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ABSTRACT

We have used Khasare's formalism, to compute thlgmamnic behaviour of structurally related real Huinixtures
under consideration, in terms of, temperature vidoia within permissible limits for temperature fiquids. The
code developed in C is extensively used for thieatetomputations. The temperature is varied frod3.26 K to
318.16 K in equal steps of 5K. Effect of tempemttinange is studied for Geometric packing fracifiph and
reduced depth of potentiaB¢) for equal concentration of each liquid componantiixtures. Excess Helmoltz
Energy, Excess bulk energy, Excess adiabatic casimity. Ultrasonic wave velocities are  complitasing
Khasare EOS.

Keywords: Khasare's EOS, Depth of Potential, Space filtatgp, compressibility.

INTRODUCTION

Liquids have immense significance to physics, clsémiand chemical engineering. There are two v@Emg in
understanding the liquid properties: One proposegas like behaviour and second one a solid ldteabiour. The
properties are basically statistical in nature. Mainoticeable resemblance in liquids and gasetheg lack of
rigidity. Several features of liquids are showndwflection of rigid spheres. The approach to adeustanding of
liquid state is to realize molecular interactiomsanifesting itself through multiplicity of phenon®ersuch as
molecular association etc. Statistical thermodyicanié extensively used in study of liquids, as ri@dtynamic
properties of liquids reveal nature and strengtintefractions. The precise picture of active molecaggregates is
expressed in a generalized manner in well knowmntbdynamic relations. When two structurally relatieghids
are mixed in different proportions to form a mixuhomo and hetero molecular interactions takeeplaietero-
molecular interactions introduce new kind of couf@tion in a liquid. Space filling factom) throws light on
intermolecular geometry (micro geometry) and clugfeometry (macro geometry). In binary liquid s,
presence of the intermolecular interactions isemid through the excess parameters such as exdidsatic
compressibility and excess molar volume.

A number of workers presented theories[1-7] anda@qns of state (EOS) (Gibbons [8] and Boublik[®ercus-
Yevick[10-11], Carnahan-Starling (CS)[12], Barkeeitdlerson €t al) to comprehend the liquids and liquid
mixtures. The development in fundamental formalatdf Gibbs and Boltzmann, integral equations, ysbetion
theories, and computer simulations in statisticachanics provides key to further insight in permaptof
intermolecular forces.

Ultrasonic study is comprehensively used by largmiper of workers to grasp the molecular behaviduigaids.
Propagation of the ultrasonic waves in liquid migsidepends upon molecular geometry and on inteculzr
interactions. In a liquid, the space filling fac{g) changes with temperature and composition of theune. The
variation in the sound velocity for mixture reflethe variation ofr() . Thus change in ultrasonic wave velocity can
be related with the excess thermodynamic properties
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Recently B Sathyanarayanat (al)[13] determined the ultrasonic velocity and density floe mixtures of 1,2
dichloromethane, 1,1,2 trichloroethane, 1,1,2,Patétoloroethane, trichloroethane and tetrachlosoeghwith N-
methyllacetamide, over the entire range of compmsiat fixed temperature 308.15 K. and found thatximum
interactions are present at equal mole fractionosiponents in every system under study. Thermasdicostudy
of cobalt(lll) complexes in aqueous and binary agse media at the temperature 303.15K and 313.15K is
conducted by U N Dasét a[14] and concluded that the temperature has ditviaeffect on the compressibility.
V Kannappan and R Jaya Santth] conceded the study of dipole dipole-induceteriactions in binary liquid
mixtures of benzenen-hexane, carbon tetrachloride amexylene with Cyclohexane by ultrasonic velocity
measurements, to estimate experimental values wipssibility, free volumeetc and found that strength of
interaction depends on the polarisibilty of the ecolles of the components present in the mixtureRita Mehra
and Minakshi Pancholi[16] examined molecular inticms in mixtures of benzene-butanol and toluemigdol
systems from acoustic and thermodynamic parametersdifferent concentration and temperature ofabyn
mixtures of methanol and pyridine and found thatnsbspeed decreases with high mole fraction. Tloeedse in
the sound speed is attributed to sound polarizatigrolar alcohols originated by the addition ohrmolar benzene.
Study of molecular interactions and ultrasonic eloin mixture of some alkanols with aqueous piepg glycol
by D Sravana Kumar and D Krishna Rao[17] revedled non-ideal behaviour is predominant in low atka
concentration region is due to strong specificratéons. M Selvakumar and D Krishna B8] conducted study
of polymethyl methacrylate and polyetheleneglyadugons in Tetrahydrofuran using ultrasonic velms at 293K
and 313K to calculate Gibb's free energy and héatiging. Relative study of liquid models in theegliction of
excess thermodynamic properties of ternary systeroarried out by R K Shuklat al [19] and found that strength
of interaction between components is weakened lojtiad of third component. Ultrasonic study of recllar
interactions and compressibility behaviour of stium soaps in chloroform-propylene glycol mixture used to
envisage the ultrasonic velocity, intermoleculaeftength, adiabatic compressibility by M K Rawatl &angeeta
[20]. A K Srivastava and B K Gupf21] studied Temperature dependence of thermal resipidy and volume
thermal expansion making use of ultrasonic measemésnto use Singh and Gupta Equation for theotetica
predications. S R Kanherkat al[22] investigated thermodynamic properties ettblytes in aqueous solution of
glycine at different temperatures by measuringastinic velocity, density and viscosity and pregisthted result
as, increase in ultrasonic velocity depend upouctiral properties of Solutes. J Ishwara Bégal [23] studied
acoustic behaviour of citric acid in water, dimdtbgmide, dimetylsulphoxide at 303K and establishibet
compressibility decreases with increase in conaéntr which in turn indicates increase in ion-sokviateraction.
Robles and de Harf24] used CS as a reference system, Wu and Sadjsc¢hducted extensive comparative
studies of EOS for hard-sphere (HS) CompressibiMylero, Gulan and Cuadros [26] reviewed accuratihe
established EOS. Mustafa Vatandasal [27] conducted analytical study of ultrasonic g measurement for
determination of the type of alcohol. J. M. Resaal [28] studied influence of temperature on ultrasorelocity
measurement of ternary mixtures. Kalidessal [29-30] and Bhandakkaet al [31-32] have applied Khasare
EOS[33-34] to binary and ternary liquid mixtureslaestablished the aptness of the formulation. ReceKhasare
et a[35-36] have used extended scaled particle apprmaebtablish thermodynamic properties of liquids.

