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Summary: Excess molar volumes and viscosities were calculated for waker +2-Propanol mixtures
in all mole fraction ranges #t three different temperatures, i.c. 298.15, 303.15 and 308.15K.
Values of excess molar volume have been found megative for all the temperatures studied and
passed through a minima at almost 0.3 mole fraction of 2-propanol. Viscosities, 7, are presented
as a polynomial in mole fraction x, of low molecular weight component of binary mixture: 1 = A

+BX; + CX,? + DX, +EX,*.

Introduction

Alcohol-waier systems are studied from
many points of view and the literature on this
system is available which report various parameters
like densities [1-3], vsicosities [4,5], partial molar
volume [6], excess thermodynamic functions [7,8],
etc. This paper reports the excess molar volume
and viscosities of water +2-propanol mixtures at
three different temperatures. The viscosity data
were fitted w0 the empirical relationships of
McAllister [9], Heric [10] and Auslander [11] and
also w three different polynomials [12] with a
goodness of fit approximating experimental error.
These equations are given below:

McAllister’s formula [9]

Inn=x"Inm; +3x°x2 InN +3x; X’ Inny
+x°Inm+ D’
where D' =- In (x, + %2 MMy} + 35,2 %2 In (23 + Mo/3M))
3x,%% 1a (173 + 2Ma/3M)+ x° In (Mo/M))

The equation contains
parameters

two adjustable

In 2 and In ny.

Herrics formula [10].

Inm=xlnm+x;lanz+x; InM; +x,1n M,
In{x;Mj+x; M)+ A 12

Where A 12 = oy, + X;; X;; is a function
representing molecular interaction and X = X is the
interaction parameter. Herric expressed.

a,; = o as a linear function of composition

= B+ Pa (X +x2)

The coefficients P,; and By
determined from a least-squares method.

may be

Auslander’ formula {11]

X; X; + Bz X2y (0 - M) + ApXo(Ba X, +
X;) (Mm2)=0 Here Aj,B;; and B; are the
parameters representing binary interactions.

Polynomial functions [12]
Polynomial I
n=A+BX,+CX’+DX’+EX}*

Where A,B,C,D and E are adjustable parameters

Polynomial II
N=X+ X+ AX B X+ X Xa [A+B (X -X)

+C X1 - X'l

Polynomial 1ll
N =10X) + M + XiXa [A + B - X2) +C (X - X)']

*To whom all correspondence should be addresseed.
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Here again, A, B and C are adjustable
parameters and could be determined by a weighted
least square method.

Results and Discussion

Excess molar volumes were calculated from
measured densities of pure components and the
binary mixtures using relationship [13].

VuE = [(1-x) M +x My)/p-(1-x)M,/p;-x Ma/p; (1)

Where M, and M; denote the molar masses
and p; and p; the densities of pure liquids, p the
density of the mixture and x is the mole fraction,
The values of Vy® are reported in Table-1 and also
shown in Figure 1. The experimental values of V"

MUHAMMAD ABDUL RAUF eral,

S (Va)=[(Vexga - V" caies”Y/-p1'™* 3
The values of the parameters, in along with
the standard deviations S(Vg™) are given Table-2.
Both alcohols and water are known to be associated
through hydrogen bonding [8,15,16). However the
dipole moment values of water is reportedly higher
than alcohols [17]. Mixing of water and 2-propanal
in all mole fractions causes the excess molar
volume to decrease below zero, These typical
values are shown in Table-1 and in Figure 1. The
excess molar volume is negative for all the three
different temperatures selected for this sudy. In the
higher and lower mole fraction region, the curves

Table-1: Excess molar volumes and densities of mixtures

were fitted to the equation [14]. of water and 2-propancl at different temepratures.
X Demity Density Density  Vie Vb Vil
B 3 1 " " s » » s
Vu /(Cm”. mol™) =x (1-x) [Ao + A, 29815 30315 30815 29815 30315 3085
00320 09809 05788 09771  0.1953 01931 02022
5 s OD6SE 0D676 0.9642 09616 04862 DASS2 04649
(2x-1+Ax(2x-1)+A5(2x-1)°] (2) 01135 05484 05453 09420 06657 06600 -06513
01376 09385 09352 09316 07333 07264 07133
- Ao. A A 01665 05270 09235 09198 07933 07853 0T
¢ parametes Ao, A;, A; and A, are 03051 08843 O0B81S 08781  -10044 -10240 -1.0397
adjustable parameters and were evaluated by the 05319 08359 08316 08273 07861 DT 07659
. . : 07156 08105 08060 08017 04565 -04408 04336
method of least squares with all points weighted 08517 07979 07937 07894 02855 02988  -0.2958
equally. The standard deviations were calculated by  Units of Density = g.cm”
using the equation: Units of Vad® = cm’mol”.
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Fig. 1: Excess molar volume V© of water +2-propanol vs mole fraction 2-propanol, A298.15K, 0, 303.15K,

308.15K.
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Table-2: Parameters of equation 2 and the standard
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Table-3: RMS values for water +2-propanal mixtures at

deviation S(VME! _ different temepratures.
Temp. Ao A Az As SOVl Temp. McAllister* Awshindar  Hemic' Polynomial
3 -1 K
K am’.mot ; T T

29815 33012 3.1768 -16846  -3.380  0.0413 T

WVE1S 0385 OB 0139 01381 05879 04034
30315 -3.2880 34154 17981 14384 00290 3355 02984 06023 01132 00821 05766 02089
30815 33221 3.5276 19461 -1.3528 00358 0815 02438 05788 0102 00744 05429 02778

of ¢.cess volume vs mole fraction shows an
overlap, whereas, in the remaining region (0-2-0.6
mole fraction) the curves fall apart showing a
minima of Vy* for mixtures almost at 0.3 mole
fraction of 2-propancl. Value of V" is minimum
at 308.15K and show a gradual increase as the
temperature is raised. This seems to be in
agreement with the nature of the solvents selected
for this purpose ard can be attributed entirely to the
physical interaction between water and 2-propanol
molecules. It is expected that preferred hydrogen
bonding between the two solvents give rise to this
effect. Negative values of Vg™ for the liquid
systems are explained in terms of different size of
the molecules or the dipole-dipole interactions
between them. Values of Vp© show that the
association between unlike molecules predominates
over dissociation.

