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Abstract: Densities ’p’, Ultrasonic speeds of sound‘u’of binary mixtures of Propiophenone with2-Methoxy Ethanol, 2-
Ethoxy Ethanol and 2-Butoxy Ethanol were measured over the entire composition range at T = 303.15 to 318.15K at
atmospheric pressure 0.1MPa. Experimental data has been used to calculate the deviation in isentropic compressibility

&the excess isentropic compressibility and their results were fitted with the Redlich Kister equation to estimate the
binary coefficients and standard deviation between experimental and calculated data. Partial molar volume (?':"E mi)s

o, B0

Partial molar isentropic compressibility (K”’E ), partial molar excess volumes (V m,i) @nd partial molar excess

g mLi

KD,E,M

isentropic compressibility ( ) at infinite dilution of the binary mixtures were calculated over the whole

B i
composition range to understand further the nature of intermolecular interactions between the molecules in the above

binary mixtures.
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. INTRODUCTION

In liquid mixtures, thermodynamic properties and it’s
deviation from the ideality gives the important information
about the molecular structures and their intermolecular
interactions [1]-[3]. Similarly, excess molar volume
property indicates inter or intra molecular changes in
between the components and partial molar properties of the
binary mixtures play a major role to understand more
about the changes in the molar composition and the type of
inter molecular interactions between the molecules of the
mixture at constant temperature and pressure. Excess
property study is important and it has been used for the
design of equipment in heat transfer, fluid mechanics,
process calculation and process control. Present paper is on
partial molar properties of Propiophenone with 2-Methoxy
Ethanol, 2-Ethoxy Ethanol and 2-Butoxy Ethanol binary
mixtures which are having various applications in
chemical industries. Propiophenone is widely used
component in perfumes industries. Alkoxyethanols are
used as additives to gasoline due to their octane enhancing
and pollution reducing properties [4]. Literature survey
reveals several studies on 2-alkoxy ethanols with other
compounds [4]-[11]. Apparently, no studies were made on
the Partial molar properties of Propiophenone with 2-
Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-EOE) and
2-Butoxyethanol (2-BOE) binary mixtures. On the other
hand, the investigation of mixtures involving
alkoxyethanols makes possible the study of self-

443 | IJREAMV041023838

DOI : 10.18231/2454-9150.2018.0187

association via inter and intra molecular hydrogen bonds
related to the presence of the etheric Oxygen and OH
groups in the same molecule. Hence, thermodynamic
mixing properties of the current binary mixtures have such
importance in theoretical and applied areas of research.
Densities p, and ultrasonic velocities u of binary liquid
mixtures of Propiophenone with 2-Methoxyethanol (2-
MOE), 2-Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-
BOE)were measured over the entire composition range at
T = 303.15- 318.15K to calculate various thermodynamic
properties like deviation in isentropic compressibility
(AKs), excess lIsentropic compressibility (KsF), partial

molar volume (T?"’E,m) and partial molar isentropic

compressibility (K':"E ), partial molar excess volumes

B mLi
(VoE=_1) and partial molar excess isentropic
compressibility (K®F*_ ;) at infinite dilution of the

binary mixtures were calculated over the whole
composition range. Partial molar quantities at infinite
dilution shows the component’s behavior and it’s
interactions between (solute — solvent) the compounds.
Deviation in isentropic compressibility (Aks) & excess
isentropic compressibility values were fitted to the Redlich
Kister equation [12] to estimate the binary coefficients and
standard deviation between the experimental and
calculated data.
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1. EXPERIMENTAL SECTION Ltd, India and used in the present investigation. The mass
fraction purities of the liquids were as Propiophenone
1.1  Apparatus and Procedures (>99%), 2-Methoxyethanol (99.3%), 2-Ethoxyethanol

Propiophenone (PPH), 2-Methoxyethanol (2-MOE), 2-
Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE),
these chemicals were procured from S.D. Fine chemicals

(99.7%), and 2-Butoxyethanol (99.4%). and water content
found less than 0.003 mass%. Purities of the solvents are
shown in Table-01.

Table-01: Provenance and purity of the materials used

CHEMICALS CAS number Source Mass fraction purity(final)
Propiophenone 93-55-0 S.D fine Chemicals, India > 99%
2-Methoxy ethanol 109-86-4 S.D fine Chemicals, India 0.993
2-Ethoxy ethanol 110-80-5 S.D fine Chemicals, India 0.997
2-Butoxy ethanol 111-76-2 S.D fine Chemicals, India 0.994

Binary mixtures were prepared by mixing weighed amounts of the pure liquids adopting the method of closed system by using
Mettler Toledo (ME204) balance with the precision of £ 0.1 mg. Mixtures were allowed to stand for some time before every
measurement so as to avoid air bubbles. The purities of the liquids were checked by comparing the values of densities,
ultrasonic velocities and Cp with literature data and are given in Table-02, a[13], b[10], c[14], d[15], e[16], f[17], 9[18], h[19],
i[20], j[21], k[22], 1[23],m[24],n[25].0[26].

