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Excess molar volumes (Vo) of binarv liquid mixtures: xCalIsCl3+ (1-x)CIHCN or + (1-x1)Cal IsNO:, or
+ (1-x)Cal sNO:z have been determined as a function of mole traction of Cal IsCH; (x) at a temperature of
303.15 K over a entire range of composition. The densities of the binarv liquid mixtures were determined by
prenometrically. The V,.Fvalues of the mixtures have been found to be negative over the whole composition
in order of Cal 1I:CIz+ Cal sNO;z, < CelIsCl 3 + CLICN, and < Cal 1sCl 5 + C2EHINOz, The negative magnitude
of V,,F suggests the presence of intermolecular interaction in the three binarv liquid mixtures.
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Introduction

For the past two decades. a considerable progress has been
made in theoretical understanding of liquid-liquid binary
mixture. Besides the theoretical importance. the knowledge
of physicochemical properties of multi-components mixtures
is indispensable for many chemical process industries. Ex-
amples are the petrolewn. petrochemical etc. are commonly
used in industries where physicochemical processes are
involved to handle the mixtures of hydrocarbons, alcohols,
aldehvdes. ketones etc. Importantly. for accurate designing
equipment it is necessary to know the interaction between
the compenents of mixtures. Physicochemical analysis method
can be used for getting sound information for a specific
interaction between the components and the structure of the
binary liquid mixtures. The thermody namic studies of binary
selutions have attracted much attention of scientists and
experimental data on a nunber of systems are available from
review and publications.''”

In the framework of a research work. which aims to study
the thermody namic properties of binary liquid mixtures with
different components. We also reported some works of
binary mixtures."*'® This paper will describe the excess
melar volumes of XCsHsCHz + (1-x))CH:CN. or (1-x1)-
C:HsNO-. or (1-x;)C:H:NO: in obtaining the interaction
information of all the binary liguid mixtures. The compo-
nents considered in the paper are CsHsCHs. CH3CN. CeHsNO-.
and C:H:NO: at the temperature 303.15 K. This is a
continuation of our previous investigation.

Experimental Section

Materials and Procedure. The toluene (purity 99.5%.
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Merck). acetonitrile (purity 99%. Fluka). nitrobenzene (purity
99.5%. Merck). and nitroethane (purity 99.5%. Metheson.)
were used. The densities of the pure components and binary
mixtures were measured by pycnometrically and were
reported elsewhere.'™'” Special attention was given to avoid
the evaporation of solutions after preparation. The purity of
chemicals was checked by comparing with their densities
with literature valnes.™ " and obtained values gave a good
agreement with reported values.” The comparative results
are shown in Table 1. The values of density of the chemicals
at the working temperature are. however not available in the
literature. we obtained those values at working temperature
by plotting the reported values. and considering the density
as a linear function of temperature.

The V,,* of different binary mixtures were calculated from
the measured values of the densities (p) of all the liquid
binary mixtures using equation (1):

Vmu/'Cl]l'llllO] = (M + X:M:]/p,n - X|M1/pl - \':M:/,O:
()

Where M, and M- represent the molar masses of compo-
nents | and 2. respectively. The x; and x> are the mole
fractions of 1 and 2 components having densities p; and p-.
respectively. The p,, is experimentally observed density of
the binary liquid mixtures. All measurements were carried
out in a thermostatically controlled and well-stirred water
bath with a temperature accuracy of 001 °C. read on
Beckmann thermometer.

Results

Table 2 represents the experimental results for V., obtain-
ed from liquid mixtures: xCcHsCHx + (1-x;)CHaCN. or (1-
x1)C:HsNO-. or (1-x1)C-HsNQO- systems at a temperature of
303.15 K. The observed results of V,," were fitted by least
square method to four parameter RedlichKister™ equation
(2) as follow:
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Table 1. Comparison between experimental and literature values of densities (2 cm™) at a temperature ot 20 °C

C.H:CHx CH:CN CoH:NO;

C:H:NO;

Literature

10444

Literature Literature

(L7357

lixperimental

1.04440

Iixperimental

1.20306

lixperimental

(0.7835

|.iterature

(.8669

Iixperimental

(0.8669

1.2037

Table 2. Lixcess molar volumes (V,,®), and cach point of deviations {NCslsCHa + (1-x1) CLICN, + (1-x1) Cel NO:, and + (1-x1) C2E:NO»!
Col1:sCliz 1 CH:CN minture Col Is<ClL Lz - CaENO: mixture

