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ABSTRACT

Benzene with Butyl/Pentyl Parabens is evaluated using the volumetric and acoustic study as a function of
temperature. The properties such as partial and apparent molar volumeand partial and apparent molar
compressibility of the mixtures were studied. The thermoacoustic properties of the mixture, such as acoustic
impedanceand free lengthwere analyzed. These measurements were utilized to interpret the intermolecular
interactions among the constituents.

Keywords:Acoustic Impedance, Intermolecular Free Length, Adiabatic Compressibility,Acoustic Study,
Temperature Range.
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INTRODUCTION

Thermoacoustic characteristics of the chosen mixtures are used to study the physicochemical behavior,
molecular packing, and numerous sorts of intermolecular interactions. Recent studies on ultrasonic
velocity and their derived parameters with the variation in composition and temperature provide vital
information about the intermolecular interaction among the constituents of the mixture.!” The obtained
outcomes are discussed in terms of intermolecular interactions. In continuation of ourresearch work on
ultrasonic velocities, density, etc., the present work is to undertake volumetric and acoustical analysis of
Benzene with Butyl/Pentyl parabens in Isopropanol medium at various temperatures varying from
298.15K to 323.15K at atmospheric pressure.'®!! The acoustic parameters were computed based on the
density,ultrasonic velocity, and viscosity data. This calculated data is utilized to interpret the
intermolecular interactions of the selected constituents. Kumara Sastry et al. measured acoustic velocity,
density, and viscosity of the ternary system containing Ethyl paraben along with 1-Propanol/2-Propanol
and benzene and calculated the acoustic parameters derived from measured data at 303K.'>!3 The results
are interpreted based on steric considerations. Ashima et al. studied the variation of sound speed, density,
and viscosity of Ethane-1,2-diol, methyl, and methanol parabens at an operating temperature of 298K
with various compositions.!* The acoustic parameters were then calculated from the experimental data.
The linear deviation of acoustic parameters infers the aggregate formation in the chosen ternary system.
Ashima and Juglan studied the acoustic parameters of Ethylene Glycol (EG) and Propylene Glycol (PG)
with sodium ethylparaben at 298.15K as determined by ultrasonic velocity, density, and viscosity.'
Further, there are strong connections between the solvent and solute molecules. Ashima and Juglan
analyzed the acoustic as well as volumetric behavior of the glycols with Ethyl paraben in the aqueous
medium with operating temperatures ranging between 293.15K and 308.15 K at atmospheric pressure. '%!7
The findings were analyzed in terms of the extent of weakening tendencies among the solvents and co-
solutes.Shaik Babu et al. measured Ultrasonic velocity at a frequency of 2 MHz for an Ethyl Benzoate
mixture using 1-Propanol, 1-Butanol, and last 1-Pentanol, and the experimental values were compared
with the theoretical values.'®
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EXPERIMENTAL

Butyl p-hydroxy benzoate (Butylparaben) is a white powder that dissolves in polar solvents, used as an
antimicrobial preservative in cosmetics, medication suspensions, and flavoring additive in food.!*-??
Pentyl p-hydroxybenzoate is a white solid that can be dispersed in organic solvents. Parabens belong to
the family of para-hydroxybenzoic acid esters and have a para position on the benzene ring.The chemicals
used in the present work, with aminimum assay of 99.9%, were obtained from Frinton Laboratories Inc.,
USA. All liquid mixtures have been prepared gravimetrically in sealed bottles appropriately. Care is taken
to prevent evaporation losses. The compounds were first degassed via 0.4nm molecular sieves for 72
hours to remove moisture. The benzene is used as solute while the mixture of parabens with isopropanol
is used as a solvent in the preparation of the solution. Butyl p-hydroxybenzoate (4HB) and pentyl p-
hydroxybenzoate (SHB) were dissolved in isopropanol (IPA) at 0.01m and the solute compositions were
then diluted with a varying molality of solvent. A digital electronic balance was used to conduct mass
measurements with an error of 0.00001g (METTLER TOLEDO ABI135, Switzerland). The Ostwald
viscometer was used to measure the viscosities.”> Double distilled water was used to calibrate the
viscometer at each temperature. The measurement of viscosity has a margin of error of up to 0.0001mPa-
s. After each mixture had reached the specified bath temperature, the flow time was measured. The flow
measurements were taken using a 0.01s precision electronic stopwatch. 3-4 readings were done for each
pure component and mixture, and the mean of these values was utilized in all computations. For
robustness, a single crystal variable path interferometer was calibrated and operated at a frequency of 2
MHz to measure the speed of sound. Furthermore, with a consistent temperature, we could calculate
accurate density measurements with an average error of 0.001 kg/m3. Table 1 shows the compounds
utilized in the present study alongwith purification method, molar mass and chemical structure.

