47,68 270 1 23. 53 

TABLE 103 cont/ •....•. 
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TABLE 103 cont. 

t p t p t p 

80 0.43 180 60.22 280 125. 67 

90 0.85 190 71.97 290 126. 21 

100 1.64 200 82,36 pf 127.20 

110 3.04 210 92.8 2 Pa 118.10 

120 5,15 220 101,24 

130 9.15 230 108.65 

110°C 15 sees. u.v. Run 4, 4.4 mg. 

t p t p t p 

20 0.07 120 41,84 220 112,54 

30 0,13 130 51.74 230 115,86 

40 0 .-27 140 61.87 240 118,66 

50 0,73 150 71,15 250 120. 93 

60 1.81 160 79.23 260 122.64 

70 4 ,28 170 87,25 280 1 25. 52 

80 8,10 180 94,15 300 126. 68 

90 14,47 190 100,27 pf 127.20 

100 22.42 200 104,99 Pa 127. 27 

110 31. 53 210 109,27 

1l0°C 30 sees. u.v. Run 5 • 4,5 mg. 

t p t p t p 
I 

10 0,01 110 29,15 210 108,59 

20 0.01 120 37.59 220 112.83 

30 0,06 130 46 .76 230 116,08 

40 0. 23 140 56.15 240 119,36 

50 0. 8 2 150 65,19 250 1 21. 58 

60 2.14 160 74.02 260 123.81 

7 0 4,49 170 82,96 270 125. 50 

80 8,71 180 90.48 280 1 26. 63 

90 1.4,13 190 97,33 pf 127.20 

100 20.86 200 103,39 pa 133,77 

110°C 1 min. U,V, Run 6, 4 . 9 mg. 

t p t p t p 

10 0,0 4 85 19,91 170 95,70 

20 0,09 90 24 . 29 180 101,05 

30 0.15 95 29 .36 190 106,36 

TABLE 103 cont/ ..•....• 
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TABLE 103 cont. 

t p t p t p 

35 0.29 100 34,34 200 110,63 

40 0,54 105 39,21 210 114,80 

45 0,96 110 44,48 220 118,51 

50 1,63 115 49,86 230 121. 73 

55 2,70 120 54,83 240 123. 91 

60 4,14 125 59,37 250 125. 55 

65 6,25 130 64,29 260 126,65 

70 8,80 140 73,22 pf 127.20 

75 11,95 150 81,41 Pa 141,67 

80 15,78 160 88,64 

110°C 5 min. U.V. Run 7. 4,5 mg, 

t p t p t p 

10 0,01 65 33. 29 140 110.96 

20 0.05 70 40,52 150 115,86 

25 0.17 75 48 , 09 160 120 0 36 

30 0. 60 80 55,15 170 12 2. 64 

35 1,54 85 61.87 180 124 . 38 

40 3,47 90 68,13 190 125.52 

45 6,97 100 79,69 200 126,10 

50 12.02 110 89,68 210 126 0 69 

55 18 . 23 120 98. 21 pf 127 0 20 

60 25,46 130 105,52 Pa 127 0 71 

110°C 10 min, u.v. Run 8. 4,6 mg. 

t p t p t p 

10 0,02 55 31,38 150 100,36 

20 0,13 60 37,90 160 105,46 

25 0,37 65 43.70 170 110,70 

30 1,47 70 48,85 180 115,01 

35 4,07 75 53,91 190 118,26 

38 7. 02 80 58,45 200 122,13 

40 9,47 90 66,01 210 124 0 94 

42 12,30 100 72,73 220 126 . 63 

44 15.29 110 77.99 pf 1 27. 20 

46 18,40 120 84,35 pa 133,77 

48 21,09 130 89,53 

50 23.96 140 94,85 

TABLE 103 cont/ ..•.•••. 
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TABLE 103 cont. 

110°C 30 min. u.v. Run 9. 4.5 rog. 

t p t p t p 

10 0,05 42 38,87 85 104,33 

20 0,25 44 43,43 90 108.51 

22 0. 54 46 47.87 95 112. 24 

24 1,03 48 52,18 100 115,49 

26 1.94 50 56.66 10 5 117.67 

28 3,61 52 60,54 110 119.88 

30 6 ,30 55 66,19 115 122,11 

32 11,02 60 74.26 120 123 ,80 

34 16,86 65 81,87 125 125,50 

36 23 ,19 70 89,85 130 126. 64 

38 28.33 75 94 ,72 Pf 127.20 

40 33,98 80 99,71 Pa 132,58 

TABLE 104 . 