Here, efforts are made to develop general matheaiatutline based upon Khasare EOS (three paramnetiih
additive rules (Equ.7 and 9) to predict thermodyiegpnoperties of real binary liquid mixtures, fit§ experimental
data.

Khasare Equation of State for Real Fluid Mixtures

Khasare [34] used perturbation approach to deviglopulations for fluids using a strong repulsivetqrdial and a
weak attractive potential together, based uponeSicBhrticle Theory (SPT). To begin with, liquide aonsidered
as hard sphere (HS) liquids. They can be treatsthgsle three-dimensional ideal liquid systemssfidy.

Khasare formulation is applied to compute valuésthoee model parameters (1) hard sphere diametgr (
(2)reduced depth of potentigq) and (3)temperature variation of depth of pon{(8¢T)) Theses are used to
estimate theoretical values of Geometric packiagtfon (eta) , reduced depth of poten(@T), Excess Helmholtz
Energy, Excess bulk energy, Excess adiabatic cassjmiéty factor and ultrasonic wave velocity toedict the
behaviour of the real binary liquid mixtures. lalty values for (ﬂ,M—uz,m—Z“)
RT * yRT YR
(WhereP-pressurey-Volume, R- Universal gas constarft;Temperature in Kelving - Ultra sonic wave velocity,
M -Molecular Weight,y-specific heat ratiog -volume expansion coefficient) are calculated gare liquid from
experimental daf®) of 15 real binary systems for ultrasonic vele@sitand densities. From these values three model
parametersd, (BeT), (6(BeT)) are predicted for pure liquids using computerecddveloped in "C". These values
are further used in computation of model parameferdBeT), (6(BeT)) for liquid mixtures at different
temperatures. With the help of these model parasietéor the liquid mixtures, values for
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2 2
(%,%,M;‘Ra )quuid mixtures are computed. They are further usedredicting the thermodynamic parameters

of liquid mixtures at entire concentration and ermissible temperature range. The temperaturetiariased for
computation is 293.16 K to 313.16 K in equal stefisK.

Data for real 15 binary systems used are arrangéde groups as.

Group | Group Il
Methyl Cyclohexane + Cyclohexane Tetrahydrofura@yclohexane
Methyl Cyclohexane + Benzene TetrahydrofuranethyiCyclohexane
Methyl Cyclohexane + 1,4 Dioxane Tetrahydrofura@yclohexanol

Group Il Group IV
Tetrahydropyrrol + Cyclohexane 1,4 Dioxane +aleydrofuran
Tetrahydropyrrol + MethylCyclohexane 1,4 DioxanBenzene
Tetrahydropyrrol + Cyclohexanol 1,4 Dioxane -+l tetrachloride

Group V

Cyclohexanol + Carbon tetrachloride
Cyclohexanol + Benzene
Cyclohexanol + Methyl alcohol

For a fluid of hard sphere molecules each of diamat compressibility factor Z, is defined as

BP 1 pd?
p (KpT) 6

(1

whereP is pressure,p is density,K; T is Boltzman Constant arfd is temperature. The compressibility factor
based on Scaled Particle Theory is

(1+n+n*)

Zspr = - (2)

The factor(g) d? is the volume of hard sphere.