Table-1: Specifications on Pureness of Compounds Utilized in the Present Study

Chemical CAS no. Molar Formula Purification Chemical Structure
name mass method
(g/mol)
Butyl 94-26-8 194.227 C11H1403 Vacuum drying '
Paraben /@*0/\/\
HO
Pentyl 6521-29-5 | 208.25 C12H ;603 Vacuum drying his L
Paraben HO/©)kOC °
Isopropanol 67-63-0 60.1 CH3;CHOHCH; Used as such
Benzene 71-43-2 78.11 C¢Hs Used as such c’?
H\C/ \C/H
[ |
H N
|
H

The density and acoustic velocity of pure compounds from the literature data are displayed in Table-2.
The density and acoustic velocity for benzene in 0.01 molkg™!, Isopropanol-BHB and Isopropanol were
studied. Tables-3 to 4 shows the ultrasonic and volumetric characteristics of benzene with parabens in
isopropyl alcohol medium.

Table-2: Contrast of Density (p) and Acoustic Velocity (U) of Pure Compounds at T = 298.15K to 323.15K

Compound T/K Densityx10-} kg.m" Ultrasonic velocity m.s™!
Measured Literature data Measured Literature

data
Isopropanol 298.15 780.92 780.5212¢] 1152.0 1152.63024
303.15 776.25 777.47%4 1117.8 1132.16[23
308.15 772.79 773.1524 1107.8 1114.33[23]
313.15 767.29 768.45124 1091.4 1096.18[]
318.15 765.40 767.101%4 1074.8 1075.53)
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323.15 758.61 758.9[231 1052.0 1052.20
Benzene 298.15 873.48 873.611%7] 1296.0 1299.3[261
303.15 867.00 867.4[%] 1281.0 1280127
308.15 862.75 862.9[201 1256.0 1258.231281
313.15 844.9 845.311 1250.5 12512
318.15 851.95 852.23[1° 1212.0 1212.58117
323.15 818.00 819.801° 1189.0 1189.91017

Standard Uncertainties is u(T) = £0.01K, u(p)= £0.15 kg.m>, u(U) = £1.0m. s™!
Table-3: Densities, p of Ternary System (Benzene +BP/ PP+ IPA) at Several Temperatures and at p = 0.1 MPa.

*m(mol.kg™") px1073/(kg.m™)
25 | 30°c | 35%¢ |  40°Cc | 45°c |  50°C
Benzene+(1/100) mol.kg™!' BP in IPA
0.00000 792.563 787.2 782.367 777.249 772.946 767.948
0.11325 796.441 790.963 786.108 780.773 776.047 770.928
0.223212 801.897 796.207 791.442 786.606 781.688 775.685
0.330032 809.897 804.042 798.481 793.631 788.692 782.144
0.433837 817.231 811.324 805.957 800.315 795.195 788.998
0.534756 825.182 819.15 814.048 807.882 802.649 796.343
0.632911 834.972 829.298 823.57 818.289 812.145 805.54
0.728406 845.053 839.272 833.443 827.069 821.247 815.172
0.821352 853.984 847.64 842.266 835.842 829.38 823.861
0.911856 863.414 858.053 852.658 846.227 839.756 834.243
1.00000 873.798 868.454 863.087 857.694 852.289 846.853
Benzene+(1/100) mol.kg™! PP in IPA

