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ABSTRACT

The ultrasonic velocity (U), Density)(and Viscosity#() have been measured for three ternary
liquid mixtures of Aniline + Cyclohexane + Ethyl tiid Ketone, Aniline + Cyclohexane + Di-
methyl Ketone and Aniline + Cyclohexane + Iso-budthyl Ketone at 303K, 313K and 323K.
The experimental data have been used to calcuteeadtoustical parameters such as adiabatic
compressibility £), free length (b, free volume (¥, internal pressurend), viscous relaxation
time ¢)and Gibb’s free energ\AG)were evaluated. The obtained results supporbtizeirrence

of molecular association through intermolecular fogen bonding in these ternary liquid
mixtures.
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INTRODUCTION

The study of molecular interaction plays a vitderm the development of molecular science.

Molecular interactions and structural behavior al@cular and their mixtures can be identified

using ultrasonic studies. Ultrasonic waves hawenhesed by many scientists to investigate the
nature of molecular interactions and physico-chamiehaviors of pure, binary and ternary

liquid mixtures [1, 2].

Ultrasonic velocity together with density and visity data furnish wealth of information about
the interaction between ions, dipoles, hydrogendba) multipolar and dispersive forces [3,4].
Aniline molecule is highly polar and self assoaiaterough hydrogen bonding of their amine
group. Being aromatic, aniline with amino groug@nparatively a strong electron donor. The
H atoms in the NBlgroup can also play the role of electron-acceptergers [5]. It is used in

the manufacturing of synthetic dyes, drugs andnaacaelerator in vulcanization of rubber [6].
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Dimethyl ketone, Ethyl methyl ketone and Iso buhgdthyl ketone are all aprotic in nature and
belong to the same ketone homologous series. BEdlgahey have aliphatic nature and have
common carbonyl (C=0) functional group [7].

In the present study aniline and ketones are mixiéid cyclohexane and it forms three ternary
mixture systems as follows.

1. Aniline + Cyclohexane + Di-methyl ketone

2. Aniline + Cyclohexane + Ethyl methyl ketone

3. Aniline + Cyclohexane + Iso-butyl methyl ketone.

For a better understanding of the physico-chempcaperties and the molecular interactions
between the participating components of these mestwltrasonic velocities and densities are
measured at 303K, 313K and 323K over the entire@amation range, using the experimental
data ultrasonic velocity (U), densityp)( and viscosity if) have been found. Various
thermodynamic parameters like adiabatic comprdggibfree length (k), free volume (Y),
internal pressuren(), viscous relaxation timer) and Gibb’s free energ\AG) were also been
evaluated. The variations of these parameters aaithposition of the mixtures are discussed in
terms of molecular interactions.

MATERIALS AND METHODS

High purity Analytic reagent (AR) grades chemicated in the present work were purchased
from E-Merck (Germany) with of minimum assay of @&. In all the systems, the ternary liquid
mixtures were prepared in terms of mole fractian, @ which the mole fraction of the second
compound, cyclohexane £X 0.3) was kept fixed while the mole fraction oéttemaining two
(X1 and %) were varied from 0.0 to 0.7. The ultrasonic vélom the liquid mixtures has been
measured using a single crystal ultrasonic interfeter with an operating frequency of 2MHz
supplied by M/s. Mittal Enterprises, New Delhi. Ttkensity of all compounds was measured by
a 10 ml specific gravity bottle calibrated with dde distilled water and acetone. An Ostwald’s
viscometer with 10ml capacity was used for the agdly measurements of all the compounds.
The flow time of water (f) and the flow time of solution Jtwere measured by a digital stop
clock with an accuracy of 0.01s.

Theory and calculation

Using the measured data of densit), (elocity (U) and viscosityr), the acoustical parameters
such as adiabatic compressibili§),(free length (Lf), free volume (Vf), internal msure 1),
viscous relaxation timer) and Gibb’s free energ\AG) have been calculated using the following
standard expressions [8, 9].

