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Abstract

Theoretical and experimental research on binary liquid mixtures of isopropyl benzene (cumene) with aromatic hydrocarbons at
298.15 K is presented in this article. For these binary mixtures, experimental measurements of the density (p), viscosity (1), and
speed of sound (u) have been made at 298.15 K. The excess molar volume (V;£), excess adiabatic compressibility (8Z,), excess
sound velocity (uF), and deviation in viscosity (nF) have all been computed from the experimental measurements. These excess
parameters have been correlated using the Redlich—Kister polynomial equation. Positive excess properties were discovered,
reflecting the distinctive behavior of the liquid mixtures and suggesting the existence of particular molecular interactions.
Significant specific interactions between the components, mainly controlled by molecular association, are suggested by the
positive values of the excess properties. The molecular structure and intrinsic characteristics of the liquid mixtures determine
how strong these interactions are in liquid mixtures. The results indicated the presence of weak interactions between 1,4-dioxane
and aromatic hydrocarbon molecules, which follows the order: Ethyl benzene > toluene > mesitylene > n-propyl benzene> tert-
butyl benzene > biphenyl. It is observed that the interactions depend on the number and position of the methyl groups in these
aromatic hydrocarbons. The observed trends in the following systems indicate weak to moderate interactions, primarily 7—n and
solute-solvent interaction.
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1. Introduction

Research on the transport and thermodynamic incorporate all three factors are still rather rare. We here

characteristics of binary liquid mixtures provides important
information about how molecules interact with one another.
While there is a wealth of literature on the density, sound
speed, and viscosity of liquid mixtures, thorough studies that

provide the density, viscosity, and sound speed data for binary
mixtures of isopropyl benzene (cumene) with aromatic
hydrocarbons at 298.15 K, building on our previous research
[1-5] on binary mixtures of cyclic diether with n-alcohols.
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Previous studies have documented the impact of branching
and alkyl chain length on solute-solvent interactions [6]. The
current study's goals are broadly applicable to large-scale
chemical production systems. Specifically, isopropyl benzene
(cumene) is used extensively as an industrial solvent and in
the production of phenol, acetone, and high-octane fuel
additives. Printing, textile dyeing, and the production of
methyl styrene are just a few of the industries that employ n-
propyl benzene as a non-polar organic solvent. Isopropyl
benzene (cumene) is a naturally occurring chemical found in
coal tar and petroleum. It is insoluble in water but readily
soluble in many organic solvents. Cumene is primarily utilised
as a feedstock for the synthesis of phenol and its co-product,
acetone. It is also applied as a solvent for fats and resins. In
industrial applications, where such solvent combinations can
operate as selective media for a variety of chemical processes,
the thermodynamic properties of isopropyl benzene (cumene)
in mixes with aromatic hydrocarbons are of great interest.
Data on the thermodynamic properties of these chemicals and
their binary mixtures are vital for the calculation, design, and
modeling of technical processes and equipment in chemical
manufacturing. Measurements using ultrasound can reveal
important details about the interactions and physical condition
of liquid mixtures. Understanding the thermodynamic,
acoustic, and transport behavior of liquid-liquid mixtures
depends heavily on their ultrasonic characteristics. Both pure
liquids and their mixes can be described using ultrasonic
characteristics. The nature of molecular interactions in a liquid
system can be determined from the propagation of ultrasonic
vibrations through the liquid. Operations like distillation,
extraction, and crystallization can be designed using the
surplus thermodynamic properties of liquid mixtures. The
textile, chemical, food processing, leather, and pharmaceutical
sectors, as well as material testing and cleaning, are just a few
of the businesses that use the understanding of ultrasonic
qualities.

Strong dipole-induced dipole interactions between the
aromatic rings' -electron clouds provide an explanation for
the excess molar volumes. Temperature also affects the
surplus molar volume's size. For binary mixes of isopropyl

benzene (cumene) and aromatic hydrocarbons, the
interactions between esters and hydrocarbons have been
investigated [7]. By obtaining different thermodynamic
parameters from volumetric, viscometric, and acoustic
measurements of the binary mixtures, we have examined the
thermodynamic characteristics of the previously mentioned
mixtures in order to clarify the type and strength of
interactions between the constituents.

For binary mixtures of isopropyl benzene (cumene) with
aromatic hydrocarbons at 298.15 K, we report measurements
of the speed of sound (u), density (p), and viscosity (1), as well
as the derived excess properties, such as excess sound velocity
(u), viscosity deviation (1), excess molar volume (V£) and
excess adiabatic compressibility (8Z;). The following binary
liquid mixtures were examined in this work:

(i) Cumene, or isopropyl benzene Ethyl benzene (ii)
Isopropyl benzene (Cumene) - Toluene (iii) Isopropyl
benzene (Cumene) - Mesitylene (iv) Isopropyl benzene
(Cumene) - n-propyl benzene (v) Isopropyl benzene (Cumene)
- t-butyle benzene (vi) Isopropyl benzene (Cumene) —
Biphenyl.