0.00000 789.497 785.188 780.804 776.338 771.783 767.13
0.112393 796.303 791.531 787.292 782.269 777.961 773.157
0.221733 803.685 799.024 794.485 789.565 786.566 781.58
0.328142 810.505 805.72 800.874 795.941 791.933 786.839
0.431737 818.006 812.915 808.157 802.832 798.032 792.854
0.532628 826.206 821.151 816.035 810.859 806.615 801.3
0.630920 834.407 829.726 824.502 819.416 815.375 809.966
0.726711 843.032 838.068 832.776 827.427 823.026 817.569
0.820095 851.664 846.343 840.988 835.586 830.137 824.632
0.911163 861.62 856.24 850.833 845.39 839.912 834.392
1.00000 873.798 868.454 863.087 857.694 852.289 846.853

?m states the molality’s of Benzene in the Isopropanol solution of Butyl/Pentyl Paraben.Standard Uncertainties u is
u(m) = 1%, u(T)= 0.01%, u(p) = 0.15 kg.m"

Table-4: Ultrasonic Velocities, U of Ternary System (Benzene +BP/ PP+ IPA) at Various Degrees and Atmospheric
Pressure, p = 0.1 MPa.

*m(mol.kg™") U/ (m.s™)
25 | 30°c | 35%¢ |  40°c | 45°c |  50°C
Benzene+(1/100) mol.kg™!' BP in IPA
0.00000 1160.27 1142.38 1124.25 1105.82 1087.33 1068.79
0.11325 1160.67 1142.77 1124.92 1107.01 1089.01 1070.97
0.223212 1165.19 1147.07 1129.14 1108.99 1090.75 1072.55
0.330032 1172.85 1153.70 1134.74 1115.54 1096.30 1077.00
0.433837 1184.94 1166.21 1146.22 1125.24 1106.27 1085.30
0.534756 1198.51 1178.25 1157.73 1137.27 1116.89 1096.55
0.632911 1213.28 1193.27 1172.56 1149.70 1129.92 1107.23
0.728406 1229.13 1207.67 1186.59 1165.38 1145.32 1122.37
0.821352 1246.13 1224 .48 1203.18 1181.80 1160.54 1138.39
0.911856 1268.69 124591 1221.47 1201.96 1178.58 1158.29
1.00000 1299.22 1276.30 1252.16 1230.17 1207.38 1182.78
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Benzene+(1/100) mol.kg™! PP in IPA
0.00000 1151.59 1135 1116.56 1098.78 1080.91 1062.95
0.112393 1161.53 1144.51 1125.18 1105.8 1088.35 1069.86
0.221733 1171.28 1153.25 1132.13 1112.98 1094.83 1076.61
0.328142 1179.75 1162.20 1142.01 1121.39 1103.75 1084.14
0.431737 1190.02 1170.07 1150.34 1130.43 1110.53 1090.62
0.532628 1200.33 1181.78 1161.46 1140.97 1120.59 1100.20
0.630920 1212.59 1194.79 1173.85 1152.97 1133.26 1111.62
0.726711 1227.06 1208.04 1186.87 1165.76 1144.84 1124.01
0.820095 1242.93 1223.61 1201.13 1179.78 1158.60 1138.53
0.911163 1266.77 1243.53 1221.73 1200.06 1176.56 1157.16
1.00000 1299.22 1276.30 1252.16 1230.17 1207.38 1182.78

m states the molality’s of Benzene in the Isopropanol solution of Butyl/Pentyl Paraben. Standard uncertainties u is

u(m) = 1%, w(T)=0.01%, u(U)=1.0 m.s™'.

