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UCCNEJOBAHME
NOKAJIbHOW NOABUXXHOCTH
A30-NOJIUMEPOB

MO KONEBATE/IbHbIM
CNEKTPAM XPOMO®OPOB

KJLIIyxuna', A.M.Quwman’, C.C.Xapunyes'?

Mpu ocBelLeHMN NIEHOK a30-MOJIMMEPOB JINHENHO
nonsapu3oBaHHbIM J1a3epHbIM U3yYeHUeMm
NpOUCXOAUT OpUeHTaLus XpoModOopHbIX pparMeHTOB.
MeTtopbl koneb6aTtenbHOM CNEKTPOCKONUY NO3BONSIOT
KOHTPO/INPOBaTb BeINYNHY GOTOUHAYLMPOBAHHOM
ONTUYeCKOW aHM3oTponuu. B pabote nccneposanach
3aBUCMMOCTb AUXPONYHOro OTHOLEeHUS d nonoc
nornouieHns xpomodopa ot TemnepaTypbl.
MN3MeHeHUs B XxapakTepe 3aBucumoctu d(T) npu
nosblleHNn TeMnepaTypbl 40 60 °C cBUAETeNbCTBYIOT
0 pasmMopa>MBaHUM OPUEHTALMOHHOM NOABUXHOCTH
XpomodopHbIX rpynn. MNpeanoxeHo UCnosib3oBaTtb
AaHHbIV NOAXO0A AN UHTepNpeTaLun NpUpoAbl
penakcaunoHHbIX NepexonoB B NoJinMepax,
coaepxXawmnx XxpoMmopopHbie pparmMeHTbl.

1. BBEAEHUE

ITpor3BoAHbEIe a306€H30/IbHBIX XPOMOPOPOB C IOHOP-
HBIMHU H/HUJIH aKUENTOPHBIMH 3aMeCTUTeIIMU
SIBJISIIOTCS AHHU3O0TPOIIHBIMHM MOJIEKYyJIaMH C II0JIO-
CaMH{ IIOIVIOMIeHHUs B BHAMMON U YP-obnactu
CIleKTpa. B HacTosimee BpeMsi HaMIeHO MHOIO
Pa3IMYHBIX IPUMEHEHHUH ISl MaTepHUasoB C MoJle-
KyJIaMH{ TaKoro BHJA. B YaCTHOCTH, UX HCIONb3YIOT
B YCTPOMCTBaX ONTHYECKOHM HaMSITH s 3alHuCH
U xpaHeHus nuHbopmauuu [l], gnas npeobpasosa-
HHS 4YaCTOThl CBeTa [2], B KayecTBe ONTHYECKHX
IepekIioyaTenew (3.

OZHUM U3 IMEepCHeKTHBHBIX IIpeACcTaBUTeNleHn
a30-XpoMOOpPOB SIBISETCS MoJIeKyna 4-aMHuHO-4-
HUTpoa3obeH301 (DO3). B pabore [4] 6b1710 ITOKa3aHoO,
YTO [AUIIONBHBIM MOMEHT OITHYEeCKOro Ilepexona
B Mojekynax DO3 MarkcuMMajieH B HalpaBJIeHHH
[JIAaBHOM OCH MOJIeKY/bl. BeposSTHOCTh IIOIJIOIe-

RN R R NN R R R AR R RN RN R R R NN A RN R RN NN
ONTUYECKUE UBMEPEHUS I——
RN R R NN R R R AR R RN RN R R R NN A RN R RN NN

STUDY OF LOCAL MOBILITY
OF AZO POLYMERS

BY OSCILLATORY RANGES
OF CHROMOPHORES

K.L.Shuhina!, A.I.Fishman', S.S.Harintsev'-?

When illuminating films of azo polymers with
linear polarized laser radiation, chromophore
fragments orientation occurs. Methods of
oscillatory spectroscopy allow to control the size
of the photoinduced optical anisotropy. This paper
investigates the dependence of anisotropy ratio d
of chromophore absorption bands on temperature.
Changes in nature of dependence d (T) during
temperature increase to 60 °C testify to defrosting
of orientation mobility of chromophore groups. It
is suggested to use this approach for interpretation
of nature of relaxation transitions in the polymers
containing chromophore fragments.

