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relative positions of the potentia I energy curves, for the ground and 

excited states. If the respective curves lntersect and the excited state 

has a minimum lying inside the ,ground state curve, then on optical 

transition to the excited state wi II be followed by a radiationless 

transition to the point where the excited and ground state curves inter-

sect. If, however, the minimum in the potential energy curve lies out-

side the potential energy of the ground state, an electron could remain 

in the excited state until a radiationless transition occursg This would 

then correspond to a metastable stateo 

Taking into consideration that an exciton is able to move with the 

speed of a thermal electron, it wi II interact with the vibrational modes 

of the lattice. This results in considerable scattering and loss of kinetic 

-8 
energy. The life time of an exciton is usually less than 10 seconds, 

provided that it is not trapped in some metastable state. Seit~2 believes 

that mobile· excitons may also transfer their energy to imperfections, since 

at least 10
7 

ions are passed over in 1 0-S secondsg 

Althougn thermal dissipation to the Iotti ce is the main way 1 n which 

energy absorbed during optical excitation of a crystal is utilised, an 

electron can only revert to the ground state by re-emission of radiation 

if the potential energy curves for the ground and excited state do not 

overlap. The emitted radiation must necessarily be of longer wavelength 

than the absorbed radiation owing to some thermal dissipation to the lattice 

in the excited state. 

The emitted radiation is classified as fluorescence if it is emitted 

during irradiation, and phosphorescence if emitted after irradiation .. 

-4 
Phosphorescence of longer duration than 10 sec. can only occur if the 

excited eleCtron is transferred to a metastable state, from which a direct 

transition to the ground state cannot occur. For most phosphors, the 

characteristic property of luminescence depends on impurities called 

activators, usually present in very small amounts. X-rays, electrons and 



positive ions have also been effective in producing luminescence 1 

although optical means are by far the most common method, and the 

region of wavelength within which a particular phosphor can be 

excited optically, usually consists of a series of broad bands, which 

can depend on the presence of the activation. 

When ionic solids, in particular the alkali halides are exposed 

to ultraviolet light 1 electron bombardment or X- radiation, they exhibit 

a colouration characteristic of the salt., This colouration will fade 

gradually with time, heating the substance accelerating the bleaching 

process., 

Pohl
3 

showed that this colouration was owing to a bell-shaped 

absorption band at about 400-800 mu, and he called the centres 

4 
responsible for absorption, F-centres., De Boer1s suggestion that the 

• 
F-centres are electrons trapped at vacant anion sites, has found general 

acceptance 1 the anion vacancy being considered as an effective unit 

positive charge., This model of the F-centres is supported by the pro-

duction of paramagnetism: indicating unpaired electrons in the lattice., 

Spin resonance absorption lines in coloured alkali halides seem to con-

firm this. Since F-centres represent trapped electrrns excited from the 

full band, their formation must be accompanied by positive hole formation 

in the full band. In an analogous manner, it is to be expected .that 

these positive holes could be trapped by vacant cation sites, giving 

rise to a different type of absorbing centre., Mollwo
5 

has demonstrated 

the presence of a series of absorption bands, called V-bands, associated 

with the interaction of positive holes with cation vacancies. Those same 

bands have been observed in X-irradiated KCI and NaCI crystals at low 

temperatures. 

Crystals containing F-centres display photoconductivity when irradiated 

with light of wavelength within the F-band, suggesting that the excited 

state is sufficiently close to the conduction band for electrons to be 
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ionised thermally. These free electrons then wander through the crystal 

until retrapped. T~e effective distance travelled by electrons before re­

trapping occurs, has been found in KCI at -100°C to be inversely pro-

portional to the F-centre concentration, indicating that the trapping 

centres are themselves F-centres. This indicates that an anion vacancy 
.,. 

is able to trap two electrons. 

This is confirmed by optical measurements, which show that 

during irradiation in the F-band the band is bleached and at low 

temperatures, in additively coloured salts (e.g. heating of ionic solids 

in presence of the vapour of its electropositive constituent) a broad 

. 1 
band called the F -band appears on the long wavelength side of the 

F-band .. If the crysta I is now irradiated in the F 
1
-band, the F-band 

is regenerated, the quantum yield being 2, i.e. each quantum liberates 

an electron from an F-centre, and on combining with an anion vacancy, 

forms a second F-centre, according to the equations : 

hi >F + e 

where G denotes a vacant anion site. 
e + 

Perturbations caused to the first excited anion levels (exciton levels) by 

a neighbouring anion vacancy, lead to exciton levels somewhat lower 

than the normal exciton levels, and a new absorption band, called the 

a<-band appears superimposed on the norma I lattice absorption edgeo 

When anion vacancies form F-centres in irradiated alkali halides 

the perturbation effect of vacancies on adjacent exciton levels is 

reduced, and so a new, band, the ~-band, occurs between the 0(.-band 

and the main lattice exciton band. 

Thus irradiations in the F-band bleach: F-centres, producing anion 

vacancies and F 1-centres. Perturbations on ions adjacent to these bleached 

F-centres (i .,e. anion vacancies) are now enhanced and exciton formation 

occurs in the 0( -band instead of the ~ -band. Absorption within the 
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ex.- band is accompanied by fluorescence, indi eating that the exciton 

formed is trapped by. Jh~ .. a_~ion vacan.c:y and the resulting complex does 

not dissociate into an F-centre and a free positive holeo 

Irradiation with light and X-rays within the F-band at room 

temperatures, produces a dif~~rent series of bands on the long wave-

length side of the F-bands. These have been called R
1

, R
2

, M and N 

bandso The M-centre is formed by the association of an F-centre with 

an anion-cation vacancy pair. During irradiation in the F-band, anion 

vacancies and free electrons are produced o If an M-centre now captures 

a second electron, it will become unstable and decompose into a R
2

-

centre (F-centre pair) and a cation vacancy o 

Anion v~cancies, M-centres or a vacancy pair may trap one of 

the electrons of an R
2
-centre by the tunnel effect, producing an R

1
-

. 
centre consisting of an F-centre associated with an anion vacancyo 

The above bands occur in KCI irradiated at room temperatureso When 

KCI is irradiated within the F-band at even higher temperatures (100°C) 

. 1 
a broad band called the R -band appears on the long wavelength side 

of the F-band o This band is not resolved on cooling to 78°K, so that 

it must be made up of a large number of components. Increased vacancy 

mobility at 1 00°C result in electrons combining with groups of vacancies, 

including R
1

, R
2 

and M-centres. R-centre formation from F-centres in-

. . 0 
creases with temperatures up to about 500 C, whereupon dissociation of 

1 
R -centres to F-centres occurs .. 

Alkali halides irradiated within the F-band also show some bleaching 

of the V-bandso When crystals are X-irradiated at liquid air temperatures, 

the most prominent band produced is the v
1
- band. Warming of the 

crystal causes a disappearance of the v1-band and the F-band is markedly 

diminished. This bleaching results in photoconductance and luminescence, 

supporting the model of a positive hole trapped by a cation vacancy for 

the V 
1
- centre. 

·~ -.---::-_-·.::.-.-. -~--.~~---------~---- .-:-__ -_ ::-:::-:::..-:-~------~-~-"------,---~-=. =··"'0¥. ·· --~·co=;=== 
... ·-· -·- ... - - --·- . . - ·- . -~--- ·--~-~~ - ---· - --- --~· __:_ --
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photolysis. of silver bromide, postulates that the absorption of 

energy occurs principO.IIy within the volume elements of the sub­

structure of the silver bromide crystal and that it results in the 

formation of either: 

(a) excitons or 

(b) pairs of electrons and positive holes. 

Although the energy is absorbed within the volume elements of the 

sub-structure, the consequent photo-chemical changes are produced 

by secondary proce~ses on their surfaces. 

If the excitons interact with phonons and dissociate, then 

alternative (b) would apply. When excitons are formed, it is assumed 

that they. can transfer their energy at room temperature· to bromide 

ions occupying: 

(i) kink sites on the free surfaces of the crysta I. 

(ii) jogs along edge dislocation lines on kink sites associated with 

internal surfaces, to eject electrons from them. 

In both cases a bromine atom would be formed and an adjacent 

silver ion V\Ould then represent a localised excess positive charge with 

which the electron might ultimately, on account of its small range, 

combine to produce a silver atom. 

By applying the Franck-Condon principle to the process, it may 

be deduced that electrons are unlikely to be trapped immediately by 

bromine atoms or silver ions which are absorbed at the surfaces, so 

that an interval will be available, during which the silver ion can 

diffuse away from the bromine atom, most probably into and along 

an adjacent sub-boundary. It may then combine with the electron 

to form a silver atom. 

If bromide ions associated with jogs along the dislocation lines 

of internal surfaces interact with excitons, the same discussion will 

apply. The process can,· however, not lead to the separation of a 

silver atom unless the bromine atom can diffuse to the surface and 

---- ... ---~···-:--·-·--··~-:---:-·~····~· -··--- '----~-·------ -·-- ------· -- ---- ---- ~.- -------- -
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escape, without combining with a previously separated silver atomo 

Precisely th(, seime 'changes would result if electrons and 

positive holes were created directly by the absorption of energy 1n 

the crystal and the holes were trapped before the electrons, by 

bromide ions on the free surface or on internal surfaces. Atoms 

of bromine would again be produced, together with excess silver 

ions which would combine with the electrons. 

Thus the following possibilities might exist when silver halides 

are UoVo irradiated. 

1 o Production of excitons 

2. Liberation of pairs of electrons and positive holes. 

The excitons represent excited states of the crystal in which electrons 

are bound in the electrostatic field associated with positive holeso 
• 

They should therefore be mobile and able either 

(i) to decay 1 transferring their energy to Iotti ce vibrations, 

(ii) to interact with phonons and dissociate into a free electron 

and positive hole, or 

(iii) to interact with atoms, ions or molecules on the bounding 

surfaces of the volume elements of the substructure of the silver 

halide crystal and so produce photochemical changeso 

With (ii) it is virtually impossible to distinguish experimentally 

between excitation and ionization. 

With (iii) photochemical changes might result from excitation 

processes, followed by rearrangements or from ionization processes. 

In the latter case it seems likely that electrons alone would be 

liberated, the compensating positive charge remaining as an ionic 

charge on the surfaceo Photoconductivity studies should then reveal 

the absence of any photocurrent which could be attributed to positive 

holeso 

13. 

__ . ~--..:....--~-
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The kinetics of gas· evolution from anhydrous silver perchlorate 

using the I ow pressufe ·mercury arc 1. -hcJs been studied by Verneker 

19 
and Maycock • Depending on the age of the sample, an initio I 

accelerating rate or decelerating period is followed by a constant 

rate period. The rate of evolution of 0
2 

during photolysis was 

found to be directly proportional to the intensity. Doping experiments 

to produce increased concentration of anion vacancies lead to 

enhancement of the maximum rate with respect to an undoped sample. 

For the initial accelerating period 1 the following mechanism was 

postulated_. 

- El .h~ 
>CI04 • CI04 + + e •oooeoeeoo 

CI0
4

• > products + EJ •o o o o o o • • o 

Ag+ + e :,;;.:. Ago + 'El oooooeoooo 

For the decelerating region 1 a mechanism involving consumable 

trapping centres was postulated, and from the doping experiments it 

appeared that the trapping centres were anion vacancies. Since the 

rate did not proceed to zero, after prolonged irradiation, a new 

mechanism must have come into operation, which did not involve 

consumable trapping centres. The new mechanism presumably continues 

·to operate 1.mti I the crysta I is consumed, the rate of gas evolution 

being proportional to the first power of the intensity. The activation 

energy was found to be about 4.5 KCals/mole. 

Presumably silver metal formed as a result of the tepetition of 

reactions (1) and (3) acts as a reaction initiation by photo-emitting 

an electron 

0 1-N + 
AgM > AgM. + e oooooooeoo 

Ag+ CIO~ 
0 

CI0
4

• + >AgM + ooeoooooo• 

CI04. > products ••o•o•oooo 

0 Ag+ 0 
AgM + + e > AgM+ 1 o·e o o o • • • • o 

0 
where Ag M+1 represents the growth of colloid metal. 

2 

3 

4 

5 

6 

7 

--···------··· ··- --- ---~-- .. ·-------. ----------~--------------



A possible reaction sequence could be as follows: 

BrO-. 
3 

BrO -* 
3 

or 

BrO * 
3 

.::::::: 

£. 

+ 

h\) 
Br0

3 
-* ;:::> 

h" -Br0
3 ** ;:::> 

BrO - * < BrO - * * 
3 ;::> 3 + 

Once the doubly excited state is formed, it may generate a singly 

excited state, 

BrO -** 
3 

+ 

or the doubly excited state may produce decomposition, e.g. 

+ 

The generation of new decomposition sites from existing sites being 

similar to the.process observed in the alkali halides for the generation 

of vacancies from centres that resume their initial charaderistics 

after each additional vacancy is formed o 

Photochemical Decomposition of Azides: 

The simplest photolytic mechanism proposed for the azides 

100 
(Gray ) has as its initial step exciton formation. 

h\) 

The exciton then decomposes thermally into an electron in the 

conduction band, leaving a positive hole (azide radical) 

Two azide radicals may react at the surface,to form nitrogen 

gas, azide radicals formed internally, appearing at the surface by 

an electron transfer mechanism. 

r~ 

Metal is then formed by a mechanism suggested by Mitchell . 