Table-5: Viscosities, 1 of Ternary System (Benzene +BP/ PP+ IPA) at Various Temperatures and Atmospheric
Pressure,p = 0.1 MPa.

*m(mol.kg™") 1/ (mPa-s)
25 | 30°c | 35%¢ |  40°Cc | 45°c |  50°C
Benzene+(1/100) mol.kg™!' BP in IPA

0.00000 1.891626 1.698588 1.555801 1.375429 1.2256066 1.110062
0.11325 1.706075 1.533519 1.393354 1.225574 1.0968206 0.987144
0.223212 1.379903 1.267635 1.182255 1.04434 0.9299828 0.861913
0.330032 1.233769 1.126559 0.996428 0.894431 0.8176049 0.755605
0.433837 1.110641 1.010211 0.863801 0.766502 0.6883388 0.623101
0.534756 0.97473 0.875681 0.781468 0.703591 0.6404396 0.582041
0.632911 0.874391 0.745699 0.697639 0.613822 0.5667591 0.543849
0.728406 0.778805 0.674862 0.63239 0.573267 0.5193937 0.491417
0.821352 0.690784 0.627527 0.573476 0.52688 0.4907838 0.463254
0.911856 0.644214 0.604117 0.560972 0.515332 0.4718239 0.453949

1.00000 0.603 0.562 0.537 0.506 0.4525093 0.436

Benzene+(1/100) mol.kg™! PP in IPA

0.00000 1.691152 1.581526 1.384348 1.218861 1.090967 0.982512
0.112393 1.212969 1.109281 1.021978 0.919982 0.806921 0.747461
0.221733 1.072751 0.965078 0.888652 0.803253 0.741637 0.692667
0.328142 0.892721 0.808218 0.761502 0.703437 0.662736 0.618274
0.431737 0.845957 0.770489 0.741681 0.670041 0.596828 0.567322
0.532628 0.76456 0.687184 0.637649 0.578535 0.517986 0.498197
0.630920 0.72679 0.63879 0.605973 0.550585 0.49967 0.490065
0.726711 0.681855 0.620623 0.563581 0.522018 0.487268 0.460074
0.820095 0.635373 0.596093 0.554095 0.509404 0.466789 0.449259
0.911163 0.628361 0.572927 0.542334 0.507118 0.459949 0.444829

1.00000 0.603 0.562 0.537 0.506 0.4525 0.436

Theory

Using the measured data of Ultrasonic velocity (U), density (p), and viscosity (1), the following acoustic

parameters have been calculated.

Isentropic Compressibility (Baq)

- 1.2
ﬁa.d. - pUz N~ m
Acoustic Impedance (Z)

Z=Up Kgm *s !
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Free Length (Ly)

Sanghamitra, and Jacobson calculated the free length of the liquid as®*-3?
L= kg7 mo (3)

Where k denotes Jacobson's constant, a temperature-dependent variable provided by the value
k = (93.875+0.345T) x 10~

Relaxation time(t)

4B
T = —— 5 i 4
3 @)
Relative association (Ra)
1/3
P L I (5)

~ pgl L)

Apparent molar volume (V)

- ()l o

Partial molar volume (V)
V.ﬁ — V% + Svm .......... (7)

Apparent Molar Isentropic Compression (K, s)
The molar apparent property of isentropic compression (Kys) of benzene with butyl/pentylparaben
immersed in isopropanol has been investigated in the following way'°:

Laplace—Newton equation explained isentropic compressibility as:

Bs = 7%
Isentropic Partial Molar Compression(K,,s")
Kps = K§s+Sem oo, (9)

