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1. INTRODUCTION. 

The thermal decomposition of solids is cbarncter-

ized by the formation and growth of nuclei at sites on the surfece of the 

solid or i-Tithin the crystal lattice. Such nuclear formation is favoured 

by disorganisation of the crystal either by mechanical damage, or by the 

presence of i mpuritiesl. Disorganisation results in positions which 

have 2. high thermodynamic instability. The nuclei are likely to be form-

ed initially at the corners and the edges of the crystal since these are 

more prone to damage . Careful handling2 and storage in vacuo often leads 

to a l arge reduction in their number, while deliberate scratching3 of the 

surface facilitates their production. 

The number of potential sites for nuclear formc­

tion i s also increased by pre-irradiation with ultra-violet light, though 

there are indications that a different type of nucleus may be produced4. 

Nucleation can be facilitated by pre-irradiation with electrons5, neut­

r ons6, X-rays6, gamma-r ays and atomic particles7• 

The nature of the nuclei is not always clearly de­

fined, but it i~ generally accepted that they are composed of solid react­

ion product~ e.g. in the decompositi on of barium azide8 and silver mcala­

te9, nuclei of metallic b~rium and silver, respectively, are formed. 

Tvpes of Nuclei . 

In general, two types of nuclei are identifiable 

i.e. compact and diffuse nuclei. The latter are not directly observable 

as the;r spre2..d uniformly throughout the whole crystal; e.g . as with 

mercury/ ••• 
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mercury fu1Jnina.te10 which turns brown throughout due to the decomposition 

product, and 'dth nickel sulphate heptabydratell where two dimensional 

diffuse bands of the product are formed. 

Compact nuclei are confined mainly to the crystal 

surface. Their characteristics depend upon the relative crysta.i struct-

ures of the parent and product phases, the particular faces on which they 

are formed and the activation energy of nuclear formation and growth. 

PLATE A illustrates the variety of nuclear shapes 

which have been observed. The dehydration of copper sulphate pentahydrate2 

affords an excellent example of the formation of compact nuclei. With 

this substance, as dehydration proceeds, nuclei are formed and grow to a 

star-shaped form. The shape is attributed to the preferential movement 

of the reaction/product interface along certain planes within the crystal. 

12 Cbxome alum , too, possesses compact spherical nuclei of an interesting 

nature. The interior growth rate is less rapid than the surface growth 

rate and the nett result is the production of flattened hemispheres. How-

ever, cavities are formed early on in these centres and the nuclei tend to 

develop diffuse characteristics. A further example of spherical nuclei 

is found in tho decomposition of barium azidel3. In certain cases, e.g. 

the decomposition of potassium hydrogen oxalate14, hexagonal nuclei result. 

Nuclei obeying a branching chain mechanism have been postulated for the 

decomposition of potassium permanganate15. The suggestion that the de­

composition of silver axalatel6 proceeds by a system of branching plate­

like nuclei has also been proposed. 

CJessificatiop( •• , 



PLATE A . 

I, 2,4 . --MIXED ALUMS. 
3,9. COMMON ALUM,III FACE. 

6. CHROME ALUM>III FACE. 

s. c 14so • . sH.1o. 
7. Cu.S04 .SH2.0 IN · VACUO. 

8~ COMMON ALUM.,OII FACE. 

10. Cu.S04 . SH2.0 IN H2.0· 

I I. AMMONIUM ALUM + l-f2.0. 

12. COMMON ALUM, 001 FACE. 
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Q10ssification of solid decompositions. 

The experimental study of thermal decompos~tions 

involves the measurement of the overall decomposition and the plotting 

of rate/time, pres :-Jure/time orG~£/time curves where oc is the fraction of 

the solid decomposed. A study of the mathematical relationships apply­

ing to the curves, in association with any characteristics found by vis­

ual observations of the decomposing solid, often allo .... rs of a description 

of the mode of decomposition of the solid. 

The majority of the reactions studied are of the 

type: -

A (solid) .= B (solid) + C (gas) ••••••••••••o•oo•••••••••• (1.01). 

The character of the p/t curves depends mainly on:-

(i) the mechanism of formation of the nuclei of phase B, 

(ii) the shape of the nuclei and 

(iii) their mode of growth. 

The plots of oc against t can be clr1.ssified into 

four main types, ao shown in DIAGRAM B. In group (a) they are generally 

sigmoid curves indicating an autocatalytic reaction, and possess an in­

duction period during ¥hich time little or no measurable decomposition 

occurs. Curves of this type are fou~d for tho decomposition of whole 

crystals of potassium permanganate15, barium azidel3 and salt hydrates. 

Far some substances, e.g. lead styphnate17 and 

mercuric oxalate18, the initial acceleratory period is of relatively 

short duration while tha decay period is more pronounced i.e. type (b). 

Substances in group (c) are such that their most r apid rate of reaction 

oooure/ .•. 
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occurs near the beginning of the decomposition. This is typical of 

cases 1-rhere the nucleation process is very efficient and there i s rapid 

coverage of the external surface with small nuclei e.g . lead P.~~idel9. 

In group (d) there occurs a small initial evolu­

tion of gas which is most rapid at the beginning of the heating e.g. 

whole crystals of potassium azide20 and lithium aluminium hydride21. 

This is followed by a period of slow decomposition which leads to an ac-

celerating decomposition. 

decay. 

This latter is then succeeded by a period of 

In general, the decomposition/time curves studied 

c~n be interpreted in terms of a three stage process:-

(i) An initial reaction occurring on the surface of the solido 

(ii) The formation of nuclei of the new phase, B. 

(iii) A reaction occurrinG at the interface between phase A and phase B. 

Exr..>erimental_procedure. 

It is obvious that very fe-vr solid reactions can be 

studied by visual or optical methods and it is thus necessary to consider 

other experimental methods for obtaining the overall decomposition rate. 

In those cases 'lrlhere the crystals are too small for direct observation, 

the oc/t curves mentioned above are obtained by ~{O experimental procedures. 

For example, the loss in weight of carbonates and hydrates is measured by 

mea~q of a quartz spiral balance, while with azides and fulminates it is 

the pressure of the gaseous product which is measured. 

The early studies of solid decompositions concen­

trated/ ••• 
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trated on the growth and increase in number of the nuclei with time. 

The reactions associated with the formation of decomposition centres was 

not explained until Mott and Gurney22, in their classical work on the 

photolysis of silver halides, dealt with thi::: aspect of the problem .. 

Nevertheless, valuable cont ributions to the field of thermal decomposi-

tions were made by the early theoretical and practical studies from which 

the laws of nuclear formation and growth were derived. The laws of nuc-

leation may be divided into nucleation involving a single step, or into 
22. Q... 

more than one ste~as follows:-

(a) Nucleation involving a single step. 

It is assumed that the decomposition of a single 

molecule results in the formation of a nucleus. 

The probability of this happening is 

kl ::: '\) exp (- £:,. GJ!'RT) •••••••• •• ••• 0 • • ••••• • •••• (1.02). 

where v = the frequency of the lattice vibrations 

and ~Gl = the free energy of activation for nucleus formation. 

For condensed phases, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
so that equation (1.02) may be rewritten as 

.............. 0 0 •••••••••••• 

= the entropy factor,-e_(~SJ!'R). 

If there are N0 potential nucleus forming sites, the rate of nucleus 

formation is 

.!lli 
dt 

•••••••o•••••••••••••••••• •• ••••• 

(1.03) • 

(1.05) • 

where/ ••• 
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where N = the number of nuclei present at time, t. 

Neglecting ingestion of potential sites by growing nuclei1 on integrating 

equation (1.05) we obtain; 

N ............................. 
and hence, from equation (1.05), 

dN 
dt 

-klt = k1 N
0 

e ................................... 
This is known as the Ejcponeli'tl.al Law. 

(1.~). 

(1.07). 

In the early stages of the reaction, i~ ~ G1 is 

very large and k
1 

small, we can expand the exponential term in equation 

(1.07) to obtain the approximate relationship 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1.08) • 

or 

dN .-= k1 N0 dt 
•• 0 •••••••• • •••••• • •••••• 0 ••••••••••••• (1.09). 

i.e. the number of nuclei i ncreases linearly with time. This has been 

found to occur in the initial stages of the dehydration of copper sulphate 

pentahydrate2 and of chrome alum12• 

(b) Nucleation involytng multi~le steps. 

Powers of t greater than unity in equation (1.08) 

above, e.g. nickel sulphate heptahydrate11, barium azide13 and s ilver 

oxalate23, can be accounted for in two ways. 

Either a stable nucleus may result from a bimole-

cular process involving the combination of two active intermediaries, each 

of which is formed at a constant rate, or several successive decompositions 

may be required to form a stable nucleus. 

same power law. (Bagdassarian32). 

Both hypotheses lead to the 

i.e./ •. • 
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where 

dN = D.B.tB-l 
dt 

D = a constant 
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•••••••• • •••••••••• • ••••o•••••;aeoo•• ( 1.10). 

B = the number of successive decompositions (2nd theory) 

or B-1 = the number of separate entities required (1st theory). 

The formation of a nucleUP, however, does not 

gl1a.rantee that the centre \-Till grovr to a size where it will, in effect, 

represent appreciable decomposition of the solid. 

Consider a reaction of the type, 

A \solid) = B (solid) + C (gas) . . . . . . . . . . . . . . . . . . . . . . . . . (1.01) • 

The probability of formation of a fragment of the new phase B at special 

points in the mattix of A depends not only on statistical energy fluctua-

tions, but also on the possible deformation arising if B has a different 

molecular volume to that of A. This local defor.ation in the lattice 

of A is associated with a certain strain energy, t 1 per unit area. 

Consider a fragment of B containing m molecules. 

'rhe free energy change when the fragment is formed is 

uhere 

o.nd, if v. . 
m 

= m 6 GB + a- ~ . . . . . . . . . . . . . . . .. ,. . . . . . . . . . . . . (1.11). 

= the shape factor, (4nr2 for a spherical interface), 

= the volume per molecule of B, 

then, for spherical fragments 

m 

ana equation 

= 4nr3 
•••••••••••••• 0 •••••••• 0 •••• 0 ••••••••• (1.12). 

3 vm 
(1.11) becomes· 

2 .l. ,.j 

+ r (36 Tl v ) 3 m ~ 3 
m 

. . . . . . . . . . . . . .. . . . 
bm ••••••••••• • ••••••••••••••••••• 0 

(1.13) • 

(1.14) ~ 

where/ ••• 
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where a is proportional to the strain energy 

and b is the negative bulk free energy change per molecule. 

Thus, when t is positive, i1.G1 must pass through 

* a maximum at m = m ; a fragment has the critical size to be in equili-

bri um with it~ surroundings. This is illustrated in DIAGRAM C below. 

m 

DIAGRAM C. 

As can be seen from the plot, the induced strai n 

tends t o cause small fragments of B to revert to A, whereas larger frag­

ments (m ~ m*) are irreversible with respect to the transformation 

A(s) = B(s) + C(g). Hence, further reaction tends to take place at 

the interface rather than produce a large number of sub-microscopic frag-

mcnts of B, and the reaction spreads outwards from its ''initial commence-

:.tent _r>oints 11 or nuclei. 

If the activation energy of nucleus grm-1th is 

less than that required for nuclei formation, rapid ~owth of nuclei 

occurs/ ••• 
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occurs at certain localised spots on the crystal, resulting in the auto­

catal3~ic nature · ~f curve (a).Wischen13 ~irmed this for barium azide. 

However, if the activation energies of nucleus 

growth and m;cleus formation are both of the same order, a large number 

of small nuclei are formed as in curve (b). A reduction in, or the 

virtual removal of, the acceleratory period by grinding or crushing yields 

cm:·ve (c). Curve (d) is simply a combination of (a) and (c) and repres-

ents t-v1o phases of the reaction, one of which is initiated extremely rapi d-

ly. 

It has been shown that one or more of three main 

stages may occur in a decomposition viz. an induction period, an accelera-

tory period and a decay period. The last two periods have been exhaust-

ively studied ·and mechanisms of decomposition have been postulated. No 

general mechanism covering all decompositior@ has, as yet, been obtained. 

This is unlikely, since experimental observations have indicated that near-

ly all substances decompose in a manner peculiar to themselves. A few 

Generalisa tions have, however, been made. 

The acceleratcry period. 

Firstly, we will consider the acceleratory period, 

where nucleus growth is of importance. Four main mechanisms of decompo-

sition over this period have been postulated. 

(i). The pcnver law. 

(ii). The exponential (or logarithmic) law. 

(iii). The Prout-Tompkins equation. 

(iv). The modified Prout-Tompkins equation. 

They are~-

( i)/ ... 



- 10 -

The growth of nuclei can be considered as follows: ·-

Lot r = a size parameter 

= the length of the nucleus for one dimension, 

or = the r~dius of a circular nucleus or side of a square 
nucleus for two dimensions, 

or = the m::;an radius for three d5JMnsions. 

Let G( t) = a grm.rth function. 

Then the size of the 1mcleus which commenced growing at t = y is 

r(t,y) =it G(x) dx 
y 

•••••••••• lllll l ll t ODOCIDI II OIIIIIIJDI•D 

Thus, the volume of the nucleus is 
A. 

v(t, y) = () ( r (t,y) ] • •• •o- • ••••••• • •• • o•• • ••• • ••••• 

where o- = a shape factor = 1 n for a spherical nucleus. 

. (1.16). 

and -· 1, 2 or 3 depending on the number of dimensions of the 
nucleus. 

The totcl val~~ of all nuclei, Vt, at time, t, is therefore 
(: 

v (t) = 1 'lf"'(t,y) r ~L....,. dy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. 

which, on substituting in equations (1.15) and (1.16) becomes 

v (t) =fer [ jt G(x) dxJA [ ~~] dy • • ••••.• 
0 y t=y 

dN 
Whe~ dt or its appropriate form, as well as 

(1.17). 

(1.18 ). 

G (t), is known, we can evaluate V (t) and hence the degree of decompo-

sition. For exam~le, assuming a power law nucleation and a constant 

growth rate, the degree of decomposition can be shown to be 

ex: I ... 



where 

ana 

* c 

n 
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• • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 •••• 0 •••••• (1.19) • 

= a constant 

= B +A 
SinceOC = p/pf where pis the pressure of evolved gas at time, t, and 

Pf is the final gas pressure, equation (1.19) becomes 

p = C t n • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ( 1. 20) • 

Aged mercury fulmina.te24 has been shown to obey 

the power law with n = 3 i.e. spherical nucl ei are formed. For the 

formation of compact, spherical nuclei according to a linear law, n 

should be equal to 4. For aged silver oxalate a value of n between 3 

and 4 was found, corresponding to a mainly two dimensional growth with 

some tendency to form compact nuclei. Small crygtals of barium styph­

na-te monohydrate25 decompose rapidly on dehydration, l eaving an open 

lattice in which nucleation is rapid; i.e. n = 2, two dimensional growth 

occurs • 

. (ii). The exponential law. 

The decomposition of some substance&. notablY 

mercury fulminate10 and silver oxalate16, cannot be explained by the 

above theory. Garner and Hailes10 derived the concept of linear 

branching chains to apply to these exceptions, and further postulated 

a consta.nt branching coefficient, k2, assuming that the rate of nuclea-

tion is effectively constant. Hence the nett rate of nuclei production 

is 

.9N 
dt 

= k 1N + k f ••.. c • • ••• • ••••••• • ••••••••••••• • •• • ( 1. 21) . 

from/ ••• 
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from which it can be shown that, 

P C le k2t • ••• • •••••••••••••• • • •• • • • • • •• •• • •••• (1.22) . 

The linear branching chains would, however, 

separate the crystal into mosaic blocks which would decompose slowly. 

This led to the postulation of branching :plate-like nuclei. 

eral e~:ponential relationship still held. 

(iii), The Prout-TomQkins egu.ation. 

The gen-

In the above treatment, however, interference 

of chains during growth was neglected and Prout and Tompkins15 in their 

work on potassium permanganate evolved the following mechanism to allow 

for this factor. 

It is assumed that there are N
0 

nuclei originally 

present in the crystal, consisting of molecu.les of r eactant whose decom-

position is highly favoured. They are present mainly on the surface 

but some may be present within the mass e.g. at internal cracks. The 

reaction is therefore mainly initiate~ on the external surface, and leads 

to the forr_aation of an array of product molecules which, in general, have 

unit cells differing in geometric form and dimensions from that of the 

reactant. The effect of such an array of product molecules ¥Till result 

in the formation of lateral strains similar to those result ing in the 

formation of Smekal cra~26 but of a much greater magnitude. These 

strains produce cracks, at the mouths of which nuclear formation vrill 

be fo.\"Voure d. The result is that, as the reaction proceeds, the inner 

surfaces of the crevices will be progressively covereCl. with product mole-

cules of different dimensions. This array will produce ~ther cracking 

perpendicular/ ••• 
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perpendicular to the inner surface. The evolved OX1Jgen escapes through 

the crevices created by the penetration of the reaction into the crystal. 

It is therefore thought that the production of planes of strain or de-

formation are brought about by the surface array of product molecules ; 

alonz these planes the deformation effect of the product on the electron-

ic structu.re of an adjacent molecule of potassium permanganate -vlill be a 

ma;~il'!IlJ'Il and here decomposition is favoured. Such deformation can be 

tr.;mc~Jitted over short distances by induction s.o that there will be a 

nu.mber of potentially reactive reactant molecules associated with su_ch 

planes and, on the average, there will be a certain time intervc::.l behveen 

the creation of the conditions necessary for reaction and the actual de-

com) osi tion of the molecule. The depth of such planes can be regarded 

as bei11g fairly constant, at least in the initial stages, since thoy will 

be extended at the forv.1ard ecl.ge at the same rate as the reaction proceeds 

at its rear. 

Now, if k2 is the probability of branching occur­

ring and if k3 is the probability of termination of the nuclei, 

dN 
dt 

(k - k ) N 
2 3 

• 0 •••••••••••••••• 0 • 0 •••• (1.2lij. 

s~on cfter the reaction commences, the potential nucleus forming sites, 

(N
0
), exe exhausted and equation (1.21) becomes 

dN 
dt 

::: .......... .... .... ........... ..... (1.22A) . 

The r~te of decomposition, doc/dt, may be supposed to be proportional to 

the nu.mber of nuclei present i.e. 

•••••••••••••••••••••••••• • •••••o • ••••• • •• (1.23). 

For/ ••. 
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For a S}'T!li •. et~ice.l p/t curve, :.s for potassium permanganate, cer'C,ain 

b')u,ndary conditions may be applied s ince, at the inflexion point, ·.(. i :::: t, 

Thu.s, 

at t = o, ()(, = o, k3 • = o • 
• • 

at t = ti, ()C. ·- oc. 
J. ' 

= _1_ 

2 ' 
d e£/dt is a maximum, 

and k2 = k3 since dN/dt changes sign. 

i. e . the bou.nda.ry conditior.. is 

•• ••••ooo •e~ooo o •oo o oo oo• o oooooa o ooa 

Hence equation (1.21) becomes 

dN = k 
dt 

2 [ l -

or 

*] 1 
N • •ooooo oooo oo o oo o oooooo 

k 
where K =2 

kl 

On integre.tion of equation (1.26) we obtain -JJ •••••ooooooooooooooooooo•• 

20G.i 
N = k 

and using eqLl,ation (1.23 ) this transorms to 

dff./ = -dt 
Letting Ct • 

1 

or, 

log ....2L,. 

since 

log 

1-0(, 

oc. 
p 

p - p 
f 

:::: 

= 

= 

= 

•••••••• 0 ••••••••• 0 •• " •••••••••• ., 

t, on integration -v1e get 

k2t + 02 •••• • ••••• 0 •• •• • • • •• •• ••••••••••••• 

PIP.:-
"' 

k2t + c2 ••• • •••••••••••••• • •••• •••• • • .,0 ., •••• 

Eqt1ation (1.30) is known as the Prout-Tompkins equation and has been 

(1.24). 

(1.25). 

( 1.26). 

(1.27). 

(1.28). 

(1.29). 

(1.30). 

found valid f or potassium permanganate15, nicl(e1 formate27, annnonium 

perchlorate/ ••• 
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perchlorate2S, caesiun anc: rubidium permaneanates29 and lead oxalate36 . 

30 With silver permanganate, Prout and Tompkins 

found that equation (1.30) could be applied to the acceleratory period 

only u~") to rx: ~ 0.1, but thRt the results \-Jere vTell fitted by a modi-

fied form of thin equation. ThiG equation rcoulto when the branc·ung 

coefficient, k
2

, h not constant bu.t v:~ries inversely with time, so that 

• • • • • • • • • • • • • • • • " •••• •••• ••••• •••• ••• 0 • It 

: quo.tLm (1.25) 1.vou1d become 

dN 
dt 

- k 1 ( ) - ___?__ N 1 - 2oc •••• ••••• •• ••• •••••••••••••• 
t 

whenc· 

= k 1 (1 - 2cx) 2 doc 
dt 

• • • •• •••• • ••• o • ., •• •• ••• • •• 

Integratirc both sides of equ~.tton (1.33) we have} (since Oc = o 

at t = o), 

and 

t .<1"&. - a./ = k21 (ex. - oc2) 
dt 

• 
• • 

log-~= (k2
1 + 1) log t + c1 

(k21 + 1)- k~loc 

which r3duces to 

lo:j ()C.. = ---
1 - 0C 

··········· ···· "·· ·· 

when 1c2
1 is very l arge, i.e. t is very much greater than J../k2

1 • 

Since = p/pf' equation (1.36) becmmes 

log/ ••• 

(1.31) • 

(1.32). 

(1.33). 

(1.34) • 

(1.35). 

(1.36). 
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log _P __ = k 2
1 log t + 

lJf ~ p 
(1.37). 

The induction period, where present, has r eceived 

relatively little attention. This is probably the most diffic1.1lt ?al~t 

of a c~ocomposition to explain. In the decomposition of the perma.n;5anates, 

Sole31 considers that the induction period represents the time during 

Hhich t~;'3 ) roduct is ei thel' forming or thickening on the surface of the 

crystu.l. When the strain created by this coating of product is high 

em)u.gh, cra cks occur in the reactant ii1terf,.:.ce and the accelera.tory per~· 

iod be~ins . 

In the cas e of azides and hydrates, the induction 

period is assumed to represent an abnormally slow growth of nuclei due 

to high interfacial tension and c onsequently a high activation cnerey 

for nucleE'.X groHth. 

!he dec~x period. 

The exte.nsive overlap of compact nuclei in the 

later stages of any solid decomposition results in the formation of a 

contracting interf ace of complex shap:J, enclosing blocks of reactant. 

I f the interface remains intact, t he Avrarni33 - Erofeye~4 equation, 

= (1.38). 

holds . 

Groocock and Griffiths35, in their work on 

OG - lead azide, showed that the decay period followed from the point 

of/ •• , 
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of coalescence of the increasing nuclei on the crystal surface, and 

subsequent decomposition \-Tould be controlled by the rate of ~enetr.tion 

of the lead/lead azide interface into the crystal. 

cence, the ~articles can be considered to be identical spheres of un-

decomposed azide, surrounded by a metallic layer. 

If the interface moves at a constant velocity 

i.o . dr/dt = -k5, where r is the radius of each sphere at time, t, the 

rate of decomposi tio;1 is 

~ 
dt 

= 4rrr2 (dr/dt) cp ....... ................. ..... (1.39). 

where c is the nu.mber of particles in unit weight of the ::::o.mple and. f 

is the cl.e!lsity of lead azide. If the radius of the ~rticles is a at 

time, cr-- , it can readily be shmm that 

= •• 0 0 • (1.40). 

1 

and a plot of (d OC/dt)2 against t should give a straight line, as was 

ex~""e:cimentally found in this case. These facts and the supporti~~ 

evidence, e.g. the micros0opic evidence for a lead/lead azide int3rface, 

incl.ic::te ..:t contractillG intorf?.ce mechanism. 

In the thermal decomposition of potassium per~ 

nw.nganate, Prout and Tompkins15 suggested that, dttring the decay ~riod, 

the rate controlling factor becomes the number of remaining, Ulrreucted 

pott.sr~ium permanganate molecules, which is proportional to (Pf - p). 

