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grossness of the crystals used., Laue photographs of
crystals decomposed for 14 minutes at 115OC showed bro
considerable asterism; further Laue photographs of co
irradiated and unirradiated specimens are identical.
the irradiated crystals shows up at the end of the ind

immediately prior to the acceleration c¢f the reaction,
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.V

OBJECTS _OF THE RESEARCH.

Firstly, it was proposed to examine the thermal de
unirradiated and irradiated silver permanganate crystals
X~ray diffraction methods in the hope that this would cac
the mechanisms involved in the decomposition of silver pe
particular, and the group of permanganates in general,
ganate was chosen because it is the only permanganate whi
posed in the unirradiated state, undergoes no splintering
but retains its external shape to the end of the decompos
allows a single crystal X-ray study to be made,

Secondly, there are two conflicting views on the ¢
during irradiation with Y-rays. As mentioned before, Pr
a process involving the multiy : ionisation of ions follc
ejection of cations into interstitial positions, while Ru
torlel propose a purely electronic process. It was re
there was any movement of ilons, then this movement should
electron density profiles of irradiated crystals, It wa
to synthesise profiles passing through the silver and man
before and after irradiation, as was done by Tucker and S
carbide, and to compare the areas under the curves. Tuck
interpreted the drop in area under their curves as being
placement of atoms; a similar drop in the area under the

for example, silver ions, would mean the displacement of

- b










































9.2

using

u = pzpﬂm L R ) 50

where the summation is over all the constituent elements, p is the
density of the compound, and p the proportion of each element in the
compound. For silver permanganate used in conjunction with CukKa

radiation of wavelength 1,54 &,

p = 4.27¢g cm ™
um (Ag) = 223 cm® gt
ttm (Mn) = 284 cm2 g-l
um (0) = 12,7 em® g -

This gives
o= 762.1 emt,
and t = 0,0026 cm,

Since handling of crystals of these dimensions is impracticable, crystals
of length 0.5 mm and 0.05 cm were selected from the recrystallised crops

under a microscope.

The X~Ray Investigation of Unirradiated and Irradiated Silver Permanganat

Prout has postulated that during the irradiation of permanganates,
interstitial cations and vacancies are produced when cations are ejected
from their lattice positions following the multiple ionisation of
permanganate ions and/or cations themselves, Thus it was decided to
synthesise electron density profiles through the silver and manganese ion
before and after irradiation in order to determine whether in fact ex-

pulsion of cations from lattice sites dees oceur,

- 5.2 (a) =~



















































of sin @ may be found in Internation Tables, Vol, II, It
necessary to multiply each experimental intensity I by
(Lp)“l = (sin 20/1 + cos2 20) to obtain the true intensit
value of O(hkl) for the reflection hkl is obtainable from t.
expression
o(hkl) = sin—l[%\ (hz/aZ sin2ﬁ + kz/bz)%]

There is no need to take into account any multiplici:
formula for the integrated intensity, since for reflections:
type hkO it is in every case 4 in the monoclinic system, an
factor may be throught of as included in the constant K,

Strictly speaking, account should be taken of correc
both primary and secondary extinction, absorption, and the ¢
the thermal vibrations of the atoms on the intensities of ti
ed beams, Corrections for extinction are extremely diffic
so this was not attempted, Since the most accurate proced
comparative study is to use crystals of exactly the same si:
and this was in fact done for irradiated and unirradiated @
thus the absorption correction, which depends on the shape :
was considered unimportant being the same for both crystals,
Correction for thermal vibrations of the atoms depends on a
knowledge of the crystal structure and is anyway an approxin
most cases. Moreover, Bradleylll points out that in moder:
highly absorbing crystals the thermal effect and absorption
may cancel one another to some extent. In any event, no o
was made for the thermal effect.

