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INTRODUCTIOH .,

In recent years the properties of deposits both
metallic and non-metallic have been much investigated and
the results applied to a variety of practicel problems. The
physical and chemical properties of deposits are not only
determined by the kind of atoms or molecules of which they
are composed, but may also be influenced by the conditions
under which they are formed, such as the rate of deposition,
the nature of the substrate surface, the temperature, and the
nature of the ntmosphere in which the depasition is carried
out, These conditions to a large extent determine the
structural characteristics such as the size, orientation and
boundary faces of the crystal particles of which the layer
or surface is composed, and 1§ is through these structural
variations that they affeet the surface properties,

The fine sc:le structure of deposits has been
investigated in many ways - opticel, electrical, magnetic,
adsorption, chemical, etc - but these mostly yleld only
indirect and quelitative information about the crystelline
form and structure, The first generally applicable mesns of
dete mining the form of the atomie arrangement in solid
materials was provided by the X-rsy diffraction method, but
owing to the weak interaction of X rays with matter the

structure of thin films even up to the order of a thousand
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angstrome thickness cannot be investigoted by X rgys. The
state of affairs is quite different, however, in the case of
the diffraction of the electron beam; the high intensity of
their interaction with matter is the remson why a film of
even only » few atoms in thickness can yield a clear and
gignificant diffraction pattern. In the study of the nature
of deposits it is of special importance to determine the
st ructure of such thin initial layers so thst their relation
to that of the substrate can be uiderstood, and of the
surface regions of thicker layers in order to appreciate the
effects of other deposition conditions. For these reansons
electron diffraction was used in the experiments describved
belows Outlines of the experimentel technique and
interpretation of the diffraction patterns have been given
for example by Fimoh, Cuarrell and Wwilman (1935), Finch end
Vilman (1937) and Thomson aend Cochrane (1939), and are
briefly referred to below in Section Il1.(3).

Gince the discovery of the phenomenon of electron
diffraction in 1927, it has indeed provided much valuable
and direct information sbout the structure of many kinds of
depostts and surfaces, and has been applied extensively in
this laboratory to the study of catalysis, wear and lubrication
chemicnl reactions and corrosion, electrodeposition and slectrode

processes, photoelectric phenomena, molecular structure,
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behaviour of plastics nnd to the study of the mechanism of
crystal growth in general. Hitherto, however, although
aualitative indications have been obtained of the effects of
some of the main factors which influence the structure of
deposits, there have been little or no quantitative results
available showing the extent of the influence of these
factors in detall, over a range of conditions. The
experiments described below aim at supplying some queantitative
detail about the effects of the main influencing factors in
the special case of deposition of metals by condensation from
the vapour in vacuum or low pressure gas, since in this type
of deposition several factors can be controlled and studied
independently.

In these experiments, I heve found, inter alia, that the
structure of the surface layers of substrate materials such
as fused quartz and nﬁcn cleavage faces can be profoundly
changed as a result of the thermal radiation which is ineident
on the surface, given out by the source of hot metal vapour.
It has been found that the mica surface layers are converted
into several new crystalline materials stable in different
though partly overlapping temperature ranges between 20°C,
and 850°C, The effect of such a structural change of mica
cleavage faces in determining the orientation taken up by
crystals of silver growing on them has been demonstrated, and
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the crystal growth and development of orientation in

initislly rendom deposits on both mica and fused quartz has
‘been studied in relation to time and temperature of heating

of the initial deposits. For this purpose the estimation

of particle size from electron diffraction reflection patterns
has been discussed in detall and it has been concluded that
under the conditions stated, valid estimuntes of crystal size
cnon be deribed to a moderate accuracy. The effects of gas
pressure (in Argon and Air) have been investigated.

Bvidence of unusually prominent formation of the hexagonal
crystal form of silver has been found in certain cases which
suggest that it tends to be favoured by prﬁsence of hydrogen
er hydrocarbon vapours. This leads to a promising correlation
between the effects of hydrogen in this type of deposition,

in sputtering of metals in hydrogen, in electrodeposition,

and in chemical deposition from solution. Other results of
gpecial interest are the demonstration of the higher mobility
of silver atoms than gold at 300°., though gold otherwise
behaves in general in a way closely similar to that of silver,

in for example its aggregation and orientation on mica.
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I.1e CHOICL OF MATERIALS FOX THE BAPLRIMENTAL
INVESTIGATION.

Por the present purpose detailed investigations were
made on silver deposits condensed from vapour given out by
molten drops heated by a small supporting tungsten filament,
so as to obtain deposition conditions in the simplest form
possible, Silver was chosen becnuse its general properties,
especinlly optical properties and crystal growth have already
been studied in several types of deposition, so that useful
comparison can be made; nand some experiments were made on
gold deposits for comparison with the silver results.
Deposits of both thesc metals, and also of aluminium, are now
rmuch used industrially, for example as conducting layers on
piezo-electric crystals or on dielectric sheets as condensers,
or as substrates or mosaics oxr initisl deposites in photocells,
as high resistances, as optical screens, filters, reflectors,
etc,

As substrates muscovite mica and fused quartz and pyrex
glnss were chosen, the mica becnuse its cleavage surfaces are
almost atomically fiat and it represents a transparent single
crystal substrate of known structure, which in general exerts
an orientating influence on deposits formed on it, while the
amorphous fused silica and glass surfaces have little or no
such influence. These substrates also have important
industrial application.
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I. 2, TECHNICUES OF PREPARATION OF METAL
DEPOSITS FROM THI' VAPOUR.

The preparation of deposits from the vapour has a
superiority not possessed by the sputtering method in that
films free from occluded and adscrbed gas can be obtained.
Prec from this "gas effect" evaporated films would have
gimpler properties than sputtered ones. The method is not
limited to metals. Purthermore, deposits of metals like Cr
ani Al which sputter badly have been obtained (see, for
example, Strong's Modern Fhysical Laboratory Practice). Witk
this method, the rate of arrival of atoms at the film can be
conveniently varied through wide limits and the atomes have
rectilinear motion ("molecular rays") if the vacuum is good,
giving very definite direction of incidence. The evaporation
of metals in a vacuum was [irst carried out successfully by
Pringsheim and Pohl (1912). They distilled the metal from a
mngnesia crucible, In 1928, Aitschl (1931) introduced the
technique of evaporating silver from a bare tungsten coil.

It has the advantage that the outgassing snd evaporation of
foreipgn substances from such a filament are much less than
from a ecrucibles The method has been used by Veinhart and
¥Wehe (1947) for obtaining metal electrodes on quartz crystals.

The technique consists in introducing the metal in the
form of wire or strip into an open helical coil of tungsten
wire and heating it strongly by an electric current. JFor
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metals not available in the form of wire, close wound conical
wire baskets can be used or electrodeposits can be formed on
the filament (Strong, 1945). V¥hen the vapour pressure of
the heated substance becomes about 1072 mm. of meé reury or
greaster the rate of eévaporation is relatively repid and it
emits molecular rays. Yost of the metols melt before they
evapor-te, but metals like Zn, Cd and Mg, However, vapourise
without melting.

Olsen, Smith and Crittenden (1945) have developed the
technique for evaporations in quantity,. They found that
evaporation from a crucible formed by painting a tungsten
conienl basket with suspensions of nlundum or Be0 and baking
at a high temperature was most satisfactory for many elements.

Countryman (1937) found that for some metals other
filaments than tungsten were to be preferred. He used Ni,
Pt, Mo, »nd Ta. According to Caldwell (1941) three factors
should determine the choice of a suitable filament material.
They are the adhesion of the metal to the filament, the
vapour pressure of the filament material at the evaporation
temperature, and the allo¥y formation of metal and filament.
He has listed Ta, Mo, Columbium and Fe as the most suitable
for the evaporation of silver. Olsen, Smith and Crittenden

prefer tungsten.
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I. 3« PHREVIOUS KKOWLEDG: OF THE STRUCTURE AND
PROPERTIES OF CONDENSED METAL DEPQSITS.

The physical properties of metal deposits may be
classified under the three main hesdings of surface, optical
and electricnl properties. The adsorption, adherence, and
catalytie nctivity of deposits fall into the first groups
the absorption and reflection of light, change of phase by
reflection and the magneto optical efiects of Faraday =and
Kerr into the second; and the resistance, photoelectric and
thermoelectric effects, the magneto electric effects of
change in resistance in a magnetic field and the Hall effect
and electrochemical effects into the third group. O0Of these
properties the absorption and reflection of electromagnetic
radintion by a film and the resistance of the film geems to

have been studied by many investigators.

Optical Properties of Deposits.

Thick metal deposits of about 100-1000 A., have, in
transmitted light, colours characteristic of the metal. TFor
example, silver appears blue, gold and copper green, caésium
blue violet, and platinum, iron, nickel and bismuth grey.
This characteristic colour is independent of the thickness of
the deposit when it is greater thon a critical value (Arenm,
1946). In thin deposits, usually less than 100A., the colour
depends on the thickness. It appears (Weinhart and Wehe,
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1947) that the colour of deposits of given mean thickness
depends on factors such as especially the residual gas
pressure,

In the cnse of silver, which is especially considered
here, Pritz (1915) found that the thinnest sputtered films
2 24A, haed a red colour and thot the colour changed to violet
and blue as the thickness incressed. Goos (1936) and
Rounxrd (1937) hrnve determined the thickness of silver films

corresponding to different colours. Their results are shown

in Trble I,
Table I.
SILYVEHR
G005 QOU AHD
ILvaporated Filus. Filus Sputtered in
snthrecene.

Pure blue 70A. Indigo-blue 60A.
Bluish-pink 50 Purple 52

feddish-orange 43

Yellowish 32
Grey pink 25 Orange gold 21
Yellowish 15 Clear orange 10
Pale Yellow 8

For gold, the colours occur at smaller thicknesses. Lhe
results of Goos (1937) and Rouard (1937) for gold are set out
in Table I1I,
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Table II.
G CL D.
GOCS3 ROUARD
Tvaporated Films Films Sputtered in
Anthracene.
Light bluish 504, Golden Yellow  40A
Grey Green 25 Yellowish=green 40
Green 32
Blue 27
Indigo 20
Violet=red 15
Pure Grey 10

Red, violet, blue and green films of evaporated gold
have also been observed by Haringhuizen, Wes and Kruithof
(1937)s Their values of thickness of the variously coloured
films esre much greater then those of Rouard. According to
them the red, blue, snd green films are 32h., 100A and 354A.
respectively. Harinhuizen, Was and Kruithof also found
that the red films were unstable and became blue on standing
end that = colour change to red took place on heating a
blue film nt 150=-250°C,

A colour phenomenon associated with a spontaneous

disintegration of deposits of alkall metals was observed by
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Wood (1919). He found that homogeneous films of sodium

and potassium which reflect light with the brilliancy of
gilver could be deposited on a glass surface cooled with
liquid air. On incremssing the temperature a disintegration
of the film into agglomerates, which was accompanied by the
appearance of brillisnt colours, was found to occur.

Fukurei (1937) found that deposits of mercury, cadmium
and zinc condensed on cold glass had brilliantly coloured
reflections and that  filme which showed this reflection
were not always transparent. He nlso found that a low rate
of deposition, which would favour the formation of coerse
grains, also favoured the appearance of the coloured
reflections.

On the assumption that the optical constants (n and k)
of a metal are fixed, the transmission and reflection from a
thin film should show a regular variation with the thickness
of the film (Kuidinger and Koller, 1938). Goos (1936,1937)
found for silver and gold that curves of transmission and
reflection plotted against film thickness for films less than
about 500A., however, exhibit for a particular wave-lengih
region, a maximum and neighbouring minimum., For silver
the transmission for A 5780 A. light increased with inereasing

thickness in the range 140-180 A. A slight jump in the
reflection curve was also observed at these thicknesses.,
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The same effect wams observed for gold films in the range
100-200 A. and A 7000 A, Haringhuizen, Was and Kruithof
(1937) found that gold had an snomalous transmission for

n\ 6980 A. light at thickness about 140=250 A. and a rapid
increase in the reflection at about 100 A,, which decreased

st 150 A, and increased ngain at 200 A. According %o them
the anomalous behaviour in the optical constants takes place
in the reglon of thickness in which the films show a colour
structure, Ultramicroscopic examinstion of these films
showed a particle structure, Since a film which consists

of separsted particles cannot possess a greater reflection
than a thicker homogeneous one, the colours cannot be explaine
on the assumption of a granular structure onlye. On the
assumption of a homogeneous layer and particles, and applying
Lovell's theory (Lovell, 1936) of the decrease of the mean
free path of electrons in a metal film below a critical
thickness, Haringhuizen, VWas and Kruithof were able to explain
the anomalous transmission and reflection of gold films down
to 70A. Below this thickness another effect, probably due

to an amorphous structure of film, takes place,

Pukuroi explains his results on mercury, cadmium and
zinec by postulating that the deposit consists of minute
spheres of varying sizes distributed at random.

The optical constonts of s thin film do not remain fixed.
but change with time, the effeect on the transmission,
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especially in the infra-red, being much greater thean on the
reflection, and the effects increasing with decreasing film
thickness. These changes teke place in alr and in vacuum,
the rete of change in vacuum, however, being less than in air.
Jagersberger and Schmid (1934) observed the transmission of
n silver film in vacuun over a period of 70 days and found a
gradual decrease whose rate increased on bringing the film
into the rir. After nbout another ten days an increase in
the treonsmission was observed which reached a meximum value
greater than the initial nfter the film had been about two
months in air. Pinally they observed a decreaseé again.

The changes during exposure to nir, however, may well have
been duc to chemical attack of the surface by impurities in
the air.

o

T ectric i tance of IS o

It has been found that the specific resistance of the
metal in a thin film, like the opticel constants, is not
unchangeable and is a function of the thickness of the film
(Hamburger, 1931). Many investigators have found that the
resistivity of the thinnest films is almost infinite and that
the resistivity decrcases rapidly with increase in thickness
up to a critical value, after which it changes only very
slovly. ColombFani (1942) found that the resistivity of
films of Ni sputtered in hydrogen decreased exponentionally
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up to a thickness of 1780 A. above which it became constant
and equal to a value about 80 times that of the bulk metal.,
Reinders and Hamburger (1931) found that the resistivity of
evaporated films of silver less than 100A, thick, was from
107 - 103 times that of the bulk metal.

The resistance of films deposited at low temperatures
has bheen determined by maeny investigators. Suhrmann and
Schnackenberg (1941) found that silver énd. gold films formed
by evaporation in & high vacuum had an sbnormally high
electrical resistance. This, according to them, is due to
the amorphous nature of the metal in these films. In 1934,
Kramer (1934) had invoked the seme idea of metals tending to
have an amorphous state with a deficit in the number of
valeney electrons below a characteristic “*transition"
temperature in order to explain the very high resistances of
gome films, Above this temperzture, the metal in the film
crystnllises out with the formation of an ionic lattice and
the liberation of the electrons. Zahn and Kremer (1932)
observed 2 sudden decrense in the resistance of films of Pt,
¥i, Pe, Zn, Sn, Cd, =and Sb at definite temperatures of the
order of 510°, 336%, 440°, 133°, 180°, 150° and 446°K.
respectively. This sudden decrease in eclectrical resistance
has not been observed for silver (Suhrmann and Barth, 1934 and
1936) or Au, Cu, Cd and thallium (Suhrmann and Barth, 1936).
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For sntimony a transition temperature seems to have been
observed by others (Mitchell, 1938) and it is probable that
the Xramer theory of a trensition temperature is true for
antimony. It is interestipng to note that electrodeposits
of sntimony explede with rising temperature (Mitchell, 1938).

Lovell (1936) found that very thin low resistance films
of the alkeli metals could be obtained if deposition is made
on a clean substrate in a high vacuum. He found that
rubidium films of thickness 43A. deposited on Pyrex glass at
64°Abs, had a specific resistance only 10 times that of the
bulk metal, Thicker films, still under 100A. had a
resistaivity about 5 or 6 times that of the metal. The
conductivity could first be detected with a mean film thickness
of only about 0.3A. (Appleyard and Lovell, 1937). Lovell
explained the increase in resistivity over that of the massive
metal by the view that the film consists of coherent slices
of metal and that the increase in resistivity is a result of
the shortening of the mean free path of the electrons by
collision with the boundaries. This view of the shortening
of the mean free path was originally put forward by J.J.
Thomson (1901).

The films undergo an irreversible change in resistance
with time after production of the film. This spontaneous
change, which is an increase in resistance for thin films
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and a decreage for thicker ones is known as ag,ling » Lovell
(193¢) observed only an increase in nsistanoé’ with the alkali
metal films of all thicknesses. (..ome of his films were
gtable)., e found that the "decsy of conductivity" decreased
with increase in film thickness and decrease in deposition
temperature, Vand(1936) found that the ageing process for
sputtered films of silver and gold was a hyperbolic decrease
of resistence with time, = minimum value being approachsd
asymptotically, slightly greater for a film in air than in
vacuum,

Artificial ageing of a film takes place on heating or
with the passage of a heavy current (Bartlett, 1928).
Bartlett found that when gold films 300-700A. were maintained
at any temperature below 300°C. there was a decrease in the
resistance which was rapid at first and then slower. Films
maintained at a temperature greater than 300°C. showed an
increase in the resistance.

Suhrmann and Schnackenberg (1942) found a hyperbolic
decrease in resistance of evaporated silver and gold films
of thickness 100-1000 A, maintained at reduced temperatures,
Mitehell (1938) found that at -115°C. zine films condensed on
polished quartz glass decreased in resistance rapidly at
first but finally having a constant resistance. After a few
hours another rapid decrease was observed, which slowed down
again and became constant. According to him the initial
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rapid fall in resistance is oy of nuclel
of crystallisation and the slo . fall is a

result of the slow growth of these nuciei, The second

rnpid fall is a result of the formution of mnew nuclei and

the subsequent decrease in the fall is due to the growth of
these nuclei. litchell found that increase of temperature
caused the formation of the nuclei and the growth around them
to be increased.

Fukuroi (1936) obscrved a decrease in the electrical
resistance of films of mercury, cadmium and zinc on exposure
of the film to ultra-violet light and explained it on a
granular structure of these films and a photo-electric

emisgion from the particles,

The Structure of Condensed nnd sputtered Metol Films.

From the above observations of the optical properties
and electrical resistance changes of thin metel films it thus
appears that the films have some sort of granular structure.
Using the optical microscope, however, the separate grains
cannot be distinguished in deposits of, for example, thin
silver and gold on glass substrates at room temperature.
Various types of structure have been observed (Aron, 1346),
however, on deposite condensed on hot substrates or heated

after deposition on cool substrates. Aron found that films

of silver produced by cathodic sputtering without sufficient

53723621385 833(043)
o 043
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precautions to avoid heating showed the exlstence of “doumes"
on the surface, Ynalladium Tilms on glass substrates observed
by Bredig and Allolio (1927) showed after catalysis a large
number of clear lines of approximately constant spacing.