The precise picture of active molecular aggregateexpressed in a generalized manner in well known
thermodynamic relations. Theories such as freettetigeory Scaled particle theory are using singlpistable
parameters and depend upon geometry of molecukefarfas propagation of ultrasonic waves in ligmictture is
concerned it not only depends upon the molecutacttre, but also on intermolecular interactiontt&uch idea
Khasare[21, 22, and 23] introduced Equation ofeSfar real binary fluid mixture which is expressesi

PV 1 3 3fn? 7 +1 1-
PV _ b 3 pe(n +1og(1 —n)) -
RT (1-nm) (1-n2) (@1-n) no
1 3en 3fn
0, = + + 4
o T Gy ®
7Be(n + log(1 —n)
Op = (5)
n
Hence equation (3) can be rearranged as
ﬁ = Ga + 7366b (6)
The Khasare additive rules are
m o q
0@ = ) x B (3) ™)

i=1

Wherey(0,1),¥(0,2),1(0,3) signifies mean radius of curvature, surface anevalume of molecule respectively,
p=0,1;q=123andi=1l, m

_ ¥(0,1),1(0,2) _ ¥(0,2)3

Y(0,3) ¥(0,3)?

8)
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The additive rules for mixture are

P(1,3) + 391,29 (0,1) +3(¥(1,DyY(0,2))

(Be) = 75003 ©
Wheren = ¢(0,3)N,/V = Space filling ratio
N, is Avogadro’s Number
The related thermodynamic relations can be obtaased
Mu? 1 6e 9fn? 7B¢€
_ - n3+ fn4_ Ben (10)
YRT (1-m? (Q-n)2 @QA-m* A-mn
We define
1 6en 9fn?
6, = + + 11
Ta-wrta-p Ta-n an
And
0y = —1 (12)
T -m
So equation (10) takes the form
M 7peo 13
)/RT — Yc :36 d ( )

WhereM = is molecular weighty = ultrasonic velocityy = ratio of specific heat.

Computational Aspect

Experimental data for ultrasonic wave velocity Z8Hz) and density of liquids at fixed temperatuseaken from
literature. For pure liquids, we have e=f=1.0. Thenerical value of eta (a space filling ratio )mch liquid
component is found out by finding the root of thequation (14) by subroutine of the main compuiede
presented here. The theoretical computations aridaut by using computer code developed in Co@xulix).

Mu? _ s (% - 9a) 04 14
JRT O A (14)
mean radius of curvatur@), reduced depth of potential and its temperatiegendence worked out as
oN\3 3nv
(E) " 4nN, (15)
PV
(55 = %) 0
—Q. — T/
(Be) = 0. = =5 (16)
(15

As a result the temperature variation for depthaiential can be stated as
e(T) = (Be)KpT (18)

The general scheme for developing model paramétergven here for pure liquid which is further ustxt
determining the model parameters for liquid mixture

(—PV M —M”2“> [0, Be, 5 (BeT)] (19)
’ ’ —— |0, pE, € pure
RT'YRT'" R ) .

Model parameters for liquid mixture could be obéairby assuming values for pure liquids. They are a
[0, Be, 5(36T)]pu‘re —- [0, Be, §(BET) |mixture (20)

PV Mu? Mu’a
[0-' ﬁE:S(:BET)]mixture__) ﬁ:m' R . (21)
mixture
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Thus thermodynamic properties of liquid mixturesaited using above formulation. The values compiedeal
binary mixtures are presented in the subsequemtstabables 1.1 to 1.5 show effect of temperatuagation
on(n), (Be). In Tables 2.1 to 2.5 computed values of ExcesBnbléez Energy, Excess bulk Volume, Excess
adiabatic compressibility and Experimental, andcGlalted Ultrasonic Velocities are shown.

