17.  Abmynun, V. A. ABromatusupoBantas HGOPMAIMOHHAST CHCTEMA [TPOTHO3UPOBAHUST CBOUCTB TIOJMMEPHBIX KOMITO3UIIMOHHBIX
MareprasioB Ha ocHoBe perpeccuonnoro ananmsa [Texcr| / V. A. AGuysmmn, A. @. Tymepos, JI. H. Hladurymmn // Becrauk
Kazanckoro texnosorndeckoro yuusepeurera. — 2012, — Ne 16. — C. 240-243.

18.  DBpayn, /I. [Ipaktiueckoe pyKOBOJCTBO 110 CUHTE3Y U HcceoBanmio cBoiicTs nosmumepos | Texcr| / 1. Bpays, I. llepnon, B. Keps;
nep. ¢ vem. B. II. 3y6osa. — M.: Xumus, 1976. — 392 c.

19. Kanau, A. B. Baustnue cTpyKTypbl HOJMMEPOB Ha SKCILIyaTallMoHHble cBoiicTBa MaTepuasos [ Texcr| / A. B. Kanay, 10. H. 3enun,
B. H. Crapos // Becruuk Boponesxckoro nucruryra [TICMYC Pocenn. — 2015. — Ne 1 (14). — C. 12-17.

20. Lieleg, O. Structure and dynamics of cross-linked actin networks [Text] / O. Lieleg, M. M. Claessens, A. R. Bausch // Soft Mat-
ter. — 2010. — Vol. 6, Issue 2. — P. 218-225. doi: 10.1039/b912163n

21. Lin, S. Influence of Crosslink Density and Stiffness on Mechanical Properties of Type I Collagen Gel [Text] / S. Lin, L. Gu //
Materials. — 2015. — Vol. 8, Issue 2. — P. 551-560. doi: 10.3390,/ma8020551

22. He, J. Y. Crosslinking effect on the deformation and fracture ofmonodisperse polystyrene-co-divinylbenzene particles [Text] /
J. Y. He, Z. L. Zhang, H. Kristiansen, K. Redford, G. Fonnum, G. I. Modahl // Express Polymer Letters. — 2013. — Vol. 7, Issue 4. —
P. 365—374. doi: 10.3144 /expresspolymlett.2013.33

23.  Asepko-Anronosuy, V. I0. Mertozbr uccaenosanus coiicts noaumepos [Texer] / U. 1O. Apepko-Anrtonosuy, P. T. Bukmysimn. —
Kaszanb: KI'TY, 2002. — C. 503-506.

24. Favre, E. Sorption of organic solvents into dense silicone membranes. Part 1. Validity and limitations of Flory-Huggins and related
theories [Text] / E. Favre, Q. T. Nguyen, P. Schaetzel, R. Clément, J. Néel // J. Chem. Soc., Faraday Trans. — 1993. — Vol. 89,
Issue 24. — P. 4339-4346. doi: 10.1039/{t9938904339

25. Heinrich, G. Rubber elasticity of polymer networks: Theories [Text] / G. Heinrich, E. Straube, G. Helmis // Advances in Polymer

Science. — 1988. — Vol. 85. — P. 33-87. doi: 10.1007 /bfb0024050

0 =,

IIpedcmasneni pesyrvmamu cunmesy i 0ocaioxncen-
Ha onmuuno npo3opux Genszyanaminodopmanvoesio-
HUX 0J1i20MePi6 3 JIOMIHECUECHMHUMU 8AACMUBOCTAMU.
IIpedcmasneni dani npo ocobausocmi cummesy 6uco-
Konpozopux Oenzeyanaminoopmanvoezionux onizome-
pie, docaidceni ix 0CHOBHI ONMuMHi Ma eKCnyamauiiini
xapaxmepucmuxu. Bcmanoeneno, wo ompumani oen-
32yanaminoopmanvoezioni oaizomepu mMaomo UCOKL
CReKmMpanIbHO-IIOMIHECUCHMHL XAPAKMEPUCUKU

Kmouosi cnosa: cunmes, docaioicenns, nposopicmo,
JHOMIHeCUeHUis, 0Nlizomepu, noaimepu, denzoyanamin,
dopmanvoezio, cnexmpu, demexmopu