Dose Induction k5 
.l/3 

min. 
-1 Inflexion em 

period min, point ci.i . 

0 100 2,140 X 10-3 
0.50 

2 sees, 88 2,740 X 10-3 
0,50 

5 
.,. 

85 3,850 
-3 

0,47 X 10 

15 It 48 3,890 -3 
0,47 X 10 

# 
10-3 

30 I I 45 3,85 X 0 , 44 

1 min. 42 4,48 X 10-3 
0.39 ,_ __________ _____________ ..., 

------------------------------1;2 . -1 k
1 

em mJ.n, 

----------- -------------- ----------------------------..-
5 min, 30 4,928 X 10-3 

0,35 

10 II 27 6. 392 X 10-3 
0,28 

30 It 23 1.193 X lo- 2 
0.26 

(ii) Ef fec t of admitting water vapour onto the salt in an 

interrupted run, 

The procedure adopted in "wate r interruptions" has been 

given earlier. Interruptions were performed at five points 

in the decomposition, The decomposition temperature was 

110°C and the time of irradiation was 10 minutes. 

The ef f ect of the "water interruptions" is to regenerate 

a new induction period after e ach int erruption. The rate 

constant for the subsequent acceleratory per iod decreases as 

the« value/ •••.......••. 
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the ~value of each interruption increases. 

A series of successive interruptions at the end of each 

regenerated induction period was performed before allowing 

the decomposition to proceed to completion, 

tory rate was again lower than normal, 

The accelera-

The p/t values for these runs are shown in TABLE 105 

while FIGURE 84 illustrates them graphically. TABLE 106 

gives the acceleratory rate constants, k
5 

(equation 10), and 

the length of the induction periods (min). Run 8 in TABLE 

103 was irradiated under identical conditions and seryes as a 

blank, uninterrupted, run for the series. 

Final pressures were lower than normal on all these runs. 

Partial recovery of the lost pressure was obtained by heating 

the salt to 300°C in vacuo, 

in the following table, 

Pressures are thus not normalised 

TABLE 10 5 I 

ll0°C 10 min. u.v. Run 1. 4. 5. mg , 

t p t p t p 

15 0,13 65 17,35 1 40 59,45 

Water Interruption 70 21 . 93 150 61.87 

30 0,16 75 26,51 160 63. 51 

35 0.19 80 30,66 190 68,13 

40 0. 29 90 37.92 210 69.42 

45 1 .12 100 43,88 240 70.7 2 

50 3,00 110 48,81 260 71 .59 

55 6,83 120 53.24 Pa 7 2.03 

60 12. 38 130 56,36 

110°C 10 min, u.v. Run 2, 4.6 mg. 

t p t p t p 

10 0 ,07 75 16,08 150 71,15 

20 0.17 80 22,18 160 74.69 

28 0,60 85 27,86 170 77 , 85 

Water Interruption 90 33. 29 180 80,15 

40 0,62 95 38. 24 190 8 2. 48 

50 0. 81 100 42,52 200 84,37 

TABLE 105 cont/ •..•••.. : 
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TABLE 105 cont. 

t p t p t p 

55 1,02 110 50.26 210 85.33 

60 2,10 120 56,69 220 86,29 

65 4,84 130 62.28 Pa 86,77 

70 9,96 140 66,85 

110°C 10 min. u.v. Run 3, 4,5 mg. 

t p t p t p 

10 0.13 80 16.03 150 77,69 

20 0,27 85 18,36 160 8 2. 3 5 

30 2. 02 90 21,79 170 85,84 
•. 

35 6,30 95 26.24 180 88,97 

38 12.93 100 31,38 190 91,24 

Water Interruption 105 36.85 200 93.08 

50 12.94 110 42 .4 6 210 94,95 

55 12.97 115 47,74 220 96,36 

60 13.07 120 53,45 230 97,31 

65 13,23 125 58,89 240 97.78 

70 13.71 130 63,57 pa 98,26 

75 14,61 140 71.59 

ll0°C 10 min, u.v. Run 4, 4,amg, 

t p t p t p 

20 0,39 80 34,09 210 71.18 

25 0.52 90 34,32 220 75,07 

30 0,97 100 34,81 230 78,73 

35 2,17 110 35.83 240 81,62 

40 5,79 120 36,72 260 86,76 

45 14 ,47 130 38,62 280 90.20 

48 21,21 140 41,13 300 92,95 

50 26,25 150 44,35 320 94,95 

52 31,24 160 48,56 340 96,99 

53 3 3 , 89 170 52,79 360 97.50 

Wat er Interruption 180 57.36 Pa 98,23 

60 33,92 190 62 .. 03 

70 33,97 200 66,59 

TABLE 105 cont/ ..•...•. 
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t 

10 

20 

25 

26 

Water 

35 

45 

50 

55 

Water 

70 

75 

80 

83 

Water 

100 

110 

10 min, u.v. 

p t 

0,39 Water 

2,41 70 

7. 72 100 

20,74 120 

36,66· 140 

51.00 160 

63,92 180 

10 min, u.v. 

p t 

0,04 115 

0,17 117 

0. 50 Water 

0,62 140 
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TABLE 105 cont. 