Not all these molecules are favourably situated for decomposition, since 

this requires that a molecule of ,roduct be adjacent to an unreact8d 

potassium permanganate molecule, because contiguity facilitates decom-

position/ ••• 
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position. Therefore, the rate of r0action is 

dp 
dt 

:::: k6 ( p f - p) 6 ... . ................. .. .. .. ... . 

where b ctenotes the ~robability of this favoured situation. From 

geometric considerations based on the tyne of branching postulated, 

it in reaCJJnabl8 to assume that S is determined by the f'raction of 

the ?1<' ·.1ber of ·?rodu.ct molecules to the total number of all molecules 

pre.Jent, i.e. by ·~:>/pf - this has the desired property of approaching 

unity as ·1 tencl:J to Pf• Thus, during the decay period, 

dD 
~ 

dt 
:::: k6 (~f - p) p 

Pf 

• • •••••••••••••••• •• ••••• 0 •• • •• c 

which, on i ntegre.. tion hetween limits, reduces to equation (1..30) ex-

(1.41). 

(1.42). 

cept thc.t k2 is re.Jlaced by ~· This treatment has been successfL1lly 

applied to lead oxalate36 and ammonium dichromate.37. 

In certain cases , notably the loss of water 

froru. hydrates, r ates can be predicted by simple geometrical considera-

tions. Thus, for cop'1er sul'lhate pentahyclrate.38 , the linear rate of 

interface Jropagation m?.y be derived by the ap~lication of a contract­

ing rect~,lar parallelepiped formula.39. 

If l is the length of each crystal, d1 the 

thic1:ness , and, v, the volume of each crystal, (l.d), and, if t is the 

time e.fter t.hn arbitrary zero, and u i s the linear prop:tga tion r ate, 

then 

:::: v- (1 - 2 ut) 2 (d - 2 ut) . . . . . . . . . . . . . . . . . . . . (1.4.3) • 
v 

or/ ••• 
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= .2 ut (12 + 2 dl) -:_ 4 u2t?-( 2 1 + d) + 8 u.3t.3 ..••• (1.44). 

12d 

The dehydration of nanganous oxalate trihydrate.39 has been success-

fully treated in a similar man'1er where, however, over the decay 

;~riod~ reaction particles are assumed to be spherical. 

Such an elementary consideration neglects the 

fact tr ..... ~.t in r. decom,osition, m,cleation need not occur simultaneously 

in 2.11 crystaln. Account has been taken of this in the dehydration 

of c,-:>.lcj_um carbonate he:x:-.hydrate4°. Microscopic observations of the 

decomposition of thin plates of the hydrate under water sho"\.-r that a 

crystal does not di!llinish in length and breadth but rather in t hick-

ness. Coupled with an almost negligible induction period, it follows 

therefore, t hat, since th~ t ime interval from the incidenc0 of nuclea-

tion until com~_)lete surface coverage is negligible, nucleation occurs 

simultaneously in the upper and lower parallel faces, and the result-

i ng interface traverses t he crystal before noticeably spreading from 

the vertical faces. 

The overall reaction rate, consequently, can 

be derived as f ollows:-

Let there be n
0 

crystals of uniform shape and 

s ize in the form of thin plates of thickness, d, with upper and lower 

parallel faces of area, A. The reaction interface proceeds H'i th a 

linear velocity, u, in a direction perpendicular t o the major faces. 

The number of crystals nucleated at a time, t, 

from the start of the reaction, in the interval, dt, is ~n0e-k7t dt. 

Now/ ••• 
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Now e:t. a time, t~, the volu.me of resultant, dv, produced from a crystal 

nucleated at time, t, is 

dv = 2A u ( t2 - t) •...••.•..•.• . ••.• • .. . .•••.••••• (1.45). 

and thuc for llt particles nucleated at time, t, 

~2 -lVJt 
dV = 2A u n0 1c7 j ( t 2 - t) e dt • .• •• •.• •• • 

0 

(1.46). 

= 2A u n
0 

(t2 + e-k7t2 - 1) 
• • " . .... 0 •••• • ••••• (1.47) • 

~ 
But, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (l.4S) • 

~Ience 

( -k7t2 ) = ~ t 2 + e - 1 
d - · k 

7 

•••••••• 0 ••••••••••••• (1.49). 

1-1hich i s valid until t
2 

= ~ , when it is assumed that the crystal Hhich 

\.faD nucleated at zero time vTill be completely decomposed. After t 2, 

the VE>.lu.es given by the equation will be greater than the true values , 

the e:wess at t
3 

(greater than ~ ) , being eque.l to the decomposition 

occurring in the interva 1, 

t 

i.e. the exceGs equals 

2u 
d 

-~ r 
- d l 

L 

...................... ( 1. 50) . 

(1.51). 

Thus the fractional decomposition at time, 

+ e-lc?t.2_J2_- ekd/2u)]·. . .......... (1.5~) • 
k7 

or/ ••• 
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or 

oct3 - 1 

whic~1 only applies when t is greater than ~. 

k7, the nucleation constant, is obtained from 

• • ,. ••• 0 ••••••••• (1.53) • 

log10 (l-ovt3):::- 0.4343 k7t 3 +C7 ...... ........... . . . (1. 54). 

Apart from a slight deviation in the early 

ste.'"'es of the decomposition, attributed to the assumption of instant-

aneous surface coverage of the crystal after nucleation has begun, the 

agreement bet1r1een the theoretical and the experimental curves is good. 

The foregoing considerations on nu_clear growth 

enable one to deduce, from the mathematical analysis of the p/t plots, 

the 9rogress of the reaction through the solid. It is posnible to de-

f"Ln0 the existence of two di:'lensional or three dimensional nuclei, grow-

ing from (i) a fixed number of centres or (ii) from centres H·:1ich are 

increasing i n nu.mber as a -~oFer of the time. Similarly, if the nuclei 

grol-7 by a branching chain mechani.sm, the mathematical equations descri-

bing the characteristics of the p/t plot will indicate this mechanism. 

For a large number of substances such as the permanganates and certain 

o~~D.le.:t.es, it is not posrible, as yet, t o describe the reactions accom­

nanying the progression of the reactant/product interface, or to des-

cribe t~1e exact mechanism 1-Jhich gives rise, in the first instance, to 

tie nucleun of product. However, this shortcoming has been largely 

overcone with substances which are sensitive to ultra-violet light or 

cathode rays. 

Historically/ .•• 
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:Iistorically, this important develo"J?ment was 

initj.ated by the stu.dy of the photolysis of silver bromide by Hott and 

Gurney22• They concluded that, on illumination by light of a definite 

wavelength, the solid absorbs a photon with the formation of a free 

c lee tro,.1. This results in a positive hole on the surface. This hole 

:f·Jrmc a neu.tral ;.Jromine atom which is then absorbed elsewhere on the 

su.r:faco. I'he electron is mobile and becomes tra)ped on the surface 

where H :roo.cts \·lith a migrating interstitial silver ion from d. Frenkel 

def;ct to form a silver atom. When a second photon fa Us on the sur-

fw.ce, the hole produced forms another bromine a torn which combines -v1i th 

the one previously formed and bromine gas escapes from the ourface of 

tho solid. The remaining electron adds on to the silver atom to form 

Ag-which attracts another interstitial cation to form Ag2 • This pro-

ceus is continv.ous and the silver spec~~s, initially formed, groH in 

. ize. 

Mitchell4l extended this wor!c to include the 

effects of impurities on the formation of nu.clei. Sheppard42,43 had 

put forward a theory of the formation of 11sensitivity specks 11 of sulphur 

from tha gelatin emulsion on the surface of the solid. These, then, 

actoc'l e.s nuclei during the :photolytic process. The ;;specksi1 were 

thought to consist of minute crystals of silver sulphide. Mitchell 

sU.Gf,eGted -Ghat the silver halides dissolve silver sulphide which ioni-

sec in the solid to form a s- ion and an F-centre. Plate-like aggrega-

tes of colloidal silver are fanned and, if sufficiently large, breru{ 

away from th.-" halide na trix . These aggregates correspond t -.) the 

11sensitivity/ ••• 
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11 sensitivity s-peclcs u of Sheppard 1 ,s theory. On illumination, the trans-

ferencc of electrons f r om the F-centres to the a~gregaten starts a pro-

cess uf ionic migra tion. The aggregates thus increase in size. The 

i 0nic ~i~ration process may be summarised as, either a transport of 

22 cc.. ti-:ns as described by 1·iott and Gurney , or the motion towar iJs the 

ce.\1tre of vacant anion sites which may resPlt from the removal of elec-

trons f1~o;-,1 F- centres or \-Ihich may initially be present as Frenkel defects . 

The transfer of these concepts to the field of 

thcr:ual decompvsitions viaS done by Hott44 in his work on the decomposi·· 

tion of barium .~z ide. Bc.rium a zide i s considered to be an ionic c on-

ductor at room temperature. In the thermal trea tment, the el ectron 

traps are produced by a surface evapor ation of azide ions curing the in-

auction ~)eriod, resul ting in a s low linear evolu.tion of nitrogen 1..rith 

t . d . this . d t . . d 20 
1~e , ur1ng ?er1o • cp., po ass1um az1 e • The su.rfa.ce evapora-

tion fre0s met al atoms 1.rhi ch r;o into solid solution. Since these will 

ciG~c~iute , the effect of hc~tinc is to increase the concentration of 

interstiti a ] ions already present and a l ::; o to provide free electrons . 

Theoe electrons are finall y trapped a nd the nuclei grow by a process of 

electrolyfJis . 

Hue lei formed in silver bromide , by the trap-

ping ::>f an electron and tho subsequent attfl.chment of an ion, are not 

sta ble over i ndefinite 9eriods , since t he electron will escape and 

thus the centr::- is destroyed. Stability may be achieved, however, 

if nn·)ti.1er electron e.ttaches itsolf to t he atom before the first es-

cc:>..pcG, i n 'Thtch case, the nucleus will have a chance to bu.i l d i toelf 
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t~) t.o a o i ze so large that it will be stable. Exactly the same thing 

may be GJqected to hap:1en in barium a~ide, and Mott has shown t l1..at the 

rnr:1ber of nuclei, Nt, pr esent a t t ime, t, will be given by 

n + l 
t 
n + l 

............................. 
Hhere S is t he su.rface area of a crystal, Q, a ·constant at a given 

tempe~ature, V, its volume and, n, the number of electrons necessary 

(1.55). 

to f orm a stable nucleus. For barium azide at 100°C, Nt is proport-

313 
ional to t , i.e. n = 2, or a nucleus of two electrons a nd one inter-

s t i tic>.l i on is stable. At higher temperatures, Nt varies as a higher 

porTer of t, corresponding to a much larger nucleus. 

Ultra-violet light increases the number of nuclei 

observed a fter a given ti:ie and also the value of x in p = Ctx from 6 to 

8 . 'l'he firs t e ffect is in accord \-lit h r'iott 1s theory, since ultra-violet 

l ight c.1.1Ges ?, surface evapora tion of azide ions and thus increases the 

ex:i.;:d;in_-:; number of electron traps. The higher value of x is due to an 

incl~ease i n th~ number of barium a.toms required to form a nucleus as a 

r esult of irradiation, according to Garner and Maggs4. They suggest 

that t he ult ra-violet light increas es t he number of centres a t 1<1hich 

nu.clei can be formed linear ly with the time of illumination, ~ . The 

nv~ber of nuc l ei created during therma l treatment wi~l, therefore, vary 

p 
as ti' where (p - 1) is the number of barium atoms required to form a 

s table nucleus ; is then equa l to 

constan·i:./t . p + 3 
~ 

•• •• • • •••••• • ••• • •••ooooo -:o • • • • (1.56). 

\vhere t i :ts the length of the induction period .. 

For/ ••• 
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For pov1dered strontium and barium azides, the 

slo?S of log C:' /log ti is 8 - 9, i.e . 4 - 5 barium atoms are required 

to form a stable nucleus~ the figure of Garner and Maggs (4- 5) is 

thus apparently in error, since 2p must represent the nu~ber of bar-

it1m at.oms in the nucleus. The correct value (2 - 3) then agrees well 

with the V<.lue of x = 8 found by use of the equation p = Ctx. After 

prolonged illumination, the value of x falls and approaches the value 

of 3, due to the formation and growth of nuclei by light. The volume 

of each nu.cleus and, therefore, the pressure, will then increase as t3, 

during heating. 

Thomas and Tompkins45, however, discarded Eott 1s 

theor:r for barium azide since the azide did not show photoconductance. 

Consequently, the production of free electrona was unlikely. Its con-

ductance is due mainly to anion migration. They concluded that the 

grm:th rate of nuclei in the solid was far too high to be accounted for 

by an~~ mechanism46 involving both cation and electron processes. They 

proposed instead their exciton theory outlined on page 26, paragraph 4, 

of this thesis, where the effects of pre-irradiation are considered. 

Mitchell's41 theory~invo1vcd the aggregatj_on 

-of F-centros preSfi!~t initially in barium azide because of co3 impuri-

j es. The approxi':"na. te mobility of these F-centres would be given by 

constant. c. -E/RT (1.57). e 0 .... 0 I • 0 • •• •• a G 0 •• 0 0 •••• 0 

where c = the concentration of anion vacancies, 

and E = the activation energy for their mobility. 

The rate of formation of double F-centres would therefore be 

constant/ ••• 
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-E/RT 2 
constant. c. e K o e G • e • • e ot • e e e 0 0 e • e e •• 0 0 

1-1here K the concentration of sj_ngle F-centres at t = 0. 

The nn:nber of double centres formed after a time, t, is 

constant. -E/RT v2 t 
C. G o .n ... 

If N constant. t3, then for a four centre complex nuc-· 

leus the number present is 

constant. c3 -3E/RT 1.4 t3 c • \ • 

The above theories for the decomuosition of 

h ... rium azide ~{erve to illustrate the method of approach vrhich can be 

(1.58). 

(1.59)' 

(1.60). 

a c1optec1 for light-sensitive solids - an atJproach which has been sing-

ulal~l/ .Juccessful in explaining the photographic processes and the 

ti-1er .u l and photochemical decomposition of s ilver oxalate, potassium 

azide 2.i1d cuprous aziai~7 • 

An inadequate cxpl...:.nation of the ;)h~,..,_,ical 

c.har...tctoristicc:: of nuclec.tion often rJSl1lts on consideration of the 

f actJ obtained from 11strai ght11 therr.1al decomposition::;. Hrn-.reve:c, the 

indu.ction period and subrequent decomposition of certain solido, notabl ? 

the azides, i .s affected by pre-irrad;_ation, and the results have J iven 

us a clearer picture of nucleation processes. These effects 1-1ere in-

itially studie~ by Garner and Moon48, and Magg~49. They found a de-

crease in the length of the indu.ction pertod and an increasing reaction 

rate for barium azide on pre-bombardment of the solid by electrons. 

Thomas and Tompkins45 studied the effects of 

ult ra-violet light on barium azide. Barium azide, on decomposition, 

yields/ ••• 
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}i.o1ds nitrogen, the pressure of "\-Thich ca.i.1 be expressed a.s a function 

of th.:: hcatin::; time, t . viz:-

p = C. (t- t 1 )n . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . ~ .. (1.61) • 

= a constant 

= the slo'I-T grm.rth cor rection 

and n = the slope of the pl ot of log p against log (t- t 1) . 

If 't' vT::'.S the irradiation time, it was noted tha.t ultr a-violet pre-

h'l~o.diation increased the value of C to C--c; , which 1.,ras found to be pro-

:)m7tj_onEl.l to I l: where I is the intensity of the irradi ation. Ul t ra-

v:LJlet ·:)re-irradiation also shor tened the induction per iod . 

The product of pre-irradiati·Jn is uncot1btedly 

an anionic vacancy as sugbested by Mott44. During irradk~tion, an 

olect:L~on is ejected from a surface azide ion and is trapped at a deep 

i:.1:9Uri t:r centre . The mobile hol e is trarmed at a cation V?,Cai1CV Phere 
- ~ v 

it may react vrith an activated adjacent anion to give gaseous pr.x'\t~ct , 

formiP..g an anion vacancy and an F-centre. The F-centre is Gestroyed 

duri.i.'lg tho 1.-1arming up period preceeding thermal decomposition, by its 

Gl~ctron tunnelling to other mobile holes present at the surface, giv-

iP~ an azide ion and a further anion vacancy. The acceleration of the 

thermal rate is due to the anion vacancies rendering the F-centres creat-

ed ther!!lally, mobile, thereby allowine; them to form nuclei. As the 

nu~ber of impurity centres i s l i mited, for larger energies of pre-irrad-

iat ion ·che anion vacancies compete for the ejected electrons, and F-
; 

cnn0rc8 are formed . For a low value of I l: , the establishment of sit3s 

for nuclei formation is initially proportional to I~ , and, f or those 

nuclei/ • • • 
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nuclei vrhich gro\o7, the r JS1Jlti!lf, mechanism in the subsequent ther.nal 

process is unchanged. i.e. 

p = c. ( t - tl )6 
llil•••••••••••••••c••••• • f!•••••• •••• (1.62). 

Larger energies result in F-centrc formation 

anc1 those 1-1ith e~:isting vacancies are rendered mobile and either C in-

croc:.:::er:. more ra)idly than li.noar with I or, n decreases finally from 6 

to 3, s:. ;.1Ce the ther1:.al process during irradiation is such that nuclei 

aci~regation predominate:3. 

Gr.oocock and Tompkins5 made a det~iled study 

of tho bombardment of sodium anc barium azides by electrons . They 

concluded that, f or pre-irradiation, the primary effect of the treat-

ment Has an increase in the concentration of the sites of anionic vac-

ancies at a r~te proportional to I~. These \~cancies are responsible 

for the movo~ent of the F-centres produced in the the1~l decomposition. 

The greater the anion vacancies, the greater the mobility of the F-

centre8 and thG faster their agGregation rate to form nuclei. 

However, for variable electron flux bombardment, 

the followine discrepancies arose:-

( i) :::'or the bombardment, C increases as the square of the electron 

flu..x ( i; and then becomes constant, inc.ependent of i, but for 

pre-irradiation, C varieD with I 1r. 

(ii ) n remains a~proxin~tely 6 for all pre-bombard@ents, while 

n = 6 for small ultra-violet irradiation energies only and 

tends to 3 for high I L:, 

'.1'hese difficulties were overcome by considering 

that/ ••• 
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that, cince no m.1clei are created during pre-bombardment (n = 6) and 

el.)ct:ron ejection from the azide ion is the primary act of the beam, 

oufficient energy for photo-emission is available. Because of the 

lar~e electron eY.cess present, surface anion vacanci~s arc converted 

to F-ce .. 1trcs which, hmnver, are rendered stationary, since their mobi-

li ty ~'e·-,ends on the sirml-Ganeous presence of anion vacancies. Hence 

m'cleus for~:~ation is Ltprobable . Regeneration of azide ions and 

vac:· nc5.es results during warming up from holeD and F-centros. These 

va.cc.ncier: 1.,1hich Here greatly increased aft3r the irradie.tim1 process ~ 

asoj_ctc·:'!. i n accelerating the therMal reaction by nucleus formation. 

S inc-:) their increase depends on the square of the beam current, they 

indicated that a bimolecular process '\VOU.ld occur '\vhich involvec1 a l;air 

of ) OSiti ve holes. 

Neutron, electron nnd gamma~ray bombardment of 

seve:·al in'.)r:;anic azides '\·Ias ca rried out by Bowden and Singh
6

• They 

fou:1c' docroased induction periods and an increase in the maximum r ate 

11hon lit:tium azide was bombarde0 with thermal neu:trons. 

ho-vmver, was mainly concerned with the proble::n of 11 hot spots ;; in ex-

plosiv')s. 

Prout and Tompldns18 found that, f or mercuric 

o~2latc , a higher initial rate of decomposition resulted from Jlectron 

pre-bombccrc~ment and ultra-violet pre- irradir.ttion, when the ·G1atcrial vJas 

This suggested a saturation of surf~ce effects, 

fror!1 vThich thef concluded that pre-irradiation affected the indivi( ual 

molecules, and that it penetrated at least two or three molecular layers . 

The/ ••• 
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The ~~imarx.~ct of the irradiation is the emission of an electron from 

the su.rface oxalate radical, and its subsequent capture by a :.1orcury 

i on in the second rnolccul.:~.r layer i.e. electron transfer follo;,red by 

an intramolecular change which resulted in the formR.tion o:: :-11ercurous 

o::c.:Llate . Thus no evolution of gas is necessary or was found. 

The decomposition of CX::-lead azide after :;.)re~ 

irradi....tion by X- rays, was studied by Groocock50 who found similar 

efiects to those found for barium azide. After the initial increase 

of tho r:1a.."{imum decomposition rate for small irradiations, a decrease 

in the r.1a:xi mum decomposition rate with increased dosage uas found. 

Flanagan51 observed no effects by g~mma-rays 

from 60co on the subsequent thermal decomposition of lead styphnate 

monoh •rdra te • Ho;,rever, the decomposition rate was greatly influenced 

b:y net1.trons" and he presumed that the fast particl es cause0 .. such rad~· 

iation dama~e that decomposition began from a large number of evenly 

distributed sites. The unirradiated material decomposed from 2. SEi-.:.11·· 

er number of sites, proceeding via grain boundaries, crac!~ 2nd other 

defects of a more localised nature. No detail ed explanation of the 

eff~cts was g iven. 

Prout 7 found unusual irradiation phenomena in 

his ctudy of the thermal decomposition of pre-irradiated potassium per-

manganate crystals. Irradiations were carried out in B.~.~ . P.O ., t he 

thermal column of B .E .P .0. and in a 60co 11hot spot11 
• He evolved a new 

approach to the ideas of radiation damage by statinG that the a ccelera-

t ion of the decomposition was caused by the formation of 11radiation 

1 · n/ nuc e~ , ••• 
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These appear to be independJnt of nuclei 

ordinarily operative in the unirradiated solid . ::Ie su~gested an 

am1ealinz mechanism for the point defects over the induction period. 

Prout c.nd Sole52 extended this theory to silver permanganate and found 

thc:1.t the 2.ctivation energy for point defect migration over t he induct-

ion -;er lod is 1. 09 e V. X-ray studies indicated strain and fragmenta-

·::.i.Jn \vi thin the irradiated crystal at the end of thn induction period. 
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2. PREVIOUS lrWRK ON TIL~ THERMAL DECOMPOSITION OF SILVER OJ~IDE. 

Lewis53 studied the thermal decomposition 

of several prepal~a tio:1s of silver oxide in oxyg·en at atmoS)l1eric pres-

sure. He measured dp/dt values at various times for the decompos itions 

at ter.:1~1eratu.res in the range 320°C -3500C. The reaction system was 

co-1nocted to a differential water manometer -vrith 1-rhich pressure::; io~ore 

He particularly stated that the rapidity and temperature 

of drJ~ng of his preparations had an influence on the decomposition rate. 

He considerec the reaction to be autocJ.talytic; 

being dependent on the amount of catalyst present. The reaction rate 

incr8QSed with increased temperature and the reaction obeyed the re­

lationship 

dx/dt = kgX (1 - x) • 0 ••••••• • ••• • ••• •• •• • 0 •••• 0 • •••• 

where x is the fraction of silver produced. 

The temperature coefficient of the velocity 

cons tants viaS measured, fro111 which a value of the activation energy 

was cc.lculated as 31.8 kcal.mole -l. 

(2.01). 

Initially, he used Merck's silver oxide, one 

s pecLnen of which decomposed with extremely long induction periods. It 

was i m:)ossible to repeat this determination with any other specLaens. 

His first Merck preparation took 24 hours to decompose completely at 

327.5°C1 while the decompositions of other Merck pre_pg.r ed silver oxide 

specimens were co~pleted in three hours at 340°0. Reproducibility on 

any one specimen was not obtained; varying maximum rates, tDnes for 

complete/ ••• 
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c om?lc t e deco·:i:>os ition, and other abnormal irregularities were fat1nd 

for decom;.JJsitions at a particular tem!)erature. He suggested that 

the rec..so~1 for this might be due to the pres3nce of impurities or to 

vari e:GiOi1S i n the physica l condition of the prnvder, e.g. gra.in s ize. 

vTell. 

Three l a boratory preparations -vrere used o.s 

They were:-

(i) • Sodium carbonate solution was :1dded to a dilut e silver 

nitrate solut ion; the s ilver nitrate used vJa s twice re-

crys tc llis e<'l • The ··1recipitated carbonate was then wash-

ed b ;>:- r epeate(l decantation with distilled water ; the final 

washings took 24 hours each. The pr:::cipitate was then 

dried for 24 hours by heating at 240°0 to remove all water 

and carbon dioxide. However, no details were given of 

storage or of subsequent handling of the preparation. 