2.ExperimentalProcedure

2.1. Material

The chemicals used in the present work were of high-purity
laboratory reagent grade, including isopropyl benzene
(cumene), ethyl benzene, toluene, mesitylene, n-propyl
benzene, tert-butyl benzene, and biphenyl, all purchased from
CDH Ltd., New Delhi, India. The chemicals were stored over
sodium hydroxide pellets for several days and kept in tightly
sealed bottles to minimize the absorption of atmospheric
moisture. The purity of each solvent was confirmed by
comparing the measured density, dynamic viscosity, and
sound velocity of the pure components at 298.15 K with the
corresponding values reported in the literature [8-30], as
summarized in Table 2.

Table 1.The details of the chemicals used, including their CAS Registry Numbers and mass fraction purities, are provided in Table 1.

. Mass Fraction ~ Water Method Purity
Component Formula CAS Reg. No.  Supplier Purity (%) Content analysis method
Cumene CoHi2 80-15-9 CDH, (P) !‘td' . 99.5% 0.1% Double distillation
New Delhi, India
Mesitylene CoHi2 108-67-8 CDH, (P) !‘td' . 99.0% 0.01% Double distillation
New Delhi, India
Ethyl benzene CsH1o 100-41-4 CDH, (P) !‘td' . 99.5% 0.1% Double distillation
New Delhi, India
Toluene CrHs 108-88-3 COH, (P)LHd. g9 595 0.1% Double distillation

New Delhi, India
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. Mass Fraction ~ Water Method Purity
Component Formula CAS Reg. No.  Supplier Purity (%) Content analysis method
n-Propyl benzene  CoH12 103-65-1 CDH, (P) !‘td' . 99.3% 0.01% Double distillation
New Delhi, India
t-Butyl benzene CioH14 98-06-6 CDH, (P) .Ltd' . 99.5% 0.1% Double distillation
New Delhi, India
. CDH, (P) Ltd. 0 0 S
Biphenyl Ci2H10 92-52-4 New Delhi, India 99.0% 0.05% Double distillation

2.2. Measurements

Six binary systems were studied: isopropyl benzene
(cumene) + ethyl benzene, isopropyl benzene (cumene) +
toluene, isopropyl benzene (cumene) + mesitylene, isopropyl
benzene (cumene) + n-propyl benzene, isopropyl benzene
(cumene) + tert-butyl benzene, and isopropyl benzene
(cumene) + biphenyl. Each sample mixture was prepared on a
mass basis by mixing the calculated amounts of the liquid
components in specially designed glass-stoppered bottles. All
binary mixtures were prepared by accurately weighing
components across the entire range of mole fractions. The
components of the binary mixtures were injected using a
syringe into glass vials sealed with rubber stoppers to
minimize evaporation losses during sample preparation. All
six binary liquid mixtures were prepared by accurately
weighing the appropriate amounts of pure liquids using a
digital electronic balance (Citizen Scale (I) Pvt. Ltd., Mumbai,
India) with a precision of #).1 mg. The experimental
uncertainty in the mole fractions did not exceed #0.0005. For
each binary system, five samples were prepared, and their
densities, viscosities, and sound velocities were measured on
the same day.

2.2.1. Density

The densities of pure components and binary mixtures were
measured using a 25 ml specific gravity bottle by the relative
measurement method, with an accuracy of #0.01 g.cm™. The
specific gravity bottle containing the experimental mixture
was immersed in a temperature-controlled water bath (MSI
Goyal Scientific, Meerut, U.P., India), operating over a
temperature range of —10C to 85<C with an accuracy of
#0.1<C. Double-distilled water was used to calibrate the
specific gravity bottle. For each composition, measurements
were generally repeated at least three times, and the results
were appropriately treated to ensure accuracy.

2.2.2. Viscosity

Viscosities were determined using a calibrated Ostwald
viscometer. Care was taken to ensure that the capillary was
perfectly vertical while mounting the viscometer in a water
bath maintained at 298.15 * 0.04 K. The viscometer
containing the sample liquid was equilibrated in the water bath
for 30 minutes prior to measuring the flow time. A digital
stopwatch with a readability of 0.01 s was used to record the
flow times. Each measurement was repeated at least five times,
and the average values were used in all subsequent
calculations.