-M + e 
n 

For barium azide, different but related mechanisms have been put 

forwafd 
?8 '29 '30 '31 '3 :;: 

o According to these early mechanisms, 

---· 
. ·- .... 

_.. __ ,_ .. t•~ 
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A detailed review of the ~ork done on the 

photolysis of azides revealed that much confusion 

existed regarding the experimental evhlence and 

postulated mechanisms. This state of affairs 

prompted a more detailed re-investigation lnto 

the photolyeis of barium a~ide, working in~ vacu~m 

or ro-6 to ro-7 torr, with the employment of sensitive 

rneasurine; devices such a~ iontzstion guo.gee s.no a 

recently improved deEign of ..Pirani gu.age, ca?able of 

accurate measurement right down to ro-A torr. 

In particular, ~uch attention has been given 

to the construction of the photolysis cell, so as 

not to include the use of greased joints and cements 

for attaching the quartz windows. Wuch evidence has 

been gathered in thic work to show that these sub-

stances lead to eignificant gas evolution durin~ the 

photolysis reaction. 

The photolysis of lithium azide was also under-

taken because this has not been reoorted previously 

and it was felt that such a study would be helpful 

in the formulatlo~ of reaction mechaniF~s for the 

chotolyeis of the ionic azides. 

A.detailed study of the X-radiolysis of lithium 

and barium azide was then undertaken, with the 

possibility of relating this to the 9hotolytic 

mechanisms of the inorganic azides . 

. .,.... - _------'- ... -----.-- -·--;--·--.- ---- --· -----.--
-- -- -----.---~~--------- ------ ---.-------r:-:-:--·-------------
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FIG. 1. 

KEY : -

VERY HIGH VACUUM LINE. 
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2 

cold traps. 

B. Mercury diffusion pumps. 

C" McCioed gauge. 
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I. Extraction fan. 

J. N
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delivery tube. 
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L. N
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vapour outlet. 

M, Thermostating fluid (propanol or ethanol). 

N. Stirrer. 

0. Thermal insulation. 

Po Bath. heater. 

Q., U .. V. arc. 

R. Copper cooling coi I. 
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were used for high intensity irradiation. These emitted a continuous 

spectrum with principal lines superimposed o 

The X-ray generator employed for radiolysis was the Philips model 
£l 

P N 1009, employing tubes with copper and tungsten targets. 

2.3o Photomicrography. 

A Leitz microscope and heating stage (vacuum type) was used to 

follow some of the stages in the photolysis and radiolysis of barium 

azide. Photomicrographs were obtained, using a Leitz film holder and 

transport mechanism, coupled to the microscope with a Leitz mi era-

attachment vyith a central shuttero Magnifications of 65X and llOX 

were possible. 

When photomicrographs had to be made, the vacuum-type hotstage 

was used as the decomposition cell, enabling every stage of a decompo­

sition to be followed at temperatures right down to -20°Co 

2.4. Grindingo 

The azide material was powdered when desired, using a Wig-L-Bug 

grinding mill. Pellets of the azide were made using evacuable KBr dies 

(14 mm for radiolysis and 5 mm for photolysis) and a ten ton Apex type 

341/4 hydraulic press was used to pellet the ground material. 

2.5. Temperature Control • 

Temperature control was achieved by designing and constructing a 

thermostat bath working over a very large temperature range (200 to 

-120°C). This is shown diagrammatically in Figure 2o 

. 0 h In the hrgh temperature range 200 to -20 C a contact t ermometer 

type Jumo MSD BP 568 was used as the sensing device while in the low 

temperature range -20 to -120°( a platinum resistance thermometer was 

coupled to a Wheatstone bridge device o 



FIG. 2. 

Key . -
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e. 
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i. 
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Bleed heater. 

L. T. transformer (permanently energised). 
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Operating Principle in the High Temperature Range. 

The appropriate contact thermometer for the desired temperature 

range is set to the required temperature and immersed in the cooling 

fluid (iso-propanol, water or ethanol depending on the temperature 

range) contained in the dewar .. If the temperature in the bath is too 

high, the circuit from the contact thermometer is made and this de-

energises the Sunvi c master relay and thus the slave relay .. Contacts 

A and B close feeding current to the storage dewar heater and to the 

solenoid ball valve .. The bleed heater is switched off at the same time 

as contacts C open. Owing to vapourization of the liquid nitrogen and 

the fact that the bleed is now closed,. a pressure build up in the 

storage de~war forces liquid nitrogen along the thermally insulated 

delivery tube leading to the copper coi I immersed in the thermostat 

• 
dewar. A stirrer provides mixing to eliminate temperature gradients 

within this dewar. 

The thermostating fluid is now rapidly cooled and at the set 

temperature, the contact thermometer open circuits and ti-e Sunvi c 

master relay is energised, and this in turn energises the slave relay. 

Contacts A and B now open while contacts C close, switching off 

the storage dewar heater and opening the solenoid ball valve of the 

bleed .. The bleed heater is switched on to defrost the bleed system. 

As soon as the temperature rises again, the cycle repeats itself. 

Operating Principle in the Low Temperature Range. 

When the temperature in the thermostat bath is too high, the 

platinum resistance thermometer in circuit with the Wheatstone bridge 

causes the bridge to be unbalanced and the small relay used in con-

junction with the bridge closes, de-energising the Sunvic control relay 

and this has the effect of causing liquid nitrogen to be forced through 

the copper cooling coil. 
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For temperatures above room temperature, the bleed heater 

circuit is plugged into a bath heater P, while the dewar heater F 

(Fig. 3) is unplugged .. In this way the bath fluid can be heated to 

the desired point. When the temperature rises above the set temperature 

the contact thermometer contacts close and this de-energises the Sunvi c 

master relay which in turn de-energises the slave relay. This causes 

bath heater P to be open circuited· and the temperature no longer rises .. 

Using the above systems, temperature control within 0,2°C could 

be obtai ned • 

2.6 .. Liquid _nitrogen cold traps .. 

Empioying an identical set up described above, but using a 

thermistor ~s a sensing device, to drive a relay which operates the 

Sunvic master relay, and leading the refrigerant delivery tube into 

tre cold traps on the vacuum line, liquid nitrogen refrigerant level 

in these cold traps could be maintained to within 3 mm of the 

thermistor tip. 

2.7 .. Photoconductivity .. 

Photoconductivity measurements were made using the circuit 

shown in Figure 4 in conjunction with the Vibron electrometer model 

2.8 .. Special Procedures .. 

A dry box shown in Figure 5'was used to transfer irradiated 

samples to evacuated dessi cators to prevent atmospheric contamination 
..., 

of the radiation products. 
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FIGo 3. LIQUID REFRIGERANT STORAGE DEWAR. 

KEY : -

Ao Solenoid valveo 

B. Bleed o 

C. Bleed heater., 

D. Delivery tube for liquid N
2
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E. Thermo I insulation. 

F o Dewar heater. 

Go Filler. 

H o Large reservoir dewar. 
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DRY BOX. 

KEY: -

Ao Flushing point inlet (dry nitrogen) and 
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B. Rubber gloveso 

C. Flushing point outlet. 

D. Outer door. 

E. Dol!ble door entry chamber. 

F. Fll,lshing point and bleed. 

G. Inner door. 

H. Window. 

I. Red light for illumination. 

J.. Removable hatch. 
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3. Preparation of Barium Azide M~nrihydrate and the Anhydrous form. 

3.1. Preparation of the Monohydrate. 

Pure barium azide (Light and Co.) with 15% alcohol added 

for safe handling and transporting, was dissolved in conductivity 

-6 -1 -1 0 
water (specific conductance of 210 X 10 ohms ems at 20 C) 

,. 
0 

at a temperature of 70 C. 3% hydrazoi c acid solution was added 

to keep the solution acid in order to prevent hydrolysis of the barium 

azide to barium hydroxide. 

Pure barium azide monohydrate was recrystallised from this acid 

solution and dried in a vacuum dessicator over P
2
o

5 
.. This removes 

water to produce an anhydrous powder. 

3.2. Preparation of Anhydrous Barium Azide cr~stals., 

Utilising the phase diagram put forward by Torkar 1 ~for the 

system barium azide-water, it is possible to recrystallise pure anhydrous 

barium azide from an aqueous solution by maintaining the temperature 

0 
above 75 C .. This was verified crystallographically and the cell para-

meters were obtained from Weissenberg photographs. These are as 

follows : 

0 
c = 5 130 A 

They are in good agreement with those obtained by Walitzi and 

KrishneP4n 1969. 

3.3. Preparation of Hydrazoi c Acid o 

The·hydrozoic acid was prepared by an ion-exchange method, 

using "Analar" cationic resin in the H+ form .. A 10% solution of 

sodium azide (B.D.H .. ) was passed through the bed of the resin. 

The resulting 3% sol uti on of hydrazoi c acid was found to contain no 

iron or sodium ions as impurities .. This was verified by the use of 

"Ferron 11 reagent and flamephotometry. Infrared spectra of both 

preparations showed that no water of crystallization was present .. 
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PLATE I 

ROTATION -a AXIS-, 

ROTATION -b AXIS-, 

ROTATION -c AXIS-, 



DOUBLE LAUE DIFFRACTION PHOTOGRAPH. 

PLATE I (cont.) 



TABLE Oo 

Spot no. X y 

1 0 7 18 0 
2 0,34 0 
3 0,50 0 
4 0,67 0 
5 0,83 0 
6 1,oo 0 
7 1 '16 0 
8 1,48 0 
9 1,63 0 

10 1 ,75 o127 
11 1 ~58 Oy28 
12 1 ,43 o,-29 
13 1 ?27 0,29 
14 1,11 0' 29 

' 15 1 ,o5 Oy29 
16 0194 0129 
17 o178 0,29 
18 0 172 o129 
19 0162 0,30 
20 o,56 0,30 
21 o146 o,3o 
22 o,4o 0,30 
23 o129 0,30 
24 0,23 o,3o 
25 o, 10 o,3o 
26 OPOO o,3o 
27 -0,23 0 129 
28 -0,40 o,28 
29 -0,57 o,27 
30 -0,72 0,27 
31 -0,95 o726 
32 -1 05 o,25 , 
33 -1 t22 o,25 
34 -1 ,38 o 724 
35 -1 53 Oy22 

' 36 -1 ,69 0,20 
37 -1 ?85 0,20 
38 -1 ,74 o,5o 
39 -1 ,58 o,5o 
40 -1 ,43 o,51 
41 -1 ,27 0,52 
42 -1,10 o,53 
43 -0,95 o,54 
44 -0,78 0,55 
45 -0,61 0,56 
46 -0,45 o,57 
47 -0,28 0,58 
48 -0,11 o 759 
49 o,o6 0758 
50 0,23 o759 
51 o,4o o,58 
52 o156 o158 

~~ .... ..... ·-· -=--"'·-~--=-·-c-=· =·=--=-=--=·--·-----· ·-- ··---



WEISS ENBERG- a AXIS-, (zero layer line) 

WEISSENBURG -b AXIS-, (z .I. I.) 

WEISSENBERG -c AXIS -,(z.l.t.) 

PLATE I 
(cont.) 



The angle r of the unit cell was calculated from the indexed 

Weissenberg (Zero layer line) 

1 0 

2. 

3. 

4. 

5. 

6. 

7o 

8. 

9o 

10o 

99 5° f 

97 0° 7 

98 0° f 

98 5° , 
99 0° , 
96 0° f 

100,0° 

100,0° 

99 5° f 

10010° 

This yielded an average value of 98
1
75° 

a * = 0 163 f 

Therefore, si nee A/a = a* 

a = A /a* 

for r. 

where * refers to the reciprocal lattice parameter and ~= wavelength 

in ft., 

and from this 

a = 9,.46 f?.. 

b = 4,55 If.. 

c = 5,30 If.. 

This agrees well with the values obtained by Walitzi and Krishner 

which are as follows:-
' 

a = 9 163 J?.. 

b = 4,41 If.. 

c = 5,43 J?.. 

0 
with the value for r = 99,5 0 

37. 



Twelve photodecompositions of anhydrous crystals at 0°C 

showed the same chara~teristics as decompositions at 15°(. The 

use of a water filter, interposed between the cell and the U.V. 

arc produced no significant change in the shape of the pressure-

time plots o 

Fig. 8 shows the extent of irreproducibility obtained when 

crystals of anhydrous barium azide of fixed weight are used. Some 

curves deviated markedly from the basic type. For this reason only 

approximate activation could be obtained for this section. Figo 9 

shows a more typical pressure-time plot for the photolysis of a 

single anhydrous barium azide crystal. 

An analysis of 12 curves yielded the following trends. The 

region AB showed a very slight decreasing of the initial rate for . 
approximately 17 minutes. This was followed by an acceleratory 

period ~CD lasting, on average, for 36 minutes. From D onwards, 

a decay commenced and lasted for periods greater than 600 minutes, 

punctuated throughout with linear rate regions. This type of curve is 

1n fact sigmoid, without an induction period. 