( i i). A dilute solution of the silver nitrate prepared above, was 

added to a cle~r solution of barium hydroxide, both solu­

tions being l:ept at room temperature. 

(iii). As for (ii) above exce) t that both solutions were maintain­

ed at l00°C. 

For preparations (ii) and (iii) he stat ed no 

more than that the reaction wa s completed with the exclusion :".if carbon 

dioxide . 'l'he precipitates were carefu.lly washed, and drie( at 2400C, 

but age.in, no deta ils of handling or storage of the samples were given. 

Ho obtained a slrn·T maximum rate of clecomposi tion; 

slower than an~r previous f!ecompositions which he had examined. The 

oxide/ ••• 
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o:.;i De ·)re·parcd in the colcl decomposed even more slowly than preparation 

(iii) above. 

Hood and i.'iu.rphy54 used e s sentially the same de~ 

com) OS 5_ tion procedure as Le1<1is, but with the difference that a ir r e-

plac0d oxygen. Lev1is r results were verified. The method consisted 

of in-timCJ.tely mixing 0.01 g . of electrolytically precipitatec1 silver 

with 0 .15 g . of Mallinckrodt 1s U.S.P.IX silver oxide. The mixture was 

allm1ed to stanc~ exposed to the air while the apparatus heated U~). Rate 

curves were plotted, the rate being measured only aftsr an initial 10 

minutes had elapsed. 

The equation, 

ln x/(1 - x) = ~t + c 
9 

••••••• • ••• 0 0 • •• • ••••••• ••••••••• • (2.02). 

was derived by integration of equ~tion (3 . 01) where x is the fractional 

n1.l!JOer of !!!oles of silver oxide decomposed and k
9 

is the reaction rate 

c onstcnt. 

This equation vTas applied to the rate plots. 

Fro'1 the values of k
9 

at various temperatures, an activation enerc;y of 

25 . 6 1 ~c.:..l. mole-1 1o1as obtained. The r atio of rate constants per 10°C 

te·.·,:?Elratu.re difference vTas l. 50 compared to till:.t of the va lu.e of l. 53 

f ou.:.1d by Le11is. 

Benton and Drake55 prepared an active silver 

surface by reducing pr·3Cipitated silver oxide with hydrogen at low temp-

eratu.re~. The;r investigated t he oxidation of this silver and also the 

diss ociation of the surface oxide layer. They obta ined dissociation 

at about 200°C. The therma l decomposition obeyed the normal interfa ce 

relationship/ ••• 
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relatioar3~1ip for balanced reactions at a constant interface i.e. 

d{ o2 ]/dt = ~0 (1- p/pe) • .. · • · • · • • • · • · · • • · • · • • • • • • • .. • • ( 2. 03). 

''here p is the pressure of the oxy~en at time, t, and Pe is the equ.ili-

briur,1 dissociation pressure. They derived values for the activation 

energies of both the foi'vJard and reverse reactions of; 

= ................................ (2.04). 

and found that they differed by the heat of reaction. The energy of 

activation for the forv1ard reaction was 35 - 36 ~:cal. mole -l. 

Pavlyuchenko and Gurevich56 prepared silver 

oxide in C<'.rkness but in the pres::mce of air (at 5°C), by the addition 

of an o..c;,ueous solution of potassium h;rdroxio.e to an aqueous solution of 

'1 • • t ~ L '"°C s~ ver m. ral,e e:u J • The precipitated silver oxide was dried at room 

tem-por2 tu :re • ·.Lhc SQmple was thermally decomposed in vacuo, and the 

rate Jf pressure increase with time was followed. The curves gave a 

llk:l.xirm;n l~ate of decomposition at the beginning of the reaction. This 

rate then ro..pidly decreased, the reaction being completed in about 75 

The sample was extremely light sensitive~ the rate 

of decomposition being considerably increased by pre-e::posure to ultra-

violet light. They obtained a low activation energy of 10.2 kcal. mole - l. 

Iijima57 studied the thermal dissociation of 

silver o:dcle at relatively low temperatures ( 230°C - 270°C) using a 

thermal balance. The decomposition was found to begin in the range 

230°C- 270°C. The reverse reaction i.e. the oxidation of silver to 

silver oxide did not occur at any temperature when the oxygen pressure 

was taken bolow 760 mm. mercury pressure, and the reverse reaction velo-

city/ ••• 
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city of t he dissociation equilibrium at these l0\·1 tempergtures Has too 

small to be detected. 

Averbukh and Ohufarov58 decomposed silver o~~ide 

on a spring bal~nce in atmospheres of oxygen, hydrogen or oxygen and 

hydrogen from pressures of (10 - 760) mm. mercury, and tho decrease in 

vrei.;ht was determined . V, the rate of dissociation, became notj_ceable 

at 300°C. V was determined for a constant negree of dissociation anc1 

an apparent energy of activation of 29.0 kcal. mole-l was found. 

Garner and Reeves59, using preparations similar 

to Lm..ris 1 , decomposing in vacuum and measuring the oxygen pressure on a 

NcLeod gau3e, found that the maximum rate occurred at the beginning of 

the reaction and that the decompositions at a fixed temperature wore 

highly irreproducible. No long induction periods or curves of an auto-

catalytic type were obtained at decomposition temperatures of 300°0 -

330°C. They show3d, too, that a t temperatures of 180°0 - 220°0 silver 

oxide in converted to silver in the presence of cylinder oxyc;en. 

They then prepared samples of silver oxide by 

Lewis I r:ethods and heated those in a thick walled bulb at 200°0 - 300°0 

at pr ecsurcs of(23- 30)atmospheres to remove, a s they presumed, any 

nuclei of metallic silver produced in the course of the preparation. 

They obtnined a dense, polycrystalline solid with particles approx~nate-

ly 0.3 mm. in diameter. They found that the decomposition in vacuo 

commenced on the surface of the solid. The p/t curves were fitted by 

the equation . 
.l. 

p3 = .. ............... ........ .... .. ( 2. 05). 

A/ • • • 
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A negativG intercept on the t axis was obtain-
l 

ed when p~ wac plotted against t. They obtained a value of 43.0 kcal. 

mole-l for the Rctivation energy . The value of ~l was increased 

four t l:aes b? grinding and the perc entaee decomposition at the maximum 

rate v1as r edu.ced from ( 20 - 25 );;, to about 12~; of the tota l decomposition. 

Pre-irradiation by ultra-violet light had no effect on the decomposition. 
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3. OBJECTS OF THE RESEARCH. 

The data available on the decomuosition of 

silver o::cide is conflicting. There are discrepancies between the 

activation energies, the form of the pressure/time curves and the 

mathematic2l relationships describing such plots. In addition, 

there is disagreement as to the effect of the decomposition prod­

ucts and pre-irradiation by light. Furthermore, the mathematical 

relationshi) s applied by Lewis53, Hood and Murph?4 and Garner and 

Reeves 59 did not in any instance describe the complete decomposition 

curve. 

In the present work, the objects have been 

to distinguish between the various treatments and results, and to 

find some er_uation '\oThich is ap)licable over the complete reaction. 

As well, i t was of interest to extend the study of pre-irradiation 

effects of silver oxide. 
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4. APPA.11.ATUS Al1TD EXPERI MENTAL PROC~JURES. 

4.1. DESCRIPTION OF T~ APPARATUS. 

The apparatus (see Plate following page 38) 

is shown diagrammatically in FIG. I . and can be divided into three 

main sections~ the pumping system, the pressure gauge and the de-

composit i on chambers. 

The Pu.mDing s:yetem. 

It consists of a single stage mercury diffu-

sion pump, B, backed by a Hyvac, rotary oil pump,A. The Hyvac oil 

pump, A1, was used during pretreatment of the silver oxide. The 

two pumps, A and B, are separated by a cold trap, C, and an oil trap, 

D. 

E is a safety device controlling the fla¥ of the 

cooling water to the condenser in B. It consists of a 2 inch diameter 

vertical tube which accomodates a 1 i nch diameter test tube, containing 

approximately 5 ml. of mercury. Two diametrically opposed tubes of t 
inch diameter are placed high up on the larger tube which tapers at its 

lo-vJer end to an outlet. This outlet is connected to the condenser of 

B. One lead of the electric mains to B1 is connected through the mer-

cur~r when tho flm.r rate of the water is sufficiently high. Any excess 

water passes out of t he overflow tube, opposite the inlet tube. Shoul d 

the r ate of flow of water at any time drop, the inner tube would no long­

er maintain its equilibrium position and woul d drop, breaking the elec­

tric circuit and thus s-~,ori tching off t he heater, B1• 
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B1 consists of an asbestos box uith lid, 

containing a horizontal, 100 we.tt, coil ec ~eater which is connected 

to the mains through a Variac . Any mercury va~our from the diffu-

sion ·i)Uffi:? condenses in the l01.o1 temperature trap, C. The phosphorus 

pento~-dde tray, F, is used to remove traces of water vapour. The 

vacu1.wn resel~voir, G, 1.,1hich is used to lower the mercury level in the 

NcLeocJ. gauge, H, is connected to A through the double-oblique tap1 

T
1

, and isolated from the decomposition system, X, by tap, T.3. 

Another cold trap, c1, prevents any vapours from leaving the system, X. 

This is connected to F by way of tap, T6• 

The tap, T10, connects the vacuum system to the atmosphere throu~h 

two U-tubes, containing potasr~ i1.11n hydroxide pellets and 11Carbasorb11 

pellets , r cs,ectively. The tap, T
7

, is used to isolate the McLeod 

gauge from the rest of the system, vJhile the operation of tap, T8, 

raisen or lowers the mercury in H. 

The ,umps and pressure gauge are connected 

to the d0comyosition chambers, X andY, through taps, T5 and T
4
, res-

;,)ecti ve l,:;r. Between T
7 

and T
4 

is a removeable tube, .N, which contains 

either ) Otas sium h;droxide pellets, cadmium turnings or phosphorus 

pento~·ide ')OWder, depending on the experiment. 

The decomposition chamber, X, (FIG.III.) con-

sists of a ~J~ex tube of 19 mm. internal diameter, sealed into a double 

boiling/ ••• 
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boiling system; the outer boiler contains mercury while the inner 

boiler contains benzyl benzoate . To ensure a constant check over 

the t emperature of decom:--osition,. a calibrated thermometer is placed 

in X and attached to the ci0e of the tube. by means of vacuum wax. The 

outer liquid is he.:tted by the furnace, 0. 

The condensers, R and S, remove the mercury 

and organic vapours respectively. S is connected to either the at-

mos~here or to the lJUmps through taps, T2 and T
3

, respectively. Fine 

adjustment of the pressure over the inner liquid in X is achieved by 

capillary connections on these two taps, and by the pres ence of the 

10 litre flask, L, connect~d to the condenser, S. By this means it 

was possible to achieve fine adjustment of the decomposition t empera-

tures. The :~essure is recorded on the mercury manometer , M. 

The other decomposition chamber was used for 

higher decomposition temneratures in the r ange JJ0°C- 380°C. 

4. 2. CONSTRUCTIOE AND CALIBRATIO~! OF THE :tvlcLEOD GAUG~. 

The capillary tubes of the McLeod gauge were 

constructed of Veri dia pr1cision-drawn tubing of 2 mm. internal diam-

eter . The closed tube vJas sealed off by inserting a tight~ f itting, 

flat-ended, class rod into the tube and carefully sealing it in with 

the fle.t enc maintained. 

Bulb volumes of the McLeod ivere determined 

by weighing the empty bulb and capillary tube assembly and then re­

-vreighi!J.3 i t uhen it \oras filled with water at a known temperature. The 

resu.lts/, •• 
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resv lts o. :...~e t zbuhtec1 below in TABLE 1 . 

TABLE 1 . 

Wt. of as3embly + water. (g ) . 191.397 191.497 191.537 191.696 

vlt • of ~.ssembly. (g) • 3,2.2~7 8;2 . 2~7 8:2 . 2.27 ~.257 

• 
• . Wt • of ·vrat er. (g ) . ],08 .1~.0 108.d:M1 ;!.08!280 108.6J2 

Temperature of water. (°C). 12 . 1 12.8 13 . 0 13 . 0 

Density of water o (g . cc-1.) 0. 9995 o. 9994 0.9994 0. 0S94. 

Volume of assembly.(cc . ) 108~ 108 .,2ft 108.38 108.!:dJ: 

Mean volUi"le of assembly:- 108. 36 cc . 

The McLeod gauge was tested by measuring t he same 

pre., :Jure of ::;as 1.-Jith the mercury level in the closed limb a t different 

positiors down t ne tube. The t op of the mercury meniscus was read 

The pr~;s::m.r·:JS vJere calculate~ according to 

P = [n r 21- ( rr r~- 2/3 u~)]6 h. em. mercury •••• (4.01). 
v 

where v = the total volume of the bulb and sec:'.led Veridia tv.be. 

1 = the height of displacement of mercury down the Veridia 

tube, in ems. 

r = the radius of the ,!eridia tube, in ems o 

·a nd L h = the difference i n mercury levels between the outer and 

inner Veridia tubes, in ems. 

Of [ rr r
2
1 - (rr r

2
r - i?/3 n~) J A table of values V for different "i.ralues 

of/, •• 
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of 1 was drawn up for convenience in calculation. 

At increasing distances down the capilla~; tube, 

for the same pressure, a typical series of readings vTas:­

-3 S.556, $.553, 8.563, 8.578 x 10 em. mercury. 

The percentage deviation from the arithmetic mean for the highest and 

lowest pressures, respectively, was 0.30% and 0.22% 

4.3. .QmTSTRUCTION OF THE CONSTANT TEMPERATURE RZACTION VESSEL, Y. 

The reaction vessel, X, has already been describec . 

Such a ;..:ystem gives a temperature control of approximately ! 0.05°. This 

system is limited in its use by the availability of suitable liquids and 

0 cannot be used for temperatures above 310 C. 

Therefore, in order to follow the decomposition 

0 
~t temperatur0s greater than 310 C, a constant temperature el ectric furnace 

was constructed. This is shown in FIG.II. It consists of a wide-bore 

pyrex tube, A, of 19 mm. in~ernal diameter, internally sealed into an a ir 

jacket of 11.4 em. external diameter and 22.5 em. length,B, the outlet of 

which is joined to a capillary tube of 2 mm. internal diameter. This 

tubing was chosen ao as to limit the volume of gas outside the furnace . 

The tap, T
1

, sealed into this tube, allows air to escape from the furnace 

when open, via the outer tube, D, which is open to the atmosphere through 

a slit in the rubber stopper, S. Tap, T2, controls the volume of mercury 

in the U-bend, K. The levels of the mercury in the two arms of K, z1 and 

z2, rice or fall according as the gas in B expands or contracts with T1 

closed. The mercury pool, P, inside the temperature control tube is con-

nected to the mercury in Z2 by means of a small piece of platinum wire, X, 

sealed/ ••• 
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seo.led ~- -;1to z2 • The mercury inside the capillary tube is in contact 

with an ::-.dj1.1stable ple.tinu.m 1r1ire, w1, while another fixed platinum wire, 

W2, di~s into P. 

An electric fUrr.a ce of resista nce 100 oruns is 

wound a r0und the outer ~ir jacket, B. The windings are separated from 

the glo.ss by v.sbestos paper, thinly coated 1r1ith plaster of Paris; heat 

losse::; al~e ninimized by a thick layer of the plaster over the \-Tire 

followed by an external wrapping of thick asbestos cord. The furnace 

is connected to the output of a Variac. 

H1 and w2 are connected to the control terminals 

of a Su_nvic hot-wire control which, in turn, regulates the Variac. The 

whole fllrnace system, excluding the constant temperature control device, 

is cont~ined in a close-fittine asbestos box, well insulated with asbos~ 

tos " ool. The complete ~zsembly is surrounded by the larger fibreboard 

box a~ shown in FIG.I. .:-.::1d thermal insulation is obtained by a vermicu·· 

lito -,J'-'ckL'(;. Tl1e ru.l'lting t emperature aontrol is approximately :!: 0.1° 

at .350°C for a :r>eri--d of 5 - 7 hours, which is considered highl:r sa tis-

4~4. THE L1f~lic\ATUS FOR PR:J-I~lRADIATION BY C~THODE RAYS. 

An apparatus for the production of cathode rays 

was incorporated in the decomposition chamber of furnace, Y. Two side 

arms (FIG.II.), L and R, 20 em. apart, were sealed into the decom)osi­

tion tube, A. The lower one ended in a ground glass joint, sealect in~ 

to which '~as a heavy ~latinum rod (anode), centra lly placed in the tube 

and/ ••• 
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and with its tip just protrudinf: into the decomposition chamber pro::;er. 

A similar ~Jlatinum rod (cathode) was sealed into the upper joint. A 

platinum disc was welded to this rod, as indicated in the diagram. The 

disc could be rotated so as to alloi.J free desc.-mt of the bucl;:et, the 

groove in th0 disc allOi·ring free p3.ssage of the platinum suspension ·vrire. 

The discharge was produced, at a residual carbon 

dioxide-free oxygen presaure of 1.0 x 10-3 em. mercury, by means of an 

acceleratin6 ·:Jotential of 20 leV which was supplie.d by an induction coil 

operating from a 60 volt supplJ. A cadmium trap was inserted in posi-

tion i.'T .)f the vacuum line to remove the mercury vapour. The electrode 

syste·1 a.lso contained a helium- filled, high-voltage rectifier in series 

with the Qiscb~rge tube. The voltage of the induction coil was main-

tained constant for ~11 irradiations. The 11 dark space 11 extended the 

distance bet11een the electrodes. The gas pressure was maintained by 

pumping off the g:.s bet"Yreen the periods of irradiation. 

The s alt ( 20 mg.) was uniformly spread over the 

bottom of a glass bucket, preheated in vacuo at 2800C for three hours 

and then raised to the required '?Osit.ion for irradiation. After the 

pressure had been increased to 1.0 x 1orJ em. mercury by the introduct-

ion of carbon o.ioxide-free oxygen, irradiation was commenced. After 

irradiation, the vacuum line 1-1as pumped hard, the temperature of the 

furnace raised and the specimen decomposed at 350°0. 

4.5. .£ROC::::DUiC FOR A DECG\fPOSITim{ . 

After removal of the section containing T4, the 

ground i .lass ·Hinch, the ground glass joints and the platinum suspension 

wire/ . .• 
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wire, tl:.:- jointo ' !ore freed from grease by mee.ns :)f carbon tctrachloric18 . 

The platinum buc}:et and cap were boiled with concentrateCI. nitric t:.cid, 

rinsed 1.-Tith distilled watsr a nd finally dried at rer~ heat over a btmsen 

name. 

Tho platinum bucket and its loose-fitting, coni-

icn.l c~p, -vThGn cool, were weighed in a deep weighing-bottle with a ground 

glass ca-:o. l'he bucket was suspended by means of a hook on the glass cap. 

The bottl-. was then r · filled with nitrogen and as quickly as possible, 

3.p":JrT:LL:tely 20 m~ . of silver oxide were placed into th~: bucket from the 

silver o::1.de container; thJ 1t1hole operation taking place in an atmos-

phere of nitrogen. Tho bucket and cap WJro then returned to the nitro-

gen atmosphcro of th~ WJighing bottle, which was then reweighed. 

Tho bu.cket was transported in this bottle to t h:-

vacuum line . The decomposition tube w~s filled with nitrogen, tho lid 

r:;,movoc~ :f~.:-om tho \·wighing bottle , the bucket hooked on to tho pb.tinum 

suspension Hire ::md the regrGasocl 1o1inch system pushed down into ?OSition . 

The gr ound glass joints were ;mlled up by small springs which W(.re ..._tt.:tc h-

od to th~ir sides. The tap, T 4, was slm,rly opened and the nitrogen ·'Jl..' "!l?­

Tho evacuation was continu::>c.~ until the f!IcLcwd g1.ug-:; f .- ilGcl. t o ed off. 

rc6ister any gQo pressure. 

To commence tho run, t ap T
6 

1.ras closed, the \-.rinc h 

rot!:.t 00 until the platinum wire became slack; the?. decompo <1 ition c !1amber 

t o.pped to ,nf.lurG that the bucl"et was at the bottom of the decomposition 

tubG, ""'i""' .:J • ••• L: t~1.: stop\..ratch started. Tho pressures wore r end at ~rious 

times b:; -,e.,_ns of the lvlcLeod gauge. The final pressure, Pf' wns deter-

mined/ ••• 
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mined by allowing the decomposition to c ontinue for a further period 

of half an hour beyond the apparent end point . 

Since liquid air and s olid carbon dioxide were 

not available .... s refrigerants , the apparatus ¥Tas tested for i ts vt cuu.m-

holding properties. The apparatus was evacuated for tHenty-four h:)u.rc 

and then. tho c1ecomposition and ·pressure ::;e.uge systems ¥Tere isolated 

from the ·'l1.1ill~)S for six hours . The ?ressure developed was less than 1% 

of tho fi~~l gas pressure a rising from a t~~ical decomposition . 

(i). ?ile irradiatiQll§:- These irradiations wer e performed in 

B .E .P .0. T~1e specimens were exposed to a ther mal neutron f l ux of 

2 x 1011 neutrons. cm- 2 . sec-1 • at an ambient temperature of 30 ~ 5°C. 

(ii). Q-~~1·a_ys;- Gamma- r ay irradiations were carried out at 

roor:1 temper2.ture in a 
60

c o 11 hot spot;;6l of total activity 439 curies. 

The c:ose :c,:,t"te, arJ mea<JureCI. by ferrous-ferric methods , was 1.6 x 106 

r e ·p h··-1 • • .. • .l • 
60co emits gamma-rays of 1.33 and 1.17 MeV. 

Fast neutron bombardment was carried ou.t 

at 500C in e. ho1lm.T uranium slug in B.E.P.O . 

wac 3 x 1011 neutrons . cm-2 . sec-1 • 

4. 7. THE CALIJiRA·L'ION OF VO~. 

The fast neutron flux 

KnoHn pr8ssures of dry air vrere expanded from 

the calibrated bulb of H into the eva.cuated decomposition system, :-.nd 

the renultant pr ensures were measured Rfter temperature equilibri1.1m 

had been attained . The volumes were then calculated using t he gas laws. 

5/ ..• 
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5 . PREP&qATIO:NS. 

Different methods of preparation of silver oxide 

vJere used b7 previous \oTOrkers, e.g. Lewis 53 used a preparation rnanu.fact­

ured by Merck'o Chemicals , Darmstadt, \oJhile Hood and l1urphy54 used Mall~ 

inc~odt's U.S.P. IX, another commercially obtainable chemical. In 

b')th cv.seo t he spec i .ens t•Tere exposed to light and air • Garner and 

... leeves59 and Le1.Jis53 prepared silver oxide from solutions of barium hyd~ 

roxide and .J ilver nitr-,te, Hith no special precautions against contami-

n~=>..tion. of tho s ilver o~~5.de by carbon dioxide or exposure of the silver 

oxide to li~ht. ( -liD~ Preparation B below). 

The quantitative work of Garner and Reeves was 

done on a o-:Jech.1en of silver oxide, prepared in a way comparable to the 

second and third prep~rations of Lewis, viz. by precipitation of sil ver 

nitrate with barium hydroxide, followed by prolonged drying of the pre-

cipitate in a vo.cuu.m desicca.tor . The specimens of this, and three 

similar-type precipitations~ differing only in temperature and c?ndi~ 

tions of ~re0ipitation and dr1ing, were heated in oxygen in a thick­

walled glass bulb dt temperatures between 200°C - 300°C, and at pres-· 

sures of o~:yc;en ranging from 28 - 33 atmospheres, for eight to ten days. 

Throu ..;,h011t this tre€'..tment, the pressures were kept appreciably above 

b th . f K d H 60 • those t;i ven ·r e equ:1.t1on o eyes an ara 

The preparations used in this worl: were as fol -

lows:-

Preparation/. •. 
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Pre-:?e..ration A. 

:ttiercV: 's 11Pro Analysi11 silver oxide . The bottle 

had been loft standing on ths rea~ent shelf for some time and had been 

previousl. · l.''ied . 

Pre :)ar:_at:bQ_n B. 

