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Abstract

OPTICAL PROPERTIES OF DOUBLE-LAYER STRUCTURE
PHTHALOCYANINE-TETRACYANOQUINODIMETHANE

Z. I. Kazantseva, E. G. Bortchagovsky, I. A. Koshets

Optical properties of double-layer structures consisting of Cu-phthalocyanine vacuum evaporat-
ed film and Langmuir—Blodgett film of pentadecyl-7,7,8,8-tetracyano-1,4-quinodimethane (pen-
tadecyl-TCNQ) were investigated by ellipsometry, photoconductivity and optical transmission. The
obtained results indicate strong interaction between the materials; the resulting optical properties
cannot be presented as the sum of those of the particular components. Two new effective absorp-
tion bands at 1.08 and 2.85 eV were found for such structures. The band at 2.85 eV coincides with
a measured peak in photocurrent spectrum, which supports the idea on a charge transfer complex
formation between Cu-phthalocyanine to TCNQ.

Keywords: Organic semiconductors; Ellipsometry; Optical spectroscopy; Photoconductivity

AHoTauig

OIITUYHI BJACTUBOCTI BIITAPOBUX CTPYKTYP
OTAJTOLIAHIH- TETPAIIAHOXTHOAUMETAH

3. I. Kazanuesa, €. I. bopwacisecvxuil, I. A. Koweun

Metogamu ejiricoMeTpii, pOTONPOBIAHOCTI Ta ONTUYHOIO MOTJIMHAHHS AOCIIiIXKEHi ONTUYHI
BJIACTUBOCTI OillIapOBUX CTPYKTYP, YTBOPEHUX TOHKUMMU IJIiBKAaMUM HallOPOLIEHOI0 B BaKyyMi ¢Ta-
Jouianiny Miai (CuPc) ta miBkamu Jlenrmiopa-baomgxert neHtageuun 7,7,8,8-rerpauiaHo-1,4-
xiHoguMetaHay (rieHtageuwn TCNQ). OTpuMaHi pe3yabraTi BKa3yloTh Ha HAasBHICTh B3a€EMOZIl
MiX pe4OBMHAMU; ONITUYHi BJIACTUBOCTi CUCTEMU HE MOXYTh OyTU MpeACTaBAEeHi K MpocTa cyIep-
MO3MLIis CKJIaZOBUX KOMITOHEHT. Y CIeKTpi MOrIMHAHHS CTPYKTYPHY BUSIBJIEHO ABi HOBi cMyru 1.08
i2.85eV. Cmyra 2.85 eV cniBnagae 3 MigABUILIEHHSIM CUTHAIY B CITIEKTPi (POTOMPOBiIAHOCTI, 1110 CBi-
JUYUTb Ha KOPUCTH TiIMTOTE3U MPO YTBOPEHHS KOMILIEKCY 3 mepeHocoM 3apsay Mixk CuPc i TCNQ.

KnrouoBi ciioBa: opraHiuHi HaITiBIIPOBiIHUKM, €JIIIICOMETPisI, ONTUYHA CIIEKTPOCKOIIisI, (pOTO-
MNPOBIAHICTD.
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AHHOTAIMA

OINTUYECKUE CBOVICTBA BUCJIOMHBIX CTPYKTYP
OTAIOUUAHUH- TETPALHIUAHOXUHOJAUMETAH

3. U. Kazanuesa, E. I. bopwazoeckuii, U. A. Kowey

MeronamMu 3JUIMIICOMETPUN, (DOTOIIPOBOAUMOCTH U ONTUYECKOTO MOIIOIIECHUS UCCIeI0BAHbI
ONTUYECKUE CBOMCTBA OMCIOMHBIX CTPYKTYP, COCTOSIIMX U3 TOHKUX IUICHOK OCaXKICHHOIO B Ba-
kyyMe (pramoumanntHa Menu (CuPc) un mnenok Jlenrmiopa-bnomkerT menramenun 7,7,8,8-TeTpa-
nuaHo- 1,4-xunogumerana (neartageuna TCNQ). IToryaeHHBIC pe3yabTaThl YKAa3bIBAIOT Ha SIBHOE
B3aUMOJEICTBUE MEXIY STUMU BELICCTBAMM; ONTUYECKUE CBOCTBA CUCTEMbI B LIEJIOM HE MOTYT
OBITH MPEACTABICHBI KaK MPOCTast CYNepIIO3ULIAs COCTABISIOIIMX KOMIIOHEHT. B ciekTpe moriio-
IIeHUs CTPYKTYpPhI OOHapy>KeHo aBe HoBbIe TTojiockl 1.08 1 2.85 eV. Ilomoca 2.85 eV coBmagaer ¢
IIMKOM B CIIEKTpe (DOTOIIPOBOIUMOCTH, YTO FOBOPUT B MOJIb3Y TMIIOTE3bI 00 00pa30BaHUU KOMII-
Jiexca c mepeHocom 3apsiga mexxny CuPc u TCNQ.

