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Long-range electron transfer involving transition
metal complexes has been investigated extensively
during recent years [1]. In this context it is of
interest if intramolecular electron transfer between
remote redox centers can occur also by direct optical
excitation. This process requires the occurrence
of charge transfer (CT) absorptions which belong
to electronic transitions from the electron donor
to a distant acceptor. The CT interaction between
donor and acceptor may be facilitated by through-
bond interaction even if donor and acceptor are
separated by more than one bond. While systematic
studies of organic systems were carried out quite
recently [2, 3] much less is known about CT inter-
action between remote redox centers of inorganic
molecules.

The majority of intramolecular optical CT transi-
tions of metal complexes involves donors and accep-
tors which are directly connected by chemical bonds
[4]. These are metal to ligand CT (MLCT) and
ligand to metal CT (LMCT) transitions [4]. In addi-
tion, optical CT transitions between redox centers
are known which are separated by one intervening
metal or ligand. Binuclear complexes of the type
Mpeq—L—M,x with a bridging ligand L are charac-
terized by metal to metal CT (MMCT) absorptions
[4] while the electronic spectrum of mononuclear
complexes Lyoq—M—Lyx which contain a reducing
and an oxidizing ligand display ligand to ligand CT
(LLCT) bands [5].

There seem to be only two reports on intramolec-
ular optical CT between redox centers which are
separated by more than one ligand or metal. A
MMCT band was identified in the absorption spec-
trum of a trinuclear complex of the type Mpeq—
L-M—L-M,, [6]. For a complex of the general
composition Myegq—L-M—-L,, evidence for the
appearance of a MLCT band was obtained [7]. In
this case donor and acceptor are separated by a
ligand and a metal.

The present study adds further evidence to the
occurrence of long-range optical CT transitions in
metal complexes. It is anticipated that optical CT
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involving even more distant redox centers will be
discovered in the future.

The trinuclear complexes [(bipy)H,0)Pt"-NC—
MY(CN),—CN—PtX(bipy)(H,0)] with bipy =2,2-
bipyridyl and M=Fe, Ru and Os were prepared
by the reaction of aqueous solutions of [Pt(bipy),]-
(C10,4), [8] with K4[M(CN)¢] [9] according to
the stoichiometry

2[Pt(bipy)2]** + [M(CN)s]* ™ + (n + 2)H,0 —>
{[(bipyX(H;0)PtNC] 2M(CN), }nH0 + 2bipy

This substitution reaction is certainly facilitated
by the kinetic lability of one bipy ligand in the
complex cation [Pt(bipy),]** [8]. The neutral
trinuclear complexes precipitated as insotuble sub-
stances which were washed with hot water, ethanol,
acetone and ether and obtained as analytically
pure powders. The red—brown iron complex crys-
tallized with four molecules of water (n=4). For
the orange Ru complex n was 8. The orange Os
complex did not contain crystal water (n = 0).

The formation of cyanide bridges in the trinuclear
complexes was confirmed by the IR spectra in the
region of the stretching vibrations of the cyanide
ligands. The spectra display lower-frequency bands
below 2100 cm™* which are indicative of terminal
cyanides and higher-frequency absorptions above
2100 cm™ which are consistent with the presence
of cyanide bridges [10-12]. They appear at 2085
and 2120 cm™ for M = Fe, at 2090 and 2140 cm ™!
for Ru and at 2088 and 2136 cm™ for Os.

The electronic absorption spectra of the trinuclear
complexes could not be measured in solution since
these compounds are completely insoluble in all
solvents. Spectra were obtained by scattered trans-
mission spectroscopy of aqueous suspensions of
the solid samples and recorded in absorbance versus
wavelength. The spectrum of the trinuclear com-
plexes are dominated by intense long-wavelength
absorptions at Ap,, =475 nm for M = Fe (Fig. 1),
410 nm (Ru) and 428 nm (Os). The intensity of
these bands is estimated to be approximately e~
10% at the absorption maximum. This estimation
is based on the comparison with the intraligand nn*
absorptions which appear at 325 and 339 nm (Fig.
1). Other bipy complexes of Pt(Il) are also charac-
terized by these intraligand wa® bands [13]. The
intense long-wavelength absorptinns of the trinuclear
complexes  [(bipy }(H,0)Pt"-CN—M"(CN),~CN—
Pt (bipy)(H,0)] are assigned to the MLCT transi-
tions from M(II) to the bipy ligands which are co-
ordinated to Pt(Il). This assignment is based on the
following considerations. The MLCT band moves
to higher energies from M = Fe to Os and Ru since
M(II) becomes increasingly reducing in this series:
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Fig. 1. Absorption spectrum of [(bipy)(H,0)Pt—-NC-
Fe(CN)4—~CN—-Pt(H,0O)(bipy)] at room temperature; ab-
sorbance in arbitrary units.

E{;2=0.19 V versus SCE (Fe(CN)¢*™), 040 V
(Os(CN)¢*7), and 0.70 V (Ru(CN)¢*7) [14]. The
mononuclear components of the trinuclear com-
plexes do not absorb strongly in the region of the
M(IT) to bipy LMCT bands. The hexacyano anions
[M(CN)g]*~ absorb only below 300 nm [9]. The
other mononuclear component [Pt(bipy)(H,0)-
(NC)]* is not known. However, the spectra of [Pt-
(bipy),]** and [Pt(bipy)en]?* with en = ethylene-
diamine may be taken for comparison. These com-
plexes do not show any intense absorptions above
380 nm [13].

In conclusion it has been shown that the electronic
spectra of the trinuclear complexes [(bipy)(H,0)-
Pt NC—M(CN);—CN—Pt"(H,0)(bipy)| are charac-
terized by an intense MLCT band which involves
an electronic transition from the reducing M(II)
to the bipy ligand. This CT between remote redox
sites may be facilitated by through-bond interaction
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via the intervening bridging cyanide and the Pt(II)
metal center.
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