T u |

IIpedcmasnenvt pesyrvmamot cumesa u uccaeoo6a-
HUSL ONMUUECKU NPOPAUHBIX OeH32YAHAMUHOPOPMATL-
0€e2UOHBLX 0NIUZOMEPOB C NOMUHECUCHMHBLMU CEOTICMEA-
Mmu. Ilpedcmasnenvt dannvie 06 ocobennocmax cunmesa
BbICOKONPOPAUHBIX OEH32YAHAMUHOPOPMATbLOELUOHBLX
01UZOMEPOB, UCCNE008AHbL UX OCHOBHBLE ONMUUECKUE U
IKCNAYAMAUUOHHBLE XAPAKMEPUCMUKU. Yemanoeeno,
umo noayuennvlie 6GenzeyanamunopopmanvoezuonsLe
0JlUZOMEPBL UMEIOM BBICOKUE CREKMPATILHO-THOMUHEC-
UeHmHuvLle XapaKmepucmuxu

Knioueeswvte caosa: cunmes, uccaedosamnue, npo3pay-
HOCMb, JIHOMUHECUEHUUS, 0JUZOMEPDL, NOTIUMEPbL, OeH3-
eyanamun, popmanvoezud, cnexmp, demexmopot

| =,

|DOI: 10.15587/1729—4061.2015.65479|

SYNTHESIS

AND STUDY

OF OPTICALLY
TRANSPARENT
BENZGUANAMINE
OLIGOMERS WITH
LUMINESCENT
PROPERTIES

V. Lebedev

PhD, Associate Professor

Department of technology of plastics
and biological active polymer

National Technical University

«Kharkiv Polytechnic Institute»

Bagalia str., 21, Kharkov, Ukraine, 61002
E-mail: vladimirlebedev@bk.ru

1. Introduction

Nowadays polymeric materials are widely spread in
almost all spheres of modern science and industry. One of
the most important directions of the use of polymers and
various compositions on their basis is to obtain transparent
materials with luminescent properties. These materials have

found broad application both in everyday life and in high-
tech industries.

They are used for producing light-sensitive showcases
and signs, detectors of various types of energy, optical fiber
parts of machines and mechanisms, and the like. Polymers
such as polystyrene (PS) and its derivatives, polymethyl-
methacrylate (PMMA) and their copolymers are widely




used. Photosensitive (light sensitivity) materials on the
basis of vinylcarbazole, polyorganosiloxanes, epoxies, vin-
ylbiphenyl, vinylnaphthalene are also known, but they have
not found application because of their poor solubility, low
transparency and low light yield.

Synthesis and processing of these polymers into the fin-
ished optically transparent products is quite a difficult task
from the point of view of the technological features of these
processes. At the same time, a promising direction is the
creation of these materials based on polycondensation poly-
mers, in obtaining which it is much easier to regulate the mo-
lecular weight, spatial structure, composition. In addition, in
comparison with polymerization material, polycondensation
polymers have higher heat resistance and longer life. That
is why this study s on the synthesis of new thermosetting
highly transparent benzguanamineformaldehyde polymers
is of high relevance.

2. Analysis of literature data and problem statement

To date, there has been much research aimed at find-
ing new transparent polymer bases, to obtain light-sensi-
tive materials based on thermosetting polymers, which are
characterized by higher operational characteristics than
traditional thermoplastic optically transparent materials.
The works of Japanese scientists describe the latest optically
transparent materials based on polyolefins with a significant
light energy transfer efficiency [1]. The work [2] is devoted
to the development of new heat-resistant thermosetting
acrylates of the heat-polymer type with the transparency
of about 85 % and the luminescence ability. The work [3]
describes anti-corrosion hybrid acrylic-silicone oligomers
of the thermosetting type with the ability to transmit light
in the coating. The paper [4] deals with the development
of highly transparent polyimide polymers with heat resis-
tance over 200 °C and significant luminescence ability. The
paper [5] gives the results of investigations of the optical
characteristics and properties of highly transparent poly-
mer materials for optoelectronics and photonics based on
polyaniline, polyvinylcarbazole and polyphenylenevinylene.
The paper [5] describes the optical materials on the basis
of polydimethylsiloxane, which are characterized by a high
level of heat resistance and long-term stability of operation-
al characteristics. The publication [7] reveals information
about the development of optically transparent polymers
based on polyacrylic acid and polyethylene oxide to obtain
heat-resistant transparent fluorescent films. The paper [8]
presents the study on obtaining detectors and sensors based
on transparent polymers of methyl methacrylate and vinyl
acetate with improved spectral characteristics. A wide range
of new advanced optical thermosetting polymers is consid-
ered in the paper [9], which adequately describes their use in
obtaining fiber-optic products. However, the technological
complexity of obtaining highly transparent thermosetting
polymers remains a big problem, as noted in the mono-
graph [10]. According to the monograph [11], the synthesis
and further processing of reactive polymers are associated
with significant internal stress and chemical shrinkage,
which almost always lead to instability of the optical charac-
teristics during operation. At the same time, in [12] it is not-
ed that the filling of the channels and forms in the process-
ing of thermosetting oligomers has considerable specificity
and often does not allow obtaining optically transparent

