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Some volumetric properties of aqueous solution of Polyvinyl
alcohol over temperature range 298.15-328.15K.
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Abstract :-

The densities of aqueous solution of polyvinyl alcohol with molecular weight (14kg.mol™)
have been determined over temperature range298.15-328.15K.From these data, the volumes for
the binary mixtures studied here were calculated .The volumes have been found linearly
dependent on the solute molality (PVA), from this dependence , the partial molar volumes at

infinite dilution (V,,) were determined and it was found that the (V,,) concentration

independent and slightly increase with increasing temperature .The thermal expansion
coefficient («, , )of agueous solution of (PVA) at 298.15K was calculated and it was found that

the values of («,,)were higher than the value («; ) of pure water .
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Introduction

The calculation of physical properties using statistical theories is still not yet possible for
complicated molecules such as long chain molecules, because of the range of different
conformations, which can occur and the effect of these various structures on the intermolecular
interactions [1] . Due to intermolecular hydrogen bonds molecular self-organization is one of the
most important phenomenon, which determine the structure and properties of numerous liquids [2] .
The physical properties of these liquids and their solutions differ essentially from those of non-
associated ones.

In recent years, interest lies in exploring te extent to which analysis of the composition-dependence
of the thermodynamic properties of non-ionic amphiphilic-water system can help us to understand
the degree and nature of their self-aggregation [3] . Volumetric properties of binary liquid mixtures
have been extensively studied, as the can contribute to clarification of the various intermolecular
interactions existing between the different species found in solution. In particular much effort has
gone into the determination of partial molar volumes at infinite dilution where only solvent-solvent
and solute-solvent interactions are present [4] . Poly (vinyl alcohol) (PVA; -(CH; —-CHOH),-)is a
polymer which is soluble in water to a large degree but considerably less so in most organic
solvents. Many of its applications are determined by its hydrophilicity (researches have ,for
example ,worried about the water content of PVA films as early as 1946 [5] . Among them are the
use as hydrogel former and as material for separation membranes where research is still very active
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[6,7] . It is often used in pervaporation systems for the removal of water (minority component) from
liquid mixtures.More recently,polymerelectrolytes such as aqueous PVA solutions attract attention
in physical and biophysical chemistry [8-13] .

Experimental:-
(a) Materials

Deionized and doubly distilled water was used . Its specific conductivity was<1x10° S.m’
! poly(vinyl alcohol)is available product of Aldrich Chemical Company (U.S.A) whose number
average molecular weight (14)kg.mol™. PVA used in this study is solid (powder) material and
completely soluble in water.

(b)Density Measurements.

The density of the investigated solutions was measured at the temperature range studied with
an Anton Paar digital densimeter (DMAG60/601) with a thermostatted bath controlled to
+0.001K.The densimeter was calibrated with water ,dehumidized air and several aqueous solutions
of potassium chloride. The precision in the density values measured using this densimeter is
estimated to be better than 2x10 ®g.cm 3.

Results and Discussion

The experimental measured densities of (PVA+water) at 298.15, 308.15, 318.15 and
328.15 K are given in Table (1). Experimental density for the binary mixture in the molality range
studied obey equation of type [4] :

p=a+bm+em® +———— ... (1)

The a, b, and c coefficients for the equation(1) are listed in Table (2) together with the standard
deviation o, defined by :

2

o= 2o =P f | 2)
(N-P)%2

Where p( and p.) are the observed and the calculated density values respectively, N is the

number of experimental points and P is the number of coefficients in equation(1).
The volume of the binary solution, Vlvz(cm3),containing (m) moles of solute per kilogram of solvent

was calculated from [14] :

1000+ mM
V,, = (@o00+mm,) 3)

o,

Where Mz(g.mol’l) is the solute molecular weight, and (p) is the density of solution. The values
of V,, forinvestigated solution are decreased with increasing concentration, Table (3).

The concentration dependence of 'V, , can be described by [15] :
Vi, =V +V, oM+ v,m? +v,,m° +—————— . 4)
Where (\/S" :1000/,01"), pf(g.cm‘s) is the density of the pure solvent, \Zyo(cms.mol’l) is the

partial molar volume of solute at infinite dilution and v,,,v,,, etc. are the virial coefficients

according to McMillan-Mayer theory of solution [16] ,and present the contribution to the excess
thermodynamic properties of pair,triplet and higher aggregates.