1. INTRODUCTION

Derivatives of azobenzene chromophores with
donor and/or acceptor substituent are anisotropic
molecules with absorption bands in visible and UF
spectrum. Nowadays, many different applications
for materials with the specified molecules are
found, including their use in the devices of optical
memory for recording and storage of information (1],
for light frequency conversion [2], as optical
switches [3].

One of perspective representatives of azo-
chromophores is the molecule of 4-amino-4’-
nitroazobenzol (DO3). The paper [4] demonstrated
that the dipolar moment of optical transition pp,,
in DO3 molecules is maximal in the direction of
the molecule principal axis. The probability of
absorption by the molecule of radiation is maximal
when the direction of its principal axis matches the
direction of polarization of the incident field.

When absorbing linear polarized laser radiation,
chromophores are selectively excited and, generally
(for example, owing to photoisomerization cycles),
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can change the orientation (fig. 1) [5]. It is possible
0xx - 0xx . ==, | even in the glass-like polymeric matrix since
P O ﬂ I > O ﬂ I > /zoﬁ I local heating leading to increase in local mobility
O\ J O\ V4 — of molecular fragments of polymer chains near
— — — chromophore is observed during absorption [6].

Light absorption and reorientation of chromophores
Puc.1. OpueHmauus xpomodopos npu 0b6AyHeHUU NoASIPU30-

will occur until their dipolar moment is not
B8aHHbIM C8eMOoM dicul larizat] £ o
Fig. 1. Chromophore orientation during illumination by linear | PeTPendicular to polarization vector ol exciting
polarized light radiation. Detecting of the received orientation is

possible by various methods [7], including methods
of oscillatory spectroscopy [8], [9].

HUS MOJIEKYJIOM H3/IydeHHUsT MaKCHMaJbHa, Korma |l

HaIlpaBjeHHe ee IIAaBHOM OCH COBIIaflaeT C HaIlpaB-
JleHHeM MO PHU3al MU aJaoIero mos.

[Ipy MOIVIOIEHUH JIMHEHHO IO/NSPH30BaHHOIO
JIa3epHOT0 U3/Iy4YeHHUSI XPOMOQPOPHI CelIeKTHBHO BO3- 1.8
Oy>kmaroTcs U B obmem ciaydae (HampuMmep, BCIeA-
CTBHe LMK/IOB (GOTOM30MEPHU3ALIUH) MOIYT H3Me-
HUTb CBOIO opueHTanuio (puc.l) [5]. 3To BO3MOKHO
Ia>ke B 3aCTEeKJIOBAHHOM IIOJIMMEPHOH MaTpHlle,
IIOCKOJIBKY IPH IOIVIONeHUH IMPOUCXOIUT JIOKaIb-
HBIH Pa3orpeB, IIPUBOASIIHEI K YBeTUUYEHHUIO TOKAIb-
HOHM IMOJABHKHOCTH MOJIEKYISIPHBIX (QpParMeHTOB
IIOJTMMEPHBIX Lielel B6nu3n xpomodopa [6]. ITorio-
IeHHe CBeTa U IepeopueHTalus XpoModopos byzmeT
IIPOMCXOAUTH [0 TeX IIOp, IOKa HMX AUIIONBHBIM
MOMEHT He OKa’KeTCsl IepIIeHIUKYISPHBIM BeKTOPY 0.2
HONSIpPU3alluK Bo36yKAAIOMmero M3nydeHHs. JleTek- e |
THPOBAaHHE HOJ'IY‘-IQHHOI;I OpHeHTalluK BO3MOXXHO 300 400 500 600 700
Pa3IMYHBIMU MeTOLAMHU [7], B TOM YMC/Ie MeTOLaMU [invHa BonHbI, HM / Wavelength, nm
KojiebaTe/IbHOM CIIeKTPOCKOIUH (8, 9]. ?

BaskHBIM CBOMCTBOM aHH3O0TPOIHBIX Cpefl, oIpe-
JeNsIoIUM HX IIpaKTH4YecKoe MPHUMeHeHUe, SIB/S- Kpuocrar
eTcs pejaKCallMOHHAasl CTabHIBHOCTB, T.e. CIIOCOO- Cryostat
HOCTh B Te4YeHHe 3aJaHHOTO BpPeMeHM COXPAHSITh
HaBeJleHHYI0 OpPHEHTALIUI0 XPOMOGOPHBIX TpYIII. O6pazel
Jlle3opueHTanusi XPoMODOPOB, HAXOASIIKXCS sample
B II0JINMEPHOH Cpefie, oIlpe/le/sieTCsl I0JBUKHOCTHIO
IIOTIMMEPHBIX Lleler, KOTopasi M3y4daeTcsi MHOTUMHU
MeTofaMHU, B TOM YHMC/Ie U 30HIOBRIMHU [10]. B maH-
HOM paboTe IpeasaraeTcs HCCIeSOBATh JOKAJIBHYIO > -7
IIOABH>KHOCTD IIOJIMMeEPA I10 JUHAMHKKe peJlaKCalluHr Ge-nnacTnHka Lenses
OPHEHTHUPOBAHHBIX XPOMOJOPOB, BXOAAIIUX B COCTAB Ge-plate vanyHenna

