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Abstract
The study of molecular interactions and the variations in these interactions due to

structural changes has been carried out by numerous experimental techniques such as
Infrared, Nuclear Magnetic Resonance and Raman Spectra and Dielectric property
measurement. The three binary mixtures chosen for the investigation of molecular
interactions of are 1,2 Dichloroethane as a basic solvent which was mixed with cresols
such as o-cresol, m-cresol and p-cresol .Ultrasonic sound velocity(u), density(p) and
viscosity(ny) were measured experimentally at four different temperatures namely
303k,308k,313k,318k and at different compositions of 1,2-dichloroethane. The physical
properties such as molar volume adiabatic compressibility, mean free length, acoustic
impedance Rao’s constant and free volume are calculated using these experimental values.
The results obtained are utilised to analyse the interactions between the component
molecules.
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Introduction

Introduction

The study of molecular interactions and
the variations in these interactions due to
structural changes has been carried out
by numerous experimental techniques
such as Infrared [1], Nuclear Magnetic
Resonance [2] and Raman Spectra [3] and
Dielectric property measurement[4]|.The
thorough understanding of the nature of
intermolecular method. The successful
use of acoustical methods to the
physicochemical investigation of solutions
has become possible after the
development of adequate theoretical
approaches and methods for precise
ultrasonic velocity measurements. The author has wused antonpaar to
Lagemann and Dunbar [5] pointed out the measure the velocities and viscosity of the
sound velocity approach for the liquid and liquid mixtures. Comparing the

properties of the mixtures have received
much attention.

Experimental Details

By wusing jobs method of continuous
variation, we have to prepare the mixture
of required portion with the help of two
separate burettes. The mixed proportions
of the liquids are stored in the conical
flasks and kept aside for nearly 24 hours.
They are allowed to attain the thermal
equilibrium.

qualitative estimation of interaction in
liquids. A parallel measurement of sound
velocity and density of solution agree one
to obtain information about their volume,
elastic properties and changes in their
properties. Composite formation in liquid
mixtures has been extensively studied by
ultrasonic methods by many workers. The
formation of hydrogen bond in liquid
mixtures and its effect on physical

relative merits of various techniques, the
antonpaar viscometer is a simple and
direct device to determine the ultrasonic
velocity in pure liquids and liquid
mixtures with high degree of accuracy. It
is known for its easy operation and
reliability
* Pulse excitation method (PEM): To
determine the density and sound
velocity using Antonpaar. The U-
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shaped glass tube is made to
oscillate to its stable state and gets
excited. After the excitations the
oscillations fades out freely. This
sequence of excitation and fade
out repeats continuously creating
the pulsing oscillation pattern

* Rolling ball principle: To determine
the viscosity of the liquid and
liquid mixtures wusing micro
capillary tube in which the gold
coated ball is inserted for free flow
of liquid within the tube.

Specification of Sound Velocity & Density
Meter (DSA 5000 M):
Density range is
:0-3gm./cm3
Sound Velocity
: 1000 m/s to 2000 m/s
Measuring range of temperature
: 0-100°C
Pressure range
: 0-8 bar

Measuring time per sample
:1to 4 min
Sample volume
: approx. 3.5 ml

Before starting measurement with the
instrument, make it sure of primary
connections and settings as given in the
manual. The measuring cell and syringe
must be clean and dry. Then prepare the
instrument for measurement, following
the instructions on the screen. Following
the instruction on the touch screen make
the instrument necessary measurements.
After measuring the process is completed
we will get the display message ‘Finish’ on
the screen and shows “Master Condition”
output is “Valid”.

After recording data measuring cells must
be cleaned as directed in the manual and
make them dry for the next measurement.
We have taken the data of density, kinetic
viscosity and the speed of sound
parameters of pure, binary and ternary
mixtures of liquid of study.

