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ABSTRACT

Densities and ultrasonic velocities of binary liquid mixtures of cylohexane with carbitols 2(2-methoxyethoxy)
ethanol (metylcarbitol), 2(2-ethoxyethoxy)ethanol (ethylcarbitol), and 2(2-butoxyethoxy)ethanol (butylcarbitol)
have been measured at 308.15 K. The observed data have been utilized to calculate various acoustical parameters
such as Isentropic compressibility (Kg), Intermolecular free length (Ly, and acoustic impedance (Z). The various
excess properties including excess ultrasonic velocity (u), excess acoustic impedance (Z"), excess isentropic
compressibility (KE) and excess intermolecular free length (LE) were calculated. The results were discussed in
terms of the existence of intermolecular interactions between the components in the liquid mixtures under study.

Key words: Ultrasonic velocity, Cyclohexane, Carbitols, Excess isentropic compressibility, Excess intermolecular

free length, Excess acoustic impedance.

1. INTRODUCTION

Ultrasonic investigations of liquid mixtures consisting
of polar and non-polar components are of considerable
importance  in  understanding  intermolecular
interactions between the component molecules
and they find applications in several industrial and
technological processes [1,2]. Further, such studies as
functions of concentration are useful in gaining insight
into the structure and bonding of associated molecular
completes and other molecular processes. Further, the
variation of ultrasonic velocity and other ultrasonic
parameters along with their excess values of binary or
ternary liquid mixtures with changing mole fraction of
one of the components has been investigated by many
researchers [3,4].

Ultrasonic wave propagation affects the physical
properties of the medium and hence can furnish
information about molecular interactions of the liquid
and liquid mixtures. The sign and magnitude of the
non-linear deviations from ideal values of velocities
and adiabatic compressibilities of liquid mixtures
with compositiion are attributed to the difference in
molecular size and strength of interaction between
unlike molecules[5,6]. Ultrasonic velocities have been
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adequately employed in understanding the nature of
molecular interaction in pure liquids [7], binary, and
ternary mixtures [8-10]. The method of studying the
molecular interaction from the knowledge of variation
of thermodynamic parameters and their excess values
with composition gives an insight into the molecular
process [11,12]. The present paper is part of our
research work on thermodynamic properties of liquid-
liquid mixtures [13-17]. Cyclohexane is non-polar
unassociated inert hydrocarbon possessing a globular
structure. It is highly inert toward electrophile or a
nucleophile at ordinary temperature. Due to the non-
polar nature of cyclohexane and its inertness toward
electron donors [18], dispersive type of interactions is
expected between it and other components, whereas
carbitols are polar and associative in nature. Thus,
cyclohexane and its binary mixtures with methyl,
ethyl, and butyl carbitols which are having ethereal
and hydroxyl oxygen in the same molecule will be
interesting to study the molecular interactions. This
paper includes density and ultrasonic behavior of
binary mixtures of cyclohexane with carbitols over
the entire composition range at 308.15 K.
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2. EXPERIMENTAL

2.1. Materials

Cyclohexane (CH), methylcarbitol (MC), ethylcarbitol
(EC), and butylcarbitol (BC) were purchased from
E-Merck, Mumbai and used as received.

2.2. Methods

Mixtures were prepared by mixing weighed amounts
of the pure liquids adopting the method of closed
system using mettler balance with the precision
of 0.1 mg. The ultrasonic sound speeds in pure
liquids and their binary mixtures were measured
using the single - crystal variayable - path ultrasonic
interferometer operating at a frequency of 2 MHz and
these were accurate up to =£0.03%. The densities (p)
of liquids and their mixtures were measured using
bicapillary pycnometer having a capillary diameter of
0.85 mm, which was calibrated using double-distilled
water. The necessary buoyancy corrections were
applied. The density values were reproducible with in
+0.2 Kg/m. Comparing the the purity of compounds
the measured values of density and ultrasonic velocity
are those reported in literature and was found to be
accurate up to +0.02 kg/m’. The temperature was
maintained constant during the period of measurement
by a water circulation system from a thermostatically
controlled and well-stirred constant temperature water
bath, Schott Garate whose temperature was controlled
to £0.02K was used for all measurements. Mixtures
were allowed to stand for some time before every
measurement so as to avoid air bubbles. The purities
of the liquids were checked by comparing the values
of densities and ultrasonic velocities with literature.
The measurements were made with proper care in an
AC room to avoid evaporation loss.

3. RESULTS AND DISCUSSION

From the measured densities (p) and ultrasonic
velocities (u), the various acoustical parameters such
as K, Z, and L; were calculated using the following
equations 1-4, respectively, for the binary systems
CH+MC, CH+EC, and CH+BC under study.

Ks=1/u’p (1)
Z=pu 2
Ly=K(K)" 3)

Where “K” is Jacobson’s constant [19].