Activation energies, reflecting the critical increment for the 

photochemical processes involved 1n the photolysis of barium azide 

pellets, were obtained by applying the Arrhenius equation. The 

logarithm of rate (in any specified region of the decomposition curve) 

was plotted against 1/T, where T was the decomposition temperature 

in degrees absoluteo The above plots were straight lines and the 

slopes were used to determine the activation energies by applying 

the Arrhenius equation. The error involved in these determinations 

was of the order of + 200 ca Is. 

Fig. 10 shows an activation energy plot obtained on the I.C. T. 

computer, with an average value of 2 k.cals/mole for eight runs, using 

the split run technique on each run, in the CDE region. 
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5.2. The photolysis of dehydrated barium azide monohydrate powder 
(ground 4 minutes). 

8 mg. of powdered barium azide were weighed out in each case 

and 'transferred to the decomposition cell, which was carefully shaken 

to form a level surface of powder exposed to the ultraviolet arc 

0 A 9 em arc height and a temperature of 1 C were employed 

for the photolysis. 

Although the basic curve shapes were similar {see fig. II), large 

differences in photolytic rates and acceleratory periods were encountered. 

Si nee the weight of the powder was constant, as was the grinding 

time, these discrepancies can only be attributed to differences in 

surface area exposed to the ultraviolet arc. 

Owing to the above difficulties, both in anhydrous• crystals and 

1n powder, it was decided to change to pelleted barium azide in order 

to eliminate large differences in surface area exposed to the U.V. 

radiation. 

A weight for weight comparison of the photolysis of barium azide 

powder and pellets is shown in fig. lla. 

5.3. The photolysis of dehydrated barium azide monohydrate pellets. 

IN THIS SECTION A GRINDING TIME OF 4 MINUTES WAS 

EMPLOYED UNLESS OTHERWISE STATED, AND THE 5 mm. 8 mg. 

PELLETS WERE PRESSED AT 2000 lbs/sq .inch UNLESS OTHERWISE 

STATED. ALL DECOMPOSITIONS WERE CARRIED OUT AT 1°C, 

EXCEPT WHERE ACTIVATION ENERGIES WERE DETERMINED, THE 

APPROPRIATE TEMPERATURES BEl NG CLEARLY INDICATED IN THE 

FIGURES AND TEXT. THE ULTRAVIOLET SOURCE (U.V.S.) EMPLOYED 

IN THIS SECTION WAS THE U.V.S. S100 125 Watt HANOVIA ARC. 
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In order to obtain a high degree of reproducibility of the pressure-

time plots, a standardised technique was employed in the following 

work and the effect of the following factors on the .photolytic rates 

and shape of the pressure-time plots was investigated : 

1. Evacuation time of the decomposition cell prior to photolysis. 

2. P ell eti ng pressure. 

3. Grinding time. 

4. Water vapour. 

5. Mercury vapour. 

6. Ageing of sample. 

IN THIS SECTION, UNLESS OTHERWISE INDICATED, BARIUM 

AZIDE PELLET WILL MEAN 5 mm DIAMETER 8 mg. PELLETS OF 

DEHYDRATED BARIUM AZIDE MONOHYDRATE GROUND FOR 4 

Ml NUTES AND PELLETED AT 2000 lbs ./ sq .inch. 

5.3.1. The prolonged photolysis of barium azide pellets. 

In order to obtain the general characteristics of the pressure-

time plot for the photolysis, pellets of barium azide as described 

above, were irradiated with the U. V. arc for periods in excess of 

20 hrs. 

Fig. 12 shows the resultant pressure-time plot. A total of five 

decompositions revealed the same general characteristics. After an 

initial acceleratory phase lasting on the average 30 minutes, a 

gradua I deceleration occurred. The rate did not, however, proceed to 

zero, even after 20 hrs. irradiation. 

5.3.2. The effect of the evacuation time on the photolysis of barium 
azide pellets. 

For the sake of reproducibility of results, the outgassing rate ~ 
of the photolysis cell after various evacuation times was investigated 

and its influence on the subsequent photolysis of barium azide pellets 

was studied. 

A comparison between photolytic rates after 2-4 hrs. and 
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pelleted material, while curve EB is for material ground 8 minutes, 

but not pelleted. From the above study a grinding time of 4 minutes 

was selected for further work on the photolysis of barium azide, 

because of the greater ease of pelleti ng and the greater extent of 

reproducibility of the pressure-time plots. 

,, 
5.3.5. The effect of introducing water vapour into the decomposition 

cell prior to and during the photolysis of barium azide pellets. 

Since barium azide hydrolysis fairly rapidly in moist air to form 

barium hydroxide, it was necessary to investigate the effect of water 

vapour introduced at various times before and during the U. V. photo-

lysis of barium azide pellets in order to establish the effect on the 

photolytic rate. 

Contamination by water vapour could occur in the. transfer of 

pellets to the vacuum line if the humidity was high, and also water 

vapour rn the cold traps could be liberated if the level of the liquid 

refrigerant fell too low in the trap dewars. 

Fig. 16 shows the effect of introducirrg water vapour into the 

decomposition cell at t = 0 and various stages during the photolysis. 

It can be seen that in all cases the pressure-time plots are drastically 

reduced. 

5.3 .6. The effect of mercury vapour on the rate of photolysis of 
barium azide pellets. 

Another source of contamination from the vacuum line itself is 

the presence of mercury vapour, both from the McCieod gauge and 

the mercury diffusion pump. Mercury vapour would have access to 

the decomposition cell if 1 for any reason, the liquid refrigerant level 

in the cold trap dewars were to fall too low. To test the effect of 

mercury vapour contamination, the dewar of the cold trap in the cell 

system (previously cleared of all water vapour and deliberately con-

taminated with mercury vapour} was lowered and the trap warmed to 



60°(. The refrigerant dewar was then replaced after a few minutes. 

Fig. 17 shows the effect of introducing mercury vapour into the 

decomposition cello The effect of mercury vapour is even more drastic 

than that of the water vapour. 

5o3ol o The effect of ageing on the photolysis of barium azide pellets. 

In order to obtain a high degree of reproducibility of results 

for the photolysis of barium azide pellets, tests were conducted to 

determine whether storage time under vacuum would effect the rate 

and shape of the pressure-time plots o 

Accordingly, samples of dehydrated barium azide monohydrate 

were stored in the dark in vacuo for various lengths of time and the 

rates of decomposition under ultra-violet light were compared with 

. 
those of freshly prepared material. Fig. 18 illustrates a definite 

ageing effect for stored barium azideo Each curve in the figure 

represents an average of 4 determinations for each ageing periodo 

5o3o8o The effect of a water filter on the photolysis of barium azide 
pellets. 

Owing to the considerable amounts of infrared generated by the 

ultraviolet arc, a water filter was employed to eliminate any infrared 

effect. 

Figo 19 illustrates the result of using such a filter. At the low 

temperatures employed in the photolysis, the effect of the water filter 

does not appear to be marked o 

5.3.9o The reproducibility of results for the photolysis of barium azide 
pellets a 

By rigidly controlling all the above factors which could contribute 

to errors in the photolytic rates, and by a careful standardisation of the 

experimenta I technique involved in the photodecompositions, good 

reproducibility of results was achieved. 
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Figo 20 illustrates the extent of reproducibility obtained for 7 

decompositions under the same set of conditions. 

5.4. Activation energies for the photolysis of barium azide pelletso 

Fig o 21 depicts a typi ca I pressure-time plot for the photo-

decomposition, with labelled regions of the curve used in the 

determinations of activation energies. 

As in the photolysis of the anhydrous crystals of barium azide, 

the Arrhenius equation was applied. The logarithm of rate k1 (AB 

region) arid rate k
2 

(BC region) were plotted against 1/T and the 

slope of the resultant linear plot was inserted into the above 

equation to give the activation energy (EA) for each specific region 

indicated o 

Three sets of activation energy determinations were performed 

for three different temperature ranges, as follows : 

0 to 22°C 

-120 to 0°C 

The split run technique (variation of the reaction temperature 

within the same decomposition) was employed in the activation 

energy determinations. 

Table I shows the results obtai ned for the region AB of the 

photolysis curve o 



. I -0 
(Q 

) 
0 
c+ 
(j) 

Fig. 22. 

1tT 

A. EA: 3 k. cats I mole 

B. EA = h1 k . c als I mole 

C. EA: 800cals/rnole 

VARIATION OF ACTIVATION ENERGY . 

WITH CHANGE IN TEMPERATURE 

... 

RANGE FOR THE PHOTOLYSIS OF Ba N
6

. 

•· 

......._ 
-;Jill""'" 



I 

5·5 
J 

I ~ t 

\ · 

0 
(Q 

'"1 
a ,.... 
C'D5;0 

4,S 3,0 

Fig. 23 

ACTIVATION ENERGY PLOT FOR THE 

PHOTOLYSIS OF Sa N6 IN THE 

TEMPERATURE RANGE ,0°C TO -120°C. 

4~5 1/T X 103 ~ 6JO 



t \ 

~ i 

t 
::0 a 
c-t-

6 

5 

(b 4 
X 
~ 

Ot 
r+~ 

0 , 
~ 

-- 2 3 
::J 

1 

RATE VERSUS INTENSITY PLOT 

FOR PHOTOLYSIS OF Ba N6 PELLET. 

Fig. 25 

0~~--~--~~~==~--~---18·5 20 22 24 In tens i ty{arbltrary units)28 30 



i 
I 
I 
i 
j 

1 

I 
I 

I 

I 
l 

I 
l 
I 

' 
6 

::0 
0 
('T 

(j) 

X4 ...... 
o. 

J:'o­
~ 

0 
-s 
) --3 
-· 2 
::J 

.VARIATION OF RATE WITH INTENSITY OF 

ULTRAVIOLET RADIATION FOR THE FINAL 

CONSTANT RATE PERIOD. 

0 L::::::: -180 I Fig. 27 I 

220 Intensity. (arbitrary units) 260 

J 



10 

-u 
::0 
fT1 
(J) 

~5 
::u 
rl 

X 
~ 

01 
w 

c-1-' 
0 
J 
.'J 

0 

RE-IRRADIATION OF Ba N6 
8 mg PELLET 'WITH U.V. 

2.t.hours pumpdown between 
each successive re-irrad. 

Temperature 3°C. 

Fig. 29. 

170 

0 ._ 
Ee 

Minutes. 

168 min UN. irradiation (1st. irrctd ia tion) · 

220 min U.V. 

340min U.V. 

150min U.V. 

" 
•• 

(1st. re-irradiation) 

( 2nd.re-i rradiation) 

( 3rd. re-irradiation) 

UNDERSIDE OF RE-IRRADIATED PELLE't. 

~ 340 
:Jill""' 

'~·~- . ,..,. 

.. 



within minutes the pellet becomes completely black. 

Tests conducted on this pellet in the dry box indicated large 

amounts of Ba
3

N
2 

or BaN
3 

presento The introduction of water into 

the decomposition cell caused a violent reaction with the blackened 

pellet, with copious liberation of ammonia gas, confirmed by the 

Nessler test for ammonia. After the reaction was complete, only 

barium hydroxide could be detected in the product of photolysis. 

Any barium metal present would also react with water to form barium 

hydroxide and hydrogen gaso Although some barium metal may .have 

been present, it was not possible to detect any hydrogen gas because 

of the sma II amount of decomposed azide involved o 

Ma i nta i ni ng a temperature of 120° C for periods of 50 minutes or 

48. 

more, drastically reduced the rate of photolysis at 1°C. These observations 

are shown graphically in fig. 30o Fig. 31 shows the pressure-time plot 

for the normal thermal decomposition of barium azide pellets at 120°Co 

The arrows indicate the stage of thermal reaction reached in the thermal 

pre-treatment experiments. 

5 o4.5 o Pre-irradiation of barium azide pellets with X- rays and y -rays o 

For the purpose of investigating a possible link between the photo-

lysis and the radiolysis of barium azide pellets, the sample in the photo-

lysis cell was subjected to pre-irradiation both by X-rays and (-rays. 

The photolytic rate of barium azide pellets pre-irradiated with 

X-rays (40 K. V. and 20 ma) diminished slowly with dose of irradiation, 

but the shape of the pressure-time plot was unchanged. This is shown 

in fig. 32. 

60 
Pre-irradiation with 15 ~ 000 and IM roentgens from a Co source 

also tended to suppress the rate of subsequent photolysis of barium azide 

pellets, as indicated in figo 33o 
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5 .4.6. Photoconductivity tests during the U. V. photolysis of barium 
azide pellets. 

Using the Vibron electrometer, photocurrents were measured on 

49. 

U. V. irradiated KCI and Ba N
6 

pellets. The KCI was used as a control 

because it yields a fair photocurrent with U. V. radiation. The 

circuitry used is shown in fig. 4. The guard ring of painted silver 

slurry was essential to prevent or minimise stray surface currents on 

the pellet surface. 

-12 
A photocurrent in the region of 0.8 x 10 amp was constant 

for irradiated barium azide pellets in spite of rncreases in the intensity 

of irradiat"ion. 

