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Abstract

Spectroscopic and photoelectric properties of phthalocyanine (Pc), tetranaphtyloporphyrin (TNP) and merocyanine (Me) and the
mixtures have been studied. Dyes dissolved in polyvinyl alcohol in dimethylsulfoxide were immersed in a semiconducting/metallic
photoelectrochemical cell. Absorption, fluorescence and photoacoustic spectroscopies have been used as methods to follow deactiva
pathways of radiative and non-radiative processes of excited states as a competitive processes to charge separation process. The depen
of photovoltage signal on excitation wavelength (photovoltage action spectrum), kinetics of photocurrent rise and decay in second tim
scale have been presented. Electric parameters of the photoelectrochemical cell with dyes (conductivity, capacitance) and their mixtures
the dark and upon illumination have been estimated. It was shown that all investigated dyes are able to generate photosignal but the value
photocurrent generated were dependent on the dye used in the experiment. The complexity of photoconversion processin the electrochem
cell fulfilled with the dye mixtures has been discussed. The presence of Me dye was found to improve TNP photovoltaic effect, wherea
weak enhancement of photoeffects were observed in photoelectrochemical cell based on Me and Pc. This different tetraphenyloporphy
and Pc conversion effectiveness in the presence of Me was discussed in aspects of various mechanisms of interaction between dyes. It
been indicated that dye aggregation, energy transfer, charge recombination and other processes can lead to improvement or inhibitior
the photovoltaic effects and of the conversion effectiveness depending on the composition of dyes embedded in an electrochemical ct
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction Porphyrins resemble Pc in their structure and contain four
pyrrole rings linked by methine carbon bridges, whereas

Porphyrins, phthalocyanines (Pc) and merocyanines (Me) Pc are composed of four indole units (pyrrole ring conju-
are synthetic organic dyes which can find a lot of applications gated with benzene ring). A large group of Pc and porphyrin
in photodynamic therapy of cancer, in laser technology, as derivatives can be chemically made by attaching the periph-
radiation power indicators and as photosensitizators in light eral group to the outer ring of the isoindols and methine
to electric energy conversion process. bridges, respectively. Me differ from porphyrins and Pc in its
In our previous investigations [1,2] and in other papers chemical structure. The differences in the molecular struc-

it has been shown that some organic porphyrin dyes andture of dyes lead to the distinct photophysical properties.
their chemical analogues [3,4] can be attractive candidatesPorphyrin, Pc and Me are characterised by significant visible
for photovoltage/photocurrent signal generation when em- light absorption but each dye absorbs in different spectral
bedded in a specially constructed semiconducting/metallic region and covers only part of solar light spectrum. Thus the
electrochemical cell. use of a mixture composed of various dyes instead of one
dye will cover almost whole solar spectrum and could lead

to improvement of the photovoltaic effects in an electro-

- chemical cell and in consequence the effectiveness of solar
*Corresponding author. energy conversion.
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phthalocyanine (MgPc) and Me and their various com-
positions: MgPc-Me, MgTNP-Me, MgTNP-MgPc and
MgTNP-MgPc—Me when dissolved in polyvinyl alcohol-
dimethylsulfoxide (PVA-DMSOQO) solution and then em-
bedded in an electrochemical cell. Photovoltaic signal as a
function of excitation wavelength in the range of dye ab-
sorption (photovoltaic action spectrum) and kinetics of pho-
tocurrent rise and declining in the second time range were
monitored. Electric parameters of systems in the dark and
under illumination were determined from current-voltage
characteristics. Photoelectric and electric measurements
were accompanied with spectroscopic studies to follow the
fate of energy absorbed by dyes. In such investigation the
radiative and non-radiative processes of the dye molecule
excited states deactivation as competitive processes with
respect to charge separation can be followed. Absorption,
fluorescence and photoacoustic spectroscopies have bee
used to find deactivation pathways which compete with
charge separation process and to establish interaction be
tween dye molecules (aggregation, energy transfer (ET),
etc.) which can influence the effectiveness of photoconver-
sion. The kinetics of photocurrent was found to be depen-
dent on dye composition and possible processes leading tc
the improvement (or inhibition) of photoconversion in the
electrochemical cell with dye mixture are discussed.