The spontaneocus formation of circular spots and their steady
growth has been observed in films of platinum sputtered in
oxygen by Pinch, Murison, Stuart snd Themson (1933)s The
heating of s film after its formation usually brings sbout
the nppearance of holes or thin "windows"™ of irregular size
and shape (Andrade nnd Martindele, 1936), (Fssig, 1939). If
the substrste is =2 single crystsal, however, development of
orientntion and crystal habit in the deposit msy result in a
regularity in the shape of the windows. Fssig (1939) found,
for example, thet when a silver film 1000-2000 A. thick which
hed been evaporsted on to a cold cleavage of muscovite mica
previously baked in a vacuum at 450°C, was heated at 400°C,
for several hours, the windows produced were bounded by
straight lines which were parailel to the hexagonsl axes of
mica in the cleavage plene,

A granular structure of heated films seems to be Lhe
most common. The existence of these granules has been shown
in a striking manner by Andrade nnd Martindale (1936). They
examined in parallel plane polarised light silms of silver
about 200A., thick which had been heated to 230°C. for about
one hour and found a particle structure which showed up as
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black crosses. According to them, the cross is due to a
particular type of crystal aggregate (Spherulites) which
consists of a centre from which & number of fibres of
uniaxial crystal radiate outwards. In the case of glass and
fused silica glass surfaces, Andrade snd Martindsle observed a
tendency of the crystaliline particles to be arranged along a
pattern of lines characteristic of a surface and accordimg to
them is strong evidence for the existence of submicroscopic
surface cracks, After heating for one hour at about 350°C,
octahedrsl crystals of the order of 104 A. in diameter were
observable in the migroscope,

The particle structure of films has been studied
recently with the electron micrescope. liarton and Schiff
(1941), Hass (1942) and Picard and Duffendack (1943) studied
the structure of evaporated films on collodion. Marton and
Schiff found a particle structure in films of antimony and
Hass that the crystallites in sn aluminium film were smaller
than in a silver one, those in a silver film about 550A. thick
being of the order of S000A, long. Ficard and Duffendack
found that films of Au, Aal, Cu, lig, Zn and C4d condensed at
room temperature consist of metal particles separated by
channels, the channel width varying from metal to metal.

In very thin films of gold, which showed ne colour, the
particle size was sbout 25A., #«nd even thicker films of Al, Cu,
and Mg which reflected light well showed the presence of large
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aggregates which were separated by channels of width asbout
100=50C A. - some ten times smeller than the wavelength of
visible light, 4As the thickness of the film increased, the
aggregates increased in size nnd with very thick deposits
complete covering of the substrate was obtained. Picard and
Duffendack found that zinc and cadmium films which had a poor
reflectivity consisted of large crystals separated by lerger
blank spaces which were of the order of the wavelength of
light. These metnls condensed on coliodion at liquid =air
temperatures still gave poor reflscting surfaces but condensed
on glass at the pame temperatures they vielded fine mirrors.
In the case of zinc wamming to room temperature caused the
mirror to disappear, but cadmium films retained their
reflecting surface,

The Tirst direct evidence of the extent of occurrence
of crystal structure and arrangements (size, shape, orientation
twinning, etc.) in thin metal deposits was provided by
electron diffraction and by now much informetion has been
obtained. It seems probable that, with the exception of
antimony deposited at liquid air temperstures and As, Sb and
Bi electrodeposits prepared under certaln conditions at or
near room temperature, the material in a thin film is in a
erystalline form. Hass (1937) found that 3b deposited at
=175° gave two weak rings corresponding to an amorphous

structure. Flectron diffraction patterns corresponding to
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nn amorphous structure have been obtained by RamaSwamy (1936)
from thin evaporated lnyers of silver (orange colour) and
gold (deep red) on mica., He found that thicker films showed
e polycrystalline astructure. On the other hend, Krautkramer
(1938) found that films of silver and zold of thickness
20-280A. deposited on fused quartz are not amorphous but are
composed of crystanllites,

From optical studies Haringhkizen, Wwes and Kruithof
(1937) concluded that gold films below 70A. are nmorphous.
wrs (1939), however, obteined diffuse electron diffrection
ring patterns which became more diffuse with decreasing
thickness, from evaporated gold films of thickness 200 (green),
50 (blue) ond 15 (red) Ae According to him, a crystallisation
of the film tnkes place due to the action of the electron
beam. Vs found that thin films showed a drop in the
electricel conductivity due to agglomeration when an electron
besm falls on them, Very thin films - below 20A. =nd thick
oneg did not show this effect, By ultra-microscopicsl
examination ¥as and Tol (1940) were able to prove a change in
the structure of gold films on exposure to electrons, They
found thet the point of impact of a red, gold film =nd a beam
of electrons turns grey and that the electrons moving over the
surface produce a blue track. Hed and blue films on nitro-
cellulose transmission specimens which were exposed to an

electron beam showed that the material of the film near the
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region of impact had collected on a few crystels.

The particle size, kind =and extent of the orientstion
in a wetal deposit, =s shown by c¢lectron diffraction, depend
to a2 marked degree on the temperanture and nature of the
substrate., If the tempernture of the substrate is low and
the mobility of the deposit ntoms on the substrate or the
deposit be smell, smorphous fiims or films with very small
crystals nre formed (Finch snd %ilman).

Gen, Zelmanoff nnd Schalnikoff (1933) found that Cd, Hg,
¥i nnd Pe deposited on glass at liquid air temperatures give
diffuse ring patterns and that much sharper rings are obtained
from films at room temperature. Hass (1937) found the same
effect with silver deposits., e nlso found that the increase
in crystal size with temperature was riore marked in the case
of thin films than thick,

RemaSwomy (1934) found thet the crystsl size in
sputtered films of gold, when hented, wns greater and increased
at a greater rate in thick (620A.) than in thin films (1804.).
Andrade nand Martindale (1936) also found that the appearance
of "gpherulets" takes plnce at a lower temperature with thick
films., Simultaneous heating in vacuo of two silver fiims
220A. and 30A. thick respectively at 260°C. for 3 hours
produced "spherulets” in the thick film but not in the 304, one
in which they appeared only on heating at 420°C,
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If the substrate is smorphous und plene to the order of
atomic dimensions one degree orientation in which, as a ruls,
the most densely-packed atonm plane is in contact with the
substrate surface, is produced (Finch nnd wilman). Hamadwamy
(1934) found for gold on guartz thit heating at 430°C. for an
unspecified time produced an orientation of the crystailites
with the (111) planes parasllel to the substrate in the cuse of a
£ilm 1804e thick and the same orientation with o film 6204,
thick only on heating at $40°C, Andrade and Martindaie
(1936) also found the (111 orientation in heated £ilms of silver
and gold on glass of initial mean thickness 100-5004.

Burgers and Dippel (1934) found that the oricntation of
the crystallites in layers deposited on gless is affected by
the direction of the vapour siream mnd that there is &
tendency for the orientation exis to point towards the
direction of the source, They found that lgyers of CaF, of
thickness 1000A. were oriented wits the (111) plenes paraliel
to the substrate when the incidence of the beam of vapour was
normal and that strongly oblicue incidence cegused a sligut
inclination of these planes. Aiccording to them the slight
t4lt of the orientation axis i1s duc to the fact that although

(111) planes normal to the vapour stream receive more matter
and can grow faster and do yield luarger crystesllites, planes

parallel to the surface possess the advantage that they can
grow in both directions sideways and would consequently yieid
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crystallites with larger surfaces and the maximum rate of
growth would therefors ocecur for planes between these two
directions. Burgers and Dippel Zound thst an angle of
incidence of the vapour stream of about 65° caused a tilt of
the planes by about 10° to the surface,

Burgers and Ploos van fmstel (1936) observed the same
efect with barium. The tendency of the orientation axis teo
point towards the source in the casé¢ of eluminium was observed
by Beeching (1936). He found that the cube face is tilted st
about 15° to a glass substrate vhen tue direction of the
incident wvapour is 45° to the surface.

If the substrate is a single crystal various two-degree
orientation of deposiis are usually deveéloped above
characteristic temperatures, In the case of gilver and gold
Lagsen (1934), Lassen and Bruck (1935), Kirchner and Lassen
(1935), =nd Bruck (1936) found that condensation from the
vapour on heated rock salt cleavages produced deposits which
are oriented with the (100) plane parallel to the cube face
of the substrate and the cube edge of the metal parsliel to
that of the rock salt. With silver films of about 10004.
long they obtained a practically single crystal structurs
giving spots and Kikuchi lines, when the vapour was deposited
on to a substrate at 150°C, Vith thinmer films extra spots

and streaks were obteined which Menzer showed to be due to &
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twinned structure of the films (see e.g. Goche and Wilman,
1939).

The structure of evaporated films of silver and gold of
thickness 100-1000A., on mica was studied by Rudiger (1937).
He obtnined a two-degree orientation of the crystallites with
the (111) planes parsllel to the substrate, when the evaporatio
was conducted with the substrate maintained above a certain
tempersture which is a characteristic of the metal,
Rudiger found three types of complete orientstion of the (111,
planes as shown in Pige!l as 1,2 and 3, the direction of the
beam being indicated by the arrow. The behaviour of thick
and thin silver films was the some, the one degree
orientation first appearing at 20°C, and becoming complete
et 150°C, A silver film 900A. thick deposited at 150°C.
showed moderately large crystals which were accurately
orientated parallel to one another in 1 or 2. 4Auv 380°C,
Rudiger observed all three types of two degree orientation
in the seme film simultaneously, Thinner films - sbout 1004,
gave the same type of pattern but indicated very small
crystal size. The behaviour of gold films was somewhat
different, With films 1000A. thick, the beginning of
orientation occurred at 300°C, and became complete at 360°C,,
the pattern from films prepared at this temperature
consisting of streaks perpendicular to the shadow edge. Vith
thinner films (200A.), two degree orientation and spot
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patterns of the type given by silver were obtained at 460°C,
According to Audiger, the orientation in = thick film is
confined to the upper leyers and he was szble to verify this
hypothesis by reflection and trensmission photographs from
the same specimen, which showed ¢ random orientation of the
crystals near the substrate,

The occurrence of two degree orientation in = deposit
depends on the exlistence of some similarity of structure of
deposit and substrate (Finch =nd “ilmen). According te
Bruck the particular type of two degree orientation obtained
ie such ns to mepke the sum of the distances between nearest
ntoms in the deposit and substrate a minimum, udiger's
films of silver and gold on mica, however, do not confim
this suggestion,

By passing n beam of ¢lectrons Lhrough a stream of
vapour Finch nnd ‘uarrell (1933) proved thst in the process
of evaporation the material reiecased is in the form of a gas
without structure, The crystelline nature of the matter in
a film must therefore be due to an aggregation of these atoms
of vapour after deposition. Indeed, the phenomena of the
incregse in crystal size and production of orientation with
incrense in tempernture,of the spontaneous disintegration
of films on stunding and perhaps indirectly the particle
aspect of the film ftsclf, testify to marked atomic
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arrangements and rearrangements resulting from a high
mobility of atoms at the surfaces of the gsubstrate and film,
at temperrtures which =re far removed from the melting point
of the metal. /mple direct evidence for such mobility has
been obtained by many workers, DLstemmann (1933) and
Cockcroft (1928) hnve observed the motion of sparsely
distributed matter over a substrste and Voimer (1925) the
motion of atoms over =z crystal of the some material,
According to Andrade snd ¥artindale (1936) and appleyard (1937)
nnd Lovell (1936) such motion of atoms can slso tnke place
under surfsce tension forces. Uir Ceorge Beilby (1921)

has 1llustrated the analogy between the bresk up of liguid
films into globules nnd the aggregation of more or less
uniform solid leyers into separate particles, Similear
photographs of the stages in the break up and aggregation of
sllver films on glase have also been published by Lubszynski
and McGee (1939).

According to Lennard Jones (1932) the periodic structure
of a surface has, associated with it, o series of equipotentials
and at low temperntures an atom on the surfece is held in =
pocket of low potentiel, st the lowest vibrntionsl level,

At raised temperatures, the atoms acquire sufficient energy
to elimb the potentiesl barrier between pockets snd free
motion on the surface results. Considerably higher energies

are, however, recuired to remove an atom completely from
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the surface (evaporation) and this accounts for the mobility
of atoms at temperstures far below the meiting peimt. The
mobility seems, however, to be dependent on the melting point
occurring at a much lower temperature for mercury and cadmium
than for silver and gold.

A picture of the growth of a film from the vapour, and
the changes in its structure on standing and on heating may
be formed thus. Atoms with considerable energy deposited
from the hot source on to a comparatively cold substrate
retain a part of their energy on iupact and consequently
move about freely on the surface of the substrate, colliding
with each other - the path between impacts being probably
short, perhaps only a few tens of Angstroms and in general
regembling a two dimensional gas. (In the case of silver
atoms Stern (1920) found that the velocity of the atoms
evaporated from a source at nbout 1000°., was 600 metres/sec.
in good agreement with the Kinetic Theory of Gases). Under
suitable conditions of impact, such as when a part of the
energy is handed to a third body or dissipated in the form
of radiation, a nucleus of growth in the form of an aggregate
of two atoms tekes place, Growth then occurs by addition of
other atoms to this nucleus and usually form themselves into
crystalline arrangements approximating to the normal structure,
even in particles as smell as 20A, dismeter. The film at
this stage consists of islands of isolated crystallites. The
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gize and separation of the crystallites would depend on the
height of the potential barriers on the surface of the
substrate for the particular atoms deposited. For substrates
of glass and collodion and deposits of zinc and cadmium it
is probable that the potential wells are shallow relative to
those on the already formed crystuls, since these metals
deposited at room temperature give large crystals scattered
on the substrate (Picard and Dufiendack, 1943) and that for
cadmium on glass it is deeper than for zinc, since the latter
metal deposited at liquid air temperatures aggregated
rapidly into large crystals on increase in temperature., The
fact that Zn and Cd films condensed on collodion at liguid
nir temperatures do not yield uniform deposits indicates that
the potentisl wells in collodion are very shallowe. Yicard
and Duffendack obtained uniform deposits of aluminium, copper,
and magnesium on both glass and collodiom. The potential
wells in these cases must therefore be _quite deep relative
to those on the crystals and the fact that AL crystallites
are much finer than those of Ag (Hass, 1942) seems to
indicate that the potential barrier with aluminium is one of
the highest, Very few actual determinations of the energies
required by atoms to traverse these potential barriers have
been made.

As deposition proceeds, growth of all crystallites and

an increased preferential growth in some, occurs by direct
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condensation on the surfaces and also from the transfer of
ntoms from some crystnls to others, until finslly the
crystallites touch each other snd with further deposition
n porous film is obtained, On this picture the ageing of
n very thin film csn be eéxplrined ns the bresking up of the
£41m under the action of surface tension forces (Appleyard,
1937) or the production of a fine network of cracks as a
result of a differential expansion bétween substrate and
denosit or contamination of the deposit by traces of organic
naterial (Pineh, 1937). In thick films, it teokes the form
of a settling down of the porous deposit (Appleyard, 1937).

The ncceleration of the ageing process and the
orientation and repid crystal growth of films on heating are
a éirect result of the greatly increased mobility of atoms
ot roised temperntures. Goche nnd Wilman (1939) found that
henting a detached silver film of sbout 500A. for about 4
minutes at n tempernture between 500-600°C. caused extensive
atomic rearrangement in the film and resulted in the
formntion of perfect single crystals free from twinning.
Andrade ond Martindele (1936) working with the microscope
found that heating = silver film 200A. thick on quartz for
about an hour at 230°C, produced the first signs of
recrystallisation in the form of small aggregates, and at
600°C, they observed octahedral crystuls,

With gold, the temperature at which stoms develop much



31.

mobility is higher and the crystal size in recrystellised
films smaller than with silver, (indrade =nd Martindale, 1936):
RemaSwamy (1934) and indrade end Mertindale (1936) agree in
finding a rapid increase in crystal growth at 400°C, for

films on quartz., Rudiger obtained two degree orientation

on mica at 460°C, and Bartlett found an increase in the
resistance of sputtered films when maintained at a temperature
greater than 300°C, '

The recrystallisstion of gold foils has been found by
Preston and Bircumshaw (193€) to start at about 450°C,, when
the henting is in =ir, The temperature at which
recrystallisation takes place in vacuum seems to be higher,
Fineh »nd Fordham (1937) found no recrystallisstion up to
550°C, and Preston and Bircumshaw (1936) up to 700°C.
According to Trillat and Oketani (1937) the recrystallisation
in vacuum snd air tekes pluce only at temperatures greaster
then 650°C,

The difference in behaviour of thick and thin films
gsecms to indicate the existence of = comparatively stable
layer of the deposit immediately in contact with the
substrate and a greatly increased wobility of the atoms of
the deposit on the surfnace of the film,



I. 4, THE STRUCTURE OF MICA AND QUARTZ
SUBSTRATE SURFACES.

The Structure of Muscovite Mica.

The micas were first examined by Tschermak, who
suggested for muscovite a monoclinic unit cell with a centred
rectangle of sides a and D ns base and a monoclinic angle of
95°

An X ray eXamination of the micas was first made in
1927 by Meuguin (1927, 1928). He determined the unit cell,
the space group and the number of atoms in the unit cell,
For the unit cell of muscovite he gave the values a = 5,174,,
b = 849444y € = 20,0A, and (myc) = 96°, Manguin considered
muscovite ss a stacking together of thin plates of thickness
9¢95A. which occurred in pairs and were identical.