KCI pellets, however, showed a rapid rise in photocurrent with 

increasing intensity of irradiation. These results are illustrated in fig. 

34. 

5 .4.7. Photomicrographs of various stages in the photolysis of barium 
azide pellets. 

Photomicrographs were taken during vanous stages of the photo-

lysis to ascertain whether visible nuclei were formed at any stage 

during the reaction and also how they behaved as the photolysis 

proceeded. 

A Leitz microscope and vacuum type hotstage was used to follow 

the various stages of the reaction indicated in fig. 35. The hotstage 

with its quartz windows was used as the photolysis cell. Low temperatures 

were maintained by circulating liquid nitrogen vapour through the hot 

stage cooling system, in response to a contact thermometer activating 

a vapour pumping device. 

The study of the photolytic reaction by taking photomicrographs 

during various stages of the reaction, yielded the following observations:-

At t = 0 The photomicrograph showed the pellet to be uniformly 

white in colour, with distinct crystallite faces visible on the pellet 

surface. 

~ - .- - - ·---- ·- ====:::..:..:= /.~ 
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Stage A. A few of the crystallite faces had turned a greyish 

white colour. 

Stage B o The white background between the crystallites appeared 

darker, while several more darkened crystallite faces were present. 

The original darkened faces now appeared mottled, owing to very 

dark localised areas on the crystallite faces. 

Stage C. Very many crystallite faces were mottled with very 

black irregular areas. These black areas covered most of the exposed 

faces, due to considerable overlapping. 

Stage Do · The mottled faces of the crystallites were barely 

distinguishable from the very dark background of the photo lysed pellet 1 

and the overall appearance of the pellet was more or less uniformly 

black. 
.r 

Stage E • This showed a similar situation to D. 

. 5~ PLATE II. 



PHOTOMICROGRAPHS. 

PLATE II. 
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DISCUSSION OF THE RESULTS FOR SECTIONS 5.2. to 5.4.7. 

The ultra-violet photolysis of 5 mm diameter 8 mgo pellets of 

barium azide dehydrated monohydrate at 1°C is characterised by a 

sigmoid pressure-time plot, with a distinct acceleratory and deceleratory 

phase. 

After a slight initial decreasing rate (usually about 2 minutes) 

the rate increases over periods ranging from 20 - 30 minutes. There-

after a very long decay period occurs which persists even after 20 hrso 

irradiation. The use of a water fi Iter between t.he cell window and the 

U.V. arc·makes no significant chc;mg~ t". the shape of the pressure-time 

plots., 

'· 

By standardising the pelleting and grinding procedure, pellets of 

a fixed weight give good reproducibility for the photolytic reaction. 

The introduction of water vapour or mercury vapour into the 

decomposition c~ll at various periods during the photolysis drastically 

affects the subsequent photolysis. 

In the case of introduced water vapour the effect is quite likely 

due to the formation of a barium hydroxide layer over the surfaces of 

the pellet, for barium azide, barium metal and barium nitride readily 

hydrolyse to the hydroxide in the presence of water vapour. 

The effect of introducing mercury vapour, although more drastic, 

is less easily explained. Assuming that insufficient vapour is present 

to cover the pellet surface with a monolayer of Hg atoms, the marked 

fall off in photolytic reaction must be linked with the trapping of 

centres necessary for the photolytic reaction, or the possible fonnation 

of Hg - Ba amalgam on the pellet surface. 

Grinding of the crystalline barium azide has the effect of 

increasing the photolytic rate and presumably the increase in the shape 

of the pressure-time plot is owing to the increasing mechanical damage, 

resulting in an increase of certain lattice defects necessary for reaction. 

---------------~-----~----~--~--....,..-· -·-----~.-- ---- --:_-------·-:·· --- --~------~~------------------------. ----~~ --------



This increase cannot be attributed to an increase in surface area, 

since pelleting the ground material keeps the exposed surface area 

,.-c:; 
more or less constant. Verneker and Avrami b~ have shown a 

direct relationship between particle size and sensitivity. Curve E9 
(fig .. 15) clearly shows the added effect of increase in surface area, 

52. 

since the ground but unpelleted material was used for this decomposition. 

Similarly the increased rates due to increased pelleting pressure 

must again result from increased faulting in the azide lattice owing to 

mechanical damage during pelleting .. From the set of curves in fig. 14 

it can be seen that this effect of mechanical damage is not linearly 

related to pelleting pressure since the most marked effect occurred 

in the initial increase of 500 lbs/sq. inch. 

The investigation of the intensity and rate relationship for the 

• 
early r~gion AB (see fig .. 12) and the final constant rate period DE, 

suggests that at least two mechanisms appear to operate at various 

times during the photolysiso The initial dependence of rate on the 

. square of the intensity of irradiation implies a bimolecular reaction 

involving two excited azide ions, excitons or radicals, because photo-

conductivity experiments performed during the photolysis showed the 

absence of any photocurrent. This rules out the production of electrons 

in the eonduction band .. 

Thus the following possibilities might exist when barium azide 

is irradiated with ultraviolet light:""' 

1 • Production of excitons and/or excited azide ions. 

2.. Liberation of pairs of trapped electrons and positive holes. 

The excitons would represent excited states of the crystal in 

which electrons are bound in the electrostatic field associated with 

positive holes. These excitons should therefore be mobile and able 

to decay, transferring their energy to Iotti ce vibrations, or they may 

interact with phonons resulting in dissociation into a free electron and 

a positive hole. This would however be ruled out by the absence of 
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any photoconductivity during photolysis. Another possibility would be 

for the excitons to TnterCict with afoms or ions in the substructure of 

the azide crystal, leading to photochemical changes. 

N; ..::::::: 
h\) 

N~ * 
?' 

N-* + N~ * L__ N2-** + N2. 
3 ~ 3 3 

2N3 ~3N2 

where * = exciton or excited ion. 

If trapping of the above excitons or excited azide ions occurs, 

neighbouring trapped excitons or excited azide ions may interact to 

give electrons and positiVe holes, or trapped entities may interact 

with untrapped excited states. 

T + 

where T = trapping entity 1 

or neighbouring trapped entities may combine to yield reaction products:-

N~* + T > (N3 T)-* 

2(N T)- * ..::::::__ (N T N )2- * --'311>- 2N
3 

+ 2T + 2e + 2 EJ 
3 7' 3 2 3 7 

2N3 ~ 3N2 + 2 EJ 

where 8 is an anion vacancy and T = a trapping entity. 

Barium ions could then react with the two F-centres yielding barium 

atoms. 

2+ 
Ba + 2e EJ -__::>:;;. Ba + 2EJ where eG;:l = F-centre. 

These atoms can aggregate by diffusion through the lattice to form 

barium metal. 

The deep colouration produced under U o V. irradiation supports 

F-centre formation (electrons are associated with anion vacancies). 



e + D ===.,. eEJ 

If F-centres are stable at the decomposition temperatures, 

electrons wi II be trapped by anion vacancies and aggregations of 

F-centres wi II lead to the formation of barium metal nuclei o If the 

F-centres are not stable at decomposition temperatures, electrons could 

be trapped by a barium ion close to a decomposition centre and still 

lead to the formation of barium atoms o 

The early acceleratory period of the photolysis can be explained 

by assuming the traps T to be anion vacancies already present in the 

crysta IIi ne ·Jatti ce. 

After the reaction 

\ 

(N 13 N )2-** 
3 2 3 > 2N3 + 2 El + 2e 8 

and B 
2+ 

a + 2es -->~ Ba 

we ha9-e an overall reaction as follows :-

Since the life time of an exciton or an excited azide ion is in 

-8 
the region of 10 seco, trapping could form the rate determining stepo 

If this is the case, then the production of 4 anion vacancies for the 

consumption of 2 vacancies will lead to an increase in the number of 

trapping sites and hence an acceleration of the photolytic reaction. 

Deb ':0 has shown by investigating the absorption spectra and photo-

electric properties, that for barium azide, excited azide ions rather 

than excitons are involvedo 

The decay of the photolytic rate cannot be due to the consumption 

of defects or traps as has been suggested by Jacobs 1 Tompkins, Poi 1 

Verneker 
7-Q "-I 

and others ./ ' "' 1 because irradiation of 

the underside of the pellet yields a normal photolytic curve containing 

both an acceleratory and deceleratory phaseo This occurs regardless of 

whether the irradiation of the underside is commenced immediately after 

-~~---·:--------·-":'---~------·--·:------ --------------~--------- ----- --- ~- -~------------------ -- --~-·-.. ---~··-.-.-.-------
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the decay period sets in or 24 hrs o afterwards o The decay period 

must then result from the formation of photolysis products which prevent 

the ultra violet radiation from reaching deeper layers of azide material. 

This is supported by the results of re-irradiation shown in fig. 22 and 

by the fact that X-irradiation of barium azide (see radiolysis section), 

where higher energies are involved, produces a linear pressure-time 

plot owing to the fact that the layer of radiolysis product cannot 

effectively screen the underlying layers from the X-radiation o 

This formation of photolysis product will also affect the dependence 

of the ph~tolytic rate on the square of the intensity, leading to a 

first power relationship for the final constant rate period. 

The fact that the photolytic rate does not easily proceed to zero 

after prolonged irradiation, could be due to the following three 

factors:-

i) the slow desorption of nitrogen gas from the pellet surface. 

ii) the photolysis of the initial reaction products, leading to 

secondary photolysis products. 

iii) the continued outgassing of the cell system and sample subjected 

to U o V. irradiation o 

The possibilities of ii) are discussed in the section dealing with 

the thermo I pre-treatment and the photomicrography. 

It has been demonstrated in the section on 11 Experimental and 

Apparatus~· under the heading of cell design considerations, that under 

U. V o irradiation, further outgassing of the cell system occurs • Fig o 6 

indicates the extent of this induced outgassing rate. 

The above reactions cannot be the only ones involved in the 

photolysis of barium azide, because recent Electron Spin Resonan~e 
610111214. 

(E.S.R.studies) ' · ' ' have detected intennediates such as N2-, 

2-
N4-, N3 and N atoms. 



The following reaction may take place during the later phase of 

the photolytic reaction, where the rate dependence on the intensity 

is not strictly according to the second power law. 

N3- < hu - * 
N3 

7 

N;* + N3-
2-

>N3 + N3 

N . 
3 >3/2 N2 

where * = an exciton or excited state, 

2+ 2-
i .,e .. we have the formation of a "nitride type" - Ba N

3 
.. 

Since no other acceleratory region (except the initial one of 

approximately 30 minutes, depending on; conditions) was found for 

the photdlysis of barium azide in this work, barium nitride as Ba
3

N
2 

must be excluded, if the observations of Verneker 35 concerning 

the acceleratory rate of photolysis of Ba
3

N
2 

are taken into account. 

The increase in the rate of photolysis that occurs after the U .. V .. 

radiation is interrupted (fig., 28) could be partly attributed to the 

expulsion of trapped N
2 

from the Iotti ce, si nee irradiation of nitrogen 

adsorbed onto silica powder causes effective desorption of the nitrogen, 

and partly due to the possible accumulation of centres necessary for 

reaction, during the dark period .. 

The tendency of pre-irradiation from ionizing radiations like 

X-rays and ( -rays to depress the photolytic reaction of barium azide 
[ 

(fig .. 32 and 33) seems to imply either a $Creening effect by the 

radiolytic products, thereby screening the azide somewhat from the 

U. V .. radiation, or a depletion of reaction centres or traps necessary 

for reaction, during the pre-irradiation period. 

The variation of the activation energy with various temperature 

ranges suggest that certain mechanisms of photlysis might predominate 

at certain temperatures .. At the higher temperature ranges, thermo I 

decomposition may occur to some extent, accounting for the higher 

activation energies of 3k.cals .. /mole. 
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The very low activation energy of 800 cal ./mole, in the lowest 

temperature range implies a predominance of free radical type reactions 

such as:-

-* 2N3 13 ~2N3 + 2es 

N3 + N3- > "Ji + N2 

N3 >N + N2 

N + N
3
- > N

2
- + N

2 

The above intermediates have all been detected in recent EoS.R. 

. &.10,11,12,14. 
studtes . 

Pre-treatment of barium azide pellets with temperatures of 120°C 

(fig. 25) for sufficient length of time to initiate thermal decomposition, 

produces a very fast photolysis reaction, probably based on the photo-
• 

2-
lysis of the N

3 
ion. 

N - <hV N-
3 7 3 

+ 

2-* N3 + 2 c::J 7 N3 + 2e 13 

2N3 >3N2 + 2G:l 

Ba
2+ + 2eE]-> Ba + 2EJ 

where El = anion vacancy and eG = F-centre. 

Elevating the temperature to 120°( for longer periods decomposed some 

of the salt to nitrogen and barium metal. This would then lower the 

photolytic reaction by virtue of salt depletion and a screening effect 

by a product layer. 

The sensitivity of the prepared bari urn azide dehydrated monohydrate 

was found to vary with length of storage time (fig. 28). This fact was 

also observed by Verneker and Avrami 65 in a study of the 

explosive behaviour of barium azide. 

