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Polymeric composites based on the butyl methacrylate: nonyl methacrylate (3:1) copoly-
mer doped with 8-hydroxyquinoline azo dyes with donor and acceptor substituents and the
cobalt complexes thereof have been obtained. The influence of an external electric field on
the polymeric film transmission of linearly polarized light in the long-wave part of the azo
dye absorption range (corresponding to nn” azo fragment absorption range) and their metal
complexes have been revealed. The influence of the electric field on the transmission is
connected with the forces acting on dipole moments of azobenzene groups and metal ions.

TlonyueHsbl MOJMMEpPHBIE KOMIIOSUTHI Ha OCHOBE COIIOJMMEpa OyTHIMETAKPUJIAT: HOHUJIME-
rakpmiaar (3:1) ¢ moGaBKamMm asoKpacuTes el Ha OCHOBE 8-OKCHUXWHOJUHA C JOHOPHBIM U
AKIEIITOPHLIM 3aMECTUTENAMU U UX KOMILIEKCOB ¢ KobaabroM. OGHAPYIKEHO BIAUAHNE BHEII-
HEro 2JIeKTPUYECKOTO II0Js HA IPOINYyCKAHWE IOJUMMEPHBIMU IIJIEHKAMU JUHENHO I0JsSPUu30-
BAHHOI'O0 CBETA HA IJMHHOBOJHOBOM KPAK IOIVIOLIEHWS as30KpacuTeseil (COOTBETCTBYIOIIEM
7" HoJoCe IIOIJIOM[eHN: a30(PPArMEHTOB) M X METAJIOKOMILIEKCOB. BiusHue sieKTpmuec-
KOro IIOJIA Ha IPONyCKaHMe CBeTa OODbACHAETCS BOSHUKHOBEHHEM CHJI, AeHCTBYIOIUX HAa
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AUIIOJIbHBIE MOMEHTBI a300eH30JIbHBIX TPyl 1 HAa WMOHBI MeTaJlJja.

Films of polymeric compositions (PCF)
containing azobenzene dyes [1-3] or azoben-
zene lateral groups [4—7] are of interest for
their application as optically active media,
in particular as polarization sensitive media
for recording of optical holograms [8] and
electro-optic modulators [9, 10]. The PCF
containing azo dyes based on the 8-hy-
droxyquinoline are known to show a pho-
toinduced optical anisotropy [11-17]. How-
ever, the electro-optical properties of PCF
containing such dyes are not investigated to
date. The aim of this work was to synthe-
size PC and to investigate the electro-opti-
cal characteristics of the films containing
8-hydroxyquinoline azo dyes at different
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concentrations, depending on presence of
metal ions in the chromophores at different
dipole moments of azobenzene isomers. A
model of the electrical field influence on the
film transmission of the monochromatic po-
larized light is considered. For the studies,
synthesized were the butyl methacrylate:
nonyl methacrylate (BMA:NMA) (3:1 and 1:1
ratios), butyl methacrylate: vinyl butyl ether
(1:1 ratio) copolymers as well as azo dyes,
8-hydroxyquinoline derivatives: 5-phenylazo-
8-hydroxyquinoline (Al) and its complex with
Co (A1-Co), 5-(4-methoxyphenyl)azo-8-hy-
droxyquinoline (A2) and its complex with
Co (A2-Co), 5-(4-nitrophenyl)azo-8-hy-
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droxyquinoline (A83) and its complex with
Co (A3-Co).
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The azo dyes were prepared according to
the procedure [18]. The structures of the
azo dyes were confirmed by the NMR spec-
troscopy. The Co complexes of the synthe-
sized azo dyes were prepared by the ex-
change reaction between the cobalt nitrate
Co(NO3),:6H,0 and corresponding chelating
agent in alcohol-NaOH solution used to
regulate the system pH. The metal complex
formation was confirmed by the IR spec-
troscopy. The copolymerization of the butyl
methacrylate, nonyl methacrylate, vinyl
butyl ether was carried out in DMF solution
with azo isobutyronitrile (AIBN) as the free
radical initiator (1 wt.% with respect to
monomer) at 80°C during 10 hours. The
BMA:NMA (3:1) copolymer was selected for
investigations. Samples with the free sur-
face (glass substrate — Sn0O,:In,05 conduct-
ing layer — polymeric film) were prepared.
The concentrations of azo dyes and metal
complexes were varied in the 1-10 wt. %
with respect to the copolymer. The sample
preparation procedure was described in [9].
The PC thickness was 2—3 um.
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Fig. 1. Absorption spectra of BMA:NMA
polymeric films with 5 wt. % Al (1), Al-Co
(1), A2 (2), A2-Co (2'), A3 (3), A3-Co (3').