Run 5. 

p 

Interruption 

63,99 

64,25 

65,60 

67.0 2 

68,43 

70,09 

Run 6, 

p 

2.23 

2.41 

Interruption 

2,43 

Interruption 150 2,65 

0. 63 155 3,01 

0,65 Water Interruption 

0.77 170 3 , 02 

1,22 180 3,11 

Interruption 185 3,28 

1,24 190 3. 61 

1,30 200 5,42 

1.52 - 205 7,29 

1,81 210 10,25 

InterruP,tion 215 14,15 

1,82 220 19,30 

1,94 225. 25,43 

TABLE 106, 

4,5 mg. 

t p 

200 71,88 

220 73,25 

240 74 , 72 

260 75.95 

Pa 77,54 

4,8 mg. 

t p 

230 32,25 

235 39.05 

240 45.19 

245 51,10 

250 56.25 

260 64,88 

270 71.14 

280 75,48 

290 79.04 

300 82,24 

310 84,09 

320 85,96 

330 86,91 

340 87,86 

350 88 ,8 2 

360 89.30 

pa 89,78 

Point of k5 em 
11'3 min. 

-1 
Induction Number of Induction 

Interruption, period Interrup- period, 
min, tion. minutes, 

·uninterrupted 9,65 -3 
X 10 28 0 26 

1;2 along I .P. 8,30 X 10- 3 
28 1 29 

End of I,P. 8,25 X l0-3 
27 2 28 

C( = 0,10 5,90 X 10-3 
30 3 34 

o( = 0,27 2,52 X 10-3 
42 4 38 

C( = 0. 50 1 ·. 30 X 10-3 
50 5 35 

5 consecutive 5,80 -3 
X 10 35 

(iii) Mathematical/, ......•.• 
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(iii) Mathematical analysis of the results. 

The acceleratory period is described by the power law 

with n = 3 for low irradiation doses i.e. 

1;3 
p k 5t+c5 ..................... ... .... (10) 

This equation is valid for irradiation times of up to one 

minute. 

The value of n decreases from 3 to 2 with heavier doses 

(5 min. and more), The equation thus becomes, 

1;2 
p = k 1 t + c 1 ·················~········ · (1) 

The contracting sphere formula is applicable to the 

decay period irrespective of the dose. 

= k 7 t + c 7 , .•... ·······~······(2) 

FIGURE 85 shows the p/t plot for the thermal decomposition 

after a low dose of ultra-violet light together with the ana-

lysis. FIGURE 86 gives the same results for a heavy dose. 

Analysis of the acceleratory period produced after a 

uwater interruption" shows that for all points of interruption 

the integer n charges back to 3 from 2 as a result of this 

procedure. 

8.2. DISCUSSION/ •••.••• 
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8.2. DISCUSSION. 

8 , 2 , 1, Unirradiated Calcium Azide, 

The activation energies for the thermal decomposi-

tion of calcium azide which had been annealed after storage for 

one year in vacuo were, within experimental error, the same as 

116 
those for the freshly prepared salt - in particular there 

was no reduction in the value for the acceleratory period as 

found by Tompkins and Young. 176 It was not possible to remove 

the discrepancy between the activation energies for the indue-

tion period (or decay period) and the acceleratory period, This 

applied to split runs and individual runs, In a ddition split 

runs with freshly prepared salt still did not reduce the energy 

-1 
for the acceleratory period to 18 kcal . mole • Tompkins and 

Young report that with the calcium azide used by them such 

experimental procedures gave only one value for the activation 

-1 
energy fo r t h e acceleratory period, namely 18 kcal.mole , It 

can only be suggested that the reason for the "ageing" phenomen 

is connected with the ir method of preparation in that the salt 

was precipitated from a saturated aqueous solution by the addi­

tion of absolute alcohol followed by cooling to -10°C, whereas 

the specimens used in this work were crystallized from conduc-

0 
tance water at 25 C. Work is in progre s s to determine the 

effect of different mod e s of preparation on the kinetics of 

decomposition. 