2.2.3. Sound Velocity

The speed of sound (u) in the solutions was measured at a
frequency of 3 MHz using the interferometric method (Model
F-80D, Mittal Enterprise, New Delhi, India) at 298.15 K. A
fixed-frequency generator operating at 3 MHz was used. At its
resonant frequency, the crystal undergoes rapid mechanical
oscillations, producing ultrasonic waves. These ultrasonic
waves propagate through the liquid in the vessel, producing
effects such as cavitation, acoustic streaming, and enhanced
mixing. The interferometer cell was filled with the test liquid,
with water circulated around the measuring cell from a water
bath. The experimental uncertainty in the speed of sound
measurements was estimated to be #0.1%. The measured
ultrasonic velocities of pure isopropyl benzene (cumene),
ethyl benzene, toluene, mesitylene, n-propyl benzene, tert-
butyl benzene, and biphenyl are in good agreement with the
corresponding values reported in the literature. The ultrasonic
velocity, u /ms™' were computed using the standard relation:

u=f x A @)
where f is the operating frequency (3 MHz) and 1 is the
measured wavelength of the ultrasonic wave in the solution.
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Table2.Viscosity (1), Sound Velocity (u), and Density (p) for Pure Components at 298.15 K and atmospheric pressure are compared between

experimental and literature values.

Density(p)g.cm™ Ultrasonic Velocities (u) m.s?  Viscosity(n) mPa.s
component
Observed Literature Observed Literature Observed Literature
Cumene 0.8532 0.8581% 1326 1325% 0.7337 0.7388%
0.557422 1308%° 0.7390%
Mesitylene 0.8616 0.861218 1338 133618 0.6049 0.667%"
0.8611%° 133620 0.660%
Ethyl benzene 0.8674 0.8620° 1324 13125 0.6299 0.6285
0.8626° 131930 0.6373°
Toluene 0.8576 0.86244 1306 13074 0.6026 0.552516
0.86227 13094 0.5531%7
n-Propyl benzene 0.8624 0.8577% 1315 132028 0.7931 0.7995%
0.8577% 1320%° 0.7827%
t-Butyl benzene 0.8624 0.86241° 1316 131518 0.7449 NA
0.862218 13152 NA
Biphenyl 0.7920 NA 1118 NA 0.6108 NA

NA: Data not available

3. Theoretical

The excess sound velocity (uf) was calculated from the
experimental ultrasonic velocities of the pure components and
their binary mixtures using the relation:

UE=up - unXa+ U Xo  (2)

In this equation, u1,» represents the ultrasonic velocity of the
mixture, while u; and uz, and X1 and X, denote the ultrasonic
velocities and mole fractions of component liquids 1 and 2,
respectively. The ultrasonic velocity (u), density (p), and
viscosity (1) of pure liquids and their mixtures at various
concentrations were measured at 298.15 K.

The excess viscosity (nF) as a function of mole fraction was
calculated using the following relation:

nE(mPa.s) =Mz — Z?:oxini (3)

In this equation, x;, n;, and ni2 refer, respectively, to the
mole fraction and viscosities of the i pure component and of
the binary mixture.

Experimental values of density (p), viscosity (1), and speed of
sound (u) for the mixtures at 298.15 K are listed as a function
of mole fraction in Table 3. The density values were used to

calculate the molar volumes (Vy) using the following equation:

_(X1M1+ XoM3)
p

Vi 4)

The speed of sound (u) was used to calculate the isentropic
(adiabatic) compressibility (8,4) using the following equation.
The adiabatic compressibility (8,4) iS generally determined
from:

Boa = 2 (5)

In this equation, p is the density (in g.cm™ or kg.m=) and u
is the speed of sound (in ms™ or cm.s™'). This equation is
based on the relationship between compressibility and the
propagation of sound waves in a medium. A lower speed of
sound in a liquid corresponds to a higher compressibility.

The excess isentropic (adiabatic) compressibility, 32, was
calculated using the following relation:

BE, = Badz- X1 Bad1 - X2Pacz (6)

In this equation, Bas2 is the experimental isentropic
compressibility of the mixture; while X1, X, and PBag1, Bad2
represent the mole fractions and isentropic compressibilities
of the pure components, respectively.

The excess parameters for all acoustic properties were
calculated using the following relation:
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AE = Aexp. — Aideal (7)

In this equation, Aigea = X1 A1 + X2 Az, Where A represents
any acoustic parameter, and X; and X are the mole fractions
of isopropyl benzene and the aromatic hydrocarbon,
respectively.

4. Result and Discussion

The experimental values of densities, sound velocity and
viscosities of the hydrocarbons are compared with the
literature values and are presented in Table 2. It was found that
the experimental values are in proximity with the literature

0+0 &

Cumene Aromatic Hydrocarbon

values. Insufficient data on densities, viscosities and sound
velocity of pure cumene with ethyl benzene, toluene,
mesitylene, n-propyl benzene, tert-butyl benzene, and
biphenyl, is available. The densities, p, viscosities, n, and
sound velocity, u, of binary mixtures were measured at 298.15
+0.01 K as a function of the composition of the corresponding
binary mixtures. The results of the study are presented in
Table 3. A perusal of Table 3 shows that the sound velocity
increase with mole fraction of isopropyl benzene (Cumene)
increases for all the binary mixtures. Ultrasonic wave are high
frequency mechanical waves. Their velocities in a medium
depend inversely on density and the compressibility of the
medium.