products from these materials. No less significant challeng-
es are associated with surface defects of products made of
thermosetting oligomers in obtaining transparent parts [13].
Therefore, today obtaining highly transparent polymers
of the thermosetting type is quite a challenge. The pa-
per [14], presents the results of the successful synthesis of
melamine-formaldehyde oligomers with high optical char-
acteristics using modification by the proton-acceptor sub-
stances. According to the paper [15], these materials due to
their optical-spectral characteristics are a promising basis
for the fabrication of plastic scintillators. However, a mod-
erate level of the quantum yield of luminescence — 6-7 % is
observed in these materials with a high transparency value
(about 95 %). That is why today benzguanamineformal-
dehyde (BF) oligomers — colorless transparent materials,
which in their structure have the ability to luminescence are
of considerable interest from the point of view of obtaining
transparent polymeric materials with luminescent proper-
ties. However, in scientific periodicals there is no data on the
synthesis of optically transparent BF polymers.

3. The purpose and objectives of the study

The purpose of the study is the synthesis of optically
transparent BF oligomers and polymers with luminescence
properties and high operational characteristics.

To achieve this goal, you must perform the following
tasks:

—to develop and explore the methods of synthesis of
transparent BF oligomers and polymers;

—to explore the physical, physical-chemical and opera-
tional properties of transparent BF polymers;

— to investigate the spectral-luminescent characteristics
of transparent BF oligomers.

4. Synthesis of highly transparent
benzguanamineformaldehyde polymers, studies of the
physical, operational and optical-spectral characteristics
of the synthesized polymers

The process of obtaining the transparent BF polymer
consisted of the following stages.

1. The condensation of benzguanamine with formalde-
hyde. The 250 ml three-neck flask, equipped with an anchor
stirrer with a speed of rotation of 48 rpm, reflux condenser
(partial condenser), thermometer, and water bath, was
charged with formalin. Benzguanamine was loaded in the
formalin solution, neutralized to pH 3,8—4 when the oper-
ating stirrer and the reaction mixture was gradually heated
to 60-70 °C. Stirring was conducted until complete disso-
lution of benzguanamine in formalin. After complete disso-
lution of benzguanamine, the reaction mixture was sampled
for the analysis to determine the coefficient of refraction
and pH, which were required to have the values equal to
1.410+0.002 and 8.0-9.5 respectively. Then, the solution
was heated to the boiling point of the reaction mixture
(94-98 °C) and left to stand (to withstand) thus for about
45 minutes. In the process of condensation, the pH of the
solution was maintained at the level of 7,5-9,0.

2. Dehydration of the obtained BF oligomer: after receiv-
ing a positive result of the analysis on the completeness of the
polycondensation reaction, the reaction mass was brought to



pH 7,5-8,5, cooling it to 75-85 °C. Dehydration of the BF
oligomer was performed by vacuum distillation at a tempera-
ture of 75-85 °C.

3. Structuring of the dehydrated BF oligomer carried out
in a glass form at 100—110 °C for 4—12 hours.

4. The modification was carried out by adding glycerol to
BF oligomers at the time of completion of the polycondensa-
tion of formaldehyde benzguanamine, bringing the pH of the
reaction mixture to 7.5-9.0 and withstanding it at 100 °C
for 30 minutes with constant stirring.