176 Thomas and Young also state that the absolute value of 

the a c cel e rato r y r a t e con s tant in a spl i t run is d e p e nde nt upon 

t h e init ial t e mp e r a t u r e at whi c h t h e run i s commen ced, The 

h i gher t h e initial t e mper a t ur e t h e greater th e r a t e constant 

<F I GURE 5 p a per ). The work done h e r e i n d ic a te s tha t wi t h un-

g round materi a l the v a lues obtaine d fo r th e r ate constants ar e 

not rep r oducibl e enough to s ub s tan ti a t e th is statement, 

8,2,2. Pr e irr a diat e d/ .• , ..• , •• , 
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8,2,2, Preirradiated (Ultra-Violet Light) Calcium Azide, 

The additional work carried out on the effect of 

preirradiation by ultra-violet light on the subsequent thermal 

decomposition showed that calcium azide behaves in an analogous 

manner to strontium azide, which is to be expected since the two 

salts resemble each other in most of the effects which have 

been studied. The same interpretation of the results can thus 

be applied (Cf, strontium azide discussion). 

9. COMPARISON/,, ....... . 



9. COMPARISON TABLE OF AZIDE RESULTS. 

Kinetic equations 

Activation 

energies 
-1 

kcal.mole 

Type of nuclei 

TABLE 107. 

UNIRRADIATED AZIDES. 

Calcium Azide A.W. Ca 40.08, Strontium Azide A.W. Sr 87,6 

Acceleratory period; 
l,t, 

p 3 = k
5

t + c
5 

power law, Acceleratory period; 
1;3 

p = k 5 t + c 5 

power law 

Decay period; contracting 
lf.3 

sphere, (1 - P/pf) = k 7 t + c7 

Induction period: 18.2 

Acceleratory period: 27,1 

Decay period:l8,8 

2-dimensional increasing in 

number linearly with time . 

Supported by "water 

interruptions". 

Decay period; contracting 

sphere, (1-P~f)Y3= k 7 t + c 7 

Induction period: 23,3 

Acceleratory period: 25,0 

Decay period : 21.7 

2 - dimensional increasing in 

number linearly with time. 

Supported by "water 

interruptions" . 

Barium Azide A.W. Ba 137,4 

Accel eratory period; Avrami­

Erofeyev equation , 

[ 
p-po JV4_ 

-log(l-pf-Po) -

Decay period; contracting 
IV l,t. 

sphere, (1- Pf) 3= k
7

t + c
7 

Induction period: 26,5 

Acceleratory period: 26 . 8 

Decay period: 26.1 

3-dimensional increasing in 

number linearly with time. 

Marked overlap and ingestion 

of nuclei, 

TABLE 10 7 I . ...... . . .. ... . 



TABLE 107 cont. 

"Water interrup-

tions" 

Calcium Azide 

Induction period repeated. 

k 5 constant but lower than 

(i) Various stages. k 5 uninterrupted. Initial 

decomposition of favoured 

centres. 

(ii) Successive 

!Mechanism 

Induction period""-' t. 
~ 

k 5 lower than normal. 

Slow surface decomposition to 

(i) Nuclear forma- give Ca atoms. Nuclei formed 

tion. by crystallization at end of 

induction period. Activation 

energy that for N; + N; ~ 

3N2 + 2e-. Slow evolution 

of nitrogen over induction 

period. 

( i i) Nuclear growth N 3 + metal ~ N 3 ( e 1 e c t ron in 

pve r acceleratory 

period, 

condution band of metal) 

N3 + N3 (strained) ~ 3N2 + 

F + 0 

Strontium Azide Bari urn Azide. 

Induction period repeated. Induction period repeated. 

k 5 approximately the same along k3 decreases as « increases. 

I.P. then a gradual decrease 

with increasing «. 

Induction period repeated and 

"'"'-"ti ~ k 5 only slightly lower 

normal. 

As for Calcium Azide. 

True induction period. 

As for Calcium Azide. 

Induction period ~t .. 
l. 

lower than normal. 

As for Calcium Azide. 

True induction period. 

As for Calcium Azide. 

TABLE 107 cont/ ...... . ..•. . . • 
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TABLE 107 cont. 