The general scheme of structure for all the micas and
micaceous minerals was given by Psuling in 1930, He
considered the structures in terms of “octahedral® and
"tetrahedral" layers and was able to explain the easy
cleavage and give the sequence of atomic planes parallel to
this plane, The first complete analysis of structure of
muscovite was given by Jackson and West (1930, 1933). They
established the paremeters of the atomic co-ordinates, that
is the precise way in which the atomic sheets parallel to the

cleavage planes are stacked one on top of the other,
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Jackson and West's results for muscovite are as followsse

Unit formula: K Al; (ALSig 044 ) (OH),
Space group? Cg h = C¥%
Z = 4 Structural units per
cell.
Lattice: Monoclinic a = 5,18A., b = 9.02A,

C = 20,044, = 95°30°!
According to Bragg (1930) in all the silicates that have been
examined silicon always occurs between four oxygen stoms and
the silicon oxygen bond is so strong that the four oxygen
otoms are at the corners of a tetrahedron of nearly constant
dimensions and regular shape, the silicon oxygen distance
being about 1,6A. The characteristic feature of the micas
and clays, which groups them together and imparts a pseudo-
hexagonal symmetry to the structure is the hexagonal network
of linked tetrahedra forming layers parallel to the cleavage
plane, The structure given by Jackson and West may be
considered thuss-

Three corners of each siliconeoxygen tetrahedron are
linked to neighbours such that the vertices of each
tetrahedron point the seme way and a hexagonal arrangement of
a silicon oxygen sheet is formed (Fig.2). The sheets
constitute the so-called tetrahedral layers in the structure.
The silicon in one quarter of the silicon oxygen tetranedra
in a sheet is replaced by four coordinated aluminium atoms.
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An "octahedral® layer consists of two sheets of each,
containing both oxygen ions and hydroxyl ions in close-packed
array and may be considered as formed by placing an OE

group nt the centre of one of the hexngons in Fige2 and in
the plane of the oxygen rtoms at the vertices of the
tetrahedra in the layer (Pige3). The disposition of the
second shecet relative to the first cun be obtained by
considering the first sheet displnced in a direction making
30° with the b axis and through a distance equal to a third
of the a exis. Thus, there are two sheets of atoms, each
atom of one resting on three atoms of the other. The holes
formed by groups of six ntoms are occupied by six coordinated
atoms of aluminium, since the oxygen ntoms at the vertices
of a tetrahedral layer have the snme spacial distribution as
the oxygen ~toms in =~ sheet of an octanhedrzl layer, two
tetrahedral laoyers can be placed, one on each side of an
octahedral layeéer, with vertices pointing towa;ds each other
such that the oxygen stoms in the octahecdrsl leyecr coincide
with those ot the vertices of the tetrahedrs in the tetrahedral
layers. (Figed). The mica structure consists of a pile of
such double sheets placcd parallel to the plane of cleavage,
The double shcets anre firmly bound und in the large cavities
outlined by a succession of double sheets, potassium ztoms
occur with 12-coordination. When a sheet of mica is cleaved

it separates very exactly along plenes in which the potassium

ntoms are situated.
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The pseudo hexagonal symmetry of mica in the cleavage
plane which arises from the hexagonal symmetry of the single
tetrashedral layer is reduced to monoclinic in the wiole
structure due to the manner in which two tetrahedral layers
sre linked through an octtahedral layer.

The complete structure, with distances between
successive layers of atoms in Angstroms calculated from
Jackson snd West's paper is shown in Fige5e.

Diffraction of Flectrons by Mica.

The first experiments werc made by Kikuchi (1928). By
tearing off s thin layer from the face of a thicker sheet, he
was nble to obtain specimens thin enough to allow an electron
beam to pass through them, Kikuchi distinguished three types
of pattern obtnined by transmission fleakes. The thinnest
apecimens gave an extended array of spots (he c¢:lled it the
¥ pattern) arranged st the corners of equilatersl triangles.
vith thicker flakes, the L pattern, consisting of spots on
circular zones and biack and white Kikuchi lines were
obtained, YVhen the thickness of the flake was so large that
the central spot entirely disappeared, only a number of
black =nd white lines and bands were observed. The last
‘ type of pattern was called the ¥ pattern. lMore recent
illustrations of these changes of pattern type with crystal
thickness have been published by Kirchner (1932), Finech,
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Cuarrell snd Wilmen (1935) and Finch snd Wilman (1937).

Vhen the flake is disterted extre spots are obtained.
(steinheil, 1934; Finch, Cuarrell and %Wilman, 1935;
Darbyshire and Cooper, 19353 Finch end Wilmen, 19363 Finch
and Wilman, 193';)-

Reflection experiments with cleavage faces have been
made by Darbyshire (1933). He obtained streaks at right
angles to the shadow edge. With distorted specimens the
streaks appear in a much yider area of pattern than that in

which they usually occur.

He ated l!;c ﬂo
Although some investigetions on the diffraction of

X rays by -heated mica have been performed, it does not appear
that electron diffraction has been applied to a study of
structural changes that may take place on heating, although
Fisenhut and Kaupp (1931) heated deposits of gold and copper
on thin micas transmission specimens to study alloy formation.
In 1929, Linnik (1929) passed a beam of Cu X radiation
through a sheet of mica heated to red heat and cooled. He
supposed that by heating the crystalline mass of mica was
cleft into very thin separate layers which maintained their
orientntion, but were displaced normal to the surface, He
explained the X ray pattern as a "cross-grating" effeect
produced as a result of the space effect being destroyed
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due to incoherence of scattering from the randomly spaced
layers.

Hendricks (1929) has also obtained X ray photegraphs
from heated mica similar to the one given by Linnik.

According to him the pattern is a three dimensional
diffraction effect from a micaceous crystalline mass in which
individual crystal fragments diverge from parsllelism with

the surface, ¥icroscopic examination showed the existence of
fragments inclined to the clenvage plane, None of the
fragments was rotated about the normal to the surface.

Powell, Griffiths and Wood (1937) studied the % ray
structure in connection with the variation of the thermal .
conductivity of some micas with temperature, They observed n¢
change with muscovite on heating up to 600°C., but certain
phlogopites showed a marked decrease in conductivity at 200°C.
Y. ray photographs of heated specimens which showed this
change revealed that individusl mica crydtals beceme tilted
between + 5°, at this temperature.

Hendricks (1929) found thet natural crystals of
xaolinite - Al,81,05(0H), - give X ray photographs similar to
those obtained from heated mica and Gruner (1939) has observed
n conversion of muscovite to kmolinite on heating with
hydrochloric acid at 300°C,

A recent determination of the structure of kaolinite by
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Gpindley and Robinson (1946) gives a triclinie unit cell
with A = 5414Aey b = 8493A., & = 7.37Ae3 & = 91.8°, A=104.5°,
~nd Y= 90°,

lany investigators have studied the dehydration and
decomposition of ksolinite on heating. sccording to
Lapparent (1937) a little water is given out at 100°C.
This terminates at 200°C., and the principsl dehydration takes
place between 500°-600°C. Between 900°~1000°C. there is a
stronz exothermic effect, 4 definite decomposition peint
near 500°C. seems to have been recorded by many investigators.
Insley and Bwell (1935) found it at 550°C. as a broad
endothermic effect which they attributed to dissociation into
water and a mixture of smorphous Al 0 and $i0, from which
the erystallisation of  Al,0, occurred at 950°C. According
to Nakaei and Pukami (1933), the break up of the crystal
structure occurs at 350-400°C., a completely awmorphous
product is obtrained at 780°C., and the crystallisation of
7l 0, occurs at 900-1000°C., An electron optical examination
of changes produced in kaolinite by heating has been made by
7itel, Muller and Radczewski (1939). They found that the
finest fractions of knolinite consisted of hexagonal lamineae
with sharp edges which lost their definition on heating at
500-600°C, The faces, however, remained smooth. At 600-900°
the pseudo-morphs of 810, and Al; 0, resulting from the
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dehydration and decomposition were in the form of fine
particles and crystallised out to large crystals on hesting
above 1000°C,

The partial dehydration of endelliite (Al,Qp 25105 +4H, 0)
yields n structure (halloysite, Al,0s 2510, .28, 0) consisting
of a superposition of Al;0, .2510; .2H,0 layers, similar to
that obtained in kaolinite (G.V.Brindley and K.Robinson (1946))
WVheyreas, however, in an ideal kaolinite there is a perfectily
ordered secuence of the layers, in halloysite the layers are
stacked regularly in the direction of the ¢ axis bul there is
a random orientation of the layers in their own planes. XL ray
diagrams of halloysite show broad basal (001) reflections
corresponding to 7.44. The reflectioh becomes sharp and the
spacing decrenses to about 7,2A. when the halloysite is heated
at temperatures from 100°-350°C, The spacing is, however,
nlways greater than 7.14A. - the normal value for ksolinite,
According to Brindley and lobinson the increased spacing is
due to the ususlly incomplete dehydration of the water layer
(3.0A.)e There is, according to them, a possibility that
between kaolinite and the idenl halloysite (where there is
completely rondom orientation of the individual layers) there
exists a group of minerals with various degrees of randomness

in the ordering of the layers,
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The Structure of Silica.

8ilicn is known to exist in different forms - as vitreous
silica, quartz, tridymite and cristobalite (See, for example,
Bragg "Atomic Structure of Minerals", 1937). The structural
unit in all the forms is the silicon oxygen tetreshedrsl group
It seems to be established that cuartz, tridymite and
cristobalite are crystalline forms of silica in vhich the
81-0 tetrahedra are linked in definite and different ways.
In all the forms, however, each oxygen in n tetrahedron is
shared by nnother silicon :nd the silicon oxygen ratio becomes
8105 The stable form of crystrlline silica ie quartsz
(Bragg). Vhen quartz is heanted, tridymite is produced =t
870%, and nt temperatures > 1470°. the strble form is
cristobalite, Unless cooled very slowly, however, silica
remaine in the form of tridymite or cristobelite in & meta-
gtable state at lower temperatures, 4ALL three forms have a
low and a high temperature modification ( & and B ), the change
from the high (fs) to the low (ot ) taking place easily snd
quickly merely by displscement and a rotation of the tetrahedra
wherens the changes from cristobalite to tridymite or tridymite
to guartz recuire bresking of the linkage and thus these
transformations only take place slowly and with difficulty.

In view of the recrystallisation of quartz referred to
below it seems to be desirable to consider the structure of

the various forms of crystaliine silica. These are set down
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in tabular form below.

Table IXII.
Porm Lattice Unit Cell
1
ol uartz Hexagoneal B = 4,903A4y C© = 543934,
c/a = 14099
Pt‘,uartzd Hexagonal a = 4.989!\., c = 5.446}‘:-,
C/R = 1.09
a2
d'l'ri.dymite Rhomkic ] = 9.884"-.’ L o= 1?.1}'\., c = 16.3&.
a
pTridymite Hexagonnl A= 5.03hey, ¢ = 8,224,
C/.".{ = 1.63
%
dCristobalite fhombic a = 7.00;—0' b = ?000!“0, c = ?.0030
sCristobalite | Cubic o = Tel2he

1. Gibbe(1926). 2 Bragg nand Gibbs({1925). 3. Gibbe(1926)%
4, Barth(1932). 5S.hyckoff(1925).

The structure of vitreous silica (silica glaess) has
been determined by Warren (1933, 1934) and Randall, Hookeby
and Cooper (1930) using X rays and by Maxwell and Kosely
(1935) and Kemogawn (1938, 1940) by electron diffraction.
By etching the glass in a thin walled bubble with hydrefluoric
acid, Maxwell and Mosely were able to obtain tr:nsmission
patterns of silica glass. They found strong scattering at
small angles and a prominent ring and = diffuse one at
('/A) sin § = 0,12 and 0.4C respectively. In addition to
thege they sometimes obtained sharp spots and partially
completed cirolen, whose identity they were unable to

establish, corresponding to Bragg specings of 4.2A.(%),
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3e7A.(8) nnd 2,524.(%). Kemogawa (1938) found that the
£ilm obtained by evaporating silicon in vacuum on to rocksalt
and disselving the substrate in water consists of diffuse
ﬂ;ngs“aiz (%) sin8, = 0.12(38), 0.29(%), 0.40(i) which
according to him is due to smorphous silica resulting from

a2 spontaneous oxidation of the silicon in =ir. From the
freshly polished surface of glass, Kamogawa (194C) obtained
halos at ( 4) sin@ = 0.1, 0.20 and 0.37. oince these
values nre different from those obtsined in transmission
experiments, he concludes th t the structure of the polished
gurfece is different from the pglass inside,

According to Randall, Hooksby nnd Cooper (1930), silica
gloss is made up of extremely small crystallites of
cristébnlite of nversge eize =bout 154. They obtained by
X rays n strong ring due to cristobrlite, wnen the gless was
hented at 1200°C. for o few hours. According to Warren the
structure is non=crystelline, being built up on & rancom
network of tetrahedrel groups, eanch group having four nearest
neighbours at 3.1A. and twelve next nearest at 5.04,

' Recrystallisation of Amorphous Silicsa.

Bresler, Strauff and Zelmanoff (1933) found that a
recrystalliaention of an amorphous film of cuartz obt:ined by
vrporisation in vacuum occurs when it is heated for about

2-3 hours at n temperature of 400°C, Xomogawa (1538) has also
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studied the effect of heating amorphous films of 510;.
He heated films up to 800°C, for 3 minutes and found the

appearance of many weck diffuse rings at about 450°C.









II. LEXPERIMBNTAL TECHNITUE USED IX THEE
PRESINT INVESTIGATIOKS.

II. 1. Preparation of the Deposits.

"he vacuum chember in which the deposits were made and
the hesting in vacuum conducted (both for the deposits and
the work described below in Part 1LV) consisted essentially
of a bnse plate and a bell jar.

The experiments described have been performed in two
different systems. The first used hnd a silica mercury
diffusion pump and was sble to get dowm to a pressure of
5 x 10-3 pm. of mercury. In the later system a steel mereury
difcugion pump was employed and together with very wide
chennels for evacuntion of the bell jer enabled a limiting
pressure of 104 mm, to be realised in about 15-20 minutes
after the pumps were started. 4. dingram of the system is
shown in Tige6 and n photograph in Fig.7.

The base plate of brass (Figs.8 and 9) wes about "
thick nand 73" in dinmeter, It had = lapped surface about
1/8% high »nd 1-1/4" wide on vhich the vacuunm seal to the
bell=-jar was made with grease. The main punping inlet at
the base plate was 2" in diameter. The speed of pumping
could be controlled by a butterfly valve which was operated
from outside through = ground glass Joint by which it was
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rotated by means of a sealing wax plug which did not prevent
the withdrawal of the outer part o¢f the ground Joint for
cleaning and regreasing. For the main mercury vapour trap
tinfoil was used, introduced into the pumping line about 12"
from the chamber. It consisted of a framework of iron wire
in the form of circles 1aid one on top of the other, at
distances of nbout 5 cms. and joined together. Semi-circular
pieces of copper gauze with tinfoil 1lsid on them were fixed
by bending and pressure on the circles in such & manner that
sn indirect pumping path without much reduction in pumping
aperture was obtained over a length of about 25 cms,

A second #" diameter tube through the base plate
connected the chamber to pressure gauges and a tap by which
air could be let in to the system to atmospheric pressure.

A third inlet sllowed a controlled leak of air or gas into
the chamber to be made when recuired, This was obtained by
a capillary tube throttle fed from a reservoir of gas at a
reduced pressure which could be adjusted. With this
arrangement an evaporation could be performed at any desired
pressure,

Conducting wires for heating currents and themocouples
for mensurement of temperature were led into the chamber
through a brass disc about 1-3/8" diam., and 3/8" thick which
fitted into a hole cut in the plate. 8ix independent
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electrodes for heating were introduced into the system
through this dise., Ylectrical connections which were
robust snd electrically insulating were obtained by use of
gless to metal Kovar seals, The central conductors of the
geals pnssed through six holes drilled symmetrically in the
dise (Pig.10) and their flanges were soldered all round so
as to make the Joints vecuunm tight, wires soldered om
either side of é geal gave electrical connection between the
chamber and outaide. Two thermocouples were let into the
chamber through the same disc. The four wires were taken
out through four holes in a ground joint and the wires sealed
with Picein wax, which was also used to seal the hole
earrying the ground joint to the disec. Glass sleeves were
used for insulating the thermocouple wires from each other,
The disc was sealed to the plate with Apiezon € compound.

Support for the specimen, filaments, etc. inside the
bell jar was obtained from four pillars screwed om to the
plate, The pillars were 7" long, 1/4" dimmeter threaded
brass rods, rigid enough to prevent vibration. The clamping
of filaments etce to the rods was by pairs of nuts. The
rods were filed flat on one side in order to provide free
evacuation of the air in the portion of the bhireads screwed
into the plate and occupled by nuts.

Measurement of pressure was made on a lickeod gauge
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reading a pressure of 10"% mn, as a difference in mercury
levels of 4 cms It was possible to measure pressures up to
10" mm, on this gauge. For ra.id checks on the pressure
before, during and after evaporation, it was found convenient
to introduce into the system a Piruni gauge. A Wheatstone
bridge arrangement with a similar gauge in an opposite arm
was used and the out of balance current was found to be a
good measure of the vacuum down to 1074 or velow. 4 liguid
air trap was introduced between the Mcleod and the Pirani
gauge and evaporating chamber, to avoid mercury vapour
reaching the evaporation chamber,

The deposits were made by sublimation of a bead hanging
from n tungsten wire. Since silver does not wet tungsten
well, the bead is approximately spherical as shown in Figelle
which was obtained by projecting the bead mnd filameut on to
n SCIreen. Preliminary experiments showed that the heat
radiation effect due to such a source was considerable., The
?ilament was therefore limited to a short length of narrow
gauge wire, It consisted of about 1.5 cmse of .012" diam.
wire which was bent to have a small kink at its centre.
About 3 mme of wire at either end of the filament were bent
round ot right angles to the length of the wire and the
filement was gripped in crocodile clips by these Lwo portions.
A source of this type was found very convenient for weighing

of filament and bead. The shape of the evaporating metal
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snd the digposition of objects and substrate inside the bell
jar was such that a spherically uniform emission of molecular
rays could be assumed. Due to uncertainty in the estimation
of the film thickness, this would seem to be important.

Under these conditions if M grams of sﬁbstance is evaporsted
the thickness d4 of the deposit at a point P distant % from
the point directly below the bead (Fige12) would be given in

cmg, by:-
8
¥ cos O 2
dg = ———%— = d_cos0
f.4nR
X 1
= 2 2%, where d, = thickness
4nf A {1-*(%) }" of deposit at the

point directly below

and P = density of
silver (gms/cc{.

If t is the time.of evaporntion, the rate of arrival of the

metal at the substrate my is given by:-

- % . ¢c08 0
2
(4n R t)

Factors which would affect the deposit are my, the pressure
of the gas P, the temperature of the evaporating metal T,
which would determine the energy transhitted to the substrate
and deposit by the arriving atoms and the initial mobility of
the atoms on the surface and Ly the heat radiation on the
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substrate from the evaporating metal and filement. The
radiation factor Eo is a function of Ry T and the surface

area of the filament. The ratio of the heat radiated by a
tungsten filament of length 1.5 cms. and diaw. 012" to that

by =a silver bead of diam, .06 cms. (which is the usual size

of bead employed) is approx. 8:1. Thus E, depends effectively
on the contribution from the filament and can be made negligible
without affecting the evaporation by the use'of a screen.

The crocodile clipe gripping the evaporsting fileament
were fixed by stiff wires and binding screws to two pillars.
The heating was with D.C. from the mainse. One end of the
filement was carthed at the metal pillar énd the other end
insulated from its pillar by a glass rod had an electrical
commection made to it from a Kovar seal by means of a
crocodile clip. One terminel of a D.C. point (110 v, with
regpect to earth) was connected through a rheostat to this seal.
The rheostat enabled the rate of evaporation to be varied,

The temperature of the evaporating metal was determined
by compariéon with a tungsten filament, S8imilar to the
evaporating filament, which had a Pt-PtRh thermocouple of 40
gauge wire (,0048" diam.) spot welded at its centre., The
comparison filament was arranged a centimetre or so above the
evaporating filament, its supports to two piliers being made
in a similar fashion. Both ends of this filement were
insulated from the pillars and the heating was by a step down’
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transformer; A rheostat was included in the secondary
circuit for current adjustmﬁht. The thermo e¢.m.fs was
measured on a micro-ammeter with = suitable resistance in
series.

