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Structural parameters and optical anisotropy relaxation dynamics of cross-linked poly-
mers obtained from 7,4’-diglycidyl-, 7,3’,4’-triglycidyl- and 3,7,3’,4’-tetraglycidyl ethers
of quercetin (3,5,7,3’,4’-pentahydroxyflavone) are investigated. Values of effective cross-
linked density and molecular weight between the cross-linked units, as well as dynamics of
after-poling polymer relaxation were analyzed for polymer films containing residual sol-
vent (acetone) and solvent-free annealed samples. It was found that solvent removal leads
to growth of cross-linked density and to decrease of molecular weight between the cross-linked
units. It was found that relaxation dynamics of polymers based on 3,7,3’,4’-tetraglycidyl
quercetin does not depend on the presence of residual solvent. Solvent containing polymers
based on 7,4’-diglycidyl- and 7,3’,4’-triglycidyl ethers of quercetin have substantially faster
relaxation dynamic than corresponding annealed polymers. The mechanism of the residual
solvent influence on the relaxation dynamics of polymer films has been proposed.
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HUccnenoBaubl CTPYKTYPHBIE TTApaMeTPhl W peJaKcallMoOHHAad AUHAMUKA ONTUYeCKOoil aHu-
30TPONINU CHIUTHIX (PYHKIIMOHAJLHBIX IOJUMEPOB MOAYYEHHBIX U3 7,4 - TUTIUIAAUIOBOTO,
7,3,4’-tpuraunuaunaosoro u  3,7,3’,4’-TeTparmuIUIUINIOBOTO 9(PUPOB  KBEPIETHHA
(3,5,7,3’,4’-nerraruapokcudapona). IIpoanannsupoBansl 3HaueHUA 9MGOeKTUBHON MIOTHOC-
TU CHTUBKU U MOJEKYJAPHOH Macchl MeKIYy y3JaMU CeTKU, a TaKiKe TUHAMHUKA pelaKcaruu
HoJMMepa Tocje TOJAPU3AlUY ITOJUMEPHBIX TIJIEHOK, COMEpPIKAIlUX OCTATOUHBIX PacTBOPU-
Teab (aIeToH) U He COAEPIKAININX OCTATOUHBLIN pacTBOPUTeJell Iocje OTKUTa. ¥ CTaHOBJIEHO,
YTO yAajieHue PACTBOPUTENA MPUBOAUT K POCTY IJIOTHOCTH CIIMBKU M K YMEHBIITEHUIO MOJe-
KyJsapHOil Macchl MeKIy ysjJaMu ceTKu. IlokasaHo, U4TO AUHAMHUKA peJaKcallid ITOJUMEPOB
Ha ocHoBe 3,7,3’,4’-TeTparJUIIUAUIOBOTO 2(PUpa KBepIleTHHAa He 3aBUCUT OT HAJUUUSI OCTa-
TOYHOTO pacTBopurensd. Ilomumepsl HA OcHOBE 7,4’- TUTIUNUAUIOBOTO M 7,3 ,4°-TPUTTUIM-
AWJIOBOTO 9(PUPOB KBEPIETUHA, KOTOPHIE COAEPIKAT PACTBOPUTEb, UMEIOT 3HAUNTEJbHO Gojiee
OLICTPYIO AMHAMHUKY pejlaKcaliuu, yeM 3aKajeHHble o0pasibl. IIpeamo:keH MeXaHU3M BJIUA-
HUSA OCTATOUHOTO PACTBOPUTENSA HA AUHAMUKY PeJaKCAIUN TOJNMEPHBIX IJIEeHOK.

Bnuius 3aJMIIKOBOro PO3YMHHHKA HA peJjlaKkcaliiiHy NOBEIiHKY IIOJiMEepHHX ILIIBOK Ha
ocHoBi ruimmmuapHux noxigmux 3, 5, 7, 3’, 4’-uenrarugporcidbaasony. J.Miwypos, O.Po-
wanv, O.Bpoeko.