Calcium Azide Strontium Azide Barium Azide, 

(ii) Nuclear growth F + F -+ I I I + 2e As for calcium azide As for calcium azide, 

acceleratory 2e - + Ca ++ Ca over -+ 

period, The Ca adds on to interface 

-------------------~------------------------------ --------------------------------- ~-------------------------------
(iii) Reaction in N; + N; (strained) -+ 3N2 As for calcium azide, o r could Could be as for calcium azide 

decay, Due to compressive action of be as for barium azide but not or a continuation of (ii). 

metal or to pressure of trap- likely as nuclei are 2-dimen- Likely to be latter because 

ped N2. Activation energy sional and there is no inward of inward growth of 3-dimen-

same as that for induction growth during the acceleratory sional nuclei, 

period, period. 

Decomposition CaN
6 

-+ Ca + 3N2 
SrN

6 -+ Sr + 3N BaN -+ Ba + 3N..., 2 6 "' reaction, 

Inflexion point o(i 0.42 0,40 0,62 

% Decomposition 93,4% 71,2% 93 .o% 

Ageing No ageing effect after 1 year. As for calcium azide, As for calcium azide, 

IRRADIATED Cy-RAYS) AZIDES. 

Characteristics No colour change at 8 Mrad. No No colour change at 10 Mrad, No Buff colour at 10 Mrad. 

F-centres? Probably vacancies~ F-centres? Probably vacancies. Probably F-centres formed, 

TABLE 107 cant/ . •....•..•..• 



Varying dose. 

Kinetic equations . 

TABLE 107 cont. 

Calcium Azide Strontium Azide Barium Azide. 

Induction period decreases . Induction period decreases. Accel- Induction period decreases. 

Acceleratory and decay period eratory period rate constants, k 5 Acceleratory and decay period 

rate constants, k
5 

and k
7

, and k 2 , and decay rate constant, rate constants, k
3 

and k
7

, 

increase but constant after k
7 

increase. increase. 

40 1 000 rad. 

No change in o(i. No change in o(i. 

Acceleratory period; 

pl/3 = k5t + c5 

power la~Acceleratory period; power law up 
113 

to 50,000 rad, p = k 5 t + c 5 
Exponential law from 250,000 rad. 

log p = k 2t + c 2 
Decay period; contracting sphere, 

Pl. lj. 
(1 - P£) 3 = k7t + c 7 

Decay period; contracting 
P/. 1;. 

sphere,(l- Pf) 3 = k 7 t + c 7 

c< . decreases . 
1 

Acceleratory period; Avrami-

E[·rofeyev ;~~~tio]f4 - log(l- 'Pf=p'o) = 

Decay period ; contracting 

sphere, (l-Wpf)~3 = k
7

t + c
7 

Activation energies 8.0 Mrad. 2.0 Mrad (log p plots). 0 . 5 Mrad. 
-1 

kcal,mole Induction period: 19 . 8. 

Acceleratory period: 28.1 

Decay period: 22 , 5 

i.e. no change from unirra-

diated. 

Induction period: 24,7 

Acceleratory period: 24.0 

Decay period : 20,1 

i.e. no change from unirradiated. 

Induction period: 21,9 

Acceleratory period : 27.0 

Decay period: 28 , 4 

4.0 Mrad. 
Induction period: 20.6 

Acceleratory period: 26.8 

Decay period: 27,5 
Slight decrease in induction 

l\) 

00 
CJl 

period value. TABLE 107 cant/ . · - · 



Type of nuclei 

Nuclear formation 

TABLE 107 cont. 

Calcium Azide Strontium Azide 

Internal and external 2-dimen- Up to 50,000 rad, as for 

sional nuclei increasing lin- calcium azide. 

early with time. This support- Above 250,000 rad pl&te-like 

ed by "water interruptions". 

Vacancies aggregating at in­

ternal and external surfaces 

to give strained N; ions which 

decompose as in unirradiated 

material. Support from un­

changed activation energy, 

nuclei growing over grain boun­

daries after branching along 

dislocations. 

As for calcium azide. 

--------------------------------------------------
Nuclear growth in 

acceleratory and 

decay periods. 

"Water interrup-

tions" 

(i) Various stages 

As for unirradiated. 

Induction period decreases and 

k 5 decreases slightly. Large 

reservoir of vacancies and 

formation of traps. 

As for unirradiated. 

Induction period decreases, ~ 

increases at low « value~ then 

decreases. Large reservoir and 

traps also. 

Barium Azide 

External 3-dimensional nuclei 

increasing linearly with time. 

Overlap and ingestion marked. 

Aggregation of F-centres which 

collapse to give Ba atoms. Ba 

atoms migrate to the surface 

to form nuclei. Activation 

energy is that for migration. 