------ -~--------- ----



SUMMARY OF SECTION 5.1 TO 5o4ol., STRESSING THE DIFFERENCES 

IN THE FINDINGS OF THIS WORK AND THOSE OF PREVIOUS 

WORKERS FOR THE PHOTOLYSIS OF BARIUM AZIDE. 

1 o The shape of the pressure-time plots for the photolysis of barium 

azide, whether as crystals, powder or pellets, was found to be sigmoid 

in character, with an early acceleratory period lasting on the average 

10 - 40 minutes, depending on the reaction temperature. Thereafter a 

slow deceleratory period persisted, even after 20 hrs irradiation, the 

final rate ·period reaching a more or less constant value as the decay 

in rate becomes less and less. 

Findings of other workers. 

The early work by Thomas and Tompkins 
28

• 
29 

stressed a constant 

rate of photolysis at constant temperature and lamp intensity o 

30 
A re-assessment of the photolysis by Jacobs and Tompkins 

showed the rate to vary with time in a complex manner. They described 

the rate as decreasing initially for a considerable period of time before 

an acceleratory rate region occurred. Thereafter a period of constant 

rate of gas evolution foil owed. 

A recent re-investigation by Poi Verneker 
35 

using particular 

wavelength ranges, showed the acceleratory region described by 

Jacobs and Tompkins to be absent when monochromatic 253.7 nm 

light was used, while irradiation with ultraviolet light of 184.9 plus 

253.7 and 200 - 300 nm gave rise to the pressure-time pi ot as 

previously reported by the latter o 

2. ;J'he use of a water filter between the cell window and the U.V. 

arc made no significant difference to the shape of the pressure-time 

plot for the photolysis of barium azide. 



trapping centres fc?t.~!~2.tronso • ··! ...... . 

The decay of reaction rate is attributed to the screening of the 

U o V o radiation by product formation on the surface of the azide, and 

not by depletion of centres nece~sa~y for reaction. This is substantiated 

by the re-irradiation of the underside of the irradiated pellet, where-

upon a normal pressure-time plot was observed o 

Findings of other workerso 

Jacobs and Tompkins 30 and Verneker 35 attributed their deceleratory 

region to the consumption of defects necessary for reaction, while 

Verneker 35 explained his acceleratory region by supposing it to be 

. caused by the photolysis of Ba
3

N
2 

formed earlier on in the photo­

decomposition. He based this on the fact that Ba
3

N
2 

purc~ased from 

K oand K. laboratories yielded an acceleratory pressure-time plot on 

UoYo photolysis. 

Jacobs ~nd Tompkins ·30 postulated photo-emission from barium 

atoms formed in the first part of the reaction, to explain therr 

acceleratory region. 

6. The primary photolytic mechanism postulated for barium azide in 

this work, is based on trapped excitons or azide ions, leading to a 

bimolecular recombination of the above trapped entities, or trapped 

entities may interact with untrapped excited states, leading to photo-

chemical changes. 

The initial acceleratory rate found in this work could be 

attributed to anion vacancy production which occurs in the photolytic 

reaction as follows ·-

For the overall reaction we have 

- hu 2-** 2N3 ~~ (N3 El N3) > 3N2 + Ba + 4El 

where Et = anion vacancy and * = exciton or excited stateo 



I 

; . ~ ' ·~ .. . . ·:>. ~· : 

of Picien wax and cements for attaching the cell windows, and their 

use of crystals and powders for the photolysis is most unsatisfactory in 

. the light of certain investigations performed in this work, in particular 

the problem of obtaining reproducible results from the photodecomposition 

of barium azide powders and crystals. 
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NH
3 

gas was then converted to NH
4

0H by allowing it to vaporise 

and bubble through a known volume of water in the ammonia scrubbers 

Co and D. The amount of NH
4

0H could then be obtained by titration. 

Using the equation 

the weight of NH
3 

and hence the weight of BaN
3 

in the reaction 

product was obtai ned. 

For 5 pellets photolysed at room temperature for 70 minutes, 

the percentage of Ba N
3 

in the reaction product was found to be as 

follows:-

Pellet no. % BaN3 Average % 

1 l 79 I 
! 

2 
I 

74 

3 65 73 

4 80 . 

5 68 

For another five 200 mg pellets photolysed at the same temperature, 

but for 300 minutes, the values for BaN3 present were as below. 

Pellet noo % BaN3 Average % 

1 38 

2 49 

3 33 40 

4 43 

5 35 

These results lend support to the assumption that the photolysis of 

primary reaction products also occurs at the later stages of the photo-

decomposition, leading to changes in the intensity dependence and the 

reaction rateo 

------~··------- ----··-··-----------------.--~--------------:--·------ -------~-...--------------... -.-..-...~----
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5.5.2a Activation energies for the early.rate region of the high 

intensity photolysis of Barium Azide pellets • 
.... : 

The variation of photodecomposition rate (p/t) with temperature 

is shown in fig. 38o Curve8 illustrates the necessity of shielding 

the cell and associated Pyrex structures with aluminium foil when 

using the 550 Watt arc o The outgassing of the unshielded portions 

of the vaccum line under U. Yo irradiation can appreai<:nbly contribute 

to the reaction rate at low temperatures as indicated o 

The activation energy obtained by using the linear region of 

p/t and the split run method for the temperature range 12,5 to 

. 0 . 
-33,5 C was 2,6 K.cal./mole. This is similar to the value obtained w a s  2,6 K.cal./mole. This is similar to the value obtained w a s  2,6 K.cal./mole. This is similar to the value obtained w a s  2,6 K.cal./mole. This is similar to the value obtained w a s  2,6 similar oTj
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likely to account for the bilateral symmetry of the pressure-time plot, 

in that 4 molecules. enter the decomposi.tion system 1 become transformed 

into 4 other entities of gas and become condensed in the cold trapo 

(N at001s could combine with 0
2 

to form N0
2
). 

Reaction o o. o(l) involves the introduction of 6 molecules of water 

for the production of only 2 molecules of ammonia. 

TJ:le only positive way to determine whether in fact water was 

entering the cell system at the ice melting stage, was to exclude the 

formation of ice on the cell walls, when the liquid nitrogen dewar 

was lowered after photolysis o 

This was achieved by immediately replacing the dewar containing 

liquid nitrogen, with a beaker containing propanol, before ice formation 

could take placeo Apart from a very slight initial rise owing to a 

temperature effect on the system, no burst of gas evolution took place 

and significantly, the blackened pellet did not change colour even after 

being allowed to stand at room temperature for some hours. 

Thus, by eliminating the formation of water on th~ outside of the 

·cell, the mysterious gas evolution was completely suppressed o This 

conclusively proves that water derived from the melting ice, on the 

outside of the quartz photolysis cell, somehow is able to migrate through 

the quartz, as a result of the temperature changes involved, or ,by the 

UoVo and infrared radiation it is exposed to during photolysis or a 

combination of both factorso This effect does not occur when a beaker 

of water or a wet cloth is placed around the photolysis cell, after photo-

lysis performed at higher temperatures. 

Yet more evidence against the evolution of trapped nitrogen as 

32 
theorised by other workers in this field, is the vast amount of gas 

involved in this burst of gas. Figo 41 shows that the pressure increases 

quite rapidly from 1 x 10-
4 

torr to 6 x 10-2 torr within a matter of 

seconds, which means. that more gas is involved here than occurred 

during the average photolysis of a barium azide pelleto 
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formed in the earlier photolytic reaction. 

H E S R 
.Qr 1 01 11, 12, 14 

owever, •• o ·· studies have not as yet 

3-
detected the presence of the N

3 
ion. 

Since in this work no late acceleratory region was found, and 

because there is evidence for the N
3 

2
- ion in E.S.R. studies, 

together with the observed fact of ammonia evolution when the 

photolysis products are mixed with water, BaN
3 

instead of Ba
3

N
2 

1s postulated here as a photolysis product. 

From the results of filtering the high intensity mercury arc 

(Table 3 .and figs. 39 and 40) it would appear that the most effective 

region of the ultra-violet spectrum for the photolysis of barium azide, 

is the narrow region between 200 and 220 nm. This seems reasonable 

on the grounds of higher energies of the photons at these short wave-
• 

71. 

lengths. Provided that these photons can be utilised in accordance with 

the Quantum rule, greater rates should result when using this region 

of the ultra-violet spectrum for photodecomposition. 



-- . -'------

.:.' ·.·' 
... ; .'' ~ :-,' •·:':"-:: 

5.6. The photolysis of Barium Azide pellets using the low intensity 

For this section, the U. V. S. employed was the portable Hanovia 

low intensity lamp, whose principal output was at 253,7 nm. The 

lamp was placed at a height of 1 em from the cell window. An arc 

warm up time of 12 minutes was used. 

IN THIS SECTION BARIUM AZIDE PELLETS WILL MEAN 8 mg 

OF DEHYDRATED BARIUM AZIDE MONOHYDRATE, GROUND FOR 

4 MINUTES AND PELLETED AT 2000 lbs/sq.inch IN A 5 mm 

EVACUABLE DIE. 

5.6.1. The low intensity photolysis of Barium Azide pellets. 

In order to investigate the effects of the 253,7 nm region of 

the spectrum on the photolysis of barium azide, it was decided to 

use the low intensity lamp for this, especially since most of the 

earlier work on the photolysis has been done with such a lamp. 

The sigmoid character of the pressure-time plot for the photo-

lysis of barium azide pellets with the low intensity lamp is not as 

pronounced as with the higher intensity arcs. However, the basic 

features are still the same, with an initial acceleratory region, followed 

by a slow decay period, which persists for long periods of irradiation. 

This is illustrated in fig. 42, which also shows the variation of the 

photolytic rate with temperature. 

5.6.2. The activation energy for the low intensity photolysis of 

Barium Azide pellets. 

Owing to the unapplicability of the Prout - Tompkins
107 

or the 

108 
Avrami - Erofeyev equation, and because the pressure-time plots 

were fairly linear, the split run method was employed. 

For the temperature range 21 to -10°C, the average activation 

energy was found to be 2,5 k.cal./mole, using the split run technique, 

·--~~-- .. --- ---- ·-- -- -'-------- - ____ ,! - --- ···-- - -
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DISCUSSION OF RESULTS OF SECTION 5.6o1 o TO 5o6A. 

As with the high intensity photolysis, the shapesof the pressure-

time plots were again different from those obtained by Thomas and 

T k. 28 I 29 J b d T k" 30 d p . v k 35 omp 1ns , aco s an omp 1ns an a1 erne er o 

The average value of 2,5 kocals./mole for the activation energy 

of the low intensity photolysis of barium azide pellets for the temperature 

range -10 to 21°C is in keeping with the value of 3 kocals./mole 

obtained for the photolysis using the medium intensity U. V. So S100. 

This value of 2,5 kocalso/mole is half that obtained by Jacobs and 

Tompkins·
30 

for the photolysis of barium azide using the low intensity 

lamp, ~ith a wavelength of 253,7 nm as the principal output. 

From the experiments on high intensity pre-irradiation, it would 

·appear that either the lower wavelength region (200 - 2!20 nm) is more 

effective in creating reaction centres, or that the much higher intensity 

of the more or less continuous spectrum of the high intensity mercury 

arc is responsible. However, from the experiments on the filtering of 

the high intensity arc (section 5 .5) it seems more likely that the 

creation of reaction centres occurs more readily with the shorter wave-

lengths of UoV. radiation. This assumption is also supported by the 

fact that a lowering of activation energy occurs with pre-irradiation 

from the high intensity arc • 

.. - -- -- _. -- .......... -------------- .... ---·--- --------~---------------
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5.7 o The Ultra-Violet photolysis of Lithium Azide pellets~ 

In this section, the U. V oS. 5100 was employed with an arc 

warm up time of 12 minutes and an arc height of 9 em. from the 

cell window. Lithium azide was prepared by neutralising a concentrated 

solution of lithi urn hydroxide with 3% hydrazoic acid. The water was 

removed by the vacuum oven at 40°C o Throughout the dehydration 

period, the solution was kept acid by addition of hydrozoi c acid o 

LITHIUM AZIDE PELLETS WILL MEAN LITHIUM AZIDE GROUND 

FOR 4 MINUTES, 8 mg OF WHICH HAS BEEN PELLETED AT 2000 lbso/ 

sq .inch, IN A 5 mm EVACUABLE Dl Eo 

All handling of material had to be performed in the drybox under 

subdued lighting, owing to its deliquescent nature and light sensitivityo 

5.7 o 1. A comparison of the pressure-time plots for the Ultra- Violet 

photol,tsis of Barium and Lithium Azide pellets. 

Prout and Liddiard
58 

have studied the thermal decomposition of 

lithium azide, in particular the effect of pre-irradiation by X- rays, 

{ -rays (Co 
60

) and ultraviolet light o These workers have demonstrated 

that lithium azide is extremely sensitive to the above radiationso 

This prompted an investigation into the ultraviolet photolysis of this 

salt, especially since this has not been previously reported. A comparis-on 

between lithium and barium azide would also be useful, since this 

would give some indication as to whether the pressure-time plots 

reported for barium azide could also be extended to the alkali metal 

azides. 