Table-02: Comparison of experimental and literature values of density and velocity of pure liquids at T= (303.15-
318.15) K and 0.1MPa

Density (p) Ultrasonic speed(u)
Compound T(K)  Exp. Lit. E’ Exp. Lit. E’ Cp E
gm/cm’® gm/cm’® m.s?t m.s*t

Propiophenone 303.15 1.0045 1.0044 j 1446.41 1440 k 246.15

308.15 1.0015 1.0006 j 1427.038 1432 | 248.00 0
1.0087 a

313.15 0.9985 1403.95 250.04 0
318.15 0.9955 1380 251.95 0
2-Methoxy Ethanol 303.15 0.9525 0.9527 e 1347.52 1352 b 176.30 n
308.15 0.9492 0.9511 f 1340.12 1342 b 177.24 n
313.15 0.9456 0.9463 g 1333.79 1332 b 178.22 n
318.15 0.9421 0.9416 g 1327.36 1320 b 179.22 n
2-Ethoxy Ethanol 303.15 0.9212 0.9205 c 1318.24 1318 b 210.97 m
308.15 0.9164 0.9165 h 1296.572 1295.5 b 213.71 m
313.15 0.9123 0.9123 i 1268.646 1275 b 215.67 m
318.15 0.9078 0.9078 d 1235 1235.1 d 217.62 m
2-Butoxy Ethanol 303.15 0.8924 0.8921 e 1288 1288 c 271.82 n
308.15 0.8877 0.8887 f 1272 1275 d 273.05 n
313.15 0.8833 0.8822 b 1259 1259 d 274.32 n
318.15 0.8794 0.8796 b 1242 12421 d 27560 n

The standard uncertainties for densityu (p) = 0.001kg-cm™, velocity u (u) = 0.01m.s™, mole fraction u (x,) =
0.0001,temperature u (T) = 0.01 K and for time u(t) = 0.01sec.

T=303.15 to 318.15K. The accuracy for densities is + 1 x
10% kg.m® and + 0.1ms* for speed of sound.
Corresponding precessions are + 1 x 10° kg.m™ and +
0.01m.s™ for density and speed of sound respectively. It can
measure the density in the range of 0 to 3 x 10° kg-m* and

2.1 Apparatus and Procedures

Anton Paar (DSA 5000 M) oscillating u-tube densimeter,
automatically thermostatic within £0.01K, used to calculate
the densities and speed of sounds of the pure components
and the binary mixtures over the whole composition range
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speed of sound from (1000 to 2000) m-s*. At regular
intervals calibration was done at the required temperature
using dry air and ultrapure water (millipore). Averages of
three consecutive measurements were taken between the
temperatures from 303.15t0 318.15K with an increment of
5K under atmospheric pressure. The standard uncertainties
associated with the measurement of density are +0.001
kg.m™ and +0.01ms™ for speed of sound.

111. THEORY AND CALCULATIONS

Deviation in isentropic compressibility (AKs), excess
isentropic compressibility (KsF) and other excess partial
molar properties were calculated from the experimental
data by using the following relations.

a) The isentropic compressibility(Ks) was calculated
using the Laplace relation

—qy 12 4~ 1
K.=uU"~“p
(D)
Where u is the ultrasonic velocity and p the

density.
b) The deviation in isentropic compressibility, AKs
obtained using the relation,

Ak (TPa-1) = Ks 12 —p1Ks] —p2Ks2
................................ @)

WhereKs12 is  the experimental isentropic
compressibility of the mixture, and ¢1, ¢2 andKsl,
Ks2 are the wvolume fractions and isentropic
compressibility, ~ respectively, of the pure
components.

Where gb; is the ideal state volume fraction and is
defined by the relation:

x;V;

b; =

T o2
Yi=1xiV;

¢) Excess isentropic compressibility (KsF ) calculated
by the relation

iD _ v2 Wil T(EL, Vi) (EL, ¢50)
Kt = i=1 ¢]' (Ksi + ij ) Ejzzl _\'iCpi
......... (5)

2.2 Deviation in isentropic compressibility (AKs)
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H;Dis the isentropic compressibility of the ideal

mixture. Its values are calculated as per Benson
and Kiyohara [27] and Acree [28]

where ¢; is the volume fraction of component i in
the mixture, X; is the corresponding mole fraction
of i, T is the absolute temperature, and Ks, V, ¢;
and Cy are the isentropic compressibility, molar
volume, cubic expansion coefficient, and molar
heat capacity of the pure component i,
respectively.

d) The values of Aks,&f{f,with mole fraction were
fitted to the Redlich—Kister Equation of the type:

VE = ts{a0 +al(, - x,) + a2(x, — x,)2 4+ ad(x, - 1,)°)

. (6)

Where YE is for V& AKs, and KZ, in the

polynomial degree. The values of a0, al and a2,
a3, and a4 are the coefficients of the polynomial
equation and were obtained by the method of least-
squares.  The standard deviation values are
calculated by using the equation:

A {Z?:J.(bes_}’gﬂ])'z }J..-Z

n—m

Where n is the total number of experimental points
and m is the number of coefficients.

