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The possibility to obtain in principle metal-fullerides using diffusion methods has been
established using radioactive isotopes (®3Ni). The thermally activated diffusion (T = 300°C)
in fullerite crystal has been assumed to occur according to the interstitial mechanism via
successive filling of octa- and tetrahedral pores. The basic quantitative characteristics of
diffusion in a fullerite crystal: diffusion coefficient D ~ 10712 ¢m?2/s, B-radiation absorp-
tance in fullerite p = 8.94.10% ecm™! and dynamics of its diffusion saturation with the
metal atoms have been determined.

C nomompbio pagmoakTuBHbx usoromos (C9Ni) ycraHoBIeHa NpUHIMIMANBHAS BOBMOIK-
HOCTH IOJydYeHUs MeTasrrodynnrepunos ruddysnoHHbIMU MeTomzamu. IIpearnosoxeHo, 4ro B
Kpucrtaiie ¢ynaepura Tepmuuecku-aktuBupoBanHada (T = 300°C) quddysusa OpoucxXoguT Io
MeKI0y3eIbHOMY MeXaHU3MYy IIPU IOCJIeLOBATEIbHOM BAIlOJHEHUM OKTa- U TeTPadIpPUUECKUX
nop. ITosyueHbl OCHOBHBIE KOJMUYECTBEHHBIE XapaKTepucTuku auddysuu B (PyILIepUTOBOM
kpucranmae — xoodunment guddysuun D ~ 10712 cm?/c, koopdunuent p = 3.94-10% cm!
NOTJIOIIeHUsT [-uBiaydeHuss QyJJIePUTOM U LUHAMUKA ero Aud@y3MOHHOrO HACHIIIEHUS
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aToMaMu MeTaJljaa.

The manufacturing of endofullerenes di-
rectly during the fullerene formation limits
strongly the possibility of further influence
on their properties. One of the methods to
influence on the fullerene electronic proper-
ties is the forced implantation of non-carb-
on atom into the shell of Cgy molecule. This
requires a partial destruction of thin (about
1 A) molecular shell and can be carried out
by ionic bombardment, for example, in the
glow discharge plasma [1]. On the other
hand, when being deposited onto a sub-
strate, Cgp molecules form a fec crystal lat-
tice. It is obvious that in such a crystal, the
same thermodynamical processes occur that
are inherent in a condensed solid. In par-
ticular, due to diffusion, when all intersti-
ces becomes filled, there a new matter of
Me;Cgo type may appear, possessing a quite
different electronic structure. Therefore,
the control of electrophysical parameters of
fullerides by changing their electronic
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structure with non-carbon atoms embedded
into fulleride crystal is of particular impor-
tance. In this work, the possibility of metal
diffusion in the fullerite film lattice has
been studied using radioactive isotopes.

A variation of absorption method based
on the control of radioactive radiation in-
tensity passing through the investigated
material with an absorptance u was used in
the studies. The sample formed as a stain-
less steel substrate was electrolytically
coated by a layer of ®3Ni isotope until reach-
ing the activity suitable for further diffu-
sion experiments. The surface radioactivity
was measured in a "Beta" analyzer using
cooled PMT and special cuvette filled with
scintillation liquid. The sample surface to
be examined was placed at some distance
above the surface of scintillation liquid. The
initial radioactivity appeared to be equal
660 decays/min. Then the radiocactive layer
was covered by a dy = 0.2 um thick fullerite
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film deposited in vacuum (1075 Torr) by
sublimation method (7 = 500°C). Our pre-
vious X-ray diffraction analysis [1] showed
that films obtained in the same conditions
are crystalline. The surface radioactivity of
the sample shielded by fullerite film de-
creased to 300 decays/min.

Thereafter, the sample was subjected to
a series of homogenizing annealing proce-
dures in vacuum under monitoring of sur-
face radioactivity up to restoration of its
initial value. The annealing temperature
(T = 300°C) was chosen taking into account
that it should not be sufficient for possible
fullerite sublimation but sufficient for re-
alization of diffusion processes. The anneal-
ing temperature was to within +10°C. The
fullerite film integrity preservation in spite
of its sublimation during annealing proce-
dures, although it was almost improbable,
could be evidenced by the absence of
fullerite traces on the polished surface of
the glass ceramics plate, which was a tech-
nological element in the experiment and
placed in the close proximity to the film
being annealed.