For the investigated solution, it was found that the volume of solution at a definite temperature are
linearly dependent on the concentration of solute,i.e. the relation(4) is reduced to :

Vi, =V +VooM o (5)

The values of (\72]0) are concentration independent and slightly increase with increasing
temperature as shown in Table (4).
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The partial molecular volume at infinite dilution, Vzvo(cm?molecule’l), for the investigated solution
was calculated from :

Voo =V /Np coiiiiiiiiiinnd (6)

Where N, is the Avogadros constant. The molecular volume of the pure liquid solute
Vy (cm3.molecule‘l), was calculated from :

Vi =M,/ psNL (7)

Where p, is the density of the pure solute. A compartion of the partial molecular volume at
infinite dilution v,, with molecular volume v, show that the former is smaller than the later.

Values of v,, and v, together with the values of their (172'0 /v;) are given in Table(4). The partial
excess molecular volume was calculated from :
— EXc

Voo =Vog =V coeeneiiiiiiininn, (8)

These values, which characterize the volume changes associated with the transfer of one molecule
of solute from the pure solute to solution at infinite dilution, are negative and relatively high.
The partial molar volume at infinite dilution for investigated aqueous solution, listed in Table(4), is

temperature dependent. From figure(1) it can be seen that the plots of \72’0 against (T —To) are
linear

Vyo=a +a(T-T.) .o, )

Where a, and a,are empirical constants and T is the absolute temperature, (To = 298.15K). The
coefficients a, and a, , determined by the method of least square ,are ( 36.0126 ) and ( 0.0491 )
respectively . The ratio (%0) at the temperature range studied was ( 0.1363x107) .

As the partial molar volume of investigated solution is concentration independent and equal to the
volume at infinite dilution, so the value of the partial molar expansibility of the solute

E, =(0V, /0T ),(cm*mol *.K ) is also concentration independent and equal to that value at
infinite dilution [E, =E,,] .

the partial molar expansibility of the solute at infinite dilution is equal to the regression coefficient
a, of equation(9) and the thermal expansion coefficient of the solute at infinite dilution «, (K ’1)

defined as [14] :

oV, E.
Qo= 1 20 1= 220 (10)
C Vol AT )V,

Which is equal to the ratio (a,/a, ) at 298.15K. The values of «,, calculated from equation(10)

are given in Table(4). The values of «,, tend to decrease slightly with increasing temperature. On
the other hand, the thermal expansion coefficient of solution alVZ(K ’1) is defined as :

oV.
o, = B (11)
2V, aT

Where Vi, is the volume of solution containing m mole of solute per kilogram of solvent. Thus,
the thermal expansion coefficient of the investigated solution is calculated from :

3
A(QEJ ............. 12)
V1,2 P1

Where «; is the thermal expansion coefficient of pure water (2.1><10‘4 K‘l) [17] .
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The values of o, for investigated solution at 298.15K are given in Table(4). The dependence of

(0!1,2 —af) against the volume fraction of solute (¢) is shown in figure(2). The volume fraction was

used instead of molality or mole fraction of solute to allow for the effects of size differences of
solute and solvent molecules. The volume fraction of solute was calculated from :

MV,
?= 1000/ p: + mv,.,
From figure(2), it can be seen that the dependence of (0!1,2 —af) on (¢) is linear. This dependence
may be expressed in the form :
a,—a; = (051,2 - a2’0)+ (azyo - )¢ .............. (14)
The values (0!2,0 -y ) and (ozL2 —az,o) for investigated solution at 298.15K are (8.6830x10") and

(1.1432x10% respectively , it can be seen that the thermal expansion coefficient of the investigated
solution is higher than that of the pure solvent .

Table(1)Experimental Densities for Aqueous PVA at the Temperature Range Studied.

