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Optical, dark electrical and photoelectrical properties of the organic dye 2-cyano-3-(4-
dimethylaminophenyl)-2-propentioamide (solutions in different solvents and films obtained
by vacuum deposition of the dye layer on quartz and gilded quartz substrates) were
studied. In the case of dye films deposited on the gilded substrate new effects have been
noted as compared with solutions and films deposited on glass substrates. It is argued that
these effects could be related to the ordering of the dye molecule dimers with possible
aggregate formation in films induced by interaction with gilded substrate. The observed
effects can be used for development of a new type of solar cell as well as for design of
molecular photovoltaic elements for nanoelectronics and nanophotonics.

WccnemoBanbl OnTHYECKMHE, TEMHOBBIE M (DOTORJIEKTPHUYECKHE CBOMCTBA OPraHUYECKOI'O
Kpacurens 2-nmuaHo-3-(4-gumerunnamMuHodennn)-2-nporneaTuoaMmu,y (PacTBOPEL B PA3HBIX pPac-
TBOPUTEIAX M ILJEHK!, HaHECeHHbIe METOJLOM BAaKyYMHOI'O HCIIAPEHHWsS KaK Ha KBapIlieBbIe,
TAK M Ha [I030JIOUEHHBIE KBapIeBble IOAJIOKKMU). B ciaydyae IIeHOK KpacuTess, HAHECEeHHOIO
HA II030JI0YEHHYIO IIOJJIOMKKY, IIOSBJISIOTCSA HOBBbIe 9(PMEKTHhl IO CPABHEHUIO C PACTBOPAMMU
KpacuTess WM ILJIEHKaMM, HAHECeHHLIMM Ha CTeKJo. IIpeamosaraercs, dTo T 9()PEKTHI
CBSI3AHBI C OIIPEeJeHHBIM IIPOCTPAHCTBEHHLIM YIIOPAJOUYEHHNEM AUMEPOB MOJEKYJ KPACHUTEI
1, BOBMOYKHO, 00pasoBaHHEM arperaTtoB, BHISBAHHBLIM B3aMMOIEMCTBMEM C IIO30JI0UYEHHOM IIOJ-
noxkkoii. HabGumrogaembie aheKTsl MOI'YT OBITH HCIIOJNB30BAHBLI KaK [IJS CO3LAHUS HOBOI'O
THUIIA 9JI€MEHTOB COJHEUHBLIX Oarapeil, TaKk M AJA AU3alHA MOJEKYJIAPHBIX (DOTOBOJILTANUYEC-
KHX 9JI€MEHTOB /[Jisi HAHOYJIEKTPOHUKN W HAHO(POTOHMKU.
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1. Introduction

One of the main problems of the creation
of photovoltaic elements is the spatial sepa-
ration of electric charges and the obtaining
of their unbalanced distribution at the ex-
pense of the photons absorption by the sys-
tem. The majority of photovoltaic elements
that are used in created for solar energetics
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use the effect of violation of balanced dis-
tribution of electrons and holes (caused by
absorption of photons) in the region of p—n-
transition in semiconductors [1]. Other
principles of obtaining the photocurrent in
macroscopic hybrid systems were also real-
ized (e.g., Graetzel cell [2]).

In the present paper, results are pre-
sented shown that prove the appearance of
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photovoltaic effect on the molecular level.
To our opinion, this effect can be used on
macroscopic level for the organic solar cells
design and fabrication, as well as in molecu-
lar photovoltaic energy sources for
nanoelectronic devices.

2. Experimental procedure

For the optical and photovoltaic investi-
gations, organic dye (2-cyano-3-(4-dimethy-
laminophenyl)-2-propentioamide) samples
were used (the chemical formula is shown in
Fig. 1), which consisted of the dye layer
deposited on both quartz substrate and
gilded quartz substrate. The dye and Au lay-
ers were thermo-deposited in a vacuum
chamber. The thickness of the dye film (L)
was measured by AFM and was equal to
150+200 nm. The optical absorption investi-
gations of the films and solutions of the dye
were performed using a Specord UV Vis
spectrophotometer. The luminescence stud-
ies were carried out using a Carry Eclipse
spectrometer and the experimental set made
in our laboratory.