From the measured values of ultrasonic
velocity (U), density (p) and viscosity (n).
The Adiabatic Compressibility (Bad),
Internal Molecular Free Length (L),
Acoustical Impedance (Z), Molar Volume
(Vm), Rao’s Constant (R), Wada’s constant
(W), Viscosity (n), internal pressure (m)

www.ijiemr.org

and free volume(Vf) were calculated by
using the following standard relations.

Theoretical Parameters:

Number Of Gram Molecules of The Two
Components:

If “vi” of a liquid of density(p:) and
molecular weight(M;) is mixed with “vy” of
liquid of density(p2) and molecular weight
(M2) then the number of gram molecules
of the first liquid(N:) present in this
mixture will be

v
N1=p1 1
My

and for the second liquid it will be
N, = P2V2
M,
MOLE FRACTION OF THE TWO LIQUIDS
(Xl, XQ)Z
The mole fraction of first liquid is
given by

N,

X, = ———
1" N, + N,

Mole fraction of second liquid is
given by
N

X,= —=>
27 N+ N,

Adiabatic Compressibility (8,4):

1
Baa = WN m?
INTERMOLECULAR FREE LENGTH (Lf):

1
Ly = KB,

Where “K” is the temperature dependent

constant known as Jacobson Constant.

The value of “K” calculated for working

temperatures of the experiment are given

as

Temperat | 303.1 | 308.1 | 313.1 | 318.1
ure (K) S S S 5

Value of K | 627 | 631.5 | 636 | 640.5

Molar Volume (V):
V=% m3 mol-!

Impedance (Z):

The acoustic impedance (Z) of a material
is defined as the product of its density (p)
and acoustic velocity (u).

Z=upKgm=2sl
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Free Volume: Where ‘b’ is the packing factor (b = 2), “k”
_ % is a constant, and its value is 4.28 X 109
— [M X u] for all liquids, “R” is Universal Gas
! Kn Constant and “T” is absolute temperature
Where “K” is constant and its value is Enthalpy (H):
4.28 X 109 for all liquids. Enthalpy is determined by using
the relation
Rao’s Constant or Molar Sound H = niVm Jmol!
Velocity(R):
Rao’s constant is calculated by Where 1 is the internal pressure and Vi,
using the formula is the molar volume of the liquid solution.
1
R=Vnus3

Gibbs Free Energy for Activation
Flow(AG)

The relaxation time is related to the
activation free energy for a given
transition. The variation of relaxation time
with temperature can be expressed in the
form of Eyring salt process theory and the

Wada’s Constant (W):

Wada derived a relation between adiabatic
compressibility (Baa ) and molar volume
(V) of liquids.Wada’s constant of the
solution is calculated by wusing the

formula of Eyrin
W=V (Baa)l/7 equation is given as
2.3.5.8.
Internal pressure AG= RT In[nV,,]
m=bRT
(2 l11/2 p2/3 Where “R” is universal Gas constant
[7] [W] Nm- 8.31432 X 107 JK'1, and “T” is Absolute
Temperature
Table 1 (a)

Binary Liquid Mixture — I: 1,2-Dichloroethane +M- Cresol at Temperature 303 K, 308
K,313K 318 K and Density, UltrasonicVelocity, Viscosity and some related acoustic

parameters
Molefraction [ Density | Velocity | Viscosity | B x| Vg I| R x 107 | W x10% Ly x| vix 10
of p u n x 10 | 1012 10-= ® m?* maol? 101 7
1,2-DCE Kgm= met = kgt méfmol- | m%% g | (N/msl/7 | m
Mz/m3 m =2 L 1/2 mol- m*/mol-
1 1
303 K