Hocaim:xeHo cTpyKTypHi nmapamerpu i guHamMiry pesakcaiil onruynHol aHisoTpoiii smim-
THX IOJiMepiB, orpuMaHux i3 7,4’-murainuguanosoro, 7,3,4 ’- Tpuriimuauiosoro- i 3,7,3°, 4 ’-rer-
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parminmuanaoBoro etepis KBepuetuny (3,5,7, 3°, 4’-menrariazpoxcudmapony). Ilpoanarizosa-
HO 3HaUeHHS e(eKTWBHOI T'yCTHMHU 3UIUBAHHA i MOJEKYJIApPHOI Macu MisK BysJIaMu ciTKu, a
TAKOMK AMHAMIKY penakcallil mosnimepiB nmicna moaspusaliil modiMepHux niaiBok. Beranosie-
HO, 0 BUAAJEHHA POSUMHHUKA 3 TOJIiMepPiB MPUBBOAUTEL A0 3POCTAHHS T'YCTUHU 3MINBAHHSA
i 1o 3MeHIIeHHs MOJEKYJAPHOI Macu Misk Bysjamu citku. Junamika penakcarnii momimepis
Ha ocHoBi 8,7,3’,4’-TeTparJuIUANIOBOTO €Tepy KBepleTUHY He 3aJeKUTbh BiJ HasgBHOCTL
3aJIUIIIKOBOTO posumHHUKA. [lomiMepu Ha ocmoBi 7,4’- gurainuauiaosoro- i 7,3 °, 4’-tpurmii-
MUIUJOBOTO €TEPIB KBEPILETUHY, IO MICTATH S3aJUIIKOBUI POSYMHHUK, MAalOTh 3HAUHO
UIBUAITY AWHAMIKY pejakcarii, HiK s3axajeHi 3pasku. 3ampolMOHOBAHO MeXaHi3M BILIUBY
3JIUIIIKOBOTO PO3UYMHHUKA Ha AMHaAMIiKy penakrcallii mosiMepHUX TIIiBOK.

1. Introduction

Polymer chromophore-containing cross-
linked functional materials are widely used
in various nonlinear optical (NLO) applica-
tions [1-3]. Usually, such polymers are used
as thin films deposited on various solid sub-
strates from solutions with the spin-coating
technique [4, 5] in the presence of orienting
electric field (poling process). Optical and
other physico-chemical properties of such
films change after removing the electric
field because of the after-poling relaxation
processes — i.e. changing positions of the
chromophore fragments over time resulting
in the chromophore disordering and thus
causing decrease of the optical anizotropy.

Since formation of the polymer films oc-
curs from solution, the questions about in-
fluence of the solvents on the polymer pro-
perties and about methods of the solvent
removal are of high importance. Previous
studies have shown that interaction of the
residual solvent with the cross-linked poly-
mers leads to changing the physico-chemical
parameters of 3D networks. As it was ear-
lier noticed, that the residual solvent is an
active plasticizer [6] influencing the mor-
phology, glass transition temperature and
free volume of the polymer systems. In
some cases, the antiplasticization effect and
the non-Fickian diffusion were also ob-
served [7]. It was shown that in the pres-
ence of the residual solvent, the physical
and chemical properties determined by con-
formational set do not correspond to the
properties of the pure polymer, but demon-
strate the average properties of the "poly-
mer-residual solvent” system. Finally, the
residual solvent influences the relaxation
behavior and temporal stability of the poly-
mer films with nonlinear properties [8].

The action of the residual solvents on the
polymers is usually described in accordance
with the free volume theory [9, 10], which
allows to explain the dependence of physico-
chemical properties of polymer materials on
packing of the polymer chains, bulk struc-
ture and microstructure of the polymers.
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In previous studies, it was shown that
removal of the residual solvent from the
polymer films is very arduous task due to
non-covalent interactions between active
functional groups of the polymers and sol-
vent molecules. The solvent removal is
closely related to the conditions of forma-
tion and heat treatment of the polymer
films [11].

Basically, effect of the residual solvent
is considered only as a factor in determin-
ing the morphology of the polymer chains in
the films. Not much attention is paid to
short-scale mobility inside the elementary
units, conformational composition and con-
formational ordering or disordering of these
units.

The present work generalizes the earlier
data and provides the new data concerning
the interactions in the "polymer-solvent”
system and the residual solvent effect on
the conformational structure and physico-
chemical properties of the polymer films.
The new correlations experimentally ob-
served for the polymer films and their ex-
planations are presented in the paper.

2. Experimental

2.1 Materials

Polymer films based on described pre-
viously di-, tri- and tetraglycidyl deriva-
tives of 8, 5, 7, 3’,4’-pentahydroxyflavone
(quercetin) were used [12]. Diethylene-
triamine (DETA, Dow Chemical), was used
as a hardener.