2. Materials and methods

MgPc

MgPc and MgTNP dyes have been synthesised and their
purity checked according to the methods described in [5-9].

NO
The synthesis of Me used in this paper was described ’
in [10]. Molecular structures of dyes used in this paper L
are shown in Fig. 1. Dyes were dissolved in PVA with HO - CCHg)u‘—NQ CH—CH Q OH
DMSO. S

Absorption spectra have been monitored with Specord 40
(Carl-Zeiss, Jena) in the range 350-800 nm. Steady-state flu- Me
orescence spectra were collected with a standard home-mad
apparatus for the dye — PVA/DMSO solution in quartz
cuvette (in the range 450-800 nm depending on the dye).
Photoacoustic measurements (in the range 350-800nm)
were done with one beam spectrometer described else-
where [11]. One modulation frequeneyl2Hz was used  dependence of photovoltaic signal as a function of excitation
at the constant phase shiip = —80grad. The sample  wavelength), kinetics of photocurrent in the short circuit,
was embedded in a photoacoustic cell and the signal wascurrent—voltage characteristics (V). Photovoltaic action
detected with a very sensitive microphone. The black-body spectra were corrected for a number of incident photons.
was used to correct photoacoustic spectra for device Dye concentrations were I®M for fluorescence mea-
response. surements. The 16 M samples were used for absorption,

For photovoltaic and photocurrent measurements dyes inphotoelectric and (V) measurements in electrochemical
PVA with DMSO (PVA/DMSO) were immersed in a sand- cell. A stock solution of 103M was used for dye mix-
wich-like photoelectrochemical cell constructed with semi- tures. The following dye mixtures in PVA/IDMSO were
conducting (InOs) and gold (Au) electrodes distanced with prepared: MgTNP-Me, MgPc-Me, MgTNP-MgPc and
60pm Teflon spacer. The scheme of photovoltaic arrange- MgTNP—-Me—MgPc in various ratios: 1:1, 2:1 and 1:2
ment is described in [12,13]. The following measurements (v/v). Composition of three dyes: MgTNP—-Me—-MgPc
have been done with automatic Potentiostat—Galvanostatwas prepared from stock solution in proportion of 1:1:1
(Compex 2, Poland) device: photovoltaic action spectra (the (v/v/v).

Eig. 1. Chemical structure of tetranaphtyloporphyrin (MgTNP), phthalo-
cyanine (MgPc) and Me used in the experiment.
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3. Results by kinetics of photocurrent rise and declining in second
time scale as shown in Fig. 4B-D. All photocurrent signals
3.1. TNP, Pc and Me are recalculated taking into account numbers of incident

photons and they can be compared directly one to each

Fig. 2 presents the absorption spectra of magnesiumother. Moreover, the highest photocurrent was obtained in
tetranaphtyloporphyrin (MgTNP), magnesium phthalocya- the electrochemical cell with MgTNP and it reaches almost
nine (MgPc) and Me in PVA/DMSO solution. MgTNP 100 nA, the twice lower signal is observed for MgPc and
shows very intensive Soret band in the range of about Me gives very low, noisy signal which approaches merely
426 nm and less intensive Q-bands in the long wavelength10 nA. For other porphyrins with metal incorporated in the
region. Me absorption spectrum is very broad and is ex- core and dissolved in liquid crystal and monitored under the
tended from about 400 to 600 nm. Two bands with maxima same condition the photocurrent signal was found to reach
at 446 and 514 nm arrive. Pc is a dye whose Soret band isvalue of ca. 40 nA [1-3,15]. In the paper dealing with other
shifted to the short wavelength region (up to almost 350 nm types of Me this value was found to be ca. 1 nA [16]. Pho-
— not shown) and the last band in the “red” region is clearly tocurrent measurements have been performed with white
seen at about 671 nm. The difference between dye spectrdight as a source. It allows us to compare the results of pho-
is due to the existence of pyrrole rings and indole groups tocurrent generation for only one dye in the electrochemical
in porphyrin and Pc, respectively. Fig. 2A shows that the cell with those for the dye mixtures.
absorption regions of the dyes used in the experiment cover Current—voltage characteristics are shown in Fig. 5 for
almost the spectral distribution of the visible light. investigated dyes in the electrochemical cell in the dark