(n)=Geometric packing fractiorjfe) =Reduced depth of potentigh) =Density ; T =Temperature in Kelvin

GROUP |
Table 1.1.1
MethylCyclohexane + Cyclohexane
Temp(K) | () (Be) np (e/k)
293.16 0.5379 6.07 0.4130 1779.48
298.16 0.5338 5.96 0.4071 1777.03
303.16 0.5297 5.85 0.4048 1773.48
308.16 0.5255 5.74 0.3964 1768.83
313.16 0.5213 5.64 0.3911 1766.22
318.16 0.5171 5.54 0.3860 1762.60
Table 1.1.2
MethylCyclohexane + Benzene
Temp(K) | () Be) np (e/k)

293.16 0.5384 6.04 0.4352 1770.58
298.16 0.5344 5.93 0.4298 1768.76
303.16 0.5305 5.83 0.4248 1767.42
308.16 0.5264 5.73 0.4190 1765.Y5
313.16 0.5224 5.63 0.4137 1763.09
318.16 0.5183 5.53 0.4060 1759.42

Table 1.1.3
MethylCyclohexane+1,4 Dioxane
Temp(K) | () (Be) np (e/k)
293.16 0.5448 6.21 0.4339 1820.52
298.16 0.5409 6.10 0.4684 1818.f7
303.16 0.5370 6.00 0.4628 1818.D6
308.16 0.5331 5.89 0.4578 1815.06
313.16 0.5292 5.79 0.4514 1813.19
318.16 0.5252 5.69 0.4458 1810.83
GROUP I
Table 1.2.1
Tetrahydrofuran + Cyclohexane
Temp(K) | () (Be) np (e/k)
293.16 0.5307 5.85 0.4346 1714.62
298.16 0.5265 5.74 0.4288 1711.43
303.16 0.5223 5.64 0.4230 1709.82
308.16 0.5181 5.54 0.4171 1707.p0
313.16 0.5138 5.44 0.4114 1703.p9
318.16 0.5095 5.35 0.405% 1702.15

1296
Pelagia Research Library



M.S. Deshpande Adv. Appl. Sci. Res., 2012, 3(3):1292-1308

Table 1.2.2
Tetrahydrofuran + MethylCyclohexane
Temp(K) | () [Be) | mp (e/k)
293.16 | 05352 5.92 0.4352 1735.50
298.16 | 0.5312 5.81 0.4296 1732.30
303.16 | 0.5271 5.70 0.4239 1728.01
308.16 | 0.5230 5.61 0.4183 1728.7¢
313.16 | 0.5189 5.51 0.4127 1725.51
318.16 | 0.5147 5.42 0.4070 1724.42
Table 1.2.3
Tetrahydrofuran + Cyclohexanol
Temp(K) | (1) (Be) np (e/k)
293.16 | 0.5554 6.54 0.5106 1917.p6
298.16 | 0.5510 6.40 0.504F 1908.p2
303.16 | 0.5465 6.27 0.4978 1900.81
308.16 | 0.5420 6.14 0.4915 1892.44
313.16 | 0.5374 5.02 0.4815 1885.p2
318.16 | 0.5327 5.90 0.4788 1877.14
GROUP 1lI
Table 1.3.1
Tetrahydropyrrol + Cyclohexane
Temp(K) | () (Be) np (e/k)
293.16 0.5347 5.96 0.4315 1747.23
298.16 0.5307 5.86 0.4261 1747.21
303.16 0.5267 5.76 0.4155 1746.20
308.16 0.5227 5.66 0.4189 1744.18
313.16 0.5181 5.56 0.4092 1741.16
318.16 0.5145 5.47 0.4048 1740.33
Table 1.3.2
Tetrahydropyrrol + MethylCyclohexane
Temp(K)| () (Be) np (e/k)
293.16 0.5390 6.03 0.431Y 1767.5
298.16 0.5351 5.93 0.4264 1768.08
303.16 0.5312 5.83 0.4212 1767.42
308.16 0.5273 5.73 0.4160 1765.75
313.16 0.5233 5.63 0.4107Y 1763.09
318.16 0.5193 5.54 0.4055 1762.60

Table 1.3.3
Tetrahydropyrrol + Cyclohexanol

Temp(K) | (n) (Be) np (e/k)
293.16 | 0.5581] 6.64| 0.5045 194558
298.16 | 0.5538] 6.50| 0.494p 1938.04
303.16 | 05495 6.37| 0.492D 1931.12
308.16 | 0.5452] 6.24| 0.487D 1922.91
313.16 | 05408 6.12| 0.487B 1916.53
318.16 | 0.5363] 6.00| 0.474L 1908.96
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GROUP IV
Table 1.4.1

1, 4 Dioxane + Tetrahydrofuran

Temp(K) | () (Bg) np (e/K)
293.16 0.5376 6.07 0.516p 1779.48
298.16 0.5338 5.96| 0.509F 1777.p3
303.16 0.5299 5.86/ 0.503p 1776.51
308.16 0.5260 5.76| 0.497p 1775.p0
313.16 0.5221 5.67 0.490p 1775.p1
318.16 0.5181 5.57 0.4836 1772.15

