Solution properties of poly(vinyl chioride) in tetrahydropyran
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The solution properties of the system poly(vinyl chloride)—tetrahydropyran
were quantitatively characterized by the methods of viscometry and sedimenta-
tion velocity. The Mark—Houwink relationship was determined as a function
of temperature in the region of 20—50°C. Moreover, the unperturbed dimen-
sions (K, =14.0 x 107*) and their temperature coefficient (d In r/dT=—-15x%

x 107 K™') were ascertained. From the thermodynamic point of view tetra-
hydropyran is a poorer solvent for poly(vinyl chloride) than cyclohexanone and
tetrahydrofuran.

MeToaamM¥u BUCKO3HMETPUH M CKOPOCTH CEIMMEHTALMH ObUTH KOJUYECTBEH-
HO XapaKTEpPH30BaHbI CBOMCTBA DPacTBOPOB CHCTEMbI NOJMBHHHIXJIOPHA—
—TeTparugponvpad. Beina onpenenena MapkoBa—I oyBuHKOBa opmya
Kak yHKUHUs TeMnepaTypsl B o6macti ot 20 go 50°C. Janblue onpeneaninck
HeBO3MyLIeHHbIE pa3Mepbl (K, = 14,0 X 107*) u ux TemnepatypHblii K03 du-
et (d In r_f,/dT= —1,5%x 1072 K™"). C TOYKM 3pEHHS TEPMOJHHAMHMKH SIB-
JIieTCs TETparuaponupan 6oee MIOXHUM pacTBOPHUTENEM IS MOJIUBHHUIIXIIO-
pHuaa YeM LMKJIOTeKCAaHOH M TeTparuapodypaH.

The study of the solution properties of polymer substances gives a lot of
information about the size, shape, and structure of the macromolecules in solution
as well as the interactions occurring in a system. Though poly(vinyl chloride)
belongs among important industrial polymers, its solution properties have not been
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investigated extensively. It seems that its structural peculiarities (presence of
associates and microgels) represent the limiting factor in this sense. In most studies
hitherto published [1—7] cyclohexanone and tetrahydrofuran were used as sol-
vents, whereas the behaviour of poly(vinyl chloride) in other solvents was
described only qualitatively.

Therefore our investigations were concerned with a quantitative description of
the behaviour of different fractions of poly(vinyl chloride) in tetrahydropyran. For
this purpose, the methods of sedimentation velocity and viscometry were used.

Experimental
Materials

A linear poly(vinyl! chloride) of the emulsion type of Czechoslovak production (CHZWP,
Novéky) was used for the investigations. Particular fractions were prepared by fractional
precipitation of a 1% solution in tetrahydrofuran which was carefuily deprived of peroxides
by refluxing over solid KOH. Distilled water was used as a precipitating agent. The fractions
obtained were twice precipitated and dried to constant weight in vacuo. The solvent used,
i.e. tetrahydropyran was distilled immediately before measurement. The fraction with b.p.
88°C, refractive index n¥=1.4190, and density 0,,=0.88612+0.0005 gcm™ was em-
ployed. Considerable attention was paid to the preparation of solutions. Before use the
solution was heated at 50°C for 1 h and afterwards it was rapidly cooled to the temperature
of measurement.

Sedimentation measurements

For the determination of sedimentation coefficients the method of sedimentation velocity
in an ultracentrifuge Spinco E (Beckman) was used. A rotor of the type A4-D with a 12 mm
cell was applied. In all measurements the schlieren peak was taken from a distance shorter
than 3 mm from meniscus so that the correction for pressure and radial dilution was as small
as possible. The temperature of rotor was held at the constant value of 20°C accurate to
+0.2°C. For the calculation of molecular weight the modified Flory—Mandelkern equation
was used [8] (as tetrahydropyran is a good solvent, we assumed that the relation k, = 1.66 [n]
was fulfilled)

7,7
13 Sk
M=92x10*n,90, —m (1)
°72 (1-9, 00
where 7, 04, So, k., and ¥, are viscosity of solvent, density of solvent, sedimentation
coefficient at infinite dilution, coefficient of the concentration dependence of sedimentation
coefficients, and partial specific volume of polymer, respectively. All quantities refer to the

temperature of measurements, i.e. 20°C.
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Viscometry

For the measurement of viscosities an Ubbelohde dilution viscometer modified according
to Berger and Deckert [9] was used. The minimum amount of solution necessary for
meaéuremcnt was 0.5 ml. With respect to the concentrations used, molecular weights of
samples and capillary bore of viscometers all corrections (for kinetic energy, curvature of
capillary, density of solutions, and velocity gradient) could be omitted.

The fundamental solution of each fraction was prepared in such concentration that the
relative viscosity of the solutions prepared from it by diluting was in the range 1.1—1.7. The
solutions prepared were filtered through a fritted glass G4 and the temperature of
measurement was held constant accurate to = 0.01°C. For the evaluation of the data
obtained the Huggins relationship [10] was used

Le=fn)+kuln)c )

where 7,,, (7], ¢, and ky, stand for specific viscosity, limiting viscosity number, concentration,
and the Huggins constant, respectively.

Results and discussion

The measured values of limiting viscosity numbers of the fractions of poly(vinyl
chloride) in tetrahydropyran and their molecular weights are summarized in Tabie
1. By the method of least squares the coefficients of the Mark—Houwink
relationship were calculated for the system poly(vinyl chloride)—tetrahydropyran
as a function of temperature (Table 2).

On the basis of the Mark—Houwink exponent a it may be stated that
tetrahydropyran is a little poorer solvent for poly(vinyl chloride) than cyclohex-
. anone and tetrahydrofuran (e =0.77—0.78 [3]).

