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Abstract: It is found that forced (reactive) blending of
polystyrene (PS) with polymethylmethacrylate (PMMA)
involves the covalent binding of heterogeneous mac-
romolecules to afford the paired polymers. For this
purpose, the “anchor” N-H unsubstituted tetrazole or
oxirane functional groups are preliminarily introduced
in the structure of both polymers in a small amount
that leads to a covalent binding of the heterogeneous
macromolecules. The reaction between the modified PS
and PMMA is carried out in dimethylformamide (DMF),
toluene and dichloroethane (DCE) at a high total con-
centration of polymers (1020 g dL?). The process is
accompanied by gel-formation to deliver cross-linked
paired polymers It is established that the highest rate
of the paired polymer is attained in the DCE medium,
while the lowest rate is observed in DMF. For paired
polymers synthesized in DMF, two glass transition tem-
peratures (Tg) of 92°C and 104°C correspond to the origi-
nal PS and PMMA, respectively. The products of forced
blending of PS and PMMA in toluene have one averaged
T, value (99°C), whereas those obtained in DCE show
no pronounced glass transition region at 90 + 115°C. In
toluene or DCE, the paired polymers are formed, which
represent single-phase systems having one glass transi-
tion region.
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1 Introduction

The forced or reactive blending of higher molecular
compounds is based on the covalent bonding of
macromolecules belonging to different, sometimes
completely incompatible, polymers (1-3). Among the
forced (reactive) blending materials are block and graft
copolymers as well as the paired polymers (4), which
differ only in the location of the linkage of heterogeneous
macromolecular chains. The widespread block copolymers
represent chemically bound (across the terminal
fragments) different in nature polymer chains (blocks),
which in most cases are thermodynamically incompatible
(5). The latter circumstance facilitates the spatial
segregation of heterogeneous blocks at the molecular level
and promotes microphase separation both in liquid and
condensed systems based on the block copolymers to give
a variety of spatially-regular nanostructures (6-10). That
is why the block copolymers are found wide application
as construction and functional materials, matrices for
storing information, and in nanotechnologies (7,10-12).
The uniqueness of structure and properties of the block
copolymers is due to the fact that they combine in a one
macromolecule the long chain fragments (blocks), which
inherent properties of the corresponding homopolymers.
There are various approaches to the formation of such
block structures, for example, via anionic or pseudo-living
radical polymerization, and by the interaction of reactive
terminal functional groups belonging to heterogeneous
macromolecules (7,9,13).

Another approach to the forced blending of higher
molecular compounds is based on the formation
of the paired polymers via the covalent binding of
heterogeneous macromolecules in the course of the
reactions involving their “anchor” functional groups,
distributed randomly in chains (4,14). Often, such binding
of heterogeneous macromolecules is accompanied by
the formation of spatial network structures, so called
“conetworks”, which are actually a cross-linked block-
copolymer (11,15). Due to thermodynamically unfavorable
interactions between chemically different segments, the
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overlapping of macromolecular coils and their chemical
interaction occur in a very restricted space, occupied by a
coil. The spatial structure of a paired polymer, similar to
a diblock copolymer, can be represented as a segregated
conformation, in which chemically different, but
covalently bound macromolecular coils occupy separate
regions in space (Scheme 1). Thus, the paired polymers,
like block copolymers, can combine chain fragments with
structures inherent in the initial polymer precursors and,
therefore, possess properties characteristic of the block
copolymers.

In the present paper, we report a method for
the forced (reactive) blending of PS with PMMA via
the formation of the paired polymers. Also, some of
properties of these polymers are discussed. The N-H
unsubstituted tetrazole cycles, contained in the structure
of the first polymer, and oxirane moiety, presented in the
structure of the second polymer, have been chosen as
the “anchor” functional groups facilitating the covalent
binding of heterogeneous macromolecules for a short
time and under relatively mild conditions. The alkylation
of the tetrazole ring with an oxirane-containing reagent
(Scheme 2) occurs at temperatures below 100°C and does
not require additional initiation, leading to the binding
of macromolecules (11).