~ y Source of excitin
IIOJINMMEPHOU LIeIIH. 24‘\)( irradiation

[eTtekTop NK-n3ny4eHus

2. SKCNMEPUMEHTAJIbHAA YACTDb Detector of IR irradiation
CHHTe3 3[I0KCMAMHHHOIO OJIMTOMepa C KOBAaJIeHTHO | ¢)

[IPHUCOeMHEHHBIM K OCHOBHOM LIeIIH a30XPOMO-
dopom DO3 (OAX®D) (T.=130°C) orrcaH B paborte [11]
(puc.2a). IlneHku OBIAKM IOAy4YeHB M3 10%-HOro
pactBopa OAX® B LMKJIOTeKCAHOHE, HaHECeHHOIO
Ha moayiokky KBr v BaF,. IIZleHKH OT>KHUIaIKMCh IIpU
TeMmmeparype 140°C B TeyeHHe ofgHOro 4vaca. Toi-
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Puc.2. Cmpyxkmypa monekynsi OAX® u ee cnekmp nozaouje-
Hus (a). Cxema 3kcnepumeHmanbHoli ycmaxosku (b)

Fig. 2. Structure of CFAO molecule and its UV-vis absorption
spectrum (a). Experimental setup (b)
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IIMHA IUIeHOK cocTaBmiia 0,5-2 MKM. CIIeKTp IIOIJIO-
LIeHUs TOHKOMU IIeHKU OAX® (1=280 um) I10/Iy4YeH
Ha criekTpodoToMeTpe Lamda 35 (PerkinElmer, USA)
Y IIPUBeEeH Ha pHc.2a.

Ha puc.26 mpuBefieHa cXeMa 3KCIIePHMEHTAJIb-
HON YCTaHOBKHU MJI KCC/IeOBAaHHS IOJBHKHOCTH
MIOJIMMEepHOH Ilelld MeTomoM UMK-Qypre CIIeKTPOCcKo-
nuu. [Ij1sg OpHeHTaluKU XPOMOOPOB KCII0/Ib30BaI0Ch
JTHHEHNHO MOJISIPU30BaHHOE BJO/Jb OCH X JIa3epHoe
H3/Iy4eHUe C JTUHUEeH B030Oy>KIeHMs, Haxo[sIlencs
B monoce mornomeHuss OAX® (A=532 HM). 30HIU-
poBaHHe  OCYyLIeCTBJSJIOCh IOJSPHU3OBAHHBIM
HK-usnyyeHueMm c nomoiipio MK-¢ypbe crekTpome-
Tpa Vertex 70, Bruker B poTocTanimoHapHOM pesRUMe.
TeMIlepaTypHble HCCIeNOBaHHS B Ouara3oHe oT 30
10 140°C BBIIIOHANHKChE C HCIIOJIb30BAHHEM KPHO-
crara Specac, yIIpaBJ/IsieMOr0 TeMIIePaTyPHBIM KOH-
Tpoiepom West 6100+, TouHOCTh IIOAJEpPKaHUSA
TeMIIepaTypsl 1°