The temperature of the evaporating metal could be
obtained by comparison (of colour using a red filter or total
intensity daing a filter of ealuminium evaporated on to glass
to cut down the intensity) of the evaporating filament with
the other whose temperature can be obtained directly withh the
the rmocouple. An attempt was mede at evaporating silver
from a tungsten filament whieh had a Pt-PtRh thermocouple spot
welded at its centre. It was thus hoped te obtain the
temperature of the silver bend directly. The thermoeoﬁple
Junction was found to break off from the filament when the
silver melted and formed a bead round it.

Two specimens were placed on a glass plate clamped
directly by nuts betwsen two pillars. The distance between
this plate and the evaporsting filament could be conveniently
nltered. The angle of incidence of the vapour stream could’
be varied by alteting the position of the specimen on the
glass plnte,

The fused gquartz glass used was supplied in the form of
plane polished discs about 2 cms., in diemeter and 2 mm. thick.
The dises were cleahad in the ususl way with nitric acid and
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aleohol, washed in distillgd water, and dried between clean
filter papere. A Tinel dry cleaning of the surface of the
glass was effected by passing the tip of a blowpipe fleme
guickly over the surface,

Clean surfaces of mica were obtained by cleavage. Fieces
of mica % x 5 cms., were cut with scissors from a larger sheet
of thickness 2/1000%. A piece was handled with the tweezers
or only by the edges. A fresh reflection cleavage was
obtained ns follows. in edge of n plece was frayed and the
gharp point of a pair of tweezers inserted between two nearly
equally thick layers obtained by the fraying. The peint was
then run along, Tirst one edge and then the other, so that
the main piece was separated to a depth of 4-5 mm, wlong the
two edgese The two parts along one edge were NOw held
hetween tweegzers and fingers and gently drawn apart, the
geparation in the maln piece being made to start from the
other edge where s separation had already been initimted.
Clenvages up to about 8 x 8 cms. could be convenlently
obtained by this method.

Large cleavages obtained in this manner were found to
be much thinner at one end than the other. Tronsmission
flakes were obtained from theée large cleavages by tearing
the piece with a twisting action, gtarting from the thick

end and proceeding towards the thinner end of the main plecs.
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Thin flakes, showing interference coiours were usually found
at the thinner end of the main piece. Very thin, weakly
straw coloured {lakes can be obtanined after a few trials,

A reflection specimen of mica (&1 cm. x 1 cm.) was
placed dn a flat piece of brass of sbout the sume size ag the
épecimen and both mounted on the specimen holder of the camers.
Before mounting the specimeéen was carefully cut round the ecdges
with scissors., A final cutting of the four edges, where only
a narrow band of mica was removed, left the edges free from
projections.

The heating of specimens was conducted in electrie
furnaces of three types. For the heating in air at
temperatures up to 575°. a vertical tubuler Pyrex glass
furnace 25 cms. long by 6 cms, diometer closed at its upper
end snd wound with an electric heater coll was used asnd a
horizontal silica glass furnsce for temperatures up teo 875'0.-

The vacuum furnace was mbt:mtad ingide the main
evaporating chamber and consiéted of Pyrex tube about & cums,
lonzg and 2 cms., diameter closed at the lower end. About 20
turns of wire from a coil of a 750 watt electric fire was
wrapped round the tube in a single layer. Thick strips of
mica placed along the length of the tube provided insulation
for one lead, enabled the wire to be wrapped tightly round
the tube and also formed supports for the two free ends.

The tube and coil were slipped inside another Pyrex
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tube also closed at the lower end and the double cylinder
placed inside a Pyrex beaker, 8 cms, high and 7 cme. in
diameter, In order to conserve heat radiation end also
reduce the time tnken by the furnace to reach a steady state,
the inside of the beaker was lined with a piece of polished
copper foil, The resistance of the furnace coil was about
12 ohms. Alternnting current from a step down transformer
working off the mains and giving 35 volts was employed for
the heating. The arrangement was found to be cuite
efficient, a current of 2,5 amps. being sufficient to bring
the temperature up to 500°C. The temperature was measured
with a Pt-PtRh thermocouple which was calibrated at the zinec,
lead and tin melting points and the steam point.

The deposition procedure was as follows. A new
filament was cleaned from tungsten oxide by heating to bright
red or yellow heat in a vacuum. About 5-6 cms. of 35 gauge Ag
wire was made into a fine spiral, by winding it on a piece of
gtiff wire and the filament was then threaded through it.

The spiral was made to lie at the centre of the filament.

On heating the spiral melts invariably first at the ends,
continues to melt along its length drawing itself together

to form a bhead at the kink. If the melting is not too rapid
at first the silver does not fall off the filament. Once

a bend is formed the evaporation can be nade as rapid as

required., This method was found to be more convenient than
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the one usually recommended of introducing hooks of wire on
the filament, The hooks had a tendency to fall off and
often more than one bead formed. With a good vacuum a
rétation of the molten silver is always observed. At high
pressures this rotation does not take place,

It was found possible to obtain = bead of about 15 nge
of silver on the filament. The first evaporation serves to
clean tre filament and silver of grease etc, and also removes
any adsorbed or occluded gas. After cleaning, the filament
is handled with tweezers only and removed from the clips for
weighing. B_efore letting ciovm the vacuum for this purpose
the leak reservoir pressure and, or the butterfly valve are
adjusted to give the pressure st which it is hoped to carry
out the evaporation experiment, The compariscn filoment
current is now turned on and set at the value which brings
this filament to the temperature at which it is desired to
evaporate the metal. The evaporating filament ecurrent is
also turned on and adjusted for equality»of temperature of
the two filaments. The filaments are switched off, the leak
tube tap closed and the vacaum let down. ﬁ"hen the filament
has been weighed and reintroduced, the specimen substrate is
also placed inside and the apparatus pumped down ready for
the deposition experiment, When the Pirani gauge indicates

the required pressure approximstely it is meesured on the
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MeLeod gauge, the mercury in the gauge brought down and the
system left to itself for a few minutes to settle down to
equilibrium pressure. (The Pirani gauge is watched during
this time). The filaments are now switched on, a check made
for correct cohditiens of temperature and time is measured
until switching off. The filament and the remaining silver
is finally weighed.

Gless and mica specimens were heated in air by placing
on n tray made of nickel sheat. Larger cleavages of mica
(nbout 5 x § cm) were held inside the furnace by a crocodile
clip at the end of a stiff wire, Portions of the maln
cleavage could be cut off after varicus times of heating.

Por heating in the vacaum furnace the specimen was placed on
a small platform made of thin nickel sheet =nd lowered inside
the furnace. The tip of the thermocouple was arranged to
lie a few millimetres above the specimen.

II. 2. XLECTRON DIFFRACTION TLCHEICGUE.

The exsmination of the specimens was made with a Finch
type of diffraction camera (Pinch and Wilman, 19373 evacunted
by a three-stage Leybold mercury diffusion pump, backed by a
rotary oil pump (Fig.13). A convenient working voltage was
usually 50=60 kv. These have an associated wavelength of
about 0.093-0.049 A, The beam is focussed by adjusting the
focussing coil current and by tilting the coil it is biased
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to fall on the specimen, With a reflection specimen the
nngle of incidence is usually made of the order of #° to 1%,
The specimen is explored by varying the tilt of the focussing
coile

Yon-conducting specimens tend to charge up in the
electron beam. This was neutralised by bombarding the
specimen with an electron stream from a heated tungsten
filament, the electrons being accelerated through 200 volis
(Kemogaws, 1940)e When the clemrest diffraction pattern
repregentativc of the whole specimen has been found, the
diaphragm above the specimen is brought into position, the
photographic plate exp9sed for about 5 seconds and the
voltage measured by a 10 cm, diameter sphere gape. Fox
accawate determination of lattice constsnts, the specimens
were lightly dusted with fine graphite powder so as to obtain
patterns which contained graphite diffraction rings, of which
the strong and clear 110 ring, corresponding to a spacing of
1230A. (Trzebiatowski, 1937; Nelson and Riley, |945; Finch
and Pordhem, 1936 Pinch and Vilman, 1936) was employed for
calibratione. Ilford Special Rapid plates were used.

II. 3. IKTERPRETATION OF THE ELECTRON DIFFRACTION

PHOTOGRAPHS « '

The effects observed with the diffraction of electrons
by crystals are similar to those obtained with X rays and
their interpretation also follows along somewhat similar lines.
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The various types of electron diffraction pattern may
be considered on the basis of the pattern yielded by a single
crystale
Ilectyron waves scattered from o row of aultoms of spacing
& in a direction making an angle o with the atom row will be
in phase if |
afcos = cos® ) = hA where h is an integer
and o, the angle between
the incident waves and
the row of atoms,
If there are M,; atoms of scattering power ¥ in the row the
intensity of the scattered radistion at a screen distant R is
given by

@
T- _ 8in Myhn
I = )
R

2
sin hn

Similarly the waves scattered from two other rows of spacing
b and ¢ in a diffracting crystal containing i, and M atoms

regpectively reinforce at the screen

if bcos P - cos B ) = kA

and c(cos )y = cos ), ) = AX
where k and L are also integerss and the intensity of the
diffracted beam from the whole crystal is

5;" sin"u‘h‘n ain’"l&;kn ainzl(e'f'n

—

L= R sin‘mx sin kn sin dn

h, k, and { are the so-called Laue integers or indices.
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Maxima of diffracted intensity are obtained in directions such
that h, k, and 1 are all integers. The intensities of
Aiffraéted beams having integral vaelues of h, k, and 1 are
further modified by the structure factor corresponding to the
ntomic positions in the unit cell.

The positions ond foym of the diffraction spots in the
pattern given by a crystai in a definite azimuth (e.g. as in
Tig.14) can be worked out from a considerstion of the Laue
®oones'. It is only necessary to consider the zones for
three conveniently situated axes in the crystal., The
convenient axes are not always the crystal axes. They are
usually the atom row in the direction of the beam and the two
rows at right angles to it or nearly so. Since any three
atom rows define a lattice and since it is slways possible to
£ind an atom row in the beam direction and two steeply
i{nclined to it, n solution of the problem, in this manner, is
possibles An atom row of spacing a' inclined at ol.’ to a beam
of radiation will give rise to diffracted beams which lie on
cones with the atom row as axis, each cone being defined by
an integral value of the Laue index h'. The cones will
intersect the screen or photographic x;ala.te in hyperbolse,
ellipses or circles according to the value of Mo'. For an
atom row at right angles to the beam the zones of intersection
are hyperbolee, but for fast electrons and in the region of

pattern near the central spot they may be considered as



N7
L g
Leg

A\

A N
L=

<,

~

———

Fig 14




59
straight equidistant lines of separation AL/a'. The
breadth of n zone is inversely proportional to the number of
atoma in the row so that the zone due tq s long row is
sharper than that due to a short row. The zone breadth on a
screen L cms. away is 2 AL/Ma'. As the atom row is inclined
the zones become more and more curved and when it is in the
direction of the bhsam, the zones are circles. This ie
sensibly True forthe practical case when an atom row is
inclined at not greater than about 5° to the beam, The
radius of the h®h order circular zone 1s given by Ry, where

R, =Ry + L o 2n*A/a

where Ry = width of zero order zone. The shape and position
of the spot pattern is obtained from the areas of intersection
of the three sets of Laue zones,

The limitation imposed on the use of electron diffraction
for the study of surface layers by the necessity of using thin
£ilms wns removed when Kikuchi and Nishikeawa (1926) and later
Thomaon'(1930) and Shuwdohara (1930) discovered the grazing
incidence method of electron diffraction whereby the
examination of the surfaces of single crystals and of films
on surfaces can be carried out without disturbing the
relationship between the film snd substrate. In the case of

a reflection specimen the Loue zones on a screen are of the

form shown in Fig.14.
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With a smooth surface the depth of penetration below the
surface is small, and the horizontel zones become broad bands.
The spots are conssquently much drawn out as in Figei4.

The spots in the 1st and higher orders of the circular zones
are, however, sharper due to the increased penetration
effective in contributing diffracted beams which emerge more
gteeply from the crystal towards these zones. The effective
limit of penetration of 50-60 KV. electrons for coherent
diffraction is nbout 50004A. in the case of materials like
mica made up of light atoms, and correspondingly less with
increasing stomic weight, down to only a few hundred angstroms
for heavy elements such as golde GCorrespondingly, in the
cage of "reflection" patterns obtained with an electron beam
grazing an atomicslly smooth surface the coherent pattern
(spots or rings) near the primary beam is only contributed to
effectively by the surface region of the crystal to a depth
of about 20A. even when it consiste of = material of light
atoms like hydrocarbons and their derivatives (Kikuchi, 1935;
Pinch and Wilman, 19373 Schoon, 1930)

A characteristic feature of the pattern from a smooth
.surface is the wsy in which it changes as the angle of
incidence of the electron beam is varied, The horizontal
zones being broad = variation of incidence causes the spois

to move up or down with a2 waxing and waning of intensity.
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If the number of atoms in the direction of the beam be also
small, the circular zones become broad bands and the spots

are drawn out very muche This is in striking contrast to
what is ‘obaerved with a rough single crystal surfsace, The
penetration here is larger and the horizontal zoneb are sharpe
Change in the incidence cauges the spots to wax and wane in
intensity but they remain fixed in posit;on.

In the case of a very thin transmission specimen there is
a2 relaxstion of one diffraction condition and an extended
cross grating pattern representative of the lattice arrangement
in the cleavage plane is obltained, Vith thicker specimens
spots on circular zones and also effects due to secondary
scattering make their appearance. With specicens thick
enough to Jjust let the electron beam through, only these
secondary effects sre observed.

The secondary scattering effects, first discoversd by
Kikuchi in 1928, and now known after him, take the form of
black and white lines and white bands on a print, They may
be considered in principle to be due to selective Bragg
reflection of scattered electrons from crystal planes and the
lattice=plone spacing d from the line pair separation D is
given approximately by

Although the pattern from a polycrystslline specimen
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noy be worked out from the rotation of a single crystal
pattern it is more conveniently considered as Bragg reflection
from the various planes in a crystallite. i set of planes
of spacing 4 inclined at the correct Bragg nngle © would
reflect electron waves in the same manner ng X rays according
to the eqguation
2dsin® = nX\

In a specinen with tiny crystallites sets of planes ineclined
at the correct angle may be found all round the normsl to the
surface, resulting in the familiar ring diffraction.
FPurthermore, in a randomly orientated specimen most sets of
planeg in the crystal lattice occur at the appropriaste Bragg
angles and other rings are Sbt:uined.

For a cubic lattice, the interplanar distances are
given by definlite values of the integers h, k, und 1 in the

equation "
0

3 ] 2
Jh +k +1
so that the ring radii become equal to

3 2 @
AL Jh+k+1

a
o

In random polycrystalline reflection specimens nearly

Apyy =

half the rings appear above the shadow edge but the rings are
limited to shorter arcs if some or all of the crystallites are
oriented with a particular plane parallel to the substrate.

The arcs whose centres lie on the plane of incidence
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correspond to the orders of Bragg reflection from the plsnes
which are parallel to the surface. The remaining arc
positions lie at positions characteristic of the orientation
and the crystal system,

A simple wny of defining the positions of these
diffractions is as follows:~ The diffractions must lie at the
intersection of the hkl rings with the corresponding orders of
the 1! layer lines due to the lattice row normal to the plane
parallel to the substrate.

If this row is [uvw], then

1* = uh + vk + wl
The 1! layer lines sre practically straight with spacing ‘
AL/atcos® where a' is the lottice translation in the direction
[uvw] and 6 is the angle which it mekes with the setting normal
to the benam. '

Thus for a (111) orientation in the face centred cubic
systenm n'a = 3a? and the layer line separation becomes equal
to AL/a2A"3 which is Ry,,/3. Intersections of the various
orders of the layer lines and the hkl rings, for which »
"1t = h+k+l is satisfied, give the positions of the diffractions.
' We thus see that arcing of the 111, 222, 333 rings at the plene
~ of incidence will take place for this orientation.

In the case of two degree orientation the crystallites
are arranged on the substrate in such 2 msnner that three

definite directions in the crystal lattice are fixed relative
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to thevbeém. The pattern is then obtained from the intersection
of the three sets of Laue zones with indices HK', k', and 1Y,

For two degree orientation of the 111 planes in the face c;ntred
cubic system the two types of pattern obtsined are shown in
Figse. 15 and 16,

The Estimation of Mesan Crystal gize from rdeflection
Patterns,

In single crystal patterns the shape and size of the
spots allows the breadths of three sets of Lrue zones to be
recognised and this leads to an estimation of the mean crystal
extent, for example, Myn, Mab and Mpe in the corresponding
lattice-row directions, by means of the expressions stated
above . The elongation of the spots duer to low penetration
and refraction caused by smooil surfaces on relatively large
crystals can be recognised as indicated above, ond allowed for
in estimating the undisturbed Laue-zone breadihse.

In the case of random polycrystalline specimens the wmean
crystal size must be estimated from the ring bresdths by the
well-known expression which ias derived in its most general
form by Laue (1926) and Warren (1938)s-

P = 0e90 x AL/D cosb
whe re Pis the radial breadth of a ring would have,between
pointg of half the maximum intensity, if an infinitely narrow

parellel primary besm were used, and D is the effective meen
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crystal dinmeter normal to the corresponding reflecting net
plane. Tor diffraction of high speed electrons cos 0 is very
nearly +7imity, thus sufficiently closely

P = 0.90 AL/D
The measured breadth, B, however, is greater than P because
of the finite breadth of the primary beam and Werren (1938)
and Taylor (1941) concluded thsat p should be estimated from

the relation = ]
P =J/B =D

rather than Scheerer's (1920) early nssumption that p = B-b,
In X ray diffraction it has recently been recoummended by
Jones (1938) (and see Taylor, 1941, 1945) that the broadening
caused by experimental conditions other than the limited
crystal diemeter is best allowed for by comparison of the
observed breadths B with those obtained for sduixed large
crystal perticles which give presctically no further broadening
ascribeble to the diffraction process. In electron diffraction
transmission patterns such a method could be used with, for
example, colloidal graphite as the large crystsl material
(in so far as concerns its hkO diffractions), but when
refrection and absorption 5rondening is recognised to be
abgent 1t ia.sufticiently accurnte for most purposes to
estimate # from measurements of B end b as above.