0.0000 1028.24 | 1467.80 9.378| 4.5141 104.8714 5.5477 8.4797 4.4086 0.0806
0.2081 1062.84 | 1396.51( 7.423| 4.8244 99.6845| 5.1853 7.9823 4.5576 0.1405
0.2965 1096.18 | 1335.60( 5.712| 5.1140 95.1412| 4.8727 7.5502 4.6924 0.2261
0.5679 1131.24 | 128484 4.225| 5.3342 90.9304 | 4.3909 7.1588 4,8016 0.3440
0.7244 1163.93 | 1241.63( 2.947| 5.5729 87.1895| 4.3497 6.8215 4.8984 0.5247
0.8679 1199.83 | 1207.61( 1.785| 5.7151 83.4815| 4.1263 6.5079 4.9605 0.7474
1.0000 1236.67 | 1175.05( 0.830( 5.8564 80.0132| 3.91%0 6.2158 3.0215 0.9912

308 K
0.0000 102210 1454.20( 8.443| 4.6265 1054725 5.5637 8.5007 4.5062 0.1506
0.2081 1057.15 | 1380.34 ( 6.488| 4.9632 100.287] 5.1933 7.9928 4.6673 0.2317
0.3965 1091.19 | 1319.80( 4.799| 5.2663 95.6785| 4.8748 7.3330 48077 0.3376
0.5679 1126.03 | 1267.94( 3.421| 5.5239 91.4010| 4.5918 7.1600 4,9239 0.4925
0.7244 1157.85 | 122424 2.347| 5.7625 87.6470| 4.3520 6.8246 5.0291 0.7052
0.8679 1193.52 | 118%.16( 1.425| 5.9230 83.9227 | 4.1269 6.5087 5.0995 0.3512
1.0000 122951 | 1157.24( 0.772| 6.0732 80.6712| 3.9218 6.2196 5.1629 1.2032

313K
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0.0000 1014.12( 1420.92| 6.582 4.8539| 106.6343 5.5644 8.5016 4.7182 0.3136
0.2081 1048.16 | 1343.47| 4.627 5.2467 | 101.352( 5.15973 7.9931 4.8303 0.4232
0.3965 1081.18 ( 1286.46| 2.158 5.5880 | 96.6573| 4.87%4 7.5392 2.0472 0.5856
0.5679 1114.89 ( 1232.74| 1.984 5.9023 | 92.3230| 4.5548 7.1641 5.1869 0.8054
0.7244 1145.90 ( 1189.32| 1.224 6.1635 | &8.5673| 4.3555 6.8294 3.3030 1.0712
0.8679 1180.04 | 1152.97| 0.723 6.3748 | 84,8832 4.1314 6.5149 2.3905 1.3556
1.0000 1214.70 | 1117.47| 0.698 6.5926 | 81.4604| 3.9236 6.2221 3.4818 1.6312

Table 1(b)
Binary Liquid Mixture — I: 1,2-Dichloroethane + M - Cresol at Temperature 303K, 308 K,313
K,318 K Some related acoustic parameter

Mole mi x 100 Hx10? [AGx10 [Zx10% [ rx10- o (w/iT) X
fraction of | Nom- Jmeoll |20 Kg.m"—s‘ 12 _‘ip.m'l x1014 103
1.2-DCE 2 EJmell |1 sec Npmls
2
303 K

0.0000 0066741 1196683 0.1145| 13092 56444 3122144 | 803199 | 0.0000
0.2081 9213874 1082744 0.1139| 14842 47748 2701826 | 363975 | -0.0009
03963 8473256 9639013 0.1130| 1.4640| 38948 | 2304385 | 392031 | -0.0163

0.3679 7726246 838307 | 01120 14307| 30165 185335251 26.7021 0.0193
0.7244 6802654 707303 01110 1.4386| 2.1893 | 1393633 17.2942 | 00137
08679 3973214 3537533 01096 1.4283| 136021 89.00341 09347 -0.0084

1.0000 4743865 379732 01080 14197 06431 4358461 | 43363 0.0000

308 K

0.0000 9276342 1065214 01138 14863 32082 2876451 699003 0.0000
0.2081 2456402 833244 | 01131 14394 42935 2457366 473348 00089
03963 7632147 845122 0.1142| 14394 33697 | 201.8379 316629 00152
0.3679 6922143 725402 01133 14257 25196 157.0308 206831 00186
0.7244 6193371 606782 | 01122 14126| 13032 1163962 13133y -0.0146
08679 3475471 406712 | 0.1109| 14027 1.1237| 748070 73332 00074
1.0000 467.0084 375844 01094 13044 06231 4216867 38746 | 0.0000
313 K