3. ObCYXXAEHWE PE3YJ/IbTATOB

s opreHTal UMK XpOMOOPHEIX GParMeHTOB B OLITH-
YeCKOM I10JIe HHTeHCHBHOCTH BO3OY>KIAIOIIero CBeTa
BappUpOBanach B mpexpenax 5-20 mBt/cm?. BribpaH-
HBIM [AHAala3’oH HHTeHCHBHOCTEM He MPUBOLUT
K TI0SIBJIEHHIO He0OPaTHUMBIX U3MEHeHUH B CIIeKTPax
HK-mornomenus. Ha puc.3 npuBeneHsl MK-CeKTphl
TIOTJIOIeHU S TIoJIMMepa A0 (4epHBIM) U Iocie (Kpac-
HBIH) ocBelleHUs. D,, COOTBeTCTBYeT Iapa/l/le/IbHOH,
a Dy, - HepmeHAUKY/ISIPHON MOMSPH3ALUN B036Yy>K-
natomero (532 HM) u 3oHAUpYlomero UK-u3nydeHus.
CMHHMM LBETOM IIOKa3aH CIeKTP xpomodopa DO3.
[Ipu OCBeIeHHUH BO30OYXAAIIUM H3/IydeHHeM
BeJIMYMHA D,, psAla JUHHH, OTHOCSLIUXCI K KOJe-
6aHHUSAM XPOMODOPHOM I'PYIIBI, YMEHBIIAETCS. ITO
CBUJETE/NbCTBYeT 06 OpHeHTaLlUK XPOMOQPOPOB Iep-
MNeHJUKYASPHO MOASPHU3alMK M[afaollero Ioisd.
JIns aHanusa 6blia Bel6paHa JOCTAaTOUYHO HMHTEH-
CHBHas, XOPOIIO paspelleHHas I10/I0Ca IIOIJIOIeHU
1139 cml, oTHoOCAIIAACA K BaJIeHTHBIM KOIe6aHUSIM
Vv(C-NN) [12].

Jns aHanM3a CTemeHU OpUeHTALIMKU XPOMOPOpOoB
yoobHO HCIIONB30BATh JUXPOHUYHOE OTHOLIeHHe [7]:
d=(Dyy~Dyy)/(Dyy+Dyy). Ha puc.4 npusefeHa KuHe-
THYeCKasd KPUBas OUXPOMYHOrO OTHOIIEHHUS B IIPO-
I[ecce OCBeIeHHU s U II0C/Ie BBIK/IIOUYeHHU s Bo3bysKaaro-
IIero u3J1y4deHus npu temueparype T=30°C. XopoIio
BUJHO, YTO JUXPOHMYHOE OTHOIIEHHE CYIIeCTBEHHO
MeHseTCsl, focTUuras BenuduHel 0,14, Tlocie BBIK/IIO-
yeHHSI BO030y>XJaOIlero /a3epHOro M3Jly4deHHUs
HabnrofaeTcsd 4YacTHU4YHas [e30pHeHTalUs XPOMO-
bopoB. OT0, MO-BUAMMOMY, CBSI3aHO C pelaKkcalihen
MeXaHHYeCKHUX HaIpSOKeHUH B IIOJIMMEPHOM LIellH,
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The important property of non-isotropic
mediums defining their practical application is the
relaxation stability, the ability to keep the induced
orientation of chromophore groups during the set
time. The disorientation of the chromophores in the
polymeric medium is defined by mobility of polymer
chain. Mobility of polymer chains is studied by
many methods, including probing [10]. This paper
suggests investigating local mobility of polymer in
relation to dynamics of relaxation of the oriented
chromophores which are part of a polymer chain.
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Puc.3. Cnexmpbl MIK-noznoweHust OAX® do (depHbiii) u nocae
(KpacHbIll) oceeleHuUs 8036yX)KAarOWUM U3NyYeHUEeM dAs
napannenbHoU U nepneHOUKYASpHOU KOMNOHEHM UHMeHCU8-
Hocmu. CUHUM Ugemom nokasaH cnekmp xpomogopa DO3
Fig. 3. FT-IR spectra of CFAO before (black) and after (red)
illumination for parallel and perpendicular components of
absorbance and the spectrum of DO3 (blue)
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Fig. 4. Kinetic curve of the anisotropy ratio of 1139 cm’
absorption band, =20 mW/cm?

BBI3BAaHHBIX QOTOMHIYLIUPOBAHHOM OpHeHTaLlheH
xpoModopos [13]. IToCKOIBKY OpHeHTALUsl MPOUCXO-
IUT B HepaBHOBECHON MaTpHIle, IIOTMMePHas Liellb
CTPEeMUTCS BEepPHYTbh XpOMOGOP B HCXOLHOE COCTOS-
HHe I10C/Ie CHSITHS BHEIIHEero Bo3AeHCTBHUS.