The excess functions Y* have been calculated using
the relation:

Y¥ = Yoin-(X1 Y 14X, Y) )
Where, YF is u® or ZF or K% or LF and Y denotes u,

Z, K, and Ly, respectively, X is the mole fraction of
BEZ and suffixes 1 and 2 denotes the components

1 and 2 in binary mixtures and are incorporated in
Table 1. From table, it is observed that the decrease
in u and corresponding increase in Ly with Xcy in the
systems under study are in accordance with the view
proposed by Eyring and Kincaid [20], and observed
that u, Z and R, for the systems CH+MC, CH+EC,
and CH+BC decrease nonlinearly with increase in Xcy
while Ks and L; exibit reverse trends, which suggest
the presence of molecular interactions between the
component molecules [17,10].

The excess functions which are a measure of the
deviations from ideal behavior are relatively more
sensitive to the inter molecular interactions between
unlike molecules, with this view u®, Z%, K%, and L
have been calculated using experimental data with the
help of equation 4, and these excess functions uE, ZE,

E E p—
K, Ly, versus Xcy have been shown in Figures 1-4.
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Figure 1: Plots of excess ultrasonic velocity (u®)
versus mole fraction of CH (Xcp) at 308.15 K for the
binary mixtures of CH with MC (—4-), EC (—o—),and
BC (—A-).
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Figure 2: Plots of excess acoustic impedance (Z")
versus mole fraction of CH (Xcp) at 308.15 K for the
binary mixtures of CH with MC (—#—), EC (—o—), and
BC (—A-).
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Table 1: Values of density (p), ultrasonic velocity (u), excess ultrasonic velocity (u”), acoustic impedance (Z),
excess acoustic impedance (Z"), isentropic compressibility (Ks), excess isentropic compressibility (K*s),
intermolecular free length (L¢), ecess intermolecular free length (L"), and relative association (R,) for the
binary liquid mixtures of benzene (BEZ) with carbitols at 308.15 K.

Mole px10° u(ms') uE Zx107* ZFx107*  Kgx10" K¢Fx10" Lx10" LFx10”  Relative
fraction (Kg m'3) (m sfl) (Kg m’ sfl) Kg m’ sil) (m2 Nfl) (m2 Nfl) (m) (m) association
of THF R,
(XtEA)

CH+MC

0.0000 1.0073  1382.7  0.0000 1.3928 0.0000 51.93 0.0000 4.7724  0.0000 1.0000
0.1002 0.9925 13722 69148 1.3619 1.6116 53.51  —2.1861 4.8446 —0.7755 0.9878
0.1998 0.9746 1361.4 13.4252 1.3268 2.7748 5536  —4.0827 4.9277 -1.4336 0.9726
0.2998 0.9543  1349.9 19.3052 1.2882 3.6044 57.51 —=5.7001 5.0222 -1.9829 0.9550
0.4001 0.9331 1336.7 23.5374 1.2473 4.2157 59.98 —7.0000 5.1291 -2.4134 0.9368
0.5001 0.9098 1323.8 28.0174 1.2044 4.6183 62.72  —8.0217 5.2450 -2.7494 0.9164
0.5999 0.8833  1310.1 31.6626 1.1572 4.5815 65.96 —8.5367 5.3788 —2.9037 0.8928
0.6997 0.8546  1291.9 30.8079 1.1041 3.9475 70.11  —8.1421 5.5454 -2.7295 0.8678
0.7996 0.8247 1267.7 23.9705 1.0455 2.7749 7545  —6.5587 5.7528 —2.1489 0.8428
0.9011 0.7941 1239.5 13.4112 0.9843 1.4175 81.97 —3.8640 5.9959 —1.2345 0.8176
1.0000 0.7641 1208.9  0.0000 0.9237 0.0000 89.55 0.0000 6.2672 0.0000 0.7933
CH+EC

0.0000 0.9748 1345.3  0.0000 1.3114 0.0000 56.68 0.0000 4.9861 0.0000 1.0000
0.1005 09582 1316.6 —14.9918 1.2616 —1.0871 60.21 0.2201 5.1388 0.2388 0.9901
0.1996 0.9386 1293.1 -—24.9746 1.2137 —2.0314 63.72 0.4743  5.2865 0.4466 0.9756
0.3002 09185 1272.4 -31.9527 1.1687 —2.6318 67.25 0.6978 54310 0.6025 0.9599
0.4001 0.8978  1256.3 —34.4264 1.1279 —2.8382 70.57 0.7394 5.5636 0.6492 0.9423
0.4997 0.8768 1243.8 —33.3409 1.0906 —2.7112 73.72 0.6156 5.6864 0.6014 0.9233
0.6002 0.8547 1234.6 —28.8327 1.0552 —2.3502 76.76 0.3499 5.8024 0.4736 0.9023
0.7001 0.8327 1225.8 —24.0064 1.0207 —1.9261 79.92 0.2297 5.9208 0.3773 0.8811
0.7995 0.8101 1218.6 —17.6482 0.9872 —1.4262 83.13 0.1658 6.0382 0.2787 0.8589
0.9001 0.7874  1212.2 —10.3264 0.9545 —0.7963 86.43 0.1612 6.1570 0.1775 0.8363
1.0000 0.7641 1208.9  0.0000 0.9237 0.0000 89.55 0.0000 6.2672 0.0000 0.8123
CH+BC