-------------------------------
As for unirradiated. 

Induction period increases, 

k3 decreases. 

TABLE 107 cont/ .. • . •.•••.. 



TABLE 107 

Calcium Azide Strontium Azide Barium Azide 

"Water interrup- Induction period steadily re- Steady decrease in induction per- Induction period markedly 

tions" . duced and k5 slightly less iod and explosion after 6th in- longer and k3 reduced. Pa 

(ii) Successive. than normal. Pa 30% of normal terruption (10 Mrad, 9 5° C). Des- 53% of normal pf but recov-

Pf· 44% of normal on strong troyed nuclei act as vacancy ery on strong heating, Grad-

heating (nitride formation). traps, self heating gives explo- ual depletion of F-centres. 

sian. No explosion after 7 inter-

ruptions due to depletion of vac-

ancy reservoir. At l00°C explo-

sion after 2 interruptions. 

Annealing so°C No effect, 70°C No 
0 

No 
' 

1 hr. 
' 

3 hrs. effect . 70 c, 2 hrs. effect. 

Ageing Nil Nil Nil 

Interruption and Irradiation effect found As for calcium azide, As for calcium Azide. 

irradiation. throughout, including decay, 

despite water vapour react-

ing on salt. 

% Decomposition 93,4% 97.6% 93.0% 

IRRADIATED (X-RAYS) AZIDES . 

Varying dose Induction period decreases. As for calcium azide. 

Acceleratory and decay rate 
constants .increase. TABLE 107 cant/ ............ 



TABLE 107 

Calcium Azide ·strontium Azide Barium Azide. 

Kinetic equations Accelerator:y :Qeriod; power Accelerator:y 2eriod; power law 

law, 
1;3 = k5t + c5 up to 30 min. plf3 = k

5
t + c5 p 

Above 30 min. Avrami-Erofeyev 

equation l;.: 
[ p-po J 3 -log(l-pf-p

0
) = k6t + c6 . 

Deca:y :Qeriod; contracting De ca:y :Qeriod; contracting sphere, 

sphere (1-
PI 1f3 

k7t (1-P/p )1;3 Pf) = + c7 = k7t + c7 f 

Activation energies Induction period: 19.2 Induction period: 22.7 

kcal,mole -1 Acceleratory period : 27.1 Acceleratory period: 26.5 

Decay period: 21.9 Decay period: 24.0 

Type of nuclei 2-dimensional increasing As for calcium azide but with 

linearly with time . Internal considerable overlap and in-

and external as shown by in- gestion at high doses. 

crease in k7. 

Reaction mechanism As for )'-rays. As for Y-rays. 

o(i No change with increasing No change with increasing dose, 

dose. 



TABLE 107 

Calcium Azide Stront ium Azide Barium Azide. 

Water interruptions Small decrease in induction As for calcium azide . Kinetic 

(i) At various period at small c{ values. equation reverts back to power 

stages. k5 lower than normal. law. 

(ii) Successive As for (i) above. Final k5 As for calcium azide. 

value lower than normal. 

Interruption and Effect obtained at all stages, 

irradiation including decay. Indicitive of 

internal nuclei. 

Fk Decomposition 93.4% 87.4% 

IRRADIATED (ULTRA-VIOLET LIGHT) AZIDES. 

!Varying dose. Decrease in induction period, As for calcium azide. As for calcium azide. 

and increase in acceleratory 

rate constants as dose in-

creases. c{i decreases mark-

edly with increasing dose. 

Cinetic e quat ions. Acceleratory _Qeriod; power Acceleratory _Qeriod; power law Accelcratory _Qeriod; Avrami-

law. Low doses, up to 1 min Low doses, up to 10 sees. n = 3 Erofeyev equation with n = 6 
n = 3 . 1;3 - k t i e p

1h = k5t + c5 [-log(l- p-po ) ] 1 /6 = k t + c4 ~.e. P - 5 + c5 . . 
Pt-Po 4 

TABLE 107 cant/ ...•••...• 



~inetic equation s 

~ctivation ener­
-1 

gies, kcal.mole . 

rrype of nuclei 

"Water interrup-

, tions ". 

( i) At various 

stages. 

Calcium Azide 

High doses n = 2 i.e. 
lj2 -

p - k 1 t + c
1 

Decay period; contracting 
P/ 1/3 sphere, (1- Pf) = k 7 t + c 7 

From p]/2 vs. t 

Induction period; 16.2 

Acceleratory period; 27.4 

Decay period; 25.7 

Surface 2-dimensional nuclei 

increasing linearly with time, 

but as dose increases 2-dimen­

sional from a fixed number 

of centres. 

