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New carbazolyl containing oligomeric (CO) photosemiconductors which contain "heavy”
bromine and iodine atoms were synthesized by cationic polymerization. In order to reduce
the softening temperature of respective CO to the photothermoplastic holographic informa-
tion recording method required level, the cationic copolymerization of corresponding
bromine-containing carbazolyl monomers with butyl glycidyl ether and o-naphthyl glycidyl
ether was carried out. The informational properties of the holographic recording media
based on obtained oligomeric composites films for the photothermoplastic method of
holograms recording were investigated.

Keywords: carbazolyl containing oligomerics, holographic recording media; photocon-
ductivity, photothermoplastic method of holograms recording.

Katmonnoii monumMepusamueil MOJyUeHBI HOBBIE KapOas3OJUJICOAEPIKAININE OJUTOMEpPHBIE
(KO) doTomomynpoBOIHUKH, COAePIKAINe TAMKeJIble aTOMBI O0poMa u fioga. Iisd CcHUKeHHS
TeMIepaTypsl pasmardenusa KO 1o ypoBHs, HeobxoamMoro mpu (OTOTEPMOIIACTUUECKO
s3anmcy WHAQOPMAIINY, OCYNIECTBIeHA KATHUOHHAA COTOJUMEPU3aNUA ¢ GYTUATAUIINANIOBBIM
U o-HaQTUATTUIUAUIOBEIM sdupamu. Wccemerosansl nHPOPMANMOHHBIE CBOMCTBA PETUCTPU-
PYIOIIUX cpeq AAsS POoTOTEPMOIIACTUUECKOTO CIoco0a 3amlNicy TOJOTPAMM € TIEHKAMM TOJY-
YeHHBIX OJHUTOMEDPHBIX KOMIIOBUTOB.

CunTtes Ta mocaigkenHd indopManiiHUX cepegoBHIN HA OCHOBI raJJOTeHBMICHHUX OJIro-
mepiB. O.B.Mokpurcvra, C.JI.Cmydsuncovruit, M.I'"'Hynpuna.

Karionnoio momimepusaiiiero omepskano HoBi kapbasomimemicui osiromepni (KO) doto-
HATiBOPOBIIHUKM, 110 MiCTATHL Ba)KKi aTomMu Opomy Ta fiogy. Iid SHUKEHHA TeMIepaTypu
posm’akuienasas KO mo pisusa, meobxigmoro mpm poToTepMOMIACTUUHOMY 3amucy imdopmarii,
srificHeHo KATiOHHY KOMOJiMepu3alliio 3 OYTHUATIINMUAUIOBUM Ta O-HAQTUITIUIIUIAITOBUM
etepamu. Hocaimsxeno indgopmaniiini BJIacTUBOCTI peecTpylOuUx cepefoBulll aaa dororepmo-

IIJIacCTU4YHOTO CHOCO6y 3alucy roJjorpamMm 3 IJIiBKaMu OTPUMaHUX KOMIIO3HUTIB.

1. Introduction

Oligomeric composites films (OCF) based
on carbazolyl containing oligomers (CO)
doped with organic dyes can be used in elec-
trographic and reversible holographic re-
cording media (HRM), solar energy photo-
electric converters, electroluminescent de-
vices [1]. The wide application of such OCF
is due to the presence in the corresponding
oligomeric structures of carbazolyl side sub-
stituents, which form energetic transport
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band of non-equilibrium holes. The OCF
photoconductivity in the visible range of
the spectrum is provided by additives of
organic dyes, photoexcited molecules of which
are capable to perform of photogeneration of
the non-equilibrium charge carriers.

It is known that "heavy” or magnetic
atoms in structure of the polymer chain
fragments or dopant’s molecules can consid-
erably affect the OCF photoconductivity
owing to their influence on the photogener-
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ated charge pairs spin conversion or non-
equilibrium charge carriers transfer be-
tween the polymer chain fragments.

Halogen atoms introduction into the pho-
tosemiconducting oligomers aromatic nuclei
leads to their absorption region widening
and increase of photosensitivity in pho-
tothermoplastic (PTP) method of informa-
tion recording [2, 3].

The aim of this work was to study influ-
ence of heavy atoms on the holographic
properties of OCF and also the halogen-con-
taining oligomers and cooligomers ability to
the PTP holographic recording application.

