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Abstract. An analysis of the characteristic times of the
polystyrene segmental motion estimated on the basis of
the éastic and frictional viscosity components of the
polystyrenes solutions has been done. The characteristic
times of the trandational motion and also the diffusion
coefficients of polystyrene in diluted and concentrated
solutions were cal cul ated.
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1. Introduction

Kinetics of the chemical processes proceeding with
the formation of polymers (namely, polymerization,
polycondensation) or  with  their  participation
(polymeranalogical transformations) in the most cases
actually depends on the dynamic properties of the
polymeric chains, that is on the characteristic times of
their trandlational motion (t; ) and the rotary motion (t; ).

Since the monomeric links connected into a chain, al of
these types of the motions are redlized purely in
accordance with the reputation mechanism, i. e. via the
segmental motion with the characteristic time 7.

2. Experimental

In order to obtain the statisticaly important
experimental data, the gradient dependence of the
viscosity for the diluted and concentration solutions of the
polystyrene in toluene was studied [ 1, 2]. The experiments
have been carried out with the use of the rotary viscometer
“Rheotest 2.1 by VEB MLW production with the
working cylinder containing two rotation surfaces.

The effective viscosity of polymeric solution was
experimentally measured as the function of the angular rate
o (rps) of the waorking cylinder. The obtained results and
the optimization method (Origin 5.0 program) were used
for the determination of frictional #7; and elastic #e
components of the viscosity and also for b parameter [1, 2].

3. Results and Discussion

The characterigtic times of the segmental motion t
were obtained on the basis of the experimental values of
ne and b. That is why let's analyze and generalize the
obtained experimental data [1, 2] of the characteristic
times of the segmental motion zg of the chains of
polystyrene into solutions, estimated on the basis of the
elastic component of the viscosity 7.. Besides, it is also
necessary to take into account the characteristic times of
the segmental motion, estimated on the basis of the
frictional component coefficient of the viscosity of diluted

(hg,) [1] and concentrated (h},) [2] solutions. Next, the
values t ; will be used for the estimation of the charac-

teristic time of the trandational motion t; and the diffu-

sion coefficient D of the polystyrene chainsin solutions.
Accordingly to the experimental data [1, 2] the
temperature dependence t ., estimated on the bass of the

elastic component of the viscosity h,, is described by the

equations:
in diluted solution (temperature range 293- 308 K)
Int . =-44.07 +6660/T @
in concentrated solution (temperature range 298- 313 K):
Int, =-42.23+5950/T 2

Let us also write the temperature dependencies of
the viscosity frictional component coefficients:
in diluted solution
Inh, =-29.04+7300/T (3
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in concentrated solution
Inh;, =-16.67+ 4800/T (4
Characterigtic time of the segmental movement is
described by the expression [3]:

Int :Inzi- DS, + E
KT

= TRT ()

where Inz% = -28.78at T=303 K

With the use of these values and comparing (5) and
(1), (2), we obtain the numerical estimations for the
activation entropy of the segmental movement DS,/R

(see Table). The activation energies E, of the segmental
movement and the value t, at 7 = 303 K are also
represented in this Table. The illustrated results showed,
that the numerical values both t , and the thermodynamic
characteristics (DS,/R and E,) of the segmental motion

in diluted and concentrated solutions differed only within
the limits of the experimental error of their estimations.
Let's assume, that the coefficients of the frictional
component of the viscosity of polymeric chains are
described by the same general expresson [3] as the
coefficients of the viscosity of low-molecular solution.
Then, it can be written:

RT
h, =3—t 6
sm v ( )
o _~RT
h pz ~ 37': pz (7)

where V is the partial- molar volume of a monomeric link
of the chain; t_ and t , by content, the characteristic

times of the segmental motion of free polymeric chainsin
diluted solution and their overlapping in concentrated
solution, correspondingly.

Since the partial-molar volume V of the monomeric
link of the polystyrene is unknown, then it can be assumed
to be equal to the molar volume of the monomeric link
into the melt: V =r /M, , where r =1.0540° g/m®is a
density of the polystyrene melt; My = 104.15 g/mal is the
molar mass of styrene. Let us write (6) and (7) in the
general form:

Inh :In3RTMr—+Int 9)

0

At this case, In3RTMr— =18.15a T = 308 K. Taking

0
into account this value and comparing (9) and (3) and (4), we
obtained the temperature dependences t ., and t
for diluted solution

Int, =-47.15+7300/T (10
for concentrated solution
Int , =-34.82+ 4800/T (12)

in accordance with which t , and t, have been

calculated at T = 303 K. Taking into account genera Eq.
(5), the value of the activation entropy DS, /R (see

Table) has been found too. Comparing the parameters of
the Eq. (1) for t, and Eq. (10) for t ,, we can see, that
the difference between them is adequately kept within the
eror limits of their estimation. The values t_ and t ,, at
T = 303 K, equa to 2540 s and 10407 s,
correspondingly, prove this fact. Thus, it can be assumed
that t_°t,, and that is why the coefficient of the
frictional component of the viscosity h, of the polymeric
chains can be described by the same general expression
(6) as for the coefficient of the low-molecular solution.
The values t , calculated accordingly to the expression

(11) for concentrated solution at 7' = 303 K (see Table),
essentidly differed from t_: t , >t_, approximately by

two orders. The analysis of Egs. (2) and (11) parameters
showed that the difference between t_ and t , is caused

by two factors, which deny each other: the first is an
insignificant decreasing of the activation energy
(E,, <E,) that should decrease t ,, and the second one is

a sharp decreasing of the activation entropy (DS, <DS,)
that increasest , .