Adiabatic compressibility ()

When acoustical wave passes through a medium, adiatompression and rarefaction takes
place. This results in a change in pressure anorr@sponding change in volume. Hence, the
adiabatic compressibility is the fractional deceeavolume per unit increase of pressure, when
no heat flows in or out. It can be calculated fribra speed of sound (U) and the density of the
medium p) using the equation of Newton and Laplace as

B=W0p)1..... (N"m? 1)
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Intermolecular free length (Ly)

In the liquid state of matter, molecules are lopgecked, leaving free space among them. The
free length is the distance between the surfacéseafieighbouring molecules. Determination of
intermolecular free length in liquids and in liqurdxtures has been a subject to a semi-empirical
relation to achieve the concept of intermolecutae flength in order to explain the ultrasonic
velocity in liquids.

)
Where K is a temperature dependent constant.

Free volume (M)

Free volume is one of the significant factors irplaming the free space and its dependent
properties have close connection with molecularcstre and it may show interesting features
about interactions between liquid mixtures. Thideunolar interactions between like and dislike
molecules are influenced by structural arrangemalotsg with shape and size of the molecules.
That is, the molecules of a liquid are not quitesely packed and there are some free spaces
between the molecules for movement and this volisnsalled the free volume.

Based on the dimensional analysis, Suryanaragaaf[10] obtained a relation for free volume
in terms of ultrasonic velocity (U) and the visag®f the liquid @) as

3
MesUT2 _
V= [KL;]Z e et eee e (M3mMol™) ®)

Where My is the effective molecular weigh¥i¢s = 2Zmy X, in whichm andx;, are the molecular
weight and the mole fraction of the individual ctituents respectively). K is a temperature
independent constant.

Internal pressure (Tt)

The internal pressure is a measure of the resuitace of attraction and repulsion between the
interacting components in the mixture. The intepraksure is the single factor which varies due
to all type of solvent-solute, solute-solute andvesat-solvent interactions. On the basis of
statistical thermodynamics, Suryanarayanal.[11] derived an expression for the determination
of internal pressure by the use of free volume ephas

1r1
m; = bRT [%]2 L”W—Z

...... (Pa) 4)

Where b stands for the cubic packing factor whishagssumed to be 2 for all liquids and
solutions.K is the temperature independent constant, R igg#seconstant] is the absolute
temperaturen is the viscosity, U is the ultrasonic velocity ,is the density andM is the
effective molecular weight.

Viscous Relaxation Time £):

Relaxation time and absorption coefficient arealyecorrelated. The absorption of sound wave
is the result of the time lag between the passinth® ultrasonic wave and the return of the
molecules to their equilibrium position. It is callated using the relation.

T= %Bn cen e e ene e ee e e (S) (5)
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Gibb’s Free Energy AG)
The Gibb’s Free Energy of activation flow in thexiares can be obtained on the basis of Eyring
rate process theory [12] and it can be able toutatied from the relation,

—AG = —KTlog% ... (KJmol 1) (6)
Where K is Boltzmann'’s constant.

RESULT AND DISCUSSION

The values of density, viscosity and ultrasonicoe#y of intermolecular H-bonded complexes
of aniline with aliphatic ketones with different fadractions in cyclohexane at 303K, 313K and
323K are presented in Table-1. The acousticalnpater viz., Adiabatic compressibility),
Free Length (b, Free Volume (Y, thermo dynamical parameters viz., Internal press),
Gibb’s Free EnergyAG) and kinetic acoustical parameter like Viscouaxation time t) are
presented in Table 2 and 3.

Table- 1: values of Density (), Viscosity fq) and Velocity (U) at 303K, 313K and 323K

Mole Density ) Viscosity @) Velocity (U)
fraction (Kgm®) (10°Nsm?) (msh)
X1 X3 303K ‘ 313K ‘ 323K 303K | 313K ‘ 323K 303K | 313K | 323K