Another reason for choosing these “anchor” groups
is a relatively simple procedure for introduction of small
amounts of heterocyclic fragments into the structure of
PS and PMMA macromolecules via copolymerization

Spacer groups formated
in a result of the reaction
.. «anchor» functional
groups

Regions of interpenetration of different
macromolecular coils

Scheme 1: Schematic illustration of paired polymer structure.
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Scheme 2: The reaction between tetrazole and oxirane cycles.
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Scheme 3: The combination of the polymer reagents.

of styrene or MMA with 5-vinyltetrazole (VT) or
2-(vinyloxyethoxy)methyloxirane  (VO), respectively.
Moreover, for the forced blending, a double combination
of the polymer reagents is used: oxirane-containing
PS(VO) tetrazole-containing PMMA(VT) and, vice
versa, tetrazole-containing PS(VT) - oxirane-containing
PMMA (VO) (Scheme 3).

2 Experimental

2.1 Materials and physico-chemical
characterization

Commercial monomers styrene and MMA (Merck) as
well as VO (bp 57°C / 1 mm Hg) and VT (mp 126°C)
(manufactured in Russia) were used. Before application,
these monomers were rectified or dry distilled in
vacuum (VT). The tetrazole or oxirane fragments were
introduced into the macromolecular chain of PS and
PMMA via co-polymerization of the corresponding pairs
of comonomers. The polymerization was carried out
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using an ampoule method in argon atmosphere under the
action of AIBN (0.5 mass% of the weight of monomers)
in DMF at 60°C for 48 h. The resulting polymers were
precipitated and washed from unreacted monomer
residues in the Soxhlet apparatus with diethyl ether (in
the case of modified PMMA) or ethanol (in the case of
styrene-containing samples), then dried under vacuum to
constant weight.

The ratio of the monomer units in the tetrazole-
containing polymers was determined by chemical analysis
of the N-H acidic tetrazole cycles and elemental analysis,
which was performed using the FLASH BA 1112 Series CHN
analyzer. The composition of oxirane-containing polymers
was established by chemical analysis of the epoxy groups
as well as by 'H NMR spectroscopy (for modified PMMA).
'H NMR spectra of copolymer samples dissolved in DMSO
d, were recorded on a Varian NMR Spectrophotometer
(500 MHz). The content of monomer units was determined
from a ratio of the integrated intensity of the proton signals
of the methyl methacrylate units >CHCH, (2.55 ppm)
and the oxirane ring -O-CH <(3.75 ppm). All analytical
methods gave satisfactory results in evaluation of the
copolymers composition. The molecular weights of the
copolymers were measured by the GPC method according
to polystyrene standards. Chromatographic studies
were performed on a Waters GPCV 2000 chromatograph
equipped with a refractometer, using a Plgel 5 pm MIXED-C
column. DMF was used as an eluent, which was fed with a
rate of 1 ml min?, the chromatography temperature being
70°C. The FTIR spectra of tetrazole-containing PMMA(VT)
films were run on an FTIR Fourier spectrometer “Infralum
FT-801”. The characteristics of the modified PS and PMMA
samples are shown in Table 1.

Table 1: Characteristics of products of the copolymerization of
styrene and methyl methacrylate with 2-(vinyloxyethoxy)methyloxi-
rane (VO) or 5-vinyltetrazole (VT).

Copolymer VO or VT Content M, Copolymer Solubility
" C°p°ly"f'er’ (kDa) DMF  Toluene DCE
(mol. fraction)
PS(VO) 0.04 136 Sol. Sol. Sol.
PS(VO) 0.10 114 Sol. Sol. Sol.
PS(VT) 0.02 445 Sol. Sol. Sol.
PS(VT) 0.06 - Sol. Insol.  Sol.
PS(VT) 0.11 - Sol. Insol. Insol.
PMMA(VO) 0.05 112 Sol. Sol. Sol.
PMMA(VO) 0.07 83 Sol. Sol. Sol.
PMMA(VO) 0.09 65 Sol. Sol. Sol.
PMMA(VT) 0.02 519 Sol. Insol. Insol.
PMMA(VT) 0.09 - Sol. Insol. Insol.
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2.2 Synthesis and characterization of the
paired polymers