1VV. RESULTS AND DISCUSSIONS

The non-linear variation is a deviation from ideal behavior
which suggests the presence of intermolecular interactions
between the component molecules of the mixtures, however
the strength of interaction is well reflected in the excess
parameters like deviation in isentropic compressibility,
excess isentropic compressibility (KsF), partial molar
volume (PMV) and partial molar compressibility (PMC) as
these parameters are found to be more sensitive towards
intermolecular interactions in the liquid mixtures[29].These
parameters are strongly affected by the changes of
concentration, volume and temperature, besides the type of
bonding present between the molecules of the constituent
liquids. In the current study, KsF values are negative for all
the three binary systems over the entire mole fraction range
and their magnitude decreases with increase in temperatures
from 303.15 to 318.15K.
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Figure-01: Graph for deviation in isentropic compressibility values of Propiophenone with 2-Methoxyethanol (2-MOE),
2-Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE) binary mixtures at T=303.15K

Figure-01shows, AKs values are negative for all the binary mixtures and they are decreasing with increase in temperature.
Values are tabulated in Table -03. Peak negative AKs values -1.4697, -1.7712, &-1.7799 are observed at mole fractions 0.3744,
0.4239, and 0.3990 for the binary mixtures of PPH+2-MOE, PPH+2-EOE, & PPH+2-BOE respectively at T=303.15K.

Table-03: Deviation in isentropic compressibility of binary mixtures Propiophenone with2-MOE, 2-EOE & 2-BOE at
T=(303.15-318.15) K

x1 303.15K 308.15K 313.15K 318.15K
Aks Aks Aks Aks

PPH+2-MOE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0624 -0.4766 -0.3955 -0.3347 -0.3004
0.1302 -0.8882 -0.7226 -0.6307 -0.5743
0.2041 -1.1884 -1.0086 -0.9095 -0.8296
0.2852 -1.3779 -1.2454 -1.1190 -0.9858
0.3744 -1.4698 -1.3544 -1.2042 -1.0386
0.4731 -1.4278 -1.3365 -1.1894 -1.0033
0.5827 -1.2454 -1.1788 -1.0481 -0.8679
0.7054 -0.9410 -0.8944 -0.7955 -0.6376
0.8434 -0.5300 -0.4592 -0.4360 -0.3429
1.0000 0.0000 0.0000 0.0000 0.0000

PPH+2-EQE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0756 -0.5786 -0.5878 -0.5517 -0.5923
0.1554 -1.0720 -1.1066 -1.1121 -1.1765
0.2397 -1.4683 -1.5101 -1.5093 -1.6147
0.3291 -1.6968 -1.7231 -1.7428 -1.8833
0.4239 -1.7712 -1.7871 -1.8138 -1.9737
0.5246 -1.6796 -1.6966 -1.7298 -1.8935
0.6319 -1.4472 -1.4335 -1.4965 -1.6429
0.7464 -1.0547 -1.0668 -1.0862 -1.1996
0.8688 -0.5753 -0.6020 -0.5944 -0.6479
1.0000 0.0000 0.0000 0.0000 0.0000

PPH+2-BOE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0996 -0.6898 -0.6828 -0.6319 -0.5886
0.1994 -1.2599 -1.1706 -1.1158 -1.0612
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0.2992 -1.6150 -1.5262 -1.4519 -1.4115
0.3990 -1.7800 -1.7117 -1.6430 -1.5830
0.4990 -1.7683 -1.7386 -1.6727 -1.6024
0.5990 -1.6000 -1.6026 -1.5277 -1.4744
0.6992 -1.3155 -1.3197 -1.2635 -1.2074
0.7994 -0.9379 -0.9377 -0.8901 -0.8483
0.8996 -0.4867 -0.4806 -0.4363 -0.4136
1.0000 0.0000 0.0000 0.0000 0.0000

2.3 Excess isentropic compressibility (KsF)
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Figure-02: Graph for excess isentropic compressibility values of Propiophenone with 2-Methoxyethanol (2-MOE), 2-
Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE) binary mixtures at T= 303.15K

The values of KsF for all the three binary mixtures are tabulated in Table-04.