- ] -K-"“'\ - .,
/ NN
i - —
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Results [
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Schemel. Interactions between Isopropyl Benzene with Aromatic Hydrocarbons at 298.15K.

Table 3.Density (p), Sound Velocity (u), Viscosity (), calculated parameter Adiabatic Compressibility (fqq), and Molar Volume (V) of
Binary Mixtures of Isopropyl Benzene with Aromatic Hydrocarbons at 298.15 K.

Mole fraction  Density (p)g.cm  Viscosity(n) Speed of Sound (u) ms- Adiabatic. - _ Molar volume (Vm)
Cumene (x)) 3 mPa.s ! Sgamlp ressibility (Baa)>10° 153 ¢ moe
Isopropyl benzene + ethyl benzene

0.0000 0.8630 0.6345 1308 0.6773 123.02

0.1193 0.8612 0.6472 1310 0.6763 125.16

0.2209 0.8600 0.6633 1314 0.6758 126.98

0.3312 0.8596 0.6715 1316 0.6751 128.97

0.4397 0.8592 0.3882 1317 0.6745 130.94

0.5319 0.8588 0.6931 1318 0.6739 132.61

0.6395 0.8580 0.7042 1320 0.6721 134.52

0.7301 0.8572 0.7124 1321 0.6709 136.13
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Mole fraction  Density (p)g.cm™  Viscosity(n) Speed of Sound (u) ms’ Adiabatic_ - _ Molar volume (Vm)
Cumene (Xu) 3 mPa.s ! s;:f)ressmmty(ﬁ“d)&o x 10 cm?3.mole™
0.8315 0.8564 0.7198 1322 0.6694 137.90
0.9313 0.8554 0.7249 1324 0.6681 139.66
1.0000 0.8532 0.7337 1326 0.6666 140.87
Isopropyl benzene + toluene

0.0000 0.8672 0.5691 1312 0.6699 106.25
0.1193 0.8628 0.5801 1314 0.6697 110.26
0.2209 0.8612 0.6046 1315 0.6695 113.82
0.3312 0.8600 0.6293 1316 0.6693 117.53
0.4397 0.8592 0.6457 1318 0.6691 121.23
0.5319 0.8584 0.6706 1390 0.669 124.43
0.6395 0.8576 0.6869 1320 0.6686 128.18
0.7301 0.8568 0.7032 1321 0.6682 131.44
0.8315 0.8556 0.7191 1322 0.6677 134.95
0.9313 0.8544 0.7266 1324 0.6671 138.42
1.0000 0.8532 0.7337 1326 0.6666 140.87
Isopropyl benzene + meistylene

0.0000 0.8616 0.6049 1338 0.6483 139.50
0.1193 0.8612 0.6216 1336 0.6509 139.59
0.2209 0.8608 0.6384 1335 0.653 139.66
0.3312 0.8604 0.6551 1334 0.6552 139.74
0.4397 0.8600 0.6718 1333 0.6574 139.76
0.5319 0.8596 0.6885 1332 0.6591 139.85
0.6395 0.8592 0.6967 1331 0.6608 139.89
0.7301 0.8588 0.7048 1330 0.6626 140.05
0.8315 0.8584 0.713 1329 0.6643 140.38
0.9313 0.8576 0.7293 1328 0.6658 140.54
1.0000 0.8532 0.7337 1326 0.6666 140.87
Isopropyl benzene + n-propyl benzene

0.0000 0.8624 0.7931 1315 0.6706 138.61
0.1193 0.8620 0.7896 1316 0.6703 138.90
0.2209 0.8618 0.7884 1317 0.6700 139.17
0.3312 0.8614 0.7724 1318 0.6669 139.45
0.4397 0.8604 0.7664 1319 0.6694 139.70
0.5319 0.8596 0.7626 1320 0.6692 139.95
0.6395 0.8588 0.7558 1321 0.6686 140.10
0.7301 0.8584 0.7524 1322 0.6681 140.30
0.8315 0.8576 0.74630 1324 0.6676 140.52
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Mole fraction  Density (p)g.cm™  Viscosity(n) Speed of Sound (u) ms’ Adiabatic_ - _ Molar volume (Vm)
Cumene (Xu) 3 mPa.s ! ?;:Pressmmty(ﬁ“d)&o x 10 cm?3.mole™
0.9313 0.8560 0.7422 1325 0.6669 140.74
1.0000 0.8532 0.7337 1326 0.6666 140.87
Isopropyl benzene + t-butyl benzene