For the investigated dye film samples the
changes in the value of surface electric po-
tential (@) were measured by Kelvin’s
method [3, 4] before and under irradiation
by light. Also the changes in the value of
surface electric potential were measured
after the dye film charging in corona dis-
charge under subsequent irradiation by
light using a device that gave the possibil-
ity to change the electrical polarity of the
investigated sample Au-electrode. The light-
emitting diodes (LED) with wavelengths
Amax = 480 nm  (blue), 525 nm (green),
585 nm (yellow), 660 nm (red) as well as
"white” LED were used for irradiation of
the dye film samples.

3. Results and discussion

Optical properties. The absorption spectra
of the solutions in the region of the first
electronic transition consist of two bands
with maxima at 370 and 435 nm. The
370 nm maximum is manifested at low con-
centration C = 2.5-1076 mole/1 and, to our
opinion, belong to the monomer molecule
transition. At C = 6:107% mole/1, the second
long-wave band 435 nm appeared, the inten-
sity of which increased with concentration.
This behavior of long-wave absorption bands
allows us to conclude that dimers of the dye
appear in solutions. So, the band with
435 nm maximum is probably related to the
dimers. The short-wave band with 260 nm
maximum, in our opinion, is due to the sec-
ond molecular electronic transition. The ab-
sorption spectra of dyes deposited on glass
are very close to the spectra of solutions.
This fact proves that mainly dye molecules
or their dimers are the absorption centers in
the dye films on the glass substrate in the
same way as in solutions.

The fluorescence spectra of solutions
overlap with their long-wave absorption
(435 nm maximum), and the shapes of their
bands are symmetrical. It proves that in
fluorescence of solutions the dimer emission
dominates. Possibly, the quantum yield of
monomer fluorescence is not significant.
The fluorescence spectra of dye films depos-
ited on quartz substrate are very close to
the spectra of the dye solutions pointing out
that the main fluorescence emitters in such
type of films are single molecules (mono-
mers). The dramatic changes in the optical
properties of these dye films when they are
deposited on gilded quartz substrate were
observed: the short-wave molecular band of
absorption related to the second electronic
transition essentially decreased, which could
be due to orientation along the axis of the
molecule (which is roughly perpendicular to
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Fig. 1. The optical absorption and fluorescence spectra and the chemical formula of investigated dye.
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Fig. 2. Variation of surface electric potential
(p) of the deposited dye film samples with
time under their illumination by the light of
"white” LED. The moments of the light
switching "on" and "off” are marked by the
vertical arrows.

the substrate plane). Such orientation with
the following self-assembling, in our opin-
ion, is induced by the binding of the dye
molecules to gold atoms by their sulfur-con-
taining groups. Besides, in this type of
films the long-wave shifted (comparing with
the dimer band) absorption band (possibly,
of aggregate origin) appeared.

The dark electrical and photoelectrical
properties. Photovoltaic effects. The value of
surface electric potential (¢) in the investi-
gated dye samples that have been under pro-
longed dark storage is not equal to zero, but
has positive sign with respect to Au-elec-
trode and is equal to +(340£30) mV for L >
100 nm. No increase in ¢ in the investi-
gated L range was noted. Fig. 2 shows a
plot of the dramatic changes of ¢ after illu-
mination and turning the light off. The rate
of the ¢ increase after the start of illumina-
tion is much larger than the relaxation rate
after switching off the light. The kinetics
of the ¢ changes does not depend on the
wavelength of the irradiating light A,,,.
The latter may be associated not only with a
change in the dipole moments of the dye
molecules excited by light, which should
take place and relax for the time <1076 s,
but also with the formation of long-lived
charge carriers. These carriers can be
formed as a result of the internal photoelec-
tric (photovoltaic) effect.