Table-04: The values of Excess isentropic compressibility of the components Propiophenone with 2-MOE, 2-EOE & 2-
BOE at temperatures T= (303.15-318.15) K

KsE = Ks - KsiD
xd 303.15K 308.15K 313.15K 318.15K
PPH+2-MOE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0624 -1.1150 -0.5287 -0.2939 -0.3773
0.1302 -2.0981 -0.8601 -0.6325 -0.8588
0.2041 -2.5610 -1.3361 -1.2939 -1.5795
0.2852 -2.5982 -1.9590 -1.8318 -1.7980
0.3744 -2.4472 -2.0442 -1.7845 -1.5492
0.4731 -1.8759 -1.7217 -1.5060 -1.0813
0.5827 -0.9773 -1.0120 -0.8649 -0.3896
0.7054 -0.1332 -0.2323 -0.1789 0.3292
0.8434 0.2567 0.6261 0.2990 0.5898
1.0000 0.0000 0.0000 0.0000 0.0000
PPH+2-EQOE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0756 -2.1558 -1.5700 -1.3524 -1.2574
0.1554 -4.0884 -3.4187 -3.5092 -3.2375
0.2397 -5.7309 -4.8932 -4.8147 -4.6301
0.3291 -6.4368 -5.3118 -5.3328 -5.2769
0.4239 -6.4103 -5.2680 -5.1523 -5.1822
0.5246 -5.6072 -4.3779 -4.4384 -4.5187
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0.6319 -4.3668 -3.0167 -3.3458 -3.4016
0.7464 -2.5908 -1.6295 -1.7112 -1.7341
0.8688 -1.1236 -0.6155 -0.6174 -0.5041
1.0000 0.0000 0.0000 0.0000 0.0000
PPH+2-BOE
0.0000 0.0000 0.0000 0.0000 0.0000
0.0996 -6.7440 -6.7128 -6.2439 -5.8393
0.1994 -12.3248 -11.5007 -11.0257 -10.5290
0.2992 -15.7894 -14.9931 -14.3450 -14.0070
0.3990 -17.3882 -16.8098 -16.2310 -15.7060
0.4990 -17.2547 -17.0659 -16.5202 -15.8952
0.5990 -15.5882 -15.7191 -15.0789 -14.6208
0.6992 -12.7949 -12.9280 -12.4615 -11.9658
0.7994 -9.1049 -9.1719 -8.7686 -8.4015
0.8996 -4.7127 -4.6913 -4.2885 -4.0903
1.0000 0.0000 0.0000 0.0000 0.0000

Figure-02 shows the negative values of Ks for all the three binary mixtures indicates that the mixture is less compressible than
the ideal mixture and suggests specific interactions between the components of analysed binary mixture. The negative values
of KsF decreases with increase in temperature. The magnitude of the various contributions depends mainly on the relative
molecular size of the components.

Observed Kg© values -2.5982, -6.4368, &-17.3882 are maximum at mole fractions 0.2852, 0.3291, &0.3990for the binary
mixtures of PPH+2-MOE, PPH+2-EOE, & PPH+2-BOErespectively. The negative values of Ks® under the current study

indicates that the values of Kf become more negative as the number of —-CH2- units in the alkoxyethanol molecules increases.

2.4 Partial Molar volume (PMV)

The partial molar volumes, T?"'ml of component 1(Propiophenone) and T?"'m: of component (2-Methoxyethanol (2-MOE),

2-Ethoxyethanol (2-EQOE) and 2-Butoxyethanol (2-BOE).) in the mixture over entire composition range are calculated by using
the following relations.

7 avE
VD;I:n_,j_ = I{If + p;:]_,l + x: (f) = (8)
& avk
I"'ro;.mj = V,f + E;,E - 3‘51 (ﬁ) = R (9)

WhereV,, 1, ¥, » are molar volumes of pure components Propiophenone with 2-Methoxyethanol (2-MOE), 2-Ethoxyethanol

*
Tl &

(2-EOE) and 2-Butoxyethanol (2-BOE). The derivative of (ﬁ) obtained by using below equations.

dax,
V2= Vma Faf A (1= 2x)) + 2xx NP0 A (11— 2x)7 L (20)
Vo1 = Vi i 42T 04, (1—2x) — 23 200 4, (1— 2x )" (1)

The Excess Partial Molar VqumesT?"’EmJl, L_"’*Em: over the whole composition range are calculated by using the below
relation [30].

0 = T ot — Vg oo (12)
Vo 2= T 0 — Voo oo (13)

The values of excess partial molar volumes are given in Table-05.The negative excess partial molar volumes may be indicative
of solute—solvent[31,32] interactions between unlike molecules, whereas positive values indicate the presence of strong self-
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association between like molecules. Positive values of 77 m,;indicate the presence of weak interactions between the studied
binary mixtures.
Table-05: Values of Partial molar volumes of Propiophenone with 2-MOE, 2-EOE & 2-BOE at T= (303.15-318.15) K

