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Electrode Surface Modification
via Polymer Adsorption
Sir:

We are interested in synthesizing electrode surfaces with
useful chemical properties. The approach is to chemically bind
organic or organometallic compounds to the surfaces of con-
ductors and use these “chemically modified electrodes™ to
achieve greater specificity in electrode reactions. Recent
studies have shown that modifiers, e.g., amines, can be
chemically bound to carbon electrodes via the surface ox-
ides.!-3 Metal oxides, e.g., tin oxide, have been modified by
silylation.5-13 In each case rather stable binding of both elec-
troactive and electroinactive modifiers has been achjeved and
new chemical properties have been imparted to the electrode.
Related studies have shown that electroactive, organic com-
pounds can be strongly adsorbed on platinum!4 and carbon
electrodes.!?

We report here a new approach involving adsorbed poly-
mers. Many polymers strongly adsorb to solids and it appeared
that films of one or a few molecular layers could be produced!¢
and used independently. The initial experiments reveal the
following results. (1) Adsorbed layers of varying thickness can
be reproducibly formed using several polymers. (2) Analysis
by electron spectroscopy demonstrates that in vacuo the surface
is quite uniformly covered and allows an estimate of the layer
thickness. (3) These modified surfaces are quite stable and are
not destroyed when used in a variety of electrochemical ex-
periments. (4) The polymer layer inhibits electrochemical
reactions, but it is shown that reactions can be performed at
usual potentials at a surface whose composition is dominated
by polymer. (5) An appropriate adsorbed polymer layer can
be chemically modified, providing an electroactive surface
functionality.

The coating was achieved by dipping platinum wire or sheet
into a trifluoroacetic acid solution containing small amounts
of ethylene glycol terephthalate polymer (1) or a copolymer
of 60% lysine, 40% alanine (2).!7 After a few minutes the
electrode was removed, quickly shaken to remove excess so-
lution and dried in air at 120 °C for 20 min.

Samples coated with 1 (from a 0.03% solution for 7.5 min)
were analyzed by scanning Auger electron spectroscopy
{AES), providing an elemental analysis of the surface.!® The
spectra showed no fluorine (from trifluoroacetic acid or de-
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rivatives), strong carbon and oxygen bands, and markedly
attenuated platinum bands. Of the many platinum bands those
at 43 and 64 eV and at 1967 eV are of particular interest here.
In the spectrum of pure platinum the former pair are some 10
times as intense as the latter. The spectra of the coated samples
show the relative intensity of these two pairs to be inverted in
comparison with pure platinum. Indeed, the low energy bands
are barely detectable. This arises because the electrons ejected
at43 and 64 eV are of relatively low energy so that they have
an escape depth of <10 A. The more energetic electrons ana-
lyzed at 1967 eV will, however, escape through some 30 A.!°
This directly brackets the film thickness between 10 and 35 A.
Etching this sample with an argon ion beam affirms this con-
clusion. Finally, scanning the sample shows the film to be
relatively uniform at the modest resolution of the spectrometer
(3-u electron beam diameter).

There is a correlation between the intensity of the high en-
ergy Pt lines and the concentration of the dipping solution. This
will be thoroughly explored in a future publication but we note
here that AES on the film resulting from a 0.3% solution of 1
showed no high energy platinum lines.

Similar data were obtained using polypeptide 2. Adsorption
from a 0.10% solution of 2 in trifluoroacetic acid, for example,
gave a spectrum with no F band, no low energy Pt bands,
somewhat depressed high energy Pt lines, and C, N, and O
bands of approximately the appropriate intensity considering
the polymer structure.

It is of great interest to probe the uniformity of the film. We
first note that, although the AES data are averaged over the
surface, they are incompatible with a surface thickly covered
in some places and uncovered in others. The low energy Pt AES
lines are instructive in this regard since they are inhibited by
<10 A of a surface contaminant. If it is assumed that this
signal is inversely proportional to the coverage, one concludes
that the surface is 99% covered for an electrode prepared from
a 0.1% solution of 2 or 0.03% solution of 1. The question of
“narrow, deep holes” is not solved by this approach and, for
example, on the 10A level there must certainly be such defects.
Defects were also sought using a Coates and Welter field
emission scanning electron microscope. This secondary
imaging instrument is capable of 50-A resolution. Clean
platinum showed a very smooth surface marred only by widely
scattered, spheroidal screw defects of up to 4000-A diameter.
Platinum/polyester (from 0.15% solution) and platinum/
polyamide (from 0.10% solution) were investigated. The
polymer coated surfaces were identical with that of clean
platinum. To check this a 70-A layer of gold was vapor de-
posited on the polymers before the analysis and, again, the
surface appeared as defect free as clean platinum. Irregularities
were carefully sought by scanning the surface of the screw
dislocations but none could be found. It is concluded that, in
vacuo, holes and protrusions of polymer are smaller than the
resolution of the instruments.