Aniline + Cyclohexane + Di methyl ketone

0.000 0.701 813.5 808.1 796.1 0.465% 0.4146 0.3449 1174.0 1130.2 1099.6
0.100 0.602 823.9 819.2 810.Q 0.5462 0.4866 0.4340 1200.7 1170.1 1119.7
0.204 0.501 833.7 828.6 822.4 0.67438 0.59q7 0.51p2 1250.1 1210.0 1159.7
0.303 0.404 844.1 838.7 834.2 0.8377 0.6933 0.6278 13236 1300.3 1258
0.405 0.303 850.4 846.7 841.9 0.9692 0.860Q0 0.7086 1350.4 1326.1 1297.2
0.501 0.205 858.8 854.7 849.5 1.2269 1.0202 0.8682 1376.4 1349.3 1312.3
0.602 0.101 867.1 861.6 856.4 1.508 1.2035 0.96b3 1424.2 1376.3 1360.9
0.702 0.000 881.1 876.9 872.0Q 2.0254 1.6714 1.30p8 1442.1 1402.1 1387.0

Aniline + Cyclohexane + Ethyl methyl ketone

0.000 0.703 817.3 812.3 807.9 0.5138 0.4672 0.41p8 1195.9 11715 1138.5
0.100 0.606 826.7 822.0 817.2 0.6097 0.5429 0.4784 1241.3 1197.0 1154.4
0.202 0.504 835.1 830.3 825.9 0.6882 0.6179 0.5446 1286.7 12425 1175.6
0.302 0.401 843.8 839.4 834.2 0.8452 0.7489 0.62p7 1355.5 1327.2 1267.8
0.403 0.304 850.8 846.0 841.2 0.9412 0.7876 0.69p2 1380.5 1339.5 1293.8
0.501 0.199 858.8 853.6 849.1 1.2101 0.9675 0.8383 1410.6 1381.4 1327.2
0.605 0.101 864.7 860.9 855.0 1.4611 1.1786 0.97p5 1450.5 1410.1 1354.8

0.700 0.000 874.1 869.9 864.9 1.8849 1.4387 1.19f79 1465.3 1438.6 1375.2

Aniline + Cyclohexane + Iso butyl methyl ketone

0.000 0.701 818.4 814.0 810.Q 0.6171 0.5379 0.49p4 1176.3 1162.0 1137.0
0.103 0.603 825.0 820.7 816.4 0.7218 0.6334 0.56p8 1229.5 1207.1 11714
0.201 0.504 833.0 829.0 823.9 0.8249 0.6904 0.61p6 1269.3 1238.8 1199.6
0.305 0.402 840.3 835.6 831.9 0.9757 0.8195 0.70p3 1307.2 1277.3 1236.1
0.401 0.304 847.6 843.9 839.4 1.0383 0.8919 0.76p7 1335.8 1303.4 12555
0.500 0.203 858.1 852.2 848.9 1.3159 1.0518 0.90f1 1387.3 1361.1 1278.1
0.598 0.102 864.3 859.2 855.7 1.5323 1.2203 0.97p5 1477.2 1414.8 13515
0.701 0.000 875.8 870.6 865.9 1.8381 1.4501 1.1889 1484.3 1429.9 1379.1
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From Table-1, it is found that Ultrasonic Veloc{ty), Density p), Viscosity {) are increasing
with increase in mole fraction of aniline. The iease in velocity, perhaps, is due to the
structural changes occurring in the mixture, r@sglin weakening of intermolecular forces. In
addition, ultrasonic Velocity (U) decreases withcraase in temperature at all noted
concentration. This is because, the increase icirspdetween the molecules and the increase in
entropy of its structural arrangement. The de&easdensity and viscosity with temperature
indicates the decrease in intermolecular forces twuencrease in thermal vibrations of the
system, which causes an increase in volume expaasi hence increase in free path length.

In all the cases values of the aliphatic ketonaghout aniline is much lower than that of the
aniline without ketones. Which means, when moletioa of aniline increases the increasing
trend is observed in density, viscosity and velgcit reveals that the addition of aniline
increases the effective molecular space. The iserkapace is due to the substitution of a cyclic
molecule (aniline) by replacing another cyclic noolle (cyclohexane). The observed trend may
be due to the polar nature of the added compori@fis In the first concentration, a weak
dipolar interaction is observed between ketonek @clohexane as shown in fig a, from the
second concentration onwards, aniline is purpolsefotroduced, because aniline is having a
relatively higher dielectric constant [14,15] anasizally electron donor nature, when it mixes
with aliphatic ketones exhibits significant intetianos like a dipole-dipole interaction and
hydrogen bonding between participating moleculesvshin fig b and fig ¢ respectively.