Ha puc.5 npuBenieH rpaduKk 3aBUCHMOCTH OHX-
POMYHOIO OTHOLIEHU S OT TeMIIePaTyPhl JJIsI II0JIOCHL
moriomeHus 1139 cm! B Ipollecce OCBeIIeHUS BO3-
Oy>KEAIOIHUM H3Iy4eHHeM C HHTEeHCHBHOCTHIO
1=9,4 mBt/cM2. Kaknas SKCIIepUMeHTaJIbHasl TOYKa
Iojy4eHa Iocie obnydeHHs IJIEHKU B TedeHHe 10
MUHYT (BpeMeHH, B TeueHHe KOTOPOro JUXPOHUUYHOe
OTHOILIeEHHEe OOoCTUTaeT 85% cBoero MaKCHMMAaJIbHOIO
3Ha4YeHHs). BugHo, 4yTo Xapakrtep 3aBucumoctu d(T)
HM3MeHseTCs [IPH TeMIlepaType 60°C.

Ha Ham B3risan, M3MeHeHHe XapaKTepa 3aBHCH-
mocTH d(T) CBI3aHO C IOSBIeHUEM [OI0THUTEILHOIO0
KaHaJla IIOJABHMXHOCTH XPOMOGQOPHBIX TPYIII, YTO
NPUBOOUT K HUX Je30pHeHTanuu. Touka meperuba
rpadukoB Haxomutcs BO6am3u 60°C. IlonydeHHasS
TeMIlepaTypa B IIpefenax OMHOOK COBIIALAET C TEM-
mepatypou B, pelakcalMOHHOrO Iepexona, obHapy-
SKeHHOro B pabore [14] MeTOmOM [M3IeKTPHUUYECKOU
CIIeKTPOCKOIIMH. DTOT PeaKCallMOHHBIK Iepexof,
ABTOPBl CBSA3BIBAIOT C IIOSIBJIEHHEM IIOJBHIKHOCTH
6richeHONPHBIX GPAarMeHTOB CO CMEXHBIMH 3dHp-
HBIMU Ipynnamu u ¢parmeHToB OCCO OCHOBHOH
Henur. Hamuy gaHHBIe MO3BOJSIOT CAeaTh BHIBOJ,
YTO IPH 3TOM TeMIlepaType IMPOUCXOAUT MU Pa3Mo-
PaKMBAaHHE OPUEHTALMOHHON IOABHUXHOCTH XPO-
MOQOPHBIX IPyIIl. [JIs HUX IepeopHeHTALlUH Heob-

=

2. EXPERIMENTAL PART

Synthesis of epoxamine oligomer with azo
chromophore covalently attached to the main chain
DO3 (CFAO) (T.=130 °C) is described in paper [11]
(fig. 2a). Films have been received from 10% CFAO
solution in cyclohexanone applied on substrates
KBr and BaF,. Films have been annealed at a
temperature of 140 °C during an hour. Thickness of
films have been 0.5-2 pm. The absorption spectrum
of CFAO thin film (I1=280 nm) is received using
spectrophotometer Lamda 35 (PerkinElmer, USA)
and is presented in fig. 2a.

The scheme of experimental assembly for
research of mobility of polymer chain by IR-Fourier’s
spectroscopy is given in fig. 2b. Laser radiation
linearly polarized along axis x with excitation line
in CFAO absorption band was used for orientation
of chromophores (A=532 nm). Probing was carried
out by the polarized IR irradiation by means
of IR-Fourier spectrometer Vertex 70, Bruker in
photosteady mode. Temperature researches in the
range from 30 to 140 °C were carried out using
cryostat Specac regulated by temperature controller
West 6100+. Accuracy of temperature maintenance
was 1°.

3. DISCUSSION OF THE RESULTS
For chromophore fragments orientation in
the optical field, the intensity of exciting light
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Fig. 5. Dependence of the anisotropy ratio on temperature
during illumination using 1139 cm™ absorption band,

1=9,4 mW/cm?
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XONMMO BO3HHUKHOBEHHUE TIOJIOCTH, 06beM KOTOPOM
61130k K 06beMy xpomodopa. ITa BeTHYHHA, OLe-
HeHHas HaMH MeTOIOM HHKpeMeHTOB [15], cocTas-
nsgeT oxoso 200 A3.