Our additional investigations lead us to a
conclusion about the hole type of the con-
ductivity of the investigated deposited dye
films.

The recorded electric potential ¢ (which
was high enough) of the surface of the dye
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Fig. 3. The model of the arrangement of the
dipole moments of dye associates on Au-layer.

films deposited on Au-layers can be an evi-
dence of the formation of geometrically
well-ordered dipole moments (P) in these
films in the ground state as it was observed
in [5]. The latter proves our previous sug-
gestions that dipole moments are oriented
mainly vertically to the Au-layer plane (as it
is shown in Fig. 8). The huge non-typical
increase in ¢ under the influence of light
can be attributed to the increasing of the
dipole moments of the dye molecules as a
result of their electron density redistribu-
tion due to light absorption.

4. Conclusions

The results obtained, to our opinion,
show the following:

1. The molecular assembling induced by
a gilded substrate occurs, at least in the in-
ternal molecular layers of the dye films. This
assembling leads to orientation of dye mole-
cules, their dimers and aggregates, mainly
perpendicularly to the substrate plane.

2. The dominant orientation of molecules
and aggregates on the gilded substrate leads
to the observed photovoltaic effect and po-
larization of the films in the ground state.
These phenomena are promising for the de-
velopment of solar cells of a new type, as
well for application in nanoelectronics for
fabrication of the molecular photovoltaic
elements.

The present work was supported by
STCU Project No.4570.
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OnTuuni Ta yHiKaabHi (pOTOBOJBTATUHI BJIACTHBOCTI
OapBHHMKA
2-miano-3-(4-gumeTnaamMminogeHisa)-2-nponenrioamisn,
HAaHECEHOI'0 Ha I030JI0YEeHI MiTKJIagIMHKH METOLOM
BaKyyMHOT0 BUIIaPOBYBaHHS

B.M.Awyx, M.O.Jaeudenkxo, A.Il. Haymenkxo, B.IO.Kydp=a,
I0.JI.Chomincoxuii, K.Il1.I'puyenro, T.I1./Jopowenko,
K.M.RKywnip, B.B.Kocau

HocaigsxkeHo OonTUYHiI, TeMHOBI Ta (POTOENIEKTPUUHI BJIACTHUBOCTI OpraHiuHOro OapBHHUKA
2-miano-3-(4-gumerunaminodenin)-2-upomnenrioamiy (posuvHM y pPiSHMX POSUMHHHUKAX Ta
ILUIIBKM, HAHECeHI MeTomOoM BaKyyMHOIO BHUIIAPOBYBAHHS SK HA KBapIOBi, Tak 1 mosojoueHi
KBapuosi mizrkmagumukum). ¥ BHUIALKY ILJIiBOK O0apBHHKA, HAHECEHOr'0 HA IIO30JI0YEHY IIigKJa-
IUHKY, 3’ ABJIAIOTHCA HOBL eeKTu y IOpiBHAHHI 3 posdumHaMu OapBHUKA ab0 K ILIIBKaMu,
HAHECeHMMM Ha CKJ0. Ilpumyckaerbcs, 1o i edeKTu 0B sA3aHI 3 IEeBHMM IIPOCTOPOBUM
VIOPAAKYBAHHAM JIHUMEPiB MOJIeKyJ OapBHHKA i, MOMKJIMBO, YTBOPEHHAM arperaris, II{o
CIIPUYMHEHO B3AaE€MOJIEI0 3 II030JI0YEHOI0 HMigKJIaguHKoi0. EQeKT, 1110 crocrepiraerbcsa, Moike
OyTH BUKOPHUCTAHMUH SK [JisI CTBOPEHHS HOBOI'O THIIY €JIeMEHTiB COHS4YHMX Oarapeii, Tak i
IS TUBAMHY MOJIEKYJIAPHUX (POTOBOJBTAIUHMX €JIEMEHTIB IS HaHOEJEKTPOHIKM Ta HaHO}O-
TOHIKH.
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