2. Experimental

2.1 Synthesis

We obtained iodine- and bromine-con-
taining carbazole-based oligomers. The car-
bazole molecules contain two reactive sites
which are the most favourable for the elec-
trophilic attack, namely, C-3- and C-6 posi-
tions. C-1 and C-8 positions of the carbazole
nucleus are slightly less reactive in the elec-
trophilic substitution reactions than C-3
or C-6. Under halogenation conditions,
the substitution reaction initially occurs
at 3-position and then at 6-position of carba-
zole ring [4]. By using cationic polymeriza-
tion, we synthesized iodine-containing 3,6-di-
iodoglycidylcarbazole oligomer (o-di-JGC).

In order to obtain the monomer, method
of direct iodination of carbazole (iodate/io-
dide method) was used [5]. Mixture of KJ
and KJOj (iodate/iodide mixture) was used
as an iodinating agent. The iodination was
carried out in acetic acid medium (observed
— 62.75 % J; calculated — 62.71 % J):
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We also synthesized bromine-containing
1,3,6-tribromoglycidylecarbazole oligomer
(0-tri-BrGC). In order to obtain the initial
monomer, direct carbazole bromination in
the carbon tetrachloride medium method
was used [6] (observed — 59.37 % Br; cal-
culated — 59.41 % Br)- i
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However, the halogen-containing oligom-
ers were too high-melting substances and,
as a consequence, these oligomers were un-
suitable for the PTP recording of holograms
(0-tri-BrGC with softening point of ~155°C
and o0-di-JGC with the softening point of
~175°C, respectively). In order to reduce the
softening temperature of CO to the level
required for PTP holographic recording suc-
cessful application, we carried out the cat-
ionic copolymerization of corresponding bro-
mine-containing monomer with butyl gly-
cidyl ether (butyl glycidyl
ether/1,3,6-tribromoglycidylcarbazole molar
ratio was 11/1). As a result, cooligomer
coo-tri-BrGCBE (with the softening point of
60-65°C) was formed.

{Cﬂz—qﬂ—oﬂn—
{CHZ gH oﬂ— Br {CHZ qH OHCHZ qH 0]—

e
J Br

o-tri-BrGK
Br
0-di-JGK coo-tri-BrGKBE

Usually, plasticization of CO leads to de-
crease in electron-donor condensed aromatic
nuclei concentration in the photosemiconduc-
tor, that causes delay in the charging poten-
tial dark decay and reduces photosensitivity.

We obtained and studied the new cooli-
gomer (coo-tri-BrGC-NGE with the softening
point of 73-83°C) in which o-naphthyl gly-
cidyl ether was used as an internal plasticizer
(o-naphthyl glycidyl ether/1,3,6-tribromogly-
cidylcarbazole molar ratio was 1/1).

{Cﬂf CH- OHCHf gH— 0]
C“Hz n H, -m
B |
:
Br Br

coo-tri-BrGKNGE

The introduction of naphthyl nuclei sig-
nificantly decreases the softening tempera-
ture of bromine-containing oligomer. In this
case the respective HRM are characterized by
high recording quality due to the conjugated
aromatic conservation systems in the chain.

2.2 Samples and experimental methods

The organic dye ICTC1 with intramolecu-
lar charge transfer was used as sensitizer of
film HRM photoconductivity (3 mass %).

NO, 00CHy-n
0,0 ,
O,N e g NO,
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Fig. 1. Dependences of 1, . on Ig(I$E cdott,,,)
for HRM based on films of: I — o-di-JGC +
3 wt. % ICTC1, 2 — o-tri-BrGC + 8 wt. %
ICTC1, 3 — coo-tri-BrGCBE + 3 wt. % ICTC1,

4 — coo-tri-BrGC-NGE + 3 wt. % ICTC1.

Such substances are characterized by suf-
ficiently high extinction coefficient in the
visible region, efficient charge carriers pho-
togeneration ability and good plasticizing
properties for their application in the OCF-
based holographic recording materials
(HRM) [4]. The samples for investigation
were prepared as structures with free sur-
face of the oligomer film: glass substrate —
Sn0,:In,05 (ITO) sublayer — OCF. To re-
cord the PTP holograms the HRM were pre-
pared in the thin films form by casting the
corresponding toluene solutions onto glass
substrates covered by a transparent electro-
conductive ITO-sublayer with resistance of
20 Q/sq. The oligomer/ICTC1 mass ratio of
the components amounts was 97/3. Work-
ing area of the HRM film was 40x40 mm?2.
Thicknesses of the HRM films were meas-
ured by MII-4 interference microscope. The
OCF thickness was 1.1-1.2 um; it was opti-
mum for the PTP method of holograms re-
cording. The prepared samples of the HRM
films were characterized by measuring the
spectral and information characteristics.