2.2 Preparation of polymer films

Glycidyl ethers of quercetin were dis-
solved in acetone at concentration of about
0.1 g/mL. DETA was added in stoichiomet-
ric quantities proportionally to number of
glycidyl groups in the corresponding quer-
cetin derivatives. Thereafter, thin films
were spin-coated onto pre-cleaned glass mi-
croscope cover slides of 170 pm at
1000 rpm for 0.5 min and cured at the
room temperature for 24 h in vacuum. The

thickness of the obtained films was 1.0 um.
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The used glass-microscope cover slides
were ultrasonically cleaned in detergent so-
lution for about 10 min, followed by rinsing
it in deionized water. These were then
boiled in ethanol and dried at 90°C for
10 min.

The network segments of polymers
P2GEQ, P3GEQ and P4GEQ obtained corre-
spondingly from di-, tri- and tetraglycidyl de-
rivatives of quercetin are depicted in Fig. 1.

2.3 Polymer films poling

The polymer films were poled by the co-
rona poling technique. Poling was done si-
multaneously with curing reaction. Tem-
perature of the film was increased to 200°C
then the corona field was applied, and pol-
ing was carried out for 1 h. The corona
current was held at 2.5 pA with an elec-
trode potential of 6 kV. Finally, the films
were cooled to the room temperature, while
the electric field was kept on.

To remove residual solvent the polymer
films were then annealed for 3 h at 100°C.

2.4 Characterization

The presence of residual solvent in the
polymer films were monitored by FTIR-ATR
(attenuated total reflection) spectroscopy
detecting a stretching vibration absorption
band of acetone C=0 group at about
1710 em 1. The FTIR-ATR spectra were
registered on ALPHA FT-IR Spectrometer
with a diamond crystal in the range of 400—
4000 em 1. Resolution of 4 em ! was used,
and 32 scans were averaged.

Concentration of the residual solvent in
the polymer films was determined with mi-
crogravimetric method. The concentration
(per cent) of the residual solvent was calcu-
lated by the following equation:

wW,-W, @
C= W - 100,

w

where C is concentration of residual solvent
in film; W, is wet weight of film; W, is dry
weight of film after drying to constant
weight.

Structural parameters of the polymer
networks were investigated by measuring
molecular weights between crosslinks M,
(using the Flory-Rehner method) and cross-
link densities v, (using the extraction
method). The latter were performed accord-
ing to ASTM D 2765. It included extraction
of the films in Soxhlet apparatus at 56.2°C
for 24 h using acetone as solvent. The gel
content was calculated as a ratio of the
final weight to the initial weight of the
films, as described in Eq. 2:
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P4GEQ

Fig. 1. Structures of polymer network seg-
ments of P2GEQ, P3GEQ, P4GEQ. Dashed
lines — hydrogen bonds participating in physi-
cal bond formation, dotted lines — chain cova-
lent bonds with other network segments.

GelContent[% ]= (My/M;) - 100, 2)

where M is initial weight of the specimens
before extraction; M; is final weight of the
specimens after extraction.

Each quantitative determination of the
residual solvent concentration, as well as
M, and v, values were made in five replica-
tions.

UV-visible spectra of the polymer films
by UV-VIS Spectrophotometer Hitachi-
U3210 in the range of 210-500 nm were
recorded. Mathematical treatment of the
spectra was performed using Spectra Data
Lab software package [13]. The thickness of
the films was measured by interferometer
of the Lynnik type.

Functional materials, 24, 1, 2017



D.Mishurov et al. / Influence of residual solvent on ...

Absorbance, a.u.
1
s
4

1400 1600

Fig. 2. FTIR-ATR spectra of film based on
P4GEQ in the range of 1400-1800 cm 1 after
drying at the room temperature (a), un-
nanealed after poling (b) and annealed (c).

Three series of the polymer films were
prepared. The polymer films of the first se-
ries were dried under the room temperature
during 24 h with weight control by the mi-
crogravimetric method. The polymer films
of the second and third series were not only
dried as in the first series, but also poled
(2nd series) and annealed till the weight
stayed constant at 80°C for 8 h (3rd series).

3. Results and discussion

3.1. Influence of residual solvent on poly-
mers structural parameters

Figure 2 shows FTIR-ATR spectra of the
P4GEQ polymer films: after drying at the
room temperature (a), unannealed after pol-
ing (b), annealed (c¢) and pure solvent (ace-
tone) (d). Similar spectra were also obtained
for P2GEQ and P3GEQ polymer films.

