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Excess molar volumes of binary mixed solvents
containing tetraethylene glycol and benzene, toluene,
acetone and acetonitrile have been measured as a function
of composition at 308.15K. The measurements have been
carried out with a continuous-dilution dilatometer. The
excess volumes are all negative over the entire range of
composition. The results are discussed in terms. of the
interaction between components. The Flory model has
been used to calculate the excess volumes, and are
compared with experimental data for the four mixtures.

In continuation of our earlier works on the thermo-
dynamic properties of amphiphiles in differert
solvents! "3, we report here experimental excess
molar volumes of binary solvent mixtures containing
tetraethylene glycol and benzene, toluene, acetone
and acetonitrile over the whole mole fraction range at
308.15 K. Interpretation of the results in terms of the
theory of Flory* is also given.

Experimental

Benzene (SD Fine Chemicals, spectroscopic
grade, 99.5%) and toluene (SD Fine Chemicals,
AR grade, 99.5%) were purified as described by
Rastogi, Nath and Misra®. Acetone (SD Fine
Chemicals, spectroscopic grade, 99.8%) and
tetraethylene glycol (E Merck, FRG, 97%) were first
dried over anhydrous calcium chloride for 24 h and
then fractionally distilled from phosphorus
pentoxide. The glycol was distilled under reduced
pressure and the middle fraction was dried over
anhydrous sodium sulphate for few days. It was then
redistilled and stored over nitrogen. The final sample
had a specific conductance less than 3 x 107 °Scm 1.
Acetonitrile (BDH, GR grade, GLC, 98%) was
purified by fractional distillation as described
elsewhere!!. Prior to actual measurements, all liquids
were partially degassed under vacuum and dried over
4A molecular sieves to reduce water content. The
densities of the purified samples of tetracthylene

glycol, benzene, toluene, acetone and acetonitrile at
308.15 K were found to be 1113.1, 863.0, 853.8, 772.7
and 767.2 kg m~?3, respectively which are in good
agreement with the literature values’ ~'2,
Densities of pure liquids were measured by use ofa
bicapillary pycnometer having a total volume of
about 15 cm3. The measurements at (308.15+0.01) K
have an estimated reproducibility of 0.3 kg m™*
The measurements of excess molar volume were
carried out in a continuous-dilution dilatometer
similar to that describéd by Dickinsen er al.'3.
Calibrations and operational procedures have been
described previously'*'*. All measurements were
made in a thermostatically controlled, well-stirred
water bath whose temperature was controlled to
+0.01 K. The measured excess molar volumes were
accurate to +0.003 cm?® mol ~'. The composition of
each mixture was obtained from the mass of the
components with an accuracy of +1 x 1074,
Corrections were made for buoyancy.

Results and discussion

Our experimental results for the excess molar
volume VE of the four systems as a function of
composition at 308.15 K are graphically shown in
Fig. 1. The results for all the mixtures were fitted to a
Redlich-Kister type Eq. (1):
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Fig. |—Excess molar volumes V% for A, [xCH,01{(OC,H.);CH,OH

+ (1-x)CeHl; O, [xCH:OH(OC:k.),CH,0H + (1-x)C;Hy];

@, [xCH,0H(OC,H,);CH,0H + (1-x)C;H:0]; O, [xCH,OH-
(OC,H,);CH,0H + (1-x)C;H;N] at 308.15 K
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Table 1—Values of the parameters of Eq. (1) with standard deviation of the fit 0(1 VE at 308.15K