The interaction between PS and PMMA, containing
“anchor” tetrazole and oxirane groups, was carried
out in DMF, toluene, and DCE at varied temperatures
(25-80°C), total polymer concentrations (5-20 g dL%)
and time. To synthesize the paired polymers, pre-
prepared solutions of PS and PMMA were mixed at
room temperature in an appropriate solvent. Then the
mixture was loaded into ampoules, blown with argon,
the ampules were sealed and kept in a thermostat
at the given temperature and time. The reaction between
the polymers was accompanied by gel formation. The
time of the system fluidity loss was fixed visually in two
parallel experiments. After completion of the reaction,
the resulting gel-like mass was treated with diethyl ether
or the solvent was removed in vacuum. In the former
case, samples of the paired polymers were obtained
as powdered products, while in the latter case, glass-
like blocks were formed. Films of polymer mixtures
were prepared for different reaction time by casting the
reaction mixture up to gel formation on a glass substrate
followed by removal of the solvent. The swelling degree
of cross-linked paired polymers in various solvents was
determined by gravimetric method and was calculated
from formula K_ = (m, - mp) / m, where m, and m_ are
the mass of the swollen hydrogel and the dry polymer,
respectively. The temperature of the reaction involving
polymers and that of the swelling processes was
maintained using Memmert air thermostat (thermostat
accuracy was = 0.5°C). Viscosimetric study of the reaction
was carried out by stopping the process at different
times until the beginning of gel formation, diluting the
reaction mass with DMF to a total polymer concentration
of 1.0 g dL?, and measuring the viscosity of the solution.
All viscosimetric measurements, including viscosimetric
titration of PS solutions with PMMA solutions in DMF,
toluene and DCE (polymer concentration 1 g dL7)
were performed using a capillary viscosimeter with
a hanging level at 25°C. The additive values of the
reduced viscosities of polymer mixture solutions at
different ratios were calculated in accordance with
the procedure (16). Glass transition temperatures (Tg)
of the initial modified PS and PMMA, their mixtures,
and the resulting paired polymers were determined
using differential scanning calorimetry (DSC) with a
STA 449 F3 Jupiter (Netzsch) under nitrogen flow (gas
flow rate 5 ml min?) at a heating rate of 5 deg min™. For
the analysis, carefully dried samples in an amount of
5-10 mg were used.
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3 Results and discussion

The abovementioned presence of “anchor” functional
groups in the structure of reacting heterogeneous
macromolecules is not the only prerequisite for the
formation of a pair polymer. The interacting polymers
should have a common solvent and should be compatible
with it, allowing the preparation of reaction mixtures
without phase separation at operating concentrations. In
the present paper, for a pair of PS and PMMA from liquids
satisfying the indicated condition, DMF, toluene and
DCE, which are thermodynamically “good” solvents with
respect to both polymers, were chosen (17,18). Introduction
of monomer units in amount of 0.04 + 0.10 mol. fraction
into the polymer structure does not affect the solubility
of PS(VO) and PMMA(VO) as compared to homopolymers
(Table 1). The presence of the same amount of “anchor”
tetrazole cycles in the structure of the modified polymers
restricts a set of the appropriate solvents, especially in the
case of PMMA(VT).