In the spectra of the films dried at the
room temperature there is a wide intense
band with maximum at 1710 ecm™! corre-
sponding to this of pure acetone and due to
C=0 groups stretching. The mentioned band
contains also two shoulders at 1655 cm™1
and 1740-1750 cm~!. The first one is due
to stretching of pyrone carbonyl groups of
the quercetin fragments, the second one can
be explained by C=0 groups stretching of
acetone molecules hydrogen-bonded with
polymer chains. The spectra of after-poling
films demonstrate maxima at 1655 and
1745 em™1; the band at 1710 em™! is ab-
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Fig. 3. Kinetics of removal the residual sol-
vent (acetone) from polymer films.

sent. Thus, one can conclude that the poling
process results in complete removal of free
solvent, but not of hydrogen-bonded acetone
molecules.

In the FTIR spectra of the annealed poly-
mer films, absorption bands of acetone car-
bonyl groups were not detected. It evidences
that the annealed polymer films do not con-
tain the residual solvent in detectable con-
centrations.

As it was mentioned above, changing of
the solvent content in the polymer films
under drying was investigated using the mi-
crogravimetrical method. Since the amount
of the solvent removed depends on many
factors, particularly, such as the mutual
diffusion coefficient of the solvent-polymer
system, the film thickness and drying time,
the estimations of solvent content were
therefore carried out in the films of equal

thickness — 1 um, at the same tempera-
ture, and under similar duration of the ex-
periment.

Variation of the residual solvent concen-
tration in the studied polymer films with
time is shown in Fig. 8. All the dependences
presented demonstrate two characteristic
areas.

The first area corresponds to drying pe-
riod, which occurs for all the polymers in
time interval from the beginning of experi-
ments to 24 h, approximately. During this
period, the dependence of the residual sol-
vent concentration on time demonstrates ex-
ponential decay in accordance to the first
Fick’s law [14]. The rate of the solvent
transport to/through the surface followed
by its solvent removal from the polymers
decreases. It is due to decrease of the sol-
vent content in the polymer films and to
formation of a solvent-deficient layer near
their surfaces.

71



D.Mishurov et al. / Influence of residual solvent on ...

Table. Structural parameters of cross-linked polymer films before and after annealing

Materials | v, molm 2| "M, kg-mol'! | "0v*®  mol-m3 MEOW | kgmol ™! 0, %
P2GEQ 7595 0.210 3078 0.518 59
P3GEQ 4997 0.308 3086 0.499 38
PAGEQ 4196 0.367 3409 0.452 20

"""Uc, M, are effective cross-linked densities and molecular weights between cross-linking units of

annealed polymeric films; ""'vs"l”c, Ms"l”c are effective cross-linked densities and molecular weights
between cross-linking units of unannealed polymeric films; ® is the degree of M, decrease after

solvent removal.

The second period corresponds to time
interval from 24 h to the experiment end
moment. During this period the residual
solvent concentrations were not changed
and were equal to 4 wt.%, 6 wt.% and
10 % wt. for 4GEQ, 3GEQ and 2GEQ poly-
mer films, respectively. The incomplete re-
moval of the residual solvent can be ex-
plained as by non-covalent interactions (hy-
drogen-bonded complexes) between carbonyl
group of acetone molecules and hydroxyl
groups in the polymer 3D networks, as by
non-specific interaction between solvent
molecules.

Breaking the hydrogen bonds and com-
plete removal of the solvent can be achieved
when drying under the high temperatures
[15]. It worth to note that heating of the
specimens under conditions corresponding
to the poling process (¢t = 200°C during 1 h)
is not sufficient to remove all the residual
solvent from the polymers. The concentra-
tions of this last in the films were about
0.1-0.5 %. Stated above, the residual sol-
vent was not observed in all polymer films
annealed during 8 h at £ = 100°C. Compar-
ing the conditions of the polymer poling
and annealing, one can conclude that time
factor is more decisive than temperature of
the specimens. It is obvious that the com-
plete removal of the solvent is not so much
determined by the hydrogen bonds breaking
as by time necessary for solvent diffusion in
the polymer phase with followed solvent
evaporation from the film surface.