0.0000 0.8624 0.7449 1316 0.6695 154.77
0.1193 0.8620 0.7445 1317 0.6699 153.17
0.2209 0.8612 0.7440 1318 0.6690 151.78
0.3312 0.8604 0.7436 1390 0.6691 150.27
0.4397 0.8596 0.7420 1320 0.6689 148.78
0.5319 0.8586 0.7398 1321 0.6684 147.56
0.6395 0.8572 0.7389 1322 0.6680 146.01
0.7301 0.8564 0.7373 1323 0.6677 144.72
0.8315 0.8556 0.7364 1324 0.6673 143.30
0.9313 0.8548 0.7351 1325 0.6669 141.90
1.0000 0.8532 0.7337 1326 0.6666 140.87
Isopropyl benzene + Biphenyl

0.0000 0.7920 0.6108 1118 0.9989 177.91
0.1193 0.7956 0.6215 1144 0.9694 173.45
0.2209 0.8036 0.6357 1174 0.9347 169.70
0.3312 0.8084 0.6510 1186 0.8970 165.65
0.4397 0.8144 0.6710 1198 0.8600 161.66
0.5319 0.8248 0.6932 1212 0.8281 158.31
0.6395 0.8276 0.7308 1242 0.7910 154.27
0.7301 0.8324 0.7161 1274 0.7597 150.90
0.8315 0.8436 0.7215 1286 0.7248 147.14
0.9313 0.8484 0.7295 1300 0.6904 143.44
1.0000 0.8532 0.7337 1326 0.6666 140.87

For the binary liquid mixture mixtures isopropyl benzene
(cumene) + ethyl benzene, isopropyl benzene (cumene) +
toluene, isopropyl benzene (cumene) + mesitylene, isopropyl
benzene (cumene) + n-propyl benzene, isopropyl benzene
(cumene) + tert-butyl benzene, and isopropyl benzene
(cumene) + biphenyl, the obtained excess sound velocity (uF)
values are positive over the whole composition range at
298.15 K as depicted in Figure 1. Various type of interaction
which are possible and which can operate in the binary liquid
mixtures containing isopropyl benzene (cumene) and aromatic
hydrocarbon, that can produce positive deviation in excess
sound velocity and excess viscosity. The excess sound
velocity (uF) for the binary systems of isopropyl benzene

(cumene) + ethyl benzene, isopropyl benzene (cumene) +
toluene, isopropyl benzene (cumene) + mesitylene, isopropyl
benzene (cumene) + n-propyl benzene, isopropyl benzene
(cumene) + tert-butyl benzene, and isopropyl benzene
(cumene) + biphenyl are graphically presented in Fig. 1,
together with the Redlich-Kister correlation. It is evident that
all six mixtures exhibit significant positive uF values, across
the whole composition range and at working temperature
298.15K.

The deviation in ultrasonic velocity with the mole fraction
of isopropyl benzene (cumene) for the six systems indicates
that there is a non-linear decrease in velocity without having
any minimum as shown in Fig.-1. The non-existence of
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maxima or dip at any intermediate concentration of isopropyl
benzene (cumene) with ethyl benzene, toluene, mesitylene, n-
propyl benzene, tert-butyl benzene, and biphenyl, indicate that
there is no complex formation between components. These
observations are in agreement with the general trends of the
ultrasonic velocity variations in binary liquids. The existence
of structure differences in species in solution is bound to have
its effect in the other physical parameters.

The ultrasonic velocity in a mixture is mainly influenced by
its molecular property. The results for the excess sound
velocity (UF) plotted in Figure 1 are positive for all the binary
system studied. The observed positive trends in excess sound
velocity indicate that the effect due to the breaking up of self-
associated structure of the components of the mixtures is
dominant over the effect of m-n interaction between unlike
molecule. The positive values of excess sound velocity (uf)
increase with the increase in mole fraction which indicates the
increase in strength of interaction with all six binary mixtures.
The positive excess sound velocity (uF) clearly suggests that
there exist weak and m-m molecular interaction between the
molecules of all the six binary liquid mixtures.

7.0000

6.0000 m
5.0000 / \
4.0000

/ \ Mesityline

==teor, Butyle benzene

2.0000 { x
== Bipheny|
1.0000 S —
pd - n Propyl benzne
= v
d L]
0.2 0.4 0.6 0.8 1

=—4=—Ethyl Benzene

—&—Toluene

3.0000

0.0000 E

Excess Sound Velocity (uF) ms

Mole Fraction (X;) of Cumene

Figure 1. Excess sound velocity (uf) Vs mole fraction (X1) of binary
liquid mixtures at 298.15K that contain aromatic hydrocarbons and
isopropyl benzene (cumene).