Fluorescence spectra of MgTNP, MgPc and Me shown and after illumination. The character of the I(V) loop for
in Fig. 2B unambiguously indicate intensive fluorescence MgTNP and MgPc is as expected and found previously in
of all dyes. Me is characterised by one broad band with our previous papers for porphyrins in nematic liquid crystal
maximum at 575 nm, whereas MgTNP and MgPc have two [1,2]. The I(V) dependence for Me differs very markedly
bands at 625 and 668 nm as well as at 692 and 748 nm,from that obtained for other dyes studied. On the basis of
respectively. Moreover, the analysis of absorption and flu- the results presented in Fig. 5 electric parameters: conduc-
orescence spectra of dyes can lead to the conclusion aboutivity and capacitance have been determined and data are
the possible ET process which can occur when dyes aregathered in Table 1. As seen after illumination the electric
mixed together. Following pairs as energy donors and parameters of the electrochemical cell are changed — the
energy acceptors can be taken into account: Me—MgPcconductivity and capacitance slightly increase for MgTNP
(donor—acceptor), MgTNP-MgPc (donor—acceptor) and and MgPc what can indicate difference in distribution of
Me—-MgTNP (donor—acceptor). Fig. 3 presents the overlap- charges due to charge separation process upon illumination
ping of the fluorescence and absorption bands of mentionedand it can suggest that dyes can play the role of electron
dye pairs and shows in this way the most effective ET for donors. Opposite behaviour is observed for Me and it shows
the composition of MgTNP and Me. Otherwise rather low rather the acceptor feature of this dye.
ET could be expected for the MgPc—Me mixture.

Photoacoustic spectra (PAS) — Fig. 2C — clearly shows 3.2. Mixtures of MgPc-Me, MgTNP-Me and
that part of energy absorbed by dyes is changed into heatMgPc-MgTNP
as a result of non-radiative processes of excited states. The
comparison of absorption spectra and PAS evidently shows The set of the absorption spectra of dye mixtures are
that thermal deactivation of Me is most effective. Some spec- presented in Fig. 6A—C for various dye concentration ratios.
troscopic characterisation of Me, Pc and porphyrins is also The intensity of each band rises or decreases depending
presented in [2,14,15] but a little is found in the literature on the concentration ratio of the dye in the mixtures. The
about their photothermal behaviour. The result presented incontribution of each dye in absorption spectra is evidently
Fig. 2A—C confirms the participation of MgTNP, Me and seen but from the comparison of Figs. 2 and 6 the mixture
MgPc in radiative and non-radiative deactivation processesabsorption spectra are not ideal superposition of those for
which can influence their photoelectric properties when mea- individual dyes most probably due to the creation of some
sured in an electrochemical cell. aggregated forms of the dye molecules. In the case of MgPc

Photovoltage spectroscopy (the dependence of the pho-and MgTNP mixture even the “red” band shift of MgPc in
tovoltage signal on the wavelength — photovoltaic action the long wavelength region of absorption spectra (Fig. 6C) is
spectrum) is presented in Fig. 4A. The coincidence of these observed when compared with the MgPc analogue spectrum
spectra with absorption ones confirms that MgTNP and (Fig. 2C). It confirms the existence of some aggregated forms
MgPc are able to generate photovoltage when immersed inof dyes.
the electrochemical cell. MgTNP shows the highest signal Photothermal feature of the dye mixtures are shown in
which reaches the value of 14§44, whereas MgPc is much  Fig. 7A-C. In Fig. 7A which shows PAS for the mixture
less effective in photoconversion and shows only photo- of MgPc and Me, the signal intensities in the absorption
voltage of 245.V. This observation has been confirmed range of Me (450-555nm) and in the “red” region of MgPc
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Fig. 2. Absorption (A), normalised fluorescence (B) and photoacoustic (C) spectra of MgTNP, Me, Pc—-Mg.
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Table 1