An important factor influencing on the
solvent removal under drying and annealing
processes is the existence of "holes” — dis-
continuities in molecular packing, which
conditions the presence of free volume in
the polymer phase [16]. According to the
"free volume” theory, polymer contains dy-
namic "holes” of various sizes. If a "hole”
volume is equal or larger than that of a
solvent molecule, then this last can migrate
through this "hole” to another polymer cav-
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ity. Thus, the "holes” sizes control the dif-
fusion process.

In the case of cross-linked polymers, an
average "hole” size has to depend on the
chain length between the cross-linkes units,
which can be characterized by such quanti-
tative structural parameters as effective
cross-linked density (v,) and molecular
weight between the cross-linked units (M)
[11]. The higher average "hole"” size corre-
sponds to the lower v, and to the greater
M,.. The v, and M, parameters for studied
polymer films are listed in Table.

The "hole” sizes could hardly change
during the drying process at approximately
constant temperature of the medium. In the
cases of the high-temperature processes
such as poling or annealing, it would be
reasonable to expect an increase in the size
of the "holes” due to thermal motion of the
chain segments, and its decrease to former
size after cooling. However, the data in
Table show that removal of the solvent
under the annealing results in substantial
decrease of the "hole” size. The minimal M,
fall is observed in the case of PAGEQ poly-
mer having the highest branching degree,
and, on the contrary, M, value decreases up
to 59 % in P2GEQ polymer with the mini-
mal branching. The M, changing linearly
correlates with residual concentration of
acetone before annealing (r = 0.989) that
suggests a substantial influence of the sol-
vent on the polymer network structures.

The observed phenomenon can be ex-
plained if one supposes that formation of
the hydrogen bonds between the solvent
molecules and polymer chains prevents fin-
ishing the polymer network formation. The
solvent molecules, which fill the space in-
side the "holes”, can hinder contacts of
functional groups of neighboring polymer
chains and thereby prevent formation of
crosslinks (Fig. 4a). The presence of hydro-
gen bonds between solvent molecules, as
well as between the functional groups and
the solvent molecules, renders this system

Functional materials, 24, 1, 2017
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Fig. 4. Hypothetic structure of polymer chain before (A) and after annealing (B).

more rigid that additionally decreases the
possibility of the cross-linking. Because of
the incompleteness of the polycondensation
process, the polymer network contains "free
ends” — not reacted functional groups ex-
isting in the form of spacers attached to the

carcass of the polymer network.
When finishing annealing process, i.e.

after solvent removal followed by cooling
polymer, the "holes” shrink to their natural
"solvent free” size that results in contacts
of the free functional groups followed by
their interaction and formation of the new
crosslinks. In the case of P4GEQ having
higher branching and, correspondingly,
greater carcass rigidity, the solvent removal
leads to the lesser changes of the "hole” size
and, consequently, to the lesser additional
cross-linking. And vice versa, the P2GEQ
polymer with the lower degree of branching
has minimal carcass rigidity. In the result,
this polymer has maximal Mg"lv value and,

correspondingly, the greater "holes” size in
the presence of the residual solvent. After
removal of the latter, the greater ap-
prochment of polymer chains takes place
that leads to additional cross-linking and to
the decrease of M, value (Fig. 4b).
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3.2 Influence of residual solvent on re-
laxation behavior of polymer films

The second-order NLO properties of poly-
mer films are results of ordered orientation
of chromophore fragments, attached to the
polymer chains or being segments of these
last. After the poling process resulting in
the chromophore ordering and in appear-
ance of anisotropy of optical properties, the
opposite process of relaxation, which disor-
ders the chromophores due to the thermal
motion of fragments of the polymer mole-
cules, takes place. Investigations of the re-
laxation influence on the second-order NLO
properties of the polymer films are usually
carried out by monitoring the decay of the
order parameter (®) as a function of time at
25°C. The order parameter can be calculated
according to equation [17]:

D =1-A4,/4,, (3)

where Ay and A, are absorbances of polymer
films before and after corona poling, respec-
tively.

Recent investigations of annealed and,
then, poled polymers of P2GEQ, P3GEQ and
P4GEQ [18] showed that relaxation processes
depend on two important conditions—cross-
linking degree, which determines the "holes”
sizes, and the presence of hydrogen bonds
between hydroxy groups of quercetine chro-

73



D.Mishurov et al. / Influence of residual solvent on ...

mophore fragment and other proton-donat-
ing and proton-withdrawing fragments of
the polymer chains. Thus, P4GEQ polymer
with minimal cross-linking degree (see cor-
responding v, and M), whose quercetin chro-
mophore fragments do not form hydrogen
bonds with polymer network, has fast relaxa-
tion dynamics. The value @ of this polymer
decreases almost two times during one
month.