Table 1.4.2
1,4 Dioxane + Benzene

Temp(K)| () (Be) np (e/k)
293.16 | 0.5419 6.19 0.541p 1814.66
298.16 | 0.5379 6.08 0.537p 181281
303.16 | 0.5338 5.97 0.5338 1809.86
308.16 | 0.5297 5.86 0.529F7 1805.81
313.16 | 0.5256 5.76 0.5236 1803.80
318.16 | 0.5214 5.65 0.5214 1800.78

Table 1.4.3
1,4 Dioxane + Carbon tetrachloride

Temp(K)| () (Be) np (e/k)
293.16 | 0.5409 6.16 0.540Pp 1805.86
298.16 | 0.5371 6.05 0.537L 1803.86
303.16 | 0.5333 5.95 0.5338 1803.80
308.16 | 0.5294 5.85 0.5294 1802.73
313.16 | 0.5255 5.75 0.525p 1800.567
318.16 | 0.5216 5.65 0.521p 1797.60

GROUP V
Table 1.5.1
Cyclohexanol + Carbon Tetrachloride

Temp(K)| () (Be) np (e/k)
293.16 | 0.5199 5.33 0.519p 1562.54
298.16 | 0.5163 5.25 0.5168 1565.34
303.16 | 0.5126 5.17 0.5126 1567.83
308.16 | 0.5088 5.09 0.5088 1568.53
313.16 | 0.5051 5.01 0.505[L 1568.93
318.16 | 0.5013 4.90 0.5013 1558.98

Table 1.5.2
Cyclohexanol + Benzene

Temp(K)| () (Be) np (e/k)
293.16 | 0.5572 6.62 0.686p 19401
298.16 | 0.5528 6.49 0.501p 1935.05
303.16 | 0.5485 6.36 0.4958 1928.09
308.16 | 0.5411 6.23 0.8699p 1910.83
313.16 | 0.5396 6.10 0.4834 1910p1
318.16 | 0.5350 5.98 0.477p  1902.69
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Table 1.5.3
Cyclohexanol + Methyl alcohol
Temp(K) | () (Be) np (e/k)
293.16 0.5486 5.86 0.502p 1717.01
298.16 0.5441 5.76 0.496p 1717.40
303.16 05395 5.65 0.4898 1712.85
308.16 0.5349 5.53 0.483p 1704.02
313.16 0.5302 5.42 0.4771 1697.32
318.16 0.5254 5.32 0.470F 1692.p1
Group | Group I
Methyloyclohexane as Salvent Tetrahydrofuran as solvent
18307 1an . 19507 C-Cyclohexzno
£ 18204 '___'_’_‘“““-———-ﬂ_ﬁ_ =
2 g0} g 19007 ‘Ehﬂ'h_h'““*'—h-.ﬂhu_
= =
= 1800+ I = 18504
E 17307 T B-MethylCyclohexane
T 1730l T 1800+
S 17704 £ &Cyclohexans
2 17501 wCyclonsizns
o 170+ B-Benzens few] ey & . .
1750 i . . = SN

290 295 300 305 310 315 320
Temperature in Kelvin

700 ———
290 295 300 305 310 314 320

Temperature in Kelin

Binding energy in kelvin

Group il

Tetrahydropyrrol as solvent
19507
19001
18501
18001

1750+

. -
A-Cwrlohexane
-Cyclohexane

1700 ' ' ' } } ]
290 295 300 305 310 315 320

Temperature in kelvin

Group IV

1.4 Dioxane as solvent
1820+
18101
1800+
1750+
17801

Binding enenrgy in kely

770 t t t t t |
290 295 300 305 310 315 320

Temperature in kelvin
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Group V
Cyclohexanol as salvent
20001 B-Benzane
= 1900+
=
Py 18001 C- Methylalchoho
o
s 1wy vt r—e—a
E" A-Carbon tetrachlorids
= 1600+
E e —F—F——
(vl
1500

290 295 300 305 310 315 320
Temperature in kelvin

Tables for Excess Helmoltz Energy §A Excess bulk Volume (8§, Excess adiabatic compressibility 57
Experimental (k) and Calculated () Ultrasonic Velocity

GROUP |
Table 2.1.1
MethylCyclohexane + Cyclohexane

Temp | (AY) | (V) | @) | (Uex) | (Uea)

K 10° 10° | 10° m/s | mls
293.16| 6.2 7.2 85] 1245 1250
298.16] 81| -7.2 8.1] 1228 1228
303.16] 10 7.2 7.6] 1202 1206
308.16] 12 7.2 71| 1181 1184
313.16| 14 7.3 6.2 1159 1162
318.16| 16 7.4 59| 1138 1140