Fig. 46 shows a comparison of the pressure-time plots obtained 

for the photolysis of lithium and barium azide pellets at 0°C. It can 

be seen that lithium azide is vastly more sensitive to ultraviolet 

radiation, the sigmoid nature of the curve being very evident, 

resembling closely the pressure-time plots for the unirradiated thermal 

decomposition obtained by Prout and Liddiard 
58 

o 
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The initial atceleratory phase.js :.m,ore pronounced than for barium 

azide and the onset of the decay period is clearly evident. This 

deceleratory phase soon flattened out and led to a constant rate of 

photolysis for the final rate period, after prolonged photolysis. 

The appearance of the pellet after photolysis was a dark brown. 

5.7 .2. Reproducibility of results for the Ultra-Violet photolysis of 

Lithium Azide pellets. 

The pressure-time plots for the photolysis were highly reproducible 

under standardised conditions and fig. 47 illustrates graphically the 

extent of reproducibility obtained for five decompositions at 0°C. 

5.7 .3. Activation Energies for the photolysis of Lithium Azide pellets. 

As with barium azide, activation energies were determined for a 

high and a low temperature range. The shapes of the pressure-time plots 

were however more sigmoid in nature, and hence the split run technique 

was replaced by the method of individual decompositions, using 

appropriate equations to describe the acceleratory and deceleratory 

stages. 

Fig. 47a illustrates a typical pressure-time plot for the ultraviolet 

photolysis of a lithium azide pellet at 0°C. The acceleratory period 

. 107.108 . 
ABC can be described perfectly by the Avram1-Erofeyev equat1on, 

with rl = 3, if the final pressure Pf is taken as the pressure recorded 

after 300 minutes of photolysis. This time was arbitrarily selected 

because of the failure of the rate to proceed to zero even after pro-

longed photolysis. At 300 minutes however, the rate begins to reach a 

more or less constant value and this was then taken as a convenient 

point to select the final pressure Pf• 

Using the above equation in the form below, r log ( I - p/p1~I/J = k1t + c 
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where p = pressure 

p f = fi na I pressure 

k
1 

= rate constant for acceleration 

t = time in minutes 

a plot of t log ( 1 - p/pa 1/J versus t for the acceleratory period, 

yielded a perfectly linear plot as indicated in fig. 47b. The relevant 

values plotted are listed below. 

G log ( I - p/pfJ 1/3 t 

0,258 17 

0,324 27 

0,374 33 

0,413 38 

0,447 45 

0,479 49 

The decay reaction of the photolysis could not be described by the 

contracting sphere formula 

because the photodecomposition is limited to the surface layer of the 

pellet only. A careful mathematical analysis of the deceleratory phase 

showed that it could be defined as follows:-

Fig. 47c shows a plot of 1/- log (p/pf) versus t to be perfectly 

linear. The plotted values are listed below. 
L ..... ~-·· 
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Table 5 • 

. . <: 

oc 1/T X 10
3 

-log k
1 

- log k
2 

slope slope EA EA 
A vs B 1 2 

(A) (B) (C) X 103 
A vs

3
C 

X 10 cals./mole 

18,0 3,439 4,4900 4,8275 

1,0 3,651 4,5401 4,8853 
0,218 0,229 995 1047 

-10,0 3,810 4,5703 4,9168 

-18,0 3,921 4,6050 4,9371 

Figs. 48 and 49 show the relevant activation energy plots for 

Tables 4 and 5 respectively. 

The' activation energy appears to increase in the higher temperature 

range. 

5.7 o4o The variation of photolytic rate with intensity of ultraviolet 

radiation, for Lithium Azide pellets. 

To ascertain whether a bimolecular decomposition of the azide 

ion was also involved in the early photodecomposition of lithium azide 

pellets, the effect of varying the intensity on the photolytic rate was 

studied. 

The plot of rate versus intensity shown in fig. 50 indicates a 

second order dependence on intensity of irradiation. This is confirmed 

by the plot of rate versus (intensity)
2 

depicted in fig. 51, as the 

above plot is linear. 

5.7 .5. The effect of pre-irradiation with X- rays on the photolysis of 

Lithium Azide pellets. 

Prout and Liddiard 
58 

have shown that X- rays wi II sensitise lithium 

azide, with great enhancement of the subsequent thermal decomposition. 

It was of interest to note whether X-rays would in fact sensitise lithium 

azide pellets to ultraviolet photolysis. 

<t:. 
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Fig. 52 shows the effect on the photolysis of lithium azide 

pellets when pre-irradiated for 7 hrso with X-rays Mo 40 KV 20 rna o 

It is seen that the acceleratory phase is depressed considerably 

in spite of an initially faster rate, and the decay period is not as 

marked as in the unirradiated salt. 

5.7 o6. The effect of ,t-ray pre-irradiation on the photolysis of 

Lithium Azide pellets. 

Since {-ray pre-irradiation also affects the subsequent thermal 

decomposition, and since this radiation is exceedingly penetrating, it 

60 
was decided to investigate the effects of 1 M roentgens (-ray (Co ) 

81 • 

pre-irradiation on the photolysiso A more drastic change 1n the pressure-

time plot was expected 1n the light of the findings of X-ray pre-irrad-

iation o 

The result of the above J' -ray irradiation is illustrated in figo 53. 

The decomposition temperature was 0°C. 

The shapes of the pressure-time plots show marked changes from 

the unirradiated plots, in that the initial rate of decomposition is 

drastically suppressed and the period for the onset of the acceleratory 

phase has been doubled. After this phase, the photodecomposition 

proceeded as for the unirradiated salt. 
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5.8. Radiolysis of some inorganic azides. 

5.8.1 o A preliminary study of the radiolysis, by X-rays, of Barium, 

Strontium, Sodium and Lithium Azides. 

IN THIS SECTION PYREX SAMPLE CELLS WITH THIN ALUMINIUM 

FOIL OR THIN PYREX WINDOWS WERE USED" THE X-RAY GENERATOR 

WAS A PHILIPS TYPE PW 1009 CAPABLE OF DELIVERING 1 000 WATTS 
'I 

(50 kV 20 rnA). NO FILTER WAS USED WITH THE Cu AND Mo TUBES 

EMPLOYED" 

The pressure-time plots for the above azides, irradiated with 

X- rays from a Cu or Mo target operated at 40 kV 1 20 rnA, were 

found to be linear, even after twenty hours continuous irradiation. 

Fig. 55 illustrates the pressure-time plots for barium, strontium, sodium . 
and lithium azides, at a radiolysis temperature of 0°C. The above 

observations apply to powders, crystals and pellets. 

Of the above azides, barium azide proved to be the most 

reactive, as can be seen from fig o 55. Sodium and lithium followed 

next, while strontium azide gave very low rates of radiolysis. Sodium 

and lithium azides were almost completely transparent to the X-rays 

used, while barium azide was more opaque. This might account for 

its higher reactivity. 

5 .8.2. The radiolysis of Sodium Azide by X-rayso 

For the purpose of formulating reaction mechanisms for the 

radiolysis of azides, activation energies and the dependence of the 

radiolytic rates on the intensity of X-irradiation was investigated for 

the azides mentioned in section 5.8o1o 

.·Owing to the small evolution of gas with sodium azide pellets, 

fine crystals of B.D.H o sodium azide were employed in the decompositions, 

and the results quoted below are for crystals and Mo target operated at 

50 kV, 20 rnA. 



0·5 I .. . , 

-u 
' ") _ _,_,. 

(i) 
(/) 

~0;3 
J 
(i) 

X 
~ 

0 I 

~ 
0 
J 
rs 

0;1 

0 

. 

Q BaN6. 

9 NaN3. 

()) Li 'N3 · 

<I Sr Ns. 

100 
... -. .-.,-..- ..... ~- • ·.;.~--~ ....... .i,MT:ofu-~7-:'" ="''" -~-~-···. ,. ''!""". ·""-:· 

PRESSURE-TIME PLOT FOR THE 
RAOIOLYSIS OF Ba(N3>2 , Sr(N3)z • 
Na N3 AND Li N3 PELLETS. 
USING Mo 40 Kv 20ma. 

Fig. 55. 
I 

,· 

Minutes . 300 
.... :v-· ''":'~",i!j,·- ... _., . .,. ..... · .. 

500 



Fig. 56 shows the activation energy plots for four decompositions 

using the split run tech~iqueo Table 6 lists the relevant values used in 

the calculation of the activation energieso This table shows that the 

85. 

average activation energy is of the order of 4 k.calso/mole, irrespective 

of the temperature range used o 

TABLE 6 o 

oc 1/T X 10
3 

-log rate slope of log EA in k ocals ./mole 
rate vs 1/T 

14,5 3,478 5,0996 
11,0 3,521 5,1415 
6,5 3,577 5,1805 

3 0,5 3,656 5,2034 0,782 X 10 3,6 
-7,5 3,767 5,2924 

-11,0 3,817 5,3468 
-16,5 3,898 5,3788 . 

14,0 3,484 5,0999 
8,0 3,559 5,1615 

3 -7,5 3,767 5,3000 0,949 X 10 4,3 
-17,0 3,906 5,3734 
-26,5 4,057 5,4952 

-16,0 3,891 5,1315 
-24,0 4,016 5,2062 3 

4,1 -30,0 4,115 5,2579 
0,872 X 10 

-35,0 4,202 5,3152 

-2,0 3,690 5,2020 
-11,5 3,824 5,2950 3 

3,3 -20,0 3,953 5,4271 
0,734 X 10 

-25,0 4,032 5,4535 

Average Activation Energy = 3,8 

The dependence of the radiolyti c rate on the intensity of 

irradiation was determined o This was found to be quite linear as is 

depicted in fig o 57 o 

After X-radiolysis, in all the temperature ranges investigated, 

the salt was coloured a deep yellow o 
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5 .8.3. The radio lysis of Lithium Azide pellets. 

IN SECTIONS 5.8.3. TO 5.8.5. LITHIUM AZIDE PELLETS WILL 

MEAN 200 mg OF LITHIUM AZIDE CRYSTALS, GROUND FOR 4 

MINUTES AND PELLETED AT 4 000 lbs./sqoinch IN A 14 mm 

EVACUABLE DIE. 

5o8o4. Reproducibility of results for the radiolysis of Lithium Azide 

pellets. 

A series of decompositions was carried out under standardised 

conditions at 0°C, in order to ascertain whether the radiolyti c rates 

were reproducible o 

The high degree of reproducibility of the pressure-time plots 

obtained is depicted graphically in fig. 60o 

5.8 .5. Activation energies for the radiolysis of Lithium Azide pellets o 

As in the case of sodium azide, the dependence of the radiolytic 

rate on the intensity of irradiation was perfectly linear. This is indicated 

in fig. 58. 

The determination of activation energies using the split run method, 

for the radiolysis of lithium azide for various temperature ranges yielded 

much lower values to those obtained for the radiolysis of sodium azide. 

Table 7 lists the relevant data for the calculation of these values, while 

fig. 59 shows the plotted values of - log rate versus 1/T o An average 

value of 892 cals./mole was obtained for the temperature ranges 

investigated. 

Extensive colour centre formation occurred, which was fairly stable 

at room temperature. The colour of the pel I et after radiolysis ranged 

from a light blue to deep purple at low temperatures. 

---........;..~· --- .. - .. ,-
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TABLE 70 

tl} 

slope log rate 
oc 1/T X 10

3 - log rate (p/t) versus 1/T EA 1n cals./mole 

-18,0 3,922 5,2810 
-10,5 3,810 5,2579 3 
-4,0 3,717 5,2432 

0,187 X 10 852 

1,5 3,649 5,2300 

0,0 3,660 5,2743 
6,5 3,577 5,2520 3 

903 
11,0 3,521 5,2400 

0,198 X 10 

13,0 3,497 5,2341 

13,0 3,497 5,3098 
16,0 3,460 5,3054 

3 
22,0 3,390 5,3000 0,200 X 10 911 
31,0 3,289 5,2757 
36,0 3,236 5,2518 

Average value for EA 892 

5.8.6. The effect of pre-irradiation by ultra-violet light on the 

radiolysis of Lithium Azide pelletso 

The effect of pre-irradiation of lithium azide pellets by X-rays 

on the subsequent U. V o photolysis has been investigated in section 

5J.5 and it was found that in spite of a slightly higher initial rate 

of photolysis, a depressed acceleratory phase resulted, together with a 

slower deceleratory period. It was therefore of interest to see whether 

there would be any effect on the rate and shape of the pressure-time 

plots for the radiolysis of lithium azide pellets, pre-irradiated with 

ultraviolet light. 

Fig o 61 shows the effect of various periods of ultraviolet pre­

irradiation on the radiolytic rate at 0°C. The lowering of the radio-

lytic rate appears to be directly proportional to the length of the 

ultraviolet pre-irradiation period. 
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5 .Solo The effect of grinding time on the subsequent radiolysis of 

Li thi urn Azide pellets. 

In the section on the photolysis of bari urn azide, it was found 

that grinding of the azide material for various lengths of time sensitised 

the material to ultraviolet photolysis, and so the effect of such 

mechanical damage on the radiolytic rate of lithium azide was 

investigated. 