Where p is the density of the solution, po is the density of the solvent; U is the acoustic velocity of the
solution and Uy is the acoustic velocity of the solvent, M is the molecular weight of the solute and m is
the molality of the solute. Sy and Sy are the experimental slopes. V,° is the partial molar volume at infinite
dilution. Ps is the isentropic compressibility of the solution and B’ is the isentropic compressibility of the
solvent respectively.Tables 8 and 9 show the K, and Sk values attained using the least square befitting
approach.
RESULTS AND DISCUSSION

Table-3 shows the reduction of the density of the mixture with the increase in temperature for a given
molality of benzene, and at a particular temperature, as we increase the molality of benzene in both
systems, we see a gradual increase in the density of the mixture.Table-4 shows the reduction of Ultrasonic
velocity with the mixture's temperature rise for a given benzene molality. At one particular temperature of
the given mixture, we observe a gradual increase in Ultrasonic velocity with the rise in the molality of
benzene in both the systems. Table-5 shows the reduction of viscosity of the mixture with the increase in
temperature for a given molality of benzene, but at a particular temperature, the viscosity asymptotically
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reduces with an increase in the molality of benzene in both systems.The decreaseof ultrasonic velocity,
density, and viscosity values of the mixture with temperature indicates the rupturing of hetero- and homo-
molecular clusters at higher temperatures. Acoustic impedance (Z) is a measure of the bond energy in a
system. Figures-1 and 2 show an increase in the acoustic impedance values with an increase in the
molality of benzene in both systemsat a given temperature. For a given molality of benzene, the
impedance values decrease with an increase in temperature.

Zx107 kgm?s

Fig.-1: Diversity of Acoustic Impedance of Benzene
+ 0.01m of Butyl Paraben in the Isopropanol solution

" of System

1150

1100

1050

298.15K
303.15K
308.15K
313.15K
318.15K
323.15K

Ledroen

¢4 ron
Aeqranm

Aedqd b

Abdbon

[ Ae4ren

Aeabenm

Aesdhran

A S 4 braon

AS 4 o

0.2

0.4

0.6

MOLALITY(*m mol/kg)

1.0

Zx10° kg m? s of System-II

1150 |

1100

1050 -

1000

9850 |

soo |

—m— 298.15K
® 303.15K
4 308.15K
v 313.15K
& 318.15K
“— 323.15K
o
e »
o °
- . - A
@ & v
BT : *
v . <
* < e
<

A4 pan

Aeqhon

Aeqh ok

Ad A raon

Ad 4> n

800
0.0

0.2

0.4

0.6

MOLALITY{®m mol/kg)

0.8

Fig.-2: Diversity of Acoustic Impedance of Benzene

+ 0.01m of Pentyl Paraben in the Isopropanol
solution

Eyring and Kincaid reported that acoustic velocity could be usedto measure the molecular structures of
substances.>* As molecules get closer together, they move faster (and vice versa). Figures 3 and 4 show an
increase in molecular free length with an increase in temperature, for a given molality of benzene in both

systems.

L; mx10™ of System-|

Lédron

[ B O I 'S

e r 4 e A

[ I S

e p 49

298.15K
303.15K
308.15K
313.15K
318.15K
323.15K

ey de A

e pde A

Ee ¥ dAdeoa

e b d e 4

e rd A

0.2

0.4

L
0.6

MOLALITY(*m mol/kg)

Fig.-3: Diversity of Free length of Benzene + 0.01m
of Butyl Paraben in the Isopropanol Solution

B, x 10" ms?kg™’ of System-|

12

=
o

-
=]
T

©
T

@

29 >4 ¥ A
mer 4 e 4

298.15K
303.15K
308.15K
313.15K
318.15K
323.15K

Aedren

e P A4+ a

LI B

e pdd

LI

e P4 A

LI

Bepd e

0.0

0.2

0.4

0.6

MOLALITY(*m molikg)

0.8

1.0

Fig.-5: Variation of Adiabatic Compressibility of
Benzene + 0.01m of Butyl Paraben in the

