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The control of interfacial electron transfer reactions at mono-
layer-modified electrodes attracted extensive research éffbrts

recently. Densely-packed monolayers assembled onto electrode

surfaces perturb the electrochemical communication with redox-
active compounds solubilized in the electrolitghere charged
monolayers induce the electrostatic control of interfacial electron
transfer with charged electroactive substr@tesThe electron
transfer rates within redox-active monolayers were shown to

depend on the distance separating the electroactive group from

the electrodé. Receptor-functionalized monolayer electrodes
were used to control electron transfer at the electrode interface

by complementary association of the substrate to the receptorP?

monolaye® For example, #-cyclodextrin monolayer-modi-
fied electrode was applied to concentrate a ferrocene electro-

active substrate at the electrode surface by its association to

the receptor cavit§. The chemistry of doneracceptor com-
plexes formed between xanthene dyes &hW'-dialkyl-4,4-
bipyridinium salts was characterized by us in the solid state
and in solutior?. The xanthene dyesbipyridinium complexes
are stabilized by charge transfer amd . interactions as well

as electrostatic attraction and exhibit association constants in
the rangeK, = 10°—10* M~1. By utilizing the photoisomer-
izableN-methyHN'-[4-(phenylazo)benzyl]-4,4ipyridinium elec-
tron acceptor X), photostimulated formation and dissociation
of the donor-acceptor complex with the eosin dyg) (were
demonstrated. The cis-azobenzenebipyridinium electron ac-
ceptorlb exhibits high affinity for2, while thetrans isomer
laassociates only weakly to eosin The increased affinity of
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Scheme 1. Assembly of an eosin monolayer on Au-surfaces
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1b to eosin was attributed to the high dipole moment (ca. 3.0
D) of the cis-azobenzene unft. Here we wish to report on the
hotostimulated interactions of the azobenzepipyridinium
electron acceptofl with an eosin monolayer-modified Au-
electrode. The photoinduced formation and dissociation of the
supramolecular complexes betwekand the eosin monolayer
are transduced as amperometric or quartz-crystal-microbalance,
QCM, signals. The systems represent a means for the ampero-
metric or QCM transduction of recorded optical signals.

The eosin monolayer was assembled on a Au-electrode or a
Au-electrode associated with a quartz crystal (9 MHas
outlined in Scheme 1. A primary cystamine monol&yevas
assembled on the Au-electrode and was further modified with
eosin isothiocyanate] to yield the eosin-modified monolayer.

By following the frequency changes of the quartz crystsf)) (
upon the stepwise modification of the electrode, we estimate
the surface density of the eosin units on the Au surface to be
6.63 x 107 mole cn12.

Figure 1(A) (curve a) shows the cyclic voltammogram of the
transisomer (La), in the presence of the eosin-modified mono-
layer electrode. Figure 1(A) (curve b) shows the cyclic
voltammogram of thecis isomer (b) in the presence of the
eosin-modified electrode. Figure 1(A) (curve c) shows the
cyclic voltammogram ofla in the presence of a bare, unmodi-
fied, Au-electrode. An identical voltammetric wave was
observed forlb in the presence of the unmodified electrode.
These results indicate that the amperometric responséa of
and 1b, corresponding to the one-electron reduction of the
bipyridinium units, are enhanced as compared to those of the
systems that include the bare electrotfe3hese results suggest
that the eosin monolayer concentratesor 1b at the electrode
interface due to the formation of a doneacceptor complex
between the xanthene dye and the bipyridinium units. Con-
centration of the electron acceptor at the electrode surface
increases the voltammetric response as compared to that of the

~ (9) Cohen, Y.; Levi, S.; Rubin, S.; Willner, J. Electroanal. Chenl996
in press.

(10) Katz, E.; Solov'ev, A. AJ. Electroanal. Chem199Q 291, 171.

(11) To correlate the frequency changd, with the mass changém,
on tlhedcrystal, the Sauerbrey equatith= (—2.3 x 107%)f,2(AnvA) was
applied.

(12) The cyclic voltammograms dfaand1b (4.1 x 10-6 M) at cysteic
acid-, cystamine-, or mercaptoethanol-modified Au-electrodes were similar
and resemble the cyclic voltammogramsiafor 1b at a bare electrode.
These results suggest that electrostatic or hydrophobic interactions cannot
account for the different association featureslafor 1b to the eosin
monolayer. The eosin monolayer-modified electrode reveals, however, the
concentration effect oN,N'-dimethyl-4,4-bipyridinium (methyl viologen)
as compared to a bare Au-electrode. This indicates that associatien of
or 1b to the eosin monolayer electrode results from a specific interaction
between the xanthene dye and the bipyridinium units.
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Time / s Figure 2. (A) Cyclic amperometric responses of the eosin-monolayer
Figure 1. (A) Cyclic voltammograms of (ala (4.1 x 106 M) and Au-electrode upon photoisomerization of the guest substrate: in the
(b) 1b (4.1 x 1076 M) at an eosin-modified Au-electrode and (& presence off{) laand @) with 1b. Data extracted from the cathodic