The nature of the solvent dramatically influences
the compatibility of polymers, and at the molecular level
determines the presence of interpenetration regions of
heterogeneous macromolecular coils. Figure 1 shows
dependencies of the reduced viscosity of the polymer
mixture solutions simulating the reaction system, PS(VT)
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Figure 1: Reduced viscosity of solutions of PS(VT) blends with
PMMA (VO) in DMF, Toluene and DCE at 25°C as a function the
weight ratio components. (@, l, A) - Experimental dependences
and (O, O, A) corresponding calculated additivity dependences.
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and PMMA(VO) on the ratio of polymer components
in DMF, toluene and DCE. In all cases, visual phase
separation in the entire range of the component ratios
is not detected. However, the results of viscosimetric
titration of PMMA solutions with PS solutions indicate
that the worst compatibility of polymers is observed in
DME. The experimentally determined reduced viscosities
of PS/PMMA mixtures are lower than the calculated
additive values obtained for any polymer ratios (Figure 1).
This behavior is probably due to the compactification
of heterogeneous macromolecular coils upon their
simultaneous presence in solution, which should
negatively affect the formation of coil interpenetration
regions. In toluene and DCE, the experimental and
calculated values of the reduced viscosity of the solutions,
regardless of the polymer componentratio, coincide, which
evidences the absence of conformational “perturbations”
in macromolecular coils upon mixing. Consequently,
in these solvents the interpenetration of heterogeneous
macromolecular coils is more likely to occur.

In the systems under study, the structural factor
also influences the compatibility of polymers. One of
the selected “anchor” functional groups in the polymer
structure is the proton-donor tetrazole ring, prone to
the formation of hydrogen bonds, including those with
the carbonyl group of the ester fragment of the PMMA
monomer unit (Scheme 4). The FTIR spectra of PMMA,
modified by the introduction of monomer units of VT,
contain two bands of stretching vibrations of the C=0
group assigned to the free ester carbonyl group at 1729 cm?
and participating in the formation of hydrogen bonds with
a tetrazole ring at 1680 cm” (Figure 2). In addition, a broad
absorption band with a maximum at 3160 cm™ corresponds
to the stretching vibrations of the N-H bond of the tetrazole

OCH,

CHs

Scheme 4: The formation of hydrogen bonds in PMMA(VT)
macromolecules.
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Figure 2: FTIR spectra of PMMA (1) and PMMA, modified by the
introduction of monomer units (0.15 mol. fract.) of VT (2).

ring involved in the formation of a hydrogen bond (19).
The possibility of hydrogen bonding between structural
fragments indicates that the compatibility of PS and PMMA
depends on a macromolecule containing the VT “anchor”
links. In the case of tetrazole-containing PMMA(VT),
internal macromolecular formation of hydrogen
bonds takes place, which facilitates the compacting of
PMMA coils and the deteriorates its compatibility with
PS(VO). In contrast, the interaction between tetrazole-
containing PS(VT) and PMMA(VO) leads to formation of
intermacromolecular hydrogen bonds, which favor the
contact of heterogeneous polymer coils and improve the
compatibility of the polymers. Thus, phase separation is
observed for the system PS(VO)-PMMA(VT) in DMF with
a total polymer concentration of more than 15 g dL?, while
the system PS(VT)-PMMA(VO) remain homogeneous at
concentrations above 20 g dL.

The reaction between modified PS and PMMA
was carried out at a total concentration of polymers of
10-20 g dL, i.e. in the concentration range at which there
are multiple contacts between polymeric coils forming a
spatial network. Therefore, under the selected conditions,
the process was accompanied by gel formation to afford
the cross-linked products of forced blending of PS with
PMMA. In general, the generation of fluctuation networks
in the initial solution of polymers mixture is mandatory for
the gel formation upon covalent binding of heterogeneous
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Table 2: Critical total polymer concentrations at gelation in the
system PS(VT)-PMMA(VO) (1 : 1) at 80°C.

Polymer characteristic Solvent
DMF Toluene DCE
[nl,s (dLg?) 0.22 0.33 0.28
Nlpyys (AL 8D 0.24 0.48 0.70
2 (dLg?) 0.23 0.40 0.49
c* (gdLY) 4.7 2.7 2.2
cgel(g dLy) 10.0 7.0 5.0
2 Additivity value for polymer mixture 1 : 1.
macromolecules containing “anchor” groups.