Viscosities of binary mixtures of water + 2-
proponal were measured at 29815, 303.15 and
308.15K. The experimental values obtained were
fitted to McAllister, Auslander, and Hermric's
equations and also to three polynomials. The
average values for the root mean square {rms) for
all mixtures investigated are given in Table-3. The
rms values of McAllister and Herric equations are
for the natural logarithm of the rms, whereas that
of Auslander’s is in terms of viscosities and thus
cannot be compared directly. It should be noted
that all equations tested except polynomial I
included fixed end values such that the
experimental values of the pure components do not
participate in the error determination. The
viscosities of binary mixtures at each temperature
are reporied in terms of the parameters of
polynomial I in Table 4. It should be noted that
parameter A is the best fit absolute viscosity for the
high molecular weight component of the binary
mixture whereas the sum of the other four
parameters is, the best fit value of the absolute
viscosity of the low molecular weight component.
This polynomial allows the calculation of

*Res in bogarithm form

Table-4: Values of various parameters for the education
1= A+ Bx/* + Cx,%4DX? + EX\* filted to viscosity data
of water + 2-propanol at various temepratures.

Temp. A B C D E rms exror
K

298.15 21189 6.1905 -295638 562818 -343096  (.1382

30315 17271 35031 -XT1148 438511 -186TI6 00821

30815 16355 48476 -19.3786 333226 -19.7716 00744

viscosities of any mole fraction of the mixture
within the rms error reported.

Experimental

All chemicals used in this work were
obtained from Merck and were further purified as
suggested in the literature [18]. Water was triply
distilled according to standard procedure and the
purity was checked by measuring the densities and
refractive index valves and comparing them with
the reported values [18-19]. Excess molar volumes
at various temperatures were determined from
density data. Mixtures were prepared by mass using
a Metler AE 240 balance with a precision of £ 0.1
mg. Densities were measured to a precision of
+ 0.0001 g/cm® on DMA 48 (AP-PAAR Austria)
density meter. This technique required two density
standards, we used freshly distilled water and air.
Kinematic viscometer was used to measure the
viscosity of water *-2-proponal mixtures at three
ternperatures. Triply distilled water was used to
calibrate the viscometer. Efflux times were noted
by a digital counter of 0.01 s resolution.
Computation of the kinematic viscosity is done by
using the relation,

a=Kt

Where o = Kinematic viscosity of a sample
in cSt, K = capillary constant of the viscometer in
cSt/s, and t = time of flow in second. The
kinematic viscosities were adjusted for kinetic
energy by using the Hagenbach correction [20].
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Absolute viscosity values were then determined by
using the relation.

n=ap.

Where 1 = absolute viscosity of a sample in cP and
p= density of a sample in g/ml.

Dedication: This paper

is dedicated w0 the

momorics of late Dr. M.S K. Niazi.

References

1. B.G.C. Kiyohasa, J. Solution Chem., 9, 791,
(1980).

2. D.C. Sprensen, P.G. Hridt, J. Solution Chem.,
13, 191 (1984).

3. M. Sakvrai, J. Solution Chem., 17, 267
(1988).

4. M.S.K. Niazi, M.Z.1.Khan, J. Solution Chem.,
21, 427 (1993).

5. GJ. Janz, R.P.T. Tomkins, Non-Aqueous
Electrolytes Hand Book, Academic Press, New
York 1, (1972).

6. G. Douherett A. Khadir, A. Pal
Thermochimica Acta, 142, 219 (1989).

7. M.I. Davis, Thermochimica Acta, 90, 313

(1985).

8.

11.
12,

13.

14.

15.

16.

17.

18.

19.

20.

MUHAMMAD ABDUL RAUF et al,

F. Franks, JE . Desnoyers, Water Science
Reviews 1, Franks. ed. Cambridge University
Press, 171 (1985).

R.A. McAllister, AICHE], 6, 427 (1960).

EL. Herric, J. Chem. Eng. Data, 11, 66
(1966).

G. Auslander, Br. Chem. Eng., 9, 610 (1964).
M.A. Rauf, G.H. Stewart, Farhataziz, J.
Chem. Eng. Data, 28, 324 (1983).

M.A. Rauf, M. Arfan, Farhataziz, J. Chem.
Thermodynamics, 15, 102 (1983).

I.M. Prausnitz, Molecular Thermodynamics of
Fluid-Phase Equilibria, Prentice-Hall,
Englewood Cliffs, NJ (1969).

F. Franks, D.J.G. Ires, Guart. Rev., 20, 1
{1966).

G. Salveui, Hydrogen Bonded Liquids J.C.
Dore, I. Teixeira (eds.) Academic Publisher,
Netherland, 369 (1991).

R.C. West (ed), Handbook of Chemistry and
Physics, 63rd eds. Chemical Rubber Co.,
Cleveland (1982).

V. Marcus, Pure and Applied Chemistry, 58,
1411 (1986).

AlJ. Riddic, W.B. Burger, Organic Solvents,
Wiley Interscience, New York, (1970).

R.D. Hardy, NBS Monog. (U.S.) 55 (1962).