Conductivity and capacitance of the electrochemical cell with dyes and their mixtures in the dark and after illumination

Dyes and Conductivity in the Conductivity after illumi- Capacitance in the Capacitance after
mixtures dark,o0 x 107 (1/Q) nation,o x 1078 (1/Q) dark, C (nF) illumination, C (nF)
MgTNP 1.55 1.59 30.3 30.8

MgPc 2.26 2.61 38.7 42.1

Me 2.28 1.78 16.1 13.1

MgPc:Me, 1:1 2.15 2.13 38.4 39.7

MgPc:Me, 1:2 212 1.85 40.8 46.7

MgPc:Me, 2:1 2.08 1.94 34.8 37.9
MgTNP:Me, 1:1 0.98 1.47 53.0 54.3
MgTNP:Me, 1:2 1.01 1.68 30.4 30.5
MgTNP:Me, 2:1 1.26 1.66 27.9 31.2
MgPc:MgTNP, 1:1 1.85 1.68 28.7 30.7
MgPc:MgTNP, 1:2 1.89 1.37 26.0 28.9
MgPc:MgTNP, 2:1 2.34 2.22 415 43.6
MgTNP:MgPc:Me, 1:1:1 2.00 181 37.3 40.8

absorption are very similar. Low intensity of Me absorbance very effective excitation ET from Me to MgTNP. Thanks to
in the MgPc—Me mixtures (Fig. 6A) and similar PAS inten- this process energy transferred to TNP is used by TNP for
sities of both dyes clearly demonstrates the high yield of intensive photocurrent generation.
thermal deactivation and domination of Me in thermal pro-  The most interesting photoelectric behaviour has been
cesses as it was observed for individual Me dye (Fig. 2B). observed for the MgTNP and MgPc. Photovoltaic action
This result let us to presume the weak contribution of Me in spectra of these mixtures show the distinct decreasing of the
direct photovoltage generation in MgPc—Me mixtures. It is signal when compared with those for individual dyes both
confirmed by photovoltaic spectroscopy presented in Fig. 8 in the region of MgTNP absorption (426 nm) and of absorp-
(photovoltage action spectra). On the other hand the contri-tion of MgPc (672 nm). The value of photocurrent generated
bution of Me to thermal deactivation in the mixture of Me in the electrochemical cell with MgTNP and MgPc mix-
and MgTNP is rather low as follows from PAS (Fig. 8B) and ture is much lower than that for individual dyes (Fig. 9C).
absorption spectrum (Fig. 6B). On the basis of the fluores- Moreover, kinetics of photocurrent are found to be very
cence spectrum of Me and absorption spectrum of MgTNP complex and different from those for individual dyes and
the effective ET between Me and MgTNP can be expected. other investigated dye mixtures. Dissimilarity of kinetics
Energy transferred to MgTNP can be utilised for charge sep- for MgTNP with MgPc mixture when compared with other
aration process. For MgTNP—-MgPc mixtures the intensive mixtures kinetics could be explained as a result of several
participation of MgTNP in non-radiative thermal deactiva- molecular processes occurring between MgTNP and MgPc.
tion processes is clear as follows from Figs. 6C and 7C. The data of (V) characteristics for all mixtures are gath-
The results of photovoltaic action spectra are shown in ered in Table 1. The shapes of the I(V) loops are very similar
Fig. 8A—C for three dye mixtures: MgPc-Me, MgTNP-Me to those presented in Fig. 5A and B for individual MgTNP
and MgPc—MgTNP, respectively. In each spectrum of theseand MgPc. As follows from Table 1, the conductivity of
series the signal originating from Me dye is not practically electrochemical cell with MgPc—Me decreases upon illumi-
observed what confirms that this dye does not participate nation, whereas conductivity for individual MgPc increases.
in the direct charge separation process including the dyeThese results indicate again that Me in the mixtures with
mixtures. From the comparison of the photovoltaic action MgPc can act as an acceptor of negative carriers. Otherwise
spectra obtained for the dye mixtures with those for the MgTNP in the presence of Me shows rather strong donor
individual dyes it has been shown that MgTNP photoactivity features. The rise of the conductivity and capacitance under
increases and MgPc photoconversion is almost not alteredillumination indicates that the donor properties of MgTNP
