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Replacement of two NH groups of the porphyrin in meso-tetraphenyl-
porphinato core by two S atoms shifts the oxidation potential to the
positive direction and increases the photocurrent quantum yields of the
Al/Porphyrin/Ag cells. The previously observed correlation between the
ease of oxidation of porphyrins and the higher quantum yields was con-
firmed in a series of para- substituted tetraphenyldithiaporphyrins.

Effects of the central metal and peripheral substituents on the photovoltaic or
photoelectrochemical properties of porphyrins have been extensively studied to build
more efficient devices sensitized by the porphyrins for conversion of the solar energy
into electric and/or chemical energy. We previously reported a parallelism between
the quantum yield and the oxidation potential found in two series of porphyrins: one
with the same skeleton and different central metals and the other with the same central
metal and modified skeletons. In other words, the more easily oxidized macrocycles ex-
hibit the higher quantum yields.

In this paper we present effects of heterosubstitution in tetraphenylporphinato
core and of peripheral substitution for para-substituted tetraphenyldithiaporphyrins
[(p-X)SzTPP] on the photocurrent quantum yields.

The (p-X)SzTPP used are shown in Fig. 1, which were prepared as described in refer-
ence.s) An Al/Porphyrin/Ag sandwich system was used for measurement of the photocurrent
quantum yields of sublimed microcrystalline films of the porphyrins. Film thickness of
the porphyrins (about 100 nm) was measured with an Inficon XTM thickness monitor.

In Table 1 the photocurrent quantum yields with the oxidation half-wave potentials

are given for (p-X)SzTPP, where X=CH H and Cl, and the data for para-substituted

’
tetraphenylporphyrins [(p-X)HzTPP] aie included for comparison.

The replacement of two NH groups by two S atoms shifts the oxidation potentials of
the porphyrins to more positive values but increases the photocurrent quantum yields.
Thus SzTPP are more efficient than HZTPP, though the former are more difficult to oxidize
than the latter. This may be attributed to a combination of the packing of porphyrin
molecules and the extent of n-71 overlap between the porphyrin rings, which facilitates
the energy and electron transfer as assumed previously.1 Probably the nonplanar struc-
ture of the photo-generated cation radicals (SZTPPT) is related with the finding that
S, TPP are more efficient than H ,TPP. Ulman et aZ.G)found a similarity between the opti-

2 2
cal absorption spectrum of cation radicals of Se,TPP and that of porphyrin diacids.
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a)Quantum yield is defined as the number of the
electrons produced per photon absorbed by the
porphyrin filmb?t low light intensities (about
0.1 mi/dn?). "’ oxidations at Pt in CH,Cl, with
0.1 M tetrabutylammonium perchlorate.

Fig. 1 Para~substi-
tuted tetraphenyldi-
thiaporphines used.

Fig. 2 Semi-log plots of the
photocurrent quantum yields wvs.
the half-wave potentials of the
first ring oxidation reactions
and the substituent constants.

Hence they concluded a similarity in structures of SezTPPT and the porphyrin diacid. The

nonplanar conformation of the porphyrin diacids

had been already determined by X-ray
7)

analysis. In meso-tetraphenylporphine diacid the pyrrole rings are tilted alternately

Similar inference
may be applicable to SZTPPT, because the absorption spectrum of SZTPP?L resembles that of

+ 8)
SezTPP . 2

averlap between the pvrrole and the phenyl rings than the structure of HQTPPT. The en-

up and down, and the phenyl rings rotate toward the porphyrin plane.

Then the nonplanar conformation of S TPP?T will result in a much larger 7-T
hanced conjugation of the phenyl substituents with the porphyrin ring facilitates the
ele¢tron and energy transfer between neighboring molecules. Consequently, even if the
structure change of SZTPPT is small in solid films of the porphyrins, it brings about

an increase of photocurrents and the quantum yields.

Figure 2 shows that the photocurrent quantum yields correlate exponentially with the
first ring oxidation potentials of (p—X)SZTPP and also with the substituent constantsg)
for the Hammett linear free-energy relationship.

Electron-donating substituents lower the oxidation potentials of the porphyrins and
increase the photocurrent quantum yields. These results further support the previously
observed correlation between the ease of oxidation of the porphyrins and the higher quan-

tum yields.
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