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Abstract — Properties of dilute solutions of polystyrene and styrene-acrylic acid copolymers in DMF and
ethyl acetate were studied in the temperature range 20-35°C. It was shown that the dependences of the
intrinsic viscosity and Huggins constants on temperature for the copolymers differ from that for polystyrene.
Comparison of the “quality” of the solvents was carried out.
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At present one of the actual directions of the poly-
mer chemistry is synthesis of polymers for medicine
and biology. Nikolaeva [1] performed a multistep
transformation of copolymers of styrene with allyl
alcohol to modified polymers containing porphyrin
derivatives in the side chain. Such fragments impart
to materials biological, photochemical, and catalytic
activity. The transformation involves polymer-
analogous processes and is carried out in solution.
These is no doubt that the properties of the solution,
polymer—solvent interactions, and the “quality” of the
solvent, by which is meant the thermodynamic af-
finity between the polymer and solvent, contribute to
the reaction progress. Therewith, the higher the in-
trinsic viscosity and the lower Huggins constant, the
“better” is the solvent. In a “good” solvent, the
molecular clew is better loosened than in “bad.”

In the present work we took as objects for study
styrene-acrylic acid copolymers | prepared by sus-

pension polymerization at monomer weight ratios of
1:1, 1:2, 2:1, and 3:1.

~CHp-CH-"] [-CH-CH-

Characteristics of the starting copolymers and
suspension polystyrene taken as reference are
presented in Table 1.

Note that the composition of the copolymer does
not correspond to the composition of the starting
mixture of monomers, which, however, would be ex-
pected in view of the copolymerization constants [2].
At the same time, the general trend is that an increase
in the fraction of acrylic acid in the starting monomers
increases the fraction of its chain members in the
copolymers. As shown in [1], in view of the large size

Table 1. Characteristics of polystyrene and styrene-acrylic acid copolymers

Composition of polymer
Run Starting styrene:acrylic acid (styrene: acrylic acid), wt% Molecular weight,
no. weight ratio amu
wt% mol %
1 0 100 100 22600
2 3:1 975:25 26.9:1 7650
3 2:1 96.4:3.6 18.6:1 5840
4 1:1 90.3:9.7 6.7:1 4900
5 1:2 86.7:13.3 46:1 3830
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Table 2. Effect of temperature on the rheologic characteristics of dilute solutions of polystyrene and styrene-acrylic acid

copolymers in DMF and ethyl acetate.

t oC Styreng: acril ic_ acid DMF Ethyl acetate
weight ratio ] Ky ] Ky
20 0.103+£0.004 2.957+0.480 0.105+0.002 2.563+0.150
25 3:1 0.095+0.009 3.397+1.285 0.093+0.002 5.896+1.142
30 0.096+0.009 3.874+1.718 0.068+0.020 3.874+2.748
35 0.083+0.007 6.914+1.501 0.081+0.014 6.914+1.107
20 0.085+0.005 5.909+1.285 0.105+0.002 0.909+0.082
25 2:1 0.084+0.008 4.236+1.080 0.086+0.002 2.115+0.901
30 0.089+0.002 3.138+0.525 0.069+0.009 5.664+0.023
35 0.069+0.007 10.080+2.008 0.060+0.021 8.560+1.151
20 0.063+0.017 30.097+4.250 0.090+0.005 2.695+0.082
25 1:1 0.074+0.004 11.836+2.354 0.083+0.004 4.292+1.982
30 0.052+0.012 41.621+3.608 0.037+0.020 63.820+7.201
35 0.046+0.011 50.366+3.280 0.045+0.010 29.410+3.983
20 0.075+0.006 22.672+2.870 0.082+0.002 1.986+0.821
25 1:2 0.082+0.006 15.230+2.150 0.081+0.008 2.745+0.280
30 0.083+0.002 10.637+1.857 0.070+0.010 5.606+2.007
35 0.067+0.003 28.869+2.505 0.057+0.012 11.048+2.020
20 0.158+0.009 2.461+1.025 0.101+0.003 3.353+1.008
25 polystyrene 0.153+0.002 2.498+1.356 0.099+0.005 4.032+1.200
30 0.137+0.002 3.560+0.853 0.079+0.018 6.538+2.050
35 0.123+0.005 4.190+1.282 0.073+0.021 9.306+2.871

of the porphyrin fragment, it is expedient to have in
the modified polymer 1-2 tetrapyrrole fragments per
100 eementary units of the macromolecular chain.
Therefore, there is no need to further increase in the
number of acrylic acid units in the copolymer.

Table 2 lists parameters of dilute solutions of the
copolymers, intrinsic viscosity m and Huggins
constant K, as functions of temperature and polymer
composition.

As known, n is correlated with hydrodynamic flow
resistance, which for a homopolymer, namely poly-
styrene, dissolved in DMF will be higher than for
polystyrene dissolved in ethyl acetate. As the tem-
perature increases, the hydrodynamic flow resistance
decreases (Fig. 1). On the whole the resulting data
provide evidence for data for styrene-alyl alcohol
copolymers [3].

The difference in the [n] values for polystyrene
solutions in DMF, obtained by us and reported in [3],
is associated with the lower molecular weight of our
polystyrene sample. In terms of “quality,” DMF is a
better solvent for polystyrene than ethyl acetate.

The strength of polystyrene-solvent interactions is
illustrated by K. In DMF this value smoothly grows

with temperature, while in ethyl acetate it changes in
a different way (Fig. 2).

On the whole both n and K, show that the “quality”
of DMF and ethyl acetate decreases with temperature.
The fact that [n] decreases with temperature suggests
that the macromolecular clew in DMF and ethyl
acetate swells weaker, and the thermodynamic affinity
of the solvent to polymer decreases. Such behavior is
characterigtic of systems with a lower critical solution
temperature.