in the presence of Me. are stronger than the acceptor properties of Me. The data for
Photocurrent kinetics of the dye mixtures are illustrated MgTNP—-MgPc mixtures show the increase of capacitance
in Fig. 9. In the case of MgPc (Fig. 9A) the presence of with the simultaneous declining of conductivity. This result
Me, influences slightly the MgPc photoactivity. Opposite indicates the fast recombination process between MgTNP
result has been observed when Me is mixed with MgTNP and MgPc.
(Fig. 9B). The intensity of photocurrent signal for MgTNP
when mixed with Me increases several times with respect to 3.3. Mixtures of MgTNP—-Me—-MgPc
individual MgTNP. In the light of our absorption and fluores-
cence measurements (large overlapping of Me fluorescence Fig. 10 shows the spectroscopic and photoelectric results
and MgTNP absorption) as well as from PAS results (low for the mixture of three investigated dyes: MgTNP—-Me—
contribution of Me in thermal deactivation) we can suggest MgPc in concentration ratio 1:1:1 (v/v/v). The absorption
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spectra (Fig. 10A) and the photovoltaic action spectra (Fig. operates between Me and MgTNP. On the other hand much
10C) show the contributions from MgTNP and MgPc and less effective ET is expected to occur between two pairs of
confirm the participation of these dyes in photovoltage gen- dyes: Me—MgPc and MgTNP-MgPc.
eration, whereas Me does not take part in direct photovolt-  First we will discuss the spectroscopic and photoelectric
age generation. Me behaviour in photovoltaic generation differences between the two pairs of dyes: Me—MgTNP
confirms our previous observation described in the previousand Me—MgPc. The effective ET process between Me
chapter. Low PAS observed for Me (Fig. 10B) isdue to ET to and MgTNP is supported by our PAS measurements. For
MgTNP as we have discussed for the MgTNP—Me mixture. Me—MgTNP mixtures very weak thermal deactivation is
On the basis of the results in Fig. 10D which show the observed in the range of Me absorption, although individ-
photocurrent kinetics for mixing dyes we can conclude ual Me exhibits efficient TD. This observation indicates
that the mixture of the dyes: TNP—-Me—Me—MgPc does not that energy absorbed by Me dye is very fast transferred to
enhance the photoconversion effectiveness in the electro-MgTNP. For Me—MgPc mixtures, spectroscopic features
chemical cell. The value of photovoltage (Fig. 10C) is much are found to be different from those of Me—MgTNP. The
lower than for individual MgTNP, Me and MgPc. Photocur- results for Me—MgPc composition indicate strongly that Me
rent signal of MgTNP—Me—MgPc mixture (about 30nA) takes part very actively in TD rather than in ET to MgPc as
does not reach the values observed for individual MgTNP follows from absorption/fluorescence overlapping and PAS
and MgPc (which are 100 and 50 nA, respectively). Thus measurements.
photocurrent signal is lower than expected. This observation Such a difference in spectroscopic behaviour of the two
could be explained in the light of the possible processes investigated mixtures: Me—MgTNP and Me—MgPc leads to
occurring between dye molecules and discussed above (dyahe difference in photoactivity of both mixtures in photocur-
aggregation, ET and charge recombination). rent generation. In both cases Me does not participate (or
very weakly) in direct charge separation process as it has
been shown for individual Me when immersed in the elec-
4. Discussion trochemical cell. However, when Me is in a company of
a good excitation energy acceptor, energy absorbed by Me
The objective of this paper is to study organic dyes and can be utilised by this acceptor for charge separation due to
their mixtures as photoconverters in an electrochemical cell. ET provided that Me does not loose its exceeding energy by