0.0000 0.9397 1325.3  0.0000 1.2454 0.0000 60.59 0.0000 5.1550 0.0000 1.0000
0.1004 0.9264 1294.3 -19.3134 1.1990 —1.4050 64.44 0.9411 5.3163 0.4956 0.9937
0.1997 09121 1273.3 -28.7549 1.1614 —-1.9771 67.62 1.2519 54461 0.6900 0.9837
0.2998 0.8966  1255.4 —35.0033 1.1256 —2.3358 70.77 1.4974  5.5713 0.8286 0.9715
0.3999 0.8805 1240.8 —37.9516 1.0925 —2.4227 73.77 1.5980 5.6882 0.8839 0.9578
0.5001 0.8635 1229.5 —37.5884 1.0617 —2.2847 76.61 1.5372  5.7967 0.8546 0.9422
0.5997 0.8461  1222.5 -—32.9949 1.0344 -1.8125 79.08 1.1258 5.8895 0.6752 0.9250
0.7003 0.8273  1216.8 —26.9851 1.0067 —1.3465 81.64 0.7688 5.9840 0.5008 0.9058
0.7996 0.8074 1211.1 -21.1266 0.9778 —1.0340 84.44 0.6941 6.0858 0.4144 0.8854
0.9002 0.7860  1209.1 -11.4167 0.9504 —0.5470 87.03 0.3666 6.1783 0.2205 0.8624
1.0000 0.7641 1208.9  0.0000 0.9237 0.0000 89.55 0.0000 6.2672 0.0000 0.8384

In general, KX and L’ depend on two factors (i)
increase in free length, defined by Jacobson [19], due
to loss of dipolar association and breaking up hydrogen
bonding [21] and differences in size and shapes of the

component molecules and (ii) decrease in free length as
a result ofdipole dipole interactions lead to hydrogening
association [22] complexformation between the
component molecules [13]. The first effect decreases
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Figure 3: Plots of excess isentropic compressibility
(KF) versus mole fraction of CH (Xcy) at 308.15 K for
the binary mixtures of CH with MC (—¢—), EC (—o-),
and BC (—A-).
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Figure 4: Plots of excess intermolecular free length
(L{%) vs mole fraction of CH (X¢y) at 308.15 K for the
binary mixtures of CH with MC (—#—), EC (—o—), and
BC (—A-).

the ultrasonic speed in the solution as a result of which,
its isentropic compressibility increases. The second
effect increases the sound speed so that the isentropic
compressibility of the solution decreases. The observed
KE and L? values are the net result of these two effects.
A similar observation was made by Pal and Das [21]
from their ultrasonic velocity studies for the binary liquid
mixtures. It is observed from the Figures 3 and 4 which
show that K~ and L” are negative for the system CH+MC
and positive CH+EC and CH+BC over the entire
composition range. The curves obtained for the systems
CH+EC and CH+BC are positive and this reveals that
the structural effects are predominant in these mixtures
over the effect of complex formation between unlike
molecules. Negative K and L” values may be attributed
to the decrease in free length between the molecules due
to interstitial accommodation of cyclohexane in the MC.
In the systems CH+EC and CH+BC, the loss of dipolar

association in EC and BC leads to increase free lengths.
Consequently, sound waves travel smaller distances in
the mixtures. This contributes to the positive deviation in
KE and LE. The algebraic values of KE and LE are in the
following order CH+BC>CH+EC>CH-+MC. This order
suggests that the strength of interactions decrease with
increase in the chain length of alkoxy group of carbitols.
This conclusion receives support from the work of
Aminabhavi et al. [23,24].

It is noticed from the Figures 1 and 2 which show the
variation of u” and Z, respectively. u" and Z" values
are positive for the system CH+MC and negative
for the systems CH+EC and CH+BC. The algebraic
values of u® for all the systems under study are in
the following order CH+MC>CH+EC>CH+BC.
The above order supports our ecarlier view that the
interactions in the binary liquid mixtures CH+EC and
CH+BC are weaker than CH+MC mixtures.

From these variations of u” and ZF, it is concluded that
the specific interactions are present between the unlike
molecules which supports our earlier conclusions
drawn from the KZ and Lf . The above trend suggests
that the interactions decrease with increase in the
chain length of alkoxy group of carbitols. It again
supports our view regarding the presence of molecular
interactions of these mixtures under study [17].

4. CONCLUSION

Ultrasonic velocity is one of the powerful probes for
characterizing the physco-chemical properties of
liquid mixtures. Also, the density, ultrasonic velocity
and derived excess acoustical parameters provide
an evidence of confirmation. It is concluded that the
dependence of ultrasonic velocity on composition of
the mixtures is satisfactorily explained. The interactions
and their order of intensity in the binary liquid mixtures
depend on the solvent nature. This may be attributed to
the fact that as molecular weights of corbitals increase
the ability of hydrogen bond formation will takes
place due to the increases in the chain length of alkoxy
groups in the carbitals which are mainly responsible
for molecular interactions with cyclohexane.
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