Platinum sheet/polypeptide electrodes prepared identically
with those examined spectroscopically were used for electro-
chemistry. Cyclic voltammetry experiments were performed
using dimethyl sulfoxide, 0.1 M tetraethylammonium per-
chlorate as solvent, and electrolyte. The reduction of 1 mM
n-propyl-3,5-dinitrobenzamide was investigated. As expected
this compound gave a pair of reversible couples on clean plat-
inum, £/, = —0.76 V, —1.14 V. The anodic cathodic peak
separation was 75 mV. Using platinum/polypeptide a pair of
quasi-reversible couples was again seen £, = —0.76, —1.14
V. Electrodes prepared from dilute, e.g., 0.03%, solutions gave
nearly reversible behavior at slow (100 mV /s) sweep rates. At
faster sweep rates the peaks broadened consistent with an in-
hibited electrochemical rate. This behavior has been quantified
and will be reported separately. We emphasize here only that
electrodes with considerable amounts of polymer on the surface
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(equivalent to ~15 A at full coverage) can be used for elec-
trochemistry. In this situation the electrochemical reactions
must be taking place in an environment dominated by the
polymer.

To demonstrate that adsorbed layers can be synthetically
elaborated, this polypeptide surface was treated with a 1%
solution of 3,5-dinitrobenzoyl chloride in acetronitrile, con-
taining 0.5% lutidine. After 1 h at 45 °C the electrode was
removed and washed thoroughly by soaking in acetonitrile,
methanol, water, and dimethyl sulfoxide. Analysis by x-ray
photoelectron spectroscopy (XPS) showed a new N (1s) peak
due to the nitro group. Since neither XPS or AES showed a C1
(2p) band after this amidation procedure even though the
polylysine surface had a weak band for chlorine before am-
idation, this indicates a successful reaction. Cyclic voltammetry
in Me,>SO produced two reduction peaks on the first scan at
Ep=—0.79 and —1.23 V. The corresponding anodic peaks
were absent. The integrated current corresponds to 1.63 X 102
mol/cm? assuming a 2e~ reduction. The background current
was negligible, but the true n value is, of course, unknown. The
peak potentials are consistent with a surface bound 3,5-dini-
trobenzamide, but it was expected that the process will be re-
versible as above. Even when the negative going scan was held
to —0.9 V avoiding the second wave, no reversibility was seen
at sweep rates up to 5.0 V/s. Thus, when attached to the sur-
face, the dinitrobenzoyl anion radical moiety is quite unstable.
It has been found previously that, when this species is attached
to metal oxides via silylation, reversibility is seen.!! After a few
scans, however, the electroactive surface functionality is also
destroyed in this case.

Platinum sheet/polyester electrodes prepared identically
with those examined spectroscopically were also used for
electrochemistry. We emphasize here the stability and,
therefore, the utility of these electrodes for preparative elec-
trochemistry. Steady-state i-E curves were recorded for mM
ferrocene in 50% aqueous ethanol, for 0.07 M ferrocene in
ethanol, for oxidation of phenyl acetic acid in 3:7 pyridine-
methanol, and for hydrogen evolution in 50% ethanol. Using
electrodes coated from 0.03% solution, these curves showed
that filming decreased the current density at any potential by
about 10% compared with plain platinum. After recording the
ferrocene curve (10-min oxidation) and after Kolbe electrolysis
of phenyl acetic acid at 100 mA /cm? for 30 min, the coated
electrodes were rinsed, dried, and reanalyzed by XPS, AES,
and CV. These data indicated that the adsorbed polymer was
still present. The Kolbe oxidation is an exceptionally rigorous
test of film conductance and stability since it shows that high
current densities are supported with little added overpotential
and that the film is not destroyed under conditions where the
electrode is held at a very anodic potential and gas is evolved.
We note again that the electrodes are prepared by dipping and
there is no polymer added to the electrolysis solution.

There are many points to be fully explored and future pub-
lications will demonstrate that a wide variety of metals and
polymers give similar results, that interesting electrochemical
phenomena are observed and that surface spectroscopy gives
some detailed and very useful information about the ultrathin
polymer layers.
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Isolation of a Stable Acylrhodium(III) Hydride
Intermediate Formed during Aldehyde
Decarbonylation. Hydroacylation

Sir:

The decarbonylation of aldehydes by RhCI(PPh3); has been
established as a useful synthetic reaction, appearing in nu-
merous total syntheses of natural products, and is the key step

in a method for the stereospecific introduction of angular
methyl groups.! The mechanism

-L RCHO
RhCIL; &= RhCIL; —> RCORK(H)L,ClI
+L
1

RCORK(H)L,Cl = RRh(COYHL,Cl
1 2
— RH + Rh(CO)CIL,

proposed for decarbonylation involves oxidative addition of the
aldehyde C-H bond to form a coordinatively unsaturated
complex, an acylrhodium(III) hydride (1), as an intermediate.
This intermediate can then undergo an acyl-alkyl rearrange-
ment, and subsequent hydrogen transfer to the alkyl group
forms trans-Rh(CO)CI(PPh3); and hydrocarbon.2 The
principal support for this proposal comes from studies on the
decarbonylation of acid chlorides by RhCI(PPhj)3, in which
intermediates analogous to 1 and 2 can be isolated.? However,
prior to this work, no intermediates have been isolated from
RhCI(PPh;3);-promoted aldehyde decarbonylation reac-
tions.?

The cleavage of a carbon-hydrogen bond, as in the forma-
tion of 1, occurs often in organometallic reactions. In some
cases (e.g., PtCl, catalyzed hydrogen-deuterium exchange)’
carbon-metal bonded species are transient intermediates,
while, in others, where a coordinating group is available to form
a five-membered chelate (the cyclometalation reaction),b ex-
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