Table 2.1.2
MethylCyclohexane + Benzene

Temp | (A% | (V) | (@) | (Uex) | (Ucad

K 10° | 10° 10° mis | m/s
293.16| -2.3 -4.3 6.3 1246 1268
298.16| -2.4 -4.4 6.3 1224 1247
303.16| -2.4 -4.4 6.4 1202 1226
308.16| -2.5 -4.4 6.4 118p0 1204
313.16 -2.6 -4.4 6.5 115P 1153
318.16 -2.6 -4.4 6.5 113f7 1162
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Table 2.1.3
MethylCyclohexane + 1,4 Dioxane
Temp | (A% | (V) | @) | (Uop) | (Uca)

K 10° | 10° | 10° | m/s | m/s
293.16| -8.3 -1.6 -1.7) 1239 1288
298.16| -8.6 -1.6 -2.2) 1218 1265
303.16| -9.0 -1.7 -2.4 1197 1244
308.16| -9.1 -1.7 -3.0 1176 1224
313.16| -9.2 -1.8 -3.1] 1156 1103
318.16| -9.3 -1.8 -3.5 1134 1182

GROUP I
Table 2.2.1
Tetrahydrofuran + Cyclohexane
Temp | (A9 | (V) [ (@) | e | (Uea)

K 10° | 10° | 10° | m/s | m/s
293.16| -9.2 -2.4 4.1 1267 1285
298.16| -9.7 -2.4 4.2 1244 1262
303.16| -9.0 -2.4 4.2 1121 1239
308.16| -10 -2.4 4.0 1198 1216
313.16| -11 -2.4 4.1 117% 1193
318.16| -12 -2.4 4.4 1152 1170

Table 2.2.2
Tetrahydrofuran + MethylCyclohexane
Temp | (A% | (V) | @) | (Ueop) | (ca)

K 10° | 10° | 10° | m/s | m/s
293.16| -1.2 -5.6 9.1 124y 1263
298.16| -1.3 -5.5 9.1 1226 1242
303.16| -1.3 -54 9.2 1206 1220
308.16| -1.3 -5.3 9.2 1186 1298
313.16| -1.4 -5.2 9.3 1166 1277
318.16| -1.3 -5.1 9.1 1146 1155

Table 2.2.3
Tetrahydrofuran + Cyclohexano
Temp | (A9 | (V) [ (@) | e | (Uea)

K 10° | 10° | 10° | m/s | m/s
293.16| 8.9 -3.6 -6.9 1387 1434
298.16| 8.6 -3.5 -6.7| 1368 1405
303.16| 8.3 -3.5 -6.5] 1348 1377
308.16| 8.0 -3.4 -6.3] 1229 1248
313.16| 7.7 -3.3 -6.1] 1310 1320
318.16| 7.3 -3.2 -5.2 1290 1291
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GROUP Il
Table 2.3.1
Tetrahydropyrrol + Cyclohexane
Temp | (A% | (V) | (@) | (Ue) | (Ucad

K 10° | 10° | 10° | m/s | m/s
293.16| -3.0 -4.9 1.9 130 1324
298.16| -3.1 -5.2 1.7 1285 1302
303.16| -3.2 -5.5 1.5 1263 1280
308.16| -3.3 -5.8 1.2 1241 1257
313.16| -3.5 -6.2 8.6 1219 1235
318.16| -3.6 -6.6 5.1 1197 1213

Table 2.3.2
Tetrahydropyrrol + Methylcyclohexane
Temp | (A%) | (V) | (@) | (o) | (Ucad)

K 10° | 10° | 10° | m/s | m/s
293.16| -4.5 -7.5 8.7 1289 1300
298.16| -4.6 -7.6 8.7 1268 1279
303.16| -4.8 -7.8 8.7 1246 1257
308.16| -4.9 -7.9 8.7 1125 1236
313.16| -5.0 -8.1 8.7 1208 1215
318.16| -5.2 -7.5 8.1 118 1149

Table 2.3.3
Tetrahydropyrrol + Cyclohexano
Temp | (A% | (V) [ @) | Ueg | (Uea)

K 10° | 10° | 10° | m/s | m/s
293.16| 6.7 -2.3 -4.3| 1449 1468
298.16| 6.4 -2.2 -4.0| 1430 1440
303.16| 6.1 -2.1 -3.8| 1412 1412
308.16| 5.8 -1.9 -3.6| 1393 1384
313.16| 54 -1.8 -3.3| 1375 1356
318.16| 5.1 -1.7 -3.1| 1357 1329

GROUP IV
Table 2.4.1
1,4 Dioxane + Tetrahydrofuran
Temp | (A9 | (V) [ (@) | e | (Uea)