Determination of molecular weight was carried out
according to the Rast’s method, which is based on the abil-
ity of a solute to lowering the melting point or the freezing
point of the solvent. Determination of the content of free
formaldehyde and the methylol groups was performed by the
method of chemical titration. Determination of dry residue
was performed by the method according to GOST 14231.
Determination of the relative viscosity of the oligomer was
carried out at a temperature of 20.0£0.5 °C on viscosimeter
VZ - 4 with the nozzle diameter of 4 mm.

To determine the degree of cross-linking, the Soxhlet
apparatus was used, which allows extracting the chemically
unbound part of the oligomer by the boiling solution The
impact strength of the samples according to GOST 4647
and transverse rupture stress according to GOST 9550-81
for specimens without notch were determined on the
impact pendulum-type testing machine 2083KM - 0.4.
The density of the samples of polymer composites was de-
termined by hydrostatic weighing at 293 K according to
GOST 15139.

Before the determination of operational characteristics,
the samples were dried in an oven for 1 hour at a temperatu-
re of 378+3 K. After drying, they were cooled in an exicca-
tor over calcium chloride and weighed each to the nearest
0.001 g. Determination of water absorption in cold water
was conducted according to GOST 4650-80. Heat treat-
ment of the samples was performed in the dry-air elec-
trical cabinet «B-131» for 24 hours and a temperature of
373+3 K. Then, slow cooling of the samples in the exiccator
over calcium chloride was performed.

The refractive index was determined using the refrac-
tometer IRF 454 according to standard methods. Electronic
absorption spectra in the range of 200-500 nm were taken
using the spectrophotometer U3210 «Hitachi» (Japan). The
50 W deuterium lamp was a light source. Luminescence
spectra in the range of 250—-700 nm were taken using the
fluorescence spectrophotometers F4010 «Hitachi» (Japan)
and FluoroMax-4 (France). The 50 W xenon lamp was used
as a light source. The bulk attenuation length (BAL) was
determined according to GOST 17038.3 by passing the
helium-cadmium laser light with a wavelength of A max=
=441 nm through the sample of the material of a certain
length | and subsequent registration of the radiation inten-
sity I transmitted through the sample by the photodetector.

5. Experimental data and discussion

The processes of synthesis of BF oligomers at various
molar ratios of monomers were studied. It was found that the
most effective formaldehyde (F) addition to benzguanami-
ne (B) occurs at a molar ratio of B:F 1:1 (Fig. 1).

By increasing the molar ratio of B:F, the free F content in
the reaction medium increases during the whole polyconden-

sation process and in the resulting BF oligomers accounts
for, wt %: 1:1-2,5, 1:2-3,2, 1:4-3,8.
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Fig. 1. The change in the free F content of in the
polycondensation process at different molar ratios of
B:F:1—1:1;2—1:2;3—1:4

Also, for the study of the polycondensation process and
clarification of its basic laws, the studies on the determina-
tion of the rheological and molecular-weight characteristics
of polycondensation solutions at different molar ratios of
B:F were conducted.

Research of the relative viscosity (n) has shown that the
gradual increase of it on average by 2 seconds in the first
40 minutes of the polycondensation is observed in all studied
solutions (Fig. 2), and then a sharp jump (leap) of the relati-
ve viscosity by 4 seconds occurs in the last 10 minutes of
the process.

1. sec.
25 r

20

10 20 30 40 50
Process time, min.
Fig. 2. The change in the relative viscosity in the
polycondensation process at different molar ratios of
B:F:1—1:1;2—1:2;3—1:4

The relative viscosity of the investigated polyconden-
sation solutions during the polycondensation process is
different and decreases in the range of molar ratios of B:F:
1:1 = 1:2 — 1:4. In BF oligomers obtained at various ratios of
B:F, the relative viscosity reaches: 1:1— 19 sec, 1:2 — 18 sec,
1:4 — 15 sec.

Because the the relative viscosity of the polyconden-
sation polymer is directly related to its molecular weight
(MW), the dynamics of changes in the latter in the poly-



condensation process has the same pattern as that for the
relative viscosity (Fig. 3). The comparative analysis of
Fig. 2, 3 shows that the jump in the relative viscosity in the
last 10 minutes of the polycondensation process corresponds
to an abrupt increase in the molecular weight of the BF
oligomers.

10 20 30 40 50 60 70
Process time, min.