The viscosities of binary liquid mixture isopropyl benzene
(cumene) + ethyl benzene, isopropyl benzene (cumene) +
toluene, isopropyl benzene (cumene) + mesitylene, isopropyl
benzene (cumene) + n-propyl benzene, isopropyl benzene
(cumene) + tert-butyl benzene, and isopropyl benzene
(cumene) + biphenyl at temperature T = 298.15 K decrease or
increase linearly with increase in mole fraction of isopropyl
benzene (cumene). Excess viscosity (n?) values are positive
for the all six binary system over the whole mole fraction
range (Figure 2).

The excess transport properties of the mixtures are
influenced by three main types of contributions, namely,

(i) due to non specific Vander Waals type forces, (ii) due to
hydrogen bonding, dipole-dipole, and donor-acceptor
interaction between unlike molecules, and (iii) due to the
fitting of smaller molecules into the voids created by the

bigger molecules. The first effect leads to contraction in
volume hence leads to negative contribution towards uf and
positive contribution towards (BZ,). However, the second
effect leads to negative contribution towards (BEZ,) and
positive contribution towards UE,

The experimental values of viscosities as a function of mole
fraction of isopropyl benzene (cumene) for six systems are
shown in Figure 2. The six systems exhibit a positive
deviation of excess viscosity over entire mole fraction range
with a maximum corresponding to a mole fraction of about 0.5
at the temperature studied. These deviations indicate specific
molecular interactions between different molecules.
According to Fort and Moore, the excess viscosity gives the
strength of the molecular interaction between the interacting
molecules. The excess value of viscosity at the six binary
mixtures isopropyl benzene (cumene) + ethyl benzene,
isopropyl benzene (cumene) + toluene, isopropyl benzene
(cumene) + mesitylene, isopropyl benzene (cumene) + n-
propyl benzene, isopropyl benzene (cumene) + tert-butyl
benzene, and isopropyl benzene (cumene) + biphenyl at the
298.15 K are shown in Figure 2. The Figure 2 represents the
variation of excess viscosity (nF)is found to be positive for all
six binary liquid mixtures over the entire composition range at
the 298.15 K. Which suggest the presence of weak
intermolecular interactions [31]. For systems where
dispersion, induction and dipolar forces are operating, the
values of excess viscosity are found to be positive, whereas
the existence of specific interaction leading to the no
formation of complexes in mixtures tends to make positive.

0.0180
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Figure 2. Excess viscosity (nE) Vs mole fraction (X1) of binary liquid
mixtures at 298.15K that contain aromatic hydrocarbons and
isopropyl benzene (cumene).

A reduction in viscosity with increase in mole fraction of
isopropyl benzene (cumene) suggests that the existing
intermolecular interactions are weakening in magnitude.
However, the increasing sound velocity with increasing mole
fraction of isopropyl benzene (cumene) leads to a notion that
the system is getting more and more compact, which is not
true as the interactions due to isopropyl benzene (cumene) are
dispersive in nature.

The excess viscosity values, which represent the deviation
from rectilinear dependence of nexp Of binary mixture on mole
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fraction, have been used to explain the mixture component’s
intermolecular interaction. The positive nf values might
indicate that the average degree of cross-association between
aromatic hydrocarbon and isopropyl benzene (cumene)
gradually decreased as the chain length of hydrocarbon
increased. Thus, the larger positive deviation for the system
containing longer chain hydrocarbon confirmed weak
dispersion forces in this system. It can be seen from Figure 2
that in the mixture, absolute value of (n%) decrease at mole
fraction in rose. Many workers have reported similar behavior
where positive value of (n%) indicates dispersive interaction.
The positive values of excess viscosity (nf) observed in
isopropyl benzene (cumene) + ethyl benzene, isopropyl
benzene (cumene) + toluene, isopropyl benzene (cumene) +
mesitylene, isopropyl benzene (cumene) + n-propyl benzene,
isopropyl benzene (cumene) + tert-butyl benzene, and
isopropyl benzene (cumene) + biphenyl mixture indicate the
presence of weak inter molecular interaction amongst the
mixing components. The values of excess viscosity (n£) for
all the six system studied are indicative of the predominance
of dispersion forces.

The molar volume (V) for the pure liquids isopropyl
benzene (cumene), ethyl benzene, toluene, mesitylene, n-
propyl benzene, tert-butyl benzene and biphenyl have been
calculated using vide eq. 4. The calculated volumes for all the
liquid are enlisted in Table 3. Determining the excess molar
volume (V,E) of binary mixes depends on exact measurement
of density. For this aim, several experimental approaches are
extensively used, each with advantages and constraints.
Figure 1 represent variation of excess molar volume (V£)
with x; (isopropyl benzene (cumene)) at 298.15 yielding a U-
shaped nature of the graph is attributed to the equilibria of
State effects and steric factors arising from the change of
orientation of cumene molecules with change in its mole
fraction. For the solutions of cumene with ethyl benzene,
toluene, mesitylene, n-propyl benzene, tert-butyl benzene and
biphenyl the graphs are inverted v-shaped. Treszcznowicz et
al. [32] and later Aminabhavi et al. [33] observed that excess
molar volume (V,E) many be discussed in terms of several
effects which may be arbitrarily divided into physical,
chemical and geometrical contributions. The Physical interact
involved mainly dispersion forces giving a positive
contribution. The chemical or specific interactions result in a
volume contraction and these include charge-transfer type
forces.