Measured were the optical density (D)
spectra over the light wavelength range A =
400-900 nm; the value 8Ip = (Ig—1y)/Iy,
where Iy and Ip are the monochromatic
light intensities passed the PCF prior to
and after the electrical field switching on,
respectively. The polarized light was used
to irradiate the samples. The sample was
located between two polarizers with the po-
larization planes roteted by 90°. The value
8Ip was determined after a long-term expo-
sure (60 min) of the sample to polarized
light with A > 400 nm (the exposure time is
selected larger than the typical settling
time of photochemical processes in the sys-
tem). The electric field (E = 1.108 V/m) was
produced using the corona discharge just as
in [9, 19]. The &Iy value was determined as
a function of the time (¢) after the electrical
field E switching on and switching off, and
the wavelength A. All measurements were
carried out at room temperature.

The absorption spectra of the studied
polymeric films are shown in Fig. 1. The
normalized absorption spectra are weakly
sensitive to the presence of metal ions in
chromophores and to the chromophore con-
cetration. The bathochromic shift of the ab-
sorption band at the transfer from Al to A2
and A3 is connected with the presence of
donor and acceptor substituents in the chro-
mophore which reduce the excited state en-
ergy of organic dyes [20]. After the sample
irradiation by polarized light from the azo
compound absorption region (400-550 nm),
the intensity of the polarized light passed
through the sample is decreased when the
electric field is switched on, and is restored
to the original value (Fig. 2) when the field
is switched off.
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Fig. 2. Dependences of I, on time ¢ after
application of external electric field and its
switching off after 8 min measured at A =
650 nm for the BMA:NMA polymeric films
with 5 wt. % Al (I), Al-Co (1'), A2 (2),
A2-Co (2), A3 (3), A3-Co (8'). The samples
were preliminarily irradiated with linearly
polarized light during 60 min.

The light intensity change kinetics from
Iy, to Ip and after the electric field is
switched off can be described by simple cor-
relations: I(t) = Iy + ([Ig—Ip)(l—exp(—t/ty))
and I(t) = Iy + (Ig—1g) exp(—t/1g)). The time
constant 1ty in these correlations is
150420 s. The electric field influence on the
transmission of the linearly polarized light
increases in the sequence Al, Al1-Co; A2,
A2-Co; A3, A3-Co. In Fig. 3, dependences
I5/1y(%) are shown. The electrical field in-
fluence on the transmission of the linearly
polarized light increases in the long-wave
absorption range of the investigated PCF
after a prolonged irradiation with polarized
light from the azo dyes absorption range.
The maximum [5I values have been ob-
tained for azo dyes concentration 5 wt. %
with respect of the BMA:NMA copolymer
and those are three to four times higher
than for PCF with 1 wt. % of azo dyes. The
concentration increase to 10 % results in the
film surface deterioration, the phase foliation
and the increased light scattering therein.

In the studied PCF samples, the photoin-
duced optical anisotropy arises due to irra-
diation with a linearly polarized light caus-
ing the trans-cis isomerization of the azo
dye molecules. An external electric field ex-
erts an orienting effect on the photoinduced
dipole moments of the azo compounds. This
effect manifests itself as the electro-optical
effect over the light wavelength range cor-
responding to the long-wave part of these
azo dye absorption spectra. The time con-
stant value 1; exceeds significantly the geo-
metrical capacitance charging duration of
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Fig. 3. Dependences of dI; on XA for the
BMA:NMA polymeric films with 5 wt. % Al
(1), A1-Co (1'), A2 (2), A2-Co (2'), A3 (3),
A3-Co (8') after irradiation with linearly po-
larized light (A < 500 nm) during 60 min.

the corresponding samples. This fact indi-
cates that the dipole moments of azo mole-
cule isomers in these films rotate slowly due
to high viscosity of the polymeric matrix
and steric hindrances caused by the pres-
ence of side groups in their structures.