Fig. 3. The change in the molecular weight in the
polycondensation process at different molar ratios of
B:F:1—1:1,2—1:2;3—1:4

Thus, based on the results of the study of the polyconden-
sation process of B and F at different molar ratio of B:F, it
was found that the most effective addition of F to B occurs at
a ratio of 1:1 resulting in the final product of polycondensa-
tion is the BF oligomer with a molecular weight of 260 g/mol
and relative viscosity of 20 sec. While increasing the molar
ratio of B:F, a decrease in the molecular weight and relative
viscosity of BF oligomers is observed.

Table 1 presents the main characteristics of BF oligomers
obtained by the polycondensation of B te and F at different
molar ratios. It shows that all obtained BF oligomers have a
transmittance value at the level of 88—93 % and a refractive
index 1,465—1,469, which allowed, on the one hand, calling
them materials with high light transmittance and low refrac-
tive index and, on the other hand, using in further studies on
the development of optically transparent BF polymers.

Table 1

The influence of the molar ratio of B:F on the main
characteristics of the investigated BF oligomers

Parameter B:F 1:1 B:F 1:2 B:F 1:64

%L Wt % 2,5 3,2 3,8

¢ % 17,9 15,4 14

MW, g/mol 260 255 244

1, sec 19 18 15

T, % 88 91 92

np 1,469 1,466 1,465
Colorless
Appearance bgfrllj;gkizgl Colorless transparent solutions

solution

Note: * — y is the free formaldehyde content, { is the methylol group
content, MW is the molecular weight, n is the relative viscosity, T is the
transmittance, np is the refractive index

It is known that the most serious problem for the BF poly-
mers are significant temporary and residual stresses-due to the
influence of the field of mechanical forces, nonuniform tem-
perature and power deformations that accompany the struc-

turing of BF polymers. These stresses are also caused by the
allocation of low molecular weight products when structuring
and a considerable shrinkage, particularly chemical, which
depends on the degree (fullness) of the structuring. Shrink-
age also depends on the duration of the temperature and
mechanical impact, and other factors that affect the course of
the relaxation processes both in the bulk and on the surface
of products. The occurrence of defects under the influence
of temporary and residual stresses leads to a deterioration of
the physical-mechanical and operational characteristics of
finished products, including optical transparency.

Based on the above, the main purpose of the study of the
structuring process was to determine the conditions, which
would reduce the level of temporary and residual stresses
that would provide highly transparent BF polymers with
high physical-mechanical and operational characteristics.
Table 2 presents the main physical and physical-mechanical
parameters of BF polymers, structured at different tempera-
tures and molar ratios of B:F.

Table 2

Effect of the structuring conditions on physical and
physical-mechanical parameters of BF polymers

Structuring conditions
Low- Medium-temperature |High-temperature
Param- temperature
cter BAF polymer BF polymer with a BF polymer.wmh
with a molar molar ratio of B-F a molar ratio of
ratio of B:F ' B:F
1|12 t4] 11 1:2 1:4 1] 1:2 ] 14
g/stn 5 [1,395]1,411,42| 1,40 | 1,415 | 1,417 [1,445]1,423|1,412
Shrink- can not be
ag, % 1,4-1,6 2,0 (21-23| to3 determined
w, % 1517 |07-08/06-07]05 06| cannotbe
determined
on, MPa|  20-40 40-60 | to20 | canmotbe
determined
9 5 5 can not be
a, kJ/m 1,0-1,2 1,0-1,2 to 1,0 determined
v,% |635[61,4]602] 681 | 634 | 627 [704]654]624
T, % 43-45 | 46-48 |50-51|50 52| cannotbe
determined
np 1,55-1,60

Note: * — p is the specific density, w is the water absorption, o6 is the
transverse rupture stress, a is the impact strength

Table 2 shows that none of the studied conditions provide
highly transparent BF polymers with time-stable physical
and mechanical characteristics. The low-temperature con-
ditions are characterized by turbidity and severe cracking
of the samples of BF oligomers upon cooling and demolding,
and high-temperature — their strong foaming, cracking and
coloring.

Turbidity, a significant allocation of low-molecular
weight products on the surface and high water absorption,
which is due to the low completeness of the cross-linking
process and the presence of defects are also characteristic of
the low-temperature structured samples.

The medium-temperature conditions at 110-120 K was
noted as optimum, in which the negative phenomena, typical
for low and high-temperature conditions are not observed, but
they are marked by a gradual cracking of the BF polymer in a
relatively short period of time (up to 12 hours) after demolding.