0.0000 2362410 033113 01170 14623 47321 2622148 600134 ( 00000
02081 T66.3721 226215 0.1164( 14376 3.7941( 21935344 | 394304 -0.0079
03965 6332014 713214 | 01155 14150 28627 1736439 250370 00141

03679 611.1321 602145 0.1146( 13993 20689 1309009 153831 00176
0.7244 5472456 512445 0.1133( 13867 14174 928093 05168 00133
0.3679 408.1457 433141 01123 13734| 08003 60.7504 35174 -0.0066
1.0000 4722104 374102 0.1108( 13634 06267 433760 35065 0.0000

318K
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Q.0000
02081
03965
05679
0.7244
02679
1.0000

TER3693
6923154
6106702
3353820
4776712
4426841
460.3325

784245 011853 14409
621871 01178 141

384021 01170 13908
490251 01160 13743 1356
410244 01149 13601
364612 01137 13481
372372 01122 135

42861 2383623
34| 32368 | 18068190
23532 1445430

1.0068 | 668985
0.6145 | 421177
22| 06135 433867

13| 1000859

304398
313234
19.1477
109145
62150
3.4443
3.1163

0.0000

-0.0069
00129
00166
-0.0124
-0.0058
0.0000

Table 2(a)
Binary Liquid Mixture — I: 1,2-Dichloroethene + O - Cresol at Temperature 303 and 308 K
and Density, UltrasonicVelocity, Viscosity and some related acoustic parameters

www.ijiemr.org

Molefraction | Density | Velocity | Viscosity | B x| Vox 10| Rx10% | wx10® | L x| Vyx107

of p U n x10 [ 10 |3 m**3 5| mimol? | 10

1,2-DCE Kgm ms* 3 kgt | m¥mol | YE.mal | (N/m?)¥7 | m m*/mal

Ns/m? m 52 1 1 1

303 K
0.0000 1036.93 1490.06 6322 43433 1042883 55288 24530 | 43245 0.0806
02067 1069.05 1418.03 3123 46319 003776 | 5.1822 TOTE3 44754 0.1403
03945 | 110105 | 133595 | 3912| 49357 | 094.8445| 438725 3302 | 4.6099 0.2261
03638 113627 120892 2914 32161 005044 | 435880 7.1332 | 47390 035440
07227 116910 125246 | 2.067| 54328 26.8171| 43437 6.8135 | 4.8433 03247
0.2660 1201.50 121313 1345 36333 233720 41272 6.3002 | 40345 0.7474
1.0000 123667 117303 0830 58364 800132 | 309190 62138 30213 09912

308 K

0.0000 103256 147286 | 3337| 44263 104.7209 355308 24397 44363 0.1506
02067 106427 140089 | 4.138| 43340 008262 | 51845 TO834 45840 02317
03043 109672 133880 | 3.128| 47252 0534535 4.8752 7.53572 47252 03376
0.363% 1130.55 128124 | 2310| 4.8630 0105339 | 45904 7.1603 48630 04925
07227 | 116306 | 123432 13597| 49768 | 872705| 43452 | 68187 | 49768 | 0.7052
08669 | 119498 | 119428 | 1085| 50745 | $3.8202| 41282 | 65125 | 50745 | 08512
10000 | 122951 | 115556 | 0.772| 51704 | 8206712 39190 | 62196 | 51704 | 12032
0.0000 1028.16 145561 4462 45314 105387 335324 24307 [ 43314 022635
02067 1050 46 138370 3234 | 46939 1003537 51262 TOB34 | 46930 03275
03945 | qpojag | 132147 2314 48444 | 960123 | 48767 | 73572 | 4.8444 04529
0.3638 112481 1263.53 1680 49909 016713 | 435915 7.1603 49909 0.6404
0.7227 1156.81 121632 1185 511247 870742 | 43468 68187 3.1124 0.8806
08669 | 11g821| 117560 | 08262| 52192 | 243824 41303 | 65125 | 52192 1.1400
1.0000 122212 113631 0742 353232 813458 | 30218 62196 33232 14162
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Table 2 (b)
Binary Liquid Mixture — I: 1,2-Dichloroethene + O - Cresol at Temperature 303 K, 308 K,
313 K,318 K Some related acoustic parameter