K 10° | 10° | 10° | m/s | m/s
293.16| 7.8 -1.0 -1.7| 1325 1332
298.16| 7.6 -1.0 -1.8| 1303 13111
303.16| 7.4 -1.1 -1.9| 1280 1289
308.16| 7.1 -1.2 -1.9| 1256 1268
313.16| 6.8 -1.2 -2.0| 1235 1247
318.16| 6.6 -1.3 21| 1213 122%
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Table 2.4.2
1,4 Dioxane + Benzene

Temp | (A% | (V) | (Z%) | (Uex) | (Uea)
K 10° 10° 10° m/s | mls
293.16| -6.1 58| -86| 1341 134%
298.16| -7.1 6.4 | -9.4| 1320 1321
303.16| -8.1 71| 98| 1299 129
308.16| -9.2 7.8 11| 1278 1271

oo 1+=C

313.16| -10 -8.6 -12 1258 1252
318.16| -12 9.4 -13 1237, 1229
Table 2.4.3

1,4 Dioxane + Carbon tetrachloride

Temp AY | (VS | @) | (Uexp | (Uead
K 10° | 10° | 10° | m/s | mis
293.16 23| 91| -1.1] 1108 1106
298.16 24 | -93] -1.1] 1086 1089
303.16 24 | -9.7] -1.1| 10701071
308.16 24 | -10| -1.2| 1053 1053
313.16 25| -10| -1.2| 1037 1037
318.16 25| -11] -1.3] 1020 1020
GROUP V
Table 2.5.1

Cyclohexanol + Carbon tetrachloride

Temp | (A% | (V) | (@%) | (Uex) | (Uea)

K 10° 10° 10° m/s | mls
293.16 2.8 -3.2 -5.9 1152 1202
298.16 2.6 -3.1 5.7 1136 11718
303.16 2.5 -3.1 -5.5 1120 1155
308.16 2.4 -3.0 -5.3 1103 1131
313.16 2.2 -2.9 -5.1 1087 1108
318.16 2.1 -2.8 -4.9 107L 1084

Table 2.5.2
Cyclohexanol + Benzene

Temp | (A% | (V) | (Z°) | (Us) | (Uea)

K 10° 10° 10° m/s | mls
293.16| 5.2 2.8 -5.00 1367 1431
298.16] 5.0 2.7 5.0 1348 1420
303.16| 4.7 2.6 -4.8) 1328 1376
308.16| 45 2.5 -4.6)] 1309 1348
313.16| 4.3 2.4 -4.4) 1289 1321
318.16| 4.1 2.3 -4.1) 1270 1293
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Table 2.5.3
Cyclohexanol + Methyl alcohol

Temp | (A% | (V) | (Z%) | (Uex) | (Ucad

K 10° | 10° 10° m/s | mls
293.16] 5.5 -1.9]  -48 1364 1483
298.16] 5.3 -1.8]  -47  134B 1453
303.16] 5.2 -1.8]  -45 1331 1423
308.16] 5.0 -1.8]  -44 1316 1393
313.16| 438 -1.8] -43 1298 1363
318.16| 4.6 -1.7] 420 1281 1333

RESULTSAND DISCUSSION

Temperature variation plays an important role i study of liquids. Linear variation is seen foogeetric packing
fraction and in  binding energy (defined in Kelvilor variation in temperature. A change in tempan@ causes
change in the space filling factor. This changspace filling factor is indicative of the intermolgar interactions
and change in structural geometry. These paramatergital in deciding the volume of a liquid. Asgnall change
in space filling factor induces significant chanigethe velocity of ultrasonic waves (table 2.1.1table 2.5.3) in
liquid mixtures, which is primarily, an experimehtaol in computing excess thermodynamic parametétsnary
liquid mixtures. Intermolecular interactions andustural geometry decides the volume of a liquidug geometry
of molecules plays important role in determininduwwoe of a liquid. Hence excess molar volume in bidajuid
mixtures decide shape of a molecule i.e. clustenggry or macro geometry.

CONCLUSION

In all groups negative values of H\Vand(Z%) indicate the strong interaction between companettile positive
values of (%) suggest weak interaction. The strength of intewaalepends upon the mixture components.

Computational outline of Khasare EOS may be useatddict the behavior of real binary liquids in damof the
theory.
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Appendix

/*Root of a equation*/

voi d root ()

doubl e a, c, wt, magn, hk;

int I;

hk=1. Oe- 8;

for(a=0. 10, c=1-hk, | =1; | <=36; | ++)
n=(a+c)/ 2. 0;

func();

wn=(ekl-fa)/(7.0*fb);

wt =(ek3-fa)/ (7.0*fb);
magn=ek2- (fc-7. 0*ww*fd);

i f (magn>0. 0) a=n;

el se c=n;

et aa=n; ener =ww; t ene=w ;
/*Cal cul ati ons for pure conponents*/
voi d pure()

doubl e vel o, dens, ganms,

val ph, vol , xx, yy, av, aq;

doubl e vel c, denc, conpri c, vol c;
int I;

for(l=1;1<=2;1++)

mw=mM | ];velo=vel [I][It];
dens=den[I][It];

val ph=val p[I][It];