Isopropanol Solution

1.45

-
1.40 <
* -
= & . <
& 135 Ty - o T )
% A » - * o -
= 1.30 - . . - * ¥
w = - A - @
S — . i v
£ 1251 - = i Wi
B = 298.15K e e, TR
S 120 - 303.15K - e T TR
=< A 30B.15K - - .
i v 313.15K - g
L + 318.15K =
< 323.15K -,
110
0.0 0.2 0.4 0.6 0.8

MOLALITY(*m mol/kg)

Fig.-4: Diversity of Free length of Benzene + 0.01m
of Pentyl Paraben in the Isopropanol Solution

B,x10" ms'kg" of SystemlI

e P A A
e rd A
Be P4 a

298.15K
303.16K
308.16K
313.16K
318.15K
323.15K

Aeqdren

LI I B

me P4 A

B P4 A

e pd e A

LI S

LI

0.0

0.2

04

06

MOLALITY("m mol/kg)

0.8

Fig.-6: Variation of Adiabatic Compressibility of
Benzene + 0.01m of Pentyl Paraben in the

Isopropanol Solution

In an ideal mixture in which the components are non-interacting, the variation of density, viscosity, and
acoustic velocity of the mixture with the concentration is expected to be linear. The addition of another
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molecule or a liquid changes the values, depending upon the nature of the components. The adiabatic
compressibility reflects the degree of deviation from ideality and indicates the existence of interactions
among the components. Figures-5 and 6 indicate the decrease in adiabatic compressibility with an
increase in the molality of benzene in both systems. It is also perceived that for a given molality of
benzene, adiabatic compressibility values increase with the increase in temperature, indicating the
existence of intermolecular interactions among the components.

Figures-7 and 8 show the decreas of the relaxation time of the mixture with the increasein temperature for
a given benzene molality, but at a particular temperature, the relaxation time of the mixture decreases
with an increase in themolality of benzene in both the systems indicating the existence of a molecular
association between the solute and solvent.

2t
25
20 = 298.15K
& 303.15K
e =180 4 308.15K
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Fig.-7: Diversity of Relaxation time of Benzene + Fig.-8: Diversity of Relaxation time of Benzene +

0.01m of Butyl Paraben in the Isopropanol Solution ~ 0.01m of Pentyl Paraben in the Isopropanol Solution

The V, values are incorporated in Table 6 and shown in Fig.-9 and 10.The predicted error for V, is 0.07 x
10°m*/mol.

Table-6: Apparent Molar Volume, V, of Ternary System (Benzene +BP/ PP+ IPA) at Various Degrees with
Different Atmospheric Pressure, p = 0.1 MPa.

*m(mol.kg™") Vo x107%/(m3.mol ")
25°C 30°C 35°C 40°C 45°C 50°C
Benzene+(1/100) mol.kg! BP in IPA
0.11325 98.019558 98.69967 99.30923 99.99060551 100.6055 101.275
0.223212 97.340729 98.03825 98.62761 99.23146589 99.85996 100.6399
0.330032 96.362539 97.06604 97.74508 98.34058503 98.95913 99.79491
0.433837 95.491064 96.18767 96.82961 97.51359831 98.14404 98.9189
0.534756 94.564638 95.26229 95.85955 96.59368439 97.22573 97.99905
0.632911 93.446794 94.08621 94.74215 95.3533207 96.07874 96.87
0.728406 92.324479 92.96055 93.61213 94.33554225 95.007 95.7167
0.821352 91.354929 92.03969 92.62725 93.34086856 94.07161 94.70209
0.911856 90.352906 90.91664 91.4921 92.18882764 92.90223 93.51631
1.00000 89.27407 89.82258 90.38119 90.94910347 91.52688 92.11428
Benzene+(1/100) mol.kg™! PP in IPA
0.112393 97.994481 98.59137 99.1196 99.76367 100.3119 100.9369
0.221733 97.088974 97.6573 98.2158 98.83057 99.19526 99.82989
0.328142 96.271965 96.84544 97.43314 98.03874 98.53161 99.17112
0.431737 95.386049 95.98569 96.55161 97.19462 97.77957 98.41955
0.532628 94.434927 95.01786 95.61512 96.22698 96.73173 97.37473
0.630920 93.503337 94.03116 94.62839 95.21666 95.68662 96.32688
0.726711 92.542976 93.09188 93.68474 94.29163 94.79486 95.42867
0.820095 91.601833 92.17897 92.76709 93.36794 93.98184 94.6102
0.911163 90.538451 91.10844 91.68846 92.27976 92.88249 93.49775
1.00000 89.26917 89.81933 90.37863 90.94759 91.52493 92.11289
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m states the molality’s of Benzene in the Isopropanol solution of Butyl/Pentyl Paraben. Standard uncertainties u is
u(m) = 1%, u(T)= 0.01%, u(U)=1.0 m.s™!, u(Vy) =+0.07x10°m3.mol"".