R X 5 R
=0t H—N@ ---=-~-C=0 H—N—H-""""- 0—9/
e . & R_/a* 5 N

H
Fig (a) Fig (b) Fig (c)

From Table 2, it is found that the adiabatic corspitality (3) and Free Length ¢). decrease
with increasing concentration of aniline. Thereaisdecreasing trend observed for adiabatic
compressibility §) which is just the inverse to ultrasonic velodity). The decrease in adiabatic
compressibility ) shows the decrease in interaction between sahdesolvent molecules with
the decrease concentration of ketones, which slaowsssible formation of complex between
these two entities. This clustering between amilimd ketones molecule is broken up by the
interacting molecule, cyclohexane. This lessemedef of interaction between solute & solvent
will consequently decrease free length in the mmextut implies that, there is a significant
interaction between solute and solvent moleculejchvhis found, decreased when the
concentration of solute in lessened. On the dtlaed, if there is a decrease in free lengtf (L
with increase in ultrasonic velocity (U), whichakso in accordance with the expected decrease
in compressibility following an increase in ultrasovelocity (U).
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Table- 2: Values of Adiabatic compressibility §) Free length (L) and Free Volume(\M) at 303K, 313K and

323K
Mole Adiabatic compressibilityf{) Free length Free Volume
fraction (10 N (lngme) (107 %f)morl)
X1 X3 303K | 313K ‘ 323K 303K | 313K ‘ 323K 303K ‘ 313K| 323K

Aniline + Cyclohexane + Di methyl ketone

0.000 | 0.701 | ggjg5 9.6864 10.387 5.8947 6.142
0.100 | 0.602 | gajgp 8.9155 9.8455 5.7270 5.893

6.361

N

2.3085 5948B. 3.2816

6.193

=

2.0008 2892. 2.5442

0.204 | 0301 | 76749 8.2418 9.0411 5.468( 5.666

b
1
B 509347 16574 9250. | 2.2368
0.303 | 0404 | 67631 7.0517 7.5663|  5.1329 52418  5.4291  1.3972 8071. | 1.9973
D
5
1

0405 | 0303 | g4484 6.7160 7.0594 5.0120 5.115 5.2441 1.2470 4519. | 1.8982

0501 | 0.205| g 1465 6.4264 6.8351 4.8933 5.003 5.1602 0.9737 2465. | 1.5362
0.602 | 0.101| 5gg57 6.1265 6.3042 4.7063 4.885 4.9557 0.8118 0819. | 1.4808
0.702 | 0.000 | 54572 5.8006 5.9605 4.6108 4.753p 4.8187 0.5800 7410. | 1.0568

Aniline + Cyclohexane + Ethyl methyl ketone

0.000 | 0.703 | g5550 8.9698 9.5484 5.7730 5.911
0.100 | 0.606 | 7g505 8.4897 9.1818|  5.5302 5.750

6.09 2.6145 9233. 3.3972

5.98 2.2171 4988. 2.9064

0.202 | 0.504 | 72378 7.8013 8.7598 5.3081 5.512

9
7

5.8417  2.0231 2568. | 25101
0.302 | 0401 | g 4505 6.7632 7.4576|  5.0129 5.133 0

¢
g
B
D 5.39

0.403 | 0.304| 61676 6.5872 7.1017|  4.9017 50657 52598  1.5166 893B. | 2.1913
n
p
7

1.6715 9418. 2.3514

0501 | 0199 | 5gs519 6.1391 6.6856 47746 4.890 5.1034 11191 5170. | 1.7714

0.605 | 0.101| 54968 5.8411 6.3714 4.6279 4770
0.700 | 0.000 | 53084 5.5545 6.1142 4.556( 4.651

4.9820 0.9162 2123. 1.5069

4.8805 0.6615 9650. 1.1871

Aniline + Cyclohexane + Iso butyl methyl ketone
0.000 | 0.701 | gg313 9.0980 9.5496 5.8655 5.9534 6.09¢