The most appropriate molar ratio of B:F is 1:2 ratio, which,
while ensuring a sufficiently high degree of cross-linking allows
avoiding turbidity and strong gnarl (knag, knot), which are
characteristic of the BF polymers with a ratio of B:F 1:2.

Thus, the studies of all the stages of the synthesis of
BF polymers allowed determining the optimal molar ratio of
B:F and eliminating a number of factors that adversely affect
the transparency (yellowing, separation of low-molecular
weight products of the samples, shrinkage, etc.).

In addition, it was found that it is impossible to obtain ma-
terials with high and stable in time optical properties because
of significant temporary and residual stresses in the struc-
tured BF polymers. The high level of temporary and residual
stresses leads to micro-cracks, expansion and warping of the
finished products. Therefore, further studies were focused on
the modification of BF oligomers, which would reduce the
level of temporary and residual stresses, and consequently,
provide the material with high optical characteristics.

Table 3 presents the main technological, physical and
physical-mechanical properties of materials obtained at dif-
ferent contents of glycerol.

Table 3

The main technological, physical and physical—mechanical
properties of the glycerol-modified materials

. p, |Shrink-| | oB, a, o o

Material a/cm 3| age, % w, % MPa |kJ/m? v, %|T, % np
Original ) )

BF | 14 | 12 |07 |78 TR 65| 50
polymer ¢ ¢
Glycerol- 1.55-1.58
Tgi{i‘ﬁ/d 1,40 | 025 (035 45 | 31 |65 |80
20 wit ‘; 1,422 | 0,15 0,25 60 | 6,68 | 63 | 91
40 wt ‘; 1,48 0,12 (0,15 330 | 3,6 60 | 93

In the analysis of experimental data on modification of BF
polymers, it was found that the modification of BF oligomers
with the glycerol content of 20 wt %-provides-materials with
high light transmittance, low residual stress, shrinkage and
water absorption and high physical-mechanical character-
istics. At the same time, such an important characteristic of
scintillation plastics as BAL in the above-mentioned materials
is at the level of PS and PMMA - 40-60 c¢m to 50—200 cm.

The spectral-luminescent properties of BF oligomers and
polymers with different molar ratio of B and F were investi-
gated. With increasing B content, the maximum absorption
band is shifted towards higher wavelengths, and its intensity
increases (Fig. 4)

Changes in the absorption spectra of BF polymers have
a different nature: with increasing B content, the band at
280-290 nm becomes more intense, and the intensity of the
band at 315-325 nm significantly increases (Fig. 5).

A similar pattern is observed in the study of lumines-
cence excitation spectra: the increase in the overall level of
the excitation peaks and an increase in the intensity of the
band at 315 — 320 nm (Fig. 6) with increasing molar ratio of
B:F:1-1;2-2;3-4.

The study of the luminescence spectra of BF polymers
with different molar ratios of B:F (Fig. 7, 8) showed that
with increasing molar ratios, there is an increase in the over-
all level of the luminescence intensity of the BF polymers at
the light-excited luminescence with Aex =270 nm, and with
Aext=320 nm.
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Fig. 4. Absorption spectra of BF oligomers with different
molar ratiosof B:F: 1—1;2—2;3—4
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Fig. 5. Absorption spectra of BF polymers with different
molar ratiosof B:F: 1—1;2—2;3—4
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Fig. 6. The luminescence excitation spectra of the BF
polymers at different molar ratios of B:F: 1 —1;2—2;3—4
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Fig. 7. Luminescence spectra (Aex ;=270 nm) of BF polymers
with different molar ratiosof B:F: 1 —1;2—2;3—4



1600 ~

1400 3
1200

1000 -

600 -
400

200

0 325 350 375 400 425 450 475 A,nm

Fi

g. 8. Luminescence spectra of (Aex;y=320 nm) of BF
polymers with different molar ratios of
B:F:1—-1,2—2;3—-4

Also, the luminescence peak shift towards larger
wavelengths under the light-excited luminescence with
Lext=270 nm is typical, whereas under the light-excited
luminescence with dex¢=320 nm, the hypsochromic effect
is observed.

Table 3, which presents the main spectral-luminescent
characteristics of BF oligomers and polymers shows that
with increasing molar ratio, the extinction coefficient and
the relative quantum yield of luminescence-increase, while
the luminescence time of BF polymers remains at the level
of 1-2 nsec.