Col1:CHsz - Cl sNO; mixture

Mole [raction Vb Deviation Mole fraction V£ Deviation Mole Vb Devialion
(x) emamol enramol (x) em® mol emamol {raction (x) em’amol emamol
(.0999 -0.1260 -().0020 0.1099 -(1.2556 (LOO33 (. 1000 -0.0384 0.0010
0.1999 -0.2461] -(0.0018 02012 -(L4863 -(1.0028 (.2004 -0.0971 -(0.0010
030006 -0.3363 0.0057 0.3014 -(LOSOR -(L000Y (1.2994 -0.1361 -(0.0003
04016 04013 00018 04015 -(L7199 (.0003 (0.3976 -(0.1720 (0.0033
0.5004 -0.4286 -0.0080 0.4987 -(L.OBER -(.0012 (.4989 -(0.2092 -(0.0010
0.5979 -0.3968 -0.0010 ().3081 (15808 (.0062 (1.3995 -(0.2254 -(.0033
0.6964 -(0.3239 0.0062 0.7005 (04559 -(.0042 (.6984 -(0.2082 -0.0006
0.7985 -0.233] 0.0007 0.8043 -(1.3156 -(L0O037 (0.7974 -(.15341 0.0064
0.8967 -0.1247 -0.(038 ().8080) -(1.1792 (.0049 ().8986 -().0893 -(.0050
Table 3. The values of the parameters Aj(Ap, Aj, Az, and Az) and 0
the standard deviation (S) for all the three binary mixtures of the
Redlich-Kister equation al a lemperature of 303,15 K 0.1
[0}
Aol Al Aa A S. 2 -02 -
xC.H:CH: ; Y oy E
em® mol em® mol - em™mol - em’imol 1 2 o3
(1-x) Cl11:CN 16823 00823 05339 -0.0507 0.00508 ;‘, 04
(1-x) CalIiNO: - 227464 14824 0.6938  -1.7330 0.00047 g )
(1-x) C2ILNG: 08340 04977 0 01047 04717 0.004235 @ 0.5
8 -
. o 061 - —T+AN
VFem® mol™ = xy(1-x1) Z (Aj 2x-1Y (2) 0.7 - ' =-T+NB
m RYLE AN J (£X) : -e-T+NE
J=0 08 T
The values of the parameter Aj. obtained by a least square )
. - . . Mole fraction of toluene
method with all points. are summarized in the Table 2 along S
with each point of deviations. The parameters Aj and Figure 1. Lilect of excess molar volumes (V") on composition of

standard deviation are given in the Table 3. For all the
mixtures, S(V,,") < 0.005 cm® mol™' showing a good accuracy
attainable with the pycnometer used in this research.

Discussion

Figure 1 indicates the V,,* of all three mixtures: xC4;H;CHa
+ (1-X1 )CH;CN XC(;.HiCH_\_ + (I-Xl )Cr;H;NO:A and XC(,‘H_;CH;
+ (1-x)C-H:NO- as a function of mole fraction of C;H<CHx
(X). The V,,F for the CqH<CHa + CHACN mixture in Figure |
decrease with increase of CtH:CH, concentration and pass
through a point at about X(CH<:CH:)=0.3004 and then
increases when the concentration of Cs;H<CH: component is
increased in the mixture. For ligquid mixtures: C;H<CH; +
CeH:NO-and CcH<CH; + C-H:NO- svstems. the V,," decrease
with increasing the mole fraction of C<H:CH:(x) and pass
through a minimum value at about x(CH<CH») = 0.4987 and
0.3995. respectively. And then it increases with mole frac-
tion of CsH<«CHi. The sequence of the magnitude of excess
molar volume against the mole fraction of the CsH:CH; for

the mixtures. X ColL:CHa and (1-x))CILCN. xCul:CH; and (1-
NCHNO- and % CHsCH; + (1-x,)CaHNO: at a temperature of
303.13 K. The terms T, AN. NB. and NF. 1nset represent the
toluene, acelonitrile, nitrobenzene and nitrocthane respectively.

the liquid mixtures may be due to presence of different ionic
interactions or arrangements within the mixtures. The fol-
lowing discussions have been made for this.

According to Fort and Moore.™ a negative excess volume
is an indication of strong heteromolecular interaction in the
liquid mixtures and is attributed to charge-transfer. dipole-
dipole. dipole-induced-dipole interactions and hydrogen bond-
ing between the unlike components. while a positive sign
indicates a weak interaction and is attributed to depersive
force (London forces). which are likely to be operative in
every cases. The magnitudes of the contributions made by
the different tvpes of interactions will vary with the compo-
nents and composition of the mixtures. In the present investi-
gation. however, all the three mixtures gave negative magni-
tude of V,,". depict the presence of heteromolecular interac-
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tion in all the binary liquid mixtures. which support the Fort
and Moore observation.