Mole mi x 108 Hx10® [AGx10 [ Zx10% [ rx 10 ] (o) JILX
fraction of | Nm- Jmell |20 Kgm!s | 12 Npm? | x1oM4 107
12-DCE 2 KJmoll |! sec Npmls
1
303 K
H
0.0000 0966741 QR7729 | 0.1144( 135450 37773 2003171 | 3B0358 | 0.0000
02067 0213874 00803 | 01137 15159 31773 1770712 | 411335 | -0.0099

03943 2473256 TOOZB0 | 01129( 14941 25744 1300320 | 283080 | 00163
0.5658 7633337 691338 01121 14739 20266| 1232032 19.1133 0.0195
07227 6783326 388000 01109 14642 13027 948146 12,3035 | 00137
0.2660 3740586 4793530 01096 14575 10141 e6.0624 7.5005 00084
1.0000 474 5863 379732 01080 145331 06481 435846 43863 0.0000

308 K

0.0000 0196741 916306 | 01157 15208 31887 171.0802 4653321 0.0000
0.2067 2436402 222050 01150 14909 26343 1407264 320454 00089
03043 TEDET16 724168 01142 14682 21223 1252681 216903 00152
0.3658 693.2301 63.1227 | 01133 14483 16593 1023549 144680 00186

07227 6083917 330046 | 01122 14333 12019 769303 0.2004 00146

0.8660 3271225 441882 01109 14271 0.8487 56.1601 58173 0.0074

1.0000 4673477 376117 01094 14207 0.6269 428731 3.8578 0.0000
313K

0.0000 &30.7017 251671 01170 14963| 27309 | 1422538 | 372686 | 0.0000
02087 T60.1023 748471 01164 14639 215388 1221476 | 240372 | -0.0079
03945 6806741 63.1421 | 01133 14423 16187 | 96.7931 153521 00141
05638 6146670 360282 01146 14212 12473 730102 100406 | 00176
07227 5412203 460877 01135 14070 09232 300778 64074 00133
02669 4822801 404329 01123 1396%| 0699% | 47.04490 43832 -0.0066
1.0000 4676144 374102 01108 13889 06267 | 433760 3.3063 0.0000

318K

0.0000 TER3693 TE4245 01185 | 1472 219 1204352 | 270497 0.0000
02067 6023154 68,1871 01178 | 1441 13734 911027 164931 -0.0069
03943 6106702 384021 01170 1416 11318 | 623888 004707 | 00129
05638 3353820 490251 01160 | 1394 08322| 327916 6.17716 | -0.0166
07227 4776712 41.0244 01149 | 1378 06332 417734 408325 00124
0.8660 4426841 364612 01137 | 1366 0.3674| 387368 3324322 000538
1.0000 460.3325 372572 01122 1337) 06133 | 433%67 311637 | 0.0000

[
L4

5

Table 3(a)
Binary Liquid Mixture — I: 1,2-Dichloroethene + P - Cresol at Temperature 303 and 308 K
and Density, Ultrasonic Velocity, Viscosity and some related acoustic parameters

Volume 12 Issue 02, Feb 2023 ISSN 2456 - 5083 Page: 449



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal

www.ijiemr.org

Maolefraction | Density | Velocity | Viscosity | B x| Vo x 10| Rx 103 [ Wx10® | L x| Vyx 107
of p U n =10 | 10 |7 m*%3 g | mi.mol? | 10
1,2-DCE Kgm™3 ms? 3 kgt | m¥/mol | YSimol | (N/m3)Y | m m?/mal
Ms,/m? m s