The dependences of [n] and K, on temperature for
the copolymers differ from those observed for the
homopolymer (Figs. 3 and 6). This fact provides
evidence in favor of individuality of the copolymers
obtained.

In [3] we explained an analogous difference for the
styrene-allyl acohol copolymer by a nonuniform
distribution of allyl alcohol units along the polymer
chain. Such explanation cannot be accepted in this
work, because the experiments were carried out with
the same polymer sample over the entire temperature
range. As the fraction of acrylic acid units in the
copolymer increases, the [n] = f(t) dependence
gradually transforms from a decreasing exponent to a
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Fig. 1. Plots of intrinsic viscosity [n] vs. temperaturet for
polystyrene solutions in (1) DMF and (2) ethyl acetate.
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Fig. 3. Plots of intrinsic viscosity [n] vs. temperaturet for
solutions of styrene-acrylic acid copolymers in DMF.
Styrene: acrylic acid weight ratio: (1) 3:1, (2) 2:1,
3 1:2, and (4) 1:1.

function with awell-defined extremum (Figs. 3and 4).
These findings show that increasing content of acrylic
acid units in the copolymer favors transition from the
systems with a lower critical solution temperature to
systems with higher and lower critica solution
temperatures, on account of the fact that the macro-
molecular clew shrinks both with increasing and
decreasing temperature. Since in dilute solutions
solute-solute interactions are absent, this effect can
hardly be considered in some other way.

Note, that ethyl acetate is a worse solvent for the
homopolymer but a “better” solvent for the copoly-
mers (its [n] is higher). The [n] = f(t) dependences in
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Fig. 2. Plots of Huggins constant Ky, vs. temperature t
for polystyrene solutions in (1) DMF and (2) ethyl
acetate.
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Fig. 4. Plots of intrinsic viscosity [n] vs. temperaturet for
solutions of styrene-acrylic acid copolymers in ethyl
acetate. Styrene:acrylic acid weight ratio: (1) 3:1,
(2 2:1, 3 1:2, and (4) 1:1.

DMF transformed in curves with maxima (Fig. 3),
while in ethyl acetate the tendency for transfer to
curves with minima is observed (Fig. 4). Note aso
that, as the content of acrylic acid units in the co-
polymer increases, the “quality” of ethyl acetate
worsens to alower extent compared to toluene [3].

Figures 7 and 8 show the plots of [n] on the
content of acrylic acid units. These dependences are
quite arbitrary because of different molecular weights
of the copolymer samples used.

The presented data provide certain evidence for the
absence of clear correlation between the solubility
parameters of liquids and polymers. For example, the
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Fig. 5. Plots of Huggins constant K, vs. temperature t
for solutions of styrene-acrylic acid copolymersin DMF.
Styrene: acrylic acid weight ratio: (1) 3:1, (2) 2:1,
3 1:2, and (4) 1:1.
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Fig. 7. Plots of intrinsic viscosity [n] vs. content of
carboxy groups for solutions of copolymers in DMF.
Temperature, °C: (1) 20, (2) 25, (3) 30, and (4) 35.

solubility parameter &, (Jm>)%°, for polystyrene is
18.2x 103, for DMF 24.2x10%, and for ethyl acetate
18.2x 10° [4].

The obtained [n] = f(t) and K,; = f(t) functions
allow us to suggest appropriate temperature conditions
for polymer-analogous transformations involving
acrylic acid units, at which the macromolecular clew
will be stronger loosened. Evidently, under these
conditions the functional groups will be more acces-
sible. The chemical transformation in itself will surely
also depend on other factors, such as the activation
energy of the reaction. However, the tightness of the

NIKOLAEVA et al.
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Fig. 6. Plots of Huggins constant Ky, vs. temperature t
for solutions of styrene-acrylic acid copolymers in ethyl
acetate. Styrene:acrylic acid weight ratio: (1) 3:1,
(2 2:1, 3 1:2, and (4) 1:1.
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Fig. 8. Plots of intrinsic viscosity [n] vs. content of
carboxy groups for solutions of copolymers in ethyl
acetate. Temperature, °C: (1) 20, (2) 25, (3) 30, and (4) 35.

macromolecular clew and its permeability should aso
contribute something to the degree of transformation
of the functional groups.

EXPERIMENTAL

The intrinsic viscosities [n] of the solutions of
polymers were measured by the traditional dilution
procedure in an Ubbelohde viscometer [5]. The poly-
mer, 0.1+0.00002 g, was placed in a calibrated 10-ml
picnometer and dissolved in ethyl acetate or DMF at
room temperature. The resulting solution was placed
in the Ubbelohde viscometer and thermostated for
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15 min a a specified temperature (20, 25, 30, or
35°C). After that the first measurement of the solution
efflux time was carried out. The first portion of ethyl
acetate or DMF, preliminarily weighed on analytical
balances, was then added. The solution was stirred,
thermostated for 15 min, and the second measurement
of the efflux time was carried out. The further three
efflux time measurements were carried out analo-
gously. The relative viscosity was calculated by the
formula

Ne = TilTo,

where 7; is the efflux time of the solution at definite
dilution and T, efflux time of the straight solvent.

The specific viscosity was caculated by the
formula

T]sp = Mrel — 1.

From the resulting data, the ng/c ratio was cal-
culated, where c is the concentration of the solution in
g/100 g solvent. From the n/c = f(c) dependences
trested by the least-squares method, the intrinsic
viscosities n and Huggins constants K, were found by
the formula

Ky = tano/[n]?,

where tana is the slope of the straight line ng/c =
f(c).

1231

The composition of the copolymers was calculated
from the carboxyl titration data in DMF [6].
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