A sample of silver oxides equivalent to Garner 

and Reeves 1 ·:Jreparatio!l B, was prepared. This is also similar to the 

second al1d third pre·~ara tions of Lewis; the precipitation of s ilver 

oxide 'VT-\S done by the addition of a s:~.turated, aqueous solution of bo.r­

ium hyc1roxil1e to an aqueous solution of silver nitr::..te, at room tn-ner::-,·~ 

turo. The se.turated solution of recrystallised Merck's bariu.m h~rdr::r::ide 

was pr epared ii1 boiled di s tilled water and, a fter allow.ing the preci·~"~i­

tate to settle, was added dropyrise t o a flc.sk containing an N/10 solution 

of A.R. silver nitrate in boiled distiller.:! 'l-mter, until no more turbidity 

occurred on the addition of the saturated solution. Tho prec il)i t . .:. to 

was then we.f~ her1 by docp,nt.J.tbn, nnd filtered through a G
4 

pyrex, sinter~ 

ed gb.ss crucible, and stored in n silica gel desicco.tor. The methods 

of drying, prior to decomposition, are discussed later. 

PrQ.2.~?-tiQn C. 

The app~ratus used for this preparation is i llv ~ 

trated in FIG.IV. 

All glass apparatus used in this ) repar 8.tion '.' :.::: 

pre-cleaned Hith cone. nitric acid c:.nd cone. h •rdrochloric o.cid, f ollowed 

by aqua regia and prolonged steaming out 'Ji t h conducta nce wcter. 

A tvTo litre, flat-bottomed flask, A, cont:::.ined 

saturated/ ••• 
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satur.--.t JO., aC:.l'GOU - solution of r r;cr ystallised 1-Ierck 'o barium h~rdrmdde. 

The 1-1.::-.t e r uoeG throughout the preparation was prepared in the still 

cons tru.cted by Gledhi1162• The ground glass neclo:: of A permitted tvTO 

inlet tubes ; one connected to a decarbonating tube, D, the other to a 

;1T-!,Jiece", :S . The transverse s ection of E vTas connected, by way of a 

tap, to a nitrogen inlet, while the remaining section was connected to 

a very fine sintered gl ass disc (160 GJ/10 Jena gla.ss), and this, in 

turn, waG joined by polythene tubing (which was used throughout the 

ap~Jare.tus,l to the T...!.p, T, in one neck of the three-necked, 5 litre, 

round-bottomed flask, B. 

elabor:::.tely purifiei3• 

The nitrogen use·d in the apparatus was 

Flask B contained an approximately N/10 solu-

tion of A.R. silver nitrate in condu.ctivity water into which dip·:Jed 

the cent1~e inlet tu.be, Y, of the flas1~. The remaining neck of ·the 

flas 1: contained a rubber stopper through which pa.ssecl_ n. 11T-piece;1 enc> 

ing in 5 cmo . of polythene tubing. The second out let of the 'iTil 1-1a s 

connected to a 11Carbasorb" tube via tap, U. The remaining outlet was 

connected to a water suction pump via a two-way tap, R~ one lead of 

which 'vl8nt direct to the water pump, the other via the sinwred glass 

filtering apparatu~C. 

Procedl1re ~or t ho ;Jreparation of V.lver @de (specimen C). 

The \•Thole of this procedure was carried out 

Flask B w.J.s filled with about 1t litres of conductivity 

wc.ter ant. nitrogen vas allov1cd to bubble via E, through the 1·Jr,ter for 

3 dc,:-D , c.:t the m tc of 3 bubbles per minute. The w~tor after this 

treatment/ ••• 
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treatme:1t :...:.c1 a condu-:.t.:.nce at 25°C of 60 nanomhos . (10-9 ohm-l cm-1) . 

The ta:~, T, ~;·-,_s ~cept closed. For the 1 litre of conductance \v~tGr in 

B, ni t:;:-...:>gen sini larly enter 3d through Y •·lith the tap, T, c lased 9.nd tap, 

u, open. 

After this bubbling ti~e had ela~sed, recrys­

tallised Hvrck 1 s barium hydroxide 111as introduced into A in excesc , a nd 

approxLutely twenty grams of _, .•. R . silver nitrate was int:roducad into 

B as quic~~ly as posoible . The bubbling of nitrogen was continued , 

throughout theE:o additions. After a further 43 h:;urs bubbling, the tap 

at ::J l!V.G clvscd and tho bar ium hydroxide allowed to settle for a bout 

another five t') si~~ ck:.ys. The r esulting solution was clear and abso-

l"L1tel·_:-- fi.~ee from turbidity. 

TaD, U, was then closed and tap, R, dir ectly 

opened t.o t~:o suc t ion pump. By sui table adj ust.ment of Y and T, the 

f loTJ of nj_tro~}m £>.nd bariun hydroxide solution was adjusted, so as to 

~llovJ ::>. sloH, s to:::tcly f lo"\oT . of barium hydroxide into B, via tho ointm·oc 

disc 1-1:1L;h removed any fine par ticles of bJ.rium hydroxide. 

few minv.tes , the precipitate in B was allowed to settle, and the ·)rocess 

repee.te c~ u:1til 110 more turbidit'T 'tJas visually noticeable in the red 

light. T.1"3 fl2s 1: '\ITas stirred by hand swirling. 

When the precipitation was com~lete (the total 

time of preci pitation was ap_)roximately three to four days) , the flask, 

A, Has removed and anoti1e1~ attached containi ng nitrogen-bubbled, carbon 

dio:dc1e-frc.e, conductance water. For washing by deoanta tion, the sup­

er:1-' k~1t l:i.q1.1id j_n B ·Has removeQ by pushing the 11T-piece" t ubing, con-

taining/ • •• 
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taining R, i'u.1·ther through the rubber stopper, so thc:.t th3 polythene 

tubi~ di))ed into the solution and a gentle suction was applied tln·ough 

R, until all the supernatant liquid \.Tas sucked off, nitrogen being bulf.· 

Ni troz(m was allm>~ed to enter B until atmospher:i.c 

equ.ilibriu:11 yresoure 1·18.s reached, when tap U \-12.8 opened to allocr fl•ee 

esc~pe ~f the gas. Then tap R was opened, tap U closed Rnd tap T o:oon~· 

ed. By su.ite.ble adjustment of the bubbling rate and inflow of 1vate1· 

through T, a sufficient quantity '"1f we.ter for washing W-?.s allowed to 

·9our slm>~ly into B, b:.- water suction through H. The flasl~ was then 

swirled to vra.sh the rrecipitate and then allowed to stand to let tho 

preci·~ite.te ·'ettle 7 and then decanted as above. 

As the whole precipita tion process was carried 

out i11 red 15.:)1-G, it w2.s extremely r.~ifficult to note when ::'..11 the pr 8-

ci?it2.te ~:>.Jcl. settled. Hence a partial loss of some fine pv.rticles oc~· 

cured c111 l.ii'\'; the removal of the supernat2..nt liqu.id. The vlashings viere 

t . J ' "l t' t t 1· . d f f B ++ • con ~.:vac i.').1"S~ ne superna an ~qu~ vras ree rom a ~ons. 

The precipitate \¥as filtered by connecting the 

ta-p, R7 t::; t~1e suction flask, C, and the polythene tubing inside the 

flask, B, HC.D pulled vrith its end flush Hith the stopper in the neck of 

the flc.sk. T:1is flask was then tjlted on i tc side and constantly 2,gi-

Nitrogen was admitted to balance the suction pres-

sure if thj.s beca.'!le too great, and the liqu.id and silver oxide precj.pi-

tate v1ere S1.1C,(ed through into the suction flask, and filtered through 

the G
4 

p;}rr8J:, sintered glass filter of C. 

The suction flask a1sembly was contained in a 

glove-box/ ••• 
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glove-be~~ filled 11ith nitrogen, containing traps of carbon dioxide ab~ 

sorbent . The flac1-:: as.,e!ilbly 1-1~.s rinsed tvli.ce with carbon dioxide-f-ree 

c~nductance uater admi tted through R. Nitrogen was then dravrn through 

the silver oxide on the sintered glass funnel for about two days. The 

glass-8 i:1ter fun.Yle 1 was then removed in the nitrogen a tr.o.os ·,here, and 

quickly :_,l ace:rl i P a nitro(en-fi l led vacuu.m desiccator, the -v1hole ?ro-

cedure being carried out in a nitrogen atmosphere. Evacuation ~f the 

desicce.tor Has then continued for four days . 

After drying, the sample was removed from the 

funnel in the above-mentioned glove- box i.e. a nitrogen atmosphere and 

carbon diaxlde absor bents present, as a finely-divided, brown pO\._rder. 

It was then placed in a clean, dry, dark bottle filled vlith nitrogen 

in a blac!cened, nitrogen-filled desiccator in the glove-box . The c~es-

iccator conta ined silica gel and 11Carbasorb'1 • This was sample c. 

This was similar t o that used by Lewis where 

silver carborr~te wac used as a source of silver oxide. 

5.2. THL~ARATION OF SILVER CARBO~. 

An aqueous solution containing 500 ccs . of 

exactly N/10 &ilver nitrate was placed in a 2 litre round- bot tomJd flask 

An e~cactly equivalent amount of N/10 

sodiw::1 ca:cbonate solution vTC:> S then slo-vTly added, by a dro-~J~ling fu.nnel, 

into t h3 cold solution, with no stirring . After addition, the :;ilvcr 

carbonate ~):;.•eci'litate -vras filtered through a G
4 

sintered glass funnel :-.t 

the/ • •• 
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the l)Um), a.nd dried tn vacu.o over silica gel for three days. 

ce.re He.s te.ken to exclu.de all light during thiG preparation. 

Great 
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Extreme care was taken to exclude light during 

all those determinations. fill weighing, drying and handling procedur es 

·Here ca:.:ried out in red light, and., at all tbes , the sample was kc,t in 

a darlc cont.c.iner. All pressur,; s are recorded in em. mercur y and times 

in minutes . 

6,1. 1'JP DEQ.gviPCSITION OF PREPAR.f.TION A. 

The initial run was carried out \lith <:qproximato-

ly 20 !n[:". of the sample at 350°C, in a platinum bucket, Hith a l0ose1y-

fitting, conical, ~;b.tinum c ... 1p . Th3 results are given in TABLE ?. und 

FIG . V s hm..rs t~1< p/t 'Jlots. I t wa~ note :' thut decompon i tion 3, •rhGre 

tho sampl e i•JO.S t aken from the bottom of the bottle, )7i 'J ldcd a curvo 1-Tith 

a pocu1 i.ar fla ttencd dGc::>.y. The runs wore irreprodu~ ible. 

TABLC 2 . 

RUN 1 . 

t. px 103. t . p X 103 . 

0 . 5 0 . 407 63 148 ./+ 

3 8.799 75 169 . 4 

6 14.14 90 133 . 6 

('I 16 . 61 1 26 18'; ,6 . , 

15 30 . 11 150 196 .7 

30 60.78 Pt l9ri • 5 

54 126 . 7 

TABLE 2(continuodJ/ •• • 
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TABLE 2. (continued) 

RU)\f 2 .. 

t. :.) X 1oJ. t . p X 1o3 o 

0.5 2.352 60 161.8 

3 10.11 75 186.7 

6 1:;' .17 90 195.3 

9 23 .75 105 196. 7 

15 47.63 123 196.9 

30 8.3 . 57 Pr 197.5 
I 
I 

L_: _ _ 125.7 

' I RUN 3 . 

t. p X 103 , t . p X 103. t. p X 103 

0.5 0. 58l. 45 109.8 150 175.4 

2 5.633 60 126.6 165 185.9 

3 10.40 75 133.9 180 191.4 

6 17.66 90 142.6 195 194.6 

9 34.56 105 151.0 200 196.0 

15 52.56 120 158.8 215 197.2 

30 86 . 5~- 135 167.0 :)f 197.5 
-

6. 2 ./ ••• 
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This , too, was carried out at 350°0 in the 

p1a tinum O.,,,cket . The r esu1 ts ,ue given in TABLE 3 . Runs .3 and 4, 

i n FIG. VI ~:er: done on preparation B dried i n vacuo at room tempera-

t ur e, 1.rhi1e :i.'l.l.ns 1 and 2 were done on pr eparation B dried at 10000 

for three hours in ve.cuo. 

RUN 1. 

t . p X 1o.3 • t. p X 103 . t, p X 103 • 

0.5 7. 463 33 63.36 84 149 • .3 

3 33 .84 39 76 .40 90 158. 8 

6 42. 06 45 86 . 20 96 169. 0 

9 4.3 . 59 54 99 .42 102 178. 2 

12 46 . 72 60 108 . 5 111 189.6 

15 47.60 66 118 . 0 120 194.2 

21 5.3·. 06 7.3 1.29.9 129 197.3 

27 59. 34 79 141. 3 Pf 197 .. 5 

I t is noticeable from the curves that 

(i). i rreproducibility of results persists for room temperature 

dryi ng, 

(ii). drying ~t 100°0 for three hours does improve the reprooucibil ity 

and 

( i:i.i). t he initial . ~aximu.m rate is still prer::mt after drying :>.t 100°0 

for three hours . 'T'' I ~nese ••• 

J 
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TABLE J . (continued) 

RUN 2. 

t. p X 10.3. t. p X 103 . t. p X 103 • 

0, 5 6.969 33 65 .60 34 147.8 

3 31.39 39 74.04 90 15g. 5 

6 3:s. 57 46 .:i3 .37 97 169.6 

9 41.73 54 96. 58 105 1'31.7 

12 43.93 60 106.7 135 197.0 

15 45 . 07 66 116 .9 Pr 197. 5 

21 50.64 72 128.4 

27 s:;. 1o 78 139.7 

RlJN 3 • 
.. ~.~ .. ~ 

t . p X 103 • t. p X 1oJ • t. p Y.: 103. 
--

0. 5 5.401 54 8L~ . 86 129 162.7 

3 34.88 60 91.80 135 169.5 

6 4~ .80 66 97 .63 144 175.7 

9 46. 00 72 105. 5 150 179.2 

12 4$.61 78 112. 4 156 131.8 

15 51.49 84 117.0 165 183.4 

21 56 .16 90 124.3 171 1::53.2 

27 60 .49 96 131.0 180 192.4 

33 64.96 102 136.4 186 195.7 

39 70.16 111 l/.IJ .7 192 197.0 

45 75 .62 120 15:) . 0 Pt 197.5 

I . · I 
TABLE 3. (conti nued •·• 
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TABLE .} • ( contim.1ed) 

Ru'N 4. 

t. ? X 10J. t. p X 10J • t. p X 103. 

0. 5 L~. 53 54 5'7 .32 129 153 . J 

3 22.56 60 63.02 135 160.6 

6 28.66 66 71 .26 144 173.9 

9 29.94 72 74.28 150 179.2 

12 32.90 78 81.54 156 183.3 

15 34.38 84 88.51 165 18S.2 

21 35.37 90 95.48 171 190.2 

27 31.06 96 103.7 180 192.5 

33 1;2. .20 102 109.6 186 197.4 

39 45 .97 111 126.5 Pf 197. 5 

45 50.47 120 138.6 

These facts are in conformity with those rc-

por ted by Garner and Reeves59 . They repo~~~ irreproducibility for 

specimen.J dried at room temperatura, and a maximum rate at the begin­

ning of the r eaction, but no ex,erhaentc:.1 r esults were given to su.:p~ 

Dort these statements . 

The initial fast re~ction is of interest, and 

experiments wore carried out to study t his pv.rt of the decompocition. 

Drying with continuous pum~inz in the high 

vacuum appa.rat.us 1 Drier to decompositi on, was carried out at various 

temperatures/ ••• 
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temperatures . I n :-.11 the experiments the sp8Cil:len ioTas initially 11 dried11 

· in vacuu··.1 at room temperature, and was then accurately weighed into the 

ple.tirrTi buc'~t, introduced into the high vacuum system, and puaped at 

tho stated te:.l:)eracu.rJ and time, prior to decomposition in vacuum at 350°C. 

Fror.1 tho r esults tabula ted in TABLE 4 and i1lus­

trateCI. in FIG.VII, it L obvious that drying at t emperatures above 200°0 

gives fe.irl:- reproducible cnrves , apart fron the initial fast r ate, and 

that thio f.:.st 1·ate dis::qpC'ars at a drying teraperatu.re bet,man 265°0 a.nd 

300°C. There is c:>. large change in the initial rate between 100°0 and 

200°C , sv5:;psti ng that the removal of the major part of the •1aterj_a1 

causing the ft.~st rate occurs beti.Jeen these tE-mperatures . 

TABLE .Jr. 

TZHP:RA TUR:::: OF DRYI NG:- 23°C . 

t. p X 10J t. p X 10.3 

0. 5 14. 6.3 60 150.4 

.3 40.95 75 179.5 

6 48. 50 90 196.9 

9 55.46 98 197.2 

15 68.25 108 197.4 

.30 95.54 Pr 197.5 

45 121.4 

TABLE 4 . ( continu.ed/ ••• 
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TABLE 1u (continued) 

TENPERATth'"i..""::; GF DRIING:- 100°C . 

t . )! X 103 , t . p X 103, t . p X 10.3 , 

0. 5· 6. 969 33 65.60 34 147.8 

.3 31.39 39 74.04 90 158.5 

6 3~.57 1/; 8.3 .37 97 169.6 

9 41. 7.3 54 96. 58 105 181.7 

12 43 -93 60 106.7 135 197.4 

15 45.07 66 116.9 P:r 197.5 

21 50.64 72 128.4 

27 59.10 78 139.7 

'f~iP.::ii.A TillC OF DRYING: - 200°C, 

t . p X 103 . t . p X 103 , t. p X 1oJ • 

0. 5 0.1133 60 4l.D 126 131. 5 

3 3.334 66 46 . 26 129 137.1 

6 8.149 72 52.82 135 149 • .3 

9 10.37 78 59.82 141 159.2 

15 12.96 84 66 .15 147 169.3 

21 15 .. 34 90 74.49 153 176 • .3 

27 17. 21 96 82.12 159 186. 9 

.33 18.51 102 91.39 165 192.1 

39 23 . 48 108 101.2 P:r 197. 5 

45 27.17 114 111.4 
-

54 35 . 51 120 121.4 

TABLE 4. (continued/ • • • 
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TABLE ~. (continued) 

T:::MPER.A'l"UR~ OF DRYING;- ?.65°C. 

t. p X 103 .. t. p X 103. t. p X 103. 

0.5 0 . 2904 48 22.62 120 124.8 

3 3.208 54 23.20 126 137.6 

6 4-348 60 33.25 132 149.2 

9 6.209 66 38.75 138 161.4 

12 7.943 74 48.15 144 170.3 

15 9.177 78 53.75 150 179.8 

18 10.62 84 62.66 156 186.8 

21 11.92 90 70.65 162 191.7 

24 12.61 96 32.04 168 194.4 

30 14.64 102 90.45 174 195.7 

36 15.92 103 . 99.72 180 197.3 

42 19.35 114 113.2 Pr 197.5 

'.t'ABIE 4. (continued)/ ••• 
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TABLE Jh (continued) 

TZMP2R.4. TURt: OF DRYING~ - 300°C. 

t. \) X 1oJ . t. p X 103 . t . p X 103 . 

0. 5 0. 5503 60 33.16 132 147.1 

3 0.7725 66 38.89 1.38 157.7 

6 1 • .365 75 47.74 144 16:5.4 

9 2.869 78 52.07 150 178. 2 

12 4.480 84 60.74 156 183:.7 

15 6. 023 90 68.19 162 190.1 

21 9-497 96 79.43 168 193.6 

27 13.14 102 87.44 174 196 • .3 

.33 16.66 lOS 99.97 180 197.3 

39 20 .15 114 110.4 Pr 197.5 

45 23.15 120 121 .6 

54 28.66 126 135.0 

The/ ••• 
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The following runs (TABLE 5) wer e performed 

in nn o.ttempt to det er rll.ne whether or not t his remom.l vrc.s time depen­

dent. · FIG .iJI II i ndico.tcs vo.rious drying times nt 280°C(upproxi.rnc.te1y 

mid111ay bet,.rcen 265°C a nd 300°0 ). 

T.A.BLE 5. 

T:Il£ OF DRYI NG (HOID1S):- 1. 75 . 

t . p X 103 . t . p X 103 . t . p X 103 . 

0. 5 33. 55 66 69 . 08 144 15~.6 

3 38. 57 72 74 . 42 150 166 .3 

6 39.67 78 79.95 156 172.4 

9 41. 24 84 84. 57 162 178.2 

12 42 . 09 90 91.91 168 184. 0 

17 43.91 96 99.31 174 187.6 

21 45.38 102 106 . 0 180 190. 5 

27 47. 56 108 112. 9 186 192. 8 

33 50. 23 114 119 . 3 192 194.1 

39 52.23 120 129.6 201 195 . 0 

45 54. 78 126 139 .1 216 195.9 

54 60 .68 132 144.6 Pf 197.5 

60 64. 43 138 150.0 

TABLE 5 . (continued)/ .... 
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TAB~ 5. (cont inued ) 

TIME OF DRYING (HOURS):- 2.50. 

t. p X 103• t. p X 103 • t. p X 1o3 • 

0.5 0.1742 57 47.62 132 144.1 

3 3. 514 63 55 .46 144 157.7 

6 6.592 69 63.02 150 165.2 

9 9.874 75 69.84 159 174.3 

12 12.40 84 79.02 168 182.9 

15 14.63 90 84.22 174 187.0 

21 15.13 96 94.66 183 191.6 

27 23.37 102 104.0 192 195 . 2 

33 27.70 108 112.4 201 196 .3 

39 31.08 114 120.2 213 197.2 

45 36.18 120 127.7 Pr 197.5 

51 43 .07 126 135.9 

TABLE 5. (continued)/ ••• 
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TABLE 5. (continue d) 

TIME OF DRTING (HOURS):- 3.0. 

t. p X 103. t . p X 1oJ . t. p X 1o3 • 

0.5 0.0.465 63 55.)3 144 156.1 

3 0.6215 69 60.?7 150 165.8 

6 2. 718 75 69.52 156 171.8 

9 5.181 34 79.11 162 177.0 

12 8. 537 90 83.24 169 183.2 

15 9.734 96 102.9 174 187.1 

21 15.13 102 109.3 180 190.1 

27 20.57 108 112.3 186 192.6 

33 26.28 114 118.9 192 193.6 

39 32.29 120 127.2 201 195. 5 

45 38.68 127 137.1 210 196. 5 

51 42.81 135 147.$ pf' 197.5 

57 49.14 138 150.3 

TABLE 5. (continued/ ••• 
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~Z 2· (continued) 

·rniJE OF DRYING (HOURS):- 12.0. 

t. !_) X 103 . t . j) X 103. t. p X 103. 

0.5 0.1046 66 56.62 144 153.1 

3 0.638~ 72 61.86 150 161.2 

6 1.974 78 67.95 156 164.4 

9 4.182 84 75.51 162 170.2 

12 6 .738 90 82.75 168 174.0 

15 9.380 96 89.45 174 177.9 

21 1.3 .88 102 97 .57 180 181.8 

27 18.21 108 106.0 139 186.2 

.33 22 . 04 114 113 .9 208 191.6 

39 29 , OL, 123 127.5 230 195.7 

54 42.61 1.32 140.0 240 196. 3 

60 48 . 20 ]38 147.8 Pr 197.5 

The/ ••. 
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The curves show tha. t t hree hour s drying at 

280° is apJroxi ::Jately the mi nimum time required f or the removal of the 

initial f:~t reaction. 

Exper iment s wer e now carried out to determine 

the cheuical n~ture of the gas evolved during the fast reaction. A 

run vras carried out H~1ore the drying vm.s corJJllenced in vacuo and t he 

apparatt' : isole.ted from the ')UmpJ . 

this proc8ss . (T.~LE 6. ) 

Pressure readings v1ere te..ken of 

T.illL: 6. 

t . p X 103. t . p X 1o3 . t . p X 103. 

0. 5 2.325 25 43.29 123 47.41 

5 35 . 43 30 43 .35 150 47.88 

10 37. 59 45 44 .24 180 48.09 

15 40.97 63 44.40 Pf $ .15 

20 42 .35 102 44-94 

The p/t curve of the evolution of the i nitial gc.s at 28000 resembles in 

shape that f or prepa~.tion A, (FIG.V, 1 and 2.), decomposed at 350°C, 

in vacuo. 