(4.1 x 108 M) and (d) 1b (4.1 x 10°® M) at a bare non-modified peak currents of the cyclic voltammograms wifla] and [Lb] = 1 x

Au-electrode. All experiments were recorded in 1 mM aqueous KCI 107° M. laor 1b was photogenerated in the elec_trolyte solution in the
solution at a scan rate of 50 mVs A gold wire working electrodeX absence of the monolayer electrode. (B) Reversible frequency changes

~ 0.2 cn?) and SCE reference electrode were used. (B) Frequency of the eosi_n-modified QCM upon photoiesomerization of the guest
changes of the eosin-modified quartz crystal in the presence ah(a)  Substrate: in thf presence d)(1a (5 x 10°°M) and 1 mM KCl and
(1.82 x 1075 M) and (b)1b (1.82 x 10°5 M). Data recorded by the ~ (©) 1b (5 x 107° M) and 1 mM KCl. Data were recorded in a QCM

injection of 100uL of a concentrateda or 1b solution into the QCM cell equipped with a flow systema or 1b was produced photochemi-
cell that includes 1 mL of water. cally in an external reservoir and pumped into the cell for each of the

measurements. Between any two measurements, the QCM electrode
unmodified electrodes. The amperometric response ofithe was washed wit a 1 mM KCl solution.
azobenzenebipyridinium electron acceptodb) is substantially ) ] o ]
higher than that of theansisomer (@). The higher ampero- ~ €xperiment is pgrformed at zero ionic strength in contrast to
metric response of the eosin-monolayer electrode in the presencéhe electrochemical experiments where the electrolyte concen-
of 1b is attributed to the higher association constantisf- tration is [KCI]= 1 x 107 M. As the association constant of
azobenzene-bipyridiniunib) to eosin® The higher association ~ the donot-acceptor complex is strongly dependent on the ionic
constant oflb to the monolayer components increases its Strength, we attribute the lack of switchable frequency changes
concentration at the electrode interface as compared to that ofin the QCM experiment to the tight association Idf to the
la The amperometric responses of the eosin-modified electrodemonolayer. Indeed, when the QCM experiment was performed
can be reversibly cycled by photochemical isomerizatiof.of ~ at the identical conditions employed in the electrochemical

In the presence dfb, generated by a Nd-Yag pulse irradiation €xperiments, [KCl]= 1 x 107* M, reversible piezoelectric
(A = 355 nm) of thela in the electrolyte solution, a high transduction of the formation or dissociation of the supramo-

amperometric response is observed. Irradiation of the  lecular complexes betwedrand the monolayer-modified crystal
solution ¢ > 420 nm (150 W Xe lamp)) givesa and results ~ Was detected (Figure 2(B)). In the presencelafa minute

in a low amperometric response of the electrode. Further frequency change is detected, implying thatis almost not
isomerization of thela-electrolyte solution { = 355 nm)  associated with the eosin monolayer. Photoisomerizaficn (
restoreslb and the high amperometric response of the eosin- 355 nm) oflato 1byields a frequency decrease indicating the
monolayer electrode. Figure 2(A) shows the cyclic ampero- association oflb to the monolayer. Note, however, that the
metric responses of the modified electrode upon reversible frequency change at this ionic strength is odly = 9 Hz

isomerization of the electron acceptor between stateand (corresponding to a surface density of 9:680-** mole cnv?).

1b. Thus, the association db to the eosin monolayer is perturbed
The different association propertiesigfand1b to the eosin- ~ Upon increasing the ionic strength of the medium.

modified monolayer are clearly evident from the QCM experi-  In conclusion, we demonstrated that an eosin-monolayer-

ments shown in Figure 1(B). The frequency change of the modified electrode or quartz crystal proyides a}ctive i'nterfaces
quartz Crysta| in the presencemis minute (Curve a)’ |mp|y|ng for the_amper(_)metr_lc .Or QCM transduction of |Ight-St|mU|ated
very little association ofla to the monolayer. The frequency formation or d|s§00|at|on of supramolecular c_omplexes formed
change of the crystal in the presencelbfis high, implying a at the functpnahzed surfaces. The_ assemblies represent novel
substantial mass change as a result of its association to theoptoelectronic systems for the physical transduction of recorded
monolayer. From the frequency changsf)(we estimate the  optical signals.

surface densid} of 1b in the monolayer array to be 6.64
10-%mole cnT2. Photochemical isomerization tfi (A = 355

nm) in the presence of the eosin-monolayer-modified quartz
crystal results in the observed frequency decrease. NonethelesslA960172P

upon cyclic photoisomerization of the electron acceptor between (13) Interaction of the bare QCM crystal witta or 1b (182 x 105

statesla and 1b, the crystal frequency could not be switched ;) gid'not yield any noticeable frequency changag+ +2 Hz), indicating
between the two valué$. Note, however, that the QCM that no adsorption ofaor 1b to the bare crystal occurs.
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