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The electrochemical behavior of a.w-9.9'-dianthrylalkanes has been investigated ina 1:1
benzene-ACN mixture by cyclic voltammetry at a platinum electrode. The two successive
electron transfer reactions of dianthrylalkanes merge into a single wave with the difference in
cathodic and anodic peak potentials approaching that for a reversible one-electron transfer with
increasing length of the methylene chain. The wavelength of the 0—0 absorption and
fluorescence bands and relative fluorescence quantum yield were obtained. Electrogenerated
chemiluminescence (ECL) of the compounds in the presence of 10-methylphenothiazine (10-
MP) is also described.

Das elektrochemische Verhalten von a,w-9,9'-Dianthrylalkanen wurde an Platin in einem
Benzol-ACN-Gemisch mit Hilfe zyklischer Voltammetrie untersucht. Die beiden nacheinander-
folgenden Elektronentransferreaktionen der Dianthrylalkane verschmelzen zu einer einzigen
Welle, deren Potentialdifferenz von kathodischer zu anodischer Stromspitze mit ansteigender
Methylenkettenlinge dem eines reversiblen Ein-Elektroneniibergangs nahekommt. Die Wellen-
linge der 0—0-Absorption und Fluoreszenzbanden sowie die relative Fluoreszenzquanten-
ausbeute werden bestimmt. Die elektrochemische Lumineszenz (ECL) der Verbindungen in
Gegenwart von 10-Methylphenothiazin (10-MP) wird ebenfalls beschrieben.

Introduction

The problem of successive electron transfers to (or from) two or more
identical electroactive centers on a molecule has been studied in organic
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Experimental

The purification o ACN. the supportang electrol e, wwa-n-butylammonium perchiorare
(TBAP) und the general upparatus and procedures have been deseribed in Previous papees from
this luboratory [14]. The benzene w as distilied over preces of sodium metad and wis stored op o
vacuum hne over sodium-potussium allov. Solvents were directly transterred 1o the elee-
trochemical cell on avacuum line. The compounds iz = 2.4 6)were ssathesized by Shimada | !S)
Buanthryl (1 = 0 was synthesized by the method of Magnus ¢ al [16] and was puritied by
reerystallizations from chlorobenzene and glactal acetic acid

Cvelic voltammograms were obtained with 4 Princeton Applied Research Model 173
potentiostat system using positive teedback for iR compensation. The fluorescence and ECL
spectra were obtained with an Amico-Bowman spectrophotofluorometer whose spectral
response was calibrated by several standard fluorescent solutions [17.18]

Results and discussion
Voltammetry

The solubility of the compounds in ACN was too small to prepare
solutions of appropriate concentrations, so all of the studies reported here
were carried outina 1: 1 benzene-ACN mixture. The cyclic voltammograms
of n=0,2,4,6in0.1M TBAP-benzene-ACN mixture are shown in Fig. 1.
The # = 0 compound clearly showed two distinct one-electron waves with a
separation of the first and second formal potentials of about 270 mV. This
result shows that the repulsive energy between the two electrons in the anti-
bonding orbitals of each anthracene moiety is quite large compared with the
other compounds, as discussed below, but it is still small with respect to the
corresponding difference for anthracene itself [19, 20]. Moreover, the poten-
tial of the first reduction step for the n = 0 compound is well positive of that
of 9-methylanthracene in the same solvent (Table 1) which also indicates a
lowering of the energy of the anti-bonding orbital of an anthracene moiety in
bianthryl by electronic interaction with the other anthracene. Note that these
results are quite different from those reported by Hoijtink [21]. Considering
the above argument, the reaction mechanism can be formulated as in Egs. (1)
and (2):

A—A+e =47 — A (First wave) N
A7 —A+e‘-—>A‘—A‘(Secondwave) 2)

where 4 — 4 represents bianthryl.

For n = 2, the potentials for the two successive electron transfer reactions
are much closer together (100mV); the potential of the first wave is close, but
still positive of, that for the reduction of 9-methylanthracene. Williams et al.

waves of about 150 mV for the » = 2 compound. For n = 4 and n = 6, the
two successive electron transfer reactions are completely merged into a single
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Table 1. Elcctrofiomicdr i Miviog HCTITTC L, dd i o Yo R U s T TS NN
Compounds K. V£ 0o band o, mny
N\ olt (m\ ) — e -
o SCE absorption Nuoreseenee o AT
9-Methvl-
anthracene 2.08, 03 I8N RON e
n=0 197224007 60 20 - 1.2
n=1 2022 1200" ~63 393 403 0010
n=+4 212, 80 391 600 083
n==6 2.10 65 389 REN 1.20

3 Cathodic peak potentials.

® peak potential for second cathodic wave.
< Peak potential separation of first wave.
4 Relative fluorescence quantum vield.

second electron transfer by the separation between the waves. In general a
positive shift in the potential of the first reduction wave will be observed if the
two electrophores interact so as to cause a lowering of the energy of the lowest
antibonding orbital, as mentioned above. This situation is clearly observed
for the n=0 and n =2 compounds, with the interaction of the n=2
probably occurring *‘through space™ rather than through the methylene
chain. The potentials for the first waves of the n =4 and n = 6 compounds
are very close (and even slightly negative of) that for 9-methylanthracene.
indicating that the two electrophores in these molecules are completely
independent.

For the second electron transfer (formation of the dianion) energy for the
coulombic repulsion between the two electrons in each electrophere is the
major source of the difference in potentials between the first and second
waves for the molecules which have two independent moieties (n = 4 and
n = 6). This repulsion energy seems to be negligibly small for the n = 6 species.
For example, if two negative charges are localized at the ends of a methylene
chain of n = 6, the distance between them is about 9 A. This leads to a static
repulsion energy of about 0.05eV in a medium with a dielectric constant of
30. Considering that the actual charge distribution in the anthracene ring is
delocalized, the actual repulsion energy should be much smaller than the
above value. For this reason the successive electron transfer reactions should
occur with no difference in energy for n = 6 as observed experimentally. Note
that this lack of interaction on the time scale of the heterogeneous electron
transfer to the electrode does not preclude rapid intramolecular electron
transfers in the radical anions (at a frequency of 10° to 10°s™ ') as has been
observed in related compounds [15].
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Fig. 2. Fluorescence spectra (corrected) at room temperature of a.w-9.9'-dianthrylalkanes. with
n=0.2.4.6. 2 to 3x 1073 M solutions in benzene-acetonitrile (1:1 by volume)

compounds described here occurs, the stability of the radical cations of
dianthrylalkanes was too low the obtain ECL spectra without com-
plications due to decomposition reactions. For example, the ECL observed
for the n = 2 compound spectrum showed long wavelength bands of variable
relative intensity similar to the ECL found with anthracene {31]. This
instability of the radical cations also prevented a voltammetric study of the
oxidation of these compounds. For ECL experiments instead of the
generation of the radical cations of the parent molecules as oxidants, 10-
methylphenothiazine (10-MP), which oxidized at 0.72V vs. SCE, was
employed. ECL was obtained for all of the compounds (n = 0,2, 4,6); the
ECL spectra were almost identical to the fluorescence spectra of the
dianthrylalkanes shown in Fig. 2. No enhancement of the intramolecular
excimer band was observed even in the n = 0 and 2 compounds which show
excimer bands in the fluorescence spectra.
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