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The apparent electron-transfer rates of a new class
azobenzene self-assembled monolayers on gold decreased
significantly with increasing chainlength of terminal groups. With
terminal groups longer than three carbon atoms, no distinguish
feature for faradic response was observed.

The electrochemical properties of azobenzene chromophore
have attracted considerable interests due to its complex reaction
mechanism that involves both ion-transport and structural con-
formational changes.!# The azobenzene group was introduced
into self-assembled monolayers (SAMs), and studied in aqueous
medium for the first time by our group recently.5 As well as the
self-assembled monolayers have been widely used in the studies
of electron-transfer at electrodes,® to study the distance depend-
ence of electron-transfer rate, monolayers having an alkyl chain
that separates the electrode surface and redox active groups are
often used.”-? We present here the electrochemical studies of
azobenzene redox center within novel fabricated self-assembled
monolayers, which may shed lights in the effect of terminal group
on the apparent electron-transfer kinetics (Scheme I).

Soln

Thiol-functionalized azobenzene molecules CnAzoC2 (n=1-
4) (Scheme IT) were prepared by following the similar method as
described in Ref. 5.
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Modified electrodes were prepared by the following proce-
dure. A well-polished gold disk electrode (0.5 mm in diameter)
was immersed in ImM CnAzoC2/ethanol solutions for 24 h and
then rinsed with ethanol. The obtained SAMs modified elec-
trodes were rinsed with high-purified water, following nitrogen
air-drying, and then used into electrochemical characterization.
Cyclic voltammograms (Hokuto Denko HA-150 Potentiostat;
HB-111 function generator; Riken Denshi F-35A X-Y recorder)
were measured in deoxygenated aqueous 0.1 M NaClO4, B-R
buffer at 25 °C.

All these compounds spontaneously self-assemble into
monolayer films on gold electrodes, allowing for the direct com-
parison of the electrochemical behavior of SAMs of these mole-
cules. However, the electrochemical responses for SAMs of
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Figure 1. Cyclic voltammograms of CnAzoC2/Au SAM:s in B-R
buffer, pH 5.5, 0.1M NaClOy, Scan rate: 0.05 V/s. A) C1AzoC2;
B) C2Az0C2; C) C3Az0C2; D) C4Az0C2.

CnAzoC2 (n=1-4) on gold are remarkably different from n=1-3
to n=4, as shown in Figure 1A-1D, respectively. The SAMs of
CnAzoC2 (n=1-3) exhibit qualitatively similar well-behaved elec-
trochemical response, which are attributed to a 2e-, 2H" reduc-
tion of azobenzene chromophores within the monolayer films.3-
510,11 However, we can found that: With increased chainlength
of terminal group, the huge peak separation between reductive
and oxidative waves becomes much larger, as well as the respec-
tive peak area.

As discussed in forthcoming papers,5 the large separation
between reductive and oxidative waves of the azobenzene
/hydrazobenzene redox couples suggests the sluggish electron-
transfer kinetics, which can be attributed to the following factors:
(1) The electron-transfer spacer between redox center and elec-
trode surface; (2) The close-packing SAM structure restricts the
structural conformational change of: the azobenzene unit which is
associated with both electron-transfer and protonation reactions.
This restriction may also lead to a decrease of the standard rate
constant. In the cases of CnAzoC2 SAMs, the effect of the dis-
tance seems to less predominate than the restriction to the con-
formational change.

For quantitative comparison, we calculated the surface reac-
tion rate constants of these SAMs according to a procedure de-
veloped by Laviron.1l The standard heterogeneous rate constant
of electron transfer can be obtained in a straightforward manner
from Eqn. 1 and 2 under totally irreversible conditions:
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where the notation v means the potential scan rate and R, T and
F have their usual meanings. For the respective slopes of the lines
E¢~In(v) and E;~In(v) are RT/(owF) and RT/((1-c)nF), the val-
ues of o and (1-o)n were thus obtained and substituted back in
Eqn. 1 and 2 to solve for k.

The logarithmic rate constants decrease significantly with
increased chainlength of terminal group, as shown in Figure 2.
For the alkyl chain spacer between redox center and electrode for
these SAMs is identical (see Scheme I and IT), such a decrease
of k, might be understood from structural point of view.
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Figure 2. Dependence of log kapp on the number of carbon
atoms involved in the terminal group of CnAzoC2 SAMs.

On the basis of above considerations, we calculated the sur-
face concentrations of azobenzene moieties for CnAzoC2 (n=1-3)
in respective monolayer.12 They were calculated by area inte-
gration of reduction/oxidation peak of corresponding cyclic
voltammogram assuming a two electron, two-proton reaction
mechanism 3-3 The order of I'cz (5.0) > Ty (42) > Ty
(3.8x10°10 mol/cm?) indicates that the packing density of
monolayers becomes much higher with the increasing of carbon
atoms in the terminal group. This was also supported by the
double layer capacitance data and the increasing barrier effects of
these SAMs on heterogeneous electron transfer of Fe(CN)g3-
/4~ in solution to the electrode.

In contrast to the electrochemical reactivity of CnAzoC2
(n=1-3) SAMs, the cyclic voltammogram of C4AzoC2 SAMs did
not show any discernible electrochemical waves (Figure 1D).
Actually, we have also studied the monolayers derived from
azobenzene molecules with much longer terminal groups, such as
C5Az0C2, C6AzoC2 and C8AzoC3 etc. The same phenomenon
was observed for all of these systems. The smallest double layer
capacitance and the greatest barrier effect on heterogeneous
electron transfer of the CnAzoC2 (n=1-4) monolayers suggest
that the C4AzoC2 SAM has the most tightly packed structure.
The surface concentration of C4AzoC2 SAM should be larger

Chemistry Letters 1996

than that of C3AzoC2 SAM, and is nearly comparable to al-
kanethiols adsorbed on Au, which is believed to form the most
closely packed and highly ordered monolayers on gold. As a re-
sult, the incorporation of charge-compensating ions (H") into the
azobenzene moieties of the SAM would be prohibited,13.14
which is responsible for the electrochemical inaccessibility of
azobenzene groups in C4AzoC2 SAM. Self-assembled
monolayers of CnAzoC2 (n=1-3) are more loosely packed with
more free volume and disorder than C4AzoC2 SAM on gold,
predominantly because of the nature of assembling propeOrties
affected by the molecular structure with different terminal groups.
This is reflected by that: the less carbon atoms in the terminal
group, the lower surface concentration of CnAzoC2 SAM.

In summary, CnAzoC2(n=1-4) molecules self-assemble
onto gold surface to form monolayers with different packing-
densities, which relates to the structural change and protonation
reactions of the azobenzene red-oxidation, and contribute to the
unique effect of terminal group on the apparent electron-transfer
kinetics. Furthermore, the work clearly shows the potential the
azobenzene SAMs as a model system, combining with molecular
designing method in investigating the electron-transfer and ion-
transportation within highly organized molecular assemblies.
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