Table-7 indexes the value of V,° and S, along with their typical inaccuracies reckoned by applying the
least square fitting method for apparent molar volume.
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0.01m of Butyl Paraben in the Isopropanol Solution
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Fig.-10: Benzene Apparent Molar Volume Diversity
+ 0.01m of Pentyl Paraben in the Isopropanol
Solution

Table-7: Partial Molar Volume and Experimental Slopes of Benzene with Butyl/Pentyl Paraben in Isopropanol

‘m(mol.kg™) 250 | 30%Cc | 35%c | 40°C | 45°C 50°C
Benzene+(1/100) mol.kg™! BP in IPA
Vox10°¢/ 89.12543912 | 89.77688789 | 90.35618018 | 90.95123274 | 91.52080825 | 92.24229757
(m?.mol")
Sy -7.30383 -7.4117 -7.45113 -7.43959 -7.39109 -7.52549
Benzene+(1/100) mol.kg™! PP in IPA
V¢X10'6/
(m?.mol") 97.51984 98.10345 98.66624 99.29693 99.77123 100.4122
Sy -7.03748 -7.06457 -7.0401 -7.08461 -6.98459 -7.00802

The K, s statistics are included in Table-8 and are shown in Figs.-11 and 12.

Table-8: (Ky,s) of a Ternary System (Benzene +BP/ PP+ IPA) at Different Temperatures and Atmospheric Pressure,

p=0.1 MPa.
*m(mol.kg™") Ko x10°%/(m?.mol! GPa™')
25c | 30°c | 35C ] 40°C | 45°C 50°C
Benzene+(1/100) mol.kg™! BP in IPA
0.00000 9.236787 9.658625 10.09624 10.57347 11.05823 11.59467
0.11325 9.140807 9.560468 9.988528 10.45578 10.93627 11.45848
0.223212 8.947304 9.36462 9.781112 10.26481 10.7449 11.28529
0.330032 8.657904 9.078424 9.515432 9.966477 10.44895 11.00873
0.433837 8.331716 8.727096 9.154735 9.633535 10.09542 10.65451
0.534756 7.989562 8.38866 8.797729 9.256587 9.722817 10.24698
0.632911 7.616752 7.982228 8.381764 8.830922 9.281336 9.824269
0.728406 7.248428 7.611709 7.99481 8.416255 8.837252 9.33944
0.821352 6.908591 7.261981 7.617206 8.016563 8.442357 8.891501
0.911856 6.524555 6.849516 7.216016 7.565371 7.98928 8.380876
1.00000 6.080151 6.377559 6.707613 7.036595 7.396864 7.806056
Benzene+(1/100) mol.kg™! PP in IPA
0.000000 9.449523 9.834847 10.27681 10.73454 11.22373 11.74743
0.112393 9.130566 9.517867 9.954022 10.43873 10.89584 11.41626
0.221733 8.815546 9.199699 9.655465 10.11543 10.5335 11.03244
0.328142 8.544655 8.909485 9.339211 9.806129 10.2248 10.73561
0.431737 8.245778 8.63632 9.040527 9.486214 9.947696 10.44922
0.532628 7.946351 8.298811 8.699598 9.130075 9.564894 10.05454
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0.630920 7.636347 7.9544 8.345181 8.757565 9.154778 9.641779
0.726711 7.308257 7.629456 8.004443 8.404141 8.807226 9.258625
0.820095 6.982472 7.295124 7.666901 8.04944 8.455821 8.873424
0.911163 6.572229 6.905272 7.244514 7.604839 8.014352 8.394856