TABLE 107 

Strontium Azide 

High doses n = 2 i.e. 
1;: 

p 2 = kl t + cl 

Decay period, contracting 
P/ l_.t 

sphere, (1- Pf) 3 = k 7 t + c 7 

From pl/2 vs. t 

Induction period; 19.5 

Acceleratory period; 23.0 

Decay period; 25.7 

As for calcium azide. 

Induction period approximately As for calcium azide. 

constant. Gradual decrease in 

acceleratory period rate con-

stant. Equation changes from 

n = 2 to n = 3 for interrupt-

ions beyond end of induction 

Barium Azide 

Decay period; contracting 
P/ 11.3 

sphere, (1- pf) = k
7

t + c
7 

Induction period 23.1 

Acceleratory period; 27.7 

Decay period; 25.0 

Surface nuclei growing 3-

dimensionally and increasing 

as the third power of time. 

Increase in duration of in-

duction period and decrease 

in acceleratory rate con­

stant. Equation changes from 

n = 6 to n = 4. 

period. 
TABLE 107 cont/ ....... . 



TABLE 107. 

Calcium Azide Strontium Azide Barium Azide 

"Water interrup- Slight increase in induction As for calcium azide. Marked increase in induction 

tionsn. period and decrease in accel- period. Decrease in accel-

(ii) Successive. era tory rate constant. Equa- era tory rate constant. Change 

tion changes as in ( i ) . of equation as in (i) 

Mechanism i'li th a heavy dose get a large As for calcium azide, As for Y-rays. 

number of nuclei at end of in-

duct ion period and growth 

swamps formation. Hence 
1;2 

p . 

Mechanism as for )'-rays. On 

repeated "water interruption" 

anion vacancy reservoir de-
l.f. 

pleted and p 3 holds. 

Interruption and Irradiation only effective at low As for strontium azide. 

irradiation. o( values where effect can be felt 

before complete surface coverage 

occurs, 

Ageing Nil Nil Nil 

% Decomposition 93.4% 87,3% 93.0% 

10. GENERAL DISCUSSION/ •..•....•..•..• 
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10. GENERAL DISCUSSION OF THE DECOMPOSITION OF THE ALKALINE 

EARTH AZIDES. 

The most significant results and conclusions for the de-

c omposition of the azides have been collected together in 

TABLE 107. Some of these are discussed below. 

10,1, Unirradiated Azides. 

The azides res emble each other in that the general 

form of the p/t plots for the isothermal decomposition are the 

same, The postulated processes occurring during the indue-

tion period are similar and are concerned with a slow surface 

decomposition at favoured sites on the surface of the solid. 

During the acceleratory period in the decomposition of calcium 

and strontium azides the nuclei grow two-dimensionally, whereas 

with barium azide the growth is three-dimensional. In all 

cases the nuclei increase in number linearly with time, The 

same mechanism for growth has been postulated for all the 

azides and this is supported by the fact that the activation 

energies during the acceleratory period are similar, calcium 

-1 -1 
azide 27.1 kcal,mole , strontium azide, 25,0 kcal,mole , and 

barium azide, 
-1 

26,8 kcal, mole . 

The decay mechanism for calcium azide is considered to be 

different from that for barium azide because the activation 

energy for this period is different from that for the corres-

ponding acceleratory period, In the case of barium azide the 

same mechanism is considered to apply to both the acceleratory 

and decay periods. For calcium azide it is considered that in 

the decay the metal sheath around the azide particle will exert 

compressive stresses on the lattice. Distortion of adjacent 

azide ions at the reactant/product interface will be at a maxi-

mum and the azide ions would i nteract in this region of stress. 

The reaction would thus be the same one as occurs in the indue-

tion period in agreement with the activation energies. Alter-

natively stress could also be produced at the interface by 

pockets of/ . .•...•.•... 
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pockets of trapped nitrogen at high pressure. 

It is possible that a mechanism similar to that postulated 

for calcium azide may apply to the decay reaction for strontium 

azide where, although the activation energy for the decay re-

action is not very different from that for the acceleratory 

period, the nuclei grow two-dimensionally over the acceleratory 

period. The two-dimensional growth, of course, means that 

during this spreading surface reaction there is no tendency fo r 

reaction to penetrate inwards from the interface and conse-

quently when the decay stage commences a different mechanism 

may operate as with calcium azide. The surface nuclei in the 

decomposition of barium azide grow three-dimensionally during 

the acceleratory period so that it is reasonable to propose the 

same reaction mechanism in the decay stage as in the accelera-

tory stage. 