The coefficient of the frictional component of
viscosity h , in concentrated solutions is caused by the

moation of the overlapping between themselves polymeric
chains characterizes the efficiency of all possible gearings.
However, the mechanism of this motion is also
reputational that is realized via the segmental motion.
Correspondingly, the same relationship should exist
between the times t, and t . Let's assume the

thermodynamical approach for the determination of this
relationship as one among all possible.

Let us determine the notion “gearing” as the
thermodynamical state of a monomeric link of the chain,
at which its segmental movement is frozen. It means that
under the relative motion of the overlapped between eacj
other polymeric chains the reputational mechanism of the
transfer takes place due to the segmental movement, but
only under condition that the part of the monomeric links
of achainisfrozen.

Let DG, is a standard free energy of the
monomeric link transfer from the free state into the frozen
one. Then the probability of the frozen states formation
(or their part) should be proportional to the value
exp{- DG /RT}. That is why, if k_ isa constant rate of
the free segmental transfer, and k , is the rate constant of
the frozen segmental transfer, then the relationship
between themselves should exist:

kpz = ks eXp{- DG;/RT} . (12)
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Table
Characteristic parameter s of the segmental
and trandational movements of the polystyrene into solutions
DS oS T=303K
ES! S EpZn pz
St —= .
System kimd | R kImol R | t.s | tos| ¢.s | Dmis
Diluted solution 55.3 15.3 — — | 2010 | — | 1310° | 1410"
Concentrated 49.4 135 399 60 | 2010% | 6010° | 2910 | 1.010*
solution
Then k,, additionally to k, has a free activation and b :,31_2'\]_5”5
energy equal to the standard free defrosting energy of the 2,
frozen state. in concentrated solutions
Since k, =t ', k,, =t ., we obtained:
t =t exp{DG/RT 13 t _N34ger_9 ts
' ' pz " ‘s exp{ z } . ( ) er 0 g
By assigning
DG; =DH; - TDS, (14) ad D=2 ?LS Nz
and taking into account the experimentally determined 2[ eloo

ratios t , >t_, E, <E, and DS, <DS, we conclude,
that in (14) DG; >0, DH; <0 and DS, <0, and besides
the entropy factor TDS, should be more upon the

absolute val ue than the enthal py factor DH; . Theseratios,
by the physical content, are sufficiently probable. A
contact of the links under the gearing can activates a weak
exothermal effect (DH, <0) at the expense of the
intermolecular forces of interaction; the frosting of the
segmental motion activates a sharp decrease of the
entropy of monomeric link DS} <0, but at this

TDS; °|. Let us rewrite (13) with taking into
account (14) in the form of:
Int , =Int +DH DS, (15)
RT R

Comparlng the expressions (2) and (11) and taking
into account (15) we obtained: DG, =9.0kJmoal;
DH® =-9.6kJmol; DS/R=-7.4. Next, le's use the
obtained numerica values of the characteristic times of
the segmental movement t_. for the estimation of
dynamical properties of the polystyrene chains: namely,
their characteristic time of the trandational movement t;
and diffusion coefficient D in solutions. Accordingly to
[4], the values t; and D are determined by the
expressions:
in diluted solutions

=N,

where a is the length of a Iink of the polymeric chain, and
N istheir number p isthe concentration of a polymer into
solution, g/m?®.

It was assumed for the calculations
a=186x40%°m, N = 10® and r =05x0°gm’ for
concentrated solution (see Table). As we can see, the
characteristic time of the trandational motion t; of the
polystyrene chains is by 4 and 6 orders higher than the
characteristic time of their segmental mation; this is
explained by a strong dependence of t; on the length of a
chain. The coefficients of diffusion weakly depend on the
length of a chain, that iswhy their valuesin solutionsis by
2-3 orders less, than the coefficients of diffusion of
low- molecular substances, which are characterized by the
order 10° ¥ s.

4. Conclusions

Thus, the carried out analysis shows, that the
studies of the viscosity of polymeric solutions permits
sufficiently accurately to estimate the characteristic times
of the segmental and trangdlational motions, on the basis of
which the coefficients of diffusion of polymeric chainsin
solutions can be cal cul ated.
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XAPAKTEPUCTHUYHI TAPAMETPHU
CEI'MEHTAJIBHOTI'O I HOCTYHITAJIBHOT'O
PYXY INOJICTHUPOJIY B PO3UNHAX

Anomauyin. [Iposedenuti ananiz xapaxmepucmuyHux 4acie
Ce2MEHMANbHO20 PYXY NONICMUpeHy, OYiHeHUX 3a NPYICHOI0 ma
@puryiiinolo Komnonenmamu 6 s3kocmi 1020 po3uunie. Ouyineni
XapakmepucmuyHi 4acu NOCMynaibHo2o pyxy i koegiyicnmu ougy-
31T nonicmupeny y po36e0eHoOMy ma KOHYEHMPOBAHOMY POZUUHAX.

Knrouosi cnosa:. 6 sizxicmov po3uunie, Xxapakmepucmuynuil
uac ce2MeHmanbHo20 pyxy, Koeiyichmu ougysii.