As we have shown above mixtures of investigated dyes haveTD. In this way Me can be indirectly involved in generation
different spectroscopic properties to individual dyes. More- of photosignal thanks to excitation ET. Photovoltaic spec-
over, it has been shown that the spectral behaviour of inves-troscopy and photocurrent generation confirm such a suppo-
tigated dye mixtures influences strongly their photoactivities sition. For Me—MgTNP mixtures addition of Me to MgTNP
in energy conversion. enhances the photocurrent signal, whereas only weak or
The interaction between dyes in the mixtures can lead to non-alternation in photosignal generation is observed in the
ET and to aggregation formation [20,21] and thus influence Me—MgPc mixtures. Such a variation in Me—MgTNP and
photocurrent generation. Such a supposition found the con-Me—MgPc mixtures photoresponses results in competition
firmation in our absorption/fluorescence/PAS measurementsbetween thermal deactivation in Me and ET from Me to
and photovoltaic spectroscopy. MgTNP. Remarkably, and in contrast to the behaviour of
On the basis of absorption and fluorescence spectra of in-MgTNP in mixtures with Me, the photoelectric activity of
dividual dyes we can conclude on the ET process occurring MgTNP is altered in the presence of MgPc.
between pair of dyes when they are mixed together. Accord- The very complex result in photocurrent creation has been
ing to Forster theory [22] the ET efficiency depends on the found for MgTNP—MgPc mixtures. On the ground of Forster
mutual overlapping to the donor fluorescence and acceptortheory [22] and our experimental data ET between MgTNP
absorption spectra. The Forster radigscan be determined  and MgPc cannot be excluded. Nevertheless singlet states of
experimentally from those dye spectra in homogeneous sol-MgPc excited indirectly via ET from MgTNP are de-excited
vent. We have used the similar procedure as was describedn non-radiative dissipative processes as shown by our pho-
in [23] for chlorophyll in PVA/DMSO. toacoustic spectroscopy. Thus part of absorbed energy can be
For mixture of dyes examined in this paper these values lost in thermal processes rather than in charge separation pro-
are as follows:Rg = 9.2, 4.4and 71 nm for Me—MgTNP, cess. Contrary to expectation ET between MgTNP and MgPc
Me—-MgPc and MgTNP-MgPc, respectively. Sugef val- does not increase photocurrent generation. Moreover, in all
ues (between 5 and 10 nm) are typical for numerous of or- samples with MgPc the drastic jump of photocurrent was al-
ganic dyes for which ET can be described by mechanism ways observed under light-off and light-on conditions. This
proposed by Forster [22]. The Foérster radigobtained for effect was also observed in the literature for native whole
the pairs of dyes investigated in our experiment are in good cells of green bacteria [13,17-19]. The sign of the jump
agreement with those found previously in organic solvent for which is called by us as a “light shock” is always opposite
other porphyrin-like dyes [20,23]. In the light of our results to the generated photocurrent. Such a complex photocurrent
we can conclude that the most effective intermolecular ET signal rise and declining can occur as a result of at least two
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effects: very fast charge separation occurring immediately ics and 1(V) measurements also reveal district behaviour
after light absorption and much slower migration of charge for different mixtures. The rise of conductivity and capac-
carriers in the electrochemical cell [17]. Moreover, charge itance under illumination indicates strong donor properties
separation process competes with fast charge recombinaof MgTNP while Me is believed to be rather an acceptor
tion and the latter one can lead to decreasing of generatedor negative carriers.