In the case of deposits grown atom by stom upon &

substrate, however, it is fundementslly more important, for_
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both theoretical and practical purposes, Lo study the
structure of deposits prepared on such smooth substrates as
polished Sused silica which require use of the reflection
method, than by trensmission using substrates like collodion
films, It is therefors iwportant to consider how valid
estimates of crystal size can be obtained from reflection
puatterns, especially as it appears thal no adecuste method
has yet been described. .
As Finch (1937) and Finch and Wilmen (1937) have pointed
out, the crystels in deposits on smooth substirates often tend
to have smooth surfaces or mey have flat-topped obtuae-ang;ed
projections with faces more or less parallel to the substrate
and thus slso to the beam, so that the rings mey be much
broadened due to low penetration and refraction of the electron;
even when the crystals are large., XKirchner (1937) a.nd Papsdorf
(1937) have published patterns which they believed showed
such a broadening in reflection patterns as compsred with
that observed in transmission patterns from simultaneously
prepared deposits of the same materials (gold and silver
deposits 100 to 500 Ae thick) on similar substrates (mica
cleavage faces and collodion). Though refraction and low
penetration could have been partly responsible for the greater
broadening in the reflection patterns, however, the results
described below in Section VI(4) show that there may
nevertheless have been a real difference of crystal size in
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their reflection and treansmission specimens, resulting from
apprecinbly different heating of the thick reflection and thin
transmission substrates by radiation from the hot source of
metal vapour during the deposition. Their obsservations cannot
thercfore be accepted as an argument against the possibility
of deriving velid estinmates of crystal size from reflection
patterns, and indeed such estimstes appear to be obtainable

in the following way to a moderate and useful accuracye.

M rst an’ inspection and measurement of the pattern radii
and ring breadths will show whether appreciable refraction or
low penetration broadening displacement is present in only
certain groups of rings due to definite crystal nabit. If
these selective effects are absent there may still be a
possibility of a general broadening of all the rings due to low
penetration into a relatively smooth deposit surface, and
refractive digplacement of mainly the inner rings towards the
shodow edge. But both these effects brosden the rings in a
direction normal to the shedow edge as shown in Fige17, where
the circles represent the undisturbed ring positions,

It is clear that low penetration broadens a ring ou
both sides practicelly symmetricelly: and scarcely at all near
the shedow edge in rings of not too small radius; refraction
on the other hand causes a displacement of the ring towards
the shadow edge by an amount which decreases rapidly with

incressing distance from the shadow edge, thus resulting in a
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roughly elliptical shape of particularly the inner rings.
In practice cases of clear cut refrsctive displacement are
rare and most often if refrnction is apprecieble it leads
to a unilatersl sheding off inside the more intense
"transmission® type of rings heving their normsl ring
positions, towsrds the position of maximum refraction. If
guch » unilatersl brgoadening or displazcement is detected it
is necessary to estimate the ring breadth by meosurement across
a ring of large dismeter, near the shadow edge, which should be
as low ns possible s0 as to be nearly perpendicular to at least
these outer ringse. ¥easurement in this region also avoids
appreciable broadening due to low penetration.

There is a third important csuse of ring brosdening in
reflection patterns, due to the finite beam width and size
of the specimen which it grazes. If the focussed beam is
practically parallel and its width at the specimen is v', and
if it is incident on the plane specimen surfrce at a grazing
angle 1 then from Tig.18, its section in the specimen plene is
of length b'/sin i #nd breadth d*. If b' is sbout 0.5 mm,
and 1 is 0.5° then bY/sin i = 6 cms. In practice part of the
beam passes over the lower edge of the specimen and forms the
undeflected beam spot on the plate, but the specimen is only
152 oms, in diameter, and all or practically all its length 1
is grazed by the beam if the angle of incidence is less than
0¢75 to 1°. The extent of the broadening of otherwise sharp
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rings from this cause is additional to that due te the breadth
b of the focussed beam (at the plate), and it may be estimated
as follows. In Fige19 let O be the centre of the diffracting
part of the surface, which is inclined at i to the beam and is _
of length 1 in the plane of incidence, and let the corresponding)
ray of the primary beam be 00y, of length L, meeting the
photographic plate normally at 0O; . Consider a small element
of the specimen distant x above 0 and unbroadened diffracted
beams (from large crystals) emerging at an angle of deviation
28 from the primary beam direction, towards u point P st an
azimuth g from the plane of incidence., Then for the
diffracting region considered the camers length is (L+x cos i)
and the effective centre of its ring pattern is in the plane
of indidence nnd x sin i belind the mesn centre Oy for the
whole specimen. The radius K of the 2 O ring associated with
net planes of spacing d is now  (L+X cos i)/d, and the
distence A R of the diffracted beam in azimutih @, from the mean
ring of radius R = AL/d round 04, is given by

AR = (A/d)(L+x cos 1) - x sin 1 cos ¥ ~ (AL)/d

= (A/d)(x cos i) = x sin i cos §

The total radial breadth of the ring at azimuth # is then

b, = [AR]WA - [AR]M,/L
= (A/d) 1L cos i -~ 1 sin 1 cos @

Since i im small this is Dractically given by
b, = (AL/d)(i/L) - (1/L) R _cos &

= (L/L).(R - R cos ),
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where Rg 1s the perpendiculer distance of the shadow edge
from Qg4 Thus, near the shedow edge ns § — 90® b approaches
(1/L).5 and is proportionsl to the ring radius R, while in
the plane of incidence where g = 0°9, b; = (1/L)e(H=Rg).

Figure 20, from a 50C A. thick silver layer on fused
cuartz, shows this kind of ring broadening clearly, since
besides the reflection pattern of bread rings above the
shadow edge, there 1s an unusually strong transmfssion ring
system visible below the shadow edge round the central spot.
The transmission rings are much sharper than the reflection
rings except in the inner rings (111, 200) and occur opposite
the inner part of the reflection rings in sgreement with
their origin being from the lower edge of the 2 cm, diameter
specimen, with correspondingly shorter mean camers length.

To estimate the mean crystal diasmeter D from a ring
breadth B the expression valid to o moderste approximation,

when B is measured near the shadow edge may then be stated as

® 2
Qeg2l p=/B- (%) (R=Rg cos )] = b
The relation between B and R is thus linear and given by

B = (1/L)R + [(1/L) Ry cos f# +\/B"‘ + v,

and since in prectice it is not slweys certain thet the full
length of the specimen is grazed by the electron besm, which

may not be adjusted so as to impinge to the some extent on
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the specimen for all photographs, it is best to measure the
breadth B of several rings nlong the same radius with g ~ 70°
or 80° and plot B against R (as in Fig.2@). The slope of the
straight line through these points gives 1/L and it cuts

of f an ordinate along the B axis which after subtracting

(1/L)Rg cos ¢ gives ’pﬁ b directly whence f and D
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III. THE STRUCTURE OF FUSED (UARTZ GLASS
SUBSTRATE SUNF.LCES.

1. itial Polished FPused Cu urfaces.

Twelve photographs taken from the surfaces of three
different specimens, freshly cleaned as described above in II,
all showed two broad halos like Fige2l. One of these
photographs was from the gubstrate surface of a silver deposit
which had been heated for holf an hour in air at 300°C., but
the other two had only been cleaned in alcohol and nitrie
acid after receipt from the makers. jeven plates were
suitable for measurement and gave Bragg plene spacings varying
from 2.134. to 2.45A. for the inuer halo and from T.1g.. to
1¢2gAe for the outer one, as shown in Table IV,

Table 1V.
et € spac from fused cua .
Ry = radius inpnery halo
R, = radius outer helo

Camera length = 47.5 cums,

Ry cms, Re cms, dy A da A
1.16 2.2% 2.3, 12,
0.99 1.96 2.4 102,
1.16 2,00 2.2, 128
1.21 2,00 2.1 1.2g
1.05 2.05 2.3 1.18
1.19 2,13 2.2¢ 1e2¢g
1.05 2.13 2444 141,

Mean = Mean =

24314, 10244,
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2., The Bffect of Heat on the Surface Structure
of Fused fuartz.

Heating a specimen for half an hour in eir at 400°C.
caugsed a change from the initial halo pattern to one of faint
sharp arced rings, with strong spots in the plane of incidence.
Fige22 shows such a pattern but from a disc which hed not been
ugsed as a substrate since its receipt from the Thermal
Syndicate Co.Ltde., but which had been heated three hours in
air at 400°C, in the Pyrex oven., Table V gives the
corresponding spacings, with Xeray powder pattern data of some
normal forms of quartz for comparison though, owing to the
strong orientation shown in the above pattern the intensities
cannot be easily compared with the X-ray ring intensities,

The pattern has some spacings near main spacings of
L=cristobalite, but does not appear to correspond well to
this, nor to (@ ~cristobalite, «L-quartz, and AR-tridymite, nor

to a mixture of thess, In view of the high purity of the
discs (over 99.87 according to the makers), the most likely
alternative explanations remaining are (a) it may represent

a new crystalline form of silica, or (b), it may be a
silicate which has segregated out in crystalline form from the
amorphous polished surface layer (Beilby layer) in which a
smnll proportion of the polishing agent ("jeweller's rouge")
may have been admixed., Neither of these alternatives has
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Het-plane spacings (A.) and Intensities of Spot
and are diffractions in pattern from fused quartz
diec heated nt 400°C, in sir for 3 hours.

Plate A08013

Plate ~.8027
compared with
graphite.

Plate A.8028
compared with

graphite.

referred
1789 A.

Plane of
incidence

V¥ 4.090

V¥ 3.963 VP 34966 V¥ 4,006

8 3,567
F 3.094%

MF 3.715%
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o o*
vF %%3

8 3.080*
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of incidence

7 {2.427
P (2,363
F 2.235

VI 1.654
VF 1.603
¥ 1.548
VF 1,508
VP 1.476
VP 1.264
VI 14235
¥ 1.134
* denotes spot in plane

to 3.570A
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to plane
of
incidence
VF 3.08
\'2) 2.94Z
VI 2.748
UF 2.425
MF 2,310
F 2,196
VF 2.102
VI 2,020
MP 1.336
KF 1.699
F 1,640
¥ 1.78
¥ 1.74
VF 1069
VF 1.64
¥ 1.579

of incidence,

At 60

toplane
of

incidence

<
b
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been adequately tested as yet.
In spite of the present lack of identification the above

data for this pattern allow its recognition when it occurs,
as it does occasfionally, in patterns obtained from thin

metal deposits on fused cuartz substrates,
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IV. THE STRUCTURE OF MICA CLEAVAGE SUAFACLS

AYD THE FPPPICT CAUSED BY HbAT.

Reflection and

Reflection patterns obtained from a cleavage plane in
two azimuths at 30° to each other, with a camera length of
47.5 cms., nre shown in Fige.23 nnd Fige24. Iige.23 shows the
spot pattern obtained with the beam along a long atom row
(9402 Ae) corresponding to the b sxis in the cleavage plane
and Tige24 that with the beam nlong & short row (518 4.)
corresponding to the a axis, Spot and Xikuchi-line and band
patterns obtnined with a camera length of 25 cus. are shown in
Pigse 25, 26, and 27, and agree with the Xerny data described
above in I. The olongated 'spots' in the zero order zone of
the patterns indicate the great smootliness ol the mica
cleavage planes Rubbing the clenvage plane with cotton wool
cnuses a considerable elongation of these streaks (Fige28).
This pattern also shows rings due to polycrystalline mice
obtnined from powder left on the surface after the polishinge.
The black ring from powdered mice (Finch and Wilman, 1937) is
clearly seen in the plate. Distortion of the reflection
specimen causes an extension of the area of the zero order

zone and asppearance of other sets of spots, a virtual rotationm

picture being obtrined (¥ige29).
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Transmission patterns obtsined from cleavages of mica
are shown in Fig.30 and Fig.3i. ¥ige30 obtained from a very
thin cleavage shows the spots in a practically cross grating
pattern and Fige31 from a thicker specimen shows the
strengthened first order circular zone, Both petterns show
the normmal hexagonal arrangement of spots and also diffuse
lines Jjoining the spots. These pictures were obtained from
heated flakes of mica. In all, ten heated transmission
specimens were examined - one heated directlLy in the bunsen
flame, three heated at the bottom of a Pyrex bheaker and six
heated in the Pyrex air furnace at about 500°C, from ¢ - 13
hours. The patterns obtained show no new features different
from those from unheated specimens, TFige.30 wns obtained from
a specimen which had a large pateh of red, green, purple and
yellow colours and which was heated in the beaker, Strong
wrinkling of the thinner portions except for a small part in
the yellow area had taken place and the pattern is probably
from this yellow area of the specimen. Pige3l is from a
specimen which was heated for ¢ hour at 500°C. Figs. 32 and
33 show the effect of distortion on the pattern from such
heated mica films. Fig.32 obtained from the specimen bent
about a single axis shows the usual features of a rotation
pattern and does not indicate any change in the lattice
translation at right -ngles to the cleavege plane, Fige33
indicates the great distortion that can take place in a
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sheated transmission specimen,

IV.2, Mica Cleavages Heated in Air.
(200, 300, 500, 550-570, 650, 850°C.).

Cleavages were heated in vacuum, air end steam.
Heating of the mica at temperstures up to 500°C., usually
produced; egpecially at temperatures near 500°C, gaseous
inclusions and occasionally brownish nuclei, which were not
present in the original specimen. Specimens heated at about
650°C, when held ngainst e dark background showed a number
of translucent streaks which were more or iless parallel to
each other. The surface of these specimens examined in
light reflected at a large angle of incidence showed splashes
of coulour at the stresaks. Ixsmined under a glass the
streaks were found to consist of bundles of remarkably sharp
parallel lines, Gome of the streaks terminated sharply and
this was found to occur at a 'step' in the cleavage face.

Heating at 850°C, for about 3 hours produced strong
wrinkling and cleavage of the specimen and a structure
consisting of sapproximately parallel fibres was obtained.

It was found impossible to define the fibre direction as a
fixed one relative to the original mica structure, Three
specimens examined yielded vslues of 30°, 82 and 20° fer
this direction with respect to a long row in the cleavage

face.
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In the investigation of the surface structure of the
muscovite cleavage faces by electron diffraction reflection
patterns, described below, it is shown that muscovite begins to
lose water and decompose in the surface layers at a temperature
much lower than that necessary to cruse the deep-seated loss
of water whiich alone a.ffects the Xe~ray diffraction pattern.
Although under similar heating conditions the extent of the
surface decomposition varied considerably from one specimen to
another and sometimes varied noticeably over a specimen of
size about 10 x 7 mm. (perhaps owing to different degrees of
roughness or steeping of the surface, or to variations of
composition) there was in general considerable decomposition
even after a few hours heatipg at only 200°C. in air.

In most of the specimens examined, even those heated a
few hours at 650°C. and 850°.,, the mica Kikuchi lines and few
elongated spots were at least faintly visible, showing that
much of the mica surface(like the underlying layers)still
remained highly smooth and unchanged in structure, This part
of the pattern served as a useful reference in order to
determine not only the orientation taken up by the crystals
of the decomposition product, but also their axial lengths,
which were also compared directly with those of graphite in
some cases. The shape of the diffraction spots showed that

the crystals of the decomposition product were in many cases
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growing out from the surface in the form of projecting spikes,
though often elongation of the spots normmal to the shadow
edge or in arrow-head form indicated that the crystals had
developed relatively smooth faces parailel to the substrate
or also in obligue directions. These metamorpnosed surface
layers remained unchanged during a few days in air at room
tempe rature and were not appreciably soluble in water, though
they dissolved in a moderate concentration of aqueous
sulphuric acid.

geveral well-defined decomposition product structures
occurred, Below 550°C., and rarely at higher temperatures, it
was aimost slways hexagonal or very neéarly so, with basal
axes about 5.5 A. in length parallel to those of length 5.18A4.
in the mica cleavage plane, and vertical axis (c) of length
about 7.3A.3 though in one or iwo cases the patterns
indicated =» related though less symmetrical structure. Ab
550 - 580°C. a striking change was evident in that although
there were spot rows perpendicular to the shadow edge as
before, showing that the crystols had a definite net plane
parallel to the undecomposed mica substrate, there were usually
no longer horizontal rows of spots. This structure was found
to be rhombic or nearly so., Heating teo 650°C., however,
resulted again in patterns having horizontal spot rows, and a
rhombic unit cell could be chosen having a face containing two
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of its axes parallel to the substrate., Heating specimens up
to 850°C, resulted in so much wrinkling of the mica surface
that the patterns were mainly of rotation type and more
typical of the undecomposed lower layers than of the immediate
surface layer. The lattice form, axial dimensions and
orientations observed in the specimens exemined are described
below in detail,

(a) ?ﬁca Surfaces Heated in Air at Temperatures up to
50°C.

A\ simple rectangular pattern of spots was often obtained
as shown in Pigs.34 and 35, in the main azimuths 30° (or 90°)
apart, i.6. with the beam parallel to the mica g or b type of
lattice row. This was denoted by the symboel B,, while A was
used to denote the pattern of elongated spots, =nd of Kikuchi
lines, typical of the unchenged cleavage frace, The exes a, b
and ® were assigned to the lattice rows parallel respectively
to the a and b axes snd ecleavage-plane normsl of the mica
substrate,

Besides By, a related pattern B, sometimes occurred
usuelly with By, nand was charascterised by a vertical spot
specing equal to or slightly smaller than in By, and a
horizontal spot spacing slightly less than half that of By,
though even-order vertical "row lines” were strong compared
with odd row lines in the 'a' azimuth, and in the 'b' agimuth
only even orders appeared in odd row lines. ?18l;3‘ and 37
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show a typical example in the 'a' and 'b! azimuths. When
spots were visible on 2 first order c;\rcular zone it was seen
that in the b azimuth, as in yig.37,£1‘;y on vertical Laue
zones halfway between those of the zero-order spots,
indicating » horizontual lnttice spacing of 11.64. instead of
5.84,, normnl to the beanm,

Another product By gave patterns similar to By in the ‘a'
szimuth but showed only even order horizontal spot rows
("layer 1ines") in the b azimuth, as in Pige.38 and 39, where
it occurs with a faint By pattern, A further form B, gave in
a 'b' azimuth a pattern, Pig.49, 13‘1:?1;}51' to that of B, except
that the intermedinte odd orders,instead of ithe evenj and in
an %a' azimuth the pattern Fige.4® appeared to be similar to
By, with apparently a less uniform intensity of the spots.

Table VI shows the distribution of these patterns among
the specimens prepared under various conditions of heating up
to 550°Ce, and the axial dimensions and ratios (with a and b
parallel to the mica a and b, and ¢ normal to them). It is
useful to note that, as will be seen from the patterns of
Figs. 34 to 41, the clearest 1dcnt1ficntion of the type of
structure of a spccimen is provided by the pattern in a *b?

azimuth in general,



Spec. Heat
Yo. Treatment
Time Temp
hrs. °C.
1020 2§ 200°
1034 3
1028 5%
1038 7
34 5 300°
106
107 2-1/4
1124, 2-1/4
1078 4}
116 5
36 1/60 500°
60 1/3
61 1/5
108 1
125 1

* these spacings

Table V1.
Dnata for Mica Cleavage Fnces Heated in Air at below 550°C.

Pattern
type.