So, BF oligomers and polymers are characterized
by the intense luminescence in the wavelength range of
260265 nm, which increases with an increasing molar ratio
of B to F, the extinction coefficient and the quantum yield
of luminescence of oligomers and polymers also increase.

6. Conclusions

1. The study of the synthesis of transparent BF oligomers
and polymers with luminescent properties was carried out.
The physical-chemical regularities of the process of produc-
ing transparent BF oligomers and polymers with spectral-
luminescent properties were investigated. It is shown that
the modification of BF oligomers with glycerol with a con-
tent of 20 wt % allows obtaining materials with high light
transmittance (90—-91 %), low residual stress (10—20 MPa)
and shrinkage (0,15 %).

2. BF polymers, which are characterized by low water
absorption, high physical-mechanical characteristics when
the light transmittance of about 90 % were synthesized. It
was found that such an important characteristic of scintilla-
tion plastics BAL, in the above-mentioned materials is at the
level of PS and PMMA — 40—-60 cm to 50—-200 cm.

3. The main spectral-luminescent characteristics of
transparent BF oligomers and polymers were investigated.
It is shown that they are characterized by the extinction
coefficient of up to 9000-12000 and the intensity of the
luminescence with the relative quantum yield of up to 10 %
in the range of 360-365 nm.
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Pozenanyma xonuyenuis 63aemo-
0ii xonecmepuunux pioKux kpucma-
16 i3 8Y21€600aMU 3 MEMOIO CMEOPEH-
Hsl Mamepiany aKxmueHnozo cepeoosuuia
nepeuHH020 nepemeoprosaua cewcopa
syznesodis. Ilokazano, wo icnye 3azann-
Ha menOeHuin 3MEHUWEHHA KPOKY HAO-
MONIEKYAAPHOL CRIPAALHOI CmpyKmypu
3 pocmom KoHuenmpauyii 600HUX Po3uu-
Hi6 0213 6Cix 0oCaidiceHux 6yenes00is.
Hocnioxceni ixni cnexmpanvhni xapak-
mepucmuxu 0 pi3HUX KOHueHmpauii
B80OHUX PO3UUNIE 8Y2/1€60016

Kmouosi cnosa: cnexmpanvui docui-
odcenns, xonecmepuuni pioki Kpucma-
U, 8Yene600u, 6yz2n1e600U, nNepeUHHUL
nepemeoproeay, ONMUUHUL CEHCOP

Paccmompena xonuenuus 6zaumo-
delicmeus Xxoaecmepumeckux iHcUoOKux
KpUCmannoe ¢ yziee00amu ¢ ueavio
C030anus aKxmuenol cpedvl nepeuoz0
npeobpazoeamens 0aa damuuxa yeie-
60006. Hccnedoeanvt ux cnexmpasvivle
xXapaxmepucmuxu 01 pasiusivlx KoH-
UeHmpauuii 600HbLX PACMEOPOB Y2160~
doe. Iloxazano cywecmeosanue oouel
menoenyuu ymenouenus maza Haomo-
NEKYAAPHOU CRUPATLHOU CMPYKMypovl
C POCMOM KOHUEHMPAUUU 600HbIX PAC-
meopos 011 6cex ucciedo6antvlx yaie-
60006

Knoueevie caosa: cnexmpanvivie
uccaedosanus, xoiecmepurecKue yHcuo-
Kue Kpucmanil, yzneoovl, nepeurtvlil
npeobpasoeamenb, ONMULECKUL CEHCOP

| =,

1. Introduction

Determination of the concentration of the most common
carbohydrates in the human body, food, pharmaceutical
forms is a topical issue in medicine for diagnosing pathol-
ogies, and in the diet therapy for determining the carbo-
hydrate concentration in food. Optical sensor systems in
which detection of carbohydrates is based on the change in
the spectral characteristics of the sensitive medium are the
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most promising. However, the vast majority of such optical
systems have a number of unresolved problems caused by
a difficulty of registration of the selected optical effect, or
a complex multi-layered structure of the sensing element.
This complicates their application mainly because of the
high cost.

We suggest using a cholesteric liquid crystal with the
reflection band, which lies in the visible spectrum as the
sensing element of optical carbohydrate sensors.