photocurrent. Fast recombination process in MgTNP—-MgPc  We have therefore every reason to believe that when
sample was confirmed by (V) characteristics by simultane- three dyes are together in the mixture, ET between Me and
ous increase of capacitance and decreasing conductivity ofMgTNP as a process which enhances photoconversion in
the electrochemical cell under light illumination. the electrochemical cell is not the only one which occurs.

The question now remains as to the possible influenceln the investigated mixture ET process is accompanied
of aggregation on the photoelectric responses in the dyewith thermal deactivation, aggregation of dyes and charges
mixtures. A large variety of aggregates and complexes of recombination which can decrease the effectiveness of
porphyrin and Pc are known to exist and have been stud-photoconversion.
ied extensively in different media [24—26]. Heterodimers of
charged porphyrin and Pc have been intensively examined
by Agirtas et al. [26]. Some porphyrin dyes (e.g. chloro-
phyll, pheophitin) when dissolved in PVA/DMSO are found
to form stacked forms as shown in [27]. However, in spite of
using DMSO as s solvent the creation of aggregated forms
of uncharged dyes at high concentration cannot be excluded.
We would like to underline, however, that the structure of ag-
gregates cannot be determined from our experiments alone.
Finally we want to establish how aggregation formation can
affect photocurrent generation.

We have found significant differences in the formation
of MgTNP-MgPc heteroaggregates from that of either
MgTNP—Me or MgPc—Me. The analysis of the difference
spectra (calculated as the difference between absorption
spectrum of dye mixture minus a sum of absorption spectra
of individual dyes — data not shown) evidently show the
existence of MgTNP-MgPc complex in the dye mixture.
Almost flat difference spectra showed distinct aggregation
behaviour of Me—MgPc and MgTNP-Me mixtures. The
high ability of MgTNP and MgPc for aggregated com-
plex creation could be explained by the structure of their
porphin rings. The observation that Me creates complexed
forms with MgTNP and MgPc can hardly be attributed to
the weak interaction between Me chain and porphin rings. =
Otherwise porphyrin and Pc can form stacks as a results
of the strong interaction between theirorbitals in similar
way as we have found previously for pheophitin pigment in
PVA/DMSO [27].

The weak photocurrent of MgTNP—-MgPc mixture can
be attributed to non-radiative deactivation channels of the
excited states as we have monitored by photoacoustic
spectroscopy. Although ET between MgTNP and MgPc
cannot by neglected, energy transferred to MgPc is lost in Acknowledgements
non-radiative dissipative processes. The competition be-
tween ET and heat dissipation depends strongly on the ag- The paper was supported by Poznan University of Tech-
gregated form formation and in consequence influence otherpgjogy, grant DPB 62—168.
deactivative processes. Taking into account all our results
and observations it is believed that the drastic declining of
photocurrent value in the electrochemical cell fulfilled with
MgTNP-MgPc mixtures is due to the several procesSes: (), \yrgpel, 3. Goc, RM. lon, J. Mol. Struct. 450 (1998) 239-246.

MgPc thermal deactivation, MgTNP-MgPc aggregation [2] p. wrébel, J. Lukasiewicz, A. Waszkowiak, R.M. lon, J. Mol. Struct.
and fast charge recombination. Finally photocurrent kinet- (2000), in press.

5. Conclusions

Taking into account the results presented in this paper, we
can summarise and draw the following conclusions:

1. The region of light absorption by dyes is not the only

criterion for effective solar energy conversion into electric

energy even when dye absorption bands cover almost
whole solar spectrum.

2. All dyes used in our experiments are able to generate
photovoltage and photocurrent: most effectively MgTNP
and Me rather ineffectively.

3. Increasing of generated photosignal in the electrochemi-
cal cell with MgTNP with Me is caused by effective ET
between dyes, whereas Me does not create the increase
of photocurrent when mixed with MgPc.

4. Me used in our experiment is not useful dye in photocon-
version because of its high thermal deactivation which
occurs to be the dominant process. Thus this dye does
not participate in direct charge separation but can be use-
ful when transfers excited energy to other dye molecules
and in this way can take part in indirect charge separation
process.

Creation of aggregated dye forms inhibits the photocon-

Version processes.

6. We have evidently shown that the photoelectric property
studies must be accompanied with spectroscopic mea-
surements in order to determine the way of energy deacti-
vation of excited states of dye molecules as a competitive
processes to charge separation process which determine
the effective photoconversion of light to electric energy.
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