.l‘_+Bl +I¥

A + By
A+ By
A+ By
A + By

A*B;+Bg
+B

A+Dy +B,

Ao+ By
A+By +B,

A+By +B,

L 4+ By
A+ By
A+ By

A+DBy +By
+By

A+ By

F F P YEFEFP SF F PEFFPF

FFEEF

a b

c c/a

- 4,832% 7,32 -

2.642 bt
2.79% 4,93*%

2.817%4,867* 7.29
2.769%4,850%

- 4,904~
2.862“4.897"

- 10002
11462
2.58% 4,70*

- 40944*

- 10.12
- 933
54765 9492
5.68 10.09
2.,82* 9,81

3.47%1.313
723

7.20
746 -
736 24595
7.52 -
6.92 1.322
7.32 2,586
750 «
7e32 2,626
745 1,293
759

7.38 2,617

2.721%4,652% 7,05
2.,601%4,482* 6,94

2.6}9* -

6.94

2,762%4,741% 6,94

Lattice Constants(lengths in A.)

c/b
1.513

1.492

1.497
0.746
1.470
1.480
04741
14455

Ref.

b/ e
- M

2.596%(1.47) = U
2.585%1.498 1,73 ¥
2.600 1.490 1,74 X

- M

171 N
- N

- X

E o=

1.504 1,73 K

probably should be doubled.

¥

0.749 1,73 6

171 ¥
1e72 M

1.71
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(b) Mica Surfaces Heated in Alr st 650°C.

The mica surfaces hcated to 550-570°C. sometimes showed
a compoment similar to the simpler 650°C, patterns, which will
therefore be considered first. 1In the 650°C, temperature
region the decomposition productivas again rhombic with two
axes in the surface parallel to the micea a and b axes and in
the third vertieal. Three specimens of freshly cleaved mica,
hented in air at 650°C. in the silica furnace for 3, 3 and 2
hours respectively, gave consistent results, which are as
follows.

WE re

Pigures 42a, 43a, 44a and 45a/obtained from the first
specimen in agzimuths 0°, 90°, 19° and 12° respcctively., The
relationship of these nzimuths to the initial mica lattice
was established accurately by presence of a well-defined 060
Kikuchi band due to the underlying undecomposed mica, normel
to the shadow edge in the outer parts of I'ig.43s with its
median in the plane of incidence, In the case of Fig.43a the
electron beam was parallel to the plane of symmetry (010) of
the mica snd thus parsilel to 2 and perpendicular to b In
the original negative of TFig.42s, also, a faint diffuse trace
of a first order circular Kikuchi line envelope was visible,
from the radius of which it was shown independently thet in
this azimuth the beam was parallel to the mica b axis, since

the corresponding lattice-row specing T was estimated by the
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relation T = 2\ L’/R.’ "Ro.' using the electron wavelength
the camera length L, and the radii R; and 4, of the zero and
first circular zones, to be 8,964,

Figs 46 snd 47 were obtnined from the third specimen
after lightly dusting it with grophite to serve as a reference
for spacing determinations, and gave a value 7.68A. for the
spacing of the net plane which was parallel to the substrate
surfnce, only the even orders from which appeared in the plane
of incidence, An estimate for the first specimen relative to
the mieca b = 9,024, was made by comparison of the ayaciﬁg of
the spots in the plane of incidence with the 060 Kikuehi Xim
band width, and this gnve a rough value 7,56.. which asgreed
well with the above more accurnte value, which was therefore
taken as stendard in estimeting the lateral lattice spacings £
from other patterns such as Fige.44a and 45a. lessurements
of Pigs.46 and 47 also yielded the values 9.93A. and 7.89A.
respectively for the spacings in the lattice rows which were
parallel to the surface and normal to the beam at these
azimuths,

The spot positions and straight-line lLaoue-zones from the
main lattice rows normal to the beam ahd the circular zones
due to the lattice row paralliel to the beam or nearly so in
Vigs.42a, 438, 44a and 45a, are shown in Figs.42b, 43b, 44D,
and 45b respectively., These diagrams not only show the
regularity of disposition of the spets on the Laue zones but
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allow direct mensurement of mean angles between the zones,

nand recognition of the true lattice-row periodicities by
consideration of the spots lying on the circular Laue zones as
well as the zero order zone which surrounds the undeflected
bemy spot.

From Fig.42a the horizontal lattice row spacing was
calculated to be 1,285 times the vertical spacing, i.e. 9.864.,
and the radius of the circular zone gave a rough eéstimate of
13+40As for the lattice row at right angles to it, i.e. parallel
to the beam, The corresponding axial ratio in Fig.43a, 1.740,
gnve a more accurate value 13,34A. for the latter spacing and
showed that in this azimuth the lattice points in a plane
noymal to the beam were not quite in hexagonal arrangement
thouszh very nearly so, because tan™! 1.740 is 60°7", |

Yigs. 42 and 43 thus indicate that this mica decompositiod
produc;.fhaa a rhombic lattice of which the axes a,b,¢ have
lengths 9.86, 13.34 and $.,68 A. respectively. iig.43 shows
that it is be, face-centred so that only diffractions appear
for which (k+l) is even, and from Fig.42 those of type fhOl}
only appear if h and 1 are both even, whereas for hil
diffractions 1 must be odd. This lattice is oriented with
its (001) plane parailel to the mica (001) surface, its a and
b axes being parallel to the mica a and b respectively.

The patterns in the other azimuths, Figs. 444 and U5q

confirm this unit cell, as may be seen most directly in terms
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of reciprocal-lattice cohsiderations, since the patierns
correspond to the A\ L times enlarged interseciion of the Ewald
spehere of reflection with the reciprocal lettice, which close
to the undeflected beam spot is prnctically e plane normal to
the beam., Thue the projeétion of the lattice on its (001)
plane, f.e. the mica surface, is indicated in Fig.48, together
with the beam directions in the 0°, 12°, 19° and 90° azimuths,
and the tr ces of the planes perpendicular to them, represented
by 0°%, 12°% etc. The measurements of lateral spot spacings
in Pigs.44a and 45a agree closely with those indicated by this
diagram, as also does the centred-rectangle arrangement of
the spots and reciprocal lattice points in these patterns.

Although the above patterns from this first specimen
show little evidence of the lattice occurring in the two
other pseudo~equivalent orientations relative to the mica
substrate, rotated by 60° snd 120° to the above-described
orientation, the occurrence of pseude square patterns (91%°
angle) symmetrically relative to the plane of incidence in
Fig.49 from the third specimen, in addition to the hexagon
pattern similar to Pig.43a, shows thht here at least the three
pseudo-equivalent (001) orientations occurred together.

The original of Fig.49 shows faintly the 060 band with
its median in the plane of incidence, and = first order

circular Kikuchi line envelope; and both of these indicate
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that the benn was parallel to the mica a axis, in the plane
of incidence (010), thus the pattern can be compared directly
with that of Fig.43a /in the similar azimuth, The nearly
square pattern corresponds to the reciprocal lattice plane XY
in Pig.48 and occurs when the beam is at + 37° to the a axis
of the decompesition product. In the azimuth of Fig.49 the
beam is 23° from such an azimuth, hence the square patternm occur
on broed circular Laue zones centred sbout 7 cms. to left

and right of the plane of incidence in Fig.49, owing to the
presence of the other two azimuthally pseudo-equivalent (001)
orientations of the decomposition product relative to the
mice substrate,

In Fige49 there can also be secn a few leas pronii;nt
spots due to occurrence of a small proportion of the less
symmetrical decompesition product, but Fige.50 which is a
rotation pattern about the specimen normal, from ®©O° to 30°
in azimuth measured from the mica 2, provides in its clear
horizontal layer lines and vertical row lines, still further
evidence of the rhombic form of the lattice of the main

decomposition product.

(e) Mica Cleavage Surfaces Heated in air at 550-570°C.

These, as stated above, in some canses yielded patterns
containing as one component a spot pattern similer to those

from the 650°C, heated surfaces, but this was not present
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at all in several cases or was only represented by a few
faint spots in others. The most typical patterns appear to
be those shown in Figs. 51a, 522, 53; 54 from a surface heated
for 3 hours in air at 570°C,, and the material corresponding
to these is denoted by C,.

In "ige51a the beam was parallel to the mica a axis,
since the strong 060 bund frow the mica plene of symmetry
is prozinent near Lhe plane of incidence, normal to the shadow
edge. The spot positions are shown in Fig.51b, where the
spots of the component single-crystal spot patterns are
distinguished by different symbols. These sepurate patterms
are not symmetrical relative to the plane of incidence, though
the mica ayiuetbry results 1u two gymmetricolly zelated
equivalent orientations of the decomposition product. In the
zero order circular zone near the central spot in Fig.51 the
spots form a nearly hexagonal pattern, whose unit parallelograx
is however representable as a centred rectangle with its
diagonal vertical to the shadow edge. The first order
circular zone, further out, shows the same pattern but it is
dispiaced relative to that in the zero-order zone.

In Fige52a, taken at an azimuth 30° from that of Fig.51a,
the pattern shows in addition to the broad circular zones
whose centre is near the plane of incidence, another set of

circular zones centred on the shadow edge about 4«5 cms. from
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the plane of incidence. Tig.52b shows the different component
spot patterns which can be distinguished. Figs.55a and b

and Pig.56 from two other specimens show still more clearly
the four main component patterns, over the region of the
zero-order circular zones.

The patterns of Figs.51 and 52 together allow a clear
definition of the reciprocal lattice unit cell t¢o be made, and
™ g.57 shows the projection of the reciprocal lattice on the
mica cleavage plane, the ordinates being marked as fractioms
of the spacing in the rows normal to this plane (corresponding
to the spots in the plaone of incidence in Figs.51 and 52).

(oximui, -9° amd =12
Comparison of Figs.53 and 54‘ with the corresponding reciprocal
lattice planes through the origin in Fig.57, showed that these
patterns contain vertical row lines of spots at the expected
lateral distances from the plane of incidence and at the correct
positions nlong these row lines, thus confirming this reciprocal
lattice form, The circular zones in Fig.:2 which have their
centre 4,5 cms, from the plane of incidence are also now seen
to arise from decomposition product lattices in equivalent
azimuthal orientations on the hexagonal plane lattice of the
mica cleavage surfece,

The reciprocal lattice so deduced is thus rhombic with
a*sb*ie® = 1°294 3 1 & 0754 and oriented with a [01,1ZJ*
lattice row normal to the mica surface, witak:‘;.akio [110]* row
in a plane normal to the mica cleavage plano,((or 0° or -120°)
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to the mica a axis. The crystal lattice has thus atbic =
0'77% : :1'326and has a (0142) plane parallel to the mica
cleavage face, with a [ —7 lattice row with spacin’é?;arallol
to the mica 'a' exis (or the 120° and 240° pseudo-equivalent
axes), and [/_I:“;arallel to the mica b axis, with spacing &35A.

Figure 58, obtained in a 'd' azimuth, from another
specimen which had been heated 3 hours at 550°, in air in a
gsilica tube, shows a different structure denoted by (5. in
an nzimuth 344 from that of Pige50 it ylelded Fig.59, which
has a prominent nearly square pattern as one component,
gimilar to that (D) from the 650°C. specimens, but based on
the same plane of incidence spot system. A further specimen
dusted with graphite gave Figs. 60 and 61 at azimutis 34°
apart, showing presence again of the structure ¢, +Dy but the
spacing of the net planes parallel to the mica surface was
estimated from the graphite 110 ring radius to be 4.0084., i.e.
slightly larger than in the 650° specimens.

TableVii shows the data for the specimens of this
temperature range, including the observed decomposition
product types shown by the patterns.

IVe 3o Mica Cleavages Hegted in Vacuum.

The results from several mica cleavage faces heated in

vacuum at 300° and 500°C. (see TableVil) were similar to those

from specimens heated in air at the same temperature, and



Tnble VII,

Data for Mica Cleavage Frces Hented in Alr at 550° = 650°C.

>Spec. Heat
¥oes Treatment
Time Temp
hrs. °C.
1141 % 550
11438 2-1/4
122 3
19 3 570
134 3 570
PAl 3 570
92
93
100 3 570
17 3 570
121 3 570
130 3 650
131 3
1334 2

Pattern Lattice Constants (lengths in) sef,

type
a b c

A+ B,

A+ B

A+C_ +D

A+ Co Cp 7439 356 12495
Cg+ D D 9.88 8.012
Co+ D

(arcs)

D D 9,86 13.34 7.68
A+D
A+ D D 9093 - 7.68

He

c/e

175

c/b b/a

0324 1,29 U
G

(1.30)

1//1 . 285

1/1 . 294

V7401354 M



Spec °

35
37

4
44
45
48
52
53
42

38

36

Iable VIII,

Data for Mica Cleavage Faces Heated in Vacuum,.

He at Pattern Lattice Constants Ref.
Treatment type. (lengths in A,.)
Time Temp
hrs. °C, a b c ¢c/a ¢/b b/a
1/6 300 A+B, +C
1/6 A + By B, 4.71% 7,22 (1.538) ™M
1/6 A+ By
1/2 A+ By By 2,87* 7.50 2,67 G
1 A + By 6.93

1 A + By

1 A+ By B 4,76% 7,27 G
1 A+ By

1 A+ By
1/5 400 A + By?

500 A+By +By By 2,627* 4,466* 6,94 (1.70)
By 2.790%* 4,758% 6,94 (‘1.71)M

1/60 » ?

* These specings probably should be doubled.
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patterns of type (By+By) and (B, +B,) are illustruted for the
19 ond 'b' azimuths in Figs.62 end 63 and 64 and 65
respectively. A pattern "Cy4 " having slightly inclined spot
rows was observed in one case together with a I, pattern, but
this has not as yet been investigated in detail. 5ince there
was much variation in the apparent extent of the decomposition
in the various specimens, as estimated from the relative
intensities of the decomposition-product pattern and that
still remaining of no rmal mica~cleavage type, it was not
possible to compare effectively the rates of decomposition in
vacuum and in air, though it seemed there was no pronounced

systematic difference,

IV, 4. Mica Cleavages Heated Adr Ssturated te

A mica cleavage face heated for 1§ hours st 300°C. im
air sntursted with steam yielded a patterm characteristic of
presence of a considerable amount of By and By products
together, A second cleavage face after heating at 450°C, for
1 hour showed hardly any decomposition.
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V. STRUCTURE OF SILVER LAYERS DEYOSITED OE
TUSED (UARTZ AND GLASS.

As e preliminary to investigating the structure of
silver deposits on fused cuartz and mica it was considered
desirnble first to determine (1) to what extent, if any,
tungsten oxide was deposited along with the silver; (2)
whether bombardment of the specimen bf the mein beam and the
electrons of the decharger beam caused appreclable changes in
the deposit structurej (3) at what rate the deposit structure
and colour changed, if at all, during standing in air after
deposition. Following these experiments some results were
obtained on the dependence of the deposit structure, e-pociall&
particle size, on thickness of the deposit, gas pressure, and
rate of deposition, and these are described below.

V.1, Deposition of Tungsten Oxide.
Deposition of tungsten oxide was found to occur from a

fi{lement heated to white heat for a considersble time (compared
with the time of deposition of silver in the case of the silver
deposits) in n vacuum of the order of 10~3 mm, of mercury.

A well-used filament, which was further cleaned immedintely
prior to the experiment by heating strongly for 20 mins, in a
vacuum, when heated at yellow heat for an hour in air at

3 x 10=3 mm. produced a visible deposit on a substrate placed
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2 cms, Aawsy. The deposit, which was pale blue by transmitted
light snd was probably due to tungsten oxide, yielded an
electron diffraction pattern (¥ig.66) corresponding to an
amorphous substance,

Heating the filament for an hour at much lower
tempe ratures, comparable with those used in the silver
deposition experiments, gave no visible deposit but the same
type of electron diffraction pattern was obtained from the
substrate surface, A filament heated at 970°C. (i.e. at the
melting point of silver) for an hour, however, showed = loss in
weight of about 0.5 mg. The halo pattern is thus evidently
from a real deposit and not the glass substrate,

The colour of the blue deposit on standing in air for
about 12 hours was lese noticeable than immedintely after
production and in reflected light it had then a pale greenish-
yellow colour. The deposit was not removed by concentrated
nitric acid nor a mixture of alcohol and nitric acid.

From these experiments it was coneluded that the amount
of tungsten oxide deposited rolative to the amount of silver
during normal preparation of the silver deposits was small
and in effect wans negligible,

Y.2. The Effecct of the De gilver Deposit
Structure - ”““‘II“‘EE“;

Changes in colour of Lilver dewositis ucye often seen to
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hnve occurred during their examination in the camera., The
changes are most marked in the case of unheated d@eposits of
yellow colour. These turned pink in the camera, No such
change was observed in the case of heated deposits (see below
VII) which had turned yellow on heating. To determine the
effect of the decharger a pattern was obtained from a deposit
3 Ae thick on silica glass, the pattern being photographed
(using the decharger) almost immediately, and slso a few
minutes after turning on the decharger. The colour of the
film on removal from the camera was distinectly pink but no
marked change in the ring definition in the photographs or the
production of any new crientations was found.

Colour changes, which are spontaneous, also occurred
while the films were standing in air. Yellow films showed
little or no change but red-purple films showed the effect
distinctly. Photographs of a purple film, 15A, thick, taken
soon after production showed that the crystal size was 77 A.,
and 1} days later, when it had a bluish purple colour, the
crystal size was estimated to be 116 A., indicating that
crystal growth had occurred, A freshly prepared yellow film
12A. thick showed only a slight increase of crystal size from

59 Ae to 67 Ae on standing for about a day in air. In
these and other particle size estimations stated below, the
breadths B of the rings were measured to a sufficient

approximetion for present purposes by setting the micrescope
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cross wire at each side of the ring where the steepest fall
off in inteneity occurred, the measurement being only made on
strong well-resolved rings, for which the B values so obtained
will be practically correcte.

From these results it was clear that the specimens
should be examined soon after preparation and the pattern
recorded as soon as possible after commencing to exemine the

specimen by means of the electiron beam and decharger,

Ve 3. The FEffect of Deposit Thickness on the Structure.

The size of the crystallites was found to increase with

the thickness of the deposit, other conditions being closely
similar. Deposits of thickness only 2.5A. on fused quartsz
were found to yield coherent electron-diffraction ring patterns.
The crystal size in a film of this thickness evaporated om to
a previously heated quartz substrate at room temperature was
small enough to permit the pattern from the substrate slso to
appear, i.e. the characteristic spot series in the plane of
incidence, A very thin deposit on mica, whose thickness was
less than 3A., as estimated from the apparently exceedingly
small change in the masses of filament and bead before and
after evaporation, yielded a halo pattern, Fig.67, and the
pattern from the smooth mica substrate was blotted out almost
completely. Since this specimen, when heated for 30 mins,.

at 300°C., showed an aggregation into silver crstallites (in
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the form of flat plates with very smooth surfaces, Fig.68)
the initial halo pattern was in fact produced by the silver
deposit. This observation, that such a thin and apparently
continuous smorphous silver layer on the atomically smooth
gica cleavage surface, so highly absorbs the electron beam at
low grazing incidence, is interesting and agrees with the
order of effective penetration of 20A. estimated by Finch and
Wilman (1937Y in the case of hydrocarbon layers, when account
is taken of the high atomic weight of silver.