The run was then r epeated but with a phosphorus 

pentaxide trnp present in position N in th~ appn~tus to t rap any moisture 

which evol ved. The r esults ~re tabulat ed in TABLE 7. The curve ob-

""ta.ine~Lwas s i mil.1.r to the previous one • 

I t/ •• , 
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I t wac thus concluded thf't tho eas evol ved at 280°C contains little or 

no water vapour. 

TABLE J.. 

t . p X 10J . t. p X 1oJ. t . p X 1oJ • 

0.5 0.1851 45 34.60 150 34. 5.3 

6 19. 29 75 .35 . l2 180 .39 .98 

9 24.18 90 .36 . 26 Pf 40.69 

15 31. 26 105 38.16 

30 .33 • .39 125 .39 .47 

A bla.n1c run was done using only the pl atinum 

bucket and its lid but thJ ~cs evolved (due to the adsorption of air 

on the Jlatinum) was negligible . 

I t was thereforG concluded that the i nitial 

fast rato for speci~nns decompos ed at 350°C and subjected to a pre­

treo.t·.1e.:.1t at t Gmperatures up to and including 2650C did not repre~;ent 

the evolution of \-Tater Va?ou.r. This conclusion was verified by carry-

i ng out a decomposition at 350°C, in the ~resence of phosphorus pent­

oxi de, on a s~ecim~n ~revious1y dried for three hour s at 200°C in vac-

uum. The r es11l ts ar e shown belm-r in TABLE 8. The p/t plots stil l 

showe0. t he i nitial ::':ast reaction and were similar in shape . 

TABLE 3 . / • •• 
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TABLE 8. 

WITH P205 TRAP PR.ES::fTT. 

t . px 103 . t . ? X 103 . t. p X 103 . 

0.5 0. 6504 54 29 . 39 120 110.1 

;} 1.870 60 34.34 129 121.0 

6 5.860 66 41.37 141 137.7 

9 7. '379 72 46.80 153 151.7 

12 9 . 419 78 53.23 165 163 . 5 

15 10.99 84 60 .12 177 175.5 

21 13~31 90 67.74 189 184.4 

27 15.16 96 75.01 201 191.5 

33 17.87 102 84. 50 213 196.0 

39 20. 33 108 91.43 Pr 197.5 

45 22. 'Jl:- 114 100 . 0 

Having established the absence of vlater ve.-0ou.r, 

it seemed ~ossible thf.t the evolved gas might contai n carbon dicr~iu~ . 

0 
The above runs a.t 200 C in a closed system were thus rclJeated, but uith 

a tralJ of pot.assiu!!l hydroxide pellets pr esent in the place of the phos-

phorus pento;dde trap. The evolved gas vJas all absorbed and was thus 

preSl''!led to be carbon dioxide. 1..fi th a potass ium hydroxide trap ?resent, 

the decor:n0oit~_on of a specimen at 350°C, which had been driec! for three 

hoPrs at 20cPc in vacu.o, 1-rith continuous pumning, gave t~1e r qsults tabu-

l atcd L1 TAB:;:,::-; 9, ohovm in FIG, DC. FIG.IX also shows the same run with-

Ottt/ • , • 
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ou.t the pok.ssium h~rdroxide trap. (TABLE 9 ). 

TABLE 9. 

1..JITH KOH '!'RAP PRESENT . 

t. p X 103 . t . p X 103 . t. p :'{ 1o3. 

0.5 0.0116 66 28.45 144 163.9 

3 0.70?.8 72 34.45 150 170.3 

6 1.801 78 41.47 156 178.3 

9 2.788 84 47.79 162 18?..9 

12 3.485 90 58.08 168 187.6 

15 3.950 96 67 .44 174 190.6 

21 !+• 61./J 102 80.21 180 192.9 

27 5.518 103 36.69 186 195 .1 

33 6.795 114 101.0 192 195.9 

39 :., .712 120 112.9 201 196.6 

45 11.50 126 124.7 Pf 197.5 

54 17.60 132 136.4 

60 23. 05 138 149.0 

- -
From these curves it can b0 seen that potassium 

hydro:~ide re:-.1oves the initial 11bump11 completely. It can thus be con­

cluded that t:1e initial burst of gas is due to the evolution of carbon 

dioxide, and that thi s c~rbon r.i oxide can be removed by trapping -v.Jith 

potassiun h] droxide c1u·cing the run, or by heating at a higher temperature 

i. e . 280°C for three hours , prior to the run. 

A ru :·l/ ..... 
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TAB~ 2· (continued) 

:rrT::our KOH TF..AP PRFB:SNT . 

t . p ~: 103 . t . p X 1o3 • t . p X lo3 • 

0. 5 0.5053 69 52.01 156 163 .3 

3 .S . 222 75 58.99 162 170 .0 

6 10.36 81 64.76 168 172.8 

9 13 . 01 87 74.87 174 177.8 

12 14. 03 93 82.56 180 181.0 

15 15 .37 99 90 .65 186 1G4.8 

21 17.32 108 101.5 192 187.7 

27 19. 55 114 111.6 193 19.1.0 

33 22 . 11 120 119.3 204 193 .I~ 

39 ?1~.92 126 127.8 210 194.9 

45 -;.-:;.27 132 132.6 216 196.3 

51 33 .75 138 143 . 2 Pr 197.5 

57 L: ?. .41+ 144 150.8 

63 1~5. 01,. 150 156 .8 

A run was also carried out with the s~ecimen 

dried in vacuo ~t room tenperature, but decomposed at 350°0 with the 

potassium hydroxide tr:m. The curve resembled plot 1. FIG.IX - no 

initi:>.l fast rate ·Has now present. 

The eff8ct of the contamination of s ilver 

oxide by at~ospheric carbon dioxide was now shown on the thermal decom­

position/ ••• 
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position. This explained m:1ny of tho results obtained by previous 

,.,or'ccrs . It will a l so be more ful ly considered in tho J iscu.soion • 

.An nttompt was then made to prepa r e sil ver oxidG, 

free from C03- , by decomp0s ing ni 1 vcr c::trbonnto .• 

6 . 3 . :,r;:r.:;__})_H'1]_QM:£:QS.IJ.::[C::r QF PH.2~ilRA}.'ION D. 

Th<') result of initially heating o. sampL of D, 

i n vacu '; .~ol~ thr c o hours , at 200°C "Ji th continuous pump in: , (to docoH­

pose th<:- :::ilver c:'rbom.te int·::> silver oxide ), -=:md then decomp')3in,:; in 

vact1c .... t 3.:;0°0, ca n be s "Jen i n FIG .X , and is tabul atec in TABLE 10 :)3lml]' . 

WI THOUT KQ}I TI''I..AP PRE.S,;;nT. 

t . px 103. t . p X 103. t . p X 103 • 

0.5 0.071 46 47. 18 114 174. 2 

3 1.734 54 56 .84 120 134.1 

6 6.923 60 65.27 126 190 . 5 

9 11.81 66 75. 75 132 194.1 

12 1LH17 72 85 .43 138 195 .9 

15 17 . 31} 78 96.72 144 196 .6 

21 22 . 42 34 109.1 150 197.1 

27 2}.12 90 121.7 Pr 197. 5 

33 33. 40 96 137.7 

39 39 .71 102 149 .1 
-

TABIZ 10. (continued)/ ••• 
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WITH KOH TRAP PRESENT . 

t . '? :c 10.3 . t . p X 103 . t . p X 103• 

0. 5 0. 0181 .39 19.97 97 129 .2 

.3 0. 054.:? 45 26 . 11 10~ 144 .• 2 

6 0.7049 54 .35. 20 108 161.7 

9 1. 99.3 60 45.19 114 178.0 

12 .3 . 050 6J 54.68 120 136 .6 

15 3.796 72 65.61 126 194.3 

21 6.416 78 77. 71 1.32 197 .o 

29 12.48 84 93 . 99 1.33 1S7. 2 

33 15.18 90 109 .8 pf 197 . 5 

lYITH KOH TRAP PRE.SEliTT . 

t . p ~~ 103. t. p X 103 . t . p X 10J . 

0. 5 0. 0155 39 23 .80 96 1.39 . 6 

3 0.7864 45 .31.39 102 151.7 

6 1.977 54 42 .94 108 163.8 

9 .3.210 60 55.78 114 175.4 

12 4.967 66 69 . 02 120 1 r'-r, •:> •• ..J) 0 .J 

15 6 . 1~21 72 81.47 126 193. 1 

21 9.43 .~ 78 96 • .32 132 196.6 

27 13.04 84 111.5 138 196.9 

33 18.0?. 90 128 .0 Pr 197.5 

·rhe/ •.. 
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The i ni t inl ccceleration is again ~1resent. 

I dentical runs were then carri~"'d out 1-1i th the same ini t l a l preparE ~.::>ry 

treat ment, nnd the SD.Ii1'['les decomposed •ri th pota ssium hydroxide ~)resont. 

(TABLE 10, FIG .X). The curves ::tre noH sigmoic. a lthough the agr::>8':lent 

i s ::1ot goo C'. . 

I~ w~s then decided to prepare a specimen of 

11 co.rbonnte-fron 11 silver ozide, c.nd to exclude, as far as pos sible , any 

cont['..mil".'"'t i on of the s Uvcr oxicl.e by car bon dioxi de . The prepar a tion 

1·TaS nerforrr.ecl. ~s Drcvi:.Jusly descri bed, .?.nd this sample was used thro-ugh-

ThJ samnl e was stored in an atmospht1re of 

Air >Jas oxcluded as f J.r as possible 

duria,-:; :~11 !1o..nc.Fn.g ;> n~ weighing oper:1.tions. 

The Drecipitatc of silver oxide vmc b:i.·ovm in 

6. 4. ~L~ _ _;"?_~?OM:rg~I?IO:·::....QE._PR~~AllATIO;- C. 

A run was done under ordiQ:ry conditions i . 8 . no 

pr ehe2.ting <.nc, no traps pres Jnt . (FIG .XI, TABLE 11). ThJ i niti o..l f::•.ct 

r o. te w1.s stj.l1 ~;resent . It 1-ras , however, grJatly reduced in mc..gnitude 

and rcpr osc;.1teri onlj- .1. very srnall fraction of the comple t e decomposit:i.o~1. 

Thus, despite the co.roful nrepar~ tion, stor~~o 

~nd ~nC.lina, the sampl~ was still very slightly cont~ninate~ with carbon 

dio~f.iC:o. It w:lfl felt that tho contamination proh:..bl :r occurrcr1 during 

t he weighi nG procedure . A p.paci! 1en of this preparation was then de com-

posad r.~i 350°C ,,.rtt!-1 n potaosium hydroxide tr:1p in the line nnd t\.1e initial 

acceleration/ ••• 
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HCCebr ::,tion v-:-.s eliminated (FIG.XI, TABLE 12). Reproducibility was, 

hmmvor, not sr..tisfactory using this method of decomposition. 

+ ,, · - 1 o3 t . p X 103 . t . p X 103 . .... .. ... . - . 

0.5 ;_\ . 2567 40 25.45 115 131. 2 

2 l. S02 45 30. 46 126 151.0 

5 3. 567 54 39.44 136 16J.2 

10 7 . 35~ 57 41.30 145 1:.,0.3 

16 10. 76 69 57.05 159 19L,.5 

22 14.19 75 65.52 164 195.1 

30 18.02 '37 77. 00 179 196.3 

36 ?1.57 105 109.6 Pr 197.5 

t . ·n :~ 103. t . p X 103. t . ~X 103. 

o •. : 0.0.?.91. 37 31.65 101 120.~ 

3 0. 3712 43 3'3.04 108 BL~ . 7 

5 3 ./:.:.:,5 43 43 . 56 114 146.4 I 
/ L,. 066 53 156.8 

I 
0 49.95 120 

I 
f'\ 6 . ~')93 53 55.1:5 125 165 .0 I / 

I 
12 ,..., "0~ 66 65.34 147 139.3 ! ·" . ~./.,.,., I 
15 11.62 74 76.67 159 195.1 I 

I 

21 l3 . 91:- !51 85 .96 170 197.0 I 
I 
! 

2'7 16. 26 39 9::: .16 131 B7.4 I 
l 
I 

33 22. 07 <)6 110.4 Pr 197.5 i 
I 

' 

Ru:as/ ••• 
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Th0 p/t plots are 

.i'ABL:: l J . 

t . p X 103. t . p X 103. t . 1J :: 103 . 

Cl . ) o.o1:;3 60 42 . 55 132 153.3 

3 O. lYrl 66 48 .45 DS 164.2 

6 0.?141 72 54.86 1Lr4 1'13 .2 

9 2.194 78 62.16 150 1~1. 0 

12 L~~ · ;;~51 o4 6') .47 156 187. 0 

15 6 . 080 90 '(::) .61 162 13'; .3 

21 10.65 96 C..7.30 :t.68 l r.·- '"· ...... ; .. ::. .. :. .. 
27 14.31 102 96 .90 174 19.4-~ 0 

33 19. 01 108 107 .6 130 1;:,5.6 

39 ~4.36 114 113.9 159 1S5.9 

45 29 . 07 120 130.7 lCII) 
- .. · ...J 196n6 

54 36 . ~0 126 1L,3 .1 Pf !.9-7. 5 

I t i~ ovi.d0:1t tb.t th - r esults ::r; no\-T s ingPb.rly r eproaucibl0. Tho 

prehtk1.tinc; .:~t 280°C for thr:>a hours w ... Ls a~r.in done in 3. closocl evr.cr·3.-

t e d. syste < .:.nd th0 cvoJ.v H-1 gRs 1-m.s exp..::ndcd into etn c-v-.cuc-. tod ;nt"'.ssi.um 

All th:: G-·;;, -.,-r:.s c.bsorbcd . This sho-.•cd tt..:: t no .Joasur~ 

'"'1'i <l/ 1.1 -~J ••• 
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Thi s prehe£>.ting V·'S then d s tandP.rd pr ocecure for all runs . 

JAB~ 11. (continued) 

t . ;> ~.- 103. t . p X 103, t. 
! 

p X 103. l 

I 
I ! 

I 

0,0022 57 37.44 130 I 15t,. 4 0.5 I 

i 

3 0.0416 I 63 1.(2 . 51 135 163.6 
I 
I 

6 0. 5654 6~ 50.02 141 
I 
I 

I 172. 4 . 
I i 

9 2. 03<) 75 56.99 i 147 171.9 
I I 

I 

I 
I 

' I ! 
12 3 .<)9~. 8~ 65 .32 i 153 j 134.8 

I I ' 

I I 

I I 

15. 5 5.971 87 73 .60 ! 159 183.9 
I i I ! ! 

22 9.645 I 93 . 5 83.43 ; 165 I 191.1 I I 

I I 
I I I 

28 13.61 9<) 93 .85 I 171 194.0 ! i 

33 16.97 105 105 . 4 177 195.9 

I 
39 21.56 111 117.9 183 ! 196.2 

I ' ! 
I I 

45 26.37 I 117 129. 5 ; 192 I 197.1 ' I I 
I 

I 

I 
! 

I I 
I 

31.64 123 141.3 ! 197. 5 51 I Pr ' I I I l ! 
I 

I ! j 

TAB~ 13. (continued)/ , •• 
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~ 12.(continued) 

~--t-.--~~~--?--x_1_o_3-.~---t-.--~~---P·--x-1-~--.~[~--t-.--~I ---P-x--1o-3--.·-

I : o. 5 I 0.0146 57 38. 33 
1 

3 0.1536 I 63 I 42 .98 ! 

129 151.0 

135 161.4 
I 

6 2. 353 50.23 141 170.8 

9 3. 514 75 58 .08 147 178.3 

12 4. 908 85 69 .69 153 184.7 

15 6.621 87 73.47 159 183 . 5 

21 11. 59 93 31.32 191.6 

27 14.41 99 92 .92 171 194.0 

33 10::5 104.6 180 195.7 

112 118.5 189 196 .9 

45 26. 75 117. 5 128.9 198 197.3 
I 

I 31.78 

I I i . ,__ __ _..L__ __ •..• ,_: ________ ___._ ________ ___. 

140.6 51 123 . 5 197.5 

for three hours, E'.nd ::1. ~ortion of this r.mr. weighed out in a nitrogen 

atmosphere/ ••• 
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atmosphere ~nd dissolved in 0 . 2 N nitric acid solution. This solt.,t.ion 

vre.s then titrntcd with 0.1040 N :1mmonium thiocyanc-.te solution using 

ferric 3.1lr-l1onit.'m sulpbato e.s an indico:tor , (Volhc..rds method). Tripli-

cnte rrsvlts ar e given belo,,: -

Weight of silver oxide Titre (m1s) of 

(mg).. o.mmonium th.iocyunct te . 

Percent~go Purity 

(on dried \-Tq j.gJ:J.t). 

130 .9 

127. 2 

131.7 

10.71 

10.40 

10.80 

99 .89 

99 .96 

97.97 

6. 7. TFB EFFZ.t::T OF USING A C-tUARTZ BUC KET . 

Since irradio.tions of tho ~ ilvor oxide in B.E .P .O. 

-nc~ with ultrn.-violet light and gamma-rays, hD.d to be dono in qu:1.:.:·tz con-

t ainer.:, it HL~::l necessary to study the effect of r epl o.cing the platinum 

buckJt .. ~ ;Jcl. en::> by ... similar quartz ::.ssombly. The results ~re show~ in 

FIG.XIII , TABLE 14. 

the decomposition . 

Ga.rner ~ .nd ::1eeves 59 ~ 

As c:->.n be seen, ."'.. quartz bucl(et h."'.S no effect on 

Tbis is in agreement with t he result obtained by 

TABLE 11.../ • •• 



I 

I 0 
t-

.__ 
uJ uJ 
~ ~ 
u u 
::::> ::::> 
m m 

2 N 
I-::::> cr z 

- c( 

I- ::::> 
c( Cf 
...J 
0.. 

I 
~ z -

~ . -
" L&J 

:l 
LL o-

o"'" 

I 

0 
~ 

~~--------~~~--~----~----------0~--~----~o 
N ~ 

' 01 X 3'df15S3ljcl 
E 



- 31 -

t. :> :;c 103 . t. p X 103 . t. 3 p X 10 • 

0. 5 0. 5224 55 41.82 120 141.7 

3 1.510 60 47 .92 126 151.3 

6 3.435 68 55 .46 132 160.1 

10 4.646 72 58.39 138 171.4 

12 7.551 78 68 .83 144 17~.5 

15 9. 393 84 76.95 150 1dL;-. ~ 

21 r : . 75 90 86.54 157 189.3 

27 17.68 96 95 .83 171 194.0 

33 22 . 04 102 106 . 0 180 195.0 

39 28 .18 111 123 .7 195 195.8 

45 31.95 114 128 .0 Pf 197.5 

6 .8 ./ ••• 
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20 T"'[.! . of silver ·J::id-: 1V"Jr'1 Dla.cod in r-J~ r.;n~ll 

quertz C'"'.'.•~:n.<~.o, 1·r:-;i.ch Wf:1.S to be th~1 ,-'8composition buckrt, .,nd heutcd 

in tho furhncG, ~. :,1 c~::-.rknoss , for throe h111rs at 280°G. The dec0mpo-

sition cffinbor 'l-12."3 thon :filled 1o1ith nHrnc-~n, t~o ce.r,>sule c~"'rr:fully 

extrc.ct: c , c.nc1 th0. open ond sealed b;~ mee.ns of a.n oxy-hydrogen flame . 

TABL.~ 1 r:. . 
--~ 

(Tho pr::s :..urc;:: 2.ro C·.::>T:c:Jet :-d to a constant vr·.:: ight of 22.9 mg. of cam~Jlc ). 

RmT 1. 

t . ··) ~- 103 . t. p X lo3. t. p Y. lo3. 

0,3 0. 0244 60 33.11 132 11).3 

3.5 0 . 391~5 66 38.33 138 126.9 

6 1.208 72 42.40 145 130.7 

9 2.661 78 47.92 150 135.1 

12 4.356 '34 55.18 156.5 138.6 

15 5.373 90. 5 60.98 162.5 141.8 

21 8. 712 96 69.11 168 142.9 

27 12.20 10~') 7'.3.02 174 143.4 

33 15 .10 103 35 .37 130 143.7 

39 1.7.71 114 92.34 195 144.0 

45 22.66 120 101.6 pf 145.1 

54 2g.75 126 109.7 

Du.plica.te/ ••• 



Duplicate filled-capsules were pl 1c:1d 3 ems. 

from <:>. qu . .:-.':'tz rtercury c.r c lamp. The~e s~mples wP-rc irradiated, 

with int::;rr:littcnt shal:ing , for a neriod of four a nd J. half hours and 

then r~2com"0ococ1 :i.n v:1.cu.o --t 350°C. A blank run w:;.s a lso carri ed 

out vhero th(. irr~.0. i:'.tion ,.r·.·s onittod . The r 0su1ts ar~~ shown in 

FIG . :~r7 • 

.'J:ABLE .J .2. (continved) 

- - ·--
RUiJ 2. - ---· 

t . D X 103 • t . p x l u3. .1-v. 1~3 p X U • 
-

0.5 0 . 0822 57. 5 32.23 129 114.1 

3 1.024 63 36.59 135 122.3 

6 1.481 69.5 40.95 141 123. 6 

9 2 . 294 75 46. 17 147 133.9 

12 4.820 31 52.35 153 133 .6 

16 7.023 37 53 .66 163 142.3 

22 9.699 93 65 .63 171 142.6 

27 1~ .14 99. 5 75.73 130 1L~3.4 

33 16.41 105 32.75 198 143 . 3 

40 1) . 16 111 39.74 Pr 144.6 

45 22.66 117 9S.45 

51 23.83 123 106 .6 

TABLS 15. ( cont im,od.) / ••• 
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T~BLE 15 . (continued) 

BLANK RID.T . 

t . 'P :: 103 . t . px 1o3 . t. p X 1o3 • 
-· ·- -

0,5 0 . (1035 57 34.85 129 . 5 116.1 

3 1.024 63 39 . 20 135 124.6 

6 2.758 69 43 . 56 141 130. 5 

9 4.298 75 47.92 147 131: .• 2 

12 6 .098 31.5 55. 18 153 136 .8 

15 7 . 551 37 . 5 60.98 159 141.1 

21 11.32 93 66.79 166 1/~3 . 4 

27 13.07 99 76.67 177 144. 6 

33 16.27 105 84.50 189 144.9 

39 20 .3~ 111 91. 47 Pr 145.7 

1~5 ')3 . gl 117 99 . 31 

51 ;:::.62 124 103 . 9 

~-~ 

The va lues of p nnd t ~re listed in TABLE 15 

c,nrl shm·! th~ .. t t~1'3 1.11tr2.-vio1et light h~s no effect . It now became 

pos~ib1e, .~or t :1e fi r st time, t o h::tndle the specimen in ordinary 

light. 

6.9. T:':-C EF1"1 'I' OF PILJ: ANJ Gk.MNA-RAY PR.>.:-Ln.RADI ATI ON. ----- _......., ____ ....... ____ , ___ ~ 
Severa l -::>rehea t~:d, r1up1icate s peci mens Here 

prepr..red, as J.bove, in sea1ec'l., nitrogen ··fil1e~ , que.rtz buckets . These 

were/ ••• 
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were subjected to gamma-rr~y and neut ron irr adiati on, The r esult s 

indica.tec! t.b.o.t the f1llowing ·pr e-irr adiati ons had no eff::wt on the 

decompositions e.t 350°0 , 

(i) . G~.mma--ra•rs (60co) ; doses of 3.3, 15 and 30 Hro..cJ. (TABIB 16). 

(ii) , Irrc:'.fl.bt i on in :9 .E. P .O. for 15 hours ~:md 48 hcmrs, (T:\.BLE 17) . 

(i:i.i) , Fast neutrons i n:--. hollow ur anium slug in B.E.P.O . for one 

week. (TABL~ 18) . 

~~ 

3 . 3 ~~rad . 

.1. 
I.J , ··::> ~": 103 . t . p X 103 . t. p X la3 , 

0.5 0,0523 57 35.72 132 131.8 

3 O.G?/.;2 63 40. 36 139 136.5 

6 2.666 69 46 .17 144 140.6 

10 3. 3~~9 75 52.28 150. 5 143 . 7 

12 3. 706 31 58 . 08 159 144.1 

16 5. 64.3 S7 60 . 98 168 144.6 

21 3. S5S' 95 78 . 41 177 lL~5 . 5 

27 12. 20 101 90 . 61 136 145 . 9 

33 15 . 68 110 91 . 45 195 JJ/.'' 