The maximum influence of external elec-
tric field is observed within the visible spec-
tral range close to long-wave absorption
part of the azo chromophore groups. In the
external electric field, the photoinduced di-
pole moments change their orientation with
respect to the electric vector of the incident
light wave. Such reorientation provokes a
change of optical anisotropy of the studied
films. The external electric field produces
alignment of the photoinduced dipoles along
the force lines of the field, the interaction
between polarized light and these dipoles
weakens and 8Iy < 0. The [5I value in-
creases in the sequence of PC films with Al,
A2, A3, due to increasing dipole moments of
azo dye molecule isomers. The same effect is
observed for the cobalt-ion containing ones in
PC films within the A1-Co, A2-Co sequence.
The validity of the above suppositions about
the photoinduced optical anisotropy mecha-
nism in the studied PC films is confirmed
by the model calculations using the Monte-
Carlo method for the equilibrium configura-
tion of the azo chromophore group isomer
and the same isomer with connected ion
Co2* in the external electric field E under
account for the position of the Co?* ion and
the azobenzene group isomer dipole p in the
selected coordinate system. The increasing
of azo chromophore dipole moment has been
found to be able to level the influence of the
electrical field interaction with Co?* ion,
that fact was observed experimentally in
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the corresponding series of PC films with
Al1-Co, A3-Co.

Thus, the external electrostatic field ef-
fect on light transmission in the BMA:NMA
films doped with 8-hydroxyquinoline deriva-
tive azo dyes after a long-term previous ir-
radiation with linearly polarized light from
the wavelength range corresponding to azo
chromophore absorption region is caused by
a reorientation of the photoinduced azo
molecule isomers in the external electric
field. The increasing dipole moments of the
azo dyes by adding electron donor or ac-
ceptor substituents to the azo chromophores
increase this effect. The increase of the azo
dye concentration in the polymeric matrix
from 1 % to 5 % leads to the intensifica-
tion of the electro-optical effect, but the
further increasing dye concentration cause
the deterioration of the PC film optical ho-
mogeneity.
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ExeKTpoonTHYHI BJACTHBOCTI MOJiMEPHUX CHCTEM
"ricrp-xa3gin’ 3 mo0aBKaMHM a300apBHMKIB Ha OCHOBI
8-0okcuxiHOMIHY Ta 1X KOMILJIEKCIiB 3 K0OAJbTOM

M.O.Jasudenkxo, 1.1.]aéudenro, 1.0.Casuenko,
A.T.Cunmweuna, C.JI1.Cmyodsuncoruii, A.M.Ilonenaka,
JI.C.Tonxonieea, O.1O.Konendo, A.M.AHnKin

Opmep:KkaHO MOJiMepHI KOMIOBUTU HA OCHOBi cIiBmosliMepy GyTHIMeTaKpUJIAT:HOHiJIMeTa-
kpuiar (3:1) 3 gomimkamu as306apBHUKIB Ha OCHOBI 8-0KCuUXiHOJIIHY 3 NJOHOPHUM i aKIel-
TOPHUM B3aMiCHMKaMU Ta IX KOMILIEKCiB 3 KobasbToM. BHABJIE€HO BIJIMB 30BHINIHLOTO €JIEKT-
PUYHOTO IIOJISI HA IIPOIIYCKAHHSA IOJIIMEPHUMM IIIiBKaMM JiHifHO IOJAPUB30BAHOIO CBiTJa Ha
IOBrOXBILIBOBiil Mesi IOrIMHAHHS asobapBHUKIB (fKa BigmoBigae mn* cMysi moramHaHHS
agodparmMeHTiB) Ta IX MeTAJIOKOMILIEKCiB. BIIWB eJIeKTPUUYHOrO IIOJA HA IIPOIYCKAHHS
CBiTJIA NIOSICHIOETHCS BUHUKHEHHSAM CHJ, SKl1 JifOTb Ha AUMIOJBbHI MOMEHTH a300€H30JbHHX

rpyma i Ha ioHm merany.
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