The effect of the increase of crystal size with thickness
was observed in films evaporated in an eir pressure of 10”3 mm
and in nrgon at about 10~1 mm. Table IX shows the crystal
sizes estimeted in deposits of thicknesses from 3 = 34 A.,
together with the conditions of these depositions. In the
thicker of these films the crystal size was larger than in the

thinner deposits.

T":E;e E.o
Specimen Thickness Pressure Time of Substrate Crystal
Ae s o Deposition Distance Size
sS€C8, cms » A
120a 3 10-3 20 5 13
AMr a7
138 19 10=3 19 5
152a 23 10-1 7 9e5 230
Argon

155 34 10-1 7 95 350
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Vedo I Lffect t st ructu
ani COIOQI' °§ giiver gﬂ!SIE!o

Silver deposits of gifferent thicknesses prepared on

clean glass substrates were blue, purple, red or yellow in

colour when seen by transmission in white light.

At an air

pressure near 10~3 mm. of mercury and under the conditions of

deposition set down in Table X

s the colours of the films

were well defined, but it was not possible to correlate the

estimnted mean deposit thickness with the colour with any

definiteness. The results of

23 eveporations performed with

this purpose in view are given in Table X, and may be regarded

as showing that the colour of =z deposit, estimated in a broad

visual sense, is not n very accurate measure of the deposit

thickness, rather than that the colour is strongly dependent

on the gas pressure near 1073 mm, of mércury.

The mean

thicknesses calculated from these results agree fairly well

with those stated by Goos (1937)«

Simultaneous deposition on various substrntes was found

to yield films of different colours.

wire gauge generally showed no
reflection of white light, but
layers on glass substrates and
The films
more light than those on glass

different colours.

lighter shade of it when those

purple or yellowish~red colour.

¥ilms on ceolliedion on
colour and only a 'silvery'
{films condensed on collodion
on fused quartz had widely

on collodion seemed to transmit
and yielded films of blue or a
on glass had bluish-purple,

This seems to indicate a



Table X.

Deposition Mass of Ag Average

No.

O O N 0NV s N -

N—b—l—l—.—t-ﬂ-‘—‘-l—b
© W O ~N O WV p W N = O

21

22
23

evaporated radius of

ng.

3.0
5.2
3.3
2.6
2.6
1.5
1.6
2.7
3e4
340
2.7
1.1
2.0
2.4
4.1
4.9
2.3
3.8
2.1
3.7
4.3

3.3
2.1

bead
during

evaporation

cms.

x 10-2,

5.54
3.95
5.72
4.94
3.89
1.62
6.81
6.43
5.75
4,89
3.67
1.46
6.94
6.57
5.91
4.61
1.87
6.69
7.18
6.39
5450

2.97
1.81

*Ag bead evaporated completely

Time of
evapor-
ation.

3 mins.
10 secs.
15 secs.
12 secs.
20 secs.

2 mins.
45 secs.
75 sees.
75 sees.
75 secs.

75 sees.

75 secs.
75 secs.
75 secs.

75 secs.

75 secs.
79 secs.
75 secs.

75 secs.

75 secs,

Distance
between

substrate

and Ag
bead.
cms .

3¢9
4.0
4.0
4.1
5.2
5.1

5¢1,7.0
501,7-0

515740

540,740
540,740
5.1,7.0
4.9,7.0
540,740
4.9,7.0
540,740
540,7.0
4.9,7.0

4.8,7.0
4.9,7.0
540,740

51,740
5007700

Filament
current
ampse

2.5
3.4
2.8
2.7
2.6
2.0
2,2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2



Depositior
Nos

1
2
3
4
5
6
7
8
9

10
1
12
13
14
15
16
17
18
19
20

21
22

23

Mean thickness

Iable X, (continued)

Thickness in A. of Films,

Blue

76
67
53
55
52

64

72,53

76

67

56

59

83,63
109,76

69
87,76
67,64
82,70

70,70
76

58
70

Purplé

53
53

37

39

31

47
44,42
38,43
46,47
41,42
32
40,31
38,37
49,60
54,61
56
54459
51,

56,57
52,66
50,51
41

45

Red

40
39

30

24

44

35,25
31,34
27,31
30,40
29,30
24

26,28
24,31
32,46
38'50
27,36
33,41
30,32

36,39
40,43
44,40

26,32

Yellow
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larger crystal size in films on collodion nnd is probably due
to the potential barrier hindering the migration of silver
atoms on the surface of collodion being less thrn on glass.
The results of Picard and Duffendack (1943) appear to indicate
this is the case for zinc and cadmium also.

NDeposits made in comparatively high pressures (107 3 - 10""
mn. Mz.) of air or argon were found to have dull colours and
at the higher pressures black or greyish colours were
| observed. The adhesion of these deposits to the substrate was
poor =nd in the case of very thick films a porous deposit was
obtained, a part of which was removeable merely by currents
of air or blowinge.

The definition of the shadow cast by an obstacle and the
contrast in colour of the deposit within the shadow and outside
it, for evaporations in different gas pressures was very
marked . A plece of nickel foil was arranged symaetrically
with respect to the evaporeting source midway between (2.5 cm.
from) a large glass substrate and the source. Lvaporations
at air pressures of 3.1 x 1073, 1.8 x 1072, 9,5 x 10°2 and 1 mm
of mercury were performed on four different glass substrates,
in each case about 6 cms. of silver wire being evaporated
with the same current through the evaporating filament,

A shadow, which was however not sharp, was obtained in the
case of evaporation at 3.1 x 10°3, 1.8 x 1072 and 9+5 x 10~2 mm,
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At 3.1 x 1073 and 1.8 x 1072 there was a visible deposit

with clear yellow, red and purple colours within the shadow
edge ad outside it the colour was a vivid purple. In 9.5 x
10°2 mm, of air, the contrast in colour between the two
portions was not marked. It was a blue within the shadow and
bluish grey in the thick part of the deposit. The contrast
and definition of the shadow in the case of the evsporation in
\ 1 mm. of air was goodj a thick 'sooty’ deposit outside and no
visible deposit within the shadow was obtained. In this

- black deposit there was a large clear area free round the tip
of » thermocouple which rested on the substrate, but in the
case of the evaporations in better vacua (10-1 « 10-3 mm, Hg.)
this clear area of the deposit round the thermocouple, though '
present, was much less noticeable.

An opaque black silver film, nbout 500A, thick,
evaporated on silica glass (Fig.20) at an air pressure of aboat
1 mm, Hg. showed numerous well-resolved complete rings,
indicating projection of the crystallites far out from the
substrate surface, that part of the pattern below the shadow
edge being produced by a transmission effect, The photograph
shows clearly the ring broadening effect due to specimen
length in reflection patterns and in the ease of a specimen
of this type the broadening is radial, the sharp transmission
rings coineiding with the inner edge of the more diffuse
reflection rings, corresponding to the smaller effective
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comera length of the region contributing to this part of the
pattern.

In order to observe the effect of the increasing gas
pressure on the deposit structure several deposits were
prepared in argon at gns pressures between 10=1 and 10-4 mms,
of mercury under otherwise closely similar conditions. Since
argon is of higher atomic weight then the oxygen or the nitrogen
df the air and also because it is inert chemically it is =
specially suitable gas for the present purpose. The diffraction
pattern from the deposits which were mostly about 20A. thick,
showed that though the crystals had not developed any preferred
orientation relative to the fused cuartz substrate there was a
marked increese of mean crystal diameter with increasing gas
pressure, a8 shown in Table XI. Fige93 represents the pattern’

from the 164, thick deposit,

ngble .;;Io
Mean Film Distance of Time of Argon Crystal
Thickness Substrate. Deposition Pressure Diameter
Ae Cms, s€CS. mmsJge in A.
34 9e5 7 1.1x 101 350
23 9e5 7 1.3x 10-1 230
21 95 7 1.7x 10=2 96
16 9e5 7 10~4 77

Ve5e 1he Bffect of Rate of Deposition.

Although a general impression was obtained that a slower

rate of deposition resulted usually in an increase in the mean
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crystal dismeter no quantitative confirmation from deposits
mnde under otherwise strictly similar conditions has yet
been obtained. Of two films deposited during 4 minute

and § minutes respectively, other conditions being similar
(12 A, thickness, 10"4 mms, Hg. air pressure, 9.5 cms., from
filament), mf the § minute deposit was estimated to have
menn cerystal size 84A., and the 5 minute one 60A., but siuce
the } minute deposit showed the presence of a considerable
proportion of hexagonal silver the crystal size astimate
wes leéss certain and also the validity of the comparison
wag impaired by this evidence of a difference in the

conditions.
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VI, THU STRUCTURE OF SILVER LAYEARS
DEPOSITED O MICA.

Te Laye Fresh and Oid Cleav 8 Cae.

Preliminary experiments on simultaneous deposition on
mica cleavages Treshly prepared and four days exposed to air
ilndicated that there was lLittle difference in the
orientating influence of the mica, nor was there any marked
difference in the crystal size. In order to avoid as far
as possible variations due to differences in the amount or
nature of the gas adsorbed on the surface of the mica
substrates, however, fresh cleavages were used throughout

the main experiments,

2. The Iffect of Substrate Temperature on the
Orisntation (i Depesites

Thirty silver layers of between 10 and 60A. mean

thickness were deposited on freshly cleayed mica in vacuo at
room temperature, the gas pressure being in the region of
10"3 mm., of mercury for 28 and 10=1 Hg. for 2 of these, while
the distance from filament to substrate was 5 to 10 cms., and
the time of deposition was of the order of a minute, of
these 30, 2 showed two-degree (111) orientation, 6 a weak
one=-degree (111), and 1 (40A. thick) a weak one-degree (110),
the yemaining 21, including the two at the higher air pressure
had randomly disposed crystals. All those deposited at the
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greater distance, i.e, 9-10 cms., were random, snd the
greater tendency to orientation on the 5 cms. distant

subst rates is probably evidence of the greater heating of the
surface by radistion from the hot source, The mean cryltai-
dinmeter wo mostly of the order of 30 to 50 A No special
conditions were noted which might explain the cause of (110)
instead of (111) orientation, observed in one speeimen, and
.since the (111) orientation occurred even in deposits as
thin as 14A. it must be due to the stomic mobility over the
plene substrate rather than to development of preferential
orientation with increasing deposit thickness.

Several deposits were prepared in vacuo on mica
‘subgtrates maintained at 90°C,, and the diffraction patterns
were similar to Pigs.69 and 70 ut azimuths 30° apart. The
gilver had thus grown in two azimuthally ecuivealent two-degree
(111) orientations relative to the mica, as previously
observed in this laboratory snd by Rudiger (1937) in the
approximate range 100 to 450°C., The indexing of these spot
patterns is illustrated in Figs. 15 and 16,

A deposit a~wol. thick and of yellow colour, wes
prepared in vecuo on mica at 500°C., nnd like several similar
deposits previously examined in this laboratory it was lergely
composed of silver crysteals 200 A, or more in dismeter, in
strong two-degree (111) orientation on the mica, with a
small proportion of (111) and (110) orientation present also.
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3. The Bffect of Previous Thermal Decomposgition

on the Deposit Orientation.

A decomposed mica surface of By type evidently has a
st ronger influence than fresh mica cleavages in promoting the
two-degree (111) orientation of silver. TFigs.71 and 72
for example, were obtained in two azimuths at 30° to each
other fr . a film deposited at room temperature on a
previously decomposed at 570°C., specimen of mica, The strong
pattern of spots shows good two-degree orientation in the
deposit and the diffuse nature of the rings and the spots,
showing the small crystal size in the deposit, indicate that
the orientation is due to an intrinsic property of the
decomposed surfece and not a result of a reorientstion
resulting from the deposit being hested to more than 200°C. by
rodiation from the filament source. This can also be inferred
by the fact that the photogrephs also show a feature not
possessed by 'reoriented’ or aggregated deposits produced by
deliberate heating subsequent to deposition (cf. e.ge. Figs.
¥ %24 83 ), namely the two-degree (111) orientations present
alone., One- or two-degree (100) and (110) orientations did
not appear and also there is little troce of the other two-
degree orientation of the (111) plenes with the octahedrsl
plane not symmetrically disposed with respect to the triangles
in the hexagonal structure of the cleavage face, The
pattern is in all respects similar to that obtained from a
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deposit evaporated on to a substrate of mica at about 100°
to 200°C.

This greater orientating power of the mica surfaces
nfter their partial dehydration at not too high a temperature
is thus of interest in two respects: (1) 1t is associated
with an increase in spacing of the hexagonal lauttice im the
substrat surface plane (see IV, ebove), which fits more
closely the hexagonal network in the Ag (111) planes in
consequence, and it is this which accounts for the stronger
oi’ientating influence compnred with unchanged mica cleavage
facesy (2) it makes possible the production of two-degree
(111) oriented silver layers having smaller crystal dismeter
than in the layers formed on mica =t higher temperatures,

From the above experiment it also appears that the weak
two-degree (111) orientation observed in some deposits
produced by a fast evaporation on to the substrate at room
temperature (see (2) above) may be in part assisted by siight
dehydration of the surface layers, as well as by the inereased
orientating influence of the unchanged part of the mica
surface when it becomes heated by radiation from the hot

filament,

4, The Iffect of Rate of Deposition on the Deposit
Stmtun.

The rate of deposition affects the structure in two main

ways, (1) by the correspondingly varying heating of the



A 697

;(cg Nk

A 7592

A 691



104.

substrate by the filament, and silver globules affecting

the crystal size and orientntion; (2) the higher the number
of ntoms arriving on the surfrce per sq.Cms per sec., lhe
greater will be the number of crystal nuclei formed per sec,
per sq.cme and the more rapid their growth, so that the mean
crystal size in otherwise similarly prepared deposits of a
definite mean film thickness is likely to be uffected from
this cause as well as from the different heating eif the
substrate surface,

Deposits formed on a subtrate 5 cms. away from the
source exhibited asmall crystal size and either a random
disposition of weak one-degree or two-degree (111)
orientation, and no orientation was observed with the
aubstraté at distances greater than 5 cms. Thus the
intensity of heat radintion on the deposit and substrate
appears to affect the deposit structure to an important extent.
| Pigs.73, 74 and 75 show the effect of the rate of
deposition on the pattern type, with the substrate at 5 cms,.
and the residual air pressure near 103 mm, Hg. Table XII
shows the conditions of deposition of these films, It will
be seen that rapid evaporation of the silver produced a
random disposition while slower rates yic¢lded deposits with
two-degree (111) orientation. Vith a very slow rate of

depesition, the effect of heat radiation on the substrate is

proportionally greater in causing dehydration, and in ¥ige75
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Table XII,
¥ige Thickness Time of Rete of Mean Orientation
Deposition Deposition Dinmeter
he ngs/sec/ of Rendom
80 .Cl. Crystals

73 18 30 sees.  63.7x107% 1$A  Random

74 25 § min.  42.4x10°C  GoA  40%,
2-degree
(111f

75 27 45 mins. 1.1x1076 557 0%
-de gree
(111?

the pattern due to the mica decomposition product (B) appears
together with the silver pattern. The formation of the B
decomposition product indicates that the temperature of the
subst rate surface in such an experiment can be as high as

200 or 300°C., and that much decomposition of the mica takes
plrce, The two-degree (111) oriehtation produced is
therefore in this case partly increased by the modification
in the erystalline forces between substrate and deposit.

The (111) orientstion of the eilver relative to thst of
the decomposition product is shown by Fige79 to be such that
the equilateral trisngles of the silver (111) planes have
edges normal to those of the equilateral triangles in the
gsurfree net plane of the hexagonal mica B product. Thiis,
from the lettice constants of the B products stated above,

this orientation is seen now to afford a closer fit of the
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silver and B hexagonal plenes than that where the triangles
are in parallel orientation,

The crystal diameter of the random crystnllites in the
deposits in Table XII was small and of the order of 504
The crystal size in deposits of this type heated to 300°C,
for 10 minutes after deposition was about 3s50A.(cfe @ege
Figse 75 and 3% ), This might indicate that although the
effect of radiation on the substrate is considerable, its
direct gffect on the deposit structure is small or negligible,
but the rate and degree of heating of the mica and the
silver crystals initially formed dn it are not casily
estimated and the above conclusion cannot be considered
to be necessarily correct,

with the substrste at 9,5 cms, the ¢ffects of heat
radiation may be considered teo ¢ negligible. Deposite
made at this distance showed n slight increase in the

particle size in the case of low rates of condensatione.
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VII, THE BEFFECT OF SUBSECUENT HUAT THREATRELT
ON THE SILVER DEPOSIT STRUCTURE.

1. Crystal Growth in Deposits on Fused (uartz.

Feating = blue film 88a. thick on a microscope cover
glass for 3 minutes st 50°C. in air, or # hour at 50°C.
produced no change in ring sherpening or colour. Hesting
the ssme specimen for & further 5 minutes at 150°C, ceused an
increase in cryst:. L size but no change in the colour.

Henting for a further 15 minutes ot 150°C,. changed the colour
to very light blue with little further increase in crystal
gsize., Heating similar deposits st higher temperatures for
shorter periods produced = large increase in crystel size,

On fused cuartz a red-purple fiim 28 A, thick geve
dif uge rings with no orientation nnd having a mean crystal
dirmeter about 128 A, (Fig.76). This became bright yellow
after heating for 3 minutes at 300°C. The film after heating
showed strong one-degrec (111) orientation, weak one-degree
(100) orientation and a crystal dismeter about t50 As(Fige77).
Heating the same film at 300°C. for a further 6, und then 18
minutes produced little change in ring sharpening or ‘
erientation. After = total time of heating of about 45 minutes
there was a further increase in crystal size (to 3So A,.) and
less one-degree (100) orientation (Fige78). The same type of

growth was observed in a transparent grey film evaporated in
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about 10~1 mm, of argon, and composed initially of rendom
crystals 23@A. in diameter. The colour of the film changed
to weak yellow after heating for { hour at 300°C. im air,

the c-ystal diameter increased to >35of. and the film had &
weak (111) orientation.

These results thus show that the rate of increase of
crystal size of the silver, and therefore the mobility of the
atoms, was very small ot 50°C. but is appreciable even at 150°C.
and relatively rapid at 300°C. The appearsnce of the (100)
as well as (111) orientation observed in one case, followed by
decresse of the (100, orientation on further heating is
probably further evidence of the (111) orientation being the
state of lenst potentinl energy on a quartz surface at 300°C.,
though (100) orientation is only slightly less favourable.