Theoretically, this should be observed in the transition to
the moderately concentrated solution (crossover region),
which is characterized by a crossover concentration
c¢* = 1.08/[n] (Debye criterion) (20). However, for the
system PS(VT)-PMMA(VO) in all three solvents, the value
of the minimum total polymer concentration, Cgop AL which
the interaction of polymers is accompanied by the gel
formation, is approximately 2 times higher than the values
of ¢* (Table 2). This fact may indicate that, due to a lower
compatibility of PS with PMMA, the formation of a spatial
fluctuation network from heterogeneous macromolecules
is realized at much higher concentration of polymers.

Gel formation during the interaction of the modified
PS and PMMA is preceded by an induction period, which
can last minutes or days, depending on the structure of the
selected polymers and the reaction conditions. However,
the formation of a paired polymer begins long before the
gel point. The increase in viscosity of the reaction system
up to the moment of gel formation (Figure 3) indicates the
associative processes that can be caused by covalent binding
of heterogeneous macromolecular coils. Moreover, for the
system PS(VT)-PMMA(VO)-DCE, this process proceeds for
abnormally short time. The formation of paired polymers
before gel formation is supported also by augmentation
of the homogeneity (transparency) of films, poured from
the reaction mixture in DMF as duration of the process
increases (with an increase in the degree of completion of
the reaction between the polymers) (Figure 4). The paired
polymer formed in situ in the reaction system, like diblock
copolymers (21,22), can act as a compatibilizer, which
improves the compatibility of polymer mixtures.

The gel formation in the reaction system is caused by
generation of a single spatial network. Time of fluidity
loss, T, allows estimating the effects of various internal
(structural) and external (concentration, nature of the
solvent) factors on the formation of network paired
polymers PS-PMMA. Different positions of “anchor”
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Figure 3: Reduced viscosity of solutions of PS(VT) blends with
PMMA (VO) in DMF, Toluene and DCE at 25°C as a function the time
of reaction between polymers. Reaction conditions: PS(VT) : PMMA
(VO) = 1:1; molar fractions of VT units in PS 0,02 and VO units in
PMMA 0,05; T=80°C.
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Figure 4: Films based on the PS(VT)-PMMA(VO) mixture (1)

and the PS-PMMA paired polymer obtained over 24 (2), 72 (3) and
120 h (4). Reaction conditions: PS(VT) : PMMA (VO) = 1:1; molar
fractions of VT units in PS 0,02 and VO units in PMMA 0,05; T = 80°C.

tetrazole and oxirane fragments in PS and PMMA
macromolecules affect the compatibility of polymers, and,
consequently, the regularities of the reaction between
polymers. Thus, the fluidity loss times for systems PC(VT,
0.11 mol. fraction)-PMMA(VO, 0.09 mol. fraction) and
PS(VO, 0.1 mol. fraction)-PMMA(VT, 0.09 mol. fraction)
in DMF at a total polymer concentration of 15 g dL? at
80°C are 50 and 96 h, respectively. Therefore, better
compatibility of the polymers in the former system
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Figure 5: Fluidity-loss time of the PS(VT)-PMMA(VO) reaction
system in DMF, Toluene and DCE as a function of molar fractions of
VO units in PMMA (VT units in PS 0,02) and VT units in PS (VO units
in PMMA 0,05). Reaction conditions: PS(VT) : PMMA (VO) = 1:1;
T=380°C.

promotes the formation of the network structure of the
paired polymer over a shorter period of time. The faster
formation of a spatial network is facilitated by an increase
in the content of “anchor” groups in PS and PMMA
macromolecules (Figure 5), as well as augmentation
of total concentration of the polymers and the reaction
temperature (Figure 6).

It is noteworthy that under the same reaction
conditions gel formation in DCE occurs for a much shorter
time (tens of minutes) than in toluene (hours) or DMF
(days), even at lower concentrations of the polymers,
process temperature (Figure 6) and different ratios of the
reagents (Figure 7). In all systems, the covalent bonding of
heterogeneous macromolecules is the result of the same
reaction between “anchor” tetrazole and oxirane rings,
for which such a dramatic influence of the solvent on the
kinetic regularities is not observed (23). Consequently,
the most probable cause of higher rates of network paired
polymers formation in DCE is the better compatibility of PS
and PMMA, which leads to a more pronounced fluctuation
network of heterogeneous macromolecular coils in the
initial solution.