The absorption spectra of oligomers solu-
tions were measured using “Varian Gary
50" spectrophotometer.

SVD-120 mercury lamp was used as a
radiation source.

The OCF photothermoplastic charac-
teristics measurements were carried out by
using holograms of planar wavefront re-
cording as described previously [4]. The
holograms of planar wavefront were re-
corded on the HRM with 650 nm light from
a semiconductor laser (the spatial frequency
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Fig. 2. Absorption spectra of oligomers solu-
tions in toluene: I — non-irradiated o-di-
JGC, 2 — non-irradiated o-tri-BrGC, 3 —
irradiated o-di-JGC, 4 — irradiated o-tri-
BrGC, 5 — iodine silution.

of hologram recording was ~ 500 mm™1).
The controlled parameter was the diffrac-
tion efficiency (1) of the recorded planar-
wavefront hologram determined in -1 dif-
fraction order, which is proportional to
depth (%) of the relief on the HRM film
surface after development of latent image
in the HRM [4]. The value of 1 was measure
with a photodetector connected to the input
of storage oscilloscope Tektronix
TDS1001B. The external triggering of the
oscilloscope was formed by the leading edge
of development pulse. To determine the
maximum attainable value of the diffrac-
tion efficiency (n,,,,), the hologram was de-
veloped starting from the initial tempera-
ture T = 293 K to temperature above the
temperature of hologram erasure and com-
plete healing the geometric relief of the
HRM film surface. The holograms were re-
corded at 1:1 intensity ratio of the refer-
ence to the object beam. In the course of the
hologram development, the diffraction effi-
ciency of the restored image of the holo-
gram of planar wavefront was continuously
measured, which permitted the detection of
Nmax- From the results of these measure-

ments, dependence of 1n,,,, on exposure (I-t)
was determined, where I — is light intensity,
and ¢t — is time of the exposure (Fig. 1).

3. Results and discussion

It was established that, as expected, the
higher holographic sensitivity was observed
for coo-tri-BrGC-NGE-based recording mate-
rials (Fig. 1). This fact is also connected
with greater plasticity of these films as
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compared to o-tri-BrGC and o-di-JGC-based
films due to the presence of flexible butyl
glycidyl or a-naphthyl glycidyl ether frag-
ments in the structure of respective oli-
gomer molecules. It was found that the
holographic sensitivity of the HRM de-
creased at the transition from o-tri-BrGC to
0-di-JGC. Such decrease is not connected
with the rheological properties of the HRM
films and is due to their electroconducting
and photoconducting properties change. Be-
cause of concentration of carbazolyl frag-
ments which provide the non-equilibrium
charge carriers transport in the o-tri-BrGC
and 0-di-JGC films is the same, the electro-
and photoconducting properties change is
unambiguously connected with the halogen
atom nature. The holographic sensitivity de-
creasing is explained by photochemical trans-
formations, namely photoinduced iodine atom
elimination that leads to the irreversible
changes in the composition properties. The
processes of photooxidation are well-known
for carbazolyl-containing polymers [8, 9]. Ir-
radiation of the polymers solutions or films
leads to broadening of the spectrum structure
in the polymer intrinsic absorption region due
to the photooxides formation. Figure 2 pre-
sents the optical absorption spectra of non-ir-
radiated (curves I and 2) and irradiated
(curves 3 and 4) 0-di-JGC and o-tri-BrGC so-
lutions in toluene. The photochemical elimi-
nation of iodine atoms was carried out
under oligimers solutions irradiation during
30 minutes. The irradiation of 0-di-JGC so-
lution in the JGC-groups intrinsic absorp-
tion region leads to broadening of the re-
spective absorption spectra structure. Si-
multaneously, the new band with the
maximum at 500 nm appears in the visible
range of the spectrum. The long-wave ab-
sorption with the maximum at A ~ 500 nm
is also observed in the spectra of the non-ir-
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radiated o0-di-JGC doped with molecular io-
dine additives (curve 5).

4. Conclusions

The results of our investigations show
that the halogen-containing cooligomers can
be efficiently used as the HRM basic compo-
nents for the PTP method of hologram re-
cording. For development of the new cooli-
gomer-based photothermoplastic materials
the comonomer-plasticizer nature effect on
the HRM properties should be considered.
The best information characteristics were
found for coo-tri-BrGC-NGE-based HRM.
The iodine-containing oligomers application
is undesirable due to the iodine atoms pho-
toelimination which leads to the irreversible
changes in the composition properties.
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