KioueBbie cioBa: OPraHNYCCKUC ITOJYIIPOBOIHUKH, DJIITUIICOMETPUA, OIITUYCCKAA CIIEKTPOC-

KoIus, (I)OTO]'IpOBOI[I/IMOCTI)

1. Introduction

Charge transfer complexes (CTC) play an impor-
tant role in many electrophysical and optical process-
es [1]. They exhibit interesting optical, electrical, and
photoelectrical properties and can be used in many
applications. Phthalocyanines (Pc) are a well-known
class of organic semiconductors, which are recog-
nized as a robust material for modern optoelectron-
ics [2]. Having rather high-energy intermolecular
interactions in the crystal, illuminated they can form
polar charge-transfer states due to electron transfer
between neighbor phthalocyanine molecules. This
charge-transfer state can be dissociated by an external
electric field and free charge carriers can be formed.
Phthalocyanine molecule can form CTC with a
strong electron acceptor even in the dark. 7,7,8,8-
Tetracyano-1,4-quinodimethane (TCNQ) having a
high electron affinity is often used as the acceptor in
such complexes [1]. Insuch CTC we expect the higher
quantum efficiency of charge carrier generation un-
der light exposure, which occurs not only in the spec-
tral region of the phthalocyanine absorption but also
in the spectral region of the optical absorption of Pc*
and TCNQ- ions. Our study was performed on planar
structures consisting of layer of vacuum evaporated
Cu phthalocyanine (CuPc) and Langmuir—Blodgett
film of pentadecyl-TCNQ (C15-TCNQ).

2. Experimental details

All optical measurements were carried out with
variable angle spectroscopic ellipsometer from
Woollam Co. (WVASE) having also the possibil-
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ity to operate in the spectrophotometer mode. El-
lipsometry is well known to be a powerful tool for
thin film investigations [3]. In the contrast to re-
flectometry where intensity reflection coefficients
are measured for different polarizations, ellipsom-
etry determines two so-called ellipsometric angles,
which describe the change of the polarization state
at the reflection. These angles are defined via com-
plex amplitude reflection coefficients determined
by the standard Fresnel formulae.

Investigated systems are double-layer structures
from Cu-phtalocyanine (CuPc), which molecular
structure is shown in the inset of Fig. 1 and pen-
tadecyl-7,7,8,8-tetracyano-1,4-quinodimethane
(C15-TCNQ) films. The structure of C15-TCNQ
molecule is shown in the inset of Fig. 2.

CuPc layers with the thickness 60—100 nm were
vacuum evaporated on silicon or fused silica sub-
strates. After that several acceptor layers of C15-
TCNQ were deposited by the standard Langmuir—
Blodgett (LB) technique using a ‘Lauda’ trough.
As obtained in the [4] a specific feature of the P-A
isotherme (Fig. 3) for C15-TCNQ is the N-shape re-
gion in the range of surface area and surface pressure
20-40 2 /mol and 12-20 mN/mol , respectively. It
should be noted that the monolayer state character-
ized by the larger area (40 2 /mol) is metastable and
spontaneous transition to the small area 20 % /mol.
Possible molecular orientation are shown in the in-
serts in Fig. 3. C15-TCNQ is an amphiphilic deriva-
tive of TCNQ, which is a rodlike molecule with quite
high dipole moment. Due to this dipole moment, the
monolayers exhibit a strong tendency to molecular
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reorganization both at the air—water interface and
on a solid surface. This circumstance strongly af-
fects the process of LB film formation, its transfer on
the solid substrate, and finally the physical proper-
ties of the film. Due to the high dipole moment and
strong electron affinity molecules of TCNQ remark-
ably perturb the electronic structure of the underly-
ing material [4] that in turn influences the adsorbate
dynamics and film structure. Freshly prepared CuPc
film proved to be good substrate for the C15-TCNQ
monolayer transferred by the LB technique. The
quality of the deposited C15-TCNQ films was good,;
they were homogeneous up to 20 monolayers as it was
visible even by naked eye. The transfer was of the Y-
type in contrast to the deposition on other substrates
[5]. The resulting films were stable for months.
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Fig.1. Absorption spectra measured for CuPc film on
fused silica. Marked bands are: 1.79; 2.01; 2.13; 3.7;
4.65; 5.8 eV. Chemical structure of CuPc molecule is in-
cluded into plot.
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Fig.2. Absorption spectrum measured for 10 Z-type
monolayers of C15-TCNQ on glass. Chemical structure
of C15-TCNQ molecule is included into plot.
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Fig.3. Surface pressure — area (P-A) and surface poten-
tial — area (AV-A) diagrams for C15-TCNQ monolayer
on bidistilled water subphase.