Thus, the composition and structure of the polymer
reagents as well as the reaction conditions have a
significant effect on the forced blending of PS with PMMA.
In addition, these factors also affect the properties of the
forced blending products including the sorption ability of
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Figure 6: Fluidity-loss time of the PS(VT)-PMMA(VO) reaction
system in DMF, Toluene and DCE as a function of total polymer
concentration and reaction temperature. Reaction conditions:
PS(VT) : PMMA (VO) = 1:1; molar fractions of VT units in PS 0,02 and
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Figure 7: Fluidity-loss time of the PS(VT)-PMMA(VO) reaction
system in DCE and degree of swelling of PS-PMMA paired polymers
in DCE at 25°C as a function of the weight fraction of PS(VT) in the
initial polymer blend. Reaction conditions: molar fractions of VT
units in PS 0,02 and VO units in PMMA 0,05; T = 80°C.

network paired polymers towards various liquids to form
gels. The quantitative characteristic of the sorption ability
(swelling coefficient K_) is determined by a degree of
heterogeneous polymers binding, which, in turn, depends
on the conditions of the paired polymer synthesis. Thus,
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the better compatibility of polymer reagents in the system
PS(VT, 0.11 mol. fraction)-PMMA(VO, 0.09 mol. fraction)
as compared to the system PS(VO, 0.1 mol. fraction)-
PMMA(VT, 0.09 mol. fraction) promotes to the formation
of a more rigid network structure, which is confirmed by
the values of K_ in DMF of the paired polymers obtained
under the same conditions (28 and 135, respectively).
A solvent, which is employed in reaction between PS
and PMMA, should expectedly have a strong effect
on sorption properties of the products obtained. For
example, for the products synthesized in the system
PS(VT, 0.02 mol. fraction)-PMMA(VO, 0.05 mol. fraction)
in the presence of different solvents and under similar
other conditions, the highest degree of swelling in DMF
is observed for a sample obtained in DMF (K_, 90), while
the lowest values is detected in toluene (K 9). K  of a
paired polymer synthesized in DCE is equal to 45. A
similar trend is observed for the sorption properties,
when these paired polymers are swelled in toluene or
DCE. The presented results are in good agreement with
the data obtained by the viscosimetric studies. The
worst compatibility of PS and PMMA in DMF hinders the
formation of interpenetrating regions of heterogeneous
macromolecular coils, which eventually leads to a looser
network structure of the paired polymers. In toluene,
which ensures better compatibility of PS and PMMA, the
reaction between polymers involves the formation of a
significantly more rigid network and, correspondingly,
the values of K become lower. According to the results
of viscosimetric study, the sorption properties of the
paired polymers synthesized in DCE and toluene should
be comparable. However, a much faster formation of a
network structure in DCE is likely accompanied by the
formation of a large number of the network defects that
improves sorption characteristics of the pair polymers. The
effect of such factors as the content of “anchor” tetrazole
and oxirane fragments in the structure of PS and PMMA
macromolecules, the value of the total concentration and
the ratio of polymer reagents (Figure 8) on the sorption
properties of the paired polymers is generally symbate to
their effects on the time characteristics of the gel formation
process occurring in the reaction systems. An increase of
the anchor groups in polymers and augmentation of the
reagents concentration accelerate the formation of a more
rigid network structure, which is expressed in a decrease
of the K_, values of the paired polymers.