The experimental results are consistent with this
explanation, as most of the studied mixtures exhibit positive
excess volumes. This indicates that changes in intermolecular
forces dominate over packing effects caused by geometrical
constraints, which explains the variation in excess molar
volumes among different hydrocarbons. When comparing
maximum excess molar volumes at equimolar composition,
several trends emerge: mixtures with flat or small-substituted
hydrocarbons (e.g., ethyl benzene, mesitylene, biphenyl) tend
to show positive excess molar volume (V,E) mixtures with

non-flat or moderately substituted hydrocarbons (e.g., t-
butylbenzene, isopropylbenzene) exhibit intermediate values;
and the highest(;£) is observed for cumene + mesitylene,
where mesitylene has a flat geometry with three methyl
groups in the meta positions around the aromatic ring. These
observations can be interpreted qualitatively in terms of steric
and electronic effects. Bulky substituents in the hydrocarbon
molecules prevent close approach of the acetate groups,
weakening interactions and increasing the excess volume. In
contrast, flat molecules with few substituents (toluene, ethyl
benzene, mesitylene, bi phenyl) allow some residual
interactions, resulting in(V,£). The steric hindrance imposed
by three methyl groups in mesitylene obstructs the approach
of the cumene molecules, increasing the occupied volume and
thus the excess molar volume. Similar trends in excess volume
with molecular size and substitution have been observed in
other non-polar + non-polar mixtures, including cumene with
aromatic compounds. These results highlight the importance
of steric hindrance in controlling dispersive interactions and
the progressive masking of non-polar effects of methyl groups
during mixing.
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Figure 3. Excess molar volume (V;£) Vs mole fraction (X1) of binary
liquid mixtures at 298.15K that contain aromatic hydrocarbons and
isopropyl benzene (cumene).

Regarding the binary systems of isopropyl benzene
(cumene) + ethyl benzene, isopropyl benzene (cumene) +
toluene, isopropyl benzene (cumene) + mesitylene, isopropyl
benzene (cumene) + n-propyl benzene, isopropyl benzene
(cumene) + tert-butyl benzene, and isopropyl benzene
(cumene) + biphenyl at 298.15 K. Table 3 provide the
corresponding values. Figure 5 reports the excess value of
adiabatic compressibility (8Z,) at six binary liquid mixtures:
isopropyl benzene (cumene) + ethyl benzene, isopropyl
benzene (cumene) + toluene, isopropyl benzene (cumene) +
mesitylene, isopropyl benzene (cumene) + n-propyl benzene,
isopropyl benzene (cumene) + tert-butyl benzene, and
isopropyl benzene (cumene) + biphenyl at 298.15 K. It is
possible to explain the excess adiabatic compressibility (BE,)
values as a cumulative manifestation of various kinds of
intermolecular interactions between the molecules that make
up the mixtures that are being studied. Regarding the binary
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combinations of isopropyl benzene (cumene) + ethyl benzene,
isopropyl benzene (cumene) + toluene, isopropyl benzene
(cumene) + mesitylene, isopropyl benzene (cumene) + n-
propyl benzene, isopropyl benzene (cumene) + tert-butyl
benzene, and isopropyl benzene (cumene) + biphenyl because
of isopropyl benzene (cumene).

The calculated excess adiabatic compressibility (8Z;),
values for the binary liquid mixture listed in Figure 5. The
change of this property has been shown in Figure 5. The
excess adiabatic compressibility (B£;), values are positive
over the entire mole fraction range and become more positive
isopropyl benzene (cumene) with increasing the mole fraction
of second component for all binary mixtures. These results can
be explained in term of molecular interactions and structured
effects. The variation of excess adiabatic compressibility
(BE,), with volume fraction of isopropyl benzene (cumene) is
represent in Figure 5. Fort and Moore [31] have suggested that
excess adiabatic compressibility (BZ,), is the result of several
opposing effects. Strong molecular interactions occur through
charge transfer, dipole- induced dipole and dipole-dipole
interaction  [34-36], interstitial accommodation and
orientational ordering all lead to a more compact structure
making excess adiabatic compressibility (8Z,) positive.