303.15 K 308.15 K 313.15K 318.15 K
x1 v, V.0 V. v, V. V. V. V.
Propiophenone+2-MOE
0.0000 0.4018 0.0000 0.2334 0.0000 0.1746 0.0000 0.0692 0.0000
0.0624 0.3861 0.0005 0.2572 0.0002 0.1830 -0.0113 0.1076 -0.0187
0.1302 0.3643 0.0031 0.2554 0.0026 0.1823 -0.0168 0.1331 -0.0295
0.2041 0.3335 0.0101 0.2337 0.0097 0.1728 -0.0153 0.1437 -0.0303
0.2852 0.2918 0.0250 0.1984 0.0237 0.1549 -0.0054 0.1382 -0.0194
0.3744 0.2389 0.0529 0.1557 0.0466 0.1292 0.0147 0.1177 0.0042
0.4731 0.1772 0.0999 0.1113 0.0800 0.0971 0.0469 0.0855 0.0398
0.5827 0.1122 0.1720 0.0698 0.1263 0.0616 0.0917 0.0487 0.0831
0.7054 0.0536 0.2718 0.0347 0.1889 0.0283 0.1462 0.0171 0.1235
0.8434 0.0133 0.3919 0.0097 0.2730 0.0058 0.1966 0.0009 0.1390
1.0000 0.0000 0.5022 0.0000 0.3779 0.0000 0.2023 0.0000 0.0886
Propiophenone+2-EOE
0.0000 0.7348 0.0000 0.3349 0.0000 0.4021 0.0000 0.1912 0.0000
0.0756 0.5970 0.0046 0.3803 0.0006 0.3350 0.0014 0.2313 -0.0141
0.1554 0.4820 0.0180 0.3705 0.0069 0.2803 0.0074 0.2331 -0.0089
0.2397 0.3835 0.0405 0.3239 0.0244 0.2290 0.0218 0.2043 0.0132
0.3291 0.2970 0.0734 0.2573 0.0562 0.1770 0.0461 0.1556 0.0477
0.4239 0.2201 0.1189 0.1848 0.1034 0.1252 0.0796 0.0994 0.0881
0.5246 0.1522 0.1799 0.1178 0.1644 0.0780 0.1195 0.0485 0.1260
0.6319 0.0942 0.2606 0.0639 0.2363 0.0408 0.1624 0.0131 0.1527
0.7464 0.0473 0.3688 0.0265 0.3144 0.0168 0.2086 -0.0026 0.1620
0.8688 0.0140 0.5221 0.0060 0.3940 0.0045 0.2705 -0.0029 0.1568
1.0000 0.0000 0.7621 0.0000 0.4700 0.0000 0.3894 0.0000 0.1603
Propiophenone+2-BOE
0.0000 0.8778 0.0000 0.4693 0.0000 0.4666 0.0000 0.2439 0.0000
0.0996 0.6385 0.0086 0.4286 0.0028 0.3552 0.0081 0.2594 -0.0136
0.1994 0.4872 0.0288 0.3722 0.0139 0.2732 0.0195 0.2355 -0.0044
0.2992 0.3812 0.0581 0.3072 0.0366 0.2085 0.0376 0.1913 0.0209
0.3990 0.2974 0.0991 0.2405 0.0730 0.1555 0.0642 0.1407 0.0564
0.4990 0.2250 0.1568 0.1777 0.1244 0.1119 0.1003 0.0932 0.0976
0.5990 0.1601 0.2380 0.1222 0.1926 0.0764 0.1479 0.0543 0.1407
0.6992 0.1022 0.3531 0.0754 0.2826 0.0477 0.2113 0.0265 0.1831
0.799%4 0.0527 0.5193 0.0379 0.4055 0.0248 0.2989 0.0096 0.2230
0.8996 0.0157 0.7660 0.0111 0.5821 0.0076 0.4240 0.0018 0.2599
1.0000 0.0000 1.1428 0.0000 0.8483 0.0000 0.6068 0.0000 0.2939

The excess Partial molar volume of Propiophenone with 2-Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-EOE) and 2-
Butoxyethanol (2-BOE).at infinite dilution are calculated by using the relation

ﬁ BuE,o m,2 = ﬁ g.e m2 I"::,] i e (14)

ﬁ oK, m.l = ﬁ g.e ml — I"::,] B T (15)
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The values of excess partial molar volume of at infinite dilution ?”’E*"“,,,,Jl , FoEms m.z for the selected binary systems at
different temperatures are presented in Table-06. Figure: 03show positive values of ¥ @& ml |7 o m,zOf current binary

mixtures at T= 303.15K which indicates weak solute—solvent interactions at infinite dilution. .The action of propiophenone
over three oxyethanols is in the order of MOE > EOE > BOE, thus the order of O-H bond occurs. The same trend is supported
by Begum et.al [33].

1.00 1.20
0.90 303.15K 303.15K A
0.80 1.00
.70 0.80 -
,0-60
=~ —e—\/m2E-2-
.50 i
gl EJ.GO MOE
0.40 —— VM2 E-2-EOE
0-30 0.40 n
0.20
0.20 -
0.10
0.00 T T T T 0.00 ii_ﬁ - - -
0.00 0.20 0.40 0.60 0.80 1.00
Mole fraction X1 0.00 0.20 Mgléq’ract%ﬁ{kl 0.80 1.00

Figure-03: Excess partial molar volume values of Propiophenone with 2-Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-
EOE) and 2-Butoxyethanol (2-BOE).binary mixtures at T= 303.15 K.