39 1.9 . 71, 116 . 5 106 . 3 Pf 147. 3 

45 :~7 . 30 1?.0 115 . 0 

51 32 . 23 1?.6 12.3 . 7 

TA.BL:: 16.(continued)/ . •• 
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TABLE 16. (continued) 

3.3 Mrad . 

t. p X 103. .L p X 103 • t . 3 
'-' • p Y. 10 • 

~ 
_,_ . 

I 

I --
I 

I 
I 

0.5 I o.o66S 60 35.72 132 122 .8 
i i I I 

3 I 1.155 66 40.95 I 141 
I 

131.2 
' 
I 

6 I 3.038 73 46 .46 147 139.1 

I I 9 ! 4. 214 80 53 .15 155 11:4.6 I 

I 
12 I 6.639 86 58.66 159 146.7 

I 
I 
I 

64.76 I 
15 l 7.433 91 I 167 147.2 

' I 

I 21 10.46 96 70.28 171 I 147.5 
i 
I 

I 
I 

27 13. SL~ 103 8~· . 15 181 I 1/+7 .8 
I I 

I I 
I ! 

35 18.88 I lOS 88.86 189 148.1 
I 

40 21.78 I 114 96.99 198 143.4 
I 

47 25 .56 I 120 105.4 I 148.9 I pf I 

I I 
126 55 I 3~. ?.3 ! 114.8 I 

I 
I ! ; 

TABLE 16. (continued)/ ••• 
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TABL~ 16. (continued) 

15 Mrad. 

t . 
..., 

1) X 10./. 
' 

t. p X 1oJ . t. p X leY. 

0.5 0,0381 57 31.35 129 116. 3 

3 0 . 6~15 63 35.72 138.5 128.9 

6 1.743 69 40 .07 149 138.2 

9 3.486 75 45 .30 158 142.9 

12 4.356 81 51.40 165 144.6 

15 7. :~59 37 59. 24 174 144.9 

21 9.58.3 93 66 . 20 183 145.2 

27 13. 07 99 7.3.18 191 145.7 

33 16. 55 106 82.75 200 146.3 

39 :20. 04 111 91.47 Pr 11./:>. 7 

1+-5 24.68 117 100. 2 

51 27 . 58 123 108.9 

TABIE 16. ( co!lti:1ued)/ ••• 
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TABLE 16. (continued) 

·--, I 15 Mrad . I ; 

I ~" ~ 103 + t 0 l m • P X 103 -- ~ ·--~ r , ' 3 t . I ,J X 10 • t. __ .. t_ +------ -----
I 

0.5 I 0. 2004 60 i 33 .93 I 132 121.1 
; I 
I ' 

66 ' ' 123.6 3 1.002 I 33.33 

I 
133 

I 
I 

6 1. 239 72 43.42 
I 

144 134. 2 i 
I 
! 

i 
9 2.073 78 47.92 

I 
150 137.9 

12 4. 211 84 55.76 156 141.1 

15 4.356 ~0 . 5 62.73 162 143.4 

21 7. 841 96.5 69.69 168 144.6 

27 12.20 102 77. 54 174 144.9 

33 15 .68 lOS 86 . 54 180 145 .2 

39 18. 88 114 96 .70 189 145.7 

45 21.78 120 103 .0 198 146.3 

! 
: 

55 29 .62 126 111.5 Pr . 147~ 
-·~~! --~ ---

TABL.L: 16. (continued)/ •.• 
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TABL~ 16. (continued) 

~ _ :: :::-- 30 Mr~d - ~ 

~ __ t_. --~---'-::-:: -]_~- p X uY- +--t_._+--_p_x 103. -t 
I ! I 

1 0. 5 0.0134 57 
1

. 32.23 139 129. 2 
1 

i 

I 3 1.155 63 36.59 145 135.9 I 

6 69 40 .95 151 140.3 

9 2.944 75 4£.17 157 143.7 

12 4.214 52.23 

18 87 60 .98 145.2 

21 8. 545 93 66.21 175 

27 12.28 99 74.04 146.3 

33 15 . 73 106 8.3 .64 196 M.?.O 

39 1·7.45 112. 5 9.3.80 143.1 

45 22 . ?4 117 99 . .31 

51 27 . 53 126 112.4 

TABLE 16. (con·~im.1.ed)/ ••• 
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TABLE 16. (continued) 

30 Mrad . ! 
·-~ 

' 
T-' :: 103• p X 1o3 . ! p X 103. 

I 

t. I t. t. I 
- .r ... --~- - ... ., 

! 
-j 

' 

! 

i 
0. 5 0.1455 57 32.41 129 118. 5 

I 
3 0.9705 63 36.59 135 126.3 

I 

I 
! 

6 2.317 69 41 .85 141 132.6 I 

I 
76 

I 
9 3.283 47.92 147 137.7 I 

I 

12 4.771 82 54.01 153 142.0 I 

15 6.089 87 59 .24 159 143.7 

21 3. 1343 93 67.08 165 145 . 2 

27 13.31 99 74. 08 175 146.3 

33 16.63 105 82. 79 1.54 147.0 

39 19.23 111 92.32 193 147.2 

46 23.80 117 100.4 199 147.8 

52.5 23.20 123 108.9 pf 14:3 .4 

TABLE 17. I ... 



- 91 -

1!\?1::t 17. 

15 hours. 

~-· +.-.P :x 1034---- t. p~ 10~. 
---

t . p X 103. 

I I 

0.5 I 0.1394 I 57 30.49 129 117.0 

I 
3 1.191 I 63 36.00 1.35 124.6 

I 

6 1.547 69 41.53 143 132.7 

9 2.661 75 46.76 1..4E 1.36.8 

12 3.744 Sl 52.94 15.3 w.o 

15 5.31./:; 89 61.86 159 145-5 

21 8.742 93 66.21 165 1L:.6 • .3 

27 10.88 100 75.78 171 l!;.? .2 

30 11.64 105 3l.S9 130 1/;3.4 

.39 19.16 111 91.18 183 1.48".9 

45 22.66 118 100.2 195 149.8 

51 26 .57 1::?3 .5 108.9 pf 15J .O 

~-... 

TABLE 17. (continued)/ ••• 
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TABLE 17. (continued) 

-·-·~ .----- ··-· ~-·-

4B hours . 
·- ·-

t . ) :" 103, t. p X 10J. t. p ::r: 103. 
- -- · - .. .,.. .. __ ---·-- - ·-- ----·--

0. 5 0 • .3600 57 30.67 129 115. 3 

3 'L461 63 .36 .15 135 124.8 

6 1.312 69 41.82 141 130 .9 

9 2. :308 75 47.34 150 139.5 

1"~ . 5 ,4 .• 633 31 53.15 159 144. :?. 

15 5.373 87 60. 15 165 147.2 

21 3. 364 93 67.08 171 U,8 .1 

27 10. 5.!;. 100 75 .78 180 H 3. 4 

33 . 5 14.37 105 83.64 189 1!;3. 9 

39 13.01 112 91.01 198 14·j ,6 

45 23 . 41 117 09 .24 Pr 150.8 

51.5 26 . 52 123 107.2 

TABLE 17. (c ontinued)/ • •• 
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!~BL~ 17. (continued) 

48 hours. 

t. p X 103. t . p X 103 , t . r x ;_o3. 

0.5 0. 4330 61 
: 

35.72 135 127.7 

' 

3 o . ~c;?l u6.5 40 . 70 144 136.2 
: 

' 
6 2 . 004. 

I 
72 44.36 159. 5 145.5 

i 

9 3. L~55 i 79 .• 5 53 . 43 165 147.1 
I 
I 

12 I ' 4£ Ll· •v i 34.5 58. 52 171 143.1 

15 6.098 
I 90 66.24 177 143.4 
t 
I 

21 9.353 t : 97 74.09 186 11~ .9 

' 
27 14.00 102 81.37 191 118.4 

33 17. 51 109 90.63 197 149.6 
I 

I 
39 20 .96 114 96 .96 pf 150.7 

! 

45 24. 53 120 106 .3 

54 29 .62 129 119.0 

TABLE 13./ .... 
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1 week . 

}. p X 10J. t. p X 1oJ. t. p :.c lo3 . 'J . 

0. 5 0.0427 59 33.36 129 116 .1 

3 1.072 63 36.15 135 1'~5 . 1!. 

7 1.754 6"" 7 1~2 .34 141 131.7 

9 2.718 75 47 . OL, 150 139.4 

12 4.1)4 31 53 . 58 157 144. 1 

15 5.685 87 60. 93 165 144.6 

21 8. 730 S5 69 .69 172 14.5. 2 

' 

29 13.40 100 77. 54 180 145. 7 

33.5 16 . 64 107 33.64 18') 146.3 

40 1C: . 23 111 90 .61 199 J.J!.7. 0 

1+5 22 . 27 117 99 .31 Pr 1!~7 . 5 

53 27 .1~5 123 107.4 

TrtBLE 13. (continuec)/ ••• 
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TABLE 18 . (continued) 

~- week . 

t. 1) =~ 10.3. t. p X 103. t. ·o"'" l o3 .~ Jlto - • 

0. 5 0 . 0683 75 46 .80 147 1.37. 7 

5 1.734 80 52. 53 154 14?..0 

9 .3 • .3 29 35 58.60 16.3 11:.6 .3 

15 5.633 91 65 .75 171 147.2 

21 8.763 77 73.18 173 14-1.1 

29 13 . 31 102 80. 30 134 11~·;, .6 

35 17.46 108 37.14 190 14:3 .7 

39 19 .33 115 96 .81 196 ll;.9 .1 

/j:; 23 . 70 121 104.1 202 1N/ . 5 

54 ~9 . 01 1213 1.15. 0 pf "J.LS . 6 

61 35 . l-4. 132 122 .0 

68 1.,0 . 58 11~0 131.6 

These/ • •• 
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These rer.~11 ts are i1lustl~ated in FIG· .xv o.nd 

At t he- aboYo-· 

t . ·r 
:-' :{ 1_03 . t . :9 ~~ 103 ' t. j z 

.) 10 • 
. .. 

0-5 0. 0357 33 20.90 57 4-~o11 

3 2.1577 36 2.3 . 24 63 4' ·. ';-'') 

6 l.5C4 HTTY.:'l.RUPT'!;D FOR rr·J.'::::J.RU?TgJ J.~Jr'c 

9 3.514 3 iiUUR3 3 EJF'S 

12 5. 546 .3'! 25.56 64 50 . ?.3 

15 7.31:.1 ':2 --~g .45 69 55.60 

21 11.61 L,5 31 • .36 

".7 l,. ')" .. 0 • . 0 51 36.29 

6. 11./ •.• 
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In 0rc1ar t o domomJtr<.,.te fully the reo.ctj_vi t ;)r 

9.tmos ·?he~ce prs~: ·or e , --.nd at l")Om t emoer a t ure, for various lengths of 

tir'8 . Deco !,..,oc:;-l_tj_ons ·vrere then carri;·C. ::mt .:> t 350°C '>lith no potas-

The ro ~vlts , corr9ct ed to the sane 

DI'~H.:D Al' 230JJ FJR 3 r:,:urtS . (u .. :CONTJ\.HLTA"I'ED) o 

t . 'l X 103. t . p y 103. t. 
? 

p }: leY . 

0. 5 0. 0261 57.5 31.95 12;J 115.9 

3 0.1743 63 35 .43 135 123.5 

6 1.050 69 '~1 . 24 141 l~:J . S' 

9 2 . 5~4 75 46 . 27 147 1.3L~ . 5 

12 4.095 g1 5~:. 53 153 D7. 4 

15 5.750 37 5'3 . 37 15S' 140 .6 

21 3.450 93 .5 65 o79 166 .5 142. 5 

27 12 .og 99 73.65 171 1.4.3 . g 

33 15 .47 105 :31. 23 177 14L.,.. 7 

3S lg .59 11.1_ 9J .l2 lg6 145. 2 

45 23 .15 11:5 9'7 0 91 195 1L:5 . 7 

51 26 .77 123 107 . L, Pr 146. 1 

TABL!l: 20 . ( c ont5.nue0.) / ••• 
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TAB1~ 20. (continued) 

10 HHWTl?.S ATMOSPHERIC CONT.'\.1\fiFATION. 

t. p X 103. t. p X 103 . t. p X 103• 

0.5 0.0116 57 45.30 129 133.6 

3 0.1191 63 51.99 135 137.9 

6 2.742 69 59.54 141 1.42.0 

9 5.140 75 67.33 147 144.3 

12 7.231 35 80.72 153 147.0 

15 9.526 S7 S4.50 159 1/;3.1 

21 13.51 93 93.53 165 141.3 

27 1S .39 ,-. -, 
/- 101.4 171 150. 2 

33 23.35 105 110.1 1SO 151.3 

42 30.20 112 113.3 139 151.7 

4-5 33. 3S' 117.5 123.7 193 152.2 

51 3?.7:3 123.5 129.2 pf 153.1 

TABLE 20. (continued)/ ••• 
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T.~.L..~ ~Q . (c-:mtinued) 

l3 ~ --IURS AT'iviCS?~-BR.IC !JO?"TiJ-:I:TL'l'D:t-T. 
? 

p X 103, 103. + ' :r 10-'. t . t . p X .. . 

0.5 1. 241 57 63. :51 129 157.8 

3 11 .~6 63 75.51 135 161.2 

6 1!: .• 63 69. 5 85 . ')6 144 165.8 

9 r;.34 75 ~3.53 150 171.0 

12 21 . 1:.9 31. 10.3 . 4 156 171.6 

15 2L~. ~:6 37 115.3 162 17.~ . 2 

~1. ~() ·--~ • ' :J ?3 121.4 168 173. 2 

27 37.17 99 131.2 174 173. 4 

33 43 . 35 105 137.7 lBO 173.6 

39 4J . 50 111 146 .3 19:3 173 .7 

45 5~ . 76 117 151.3 pf !_74.1 

51 60. )3 1:"~ 1:. 156 .3 

T~BLE 20. (cont inued)/ ••• 
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Jh.BJ;& .?:.Q. (continue·:~) 

1 .4-_.; HOURS S.rl.TURJ~TED C.AR.Bmi DIOXIDE CONT.hMINATIO~T. 

103• 103 . '"' t. T) ~~ t. p ~~ t. n -. leY . -- --

0 ;: o .) L307 60 104.6 132 1..52.~ 

.3 41.. ~;J 66 11.1..3 138 183.3 

6 46 .l/) 72 119.6 150 13.3.9 

1 51.9j 73 1?7. 7 15<) l:-i4.4 

12 5:: .46 35.5 1.37. 7 165 L4.7 

1 r. rr""• , ,, 90 1L;4. 1 174 b4.'' -.J ) I • :.;u 

21 6 ') Cl 59 <)6 .151..3 1 ;~'\ ._::..lv lg4.9 

27 6 ::· . '·}3 10;::. 5 1,-,.-, " 
:J / • . 139 1.35 .o 

3:'3 7~1.0} lJJ 165.2 1'·-.·, ,..~ lS5.1 

39 ~·~1. 3:' 114 170.2 Pr 1~>3.2 

46 ,.,. .... M/ 

o:.5.~0 120 175.4 

54 '":7 .:36 121 1')1.8 

De~om1Jositi .i1s/ ••• 
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Th<'> . ...... ,· ...•. S l·l' ".l.~r; +rn"'. e··n-'-inLl;">r'! I!.J.·<>+ _,,. "V~ C'l"·~;"Y} · t 3r.;o-::>c .L.~ ...,. V ~.'l • . . . oJ , • . • .. . .. , J ,. I •• l,. t, .J-V' '- " ./ • 

.... .: . 
t. t . 

0. 5 

t - 0 

0 . 5 •J , ~~0}0 

1 4 .• 646 

3 5. :307 

5 6 . ~·6) 7 6 .093 

7. 5 ~ . 71? 9 7 . ' .59 

10. 5 1:.) . 74 l3 

. ., ' 0 1.,.., ?1 ( t. d I l .,_. -' ... • con lnu.e J, •• • 
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IABLE 21. (continued ) 

3. 4 . 

t . [J X 103, t . p X leY • 

0. 5 0.1452 0.5 0. 32S2 

6 2.120 6 1.597 

9 3.427 9 3.u29 

12 5. 780 16 9 . 583 

15 ~ .132 21 12. 20 

I N'i'EF.R UP TED A:f\iD 27 20 . 34 

CO::ITi.J1I~T.:1.T::D , 33 21.19 

15 . 5 9. 533 rrr.::::LRu P'i.,_SD AND 

l o 12. 20 C:ONT,\!·II~-;~TE,D . 

21 14. 81 36 2o. l3 

39 29 .04 

42 31.95 

. 

TABLE 21. (continue :"~)/ ••• 
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5. 6. 

·'· ., . 

0.5 

6 l.L~3 

.) . 247 

1~ .60 

10.63 

33 20 . ·;0 

CONTi~iEr ;l'''W , 

37 

:2.:5 .53 

31. 55 

o.:; 0 . 3221 

6 1. :.i77 

15 ;., .102 

21 

27 

33 

39 

45 

51 

5J 

63 

12.93 

16.3~ 

:,_0 .55 

3~ . 21 

36.38 

43.56 

L{) . OJ 

CQ:\1T;J.~Il'TATED . 

64 50 . 53 

69 56.33 

7u 57 .22 

6 .12./ . .• 
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40 '6 . of s i .l vcr .Jxic"l wus 0r e heat ed ln v.::cv.o 

gen, r-<.:::' t.hC'" 5r0unc: in .1'1 2 . ~-.-cs ;1or tc.r in u. nitrogen-fillo Cl --; lov~) box. 

The ·:"1/t. nlot c.::Jri1 esryonded 1vith th.-...t obte.ined fron: an u.nground, prot:-c ':;·.t'Jd 

'I'h-::. r-::- -~Plts illustl·atoC' i!l FIG .XX, are tabulated belm·T in 

I 

I 
.., 

'I X 103. "9 X 103. ! t . -.:. :r 10..) . t. J.. I v . 

! 
: I I 0. 5 0.13?.1 57 4?..98 129 155.7 l 

I 
l 
I 

i 3 1.199 63 //~ . 37 135 16.:: .5 
I 
i 6 3 . 1~01 69 55.76 

I 
141 175.4 

i 
I I 
I 

9 I ) . 526 75 63.89 147 132.4 I 

I I I 
I i 12 I 6. 761 81 72.0?.. I 153 16~ .2 I I I I 

I 
>37 80. 72 l ; 15 8.~5'7 159 1S9.5 

I 
I 

I 21 12. JO 73 39.45 165 
i 

195.7 
' 

! 
I 

Eo.3 27 17. /3 rv-, 9"7 . 91 174 ; ?/ 

I 33 22 .10 105 110.4 l GO 196 . 9 I 
I 

i I 

::S . 1.3 111 122.0 189 I 

I 39 I 197. 0 

i 45 
I 31.7J 117 U4. 3 198 1S:7.2 

I I I 37.17 123 147.0 197. 5 I 51 

I 
Pf 

i [ I 
I ! ; I 

6.J..3/ ••• 
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6 .13. ·.i·~-:-: SFF:JCT OF C.".T~:.)DS RAY8. 

A cadmitlr.J trap w .s inserted bett.rreen the lVIcLeod 

eauge anc~ the decom-ros ition ehamber to minimi s e the effects of the :ner-

cury vapaur in t~·w system hosition N) . 

TABL~ 2~ . 

i t . I p X 103. I 
I 

t. p X 103 . t . p X 10J. 
I I I I I 

0. 3626 ! 0.5 i 57 32.23 129 1?2 .0 i 

I 3 i 1.307 i '3 37.70 135 130.1 I 

I 
6 

I I 

I 1.974 ! 69 41.32 141 136.8 
! 
I 

I I I j I 3.178 75 47.34 150 142 .6 ! I 
I i ! 

12 I 4.414 I 81 53 .88 159 146.7 
! 

i i 

I I 
I i 15 I 5.988 i 87 60.98 165 . 147.0 
I I I I 

I 

I 21 I ~ .756 I 93 69.69 171 147.8 I I I I 
I I I I 27 13 . 07 

I 99 78.41 180 1L:.8 .1 I 

I 
I 

! i 
I 33 16 . 55 I 105 87.12 187 148.6 

I I I I 
I I 39 20.04 

I 
111 95 .83 196 I 1M .• 7 

I 
I 23 . 53 117 104.6 I 11+>•4 45 i Pr I 

I 

I 

I 

51 I 27.88 120 110.6 I I 

! I 
I I I 

The ·0reh-:;ated s:-.lt 1>r>S spread uniformly over the 

bottom of a quartz buc1wt of 5 mm. dia:notcr, ano irradiated for 6 minutes 

with bursts of 18-20 oec . duration, and with 10 sec. inter val s between 

bursts/ ••• 
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burHte to :Jrevcnt :'!XC ; :1sivc he<>.t.ing of the buc'k:et by th" cathod: rays , 

The ?It ~lot for the decomposition at 350°C is 

3iven 5.:1 FIG.X:::G, anr1 ·U can bo :Jcen that n:; sff :.:ct occurred. The :t:e-

An i:-~t i n t ..; l;rL"'Ctu:r~ of the product from the de~ 

·f)r ohe,te-.1 .:.t 2J0°C! for thro8 hours vras made . The mixing was done in the 

t . :) ~~ 103. .1. 
1.1 • p X leY. I t • p X 103. 

0.5 o.?,n9 47 32.60 122 1/;.6. 7 

3 1.751 54 40.83 132 165.1 

6 3. 7CY0 60 4/J.Lr£ 140 136.0 

r 5. 513 66 54. 03 150 19L~ . 3 / 

12 6.984 72 61.06 162. 5 196.9 

15 ~.36:; 81 72.06 174 197.1 

21 12. 05 so 35.27 183 197. 2 

2::: l?.69 97 9g .61 190 1~7.4 

33 ~#1 . :39 103 117.A 199 197. 5 

39.5 25 •. ~3 11/~ 130.3 Pf 197. 5 
I 

I 

An/ • •• 
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An at"":oW~·hcrr; of :1i trogen w:1s !!k'1 :i_ntn.in0d throu.ghout the mixing . ro 

cho..ng3 fr-on J~··.~:.l u:::·;nl chcomposi t'i.on w:ts obta5.ned on decomposing the 

T~e r osu1ts, t e.bulatod ·.bovo in l'ABr..::: 24, o.ro ::ho'm 

Cvlinder .·.;;::7:;en W".S not used in these rune since 

Gar::1e·.· e.nc1 J.ee·res59 have sho~.·m that , in such oxygen, orge.nic impv.rities 

0 A spec i men -vras pretreated for thre<~ hours at 280 C 

j_ l1 V':'. cu 0 . ~rior to decompositi on, 20 mg . of preheatc~ silver oxide was 

hoat~d ~t 400°C i n an e 'mcuat8d eidc a rm, connected to the vacuu~ line, 

and the released oxygen created a pressure of appr oxi11atel y 2 x 10- l c.::1 . 

mercury i. "! tho dr;com'!JOSition line . Tho decomposition of thf! specimen 

HP.!J t!.1c:: c<: ~r:i.rd ·-:ut G t 350°C in t~is a tmosphero . No chango from the 

nor·ne.l 0 cc c.m-;v JS i t ion cc curre d • The results a re tabulated in TABLE 25 

bolo11, Hl:.ol~o t!-.o ~::>r3s::;ur<J values given rcpr c:s,mt tho press1.1r-:1 of -;v-::>lvod 

As well, a sample H::ts prchcatod f or throe h::>urs 

at 230°'::! in :)~-:-;r_:cn e.t 1 e.tmo~mhr-ro ::->r essur c , (similar t ·::> Louis53) . ~he 

A.':?. . r.'!C.!.lG::'.n'J.o: :-, dioxide . The decomposition at 350°C , in lJ.:..cv.o, u2.s 

vnc h~:mg'Jd by thiG trea.tmont. Tho results ~re ~iven in TABLE 26 . 

J:'ABL:;t; 25 ./ ••• 
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! 
D X 103 . ! 

p X 103 . p :-: 103. : t . t. t . 