Annealed P2GEQ and P3GEQ polymers
have higher cross-linking degree, 3-hydroxy
groups of their chromophore fragments form
the hydrogen bonds with the polymer net-
work. That is why, these polymers demon-
strate substantially slower relaxation dynam-
ics: their NLO properties retain during a long
time. The greater stability of the NLO prop-
erties is typical for PSGEQ polymer.

The results of relaxation dynamics inves-
tigations for the polymers containing the
residual solvents are depicted in Fig. 5. It
can be seen that the dynamics of the relaxa-
tion processes in solvent-containing poly-
mers can drastically differ.

Figure 5¢ shows that plots of the ® val-
ues against the relaxation time are similar
for the annealed and solvent-containing
P4GEQ polymer. Such a relaxation behavior
of the polymers seems to be logical: their
chromophore fragments have no hydrogen
bonds with the solvent molecules and the
polymer network, and, according to the values
of v, and M_, their "holes” are of close sizes.

In the case of annealed and unannealed
P2GEQ and P3GEQ polymers, a drastic dif-
ference in relaxation dynamics was ob-
served. Since the "hole” sizes in these poly-
mers are approximately similar
(MZ(OI'I)%GEQ)zMg(OI'l}éGEQ))’ the difference in re-
laxation behavior could be due to different
character of hydrogen bonding between the
quercetin chromophore and the polymer net-
work.

We suggest the following explanation of
the observed phenomena. In the solvent-con-
taining polymers, 3-hydroxy groups of some
quercetin fragments form hydrogen bonds
not only with the polymer network that
fixes the chromophore positions, but also
with the movable solvent molecules that, on
the contrary, leads to increase of the chro-
mophore mobility and simplifying the re-
laxation processes (Fig. 4a).

Thus, unlike annealed P3GEQ, whose
samples keep NLO properties during a long
time, solvent-containing P3GEQ undergoes
the relaxation process. According to Fig.
5b, approximately 5 % of chromophore
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Fig. 5. Time decay of the ®,/®, value of the
poled annealed and unannealed polymer films
at ambient temperature based on: a) P2GEQ;
b) P2GEQ; c) PAGEQ.
fragments change their initial orientation
during 5-7 h.

Quercetine chromophores of P2GEQ have
two hydroxy groups in positions 3 and 3’
and can correspondingly form two hydrogen
bonds. In our previous article [18] it was
shown in that presence of second 3’-hydroxy
group resulted in a little destabilizing ef-
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fect: annealed P2GEQ demonstrated greater
relaxation ability due to additional regroup-
ing of physical network accompanying by par-
tial de-ordering of the chromophores. The re-
laxation time was found to be 5 h approxi-
mately, the ® value decreased until 10 %.

In the presence of residual solvent, two
hydroxy groups of P2GEQ chromophore
fragments form the substantially greater
quantity of hydrogen bonds with the solvent
molecules that increases flexibility of the
polymer chain segments and leads to the
greater relaxation ability. The relaxation
time of solvent-containing P2GEQ was simi-
lar to that of PBGEQ, however the decrease
of the ® value achieved 45 % (Fig. 5a).

4. Conclusions

The investigations of cross-linked poly-
mers based on glycidyl derivatives of 3, 5,
7, 8’, 4’-pentahydroxyflavone showed that
presence of residual solvent influences sub-
stantially on structure of the polymer net-
work, and, consequently, on physico-chemi-
cal properties of corresponding polymeric
materials. The residual solvents cannot be
removed by drying at ambient temperature
and at short-time heating when poling the
polymer. A complete removal of the solvent
can be achieved only by annealing the poly-
mers during 3 h at temperature of about
100°C. The drying at these conditions is ac-
companied by additional cross-linking of the
polymer chains.

The comparison of physico-chemical
properties of the polymers obtained on the
basis of di-,tri- and tetraglycidyl quercetin
before and after annealing were carried out
by studies of changing their NLO proper-
ties, namely of the relaxation dynamies —
de-ordering the chromophore fragments
after poling. It was shown, that the pres-
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ence of the residual solvent leads to in-
crease of the relaxation processes in the
polymers and, hence, to significant weaken-
ing of their NLO activity over time.
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