Investigations of photocurrent of C15-TCNQ
structure have been carried out as well. Dark current
and white light photocurrent, dependence of photo-
current vs. light flux and spectral photocurrent were
measured. For that purpose installation shown on
Fig.4 has been assembled. Measured structure was
mounted into special cell (8), which allowed of vacu-
umizing and shielding from electrostatic fields of the
structure. As the light source (1) was used xenon lamp
(XH 100), that provided with appropriable level of
light flux. But, as xenon lamp is non-uniform light
source, we had to use calibrated photodetector (6) to
normalize light intensity overall spectrum under study.
Monochromator (4) and neutral light filters (4) were
used for spectral photocurrent and white light photo-
current experiments respectively. Photocurrent and
signal of photodiode were measured with high preci-
sion electrometers Keithley K-614 (9).

3. Results and discussion

Measured absorption spectrum of a CuPc film
of approximately 100 nm thick deposited on fused
silica is presented in Fig. 1. It exhibits a well-known
shape with Q band approximately 2 eV, B band at
approximately 3.7 eV and the next N and L bands
located at higher energies. Positions of absorption
maxima at 1.79, 2.01, 2.13, 3.7, 4.65 and 5.8 eV are
indicated. Such a spectrum is more correspondent
to the stable B phase of deposited CuPc [5].
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Fig.4. Schematic view of the installation for photocur-
rent measurements: 1 — xenon lamp; 2 — condenser;
3 — monochromator (H 25, 1800 line/mm, f=25 sm,
France); 4 — set of neutral light filters; 5 — semitrans-
parent mirror; 6 — photodiode; 7 — photodiode ampli-
fier; 8 — measurement cell; 9 — electrometer (Keithley,
K-614).

The measured absorption spectrum of
CI5-TCNQ exhibiting a single absorption band
with maximum at 3.4 eV is presented in Fig. 2.

Unfortunately we were not able to deposit also
CuPc by LB method to the thickness where photo-
current response risen over the noise to have com-
pletely ordered well defined system for investiga-
tions.

Fig. 5 presents the measured spectral photo-
current response of the double-layer structure
CuPc/CI15-TCNQ. It is seen that the spectral re-
sponse of the photocurrent follows the absorption
spectrum of vacuum deposited CuPc.

08}

0,6

04}

Photocurrent, Iph (arb. u.)

N

300 350 400 450 500 550 600 650 700

Wavelength, A (nm)

Fig. 5. Spectral photocurrent response of the double-
layer structure CuPc/C15-TCNQ.

The weak increase of the photocurrent in the re-
gion at approximately 2.85 eV in comparison with
the shown absorption curves, we prescribe to the
absorption of anion radical TCNQ, which is formed
due to an electron transfer in the dark. It must be
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stressed that the photocurrent under white light il-
lumination was 28 times higher than the analogous
response of the bare layer of vacuum deposited
CuPc. This fact demonstrates the efficiency of the
interface CuPc—acceptor in pumping out of exci-
tons created by light in CuPc and charge separation
reflected in the rise of the photoconductivity.

The spectra of the effective absorption coefti-
cient of the neat CuPc layer and the double-layer
structure are presented in Fig. 6. It can be seen that
spectral behaviour of the effective absorption coef-
ficients for both structures is similar except for two
additional absorption bands for double-layer struc-
ture with marked maxima at 2.85 and 1.08 eV.
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Fig. 6. Spectral dependences of absorption coefficients
for pure CuPc film — solid line and for the CuPc film
covered by TCNQ — dashed line. Effective coefficient
exceeds the one for pure CuPc at marked points — 1.08
and 2.85eV.

The first band coincides spectrally with a weak
response in the photocurrent spectrum and can be
associated with the noticed formation of TCNQ-an-
ion, as the second one corresponds to the charge—
transfer absorption of the CuPc-C15-TCNQ struc-
ture. Unfortunately any quantitative photocurrent
measurements in near infrared were impossible as
the signal was far below the error level. Existence of
the charge transfer supports the possibility to calcu-
late the bigger thickness for the C15-TCNQ over-
layer in the model of noninteracting layers. It is in-
teresting to note that effective absorption in these
bands is created by only a few deposited monolayers
of C15-TCNQ and concentrated in the interface
region definitely not propagating deep to CuPc, but
it is comparable with the calculated absorption of
the whole CuPc film.
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4. Conclusion

The use of the simplest one ‘effective’ film ap-
proximation given valuable results for the double-
layer structure is presented. Attempts to separately
use fixed optical parameters for the CuPc layer and
CI15-TCNQ overlayer to describe optical properties
of the double-layer structures were not successful;
optical properties of CuPc were definitely changed
after the C15-TCNQ deposition. The presence of
the acceptor layer (C15-TCNQ) deposited on the
vacuum evaporated CuPc film makes possible the
formation of the interface charge—transfer com-
plex. The charge—transfer absorption was detected
in the spectral region at approximately 1.1 eV. The
new absorption band at 2.85 eV was described by
the absorption of TCNQ-anion. In the presence of
the acceptor layer the photoelectric response was
approximately 30 times higher than the analogous

response of the bare CuPc layer—this fact can be
important for solar cells fabrication. The increase of
the photoconductivity in the spectral region of 2.85
eV suggests that TCNQ- anions can be effective in
the photogeneration process.
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