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ROM the time that Bradley described a technigue for pro-
ducing thin earbon flms by the ragid evaporation of hulk
curbon,® workers have investigated the structure® and ¢lectrical
properties® of such films Lbefore and after heat treatment st ele-
sated temperatures. To the authors’ ksowledge, ne work bas
been reported, Bowever, on the intesaction of evaporated carkon
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i, 1. Electron micrograph of the surface of the carbon Blim evaporated
o the (1Y surface of cleetralyvtie siclel doapgnilication, 10506 %),

films with the substrate material fonto which deposition necurred)
upon subsequent heat treatment.
. L e L
Carbon was evaporated on electrolytic nickel Joils”having "o
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g, 2, Eleetron mijeragrapls of the film obtained by heating the carbon ) .
dim {Ifig, 1) and nickel substrate at 306°C in hellum for 15 min (magsifi- Fra, b (a)=-(c} Transsission cleciron diffraction gatterns of dark
cition, 100 X). particles embedded i the i shows in Fig, 2.
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LETTFTERS TO
(L0 preferred orientilion® I @ vacuun evaporalor using spec-
troscopicilly pure graphite rods as electrodes, The pressure tended
e rizse during evaporation owing to eutgassing of the electrodes?
Lt was usuatly maislained ar abous 3>CH™ mm Hg, The elec-
trodes were locaied at o distance of 20 o from the aickel {oil.
The e of deposition was about 30-100 A see, The time of
depesstion was such that the dibme thickness deposited was about
30008, The nicked foil on which the evaporiiied carbon il was
deposited was then heated, in some cases, 1o temperatures up to

F00°C (soak time 15 ming in anvxvgen-free, Howing heliue at-
smosphere. The film thus obinined was removed Trom the nickel

foil tne dissohving tiwe nicket in cence, HCL

in agreement with the findings of Kakinoki and co-workers®
the eleetron diffraction patlern of the origingl cavbon film showed
two diffuse rings, indicating a so-called umorphous carbien strue-
ture: havieg o crnvstadlite size of about 10 AL 1 subsequent heat
treatment wius comlucted at 007, the transmission clectron -
fraction pattern of the filn showed some sharpening of the dif-
fraction halas Tor curbon, bt fudled o indicate any ditfusion of
nickel imto the carbon fim,

T the contrarey, when the nicked {oil containing the evaporated
carhon was hewted at 300°C, congiderable interdiffasion occurred,
Complete disappearance of corbon from the surlace, as shows by
reflection clectron diffraction which yiehied enly the {111} pre-
ferred arfentation of nickel, was found® Upon immersion of this
sample in cone. HOE overnight, an insoluble fiim was recoverad.
Flectean micrographs (rom representitive parts of the ilm revead
major clanges over the origingl carbon film sweface (Figs, | amd 2},
with particles of dark material ranging in size from a fraction of o
aicron o at least 10 g contrasting against a fighter hackground,
Electron diffrsction studies by transmission of these dark par-
ticles (using a beany width of 10 u} viekl results whicl often shew
spot patierns, ahlough highly erented pateerns and randem
polyervstailine rings are not isfrequent, Selected putlerns are
shown in Fig, 3a)-{c). The d spacings carcfully calculated from
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the diffraction patierns identily the dark areas in Fig, 2 as orvsy
line nickel oxide (NI,

These restdls suggesi some interesting peints for consideruation.

113 The oxvgen required for the Tormation of NiO apparently
came Trom the carbon film, Sigaificant contaminition of evapo-
rieted fihms with gases during their formation can oceur if the e
of Impingement of gas molecules onto the fHm surface iz com-
prradile with the rate of incorporation of evaporatul atoms into
the film. Such is the case in this study, The rate of collision of
oxveen mulecules with the sarface is aboul 12X 10% molecules/
cm?/sec; the rile of incorporztion of new carben atums into the
filin is about 3X10Y atoms/oad/see. The presence of oxygen is
known Lo inhibit the eryvstallite prowlh of earbos®; (s presence
could be responsible, in part, for the highly amorphous character
of evaporited carbon hims formed by us and olhers.
£2) Nickel oxide is highly seluble in cone. HUL 1 s, therefore,
interesting Lo note the insolutdiity of the NiO dispersed within
the carben-film malrix.
31 A sample of the clectrofviic nickel foil used as the subsieate
for the evaporated earhon was heated in 1 atm of ale at 500°C
fur 15 min, Redeetion electron diffraction only gave the (1113
preferred orientation of nickel, This suggests that the rate of {for-
mation of NiQ upon heating the nickel foil containing the evapoe.
rated carbon was substantinliy more rapid at S00°C thap exposuse
of the nickel Lo adr.
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