The three azides also resemble one another in that there 

is no age effect . 

I 

10.2. Irradiation ~Y Y-rnys .· 

The relative sensitivity of the azides to preirradiation 

by Y-rays is indicated in the following table which expresses 

the percentage change in the rate constants and induction per-

iods for irradiated salt as compared to the corresponding 

values for unirradiated salt i.e. the percentage s are obtained 

from the formula 

~ Ch _ Irradiated value 
0 arge - Unirradiated value 

X 100 
1 

Percentage change, 

11\zide Induction Acceleratory 
period period 

Strontium 8.07 3153,0 

!Calcium 15.2 1750,0 

Barium 28.0 455.0 

Decay 
period 

3678.0 

379.0 

586 .0 

TheY-ray/ ....••...... 
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The Y-ray dose was 0,25 Mrad in all cases, Strontium 

azide is quite obviously the most sensitive with barium azide 

the least sensitive, The effects on the subsequent thermal 

decomposition are very similar for all the azides and any 

differences are explicable, either on the type of nucleus (2 

or 3 dimensional) or on the sensitivity to Y-rays, e,g, the ex-

plosive runs with strontium azide after treatment with water 

vapour. The nucleation process during the decomposition of 

irradiated barium azide is considered to be different from the 

same process with irradiated strontium and calcium azides in 

that the concept of F-ccntres, which aggregate and collapse 

internally, is invoked for the former. With the latter two 

substances the migration of vacancies is considered to be an 

essential step in the nucleation process. 

The greater sensitivity of strontium to Y-rays is shown 

by the fact that the nature of the course of decomposition is 

altered with doses greater than 250,000 rad in that the expone~ 

tial law describes the p/t plot for the acceleratory period, 

In addition, in the runs with water vapour, it is possible, 

under suitable conditions to bring about an explosive reaction, 

No measurable evolution of gas occurred during prcirradia-

tion of all the azides and the irradiation effect was permanent 

for at least one year, 

10,3, Irradiatio~ by X-rays, 

The effects of preirradiation by X-rays were very simi-

lar for the two azides studied, X-ray e ffects were not stu-

died for barium azide but work is in progre ss to make a de-

t a iled study of these effects which, f rom the work of Erofeyev 

d S . . d 114 an v1r1 ov arc complex. 

· 10.4, Irradiation by Ultra-Violet Light . 

Barium azide is far less sens i tive to preirradiation by 

ultra-violet light than either c a lcium or strontium azide, 

This relative/ •• • • , . ..•• 
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This relative insensitivity was also found for preirradiation 

by Y-rays. The irradiation effect appears to be confined to 

the surface of the particle for all three azides and the effects 

are similar for all three except that the type of nuclei differ, 

Three-dimensional nuclei are present in the decomposition of 

barium azide whereas with calcium and strontium azides the nu-

clei grow two-dimensionally, The increase in number of nuclei 

with time alters with heavy doses for calcium and strontium 

azides - reaction appears to proceed from a fixed number of 

centres , The normal linear increase in the number of nuclei 

with time is, however, restored after treatment with water 

vapour. In the case of barium azide the rate of increase of 

number of nuclei is different from that for the decomposition 

of unirradiated salt for all doses with ultra-violet light. 

The number of nuclei increases as the cube of the time for the 

irradiated specimen, which is the value found previously by 

Wischin
3 

for the decomposition of unirradiated "single" crys-

tals. The linear rate is again restored on treatment with 

water vapour. 

11. SUlMARY/ ..•....•... 
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11 . S llMI'IlARY. 

The rate of thermal decomposition of mercuric oxalate is 

increased by irradiation with ¥-rays, The effects of the 

irradiation are similar to those for nickel oxalate in that 

an unstable intermediate is produced which decomposes faster 

than the parent substance on heating. This initial decompo­

sition affects the subsequent reaction . Thus, although nickel 

oxalate is insensitive to ultra-violet light, and mercuric 

oxalate is sensitive, both react similarly to Y-rays. 

The alkaline earth azides, however, are affected by pre­

irradiation by Y-rays in a different manner, namely the acce­

leration of the reaction occurs as a result of point defects 

created in th e solid by the radiation. The three alkaline 

earth azides behave in an essentially similar manner when pre­

irradiat e d by ultra-violet light, X-rays or Y-rays, Mercuric 

oxalate, however, is affected differently by X-rays than by 

ultra-violet light or ¥-rays. 
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