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Novel Luminescent Platinum(n) Complexes. Photophysics and Photochemistry of
Pt(5,5'-Me,bpy)(CN), (5,5’ -Me,bpy = 5,5'-Dimethyl-2,2'-bipyridine)

Chi-Ming Che,* Kam-To Wan, Li-Yan He, Chung-Kwong Poon, and Vivian Wing-Wah Yam
Department of Chemistry, University of Hong Kong, Pokfulam Road, Hong Kong

The Pt(5,5'-Me,bpy)(CN), complex (5,5’ -Me,bpy = 5,5'-dimethyl-2,2’-bipyridine) displays intense photoluminescence
in fluid sotution (emission maximum, 502 nm; 1o, 6.3 us) at room temperature; the excited nz* triplet of
Pt(5,5'-Me,bpy){(CN); is a powerful one-electron oxidant (E°, ~1.0V) and reductant (E° < —1.5V vs. AgNO3/Ag) which
undergoes oxidative and reductive quenching with inorganic and organic substrates.

Transition metal complexes which are strong oxidants and
reductants in excited states have important applications in
photo-chemical energy storage reactions! and in the study of
Marcus electron transfer theory.2 Despite recent advances in
inorganic photochemistry, there are few examples of highly
emissive metal complexes which are co-ordinatively unsat-
urated and have high energy and long-lived excited states in
fluid solutions. In designing new photo-catalysts, we are
interested in the 16e- four-co-ordinated platinum(it) com-
plexes because of recent works on [Pt,(P,OsH,)4]*~.3 We
describe here the photophysics and photochemistry of Pt(5,5'-
Me,bpy)(CN), (5,5'-Mebpy = 5,5'-dimethyl-2,2'-bipyri-
dine). The resultillustrates that a new class of relatively simple
luminophores, Pt(L-L)(CN), (L-L = aromatic di-imines) are
good sensitizers for photoredox reactions.*

The Pt(5,5'-Me,bpy)(CN), complex was prepared by the
reaction of Pt(CN),xH,O and 5,5-Mesbpy in refluxing
dimethylformamide (DMF). The complex is an orange-yellow
solid which gave satisfactory elemental analyses and shows
two v(C=N) stretches at 2150 and 2140cm~!. In DMF,
electrochemical reduction of the platinum complex is revers-
ible. Two reversible one-electron couples (AE, ~ 60—80mV,
ipa/lpo = 1 for scan rates of 50—200 mVs—1) occur at potentials
of —1.59 and —2.23 V vs. Ag/AgNO; (0.1 M). With reference
to previous electrochemical works# on other metal-2,2’-bipyri-

dine (bpy) complexes; the electrode reactions are ligand-
centred, irreversible oxidation of the Pt complex occurs at
~1.1V.

Pt(5,5'-Me,bpy)(CN), + e~ —
Pt(5,5'-Me,bpy~)(CN),,E° = ~1.59V

Pt(5,5'-Me,bpy~)(CN), + e~ —
Pt(5,5'-Me,bpy2-)(CN),, E° = —2.23V

The absorption spectrum of Pt(5,5'-Me,bpy)(CN), in
acetonitrile (Figure 1) is featured by an intense vibronic
structured band centred at 320nm (¢ = 1.6 X
104 mol-* dm3cm~1), which is the internal ligand m — m*
transition. There are also some weak absorptions at 350—
400nm. At room temperature, excitation of Pt(5,5'-
Me,bpy)(CN), at 320—360nm in acetontrile leads to an
emission at 502 nm with resolved vibronic bands at 470 and
535nm (Figure 2). The quantum yield of the emission in
acetonitrile is ~10-3 ([Pt] ~ 10-4Mm). The spacings between
the vibrational levels are 1300—1400 cm—1, which correspond
to the C=N and C=C stretches of the aromatic di-imine ligand
in the excited state. The lifetime (t) of the emission depends
on the concentration of the Ptl! complex. A linear Stern—
Volmer plot of 1/t vs. [PtlI] was found with t, (lifetime at
infinite dilution) and k4 (self-quenching rate constant) being
6.3 pus and 4.8 x 109mol~1 dm3s—1. We assign the emission to
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Figure 1. Absorption spectrum.

1 L 1 A i J
450 500 550 600 650 700
A/nm
Figure 2. Emission spectrum,
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Scheme 1

be due to the excited mn* triplet state, with its lifetime and
emission intensity being perturbed by the Pt! ion.

Taking the spectroscopic and electrochemical data, the
excited state redox potentials [V vs. Ag/AgNO; (0.1M)] can
be estimated, as illustrated in Scheme 1.

Thus the zn* triplet is a good reductant and an extremely
powerful oxidant having E° of ~1.0V vs. Ag/AgNO;[~1.6V
vs. Normal hydrogen electrode (N.H.E.)]. In fact, there are
few inorganic photo-oxidants which are long-lived and with
excited potentials greater than 1.6 V vs. N.-H.E.6
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Experimentally, we have demonstrated both oxidative and
reductive quenching of the nm* excited state by methyl
viologen (MV2+) and N,N,N’,N’-tetramethyl-p-phenylene-
diamine (TMPD) respectively, with the respective quenching
rate constants of 1.78 x 108 and 2.90 x 1010M-1s-1 in
acetonitrile. Flash-photolysis experiments provided spectro-
scopic evidence for the MV+* (A, ~ 395,605nm) and
TMPD+* (Apax. ~ 605 nm) intermediates, suggesting that the
quenching reactions are electron-transfer in nature, as rep-
resented by equations (1) and (2). The nature of the
photogenerated  [Pt(5,5-Me,bpy)(CN),]* is  uncertain;
however, we tentatively assign it to be a Pt!Il species. The
MV+ and [Pt(5,5'-Me,bpy)(CN),]* undergo rapid back
reaction [equation (3)] with diffusion controlled rate (k3 ~
109M~1s-1),

k
Pt + MV2+ —— 5 MV+ + [Pt(5,5'-Mesbpy)(CN)2]* (1)

k
Pt* + TMPD — TMPD* + [Pt(5,5'-Me;bpy=)(CN),]- (2)

k
MV+ + [Pt(5,5'-Mebpy)(CN),}+ —
MV2+ 4 Pt(5,5'-Mesbpy)(CN),  (3)

Quenching of the nn* excited triplet of PtI}(5,5'-
Me,bpy)(CN), by organic halides has also been observed. The
respective quenching rate constants for CHl, C,HslI, and
(CH;),CHI are 1.6 x 107, 1.5 x 107, and 2.2 x 107 M~1s-1
respectively. The relatively small difference in quenching
rates between primary and tertiary alkyl iodides suggests an
electron transfer mechanism for the quenching reactions.

Pt* + RI — [Pt(5,5'-Me,bpy)(CN),]* + RI-

From these and related experiments, it is apparent that
fPt(5,5’-Me,bpy)(CN),] exhibits rich photoredox chemistry.
An extensive study on the photoredox properties of this class
of compounds should allow suitable design of new photocat-
alysts and further experiments on the reactivity of the excited
state are in progress.
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