Table-06: Values of Partial molar volumes of Propiophenone with 2-MOE, 2-EOE & 2-BOE at infinite dilution at
temperatures 303.15 to 318.15K

T/K Vm.l Vr)r.;,l anl V111.2 VI*I’J,E VmE.E
(cm*-mol ™)

Propiophenone+2-MOE
303.1500 133.9807 133.5789 0.4018 80.3972 79.8950 0.5022
308.1500 134.2124 133.9790 0.2334 80.5506 80.1728 0.3779
313.1500 134.5562 134.3816 0.1746 80.6803 80.4780 0.2023
318.1500 134.8558 134.7865 0.0692 80.8656 80.7770 0.0886

Propiophenone+2-EOE
303.1500 134.3137 133.5789 0.7348 98.5942 97.8321 0.7621
308.1500 134.3139 133.9790 0.3349 98.8081 98.3381 0.4700
313.1500 134.7837 134.3816 0.4021 99.1760 98.7865 0.3894
318.1500 134.9778 134.7865 0.1912 99.4289 99.2686 0.1603

Propiophenone+2-BOE
303.1500 134.4566 133.5789 0.8778 133.5655 132.4226 1.1428
308.1500 134.4483 133.9790 0.4693 133.9661 133.1178 0.8483
313.1500 134.8481 134.3816 0.4666 134.3953 133.7885 0.6068
318.1500 135.0305 134.7865 0.2439 134.6711 134.3772 0.2939

2.5 Partial molar isentropic compressibility (PMC)
The partial molar isentropic compressibilityf?“"smJ1 of component 1(Propiophenone) and K°__ ., of component 2 (2-

FMM,L

Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE)) in the mixture over entire composition
range are calculated using the following relations.

Ko, n=KE4 KI 4+« (ﬁj 16
2m,l 5 z2m,l Z E'.r._ i LR R RERE PR ( )

B

g — wE OKg
Kﬂg;ln_,j - Kg + K;;n_,j - xl(ax;) Tl et (17)
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Bou

Wherek, mi Ko m,2 are molar isentropic compressibility of pure components Propiophenone with 2-MOE, 2-EOE & 2-BOE.
_— axE . . .
The derivative of (a; ) obtained by using below equations.

K® ma= Ko F i T A (1 —2x)) + 2ol B A (1—2x)0 (18)
Eﬂs:‘?‘l,l = 5”,1_.1 +.’1’§ :!:E'AE (1 - lejt - lexgz:!:lﬂi (l_ le]z_l (19)

The excess partial molar isentropic compressibility & ** KoF, m,2 Over the whole composition range are calculated by

sm,l
using the below relation

= 0,.E — fro _ ¥
Ko 1= K% F oA et (20)
= 0.E — o _ ¥
Ko = K% s J PSS S TP PR R TS PUO RO POPURUSPOPRRPPOPRS (21)

K°E__ . of Propiophenone with 2-MOE, 2-EOE &

. . . T ~o.E
The values of excess partial molar isentropic compressibility & “=__ |, i

2-BOEare given in Table-07. Figure: 04 show the variation of excess partial molar isentropic compressibility K ° sml

K= =m,z With composition at temperature 303.15K. Negative values are observed in case of PPH in oxyethanols whereas

oxyethanols in PPH shown mixed results except with 2-BOE. It is the indication that molar isentropic compressions of each
component are less than their respective molar isentropic compression in the pure state.

0.60 - 303.15K 0.60 - 303.15K
0.30 - 0.30 -
0.00 0.00 PGt ﬁ-‘-,x-ﬂ-
- 0. 'E'é 000 020 0.40 % 0,60 0.8 00
&30 - 2 0.30 - o4
p 4

_0.60 - _0.60 - pod

——Km1E-2-MOE —4—Km2E-2-MOE X
-0.90 - Km1E-2-EOE -0.90 - Km2E-2-EOE

—#—Km1E-2-BOE - Km2E-2-BOE
1.20 - 1.20 -

X1 mole fraction X1 mole fraction

Figure-04: Excess partial molar isentropic compressibility values of Propiophenone with 2-Methoxyethanol (2-MOE),
2-Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE).at T= 303.15 K.