- Table 5.3 -
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values of the amplitudes, 2Al and 2A2, ranging from -900 to ~100 and
100 to 900 in intervals of 100, and from ~100 through zero to 100 in
intervals of units. There exist strips for values of the function,

ths

for fixed 2A, and h values, for all values of x in 1/120 from O to

1

30/12008

ths o x = e0/120th®

Values of these functions from x = 30/120
may be obtained if it is remembered that the function cos 27 hx 1is
symmetrical about the point x = 1/4 if h is even, antisymmetrical if
h is odd, while sin 27 hx is gymmetrical about this point if h is odd,
and antisymmetrical if h is even. (Note that table 5.5 shows the
values calculated for all values of x between 0/120ths and 30/12Oth5,
but only values for values of y of 2n/120ths are shown in table 5,6,
to save space; the odd values were also calculated, but are not shown,

If equation 5,13 is used as the starting point, thus involving
the quantities C{h,y) and S(h,y), the final synthesis is in the
y=direction for a chosen value of x. Similarly, starting with 5,16
leads to a synthesis in the x-direction for a chosen y., Since it
was intended to check the x- and y- parameters of the atoms, which
would involve syntheses in both directions, both the (k,x) and (h,y)
preliminary cocfficients were evaluated,

The final summations for unirradiated AgMnO4 are shown in

- table 5,7 =



























- 72 -
Figure 5.4 shows a similar plot of the electron density f
unirradiated AgMnO, at y = 37/12Oth5, for x = 0 to x = €0,
This y value was chosen because it is the v coordinate of
atom and it was hoped tc show that the corresponding x co
not exactly 0.25, as reported by Sasvari., Once again the
is the experimental result, and the dotted line Sasvari's

Yet another plot at y = 56/120%"°

through the manganese w:
but is not shown,

In addition to the syntheses shown, others for x v
0y 2 vveenn. 28/120 and x = 32, 34 ....... 60/120°% 4
The resulting profiles were then used to draw an electron
contour map (projection parallel to [001]), shown in figu
This map covers one quarter of the unit cell in projectior
that is necessary, since symmetry repeats this quadrant ir
projection,

Exactly the same procedures were carried out for tt

{300 Mrad) AgMnO,, using the structure factors listed in 1

4.‘1
Figures 5.6, 5.7 and 5.8 show profiles (in full line) for

hs

AghnO, at x = 30/120""° for y = 0 to 60/120""%, and at y

® for x = 0 to 60/120ths. The dotted pr¢

and y = 56/120th

of the unirradiated Agwmo4 and are drawn in for comparatix

These profiles are through the peaks of the silver and manganese atoms,
The profiles mentioned so far enable a check to be made of

movement of ions only in the ab plane of the unit‘cell. In order

to check for any movement in the c direction it was necessary to

synthesise elcctron density profiles through the projection on the

- 100 face -~















TABLE 5.8 centinued.

Index 512-%521 I E IIrrd. F
okl Sin & x 10 (Lp) Unirrd. Unirrd. (Rel.} Irrd.
006 L6485 422 1,927 243 88 291 95
016 6551 .426 1.938 108 59 135 65
1 045 6561 .426 1.938 27 2g 51 40
071 6603 .429 1.949 12 20 6 14
026 6747 .439 1.976 21 26 30 31
064 , 7062 ,458 2,000 30 32 51 a0
073 7276 A73 1.988 33 33 48 39
080 . 7449 ,484 1.965 12 20 6 1a .
046 . 7478 .486 1.957 30 3l 42 36 3
081 7521 .489 1.949 15 22 4 19 =
017 L7623 .496 1,923 45 38 20 43 :’
027 .7793 .507 1.869 591 135 158 119
0.74 ,7818 .509 1.855 51 10 23 a5
056 . 7982 .519 1,789 39 34 20 41
037 8067 523 1,748 30 29 11 30
047 .8433 .549 1.538 210 73 414 101
091 .8445 .549 1.538 108 A 168 &4
066 .8557 557 1.456 36 29 141 57
008 ,8648 .528 1.393 93 46 105 48
018 .8696 565 1.361 276 79 351 87
| 057 .8882 577 1,224 33 26 66 36
; 076 9191 .597 .982 72 34 138 47

- continged -
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are estimated as being of the order of 10%, a small d
must be expected. The magnitude of the drop in area
boron peak in Tucker and Senio's97 investigation of n
irradisted boron carbide is 4%, which is well outsid
of experimental error, and must thus definitely be re
it is unlikely that the small drop shown in silver pe
would account for the enormous irradiation effect evi
thermal decomposition the drop must be ascribed to ex
erToT. This conclusion is borne out by the fact tha
drawn through the silver and manganese peaks projecte
the error in measurement of intensities, and hence in
factors used for computation was higher than in the p
on 001, actually show an increase in area after irrad
(see figures 5,9 - 5,12), The results obtained thus
ejection of silver ions, or for that matter manganese
interstitial positions, as a process of irradiation.
irradiation effect must be of a different character a
Examination of the listed structure factors F
(table 5.3) for unirradiated and irradiated specimens
interest. Comparison of | F[| for unirradiated and ir
specimens shows that the value is smaller for most re
the irradiated specimen having O < sin 8/A«x 108 < 0,400 wnereas
for sin 8/N > .400 871 the structure factors of the unirradiated
and irradiated specimens are very nearly equal, An examination