[ *av=val ph;
agq=(log(1.3)-1.00)*av*av;
gama=exp(av*t enp+aq*t enp*t emp) ;
;*l

gama=1. 3;

vol =mnx/ dens;
ekl=pres*vol / (gasc*tenp);
ek2=mw*vel o*vel o/ (gama*gasc*tenp);
ek3=ek2*val ph*t enp; e=1. 0; f =1. 0;
root();

yy=1. 0/ 3. 0; xx=et aa*vol / (g3*avnu) ;
na[l][It] =et aa;
rafI][It]=pow(xx,yy);
wa[lJ[It]=ener;twa[l][It]=tene;
ckl=fa+7.0*wa[l][It]*fb;
ck2=fc-7.0*wa[l][It]*fd;
ck3=fa+7.0*twa[l][It]*fb;

ck4=fg+7. 0*wa[l][It]*fh;
ck5=fg+7. 0*twa[ [ ][I t]*fh;
ck6=fc-7.0*twa[l][It]*fd;

are[l]=ck4;

gre[l]=are[l]+ckl;
sre[l]=-1.0*ck5;
ure[l]=(ck4-ck5);

fre[l]=cké;

denc=pres*mmx/ (ckl*gasc*tenp);
vel c=sqrt (ck2*gana*gasc*t enp/ max) ;
vol c=max/ denc
conpric=1. 0/ (vel c*vel c*denc);
conp[|]=conpric

vol u[l ] =vol c;

i f(ctable[7]==1)

got oxy(25*1, 3);
printf("Conponent =%ln",I);

got oxy(25*1, 4);
printf("PV/ RT=%. 3en", ekl);
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got oxy(25*1,5);
printf("MR/ GRT=%. 3en", ek2);

got oxy(25*1, 6);
printf("MRAV/ GR=%. 3en", ek3);

got oxy(25*1,7);

printf("Hel mhoz Energy=%.3en",are[l]);
got oxy(25*1, 8);

printf ("G bbs Energy=%.3en",gre[l]);
got oxy(25*1,9);
printf("Entropy=%.3en",sre[l]);

got oxy(25*1, 10);

printf("lInternal Energy=%.3en",ure[l]);
got oxy(25*1, 11);
printf("MRAU CR=%. 3en",fre[l]);

got oxy(25*1,12);
printf("Conprisibility=%.3en",conp[l]);
got oxy(25*1, 13);
printf("Volume=%.3en",volu[l]);

/*Di fferent equation of state*/

void func()

i f(sbkfun==1)

h=1. 0-n;j =n/h;
fd=j;fa=(j +3.0%e*j *j +3. 0*f*j *] *j )/ n;
fb=(n+l og(h))/n;
fc=(1.0+46.0*e*j +9. 0*f*j *j )/ pow(h, 2.0);
fg=log(j)+3.0%e*j +1.5*f*|*j;
fh=log(h)-fb

i f(sbkfun==2)

f d=n;

fa=((1.0)/(1.0-4*n));

fb=-n/2.0;

fc=(1.0)/((1-4*n)*(1-4*n));
fg=(1og(n)-1og(1-4*n));

fh=-n/2;

i f(sbkfun==3)

h=1. 0-n;j =n/h;

fd=j;fa=j/n;

fb=(n+l og(h))/n;

fc=1.0/ powh, 2.0);
fg=log(j);

fh=log(h)-fb

i f(sbkfun==4)

h=1. 0-n;j =n/h;

fd=j;fa=j/n;
fb=-n/2.0-n*n/3.0-n*n*n/ 4.0
fc=1.0/ pow h, 2.0);
fg=log(j);

fh=log(h)-fb

return;

/*Si mul t aneous | i nearequations */
void | equ()

doubl e nunx, nuny, det, magn;
det =all*a22-a2l*al2;
nunx=al2*a23-al3*a22;
numy=a2l1*al3-a23*all

sol x=nunx/ det ; sol y=nuny/ det ;
/*Root of a equation*/

voi d vroot ()
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doubl e a, c, ww, wt , nagn, vol , hk
int I|;

hk=1. Oe- 8;

for(a=0. 10, c=1-hk, | =1; | <=36; | ++)
n=(a+c)/ 2. 0;

vol =g3*vab*avnu/ n;
ekl=pres*vol / (gasc*tenp);
func();

wn=(ekl-fa)/(7.0*fb);
nmagn=_(wx- wy) ;

i f (magn>0. 0) a=n;

el se c=n;

nx=n;
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