Table-07: The Values of the partial molar isentropic compressibility of the components Propiophenone with 2-MOE, 2-
EOE & 2-BOE at temperatures T= (303.15-318.15) K

303.15K 308.15 K 313.15K 318.15K

S G RE, KE, K&, KR, K, K

s.m.2 s, 1 s.m.2 s.m.1 s.m.2 5.1 5.2

Propiophenone+ 2-MOE

0.0000 0.0188 0.0000 0.1112 0.0000 0.0545 0.0000 0.1012 0.0000
0.0624 0.0103 0.0008 0.0553 0.0016 0.0242 0.0010 0.0514 0.0012
0.1302 -0.0064 0.0039 0.0100 0.0058 -0.0012 0.0037 0.0162 0.0044
0.2041 -0.0262 0.0093 -0.0233 0.0113 -0.0216 0.0080 -0.0090 0.0093
0.2852 -0.0438 0.0162 -0.0435 0.0163 -0.0363 0.0129 -0.0270 0.0154
0.3744 -0.0548 0.0222 -0.0505 0.0180 -0.0438 0.0165 -0.0388 0.0218
0.4731 -0.0560 0.0231 -0.0456 0.0130 -0.0426 0.0152 -0.0430 0.0250
0.5827 -0.0469 0.0125 -0.0320 -0.0018 -0.0325 0.0038 -0.0374 0.0184
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0.7054 -0.0298 -0.0192 -0.0155 -0.0268 -0.0164 -0.0208 -0.0222 -0.0071
0.8434 -0.0105 -0.0874 -0.0033 -0.0540 -0.0028 -0.0456 -0.0054 -0.0461
1.0000 0.0000 -0.2271 0.0000 -0.0532 0.0000 0.0079 0.0000 -0.0131
Propiophenone+2-EOE
0.0000 -0.0531 0.0000 -0.0228 0.0000 0.0506 0.0000 0.0680 0.0000
0.0756 -0.0905 0.0015 -0.0555 0.0016 -0.0378 0.0021 -0.0297 0.0023
0.1554 -0.1168 0.0052 -0.0822 0.0060 -0.0829 0.0060 -0.0814 0.0067
0.2397 -0.1316 0.0091 -0.1018 0.0121 -0.1029 0.0098 -0.1047 0.0107
0.3291 -0.1337 0.0100 -0.1119 0.0172 -0.1084 0.0120 -0.1104 0.0122
0.4239 -0.1228 0.0030 -0.1094 0.0159 -0.1036 0.0095 -0.1037 0.0079
0.5246 -0.0997 -0.0184 -0.0930 0.0006 -0.0884 -0.0044 -0.0862 -0.0083
0.6319 -0.0678 -0.0614 -0.0646 -0.0374 -0.0629 -0.0395 -0.0593 -0.0446
0.7464 -0.0341 -0.1300 -0.0319 -0.1013 -0.0316 -0.1019 -0.0285 -0.1040
0.8688 -0.0086 -0.2162 -0.0072 -0.1728 -0.0068 -0.1701 -0.0056 -0.1624
1.0000 0.0000 -0.2793 0.0000 -0.1755 0.0000 -0.1343 0.0000 -0.1107
Propiophenone+ 2-BOE
0.0000 -0.4739 0.0000 -0.4797 0.0000 -0.4001 0.0000 -0.3560 0.0000
0.0996 -0.4575 -0.0015 -0.4565 -0.0017 -0.4249 -0.0008 -0.4038 -0.0004
0.1994 -0.4152 -0.0095 -0.4129 -0.0109 -0.3966 -0.0095 -0.3825 -0.0087
0.2992 -0.3580 -0.0289 -0.3508 -0.0341 -0.3385 -0.0326 -0.3274 -0.0309
0.3990 -0.2921 -0.0649 -0.2776 -0.0759 -0.2670 -0.0738 -0.2591 -0.0703
0.4990 -0.2218 -0.1228 -0.2021 -0.1387 -0.1940 -0.1346 -0.1892 -0.1284
0.5990 -0.1520 -0.2075 -0.1327 -0.2222 -0.1272 -0.2151 -0.1246 -0.2062
0.6992 -0.0889 -0.3206 -0.0756 -0.3246 -0.0720 -0.3136 -0.0702 -0.3027
0.7994 -0.0394 -0.4568 -0.0339 -0.4447 -0.0316 -0.4272 -0.0300 -0.4121
0.8996 -0.0092 -0.5989 -0.0086 -0.5846 -0.0076 -0.5508 -0.0067 -0.5197
1.0000 0.0000 -0.7112 0.0000 -0.7544 0.0000 -0.6761 0.0000 -0.5962

The excess partial molar isentropic compressibility of Propiophenone with 2-Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-
EOE) and 2-Butoxyethanol (2-BOE) at infinite dilution are calculated by using the relation

e W — IFo.= oy
h . g2 — -ﬁ- . FL2 -F'lj-m: .......................................................... (22)

RoEm o o™ K 23)
The values of excess partial molar isentropic compressibility of at infinite dilution f"*ﬁ*msml,fﬂ*&mgmg for the selected
binary systems at different temperatures are presented inTable-08.The values of K SE K @E:== _ n.20f Propiophenone
with 2-Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-EOE) and 2-Butoxyethanol (2-BOE) shows weak solute—solvent

interactions at infinite dilution.