( m Tlli)_i) pr, x10° (Kg.m’a)
mol .kg

298.15K 308.15K 318.15K 328.15K
0.0000 0.99707 0.99406 0.99025 0.98573

0.2900 0.99745 0.99495 0.99154 0.98598
0.4350 0.99804 0.99541 0.99193 0.98633

0.5794 0.99859 0.99583 0.99238 0.98690
0.8761 0.99963 0.99674 0.99327 0.98768
1.1642 1.00072 0.99783 0.99453 0.98881
1.3034 1.00102 0.99811 0.99473 0.98919
1.4554 1.00170 0.99872 0.99519 0.98972
1.7415 1.00259 0.99957 0.99559 0.99078
2.0147 1.00363 1.00055 0.99671 0.99183
2.3262 1.00464 1.00135 0.99745 0.99285

2.4653 1.00515 1.00175 0.99848 0.99333
2.5931 1.00566 1.00225 0.99873 0.99382

2.8751 1.00645 1.00244 0.99916 0.99451

3.4781 1.00867 1.00444 1.00089 0.99649
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Table(2)Parameters in the Equation(1), a/(g.cm’B),b/(g.cm"”.mol’l.Kg) and
c/(g.cm’S.moI’z.Kg 2 )at the Temperature Range Studied.

Temperature 298.15 K 308.15 K 318.15 K 328.15 K
a 0.996740 0.993945 0.990427 0.990280
b 0.0003292 0.0003459 0.0003406 -0.0005905
c 0.000042 -0.000013 -0.000011 0.000094
o} 0.001038 0.001033 0.001021 0.001034

Table(3) Volume of Aqueous Solution, Vlvz(cm?’) Containing (m) Moles of Solute per Kilogram

of Solvent at the Temperature Range Studied.

mx107° V,, x10°(cm?)

(mol .kg™) | 29815K 30815K 31815K  328.15K
0.0000 | 1.8068 18123 | 18193 | 18276
02900 | 1.8062 18107 | 18169 | 18272
04350 | 1.8051 18099 | 18162 | 18265
05794 | 1.8041 18091 | 18154 | 18255
08761 | 18022 18074 | 18138 | 18240
11642 | 18003 18055 | 18115 | 18219
13034 | 17997 18050 | 18lil | 18212
14554 | 1.7985 18039 | 18103 | 18203
17415 | 1.7969 18024 | 18096 | 18183
20147 | 17951 18006 | 18075 | 18164
23262 | 17933 17992 | 18062 | 18146
24653 | 17924 17985 | 18043 | 18137
25031 | 17915 17976 | 18039 | 18128
28751 | 17901 17972 | 18031 | 18Li5
34781 | 17861 17937 | 18000 | 18080
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Table(4) Partial Molar Volume at Infinite Dilution V, ,, Partial Molecular Volume at Infinite
Dilutionv, ,, Molecular Volume of Pure Solutev;, the Ratio (172'0 /v;), Excess Partial
—exc

molecular volume at infinite dilution v,y and Thermal Expansion Coefficients at Infinite
Dilution «,,at the Temperature Range Studied.

Temp. Vs, 7,0x107% [ v:x102 | (i,,/v5) e a, X107

(Cm3.mo|—1) (cm® molecule) (cm®molecule™) (cm®.molecule™) (K ’l)

298.15 K | 36.0126 5.9802 20.1779 0.2964 -14.1977 0.1363
308.15 K | 36.5521 6.0698 20.3258 0.2986 -14.2560 0.1343
318.15 K | 37.0152 6.1467 20.4201 0.3010 -14.2734 0.1326
328.15 K | 37.4959 6.2265 20.5523 0.3030 -14.3258 0.1309

Table(5)Values of the Thermal Expansion Coefficients (o, ,) and the Volume Fraction (¢)of
the Investigated Solution at 298.15K .

mx10~ (mol .kg?) (#) (a,,)K?
x10*
0.0000 0.0000 1.1623
0.2900 0.0103 1.2415
0.4350 0.0154 1.2817
0.5794 0.0204 1.3217
0.8761 0.0305 1.4039
1.1642 0.0401 1.4840
1.3034 0.0447 1.5225
1.4554 0.0497 1.5650
1.7415 0.0589 1.6445
2.0147 0.0675 1.7209
2.3262 0.0771 1.8079
2.4653 0.0813 1.8469
2.5931 0.0852 1.8829
2.8751 0.0936 1.9617
3.4781 0.1110 2.1319
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Figure (1) The temperature dependence of the partial molar volume of PVA
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Figure (2) Dependence of (051,2 —af) on volume fraction of PVA at 298.15K .
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