1.00000 6.081297 6.378507 6.708584 7.037461 7.397719 7.806838
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Fig.-11: Variation of Apparent Molar Isentropic
Compression of Benzene + 0.01m of Butyl Paraben
in the Isopropanol Solution

Fig.-12: Variation of Apparent Molar Isentropic
Compression of Benzene + 0.01m of Pentyl Paraben
in the Isopropanol Solution

Table -9 shows K" and Sk values obtained using the least square befitting approach

Benzene possesses the chemical formula C¢Hs. In Benzene, every Carbon atom is attached to two other
Carbon atoms and one Hydrogen atom. The fourth bond electron pair from every Carbon atom is
delocalized, creating a delocalized electron cloud over and beneath the plane. Benzene is a hexagonal
ring having 120-degree bond angles between carbon atoms. In Benzene, all bond lengths are the same due
to the subsistence of the delocalized electron system. Benzene is dynamically stable, and its extra stability
is acknowledged as its delocalization energy. Owing to its amplified stability, Benzene does not readily
engage in addition reactions; rather, it involves addition reactions in situations where a hydrogen atom is
replaced by another atom or group. Alcohol molecules, because of their hydroxyl properties and the
presence of hydrogen bonds and water molecules when absorbed, Isopropanol is polar. Because hydroxyl
groups cause electrons to devote more time near the material's electronegative oxygen atom, any chemical
containing hydroxyl groups is polar. It can dissolve various polar and non-polar materials because of their
polarity. Isopropyl alcohol possesses hydroxyl groups, which are generated when an oxygen atom
attaches to a hydrogen atom in covalent bonding. Water molecules, which are also polar molecules, can
form hydrogen bonds with these groups. The hydroxyl group structure causes electrons to accumulate
near the oxygen atom, attracting more of these particles than the other atoms. This makes the compound
more polar. Butylparaben is made by esterifying 4-hydroxybenzoic acid with 1-butanol in sulfuric acid.
Butyl Paraben is a popular bacteria killer and fungicide, often used in cosmetics. Short-chained parabens
such as methyl and ethyl are more estrogenic than long-chained parabens such as butyl and pentyl. The
distinction is related to the lipophilicity of the former. When compared to methyl, ethyl, and propyl
parabens, butylparaben demonstrated the greatest competitive binding with rat estrogen receptors.

Table-9: Ka,s’, Sk of Benzene with Butyl/Pentyl Parabens in Isopropanol at a Variety of Temperatures
‘m(mol.kg™) 25°C 30 | 35 | 40 | 45°c | 50°C
Benzene+(1/100) mol.kg™! BP in IPA
K¢,SOX10'6/
(m3.mol ") 95.7256 100.15 104.658 109.712 114.736 120.491
Skx 107 -3.249 -3.36922 -3.46836 -3.6071 -3.7099 -3.8484
Benzene+(1/100) mol.kg™! PP in IPA
Kos"x107%/ 95.6335 99.6169 104.215 109.144 113.834 119.259
(m*.mol™")
Six 107 -3.23398 -3.32756 -3.447 -3.58574 -3.67367 -3.80963
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CONCLUSION

The experimental results provide the existence of molecular interactions between the solute and solvent.
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