0.5 0.0139 51 35.95 123 1/+6.0 

I 
3 0. 4131 57 42.59 129 156.4 

6 1. 504 63 49.04 135 163.6 

9 ; .• 564 69 56. 20 141 175.3 
I 

12 5 . 20/+ 78 6i3 . 29 150 185 . 3 

I 
i 15 7. 155 90 85 . 27 159 192.3 

r 
21 11.61 

I 
I 

94 92.37 171 196.1 

I 27 16.17 101 104.6 177 196. 6 

33.5 21.79 105 110.9 195 197.3 

39. 5 25.73 111 123 . 5 Pr 197,5 

45 31. .~4 I 117 136.7 

! 

TABLE 26 I ... 



- 110 -

]ABLE ~_Q. 

t. I 'l X 103, t . p X 103 . t. p X 103. i 
I I 

0.5 0 .0076 60 47.98 132 159.2 

3 0.0227 66 54.59 135 163.6 

6 1.364 72.5 63.10 11,4 174.4 

9 3.137 78 70.63 150-.5 1Sl.9 

12 5.841 84 77.78 156 137.7 I 

I 15 7.759 90 I >J7 .96 162 191.5 
i i 

I I 21 12.43 97 ')9.86 168 195.4 I 
I I 

I 
28 18.05 102 103.0 174 195.9 

33 22 .04 103 113.3 180 1S6.4 

39 27 .38 114 123.9 198 197.3 

45 30.70 120 139.5 Pr 1~7.5 

55 4.3.21 126 149.4 
I I I : I 

6.16 ./ •.• 
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6 .16. 7ISUA1 OES:~:t'lil.'!'IO:NS • 

The decorrposi ti :.n e.t 350°0 w.o.s intorr:ntod a t 

V'1ri:>US ·'- .~ .... 
IJ ..~..o l • "'.nd t he resul ting pr oc".uct 0bscrvcd mioi~osc :._.pi-

C ..,,l,r \.' ,..,.., , ·n1.' ·?·J· c ..,+ ; .... n Y. 4'10) 
• ""·- , ·~ . - -· • • J . - .J- ' .. - • 

1. fresh "'·':t'' ' '_,l_c w2-.s used in ~ ... ch c:->.s:;; • 

Tho f'.)ll ·"J' ·J.; ,, ':"' I' ""Sl' 1 t··· ,., ~·r" ·)ht., 1.' n"rl ( T: RLJC ?7) ~ , ·- _ . _ . L-· - .._.. 'J ·- Q . • , .... • " v . ' .. 6.- · ,J , • • 

r.'Jl3_, t . 

Undcc0mpos~d 

s ·1111ple . 

Dri e~ 2.t 2 :>0')•:-! 
for t'1r ,.:0 1~ .1l ,....,: • 

t o. 

97 :rbPt ·· • 

130 minutGs • 

154 i:linutc.s . 
( C'JTIDl:tcn~;D -. J. 

MICRO.SCO PIC:.L OBSP.RV;. ':i'ION . 

A rDll., chocol:-to-'l:>r':'>wn colour ed ~".SB of very 
srr:-ll Darticl;s . ro sil,r8r s :')ots W":re nresent. 

Th~ r;".mc dvll chocob .. te-hrovm col·:mr a s above . 

?ln.c1• j n COL'ur , tondin[; to f ,-,rrn . ., r.ohersnt T!'c.'!.SS 

~-.•:i.~~ qui:;r; .., lo.rgo numbe;,~ of minute silver specks; 
occ::tsion-:-.1 ;_•e3 i ons Hhcre "..gg lom:Jrnt c::l of silvvr 
OCC1..l !' , 

El :-cl<, not vor;;· d i ffcr"lnt fro'".'! :-.oove - ·)or haps a 
sHr:,ht incre.:- sc. in the numbe r o f pinpoints of 

• 1 Sl .vcr. 

'91. . c 1~ c0lour rom3.i ns , bu.t the pi.~·~oint;~ of silwJr 
nm-1 rppo::-1.~ cloc.rl~' vi s iblo. 

0'1l,r :pur':l ::. ilvor n;~ee ~:nt - it has ~ structure r c­
SGmhUn:? silv :-:r fi l igT:::·0 . 

6 . 17. r.C"::r"E G'!: DEC.JEPOSITIOn . 

~. '/ ;t ... .:..P,.... • • • - -
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Tho :)Crcc:nte.gn 1rn.s d<.:termin0d by W")ighing il 

C~. OC·Ir.11!0SC(~ i nto th::.: lrn:J\-1!1 V0lU!:D r~f th~ line (56:' CCS.), ::\nd t~'J f:i.m.J. 

T:10 v:. 1 U "':S of t~c d2com.ryositi::m t :-.. r0cratvr -..nd . . 

The v~1ues for the percentag~ cecomno-

-:>.4. 11, 3J.15, 'll . J6 , 35 . 50% • 

. '7 Jf'.' 
J • t.}(O • 

·_ s r.n t.Jlr:l of 20 :n::; . of si1Yf:lr oxide \..ras inti.'-='.te-

ly i1:i.YeC! ~!ith <VJ•roxim'1.tc1y 5 . 0 -ng. of silver obtained b7 heating silver 

oxide 1.'0 /+00°-J for se·-':)r:?..1 hours Fith pumrying. :.fter \.reiehing the 20 m.cs . 

se.m~Jle in :u.:;.~, the i71ixing F"'..S C'ono in "lir a nCI. no ST'ocial ~recauti·.)ns were 

,')bserved . The ,.rr:i..~~-;_ng 1.ras c.one three h'Jurs before the ;.~u:1 and the spr;ci.·· 

The n/t n1ot for the decomoosit;_oa 8.t 

The nressure of the e1.s a t one stage Has ~.t the 

limit of t~::: McLeod gau~'J e.nd, consequentl:;r, the ru.n hac to bo interrupt 

ed and a Jortion of th) gas pumped off. 

TABLB 28 . / •• • 
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-,) •r 1 o.3 ~ ~~ 103. 
,., 

t . \ . "' .... . t. t. -l =- 10.) . 

0. 5 L~- · 531 36 D 4.6 109 174.8 

2 59 .02 39 135 .6 112 176 .0 

4 S'7 . 47 47 1~.C: .3 121 1?9 .. 5 

6 105. 5 51 142 . 7 136 185.7 

10 112.6 57 146 . 2 153 lSl. O 

14 116 .7 63 1_4J . 8 163 192.6 

16 11~ .3 75 156.7 170 19J.9 

20 122 .5 g2 161.0 185 .5 196 .9 

24 125. 5 39 164. 5 194 1')'( . 2 

30 133 .0 94 167.3 pf 197.5 

35 134. 2 102 164.5 

V".ri)l}E: tem~'Jrr· tur~· . :1.fter the ustn.l :-Jre- troa. t ment Rt 280~ ~ for thrc0 

occu:rrin;; . The fol101·1Llg result s were 

29) . 

T. DL"W ?C I .t..V :;.I .... / . • •• 
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380°C. 

t. ) :: 103. t . p X 103. t. p X 103 . 
,_ 

0. 5 0.1408 24 73.99 48 181.5 

3 1.910 27 87 .61 51 13?.2 

6 6 .421 30 102.4 54 190 . 2 
I 

9 16.75 33 11<;.7 60 194.2 

12 26 .66 36 134.3 69 196.8 

15 36.79 3') 149.9 80 197.4 

18 1-vS. 82 42 I 162.6 Pr 197.5 

21 60.37 45 172.4 
I 

' 
I 

3'f)OC. 

t . Y) : . 103. t. p X 103. t. D X 103 , 

0. 5 0.3093 30 52.18 60 140 .7 

3 1. S'30 33 59 . 53 66 162.2 

6 ~~ . 681. 36 67.23 69 170.8 

9 c; .874 39 75.33 72 179.0 

12 15 .60 42. 83 .37 75 185 .0 

15 21 . 22 45 92 . 26 81 192. 5 

18 27 .37 4:_; 100 .8 87 196.7 

21 33 .40 51 110.8 93 197. 1 

24 39.17 54 

I 
121.2 102 197.4 

27 45.45 
I 

57 130.8 197.5 I Pr 
I I I 

Ti~BLE 2).. (continued)/ . • • 
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T~BL~ 2: . (continue~) 

360°8 . 

t. 'y 10.3, t. 1) JC 10J . t. p X 10J. 

o. 5 0.0302 33 37.11 
I 

37 151.6 

I 
3 1.154 36 42. .11 93 173.4 

6 ::. . ::>}1 39 47 .04 99 182.0 

n 6.426 42 50 . 56 107 190.1 / 

12 s . 321 45 57.41 111 191.7 

15 13.77 51 68.62 117.5 194.3 

18 17.37 57 81.69 126 195.6 

21 20.63 63 96 . 56 135 196 .5 

21.r 25 .16 70 .5 116.4 144 197.1 

'?.7 ;:s .n 75 12g . 2 Pr 197.5 

Jl) 3'?..96 31 144.7 
I ! I i 

TABLE 29 . (continued)/ •.• 
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r~Bh~ 29 . (continued) 

.355°C . 

t . 1) X 10.3. t . D X 10J. t. ·,1 X 10.3 • 

0. 5 0.0255 .36 . 5 .37 .46 103 161.3 

.3 1.679 43 45 . .36 108 170.8 

6 3. ':55 43 5.3 . 0.3 114 130 . } 

9 6 .421 54 6?..44 120 1:37.0 

12 10 . 4.3 60 72.80 126 192.7 

15 13 . 40 67 35 .87 132 195.4 I 
18 16.72 71 94.61 1.38 196.9 

21 1S'.s9 73 108.6 144 197.1 

24 23 • .30 85 121.5 153 197.3 

27 26 .74 90 1.34.6 .,f 197.5 

.30 30.03 <:6 . 5 149.9 

i I ! 

'l' .BL-::! 29. (continued)/ ••• 
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Ti.;.BLE 22. (continued) 

3 50°c; • 

t. !J X 103. t. p X lo3. t. 3 
p X lCf • 

I 
0.5 0.0349 57.5 ~.3. 27 129 157.1 

3 0.2323 63 4~.21 135 167.6 
I 

6 1..452 69 56.05 141 176.0 I I 
I 

9 3. 51/+ 75 62.73 147 I 132.4 

12 5. 5!+7 31 71.15 153 186.2 

I 

lt:; 7.312 87 79.28 159 I 190.5 _ _, 
I 
I 

21 11./:.7 93.5 89.15 166.51 193.4 

27 16.38 99 99.90 171 194.8 

33 21.00 105 110.1 177 I 196.3 

39 25.21 111 122.0 186 196.6 

45 31.36 118 135 .6 195 197.2 

51 36.30 123 14.5. 5 pf I 197.5 

I .I 
I 

T~BLC 29. (continued)/ ••• 
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TLBLE 22. (continued) 

345°C. 

t. 'I X 103 . t. p X 103. t . p ~r 103 . 

0. 5 0.0451 60 47 .05 138 154.1 

3 0.8439 66 53 .11 145.5 161.9 

6 1.665 72 59. 62 153 174. 5 

9 4. 254 78. 5 66 .94 159 130 .1 

12 6.911 84 73.65 165 185.4 

18 12.00 90. 5 32 .68 171 189.3 

24 16.81 96 90 .28 177 192.9 

30 21.18 102 98 . 53 186 195.7 

36 25 . 57 103 107 .6 194 196.9 

42 30.06 115. ~ 113.7 206 197.3 

43 36 . 71 120 125 .6 Pr 197. 5 

51.,. . 5 4?. .37 129 139.9 

T.~BIE 29 . (continued)/ •.• 
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1~BL3_22. (continued) 

340°C . I 
.L ;? X 103• t . p X 103. t. :) ::{ J.o3. l• . 

0. 5 0.1211 63 41.27 162 151.6 

3 1 . 766 72 47. go 171.5 164.6 

6 2 . 'I'll ~n 5Lf.13 177 172.1 

9 4.693 90 61.36 186 1g1. 9 

17 9 .662 9?. 5 70 .80 201.5 190. 8 

21.5 12.66 10g 7'3 . 41 207 192.3 

?.7. 5 16 . 29 117 :39.01 2D 193 . 5 

33 19. 52 12g 100 . 4 222 196 .5 

39 23 . 90 135. 5 112.4 235 197. 2 

45 .~7 . S'~ 144 123 . 3 pf 197. 5 

54 3::.. .69 153 137. 3 i 

! ; 
' \ I 

ThBLE 29 . (continueO.)/ • •• 
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ThBLE 22. (c0ntinued) 

JJOOC: • 

t. 3 
·.') :X 10 • t . p X 10J , t . P X 10J , 

i 

0. 5 0.0606 10?. 35.46 248 134.8 

J 1.237 114 41.35 260 144.6 

6 '.' .080 126 . 46.70 272 157.0 

9 2. 815 133 53 .1)0 278 161.1 

19 5. !J7J 150 59.97 295 163 .4 

27 ~ . 076 162 67.40 313 182.1 

36 10. ~)6 174 75.33 325 I 187.5 

45 13.30 188 85.76 337 I 192.1 
I 
; 

i 
55 16 .':3 200. 5 94. 55 349 193 .7 I 

72 22 .95 212 103.6 367 JS'J . 5 

31 26 .96 219 109.6 390 1?7.0 

90 30 . 41 236 124. 2 pf 197.5 . 
I 
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The Prout-Tompl-:ins equ::'.. tion, 

log1o [ ·~}/(.pf-p)J= k
1

t + c1 .... ... ..... . . .......... (1.30). 

w~ s appliel~. to t he results. The equ2tion W 'S c.pplic('.ble to the limited 

extent shown in FIG.XXIV. 

The val ues of k
1 

nr o tnbulr.·:~od below in TABLE 30. 

Ti~LE lQ. 

TEMPERATURE o, 
v. 1/T°K X 1o2 . lq X 102 • 

380 0.1531 3.905 

370 0.1555 2.6~ : 

360 0.1580 2. 768 

355 0.1593 1.733 

350 0.1606 1.316 

345 0.1619 1.241 

340 0.1632 0.9101 

330 0.1659 0.6325 

"--·---- --·--·---~-·- ··-... --
However, as can be seen from FIG .XXIV, the equation does not describe the 

complete curve. 

The fit of the modified Prout~Tompkinr- .3qtn tion, 
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log1o r~/(pf - p) J = k2 log t + c2 

was no bette~ . (FIG.XXIV, AA) . 

7. 1. 2. The ~u~ntial Law. 

The equation, 

. . . . . . . . . . . . . . . . . . . . (1.37) • 

log p = k3t + c3 • • • • • • • • . • • • • • • • . • • • • • • • . • • • • • • • • • • • • • • (1.22). 

was tested here. The fit is shown in FIG .XXIV, (BB), and does not 

cover the whole of the acceleration period. 

7. 1. 3 . The Power Law. 

Garner and Reeves59 found that their p/t plots 

over the accelcratory period could best be described by the expression, 
)_ 

p"' = k4t + 04 ...•.. . ..••••...•• ••.••...• . •......•.•• (2.05). 

equation. 

Consequently, it was decided to apply this 
1 

The Dl ots of p·;r against t for representative decompositions 

at 330°0, 350°0 and 380°0 are shown in FIGS.XXV, XXVI and XXVII respect-

ively. 

It can be clearly seen from these plots that, 

althouGh the points approximate to a straight line at lower tem,Jeratu.res, 

this is not the case at hi gher temperatures. 

Nevertheless, the best stra i ght line was ta}-:en 

through the plots and the values of k4 determined. (T.~LE Jl). 'rhese 

lines 2.l so give o. negat ive intercept on tho t axis, the v2.lue of which 

decreases with increasing temperat ure, as obtained by Garner and Reeves . 

TABLE 31./ ••• 
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.'£ABLE :n. 

! I 

l/r°K X 102. I T!~PER.ATUR~ oc . I k4 X 10. 

! 
380 0.1531 1.239 

I 
370 0.1555 o. 7732 

I 

3~:0 
I 0.1580 0.6082 

355 0.1593 0. 5022 

350 0.1606 0. 4047 

3'1,5 0.1619 0.3398 

340 0.1632 0. 2879 

330 0.1659 0.1939 
! 

In viev1 of the poor fit of equ:..1.tion (2.05)., 

it vms decided to te::t pov1ers other than the· cube r oot. I t was found 

th1.t the 1.J~1')le of the :>..cceleratory period , except for a small initial 

portion, could be fitted by a square root plot i.e. by the equation 
.l. 

p 2 = k5t + c
5 

. .... . .. ..••........ .. ... . .. ........ .••.•• (7.01). 
)._ 

The plot of p2 against t is shmm in FI GS .XXVIII, XXL~ and XXX. The 

line::>,Tity of this plot w~w maintained a t all decomposition temperatures. 

The interco·ot on the abscissa is a lways negative. 

The v.:tlues of k
5 

are tabulated in T11.BLE 32 

belmr. 

TABLE 32./ ••• 
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Th,BLE 32, 

TEMPERATURE On v. k5 

380 0.4806 

370 0.2921 

360 0.2313 

355 0.1921 

350 0.1538 

345 0 .1365 

340 0 .1122 

330 0 .07173 

The fit of the Prout-Tompkins equations has 

alre~dy been s hown to be confined to a small portion of the acceleratory 

period. No fit iG obt~ined over the decay period . The applicability 

of the mono:nolecular law, 

log = k
6

t + c
6 

................................ (7.02). 

over the decay period i s shown in FIGS .XXVIII, XXIX and XXX. 

Tho plot of the monomolecular law, although not 

fitting the p/t plot to its very end, gives a good straight line over 

the re(;ion of fit. (FIG.XXIX) . The r esults are tabulated in TABLE 33 

below. 

TABLE 33./, •• 



TEHPER.i TURE 

380 

370 

360 

355 

350 

345 

340 

330 

equation, 

2.303 log10 k 

where E 

K 

T 

and R 
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TABLE 3~ . 

oc. J./T°K X 102• kt, X 10 . 

0.1531 0.6003 

0 .1555 0. 5081 

0.1580 Oe3734 

0 .1593 0.3111 

0.1606 0.2163 

0.1619 0 .1781 

0.1633 0.1538 

0.1659 0.0882 

The critical increme~t was determined from the 

= _j_ 
RT 

+ K ••••••••••••••• • ••• • •••••••• ••• ( 7. 03) . 

= activation energy (kcal.mole-·1) . 

= a constant. 

= the decomposition temperature in degrees Kelvin. 

= 1. 98 calories., 

by plotting the values of log k against J./T, FIGS .1CX.U and XXXII. 

The w.lues of E over the acceler atory perioo vrere; 

E
1 

= 23.98 kcals.mole-1, E
4 

= 28.08 kcr,ls.mole-1, E
5 

= 28.27 ~::cals. :ilole-1, 

~nd 0vc:.. ·~.hP. 'lP.cl'l.y peri.od, :B,. = 29,64. kcals .mole-1 • 
c 

7. 4./ ... 
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~Oj:ID]:~..[ULK'I FRQM SILV"'llt CiUl:§.Q~ . 

The oxide was pr eheated at 280°C for three hours , 
.1. 

with pu.m:,Jing. The plot of p2 against t was drc.wn ::-or the decomposition 

330°C. 

t. p X 103 · t. p X 103 . t. 3 p X 10 • 

0.5 0.1699 93 19 .93 228 91.16 

3 0.4722 102 22.36 237 99.32 

6 1.150 113 26.39 246 106 . 5 

9 2.0J6 120 29.01 258 113. 5 

12 2. 56u 130 32.70 270 130.2 

13 3 . 221 138 36 . 21 232 142. 0 

24 ;,. .• 420 147 40.34 294 159. 7 

30 5. 471 156 44.37 309 169.4 

36 6 . 450 165 49.34 321 179.9 

42 7.786 174 54.31 336 139. 2 

1.,;5 3.814 186 61.33 351 193 .o 

57 10.59 192 64.70 370 1'75 .3 

66 . 5 12.95 203 72. 22 400 196. 7 

75 15 .01 210 77. 81:. pf 197.4 

34 17.22 219 84.01 

The/ . .. 
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The fit was excellent as illustrated in FIG. 

XXXIII. The analysis of the decay period \-IUS also done. The fit 

of the unimolecul~r l~w was good and is exemplified as well in FIG. 

XY..XIII . 
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g. DISCUSSION. 

Contrary to previous reports, the resu.lts show 

that the decomposition of silver oxide is singularly reproducibl e. The 

requirement fm .. ~ this is that the oxide must be free from carbonate be-

fore docom~os ition. The decomposition of any contaminating silver carb-

onate (h_,:i~ing t he d8com,-,osition of silver oxide will not give reproducible 

r esulto, s ince the new surface may vary from specimen to specimen. Thu.s, 

even 1vhsn 8. :-,otassium hydroxide trap is present in the line, the results 

are not re~roducible . However, after the pretreatment at 280°0 for 

three hcurG i n vacuo, the thermal annealing probably allows the silve:r· 

oxide, forr·10d from the decompo;:lition of carbonate on the st~rface, to 

crystallise to its normal crystal structure , and reproducible, 1)r...,ss1.1re-

time curves result. The fast, initial deco;:.rposition of the silv.;r oxide, 

pre:)B.r~d i'l'OE1 s ilver carbonab, is possibly d1.1e to tho fact tha.t it is 

diffic1.1lt to froo th:. ;;.;ilvcr oxide from ca r b )nate by normal heatinc64. 

The irreproducibilit y of results found by prov-

ious 1,1orkers wa s apparently due to tho r eaction of the s pecimens ,,ith 

atmospheric carbon dioxide during handling a nd storacc. The occurence 

of a uk<.:.:L lUrn rate of docomposi tion at the commencement of the reaction, 

as found b;::- Pc:.vlyuch:)nlco e.nd Gurovich56, and Garner and Raoves59, is 

similar to th3t fovnd for pr e)aration B. It appears t hat Pavlyvchenko 

and Gv.r~ vich stlJcl.io3, in tho n1ain, the decomposition of s ilver carbonate 

in the r o l a.tbro ly lo-vT ·c'"'mp3rature range 118°0 - 220°0. A pr essure-time 

curve for the thor rnal cbcomposition of silver carbonatc65 is shown in 

FIG ."£uV..IV I . .. 
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FIG.XXXIV. The reported sensitivity of the silver oxide to light was 

presumably du0 to the presJnce of silver carbonate, which does darken 

on ex:,:Jo~~.,rc to light. 

The pressure-time plots of Hood and Hurphy r e-

semble t.horJo shmm by preparation C. Their pressure moasurem.Jnts vwre 

carrioc1 out by nev..ns of a differentiJ.l water manometer~ the ovolv .... d 

carbm dio~:idc thus fortuitously dissolving in the water, and only the 

pressure of the oxygen being recorded . Tho initial par t of the curve 

vTas not nhJ'I.m. However, on prod1.1cing the o/t olots back to t -· 0 , it 

app~ars that a small initial burst of gas may have occurred. This 

\-rould be duo to the rate of f;olution of the carbon dioxide being less 

than the r c.te of its evolution. 

The sigmoid curv;;s obtained by Garner and Ro~wo.~ 59, 

using e.l1l1C::tled silver oxide, do not show a maximum rate at the commence­

ment of the r .ction, and the plots resemble those found here for pre-

heated sp:Jci:aens. The rJason for this is not clear. How .Jver, dt1ring 

thC' e.nnenling process, in addition to tho lf'.rge reduction in surfo..co 

arec:. of tho silver oxic!.:::, d:--composition of any silver cal~bonat-:; prosont 

wou.ld l1::w:) ce;currod . Aft lr thi s treatment, the larg:) particles (approx­

imlte dL:\I'iok:c, 0 . 3 mm.) woulr1 have formed less silver carbonate than the 

ftmly c1ivic1 oc1 (cpproxbJ.t:; diameter 4 x lo-3 mm. ) powder of t ho original 

As 'loll, if the t i me of handling prior to dJcom,?osition 

was short, t :·, .. n v0ry little contamination would hc.ve occurred . (N .B. 

Tho cu.rvo8 f0l' carbon dioxide contamination show that no c.ppl~eciablo i n­

itial fast acceleration occurs oven after 10 minutes exposure to ~ir 

after/ ••• 
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after )rehee-Ging). In our case, the preheating probably causes a 

slight sintering ~ff~ct, and the particles will present a smaller 

surface c r~a to the cPrbon dioxide gus , and thus be less conte~i~~ted 

by the cr-.rbon dioxide in the air th.:m the original preparation. 