TakuM 06pa3oM, U3ydYeHHe TeMIIEPATYPHOM 3aBHU-
CHUMOCTH JMXPOMYHOTO OTHOIIEHUS II0JI0C IIOTJIO-
HIeHUS XPOMOGOPOB, BXOASANIUX B CTPYKTYPY IONHU-
MEpHOM LIeMH, IO03BOJSeT CYOUTh O XapakTepe HX
IO BUKHOCTH, OINPEAENUTh TeMIIEPATypPy pelakca-
[IUOHHOTO IIepPexo/ia U IONYUYUTh JOMOTHUTEIbHYIO
UHOOPMALIMIO O BEJMYWHE 3/eMEeHTOB CBOGOMHOIO
06beMa, BO3HUKAWI[UX [IPU ITOM [I€PEXOfe.

4. 3BAK/TIOYEHUNE

HccrnemoBaHa opHeHTalidsi XpomModopHBIX ¢par-
MeHTOB, KOBaJIeHTHO IIPUCOeUHEHHBIX K OCHOBHOMN
Lleld 5MOKCHMaMHHHOIO OJMIOMepa, BO BHeIIHEM
OITHYeCKOM IIojie. IIpefjioskeHa MeTOLHKA OIpefe-
JeHHsl TeMIlepaTyphl pellaKCallHOHHOIO IIepexona
[0 TeMIIepaTypHOM 3aBHCHUMOCTH JHUXPOHMUYHOTO
OTHOIIEHHS.

Uccaedosanus nposedervt Ha obopydosaruu PLIKIT KasaHckozo
pedepanvroeo yHusepcumema. Paboma evinoAHeHa npu nood-
dep>kke PODU (N 15-42-02339).
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varied within 5-20 MW/cm?. The chosen intensity
range does not lead to emergence of irreversible
changes in absorption IR spectra. IR spectra of
absorption of polymer before (black) and after (red)
illumination are given in fig. 3. D,, corresponds
to parallel and D,, to perpendicular polarization
of exciting (532 nm) and probing IR irradiation.
Blue color designates DO3 chromophore spectrum.
When illuminating with exciting radiation, D,
of a number of lines relating to fluctuations
of chromophore group decreases. It testifies to
orientation of chromophores perpendicular to
polarization of the incident field. Rather intensive,
well resolved absorption band of 139 cm™ relating to
stretching vibrations v(C-NN) [12] has been chosen
for the analysis.

The degree of orientation of chromophores is
conveniently analyzed using anisotropy ratio [7]:
d=(Dyx~Dyy)/(Dyx+Dyy). The kinetic curve of
anisotropy ratio during illuminating and after
switching exciting radiation off is given in fig. 4
with temperature T=30 °C. One can clearly see that
anisotropy ratio significantly changes, reaching
value -0.14. After switching exciting laser radiation
off, partial disorientation of chromophores
is observed. It is apparently connected with
relaxation of mechanical stresses in polymer
chain caused by photoinduced orientation of
chromophores [13]. Since orientation occurs in non-
equilibrium matrix, the polymer chain aims to
return chromophore to initial state after removal
of external influence.

Plot of dependence of anisotropy ratio on
temperature for 1139 cm™ absorption band during
illumination by exciting radiation with intensity of
[=9.4 MW/cm?is given in fig. 5. Each experimental
point is received after radiation of film within 10
minutes (the time during which anisotropy ratio
reaches 85% of the maximum value). One can
see that nature of dependence d(T) changes at a
temperature of 60 °C.

In our opinion, the change of nature of
dependence d(T) is connected with emergence of
additional channel of mobility of chromophore
groups causing their disorientation. Inflection of
plots is close to 60 °C. The received temperature
within the errors matches temperature B, of
relaxation transition found in the paper [14] by
means of dielectric spectroscopy. The authors
connect this relaxation transition with the
emergence of biphenol fragments mobility with
adjacent ether groups and OCCO fragments of the
main chain. Our data allow to conclude, that
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defrosting of orientation mobility of chromophore
groups at this temperature also occurs. Their
reorientation requires the emergence of a cavity
which is close to chromophore in volume. This
volume evaluated by us wusing increment
technique [15] makes about 200 A3,

Therefore, studying of temperature dependence
of anisotropy ratio of absorption bands of the
chromophores in the polymer chain allows
assessing the nature of their mobility, to determine
temperature of relaxation transition and to receive
additional information on the size of the elements
of free volume arising upon this transition.

4. CONCLUSION

Orientation of chromophore fragments covalently
attached to main chain of epoxamine oligomer
in external optical field is investigated. The
technique of determination of relaxation transition
temperature in relation to temperature dependence
of anisotropy ratio is suggested.

The studies are executed using the equipment
of FCCU of the Kazan Federal University. The work
was performed with assistance of the Russian
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