Mixture a, a; a, a, *as a

ol Ve

{cm5 mol 1)

xCH,0H(OC,H,);CH,OH -+

(1-x)C¢Hg —1.9278 0.5403 0.6848 —0.9971 —0.3888 0.4936 0.0057
(1-x)C.H, —1.5633 —1.1309 0.6426 0.6349 —0.6897 —1.1336 0.0021
(1-x)C3;HsO —4.7727 1.9577 —1.2804 —1.7723 ——0.9706 3.2658 0.0054
(1-x)C;H;N —3.7514 1.8078 —1.0698 0.4211 = = 0.0058
Table 2—Parameters of the pure components
System Temp/K ax 1074 v Vm v* P ™
(K™Y (cm® mol~') (cm® mol™3) (cal cm ™3 (K)
CH,0H(OC;H,),CH,0H 308.15 7.01* 1.1883 174.49* 146.84 172.34° 6552
CeHg 308.15 12.50° 1.3049 90.44" 69.32 144.55° 4740
C;H; 308.15 10.85° 1.2721 108.04° 84.93 130.49° 5085
C;HO 308.15 13.87° 1.3262 53.51° 40.35 234.24¢ 4550
C,H;N 308.15 15.14* 1.3531 7 55.55 169.33° 4348

*Values computed from our measured values of densities.
®Values obtained from the data tabulated in ref. 16.
*“Values estimated by using the relation given in ref. 17.

Table 3—VE values computed from Flory’s theory for various binary mixtures for equimolar compositions

Mixture Temp/K T Flory parameters FE /(cm® mol ~1)(x=0.5)
iz 0, x 102 Flory Exptl.

[xCH,OH(OC;H,);CH,OH +
(1-x)CgHg 308.15 0.052756 7.61 37.74 —0:484 —0.481
(1-x)C,Hy 308.15 0.051946 9.18 40.97 =0:313 —0.390
(1-x)Cs10 308.15 0.052931 -7.21 29.71 —1.163 —1.193
(1-x)C;H;N 308.15 0.050556 —33.06 3434 —0.939 —0.93]1

-n same molecule. The presence of the etheric oxygen
VE(cm® mol 1) = x(1-x)Z a; (2x-1)"! .. (1) enhances the ability of the —OH group to form

i=1 hydrogen bonds.

where x is the mole fraction of tetraethylene glycol.
The values of the coefficients, a;, obtained by the least
squares procedure with all points weighted equally
are summarized in Table 1 along with the standard
ertor of the estimate of V%) which is calculated using

Eq. (2).

o(VE)em® mol 1) = [E(VEp,: Veull?/(a-p))'? @)

where n is the total number of data points and pis the
number of coefficients considered.

The study of alkoxyethanolsis of interest because
of investigating the effect of the simultaneous
presence of etheric and alcoholic oxygen atoms in the

For all the mixtures studied VE is negative over the
whole mole fraction range and decreases in the
sequence acetone > acetonitrile > benzene >
toluene. Alkoxyethanols self-associate like alcohols.
The hydrogen bond of the self-associated alkoxy-
ethanol can be broken and new hydrogen bonds
formed between acetone, acetonitrile, benzene and
toluene. The hydrogen bond took place between the
n-electron cloud of acetonitrile, benzene and toluene
and the carbonyl group of acetone with the —OH
group of glycol. The strength of bondingis higherin
acetone than in acetonitrile due to the electron-
donating inductive effect of the two alkyl groups in
acetone. On the other hand, for toluene which has a
methyl group, V£ is less negative at lower values of x
and were measured only for 0.07 > x > 0.30 because



INDIAN ] CHEM, SEC. A, JULY 1996

of the unfavourable interactions and the difficulty
coming from the different miscibilities of the
components.

The Flory theory has been very useful in predicting
and correlating the thermodynamic properties of
binary mixtures of non-polar molecules of different
sizes and shapes. Here, even with these limitations, we
have applied this approach to some mixtures
involving ether molecule which has a moderate
polarity. The values of the properties of the pure
liquid components (molar volume V., thermal
expansion coefficient o and characteristic pressure P*
etc.) required in the Flory formalism are presented in
Table 2. The key quantity of the theory, the
interaction parameters %, is usually determined
using HE, values. For these system, however, values of
HE, are not available; thus the %,, parameter was
adjusted by fitting the experimental V5, data over the
whole concentration range'®. The resulting %, was
used to calculate V%, These are summarised in Table 3
where 5, the calculated and observed VE, for
equimolar mixtures are given. It can be seen from
Table 3 that the theory correctly predicts the sign of
VE . The calculated values of V& are in excellent
agreement with the experimental value.
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