303 K
0.0000 | 102642 | 147336| 7275| 448682 1053467 55642 | 835013 | 43952 | 0.0957
02084 | 106263 | 139753 | 6.006| 48183 | 0999562 | 51871 | 79846 | 4.5547 | 0.1158
03969 | 100705 | 133536| 4912| 51118 | 952424 | 48681 | 7.5440 | 4.6914 | 0.1592
05683 | 113280 | 1281.75| 3841 53732 | 00.8480| 45805 | 7.1448 | 48099 | 02224

5766 R6.9596 | 43339 6.8028 49001 03090
72386 | 833504 41177 6.4963 49643 041112
8564 | g00132| 39100 | 62158 | 30213 | 035302

0.7247 116604 123062 2827
0.2681 120168 | 120576 1.826
1.0000 123667 | 1175303 | 0830
308 K

Lh LA Lh LA

00000 | 192254 | 145781 6289 46016 1057464 355654 | 235028 | 44941 | 01352
02084 | q1psg2z| 138149 | 5124 49514 1003751 5.1889 | 79869 | 4.6617 | 0.1703
03960 | q1go2q1| 132256 | 4097 52636 | 056773 | 48702 | 75460 | 4.8064 | 02282
0.5683 | 112727 | 126491 3.121| 554437| 012977| 45820 | 7.1481 | 49329 | 03041
07247 | 116082 | 122236 | 2328| 376340 | B74212| 43386 6.8063 5.0303 0.4045
0.8681 110516 | 118725 | 13538| 350330 238069 | 4.1190 | 64980 5.1042 | 03271

10000 | 122051 | 115556 | 0772| 60909 | 804792| 39199 | 621707 | 1704 | 0.6382

313K
00000 | 101864| 144212 52359] 47203 | 106.1513| 55666 | 85043 | 45931 | 0.1822
02084 | 105378 | 13655 | 4.181| 50894 | 1008018 | 51907 | 79894 | 47713 | 02306
03960 | 1087.14| 130261 3278| 54210 | 961192 | 48724 | 75498 | 49243 | 03046
05683 | 1121.73| 12481 | 2475 57228 |091.7530 | 45853 | 7.1513 | 5.0596 | 04022
07247 | 115470| 120466 1825| 39676 | 878881 | 43406 | 68092 | 5.1666 | 05189
0g6s1 | 118840| 116925| 1222| 61549 | 842856 | 4.1215 | 65014 | 52471 | 0.6436
L0000 | 122212| 113651| 0742] 63348 | 209658 | 39218 | 62196 | 53232 | 07856
318 K

00000 | 101472| 142634 4231| 48426 | 1065614 55679 | 85061 | 4.6983 | 02313
02084 | 104931 | 1349.64| 3301| 523191 | 1012344 | 51927 | 79921 | 48834 | 02943
03960 | 108214 128641 2488| 353841 | 965678 | 48748 | 75530 | 50451 | 03853
05683 | 1116.15| 123131 1.863| 359093 |0922163 | 45877 | 7.1546 | 51900 | 05071
07247 | 114864 | 11874 | 1347| 6.1747 | 883553 | 43427 | 68121 | 53052 | 06341
0ges1 | 118163 | 115121 0944| 63857 | 847705 | 41237 | 65045 | 53951 | 0.7752
L0000 | 121470| 111747| 0698| 635926 | 814604 | 39236 | 62221 | 54818 | 09202

Table 3 (b)
Binary Liquid Mixture — I: 1,2-Dichloroethene + P - Cresol at Temperature 303 K, 308 K,
313 K,318 K Some related acoustic parameter
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Mole mix 108 Hx10? [AGx10 [ Zx10f | rx 10 i (o7} X
fraction of | Nm Jmel?! | X0 Kgmls | 12 Npm?! | xlol4 10~
12DCE |? KJmoll |1 sec Npmls
2
303 K

