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A METAL-POLYMER INTERFACE STUDY

of this layer to photo-electrons from the
metallic substrate nevertheless suggests
that it is less than 1 nm thick.

In the MDS case (fig. 3b),
the electron emission band located at
about Ey = 12 eV disappears almost com-
pletely after the acrylonitrile adsorp-
tion without the emergence of any emis-
sion band characteristic of the molecule.
The 12 eV band 1is the self-convolution
product of the nickel 3d band due to the
de-excitation mechanism of the metastable

atom in front of a metal surface: Reso-
nant Ionization + Auger Neutralization
/5/. The shape of the MDS spectrum after
adsorption indicates a permanence of the

RI + AN mechanism in spite of the surface
coverage by the acrylonitrile molecules.
From this observation, we can deduce that
the molecule lies flat on the surface as
schematized in figure 3c. This is in good
agreement with other works dealing with
the chemisorption of CH3CN on a polycrys-
talline nickel surface /6/.In this case,
the m orbitals of both vinylic bond and
CN group are involved in the bonding with
the surface; it is not possible for poly-
merization phenomena to result from such
a situation.

EVOLUTION OF THE SURFACE ELECTRONIC STATES

In the preceding section, we
pointed out the influence of the electric
field on the molecular behaviour, and we
have assumed the creation of electron
donor or acceptor sites. We now will dis-
cuss the nature of these sites and how
they are created in the case of oxidiza-
ble metals. This will Dbe shown for a
nickel cathode. The evolution of the sur-
face electronic states are studied either
by associating ionic abrasion and Auger
electron spectroscopy (Auger profiles) or
by associating UPS and MDS on films with
a thickness 1less than the mean free path
of the photoelectrons. Auger profiles
enable the chemical composition of the
metal-film interface to be characterized

(fig. 4). The spectrum (a) was obtained
from the nickel surface before electro-
chemical treatment. The sample surface

is contaminated (oxygen O and carbon C).
The spectrum (b) was obtained after depo-
siting a PAN film by cathodic electroche-
mical treatment: only PAN constituents
are seen. Spectra ¢, d and e were ob-
tained after ionic abrasion for increas-
ing times. The spectrum c corresponds to
the time necessary to reach the interface
as seen by the emergence of the nickel
Auger lines. Further controlled abra-
sions (spectra d and e) produce the dis-
appearance of the nitrogen Auger line,
but the oxygen initial 1line does not
appear again. The simple presence of
lines characteristic of carbon and nickel
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Fig. 4. Auger profiles of thg PAN-Ni
system (Ep = 2.5 keV, iP = 5.107°A).
a) initial surface (polycrystalline
nickel exposed to atmosphere).
b) electrochemically treated sur face

(organic film coating), and exposed to
atmosphere.

c) surface b submitted to an ionic abra-
sio (20 mn, Ar*, Ep =1 kev, 1Ip =
107° a).

d) surface ¢ + 3 mn of ionic abrasion.

e) surface d + 3 mn of ionic abrasion:
disappearing of the organic film,
absence of the oxygen Auger line.

in the spectrum shows the pre-existing
oxygen of the sample has been completely
eliminated in the electrolytic cell by
reduction process and no new contamina-
tion has appeared: all the available
chemisorption sites have been occupied by
AN as soon as they were liberated by oxy-
gen.

The Ni-PAN interface was then
simultaneously by UPS and MDS
using samples obtained by low cathodic
potential electrochemical treatment in
such a way as to ensure a film thickness
of less than the mean free-path of the
photoelectrons (A v 1 nm): the lengtns of
the polymer chains then correspond to
only a few monomer units. The comparison
of the UPS spectrum recorded before and
after the electrochemical treatment (fig.
5) confirms the results obtained by AES:
the UPS spectrum after treatment shows
the decrease of the oXygen 2p band at
5.5 eV, the increase of the Ni 3d band
and the appearance of the band character-
istic of the PAN (see fig. 1lb).

All the results reported in
the present section show that the polymer
grafting at the cathode needs the reduc-
tion of the oxide initially present on

studied