The V. (Figure 1) for CeHsCH; + CH:CN mixtures can
be explained as (i) specific interaction between the unlike
molecules. and (ii) geometric effect due to difference in
molar volumes. In CoH<CH3 + CHaCN mixture, CsHsCHsis
a non-polar aprotic solvent. and the solvents that lies in the
aprotic class are not effective in stabilizing the development
of charge separation. The molecules of these liquids have
small dipole moments and do not have protons capable of
forming hvdrogen bonding.~* So in CcHsCH: molecule. there
is a possibility of interaction between mnd :6stems. In
valence bond theory. a special tvpe of resonance called
hyper-conjugation is used to describe the interaction.™ In
valence bond language. 'no bond” resonance structures are
introduced to indicate this electronic interaction as shown
below.

+

) " i
@—?—H - _IC——H<—> = C—H -~
H H H

né"
H* E
= G
H
H

Due to this resonance. the negative charge on the methyl-
ene group of CqHsCH: molecule is stabilized. so that the
hydrogen atom has a positive charge and in CsHsCHs +
CH:CN mixture, there may be an interaction between hyvdro-
gen atom of the CsHsCHz molecule and nitrogen atom of the
CH:CN. The interaction can be shown as follow:

5* & &

CH

T

C¢HsCH; + CH;CN

The CsH<:CH; molecule has an alternate n bond system
which overlaps to form a cloud of electrons located centrally
above and below the ring. making it highly susceptible to
interaction with electrophilic or electron deficient molecules.
In CsHs;CH; + CHiaCN mixture. there would be dipole-
induced-dipole interaction between -CN group of acetonitrile
and aromatic ring of toluene. The interaction is greater than
the dispersive and dipole-dipole breaking interaction. A weak
charge transfer complex mav be formed due to the electron
donor ability of the methvl group in C(Hs:CH; and weak
electron acceptor ability of the CH:CN. which is a donor-
aceptor tvpe of interaction. This results in negative V,".
Interstitial accommodation of small acetonitrile molecules
(molar volumes 41.05 at 30 °C) between the toluene mole-
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cules (molar volumes 92.14 at 30 °C) may lead to a further
decrease of the V,," values. Dewan et al™" reported the
excess molar volumes of ethylbenzene + acetonitrile mixture
at a temperature of 303.15 K. They reported the negative
values of V,,” but small positive values at very low mole
fractions (x; < 0.002) of ethvlbenzene were also observed.
The general shape of our experimental V., of C¢HsCH; +
CH;CN as a function of mole fraction are good agreement
with the reported values™ for bezonitrile + toluene.

The va. of (1) C¢HsCH;3 + C¢HsNO- and (ii) CsHsCH; +
C-H:NO: systems can be explained in the terms of (i)
specific interaction between the polar nitro-compounds and
the aromatic ring which behaves as an electron donor and
(ii) steric effect. respectively. Introduction of a methyl-group
in the benzene ring would increase the liable nature of the
electrons of the aromatic ring of toluene.™ Therefore CeHsCH3
would interact strongly with polar C:HsNO: molecules and
result in decrease in volume of the mixture. Among the
C:HsNO; and C:HsNO: molecules. the polarity of nitro-
benzene is expected to be more than the nitro-ethane due to
the replacement of electron releasing ethyl-group with a
benzene ring and would be greater specific interaction in
CsHsCH; + CsHsNO: mixture resulting in a negative V,,"
value of greater magnitude. Relatively low electron cloud in
CeHsNO: than that of C:HsNO: would allow more efficient
packing in the CsHsCH; + CsHsNO: mixture, leading to a
further decrease of V,,". Marsh er a/.™ has reported V,,*
values for benzene + nitroethane at 298.15 K. which are
negative and sigmoid nature. The VF values reported by
Dewan ef al.™ at 303.15 K. It was positive for ethylbenzene
+ nitroethane mixture at x; < 0.45 and negative for toluene +
nitro-ethane systen.

Conclusion

The negative magnitude of the V,," suggests the presence
of a intermolecular interaction in all the three binary liquid
mixtures and subsequently presumed that the weak electron
donor acceptor interaction for CsHsCHa + CH3CN and the
specific interaction between the polar nitro-group of the
C:H:NO- and the C-H;NO- with the liable n electrons of the
aromatic ring behaved as an electron donor. The study also
shows that the ability of interaction of the nitro-group of
CsH:NO- with C¢HsCH is greater than that of the CN group
of CHiCN with C4H:CHj and the NO- of C-HsNO- with
C:H<CHs.
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