1k__=_=.,,V

SOLUTE- SOIVENT
TRANSRORY - INTERACTION
/ PROPERTIES
\ THERMODYNAMICS AROMATIC — AROMATIC
PROPERTIES INTERACTION

CUMENE  AROMATIC
HYDROCARBON

BINARY MIXTURE

Figure 4. Molecular interaction between Cumene and aromatic
hydrocarbons

Figure 5 shows the excess adiabatic compressibility (8Z,;)
information for every binary at 298.15 K and air pressure
mixtures of isopropyl benzene (cumene) with aromatic
hydrocarbons. All mixtures have positive values, according
Observe how (BE,;) changes in relation to the mole fraction of
isopropyl benzene (Xi). The cumene—mesitylene system,
which has the highest positive (BZ,) of the combinations being
examined, exhibits the most noticeable effect. (8Z;) results
from multiple opposing molecular effects, according to
Kiyohara and Benson [34]. Table 3 and Figure 5 illustrate how
the adiabatic compressibility values of six numbers of binary
liquid systems rises as the mole fraction (Xi) of isopropyl
benzene (cumene). The way that structure influences
compressibility is the primary reason for the change in
ultrasonic velocity. Adiabatic compressibility changes when
liquid mixtures are mixed, showing a noticeable contraction.
The mutual disruption in molecules associated with pure
liquids may be the reason behind the positive excess adiabatic
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compressibility (BE;) values, which show a poor level of
interaction between molecules. Over the whole range of
isopropyl benzene (cumene) composition, these positive
excess adiabatic compressibility (BZ,;) values are decrease in
sound velocity is linked to the creation of weak bonds through
dipole-induced dipole interaction between molecules those are
not similar and the geometrical fitting of component
molecules into each other's structures may be responsible for
the positive values of excess adiabatic compressibility (8%;).
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Z

0.0000
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Figure 5. Excess adiabatic compressibility (8Z;) Vs mole fraction
(X1) of binary liquid mixtures at 298.15K that contain aromatic
hydrocarbons and isopropyl benzene (cumene).

For mixtures of isopropyl benzene (cumene) + ethyl
benzene, isopropyl benzene (cumene) + toluene, isopropyl
benzene (cumene) + mesitylene, isopropyl benzene (cumene)
+ n-propyl benzene, isopropyl benzene (cumene) + tert-butyl
benzene, and isopropyl benzene (cumene) + biphenyl, (V£),

(uF), (%) and (Bga)-

n-m electron
interaction

Figure 6. The schematic structural presentation of the interactions
between isopropyl benzene (cumene) and aromatic hydrocarbon
molecules.

Ethyl benzene > toluene > mesitylene > n-propyl benzene>
tert-butyl benzene > biphenyl is the sequence in which the
magnitude of (VE), (uf), ") and (BE;) values follow,
suggesting the interactions in the same order. This mixtures of
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isopropyl benzene (cumene) + ethyl benzene, isopropyl
benzene (cumene) + toluene, isopropyl benzene (cumene) +
mesitylene, isopropyl benzene (cumene) + n-propyl benzene,
isopropyl benzene (cumene) + tert-butyl benzene, and
isopropyl benzene (cumene) + biphenyl have positive values
over the entire mole fraction range.

Ethyl benzene > toluene > mesitylene > n-propyl benzene >
tert-butyl benzene > biphenyl is the order in which the
interactions in these mixes occur, according to these patterns
in (VE), (), (% and ( BE, ).Binary mixtures of
tetrahydrofuran with aromatic hydrocarbons likewise exhibit
similar trends in (V,F), (uf), (M) and (BE,) values [37]. These
observations further corroborate the composition-dependent
tendencies displayed by these excess properties.

5. Conclusions

In this paper the ultrasonic velocity (u), density (p) and
viscosity () have been measure over the whole composition
range at temperature T = 298.15 K for the binary mixture
isopropyl benzene (cumene) + ethyl benzene, isopropyl
benzene (cumene) + toluene, isopropyl benzene (cumene) +
mesitylene, isopropyl benzene (cumene) + n-propyl benzene,
isopropyl benzene (cumene) + tert-butyl benzene, and
isopropyl benzene (cumene) + biphenyl. Excess sound
velocity (uf), excess viscosity (1), excess molar volume (V;£)
and excess adiabatic compressibility (BE,) for binary mixtures
have been calculated and fitted to a Redlich—Kister equation.
It is obvious that, there exist a molecular interaction between
the components of the mixture. In specific weak molecular
interaction like weak dispersive in nature and dispersive
forces are found to exist between the components of the
individual mixtures. The present results clearly justify the
practical applicability of the simple models used.

Abbreviations

p Density of Liquid

u Sound Velocity
Excess Sound Velocity
Viscosity

Nt Excess Viscosity

Bag  Adiabatic Compressibility

BE,  Excess Adiabatic Compressibility

Vm  Molar Volume

VE  Excess Molar Volume

X1 Mole Fraction of Isopropyl Benzene (Cumene)
AE  Thermodynamic Excess Function
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