0.0000 10084782 1063211 01149 15124 43322 2333900 | 629331 0.0000
02084 0813546 020025 01143 14830 39163 | 2214407 | 4657123 0.0197
03969 Q383565 2903714 01139 14649| 33479 1981132 | 337083 | -00514
0.3683 276.8701 703104 01132 145319 27352 1603844 ( 236022 | -0.0347
0.7247 T96.6066 692726 01123 14465 2.1020| 1339932 16.5322 | -0.027%8
0.8681 672.1206 36.0223 ) 01112 14489 130833 | 913287 10.1318 | 00148
1.0000 474 5863 379732 01101 14331 06431 435846 43865 0.0000

308 K
0.0000 | 9469960 | 1001414 0.1164| 14906| 3.8586| 209.1589 | 3524786 | 0.0000
02084 | 9172774 | 920723 | 0.1159| 14619 33828 | 1934941 | 37.6570 | -0.0188
03969 | 873.8456 | 83.6072| 0.1153| 14404| 28753 | 1722671 | 27.0411| -0.0305
05683 | 809.6384 | 7391gy| 0.1143| 14258 23072| 1431395 | 187530 | -0.0339
07247 | 7373623 | ., .. | 01135 14139 17896| 1156907 | 13.0005 | -0.0271
08681 | 6205015 | ., | 0.1123| 14189| 12172| 810180 | 81026 | -0.0138
1.0000 | 4673477 ;:-.51 g7| 01112 14207| 06269| 428731 | 3.8578 | 0.0000
313 K

0.0000 | 8825565 | 93.6845| 0.1178| 14600| 33099 | 1813661 | 423200 | 0.0000

Lk

02084 34453419 831315 01172 14389 28371 1641848 ( 205476 00179
03969 7968153 765892 | 01163 14161 23693 ( 1437333 ( 207470 -0.0297

0.3683 7331306 674323 01156 14000( 18885 1193684 142177 | 00330
0.7247 6639287 385272 01143 13910 145321 932329 §.7038 00262
0.8681 3724926 2529 011353 13893 10028 67.7742 6.1146 -0.0134

e
S = <]

1.0000 4676144 78608 | 01121 13889 06267 435760 5.5063 0.0000

318K
0.0000 306.3357 859477 01190 1447 27319 1313292 | 323201 0.0000
02084 T64.6689 774108 | 01183 1416 23027 1348235 | 224205 -0.01e8
03969 7074845 683202 01174 13921 1.8324| 1137906 15.0969 | -0.0287
03683 630.5489 3900012 0116538 | 1374 14694 043044 102357 -0.0320
0.7247 3833771 515445 01134 1363 1.1089 | 738024 683227 -0.0250
0.8681 35132278 43350653 01142 1360] 0.8037| 351702 44826 0.0124
1.0000 462 8056 377005 01131 1357] 06133 | 433867 3.1163 0.0000

Volume 12 Issue 02, Feb 2023 ISSN 2456 - 5083 Page: 451



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal

303.15 308.15 —8—31315 —=—31813
3“8 T T T
1] 05 1
Molefraction of 1,2- Dichloroethane

_ =—4—303.15 308.15 —e—313.15 —=—318.15

EO T T T T 1
o 0.2 0.4 0.6 0.3 1
Molefraction of 1,2- Dichloroethane

Fig 3.1.9 Variation of Intermolecular free length with
Mole fraction of 1.2 — Dichloroethane.

Fig 3.1.11 Variation of Molar volume with mole
fraction of 1.2 - Dichloroethane.
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Results and Discussions
Ultrasonic velocity(u), viscosity(y) and

density(p) were measured at a fixed
frequency of 2MHz for the whole
composition of 1,2 Dichloroethane at four
different temperatures,
303.15k,308.15k,303.15k and 318.15k,
are given in tables (3.1(a).3.2(a),3.3(a))
.The other physical properties such as
molar volume, adiabatic compressibility,
mean free length, free volume , acoustic
impedance, Rao’s constant are calculated
with the experimental data.