Crystals of lithium azide were gound for periods of 11 2, 4 and 

8 minutes and pelleted at 4 000 lbs./sq.incho 

A d~Jinite sensitisation effect occurred on grinding the azide 

and this is illustrated in fig. 62. A plot of radiolytic rate versus 

grinding time is shown in fig. 63. The temperature of radiolysis in 

0 
the above determinations was 0 Co 

5 .8.8. The radiolysis of anhydrous single crystals of Barium Azide by 

X-rayso 

Well formed single crystals of anhydrous barium azide were 

subjected to radiolysis at 0°C o It was felt that since they had been 

exposed to the least mechanical damage and were not exposed to the 

crystal lattice strains that the monohydrate undergoes on dehydration, 

different radiolysis rates may be expected to occur o 

The results of the radiolysis of anhydrous crystals was found to 

differ very markedly from that of the dehydrated monohydrateo This 

is clearly evident from fig. 64, which shows a very drastic reduction 

in decomposition rate for the former. The pressure-time plots for an-

hydrous crystals were, however, sti II perfectly linear o 

The rates of radiolysis could be vastly increased if the crystals 

were mechanically damaged, i .eo grinding the material to a powder. 

Fig o 64 also shows the effect of grinding the anhydrous material for 

5 minutes in the Grindex mill. 

Another way in which the radiolytic rate for the anhydrous crystals 

-~-----··~-- ------~.---------- ------_,-------------- ----·- ----- ---·--- ------··---------------·--·--;---:--~---···-----~~--~~---""'" 
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of barium azide could be enhanced, was to introduce water vapour 

into the decomposition cell and then re-evacuate the system for 12 

hours, followed by radiolysis. This is again depicted in fig. 64. The 

crystals were a very dark green colour after radiolysis. 

5.8.9. Reproducibility of results for the radiolysis of anhydrous 

single crystals of Barium Azide by X-rays. 

The pressure-tim~ plots for the decompositions were reproducible 

to a very high degree, as indicated in fig. 65. The decomposition 

Ooc. temperature was 

5.9 .0. Activation energies for the radiolysis of anhydrous single 

crystals of Barium Azide by X-rays. 

Table 8 lists the relevant values used in the determ.nation of 

activation energies (using the split run technique) as well as the slope 

of the Arrhenius plot and the activation energies. 

··---";·-·-·. 
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TABLE 8. 

( * = anhydrous crystals of barium azide) 

Sample oc 1/T X 10
3 

-log rate slope A vs B E.._ 
pre-treatment (A) (B) X lQ-3 k.cals./mole 

None 19,0 3,430 5,6600 

24,0 3,371 5,5374 

28,0 3,320 5,4060 
2,498 11,4 

31,0 3,290 5,3003 

22,2 3,390 5,6961 

26,0 3,343 5,6004 2,207 10,8 

29,6 3,310 5,5152 

1-- - - ·I- - - - - - - - - - - - -
* pelleted. at 18,8 3,440 5,6650 
4 000 lbs./ 

24,0 3,371 5,5381 sq .inch 
27,5 3,332 5,4071 2,500 11,4 . 
32,0 3,279 5,3000 

15,8 3,465 5,5000 

21,2 3,395 5,3839 

27,8 3,321 5,1952 
2,237 10,2 

. 
34,2 3,238 5,0531 

The low rates obtained for the radiolysis of the above crystals 

(see 5 .8.9) appears to be linked with relatively high activation 

energies, an average value of 11,1 k .cals./mole being obtained. Pellet-

ing the crystals at 4. 000 lbs./sq .. inch had very little effect on the rate 

of the activation energy .. These values are also shown in Table 8. 

Fig .. 66 shows the activation energy plots for the values tabulated in 

Table 8. 

Since grinding increased the rate of radiolysis markedly (5 .8.9) 

the activation energies for ground anhydrous crystals of barium azide 

were determined as well. The relevant values for 5 and 15 minutes 

grinding time appear in Table 9. It can be seen that the activation 

energies were drastically lowered by grinding the materia I, the lowest 
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values being obtained for the longest grinding times. Fig. 67 

illustrates the activation energy plots for ground anhydrous crystals 

of barium azide. 

91 • 

Table 10 shows the effect of grinding the material for 15 minutes 

followed by pelleting at 4,1000 lbs./sq .inch. The pellting seems to raise 

the activation energy to those values obtained for anhydrous crystals 

ground for 5 minutes. Fig. 68 shows the relevant activation energy 

plots. 

Since pelleting after grinding raises the activation energy 

slightly, it was felt that the sequence, grinding followed by pelleting 

and then regrinding the pelleted material, should lower the activation 

energy again. This does in fact occur as shown in Table 11. The plolled 

values of -log rate versus 1/T are to be found in fig. 68. 

5.9. 1 o The effect of ultraviolet pre-irradiation on the radiolysis by 

X-rays of anhydrous single crystals of Barium Azide. 

In an attempt to create reaction centres in anhydrous single 

crystals for X-radiolysis, they were subjected to 8 hours pre-irradiation 

by the 550 Watt ultraviolet arc. 

The resultant linear pressure-time plots were, however, not 

enhanced in any way, as indicated in fig. 69, and the acti~tion 

energies were still of the order of 10 k.cals./mole (see Table 12). 
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TABLE 9. 

(* = anhydrous cryst61s of barium azide). 

Sample oc 1/T X 10
3 -log rate slope A vs B EA 

pre-treatment (A) (B) k.cals./mole 

* ground 5 min 1 0,8 3,520 5,2098 

19,7 3,438 5,0802 

25,0 3,358 5,0101 1,066 4,9 

30,4 3,297 4,9401 

11,3 3,519 5,0852 

16,6 3,457 5,0150 

23,7 3,370 4,9400 

28,6 3,317 4,8462 1,087 5,0 
' 

31,6 3,284 4,8281 

35,4 3,240 4,7853 . 
r-- - - - ~ - - - - - - -----

* ground 4,9 3,600 5,0359 
15 min. 

12,9 3,500 4,9599 

18,6 3,434 4,9252 0,836 3,8 

24,0 3,370 4,8685 

29,4 3,306 4,8132 

1,7 3,642 5,0334 

10,0 3,535 4,9722 .,. 
18,3 3,434 4,8752 0,805 3,7 

23,2 3,374 4,8150 

28,1 3,327 4,7921 

·-...,.-.---~-.------- ;~---·---~----- ---- ·- - ··- --~ - -·-:·- . ----.-·- ·- ~ - -- ·--·--- ;---~------·- ---·-·...,.••·----.-- ... -·---·-·..,--·c.-··-



TABLE 10 

(* = anhydrous crystals of barium azide) 

Sample oc 1/T X 10
3 

-log rate slope A vs B EA 
pre-treatment (A) (B) k ~cals ./ 

mote. 

* ground 15 min . 2,3 3,634 5,0433 
and pelleted 

10,5 3,530 4,9550 
4' 000 lbs o/sq 0 

inch 19,2 3,425 4,8554 1,069 4,9 

24,3 3,365 4,7811 

30,4 3,319 4,6708 

3,1 3,624 5,1344 

12,6 3,503 5,0284 

19,2 3,425 4,9322 1,057 4,8 
·, 

24,3 3,365 4,8360 

30,4 3,293 4,0051 . 

TABLE 11. 

(* = anhydrous crystals of barium azide) 

Sample oc 1/T X 10
3 - log rate slope A vs B EA 

pre-treatment (A) (B) kocalso;l 
mole. 

* ground 15 min 8,1 3,560 4,8270 
pell eted 4 • 000 14,0 3,482 4,7798 
lbso/sqoinch and 0,871 4,0 
reground 15 min 22,7 3,363 4,6750 

31,4 3,284 4,6072 

8,5 3,559 4,8169 

13,0 3,499 4,7699 

22,2 3,390 4,6647 
0,873 4,0 

31,0 3,290 4,5970 

----:----------·---------------------~------. ---· ---- --- .. --- ----~-··-·· . 
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TABLE 12. 

..'-

Sample oc 1/T X 10
3 

- log rate slope A vs B 
pre-treatment (A) (B) 

EA 
k.Jals,l moe 

anhydrous 13,4 3,491 5,8883 
crystals pre-

18,4 3,432 3,7500 2,260 10,3 irradiated 
with U. V .S. 23,0 3,379 5,6301 
8 hours 

14,5 3,480 5,6479 

21,7 3,392 5,4600 2,316 10,6 

26,1 3,344 5,3330 

5.9.2. The X-radiolysis of dehydrated Barium Azide monohydrate pellets. 

The radiolytic rate for crystals of dehydrated barium azide mono-
• 

hydrate, being very much greater than that of anhydrous crysta Is (see 

fig. 64) made this material more suitable for a detailed investigation 

of the X-radiolysis of barium azide. 

Si nee pellets of the azide are much more convenient to handle, 

and because the surface area can be kept constant, it was decided to 

use pellets for the investigations. 

Optimum grinding times and pelleting pressures were first determined 

in the followeing sections so that a satisfactory combination of these 

two variables could be selected. 

5.9.3. The effect of grinding on the X-radiolysis of Barium Azide 

pellets. 

IN ALL THE FOLLOWING SECTIONS, UNLESS OTHERWISE 

STATED, BARIUM AZIDE PELLETS WILL MEAN 14 mm DIAMETER 

PELLETS OF THE DEHYDRATED MONOHYDRATL 

The 200 mg pellets for this section were prepared from: 

1. unground barium azide. 

2. barium azide ground 1 minute. 



.. ; ·.:;; 

3. barium azide ground 2 minutes 

4. II II II 4 II 

5. II II II 8 II 

A pelleting pressure of 4.000 lbs./sq.inch was employed with 

the 14 mm diameter evacuable die. 

Fig. 70 illustrates a very definite grinding effect at a decompos­

ition temperature of -2,0°(. Radiolysis on the above pellets was also 

carried out at -7,1, 2,8 and 13,4°C. 

Table 13 lists the radiolytic rates and the activation energies 

for the different grinding times at the various decomposition temperatures. 

Fig. 71 depicts the plots of rate (p/t) versus grinding time for each of 

': 

the four different decomposition temperatures. 

Although the rates were slightly higher for 8 minute~ of grinding 

the azide, this very finely powdered material was not easily pelleted 

and a grirr~ing time of 4 minutes was selected for further work. 

5.9 A. The effect of pelleting pressure on the X-radiolysis of Barium 

Azide pellets. 

Using the optimum grinding time determined above for the 

dehydrated monohydrate, 200 mg pellets were pressed at 2 000, 4.000 

and 6 000 lbs./sq.inch. 

X-radiolysis was carried out on each of the above pellets at 

-7,1, -2,0, 0 
2,8 and 13,4 C. These temperatures were selected 

because they were the ones employed in the section on grinding, and 

thus a direct comparison of rates can be made. 

In order to check the reproducibility of the rates of decomposition, 

all determinations were carried out in quadruplicate. 

Table 14 lists the rates and activation energies for the various 

pelleting pressures used at the different decomposition temperatures. 

The quadruplicate determinations tabulated in Table 14 clearly show 

the very high degree of reproducibility of the radiolytic rates at each 

temperature. 

-~ -- ---;--------~--- .... ·-----~----;--"'·- ~----__,..·--·--..-·----···--·-·--- ·-·-~ 



T ABLE.13. 

(all pellets pressed at 4~000 lbs./sq.in.) 

Horizontal rows of figures are rates in mm./min.X10-5 

Grinding time 

Temperature oc Unground 1 minute 2 minutes 4 minutes 8 minutes 

- 7,1 0,49 0,90 0,97 1 ,o6 1,40 

- 2,0 0,62 1,07 1 '10 1,23 1,52 

2,8 0,"74 1 '17 1,23 1,31 1,72 

13,4 0,81 1,28 1,53 1,50 1,94 

Activation energy 
K.cal./mole. 3,0 2,5 4,0 3,1 2,4 

TA8LE.14. 
vlork below performed in quadruplicate to check reproducibility. 

Rates are in mm./min. X10-5. 

Pressing pressure 2.000 lbs./sq.in. 

Temperature oc Run1 Run 2 Run 3 Run 4 Average Rate 

- 7,1 0,63 0,52 0,56 - 0,57 

- 2,0 0,59 0,71 o,61 o,65 o,64 

2,8 0,67 o,Bo 0,10 0,71 0,72 

13,4 0,84 0,97 o,82 0,91 o 788 

Activation energy 
K.cal./mole. 3,4 3,3 3,5 3,5 

---· -···-- -......... -----.-.. 

Pressing pressure 4.000 lbs./sq.in. 

Temperature oc Run 1 Run 2 Run 3 Run 4 Average Rate 

- 7,1 0,51 0,49 0,51 0,41 o,57 

- 2,0 0,58 o,63 0,68 o,63 o,63 

2,8 - 0,78 0,72 0,71 0174 

13,4 o,69 0,74 1,03 0,90 o,84 

Activation energy 
K.cal./mole. 2,0 2,9 3,0 4,4 

Pressing pressure 6.000 lbs./sq.in. 