Figure presents the determination results
of the sample surface radioactivity (dots) as a
function of homogenizing annealing time.
The data obtained show that during 8 hours,
Ni atoms diffused through the fullerite lattice
and completely filled the fullerite film. A
simple estimation gives the diffusion coeffi-
cient: D ~ dfz/t = 1.410712 ¢m2/s. The ab-
sorptance n of the fullerite film can be cal-
culated using a well known dependence

1, = Iyexp(—1x) (1)

characterizing the absorption of radiation by
a shielding layer of thickness x with the ab-
sorptance 1. This allows calculate the absorp-
tance of P-radiation from ©%3Ni radioactive
atoms in Cgg fullerite: p = 3.94.10% cm 1.
The fullerite fcc lattice constant is a = 14.2 A,
interatomic spacing on the cube diagonal is
10.04 A. Taking into account a rather small
size of metal atoms (ry; ~ 1.62 A) with re-
spect to characteristic distance in the
fullerite unit cell and also such a high value
of the diffusion coefficient, it is possible to
assume that atom migration occurs most
likely according to interstitial mechanism
through octa- and tetrahedral interstices of
fullerite crystal. The metal atoms occupy
first of all the octahedral interstices as they
are bigger than tetrahedral ones. Even
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Fig. Dynamics of ©%3Ni atoms penetration
through the Cg, fullerite film (T = 800°C).

higher probability of interstitial diffusion
exists for metal ions having in the case of
Ni radius of ~0.69 A. This value is much
smaller than even intermolecular distances in
the fullerite unit cell.

The analysis shows that the obtained sur-
face radioactivity change can be best de-
scribed by a semiempirical equation which
takes into account diffusion of labelled
atoms through the film of the thickness d;
with the absorptance u from the source hav-
ing the intensity I

I(t)y = I, {exp(—pdf) + 2)

d; — \nDt
+ 21 - erfe (u2(d% - nDt)) - erfc [ﬁﬂ

It is seen from the above equation that
at the initial time moment, i.e. ¢t —> 0, the
second item is zeroed because of the second
factor (erfc(«) = 0), and we return to the
equation (1). At ¢ > 0, the second compo-
nent gives its contribution and radicactivity
on the sample surface increases due to iso-
tope diffusion through the film of the
thickness ds. As time goes by (t —> ), the
metal atoms penetrate into fullerite film
with the diffusion coefficient D and film
becomes saturated by metal atoms resulting
in the increase of intensity I(¢) on the film
surface.

It should be noted that equation (2) is
applicable for specific experiment condi-
tions, although it does not fully take into
account the exhaustion of the diffusion
source. Calculations according to this equa-
tion are presented in Figure as a solid line.
A good correlation is seen between experi-
mental data and the calculated curve ob-
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tained for D = 2.0-10712 ¢m?2/s. This may be
connected with the difference between the
preexponential factor Dy and typical values
in the known equation for thermal diffusion
D = Dgexp(—Q/kT). This factor is known to
be in proportion with the square of the ele-
mentary jump distance of a point defect,
i.e. approximately with the square of the
average interatomic or intermolecular dis-
tance: Dy~A2/2t,. Considering that charac-
teristic period of the defect oscillation is
To ~ 10712 5 and taking A as an average dis-
tance between octa- and tetrahedral intersti-
ces in the fullerite crystal, which is ap-

proximately 1.41 nm, it is possible to esti-
mate the energy @ of diffusion activation.
Taking into account all aforesaid, the calcu-
lated value corresponds to the activation en-
ergy of the migrating interstitial type point
defects and supports the hypothesis about
the diffusion of metal atoms along intersti-
ces of fullerite crystal.
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Mudysia aromie %3Ni y dynepuri ma ocmosi Cg

B.®.Ma3sanko, O.€.11ozopenos,
O.11.fmumpenko, M.Il. Kyniw, B.B./Iu3ynos

3 BuKopucTaHHAM pagioakTuBHux isoromie (93Ni) BecTaHOBIEHO NPHUHIMIIOBY MOMKJIHBICTDH
oTpUMaHHA MeTagodynepuniB gudysiiinumu merozamu. IIpunymieno, mo y kpucrani gyne-
pury tepmiuno-aktuBoBana audysis (T = 300°C) sigbysaerbca 3a MiKBy3e€JIbHHUM MEXaHis-
MOM IIPH IIOCJIiJJOBHOMY BaIlOBHEHHI OKTa- TAa TETPAeIPUUYHUX IOPOKHUH. OTPUMAHO OCHOBHI
KinpkicHI xapakrepuctuku audysili y @yaepuroBomy Kpucramai — kKoedimienr mudysii

D ~ 10712 ¢m2/c, koedinienT morauHauHs B-BuIpOMiHIOBaHHS (yaepuroM p = 3.94-10% cm

-1

Ta JUHaAMika foro qudysifiHOr0 HacUUeHHA aTOMaMU MeTaty.
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