The variation of sound velocity with mole
fraction of 1,2Dichloroethane at four
different temperatures is shown in
Fig(3.1.1,3.2.1,3.3.1). The sound velocity
decreases as the mole fraction of 1,2
Dichloroethane increases. The similar
trends are observed for the system at all
the four temperature Density (p) is the
measure of solvent- solvent interactions.
Density increases with concentration
indicates the increase in solvent- solvent
and solvent- solute interactions whereas
decrease in density indicates the lesser
magnitude of interactions. The decrease
in viscosity values of mixture could be
explained by the strong electrostatic
interactions between the molecules[6].For
all the three mixtures the same trend is
observed.

The adiabatic compressibility increased
with increase in temperature. This leads
to structural reorientation of particles
which increases the compressibility[7].It
is observed that in all the mixtures the
molar volume decreases with increasing

www.ijiemr.org

—60—303.15 30815 —e—31315 =—=—318.13
553 4
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£45
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=35
=
= 3 T T T T 1
0 02 0.4 0.6 0.8 1
Molefraction of 1,2- Dichloroethane

the temperature and also with increase in
the temperature[8]. It is clear that the
interaction become weaker at higher
temperatures . The Rao’s constant ( R)
and Wada’s constant (W) for the three
systems at different temperatures are
presented in tables (
3.1(a),3.2(a),3.3(a)).The corresponding
plots of Rao’s constant vs. molefraction
and Wada’s constant vs. mole fraction are
given respectively in figures
(3.1.23,3.2.23,3.3.23,3.1.24,3.2.24,3.3.24
) for all the three mixtures. The space
between the molecules is decreasing with
the increase of temperature. This
behaviour of W and R, supports the
possibility of weak interactions between
the molecules of liquid mixture
components[9]. In the present study the
intermolecular free length (Lf) follows the
same trend as that of Adiabatic
Compressibility (BadThe free volume
values are calculated and presented in
tables(3.1(a),3.2(a),3.3(a) ) for the three
binary mixtures and the corresponding
plots of free volume vs. mole fraction are
given in fig(3.1.17,3.2.17,3.3.17). Thus
increase in the value of free volume (V{)
decreases the intermolecular distance,
making relatively less gap between the
molecules[10]

In the present study the internal pressure
values are decreased with an increase in
the temperature for all the three binary
mixtures and are presented in the tables
(3.1(b),3.2(b),3.3(b)). It can be concluded
that the decreasing trend suggests the
strong interactions among the molecules
of components of the system[11]. Gibb’s
free energy decreases with increase in

Volume 12 Issue 02, Feb 2023

ISSN 2456 - 5083 Page: 453



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal

www.ijiemr.org

concentration  which  confirms the
hydrogen bonding formation in binary
liquid mixtures [12].

The decreasing values of acoustic
impedance (2), decreases the
intermolecular distance, making relatively
less gap between the molecules.[13]

The relaxation time (1) values decrease
with increase of mole fraction of
1,2Dichloroethane. This may be account
for the decrease of dielectric constant of
the medium and change of intermolecular
and intramolecular interactions between
the molecules[14] .In the present study
,the absorption coefficient values decrease
with increase in the mole fraction of first
component in the three mixtures[15]. The
corresponding plots of  molecular
interaction vs. mole fraction of the first
component 1,2 Dichloroethane are given
in fig(3.1.27,3.2.27,3.3.27). The trend is
negative and negative values are
increased up to 0.6 molefraction of 1,2-
dichloroethane and then increases.

Conclusion

The ultrasonic velocity, density, viscosity
and other related parameters were
calculated. The existence of type of
molecular interactions in solute-solvent is
confirmed from the U, p, Pad, Lf, Z, Vm,
R, W, n, mmt and Vf data. All the
experimental determinations of acoustic
parameters are strongly correlated
between1,2 Dichloroethane and o cresol p
cresol and m cresol.
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