Table-08: The Values of the partial molar compressibility at infinite dilution of the components Propiophenone with 2-
MOE, 2-EOE & 2-BOE at temperatures T= (303.15-318.15) K

T/K K;llLl K :.nLl Kf:iﬂ K—;.m.l K:'m 2 _rc-sfll_l
Propiophenone+ 2-MOE
303.1500 0.0824 6.3563 0.0188 -0.1809 4.6194 -0.2271
308.1500 0.1769 6.5692 0.1112 -0.0062 4.7031 -0.0532
313.1500 0.1227 6.8279 0.0545 0.0558 4.7840 0.0079
318.1500 0.1723 7.1096 0.1012 0.0356 4.8665 -0.0131
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Propiophenone+2-EQE

303.1500 0.0105 6.3563 -0.0531 -0.2182 6.1116 -0.2793
308.1500 0.0429 6.5692 -0.0228 -0.1126 6.2822 -0.1755
313.1500 0.1188 6.8279 0.0506 -0.0670 6.7281 -0.1343
318.1500 0.1391 7.1096 0.0680 -0.0390 7.1692 -0.1107
Propiophenone+ 2-BOE
303.1500 -0.4103 6.3563 -0.4739 -0.6218 8.9451 -0.7112
308.1500 -0.4140 6.5692 -0.4797 -0.6617 9.2681 -0.7544
313.1500 -0.3318 6.8279 -0.4001 -0.5805 9.5561 -0.6761
318.1500 -0.2849 7.1096 -0.3560 -0.4972 9.9061 -0.5962

The values of AKs&KsF are fitted into Redlich-Kister polynomial equations (7) & (8) and are tabulated in Table-09.The
obtained results are satisfactory with the experimental criteria.

TABLE- 09- Coefficients of Redlich-Kister Polynomial Equation & standard deviation of binary systems

Property Temp(K) A0 Al A2 A3 A4 c
PPH+2-MOE
KsE (pa™) 303.15 -6.5685 15.2885 -0.5005 -2.9909 -3.3468 0.0536
308.15 -6.4975 10.5941 9.6054 -2.3755 -0.2074 0.1021
313.15 -5.4844 10.8566 4.3148 -8.5299 4.2882 0.0692
318.15 -3.5815 13.4370 -1.5005 -7.7232 9.4852 0.0613
AKs 303.15 -5.5670 2.7241 -0.3432 -0.2231 -0.3558 0.0054
308.15 -5.2596 2.1792 0.6865 -0.1667 -0.0404 0.0102
313.15 -4.6614 2.0803 0.1889 -0.7905 0.4115 0.0069
318.15 -3.9025 2.1947 -0.3639 -0.7158 0.9479 0.0061
PPH+2-EOE
KsE (pa™) 303.15 -23.5527 18.9248 3.8059 -7.6132 3.1269 0.0597
308.15 -18.4164 20.8384 2.4008 -13.2050 6.1040 0.0740
313.15 -18.5179 18.7017 -1.9213 -9.4592 16.2532 0.1385
318.15 -18.8607 17.6785 1.8730 -8.7460 14.8539 0.1009
AKs 303.15 -7.0703 0.8178 1.0516 -0.4075 -0.0050 0.1514
308.15 -7.1314 1.1655 0.9084 -1.0802 -0.1877 0.1519
313.15 -7.2412 0.8945 0.4348 -0.7883 1.4225 0.1576
318.15 -7.8947 0.6636 0.7879 -0.5668 1.2197 0.1716
PPH+2-BOE
KsE (pa™) 303.15 -68.9048 19.5098 4.0929 -7.6444 5.5558 0.0395
308.15 -68.1469 12.3856 10.8755 1.3467 -4.4314 0.0624
313.15 -65.7189 11.5778 10.4641 2.2210 1.4470 0.0658
318.15 -63.5089 11.8822 9.2418 0.1281 6.6539 0.0511
AKs (pa-1) 303.15 -6.9769 2.4802 -0.0140 -0.7950 0.8798 0.0482
308.15 -6.9014 1.7272 1.1462 0.2004 -0.8274 0.0468
313.15 -6.6130 1.6617 1.0662 0.2074 -0.1565 0.0459
318.15 -6.3577 1.7218 0.8931 -0.1255 0.4315 0.0446
V. CONCLUSIONS 2-Butoxyethanol (2-BOE) were calculated at T = 303.15-

318.15K. The negative values of AKs & Ks® are due to the
specific intermolecular interactions between unlike
molecules. Partial molar volume and partial molar
isentropic compressibility values at infinite dilution indicate
weak solute-solvent interactions. Correlated Redlich-kister
values are in good agreement with the experimental data.

The values of deviation in isentropic compressibility,
excess isentropic compressibility along with partial molar
volume and partial molar isentropic compressibility at
infinite dilution, over the entire composition range for the
binary liquid mixtures of Propiophenone with 2-
Methoxyethanol (2-MOE), 2-Ethoxyethanol (2-EOE) and
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