2. The | entat of Random De
on 03.

In agreement with the orientation of gilver on mica at
between 90°C. and 480°C. in strong two-degree 111 orientation
as described in Section VI, it was found thet deposits '
initially consisting of silver crystals which were mainly in
this orientation, showed practically no development of other
new orientation when hested in air for 5 minutes at 500°C.
Fige79 was obtained from the specimen which yielded Fig.75
after hesting in air at 500°C. for 5 minutes, and several othei
specimens behaved in the same way. Though the (111)
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orientation remains unchanged it had grown much lsrger, to
well over 200 A, in dismeter, and the crystals hed relatively
smooth (111) surfaces paraliel to the substrate.

When the initial deposit was random crystels, however,
crystal growth occurring when the specimen wns heated in air
or vacuum was also accompanied by prominent development of
other orientations together with the normal two-degree (111)
orientation. Fig.80, for exemple, was obtained from o 40 A.
thick, reddish-purple silver film deposited on mica =t room
temperature during 4 minute at a distance of § cms., from the
source, the sir pressure being about 10=3 mm, of me rCury.

On heating for 10 minutes in sir at 300°, it yielded Fig.81,
which shows n large increase in crystal size, though it is not -
at a main azimuth it shows the strong two-degree orientation
partly of (111), but partly alse (100) and (110) types.
712482 for comparison was obtrnined from another piece of the
initial deposit after 10 minutes in vacuum at 300°C. It
also shows the same types of orientation and larger crystal
size than in the initial film, Heating new pieces of the
original rondom deposit for half anfhour in =ir and vacuum
respectively yielded Figs.83 nnd 84, which show again (at en
nzimuth 30° from Fige82) the same orientations as the
specimens heated for 10 minutes, Figs.81 and 82,

A piece of the same specimen which yielded Fig.80 when
heated in vacuum for 10 rinutes at 500°C. gave Fige.85, which
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is again similar to those from the 300°C. specimen apart from
the still larger increanse in crystal size sand the still
stronger development of boundary faces as shown by the spots
being elongated by refraction. Figs. 86 and 87 at two
azimhths 30° apart were from an initially random deposit when
heated for 5 minutes at 550°C. in air, and these are similar
in type to the 500°C, vacuum results.

While the azimuthal positions of the crystals in the
(100) and (110) orientations have not as yet been fully
dotemined it 4s clear that in the (111) orientation some
erystals have the equilsteral triangles in the (111) planes
parallel to the mica g sxis while others are rotated by 30°
in azimuth to this. Pig.83 for example shows faint sharp
mica decomposition spots of By type which establish the
azimuth is parallel te the mica b axis, while Fig.87 correspond
to the a azmiuth or the equivalent 60° apart directions. Im
this respect there is a peculiar difference from silver
deposited on freshly cleaved mica, or on previously decomposed
mica (Section VI), TRudiger (1937) observed both these sets
of azimuthal orientations together in deposits prepared at
380°C, but it is clear that the surface decompesition of the
micapxerts a change of 30° in the azimuthal orientations of
the silver relative to the mica and that the reason both
types occur together is that some parts are decomposed intoe
a By type product while others are not,.
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For comparison with these results a raundom biue deposit
of gold 28A. thick was prepared on mica at room temperature
in a vacuum of sbout 10"3 mm. and it gave Fig.88, Heating
for half an hour in air at 300°C., unlike in the czse of
silver, cm;aed no change in colour or pattern features, Fig.89,
but 5 minutes in air at 550°C. caused 1t to become pink (by
trapsmitted white light) =nd it then gave Fig.90 and 91 in
azimuths 30° apart. In Fig.90, a By wmica decomposition
pattern is present which cgtablishes the azimuth as parallel
to the mica a axis and shows that extensive surfsce dehydration
hod oceurred, the gold (111) orientated crystals correspondingl
being in the same twoe szets of azimuths relative to the mieca
as occurred with silver, The (110) and (100) orientcotions
nlso occurred exéctly similar to those of similar silver
specimens.

Thege results show that gold behaves in a closely similar
way to silver in respect to the oriestitions il t.kes up on
mica but its atomic modility is less than that of silver at

the same temperature,
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VIII, THE FORMATION OF HEXAGONAL SILVLK
AED THE COKTAMINATION OF FILMS Il
THE LABORATORY ALMOSKFHINL,

The normel and hexagonal modifications 6: silver vwere
obgserved together in films evaporated on teo trsusnission
substrates of collodion snd on to reflection substrates of
silica glass. TFige92 and Teble XIII show the nommal
tronsmission patterﬁ1snd its analysis and Fige93 the normal
reflection pattern,

Table K111,

Analysis of the pattern of Fig.92, from homal
Cubic Silver - s 28A. thick Silver deposit on
Collodione.

L = 47.5 CllSey N = 00051“ Ae

Intensity Rinf Indices d in A d in L.
Radii hkl Tfrom Xeray

datee

Vs 14046 i1 24336 24355
M 16203 200 2,031 2,039
S 1709 220 1430 1e442
S 2,000 311 1.222 1.229
b 2,092 222 1.168 1177
VP 2,417 400 1,011 1020
[ 2,630 331 04929 0935
8 2,708 420 0.902 0e912
¥ 2.968 422 0623 0e832
F 3,138 333 04779 04785

' The Bragg plane spacings shown in the last coloumn are
calculated from the X-ray result of 4.077 s. for BAg



Annlysis of Pattern of Fig.

Table XN

73A. of Silver on Collodion.
Normal Silver a = 4,0774A. used as Reference,

Hexagonal Cubic

Intensity Ring
Radfii

CIiS e

0.976
1.042
1.106
1.203
1.419
1.6?
1.
1:83
1.90
1.949
1.984
2,017
2,082
2.099
2,200
2.291

::gﬁmm

=
taf

2.491
2.276
2.627
2,674

2,722
2.7NM

2,847
3:3?2
3.099

5m 5:3#% uﬁwmﬁa:z;! ”ﬁﬁéﬁmwﬁ“

Me an ahQXl- 2.895

a,

2,508
2.349
24214
2,034
1.726
1.445

Ae

Indices

100
002
101

102
110
103
200
112
201
004
202
113
10%
203
210
211
114
10
21
204
00
1
00
02
06
214
220
221
222
116
007
312

Mean ¢/a = 1.63% 3

94 - Mixture of Cubic and

Hexagonal Forms of Silver.

Indices

11
200
220

311
222

422

442

Hexagonal Form

ap
2.89¢

2,89,

2490,

2.903

2.896

2.88,

c/a

1462
1.633
164,

1463

1463,
1.625

(1'670)

1,64,

(1062

1.629

1.64g

thus ¢ = 4.729A.

The values in brackets were not used in teking the means. The
202 hexagonal ring was a broad one, :
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Table xVv

Analysis of pattern of Fig. 95 Mixture of Cubic and
Hexagonal forms of Ag.

Normal Silver a = 4,007 A, used as Reference.

Intensity Ring

Vs

M
wy

MF¥

VF

=388

Mean a hexl

Radii
cms.

0.920
0.995
1.058
1359
1.610
1.747
1.852
1.922
1.986
2,102
2.200
2,387
2.512
2.553
2,652
2,7%0
2.826
2.976

d,

2,564
2,345
24206
1.718
1.450
1336
14260
1.214
1.175
1.110
1.060
0977
0.929
0.914
0.880
0.836
0.826
0,784

Hexggonal Cubic

indices

100
002
101

102
110
103
200
201

004
202
104
203
211

114

105
21

30
213

006
302

indices

i

220

222

33

422

333

Hexagonal Form

a A c/a
2.964
160
1455
1.589
24904
1.619
2.91,
161
1e5%
1.605
14587
Te
2.89

= 291y Ae 3 Mean ¢/a = 1.597; thus ¢ = 4.65g
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The trensmission psttern from & mixture of the cubic and
hexagonal forms in a film 734. thick deposited in 90 secs.
on a substrate 6.3 cms. awsy in an =ir pressure of 4.4 x 103
maie 0f mercury is shown in Fige94 and the corresponding
reflection pattern from a film 14 A. thick deposited in 30
secs, on a substrate 9.9 cms. away at 10°4 mi, Hg in Fige99.
The transmission picture, having over 33 well resolved rings
in the negative, shows a slight broadening of the cubic
circles relative to the hexagonal ones,

,malyéia of these patterns, given in Tables XIV and XV
using the cubic silver rings as reference yields for the
tronemiesion case apex)= 2,895 Aey €/a = 14633 ¢ = 40729 Ao
and with less accuracy for the reflection ome ay,4,1= 24917 Ay
e/n = 1,997 and ¢ = 4.65g Ae The silver in the reflection
pottern iz in several different orientations, sharply defined
(111) cubic and the equivalent (001) hexagonal «nd only
slightly less strongly in hexagonal (100) and (101)
orientations.

In one of the observed cases it was noticed that a
visible amount of tap grease (veseline-rubier mixture) was
piesent accldentally near to the evaporating filament during
the deposition. This observation suggests that the
hydrocarbon vapour in the regior of the depositing silver was
responsible for the formation of the hexagonal silver crystals.
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This hexagonal structure caused by the gassous ntmospherxe
in this type of deposition is analogous to ths similsr

formntion of hexagonal nickel (Thomson, 1929, Ogaws, 1937)
sputtered in hydrogen, and cobalt layers elecirodepositea

under certain conditions,

The Cont tio f & in t borst .

Silver films of the range of thickness used in tuese
investigntions were found to be easily contuminated im the
atmosphe re,. TFigse96 nnd 97 show patterns obtsined from films
of thickness 15A, and 344, respectively which had evidently
reacted with chlorine and iodine respectively. inalysis of
thege patterns is given in Trbles IVI and KVIi. Pige96 is
almost entirely due 0 silver chloride, {he Tnint extra ring
with Bragg plane spaecing of cbout 2.354e Observed in this and
other ‘contaminated! petterns is probably the 111 ring of Age

Table XVI,

Analysies of pattern of Fige96 from Silver Chloride,
Cemeya Length = 4705 cas, Voltage = 46KV,

Intensity Radius d in Ae Indices a A,
Cllse hkl
P 0838 3.172 111 50494
w 0,981 2,709 200 Gedlg
¥ 1.136 24340 -
S 14378 . 1929 220 5045
15 1.604, 14657 31 5e49
uy 1.688 14574 222 5ed5
8 2,167 1eR27 420 5048
us 24375 1el119 422 5448
b4 2919 0.911 442 5046
vF 34058 0.869 620 5649



Table XV71

Mixture of Cubic and Hexagonal Forms of Agl
formed from a 34i. thick Silver Layer
Evaporated in Argon at 1.1 x 10~7 mm, of Hge
Cemera Length = 47.9 cms.
Voltage = 45 KV,

Silver Silver Iodide Diffractions
Cubic form Hexesgonal fomm

Intens, Radius d(A) Indices Indices a in Indices a in ¢/a

cns, hkl hkl Ao hkl Ae
M 0.707 3.802 100 4.39,
| 06747 34598 111 6+23; 002 1463
¥ 0.800 3.359 101
M 1.166 2,305 111
s 1.219 2,205 220 6+23¢ 110 4,41,
MF 1¢326 2,027 103 1.625
s 1.423 1,889 31 6e26g 112
\2 1.491 1.803 222 6l244 004 14633
N2’ 1.544 1.741 202
vr 1607 1,673 113
M 1.895 1.418 220
7 2,094 1,283 422 §,285 300 4.49,
M 2,231 1,209 é%? 6«26, ggg 1.63g
F 2,548 1,055 400
uF 2,909 04924 3 3
MF 2,990 0.899 403
F 3247 04,828 412
? 3.505 0,767 414
Mean a = 6425, A 8 = 6,489 A,
Mean a = 4.437 A. Viilman {a = 44583 Ae
quo)

Mean ¢/a = 1,63 ¢/a = 1,640 + 0,003
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It is of interest to note that the silver chloride in
the pattern of FPige96 &s in (311) orientation. This
orientation does not seem to have been observed before in the
chloride, The value for "a?d = 54418 Ae colculated from the
estimated AL values sgrees within the limits of the error
of the experiment with that of 5.¥47 A. obtained by Wilman
(1940) «

" The chloride has only been observed in heated silver
$ilms and this seems to indicate a ready reaction of the film
with chlorine during or after the heat treatment. With a
film 34. thick on silica glass it was found possible to
follow the progress of the reaction., Figs.38, 99 and 100
show the petterns from the nnhested film ancd after heating
for 4 hour at 300°. and 5 mins. at 550°C. The heating at
300°C. gives a mixture of Ag and AgCl while at 500°C, only
agCl (rnd the faint extra ring) is present.

In one caese where a two-degree (111) orientated silver
lryer on mirs had partly reacted with chlorine the AgCl took
up » twoedegreec (111) orientation, but in & 30° rotated
azimuthal relationship to that of the silver,

The pottern of Fige97 is from a mixture of the unchanged
silver and the cublie and hexagonal forms of silver ilodide,
The rings due to the unchanged Ag sre broad compared with the
iodide pattern and these cannol therefore be used as reference

for the iolide patterm. Ihere is, howsver, good agreement
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between the values obtained for eyey;) 8,4, 2nd ¢/a
calculated from the camera length and voltage and those of
Wilman (1940)e The agreement of the intensity of the
iodide pattern is also good,
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IX. SUMMARY .

An investigetion has been made of the influences of
some of the most important factors which determine the
structure nnd properties of metal deposits condensed from
the vapour in vacuum or low préssure gas. Silver deposited
on fused cuartz and muscovite mica cleavage faces was
studied mainly and also gold to a less extent for comparison.
In these experiments the evaporation of the metal was carried
out under conditions which allowed the various factors to be
studied as far as possible separately and under simple
conditions.

Hest radintion from the hot metel source was found to
be one important factor, resulting not only in a rise of
temperature in the substrate surfeoce by about 200-300°C.
above the mass of the main substrate, but s=lso in the case
of mica cleavage faces it led to much dehydration of the
surface layers which again coused a marked change in their
orientating power. The changes occurring in heated mica
cleavage faces in air and vacuum were therefore investigated
using the reflection method and a remarkable series of
crystalline dehydration products were found to occur, of
different types in the three main tempersture reglons -

' 20°-550°C., 550°- 600°C. and in the neighbourhood of 650°C.

Up to near 800°C. there was usually evidence thet part of



118.

the mica cleavage surface remmined stomically smooth and
practically unaffected and at near 850°C. the surface break
up began to be serious. The decomposition of the mica when
hested in vacuo up to 500°C, was similar to that in the case
of air.

Below 550°C. the dehydration products were usually
hexagonal and layer lattices like the initial mica. The
basal axes were parallel to the pseudo-hexagonal axes in the
mica cleavage %ace and sbout 6% larger, while the ¢ axis, i.e.
the layer plane spacing, was about 7.2 - 7.5 L. However,
two or sometimes three such similer materials with slightly
different lattice constants often occurred in the same specimen,
Between 550° and 600°C. rhombic lattices also occurred but
with only one axis parallel to the surface although the
orientation conformed epitaxially to the substrate. Towards
600°C. a related closely similer rhombic structure tended
also to be present orientated with two of its axes parallel
to the mica a and b axes, and at about 650°C, this material
with slightly decrcesed lattice spacing occurred practically
alone. A search of the literature has not yet led to
definite identification of these meaterials and their
composition, but the 20-550°C. hexagonal structures are
evidently related to those of one group of clays, the
chlorites; and the higher tempernture forms appear to have
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affinity with the potassium felspers (idular, Orthoclase,
Sanidine and Microline, nll KM81308; and Leucite,
K/181,06) «

Transmission electron diffraction patterns from thin
heated mica films did not provide any indication of
decomposition, perhaps because when the decomposition was
slight the product msterianls were small in mmount compared
with that of the diffracting rvegion of the mica, nnd when
the decomposition wes extensive the products tended to grow
out from the surface in large crystals having low coherent
diffracting power compared with the diffuse secondary
scattering. The failure hitherto of .. ray diffraction
experiments to show a decomposition of the mica about 500°C..
suggests that the fomer explanation is the more correct.

The effect of heat on the polished fused quartz was
to produce n strongly orientnted product as shown by a
charrcteristic array of spots in the plane of incidence of
the pattern. It was found not poseible to identify the
product with any of the kmown forms of quartz nnd it is
indicated that the substance is attributable teo
recrystnllisation into a hitherto unknown form of silica or
n silicete formed as a result of the polishing agent
(jeweller's rouge) being incorporated in the Beilby layer.
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In the cnse of thin silver layers deposited on mica
the degree of heating of the surface layers by radiation
from the filament was indicated by the appearance of a
prominent mica decomposition pattern when the rate of
deposition was slowj and the silver crystals developed strong
two-degree (111) ordientation instead of the random disposition
charncteristic of more rapid deposition. The strong
orientation of the silver was evidently, at lenst in part,
cnused by the presence of the decomposition product whose
lattice was larger than that of the mica so that the silver
(111) layer conformed more nccurntely to its (001) surface
plane, This hypotheegis was confimmed by Strong two-degree
(111) orientation of the silver occurring when the silver was
deposited at room temperature on a mica cleavage {nce whose
surfnce had been previously partially dehydrated by heating,
even though the rate of deposition of the silver was similar
to thnt which normally yielded random layers on freshly
cleaved mica.

Silver deposits on mica which were initiazlly random
were found not only to develop larger crystal size when heated
in air or vacuo at temperatures as low as 300°., but to
dovelop nlsc strong two-degree orientatione at (111), (100),
(110) and eccasionally (311) types. This is in marked
contrast to the normal two degree (111) orientation which
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when deposited on freshly cleaved mica at 200=-300% . occurs
alone nnd is not changed apprecisbly by subsecuent heating
after deposition. The (100), (110) snd other orientations
arising when random deposits on micn are heated did not
appenr to be assocliated with appreciable decomposition of the
mica substrate and is probably to be attributed to the
relntive epitaxial stability of crystals occurring in contact
with the mien in such orientation among the random deposit.
Gold was nlso shown to behave in the same weay as silver in
thie respect as might be expected from its closely similar
lattice constant,

Silver deposits on fused quartz at room tempe rat ure
generally showed no orientation. On heating the deposits in
air, a crystal growth was observed at 150°C and at 300°C. the
development of orientation, usually strong (111) occurred,
In one cese simultaneous presence of (100) was observed.

The presence of a gaseous atmosphere (air or argon) was
found to incremse the crystal size in the deposit., Loth
air nnd argon at pressures nbove about 10”1 mm. of mercury were
found to produce a greyish deposit in films of ebout 50 A,
and sooty black in 500 A thick. [Hydrecarbon vapours appear
to be responsible for growths of silver in the nexagonal
modification and the easy contnmination of silver Tilms by
chlorine and iodine in the atmosphere to form AgClL and Agl
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respectively has been observed indicating the special need
for care to avoid such surface attack.

The method of estimating the mean crystal diameter
in a deposit has been examined and the conditions under
which relinble estimates can be made have been stated. The
crystal diameter in deposits of about 15 A. thick is of the
order of 75 Ae
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