Table 1

Solution characteristics of the fractions of poly(vinyl chloride) in
tetrahydropyran as a function of temperature

20°C 30°C 40°C 50°C
Fraction M-107* dlIn[n)/dT-10°
M ke [ kn [ ke [0l ku

1 470 0.64 028 063 029 062 028 0.605 0.30 -1.9¢
2 572 073 026 0.74 0.28 0.71 0.27 0.68 0.31 —2.1g
3 .8.85 1.07 027 1.05 026 1.02 029 1.00 0.30 T =22,
4 14.5 148 024 145 026 141 026 138 0.27 —2.05
] 29.1 243 023 240 0.24 237 026 231 0.25 —2.0
6 34.7 2.80 022 276 020 271 023 265 0.20 -1.9,
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Table 2

Coefficients of the Mark—Houwink relation for the system
poly(vinyl chloride)—tetrahydropyran

T, € K-10* a X
20 2.46, 0.73, 0.37
30 2.53, 0.72¢ 0.373
40 2.27; 0.73¢ 0.37,
50 2.13 0.73, 0.36,

Unperturbed dimensions

The quality of the solvent used necessitates an application of the extrapolation
methods to the determination of the unperturbed dimensions of poly(vinyl
chloride) in tetrahydropyran. These methods are most frequently used for the
determination of these dimensions for poly(vinyl chloride) because the only
hitherto described one-component @ solvent is benzyl alcohol at 155°C [11].

For the determination of the unperturbed dimensions we used the subsequent
extrapolation procedures.

— 1. The procedure according to Stockmayer, Fixman and Burchard [12, 13]

[”],— W+ C MY 3)

where K, is the Mark—Houwink constant valid for © solvent (it is proportional to

unperturbed dimensions or to the product CDO(E/M ) and C, is a constant
dependent on the polymer—solvent system used. It has been pointed out [14, 15]
that this simple relationship is valid only if the values applied fulfil the inequality
1<[n]/Ks M*< 1.6 where K; is the section on the axis of ordinates. If this con-
dition is not fulfilled, empirical corrections are needed. For 1<[n]/K; Mi<2.5
it is K;/K,=1.05 and for 1.3<[n]/K; M*<2.9 the value K;/K,=1.4 has been
recommended [14].

Our data fulfil the last mentioned inequality and the apphcatlon of this method is
presented in in Fig. 1. The value K, =13.6 X 10™* has been.obtained.

— 2. The procedure according to Berry [14]

(Ui S

o “)

[n]

where C, is a constant dependent on the polymer—solvent system. The application
of this procedure is presented in Fig. 2 and K, =14.1 x 107,
— 3. The procedure according to Bohdanecky [16]
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Fig. 1. Values of K, according to the Stock- Fig. 2. Values of K, according to the Berry
mayer—Fixman—Burchard relation at 20°C. relation at 20°C.
[)_ .80 k,+c, Mo (5)
Mi. g . ] 3 .

This procedure which is presented in Fig. 3 gives the value K, =14.4Xx 107"

The mean value K, =14 X 107* is somewhat higher than the values hitherto
published (10—13)x107* [4, 6] but because of the limitation of graphical
procedures it may be assumed that the agreement is satisfactory.

The temperature coefficient of unperturbed dimensions d In r3/dT where (r2) is
the end-to-end distance of chain in unperturbed state, is an important quantity for
the characterization of the @ state. This quantity has been estimated from the
temperature coefficients of [7] (Table 1) by using the proposition of Bohdanecky
[17] which is a modification of the method described by Flory et al. [18]. It is based
on the following relation

(ﬂ) dinn]_ -, dlnr_%+dln (ﬁi/Vl)+-d b <§—X)

Q dT dT dT dT (6)
where
P= (51—) (g ai-1) (64)
0=(g) @-1 - . (6b)
a:=K£L114§ ~ (6¢)

The symbols V,, x, and @, denote molar volume of solvent, interaction parameter
polymer—solvent, and viscometric expansion coefficient, respectively.
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Fig. 3. Value of K, according to the Bohdanecky relation at 20°C,

The application of this method to the system poly(vinyl chloride)—tetrahydro-
pyran is presented in Fig. 4. The value obtained (—1.5X 107 K™*) is equal to the
value obtained with the solutions in cyclohexanone and nitrobenzene [19], which
evidences a similarity of these solvents as regards the temperature dependence of
unperturbed dimensions.
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Fig. 4. Coefficient d In r3/dT according to eqn  Fig. 5. Determination of the parameters of eqn (8).
(6), Y=P/Q dIn [4]/dT.

Interaction polymer—solvent

For the determination of the interaction parameters of the system studied the
Flory—Fox relation [20] modified by Stockmayer [21] has been used. Since the
quantities v, V,, and K, are a temperature function, it holds

%—x=2.49x102v‘_/—§‘K9 (a;—al) M+ (7)

The values obtained are listed in Table 2 and do not contradict the statement that
tetrahydropyran is a good solvent for poly(vinyl chloride) from the thermodynamic
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point of view. As obvious from Table 2, the parameter y decreases slowly with
increasing temperature, which indicates a slightly endothermic character of the
system studied.

Huggins constant

The constant ky in the Huggins equation which correlates the specific viscosity of
solution with its concentration is a function of the expansion coefficient a, [22, 23]

ky ay=ky+ Colan—al) (8)

The application of the values measured in the temperature interval 20—50°C is
presented in Fig. 5. The values of the parameters k%, and C, obtained (0.50 and
0.26) are in good agreement with the values hitherto published (0.50 and
0.28—0.30) [23] for different polymer—solvent systems.
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