of the plot of the scattering factor, f, for oxygen, against

- sin /N x 1070 -


































































reaches the position B on the sphere of reflection.
is fulfilled however, the diffuse domain about A inf
of reflection in a region lying between B and L, {
flection then appears, and as A approaches B, so it
finally Laue spot, characteristic spot and diffuse 2
when A reaches B,

Consider now the photographs of series C take
diffuse reflection surrounding the 220 reciprocal~le
heated silver permanganate. All these photegraphs
flat-plate camera set 3 cm from the crystal using ur
radiation, Exposures were for 3% hours and "Indust

Cl: This shows the coincidence of diffuse, Laue
the crystal is set so that the 220 plane ref
CuKa radiation,  This corresponds with the
diagram of the coalescence of A and B.

C2: This shows the diffuse reflecticon and accomp
moving the crystal 1° 38' off the above sett
reflection is very faint, but still is disce

C3: The setting is 48' off that for Cl. The La
approach the diffuse reflection which is its
in C2.

C4: Once again the Laue and characteristic refle

An unheated crystal was then mounted and orie
Laue spot was just off the position for reflection o
radiation {miss-set by 35'.) Photograph C5 resulte

diffuse reflection was observed,
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with that shown by Laue photographs of cold worked metalsllé.

During the acceleratory period we envisage the progression of
reaction into the body of the crystal by way of cracks which develop
perpendicular to the crystal surface. In this way it would be expe
that small blocks of unreacted permanganate would form in a net-work
of the product. These permanganate blocks would not be expected to
parallel, but to be disorientated by the intervening product planes,
this explains the radial streaking of the Laue spots, Braggll7 has
that radial asterism of Laue spots is expected if there is a random
deviation of the normal to crystal plane all round its mean directior
to distortion,

Suppose that a plane is reflecting a narrow boam at a small
glancing angle whose mean value is 8, and that it is rocked so that i
nermal describes a cone of semi-vertical angle E. The rocking of tt
normal in the plane of incidunce mekes a difference of 4E in the dire
of the reflected beam, and if the image is distant D from the point ¢
reflection; this makes the spot more horizontally a distance 4DE. Tt
rocking at right angles to the plane of incidence gives a lateral mo:
of 4DEE (approximately) to the spot, and the spot thus describes an ¢
The ratio of the major to the minor axis of the ellipse in 1/8, and
shows that for 8 = 3° the major axis is twenty times as long as the =«
axis, and lies in a radial direction, This accountsfor the radial s
on the Laue photographs: the small blocks of unreacted permanganate
disorientated by intervening product material sc that the normals to

particular crystallographic direction lie on a cone about this direct

-~ Macroscopic =
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Macroscopic cracks must also w.velop in the crystal as wells
shown by the fine structure or streakiness of the individual s
by the broken up appearance of the rotation reflections.

During the decay period these isolated blocks of perman
decompose slowly, The reaction proceeds inwards from the par
interface, and as this interface falls in total area, so the r
reaction and hence rate of oxygen evolution drop, The thicke
of product should now begin to be observable; 1in fact rotatio
A7 shows the first signs of amorphous product as evidenced by
ring. This ring increases in intensity as the reaction proce
corresponding disappearance of crystalline permanganate is sho
gradual diminution in intensity, and finslly disappearance of |
and rotation spots. It is remarkable that crystallinity shou
detectable even at such an advanced stage of the reaction as o)
275 minutes of heating at llOoC°

The results obtained by studylng the diffuse reflection:
preclude absolutely the formation of decomposition nuclei in tl
the crystal during the induction period, but the evidence tend:
support strongly the Prout-Tompkins mechanism, where product f:
the crystal surface (during the induction period) and the progm
the crystal by way of cracks which develop normal to the cryst
(during the acceleratory period),

Thus it is seen that the X-ray photographs following the
decomposition of silver permanganate may be interpreted extrem

the basis of the Prout-Tompkins theory,

- 5.4 The Investigati¢














































