Temperature oc Run 1 Run 2 Run 3 Run 4 Average Rate 

- 1' 1 0,39 - - - o,39 

- 2,0 0,45 0,40 0,38 0,38 0,40 

2,8 0,54 0,46 0,44 0,45 o,47 

13,4 0,61 0,55 0,48 o,55 o,55 
Activation energy 
K.cal./mole. 3,2 3,3 2,2 3,4 

•. .. . 
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5.9 .6. The variation of radiolyti c rate with the intensity of 

X-irradiation for Barium Azide pellets. 

The intensity dependence of the radiolytic rate for barium azide 

pellets was investigated at different temperatures in order to determine 

whether the decomposition was unimolecular or bimolecular with 

respect to the azide ion. 

Fig. 73 shows the plots of radiolytic rate versus intensity of 

0 
X- irradiation for 21 -20 and -120 C. All the plots were perfectly 

linear1 indicating a unimolecular decomposition of the azide ion in 

the radiolyti c reaction. 

5.9.7. The effect of ageing Barium Azide on the subsequent radiolytic 

rate of Barium Azide pellets. 

X-radiolysis was carried out on two samples of stored barium azide 

and their rates of decomposition were compared to that of freshly 

prepared dehydrated monohydrate. 

Fig. 74 shows the X-radiolysis pressure-time ·plots for pellets 

made from 1 year old 1 4 months old and freshly prepared barium azide. 

A definite sensitisation of the material appears to take place with in-

creasing storage time. 

5.9 .8. Activation energies for the X-radiolysis of dehydrated Barium 

"Azide monohydrate pellets. 

A detailed investigation of activation energies over a wide range 

of temperatures (50 to -101 1 5°C) indicated that distinct changes in the 

activation energy occurred for different temperature ranges. 

Changes in the slope of the activation energy plot of log rate vs 

1/T took place in the region of 0°C and in the region -30 to -40°. 

This is illustrated in fig. 75. Table 15 lists the relevant values used to 

calculate the activation energies. 

It wa? found that the activation energy for the range 50 to 0°C 

---~----;-··---------------··---.,.., -~------·- . -. --- ··~- --
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6 oOoO. Successive re-irradiation and its effect on the rate and 

activation energy for the.X-radiolysis of Barium Azide pellets. 

In order to investigate any sensitisation of the azide material by 

administering the X-rays in interrupted dos:tges, successive re-irradiations 

were carried out at -10°( after 10 hours radiolysis, followed by 12 

hours re-evacuation of the cell system o 

Figo 77 shows no significant change in the rate of radiolysis, 

but Table 17 shows a definite increase in the activation energy with 

each successive re-irradiationo Fig. 78 illustrates the actual activation 

energy plots o 

TABLE 17o 

Remarks 1/T X 10
3 

- log rate slope A vs B. EA 
(A) (B) k.cals./mole 

1st re- 3,415 5,5000 

irradiation 3,440 5,5104 
3 

3,475 5,5199 0,318 X 10 1 ,5 

3,499 5,5244 

3,543 5,5401 

2nd re- 3,407 5,4481 

irradiation 3,480 5,4481 3 
3,517 5,5200 

0,482 X 10 2,2 

3,559 5,5498 

3rd re- 3,360 5,4278 

irradiation 3,444 5,5049 . 3 

3,510 5,5600 
0,933 X 10 4,3 

3,552 5,5960 

4th re- 3,380 5,4002 

irradiation 3,424 5,4479 3 
3,447 5,4702 

1,029 X 10 4,7 

3,510 5,5405 

·---·----·-~ ·---·----,-·- -~· ·-·--- ---- -~------~ ... ··-~-· ...... -·--·---. ¥·--------~·~------- -·-···-----~---,..----- ..... :., .. ~------;~···--·- .. -. 
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6.0 .1 o The effect of ultra-violet pre-irradiation on the subsequent 

X-radiolysis of Barium Azide pellets • 
. \-'. ~ . ·• ' . . . 

101 • 

Pre-irradiating the barium azide pellets with ultraviolet light for 

2 to 10 hours had very little effect on the slope of the pressure-time 

plots (a slightly depressed rate resulted) and the activation energies 
-~ 

were of the usua I order of magnitude for the temperatures employed. 

Table 18 shows a comparison of activation energy data for the 

X-radiolysis of unirradiated and ultraviolet pre-irradiated pellets of 

barium azide. 

TABLE 18 o 

Remarks 1/T X 10
3 

- log rate slope A vs B EA k.calso/mole 
(A) (B) . 

no pre- i rrad • 3,364 5,2002 

3,406 5,2408 3 
3,438 5,2666 

0,787 X 10 3,6 

3,477 5,2998 

2 hrs. pre- 3,405 5,2180 

irradiation 3,481 5,2799 3 
3,508 5,3110 

0,814 X 10 3,7 

3,555 5,3375 

10 hrs. pre- 3,382 5,2300 

irradiation 3,420 5,2697 3 
3,475 5,3099 

0,783 X 10 3,6 

3,528 5,3540 

------- -~--~- ---- -- --· ----------------------- ----· - ---· --·--- --·- ---··---- -------···-·- -· --------- ----- ·- ,--- !-
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DISCUSSION OF RESULTS FOR SECTIONS 5.8.1 TO 6.0.2 • 

. . .'··' . 

It would appear from the study of the X-radiolysis of lithium, 

sodium, barium and strontium azides, that in general the pressure-

time plots for the radiolysis of the alkali metal azides and alkaline 

earth azides are linear, and that the radiolytic rate is directly pro-

portional to the intensity of X-irradiation. This suggests that the 

radiolysis is unimolecular with respect to the azide ion. 

The relatively high activation energy of 4.k.cals./mole (at all 

the temperature ranges studied) for the radiolysis of sodium azide when 

compared to the average of 800 cals ./mole for the radiolysis of lithium 
' 

azide pellets, may be explained by the fact that sodium azide crystals 

(B.D.H .) were used for the radiolysis. It has been shown in section 

5 .8.8. that anhydrous crystals of barium azide which were not subjected 

to mechanical damage such as grinding or pelleting, gave high activation 

energies (10-11 k.cals./mole). Heal
55 

in his observations on the decom-

position of solid sodium azide b~ X-rays, obtained a value of 500 cal./ 

mole for the activation. energy of radiolysis. However, he only used two 

temperatures (51 and 102°C) for his calculations and these temperatures 

were simply the operating temperatures of the X-ray tube at two different 

tube currents. The influence of room temperature on the radiolytic 

temperature was simply ignored. This state of affairs is highly unsatis-

factory for the calculation of accurate activation energies, and large 

errors must be involved in his calculations. 

Heal 57 has proposed two mechanisms for the X-radiolysis of sodium 

azide. 

A. A process, the rate of which varies little with temperature 

(low EA), responsible for decomposition at low temperatures. 

B. A temperature-dependent process, effective mainly above room 

temperature. 



-

In the study of the X-radiolysis of pellets of dehydrated barium 

azide monohydrate (section 5.9 o2a) 1 a temperature range of 50 to 

-101°C was employed in the determination of activation energies, and 

Table 15 shows a definite increase in activation energy with increasing 

temperature rangeo This suggests that for the radiolysis of barium azide 

there also exists a high and a low temperature process. 

· At low temperatures, the activation energy was of the order of 

700 calso/mole which is relatively temperature independent, while above 

room temperature the value was as high as 4 kocalso/mole. No such 

variation in activation energy for lithium azide pellets was demonstrated 

in the temperature range -18 to 36°C o However, Prout and Liddiard 
58 

106 
and Prout and Moore have studied the thermal decompositions of 

lithium and barium azides respectively and these workers have shown 

that lithium azide requires much higher temperatures for thermal decem-

position. This might account for the apparent absence of a thennal 

contribution to the radiolysis rate of lithium a.z;ide in the temperature 

range studied o 

Heal's 
57 

low _temperature mechanism for sodium azide (process A) 

is as follows 

N3 
- hv 

.0:::::::: N3 + e 
;;::>' 

N3 + N3~3N2 + e 

where N
3 

= azide radical 

e = electron o 

Furthennore, he maintained that F-centre formation was negligible 

and that the above electrons are excited into the conduction band. The 

above reaction may be unimolecular with respect to the azide radical, 

but the overall reaction is bimolecular in that one photon produces 3 

molecules of nitrogen. The results of the X-radiolysis of sodium, lithium 

and barium azide in this thesis are in contradiction with Heal's mechanism 
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because the intensity dependence of the radiolytic rate clearly indicates 

a unimolecular decomposition of the. azide ion. Furthermore, the absence 

of any photoconductivity during irradiation with X-rays excludes the 

formation of free electrons in the conduction band. Clearly electron 

trapping must occur, probably to form colour centres. This is suppotrted 

by the deep colouration of the above azides after radiolysis. 

Colour centre formation such as V-centre formation (positive hole 

associated with cation vacancy) should occur readily since the energy 

109 
of the X-ray photon is energetic enough to form Frenkel defects 

(interstitial ion plus ion vacancy) and since interstitial cations are more 

readily formed because of their smaller size, large numbers of cation 

vacancies· must be produced. Thus a suggested low temperature radiolyti c 

mechanism for the azides of sodium, lithium and barium could be as 

follows :-

t:l = anion vacancy 

(E = cation vacancy 

N
3

. = positive hole 

e = F-centre 

N
3 

= V-centre. 

V-bands have been detected in X-irradiated KCI and NaCI at low 

temperatures. Repetition of the above process would provide adjacent 

trapped positive holes which could then decompose as follows :-



.··:·,·· .. ,.· ., :. ' 

The overall reaction would then be 

2N - .rc 2hl) 
3 ====:;>:; + 21±1 + 2EJ 

Metal atoms could be formed as follows:-

Mn+ + neEJ ----:>~ M + ns 

Microscopic examination of the azide pellts during X-irradiation, 

using the Leitz microscope with the evacuable stage, showed no evidence 

of nuclei, indicating that metal colloid formation does not occur to any 

extent o Thus metal catalysis of the reaction would be absent o The 

absence of any acceleratory reaction during the radiolysis seems to 

confirm this o 

The percentage decomposition of the azides under X-irradiation 

must be small, and the formation of radioJysis products must be diffuse, 

sirice no fall off in rate is observed even after very prolonged X-

irradiation o This would exclude the growth and overlapping of reaction 

centres. 

Th h• h h · d by Heal
57 

f h e 1g temperature mec amsm propose or t e 

radiolysis of sodium azide involves thermal decomposition of excitons 

trapped at Iotti ce imperfections. 

+ 

+ 

where T = trap o 

hv T c 

kT 

> + T + e 

e 

This is again a bimolecular decomposition of azide ion with the 

production of electrons in the conduction band. The above mechanism 

is again contrary to the findings of this work in that it involves a 

bimolecular reaction of azide ions and the production of free electrons, 

both of which have been shown to be absent. 

From the evidence gathered in this thesis, the following high 

temperature mechanism is suggested for the radiolysis of sodium and 

-----;--..------. --..... -. ~·-··------~-· --~---- ~· ---··----;--·-·--;-~- --- .. ----.... --·--- ----- ·-~- ,--· ·--.... -- - ~ ----··-- -:------- ·-~·----- .. --~--- ... -.... -....... ---~~~~-
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GENERAL DISCUSSION OF THE RESULTS OF THE 

PHOTOLYSIS AND RADIOL YSIS OF BARIUM AND 

LITHIUM AZIDE. 

The re-i nvesti gati on of the photo I ysi s of barium azide undertaken 

in this work 1 gave results which were in conflict with those obtained 

35 
by Pai Verneker in a recent re-investigation of the photolysis of 

barium azide. 

The shape of the pressure-time plots 1 the activation energies and 

the effect of filtering the ultraviolet irradiation 1 investigated in this 

thesis 1 differed considerably from the results obtained by previous 

workers (see page 59). 

The differences in the results for the photolysis of barium azide 

in this work 1 when compared to the findings of previous vyorkers 1 may 

be explained by the following factors:-

1 • An exhaustive study was made of vacuum I i ne systems, in 

on;ler to obtain the most suitable system for carrying out 

this type of kinetic study. 

2. Very sensitive pressure measuring devices were employed 1 

including a new improved design of Pirani gauge (see 

experimental) o 

-7 
3. Very low pressures (1 0 torr) were attainable with careful 

design of the pumping systems of the vacuum line. 

4. An intensive investigation of decomposition cells was undertaken 1 

and the results show that the use of cements 1 greases 1 epoxies 

and waxes in the vicinity of the ultraviolet sources can lead 

to serious error in determining pressures, and this could account 

for the failure of other workers to detect the early acceleratory 

period for the photolysis of barium azide, Any spurious gas 

evolution from the above causes would easily obliterate this 

·-· _...._ __ ..........__-'--"'""--~~ -- -----
--~.-----;·-·~-··--·----.-~---- ---·-·--~----- :-· 



··'· '·.·.'.,..,··., ... 

111. 

unimolecular decomposition of an azide ion in the latter. Studies 

with superimposed radiations of ultraviolet, X- rays and 'X -rays .. 
indicated that the reaction centres in the photolytic and radiolytic 

decomposiHons were not similar, with no enhancement of the reaction 

rate in either case when pre-irradiated with a different form of 

radiation o 
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