Contrary to the findi~ here, Garner and Rcev~s 

reported an effect on the decomposition as a result of grinding. The 

fourfold incre~se in the velocity constant and the reduction of tho 

maxirrnr r.:-.te from 2~ to 12% ::>f the totetl decomposition 1-lOUld be c on-

sistent Hi th n contamination of the specimen by carbon dioxide on 

grinding to ~ small particle size in air. CurvJs 2 and 4 in FIG.XVIII 

illustrate this r)oint. 

The possibility of reaction proc eeding by a 

mochanis·;_· involvine the production of effective intermediates mtwt be 

cons idor.x:. If th,:se w:.:ro comparatively stable, but c he.nging ::..t :t 

high r ~.ta b::Jc ... L,Jc of tho rapid accoleration, tho decomposition m:i.eht 

proce,3c\ ;)y c .\:.ins Hith deg-.:norate branching. Hm..rever, th.; interrupt~ 

ion •.)f the ro.:.ction b:" sudden cooling and subsequent rche:ttiUJ c.ftor 

three hours, to tho initiul temperature, produced no chango in tho de-

compor;i tio:c~. Beco.use irrJ.diation with ultrr,-viol ,t light e.nd bombc::cd-

ment with hi~h velocity electrons hus no effect on the subsoqu0nt to-

composi-tion, c process 'oo.s0d on a y.>hotochemical ::coduction, :--:::: vr:i.tb. br.:;.·--

ium e..z i C'0 , is unlikely. 

The ctccelorntory stage of the decomposition is 

fi ttoc1. by the squc.rc root plot; 
_1_ 

p2 = kt + c •• •• •• • ••••••••• • • 0 ••••••• • ••••••••• 0 ••• 0 •• (7.01) 

This/ •• • 
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This c~n ~rise from only one of two possibilities: -

(c.). Linear c:.1e.in ra.1ctions vlith t he spontaneous generation of 

fresh nuclei or 

(b). 1-l:l:cction in tvTO dimens i ons , from .-. fL""'<:ed number of nuclei. 

The first is improbe:.ble s ince such a mcclk.".11imn 

would c.cc')unt for only e. VJry sm::-.11 fr'1ction of the decom~Josition, ( vTith 

silver oxid~ , the expression holds to 0£ ;y 0. 75), .:..nd, in addition, it 

h~s been ~h0wn t~qt the number of nuclei cannot b8 further i ncreased by 

physico.l mo.:-.11s, :::uch as grind5.ng . Therofore , it i s concluded that the 

reactLm ·;roc8c C:s from a fixed number of centres, a nd that the silver 

nuc le; i :;;r::;u ::.n t' ro dinens ions. It is probable that with a pr eci pitated 

solic1 S1.\Ch ;:;. ·· !:dlver oxide, t he number of grain bound:wies will be high. 

T\vo-dilensiom.l nuclei l.f).y grow a long these bound :1.ri es, thus res1.1lting 

in ~ squ;:;.ro root }lot • The negative intcrcopt on the ~bscissa of the 
. ]~ 

Dl ot of -,~ r..:;ainst t is of significance . In the decomposition of b;:;.rium 

;"..zide, '1'!1 :.:-:..1:'..:.: :.·.nd Tom?kins45 find o.n exponent of 6.0 1·rith 2.. :>ositivc in-

terc3:Jt on the :-.bsciss: .• This positive v~lue was considered as being 

du.e to tho f -.ct th:.1.t the nuclei (barium metal) grov1 more slowly ,,.lhen they 

are VOi'Y S.:il~'.ll. With silver o-·ide, the negc..tive intercept would thus 

signify -nr•; r::-.pid gro1..rth of tho nuclei in the er:trly stegos. 

The absence of any effect aft~r erindine suggests 

th~t the nvmber of potentia l nuclei, prior to decomposition is high. 

This is a lso support ; d by tho f 1.ct th.'1t, whGn points of silver b-. .)como 

visible c-;1.1ring th,) d.-.composition, there is :1 very b.r,ge number ocr Ui1it 

['.r ev .• 'i'ho ,-, )t::mtinl sitos for nucleus forma.tion nrc not destroyed by 

prohca ting/ •.• 
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preheating in oxygen ~t one atmosphere pres3ure for three hours a t 280°C . 

In the light of the explanation of the initial 

f2.st ree..ction rc..t e found 1.;ith S}Jecimens cont..l.minated by carbonate , it 

s eems likely t~,t Garner and Reeves ' conclusion that the ir t r eatment with 

OxYgen destroys silver nuclei and thus r emoves the initial fur t ~~cc'Jlern.~ 

t ion with un.'.nno .. l od sp :Jci"1ens , does not appe::tr to be true. The sites 

for n1..1cle .~r for:1.:-ttion r.re mor e lik9ly to be, not silver nuclei, l:Jut t hose 

voints 11h9r .. tho .su .. ~f :.cs structure is disorg:.nised . This i s li 1:e ly in 

a solid Hhicll i s :'~r :.: i·, .... ikt ed o..::; ::-.l most e;olloidal sized particler . As 

Hell, l!t'Cle: l' forri• ':t i on vlill be f J. voured <.~t disloc~tions . These 1-1il l 

be hic;h ;it:, :-. rc .. :Ji dly prec i~it.~ted substance like silver oxide bppro:xi-

mately 109 /c·-12 ) . Thi s W0' . .1ld expl a in t he ?:.bsence of any induction period1 

as found hci.'e, 2-nd by G£~rner ::J.nd Reeves . G-rner c..nd Reeves 1 ob:.. Jrv:tti.:m 

that Leui s 1 long induc t ion period vl:<.s due t o the effect of OxYgen on s il­

ver nuclei Fhen smo..ll, is not valid sin co the runs i n OX'!Jgen show no effect. 

I n e.n~r c ::tse, too much str(· ~:1 is 1".id on t hese l'Uns of Lewis ', f ince !1ai·:~her 

Lewj.s nor ::.ny oth:n~ 1r10r1:err wn·:: _., "bb to re~roduce the l0115 i nduction per­

i od . 

Interr upting tho decomposition at v1rtous t:i:·1es, 

exposi;:1g to c.'.rbon dioxide 1.nd then continuir>~ the decomposition showec 

tiu>.t 1'0 .-:ction with c r.rb:m dim:idG C8:1Sed ='.t 3. time prior to t,~e inflexion 

point . This would indic1t.::: surf .1..ce cover9.ge by the product at this point . 

HovJever, ·cho visu::-1 obs2rv- tions show th<..'.t this is not so. 'fhe rcas on 

for this discr::: ·~~:\ncy i- n't clo :r, but may be (:uo to a c-:>nsiderabl e de·· 

crev..so in t he .:: vc. i l c.b] e silver oxi de surfo.cG by tho s intering of the s m.."lll 

s ilver/ ••• 
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silver o::-::ide pc-.rticles during decomposition. 

The activation energy of 23.3 kcal.mole-1 approx­

imc.te;;J to tho v:1.lues found by Lewis 53 (31. 3 kc.J.l.mole~l), Hood and J.VIurphy54 

(25.6 1:c,J.l.T:Lole-1 ), :1nd n.verbu)~h and C.:hufnrov58 (29 kcaLmole- 1). Garner 

2-nd :~v0·1cJ, ·:: nd P::-:"lyuchenke> ::.nd Gurevich 1s va lues c:m be discredited. In 

a.ny C:1GO, t oo feH· puints were tnken for th'; two ;:tctivation energy plots of 

Garner ~nd Rzeves. 

The conclusions here, and those of Garner ~nd Reeves 

a.re at vc.ri::mce. The following obsorv~tions might explain this. The cube 

root plot ,.,:~j_ch they ::>.pplied does not --.1w2.ys r.':)pear to be lin8~.r. In FIG. 
l 

l.of tho.i:i., -~~Cl.::Jer, the ~lot of p·~=i .'..gninst t for the decomposition 2-t 315.7°C 

shovrs n d:Lstinct curvature of the linG. The sc.:.me a.pplies to cert.?.in of 

the 11 split-l 't1~n curves in FIG.J, of the paper . A photogr2.phi.c enlargement 

of the ·1lots fo::c the decomposition 'J.t Jl5.7°C w::ts mnde (see PLAT: fol1owing 

page 132), 1nd ~ straight line was obt~ine~ using the squ~re root rel~tion-

ship (sec FIG.XXXV). Another criticism of their work is that t he p/t plots 

nr e not mnooth curves, which \-lould indice.te a possible temper~"ttUl,c v:tri11tion. 

2.nd 

dx 
c1t 

The fit of the equ~ti~ns 

= k x (1 - x) g 

+ c 
9 

.... ... ............ . .............. . .. 

•••••• 0 •••••••• 0 ........ . . . ......... .. 

(2.01). 

(2. 02). 

a.s f c, nc; by Lnlis c.nd ::-Iood and Hurphy, respectively, is in ::ccor:~ .. ~nce \oTi th 

the Gxt:mt of o.'!plicaoility of the Prout-Tompkins 1 equation, since equ2.tions 

( 2.01) ~nd ( ~.02) m~y be transformed to the l~tter using the rel~ttonship 

X = p/pf" 

The/ ••• 
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The :tcceleratory stage of the decomposit:l.on pro,~ 

ceeds b_r c. nechanism of !l:m- branching ti.JO dimensional re :tction plv.ner.., 

and it is to be expected th:tt, after interference of the planes , t.he un-

decomposed silver oxide will c ons ist of isola ted blocks of materiel in 

which 110 n•.1clei are ryrcsent . In these blocks, if ~o.ch mole.cn!.e ;Jos.sess~· 

es an equ.o.l probability for decomposition, the rate of reaction nill ()c 

proportio.:.:l to the amount of substance undccomposed, c ons equentl7, 

d~ k9 (1 -<::ll_,) .. .. ...... .... . .. . . ... .. .......... c . (:·.01). 
dt 

and thel~ofore , 

log 

since 

__ J.__ 

1-cL 
= 

= 

log ~f = --

,_ t 
"9 + 

+ 

••••• 0 •••• • 0 0 .......... . . .... . . .... 0 

········ ··· ······················· · 

and the :_1 lJt of log ( Pf - p ) o.g ... dns t t Fi 11 be line:tr. 

(8.02). 

::-.nd ( 5 . 03) 2.re re forrc d to .J.S the unimolecu l ::':.r decay Ui·T, :tnd h_: ve bee:: 

a":lplied t~J cever a l substances , e . g . by Hc::. iles17, to the deco,..lposition 0f 

lea d s t:.rphnf>.te , b;- G·;trner and G:Jmm19 to (3- leo.d 1.zide ~ by H...>.rvey8 -t.o 

barium a.z ide, by N ..... r 1re42 to cc:.lc ium azide, by Centnersvier67 .:m( co ·. ·orl-:c.r" 

to the dissocb.tion of 1112..;-ncs ium, thalliun , lead , cc-.dmi uT'l, zinc ~ ::-1. sil·F~..-l' 

c a r bonr t cB, by Slonim63 to ca lcium CJ.rbona to, a nd b~r Hinsch')hJOoc a~::: 

l1ucdonald69 to silver oxal~ .tr: . Silver oxide noF bec omas y<.t a::10t~18!' 

subst.::.nce to ~rhich the law applies. 

The ,,bs oncA of ;.rrarl.i::-.tion effee:ts can be accounted 

for/ ••• 
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for in t he light of t he theory advanced by Prout 7 for the decomposition 

of irr~ciQted potassium perma ngnnat e . This theory w~o al~o appli ed to 

the decom;Josition of irradiated silver permanganato52 . 

The p/t curves of v:hole crystals of potuc'sium 

a nd silver perM~nganet0s>irradi~ted for increasing times, are character­

ized by:-

(,.:"'.), A progressi vc short<min~ of tho induction period, 

( b)~ An incraasc in the m:~.Xi '·tUm velocity until a 11 s~ tur.:>.tion ve:locity11 

is r eached, and 

(c), A lo~ering of the point of inflexion ~fter this point. 

These effects ~~ve been interpretod for irrndiated 

potnssi u:.n pe1.~man£;anato in terms of the production :.nd annealing of cc..tion 

vo.canc'--i "1-G(,rs'C,i tia l (V- I) po.ir~ . Prout 7 irradi<:..ted pota s s ium ·)cr::l:.:>..ngan-

o. te 1-1i th 145 M:)'\T ~rotons , t h::mna.l n.::mtr ons . :nd g::.mma.-r2.ys from 60co. The 

e f f0cti--: changes proc'.uced by tho L:tt t <cr two r r.di7..t ions ·Here c'Jnsiclored 

to .:;.ri·~c f1.·om tho di s 'Jhcemcnt of K+ ions into int;rstitbl positions, as 

n result of col Us ions with Compton 'i l octrons , :?,Gncrated by gamma - r,.,_ys. 

Thooc l"'.'JJ~ma-r.1.ys nr c t h )SQ of c .:>.pturo , go.mm::-.-r<>vs in t hG ?il c or t~1o::Jo 

from t he 6°co a hot spotn. Since collisio~s ~.rc heo.vilv bi.:.scd towa rds 

smnll cncr __ ;,y tr .. ncf:-!r, ·ch·.: \:noc ':0d- .:m :" toms SJldom h-.v , energies suf fic-

i cnt to ·.J:c J'--' 'C·J s~c ond~.ri :s, and so the d,·· .J._, <. will consist of isolo.tGd 

V-I p:: iro l ' . . nO.oml y d iDtribu t cd in tho cl~.tst:.l, th:) s :Jpar.J.tion of v."..c t:tnciGs 

from int :- r ut:i.ti , l s bcin6 ~,b .'u t four or fi vo i nt3r .l.tomi c diste.nc::: • 

At t~0 t c•;npmtur e of dGcor'lpo .. i tion, thcru is 

.. ~nna.::.ling or Tccombinr +.ior. ~f vacnnciel'l .:- nrl i ntcrs t,i+ i nl s 1.ri.th +,h.._ roloo..so 

of/ ..... . 
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of the ....:.,..s.:,cL-.ted WigDer energy. This energy may be quite considerable. 

As t.h...: cryst2.1 is alroady at its deco;aposition temperature, and s.ince the 

material in t~1e rsgion of recombin. t i on is temperature sensitive, o. centre 

of decom;o~ed ~ctnrial will result. The presence of decomposition ~ro-

duct vTill c_.use c1efor!.te.tion of the potassium permanganate lattice, :me 

will r os'J.lt in <. l o•rering ·Jf the a c tivation energy for 'racancy jump. 

There is, tr.1.,s, preferential annealing .::.round this region, '"hich vill in-

crease in ;:. lze to form a 11 decomposition spikell. 

During the induction period, e.nnealing takes place 

and results in 2.n increase in these 11 decomposition centres 11 • A steady 

accumulati:Jn of strain in the crystal will r(-3Sult, and this is sufficient 

to proc1uce ph rsice.l fracture at the end of the i nduction period . Ther e-

after, reC~.ction occurs on the newly formed surfaces and the r eacti on pr o-

ceeds by the Prout-'i.'omp'·ins mechanis::1 of branching reaction chains . 

':i'he following must be considered when expl aining 

the absence ,)f any eff ::c ~, after the oxide ir irradia t·!d in the pile or 

11 hot ~ ·j)ot 11 • Firstly, cn~ealing of the point defects at the tem?er~ture 

of decomi)osition ms.y not occur . Silver o::ido i s a covalent compoL,.nd7° 

'lnd in such e;c;:n··10l'nds defects appear t:; be very sto.ble . For ex.?.mp 1 ::, , 

heat in.; irra0.ia ted (fa;:, t neutrons) quartz at 100°C for three wee ~s p:;:o~· 

duces no obse::-vable recovery of the therma.l conductivity change, and hea.t -

ing well above the o(- (2 t r f...nsition point, (573°C) , is required before 

any m::.~jol' recov(;r:r occurs 71,72. 

Soconc1ly, if annealing does t·~ 1~o l)lace in silver 

oxide, the rn.:;id formation a.nd subsequent growth of tho Hnormo..l;1 Jil vGr 

nuclei/ ••• 
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nuclei ·:tJP .. y destro'r many of the sites at 1·Thich interstiti -9 .. 1-vacancy r e-

combin:..1..·cion W.)Uld tc.ke pl&ce . Finally, the results <:!.f"ter grinC.ing show 

that the production of net-T surfaces does not incre2,se the rate of decom­

position. 

Flanagnn73, in a study of irr~diation effects 

(fast neutrons) on thG dohydration of lead stynhnate monohydrate, SlJg­

gests that :1:Ls result ~ may be explaineCI by tho creation of massive dP.mage 

i n the specimens by th~?rm::tl spi1ws . This rai ses the quest i on as to 

wheth>r an :lffect shoul.d h'3.VC been obtained wi t!1 specimens irradiat-ad in 

the holl01·T 1.1:c2 1i~l'l ::;lug . t-E.ssivc dam1.;c in the c:tse of silver oxide 

woulC!. h.c.we mu.:-;.nt "i:.h9 "")reduction of centrr :; of decomposed materia l , i.e . 

silver l1'1Clri. :ilo.- ction :-·o~..1 ld then have t a':en place on heJ.ting from 

these centr0s. n. :"'JS.,;ihle :msvJer is fou11d t:J t)is problem if one con-

sider~ tho :.:a. in L: .. tures :1f the theory of thcrm:.::tl - nd displacement s :oi l:es . 

Br.inkman74 sugze:::;ted th::.t , vJith the highly concen­

t r ated d~m8~8 obt~in~d with fast neutron bomb~rdment of heaVJr eleme~ts , it 

was pointless to s · )a!c of individual coll isi on:::, and he :)roposec~ thr.t the 

volume 2.ffc ctcd is melted for 'l short neriod, J.nd then soli difies , in the 

maj n, ~:i th tha s::-.me cr:y-stullo.:;rP:~hic orientation as the ·pc..rent '"'l...:ter 2.o.l. 

Such vol umes he callod 11 disDl2.cemont spi kes 11 • The size of tho dis·~-::1: -.... e-

ment spike is determi~ed ~8 follows. As a moving atom slows do-,.rn, tho 

cross section for displacement collisions incrc1.ses r at the point vYhere 

one displacement collision occurs for every inter atomic di.stancc tr.:1vel~ 

led, all thJ rc:ru..ining enerz:- of the moving a tom is distrtbuted in a dis-

plac r·mcnt s·:Jikc "'r'i th a n :-..vorage energy 0f l c V per a-tom. The avorace 

size/ • • • 
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size of o.. d:t:Jplacement spike nroduced by 2 MeV neutrons in copper is thu.s 

estimaten to be 75 R in diameter, and contain~ 2 x 104 atoms. 

Brinkman75 further suggested that the main defects 

introduced bv such spi1:es would be small disloc 1.tion loops, and a small 

number of i ntersti tbl atoms and vacancies ·Juonched in on solidification. 

The litherrnfll spiken model l:k.1.s been proposed by . 

8 't 76 . t . h . t • 1 h t th t . 1 d" •t e~ z J.n 'True . .:: mov.1ng par 1.c e ea s up e rna eru. surroun 1ng 1 s 

track t~n~·'J'J.::; h th_· r olic. for ti··1os of the order of lo-12 second. As in 

the C"'.Pe of di.Jplacement S<.1i1-::es, the consequences of the r :::pid heo..ting .:'..nd 

coolin.:-.; c ~"'..unot be prodictcd .:.t ::-.11 cle:.rly77• Experi;1entally, it is ob-

servsd t '1a.t t!:le ordered :>.lloy cu
3

Au is dj_sordered by neutron bombc.l~dwent 

more r,:>,i)i dl~ · ~h :.n ·ro1~ld be exwcted shtply from the number of ntoms dis-

placed, ".l1d this is consistent with the displacement spike model. 

The practica l validity of these models dep8nds on 

the li:nit.s of volur:e ana t:i.mo to Hhich tho m'1croscopic concepts of heat 

Tho frJquenci '"'s of atomic vibrations are in the r r..ngc 

During ~ time of l0-12 second, a disturb~nce to the 

l attice i f> pr0pagQtod by elastic wnves for distances bGtween 10 - 50 R, 

which is :-,lso about the IDE."1.n free pc.th of phonons in insull.tors ~t room 

tem'"e·· ' -'·u·.-.o 78 
.. tJ L c... .. V . 1.. ., o Consequently, in insul'1tors , it is unsa f e to apply the 

- 12 macroscopic conc0pts of hc.' t for times shorter than 10 s econd, or to 

~;olunes ¥Tith lin::- .r dimensions much less than 50 R. In r1etn.ls, who:re 

tho free olect.r-:mo plc•r :c dominant role in the tn.nsport of energy, ol 'J.s-

t ic eli s+.'"~b~:. ':ces :-\r o m.'.inly converted to r1i.sturb::mces of tha froo electrons 

in ti:x :G of '?.bo~1t. 10-13 ::ocond79. 

FrmJ •• , 
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From the above it vrould seem that there is a 

probability fm.· the formation of therm~l and/or displacement spikes in 

metJ.l s, 1)ut it ic b:; no me" ns likely in other substances auch as silver 

oxide. In ~ener~l, in silver oxide, the damGge will consist of dis-

pl aced :-, to:Js , 

In addition to a s tudy of the effocts of irrad-

iatim1 on silver oxide , some prelimin~.ry studies h9.ve been made on the 

dec ompos Hi on .")f irr ad i r.ted and unirradiJ. ted caesium e.nd r ubidium per-

mo..ng::n::-.tes . The det~iled results do nJt form a part of this tnesis ~nd 

Hill be pre:Jented elsewhere. The Prout-Tompldns equation fits the ~J/t 

plots of t:1e unirrJ.diat3d spr~c bens ?.nd the eff ects of pre- irrac1i<..tion 

resemble those of potassium o.nd r: ilver permP.ngRnates. 

Insufficient Hark hf'..s, a s yet, been (lcme in the 

field of ·C,he therm2.l decom~osi tions of pre-irradiated solids to dra<I r.ny 

definite ~on~luoion ~s to t he clas3 of solids which will be nffecto0 by 

pre-ir:c· _-..d 1 .. :>. t i -::m . HoVTever, nmv thc.t t he decomposition of s ilver oxide 

:1nd cne ... i um ,:'..nd rubi diu.11 permanga.natec have been added to the number of 

substJ.::.1C88 Hhic~! h ve been stucied, cert .. in chare.cteristics are observ~-

ble. 

ProutBO h:ts revie\oJOd ·t ho -provious work Emd the 

'·!Ork ~·c·io:-:-t r::d her e on the c1ecomposi tion of irradiated solids . He c on-

in th0 s ~-.me ' 1':'.J" .. s -~he ·1er:,L:.nga~"1tas , will be those conta inine .1. sinDle 

c2.t;.on ~.nd. rbcor,po~in~ !'l CCor di:ng to c.. brtmching-chain mec hanism. He )re~ 

dieted t h2.t le':1.d oxo.b .. tc would f .:t1l i nto this cl['.SS of solids . Proli::1i -

...... -1,,,/ 

.L.J,i,.., t.f • 0 • 
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nary work by the v..uthor on this substance after irradiation in a 60co 

11 hot s pot11 , shows thG. t this is t~e c.:tso. If this generalisation of 

Prout ' s is true, th3n the present s tudy of s ilver oxide will h~ve con~ 

tribu.ted to this deduction. 
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9. §U£.111ARY. 

The r esults of the t hermal decomposition of 

s ilver oxi{3, freed f rom silver carbonate by prehe2.ting a t 280°C 

for threo ~1 )tJrs in v:cuo, ~.re hig~reproducible. A study of the 

kine tico of th'3 re ·cti::m in the r e.ngo (330 - 380r 1
c hr-.s s hown that 

the ~rnG3vr~-time curves over the accelero..tory re0 ion are repr esent-

.l. 
ed by the equ -tion, p2 = kt +c . Reaction proceeds by the growth 

of t\..ro-diraension::tl nuclei 1-rith o.n activation energy of 28.3 kce.l. 

mole- 1 • The dec:.y st::.ge follows a unimoleculo..r law J.nd the acti-

. 6 -1 vo.tion onerey ~s 29. kcal. mol e • Pre-irr.::>..d iation by ultra-violet 

light, c.:.thode r e.ys , 60co gamn.l-r ays, thermo..l o..nd f ast neutrons hc.s no 

effect o:-1 tho st~bsequent thermal decompos:!..tion. 
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