During the forced blending of PS with PMMA in DMF,
toluene or DCE, the reaction systems are converted into
transparent gels without visible signs of phase separation.
The composition of the isolated network paired polymers
is similar to that of the initial polymer reagents; hence,
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Figure 8: Degree of swelling of PS-PMMA paired polymers in DMF at 25°C as a function of molar fractions of VO units in PMMA (VT units in
PS 0,02) (1), VT units in PS (VO units in PMMA 0,05) (2) and total polymer concentration (3). Reaction conditions: PS(VT) : PMMA (VO) = 1:1;

T=80°C.

quantitative binding of heterogeneous polymers occurs.
However, the nature of the reaction medium influences the
microphase state of the forced blending products, which
affects the glass transition temperatures of the paired
polymers (Table 3). Model mixtures of the forced blending
components, PS(VT, 0.02 mol. fraction)-PMMA(VO, 0.05
mol. fraction) were prepared as films from solutions in
DME, toluene or DCE with a total polymer concentration
of 10 g/dL. Unlike the heterogeneous mixture formed after
removal of DMF, the polymer film obtained from solutions
in toluene or DCE are transparent without signs of phase
separation. Nevertheless, in all three cases, two glass
transition temperatures (Tg) corresponding to the initial
PS(VT) and PMMA (VO) are observed. A similar result is
obtained for a paired polymer synthesized in DMF, while
the forced blending products of PS with PMMA in toluene
are characterized by a single average value of T, and those
prepared in DCE show no pronounced glass transition
region at 90-115°C.

This result is in agreement with the conclusions on
the effect of the medium nature on the forced blending
of polymers made on the basis of viscosimetry of initial
polymer solutions and studying the regularities of the
paired polymers formation in the PS-PMMA system. The
worst compatibility of PS and PMMA in DMF leads to the
formation of a supramolecular structure of the paired
polymers with a pronounced microphase separation. The
presence of two glass transition temperatures (inherent in
the initial components) in the paired polymer is explained
by relatively large structural regions of similar polymers.
In toluene or DCE promoting the compatibility of PS
and PMMA, the paired polymers with a higher degree
of heterogeneous macromolecules binding are formed.
These polymers, therefore, represent already single-phase
systems with only one glass transition temperature. An
increase in the degree of macromolecules binding in
DMF using a PS with a large content of “anchor” tetrazole
fragments (0.11 mol. fraction) or an increase in the total

Table 3: Glass transition temperature for mixture and PS—-PMMA
paired polymers.

Sample Solvent T, (°Q)
PS(VT, 0.02 mol. fract.) 96
PMMA(VO, 0.05 mol. fract.) 115
Mixture PS(VT)-PMMA(VO) DMF 95and 110
Mixture PS(VT)-PMMA(VO) Toluene 96 and 115
Mixture PS(VT)-PMMA(VO) DCE 94 and 112
Paired polymer PS(VT)-PMMA(VO) DMF 92 and 104
Paired polymer PS(VT)-PMMA(VO) Toluene 99
Paired polymer PS(VT)-PMMA(VO) DCE

concentration of polymer reagents (up to 20 g dL?) also
results in the formation of more structurally homogeneous
paired polymers, characterized by a single glass transition
region at 96-98°C.

4 Conclusions

Block copolymers of PS with PMMA provoke research
interest not only as model systems for the study of self-
organization processes in polymer systems, but also as
building blocks for the synthesis of a variety of multi-
faceted polymeric materials (24-31). In the present paper,
we have reported another variant of combination in
a one polymeric structure of two thermodynamically
unblended macrochain fragments via a process called
forced blending of polymers to afford the paired polymers.
The obtained results show that the formation of paired
polymers as well as the structure and properties of the
forced blending products strongly depend on the nature
of the reaction medium. Reacting polymers should have
appropriate compatibility, which should facilitate the
formation of interpenetration regions of heterogeneous
macromolecular coils, where their covalent binding
occurs. It is the nature of the chosen solvent that
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determines the compatibility of polymers in the initial
reaction mixture and, as a consequence, the degree of
binding of heterogeneous macromolecules. Thus, the
forced blending of PS with PMMA in solutions of DMF,
toluene or DCE (other conditions being the same) occurs
most rapidly in the presence of the latter solvent. It should
be noted that the paired polymers represent the most
structurally homogeneous, single-phase systems. On
the other hand, the paired polymers of PS with PMMA
obtained in DMF probably give supramolecular structures
with more pronounced segregated regions formed via self-
organization of similar macromolecules. Consequently,
the products of forced blending should possess individual
properties of the initial polymers.
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