2.7337 2983. 3.6451

3
0.103 | 0.603 | 50186 8.3612 8.9241 5.5891 5707 5.8962
0.201 | 0.504 | 74509 7.8602 8.4342|  5.3876 5.533 1
0.305 | 0.402| 9639 7.3350 7.8674 5.2085 53455  5.5361
0.401 | 0.304| 66122 6.9744 7.5571|  5.0753 5.2124 54258 1.4542 760%. | 2.1050
0.500 | 0.203 | 0555 6.3333 7.2119 4.857( 49671  5.3005
B 2
g 9

2.2877 7048. 3.0869

5.731 1.9410 4442. 2.7869

[*2)

1.5610 9581. 2.3505

1.0664 45024. 1.6478

0598 | 0.102| 53025 5.8145 6.3973 4.5449 4.759 4.993 0.9234 2179. | 1.5985

0.701 | 0.000 | 51825 5.6173 6.0728 4.4937 4.677 4.863 0.7004 9452. | 1.2059

From Table-2 is also found that there is a decreabee volume, with decrease in concentration
of ketones which is depicted in table 3. The veloé free volume also reported to be a
temperature dependent. Carbonyl group in ketobeisg polar, results in intermolecular H-
bonding between H of the aniline and O of carbdwtbnes. Because of the H-bonding, the
molecules must be arranged such that the void spaeg be available, due to which the solute
is more compressible. On the other hand cycloh@xamon-polar, having no possibility of
forming H-bond.

Table-3 is evident of the value of internal pressucreases with decrease in mole fraction of
ketones, the increase in internal pressure mayueeta the strengthening of cohesive force.
When the temperature is increased, there is a neyder the solute molecules to move away
from each other, reducing the interactions, whicy rfurther reduce the cohesive forces. As it
is known that pressure of the system is inversebpgrtional to the volume of the same, this
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decrease in internal pressure with increase temperdeads to increase in free volume
simultaneously.

Table- 3: Internal pressure (r;),Viscous Relaxation Time £) and Gibb’s Free Energy AG) at 303K, 313K and 323K

Internal pressure Viscous Relaxation Time Gibb's Free Energy
(m) () (AG)
(10°Pa) (10*%) (10% KJ mort)

Mole
fraction

Xi | Xa 303K| 313K‘ 323K SOSK‘ 313K‘ 323K 303# 3131< 323
Aniline + Cyclohexane + Di methyl ketone

~

0.000| 0.701| 38933| 3.7281 3.4130 0.553
0.100| 0.602| 4 0045| 3.8143 3.6546 0.613

0.53%4 0.4776 0.2272346.| 0.2259

0.5784 0.5697 0.24572480.| 0.2601

0.204| 0.501| 41712| 3.95200 3.7403 0.6900 0.6401 0.6174 0.2672708.| 0.2756

0.303| 0.404| 43175| 3.9458 3.8026 0.755

6
1
0
4 0.6518 0.6333 0.283@714. 0.2806
0.405| 0.303| 43591 | 4.1316 3.7638 0.8333 0.7701 0.6622 0.30143020.| 0.2892
N
2
7

0501 | 0.205| 46031 | 4.2259 3.9255 1.0054 0.8741 0.7866 0.3355326@.| 0.3225

0.602| 0.101| 4 7578| 4.3053 3.8619 1.143
0.702| 0.000| 51745| 475200 4.2072 1.473

0.9881 0.8113 0.3588486.| 0.3285

1.2926 1.0377 0.40498B998.| 0.3762

Aniline + Cyclohexane + Ethyl methyl ketone
0.000| 0.703| 33605| 3.2245 3.0560 0.586
0.100 | 0.606| 35208| 3.3704 3.1923 0.638
0.202| 0.504| 35062 | 3.4544 3.3221 0.663
0.302| 0401 37922| 3.5949 3.3587 0.726
0.403| 0.304| 38751| 3.585| 3.4019 0.773
0.501| 0.199] 42379| 3.8138 3.6089 0.944

0.5587 0.5229 0.23752426.| 0.2435

0.6145 0.5795 0.2522608.| 0.2634

0.6427 0.686  0.2601 680.2 0.2814

0.6753 0.6461 0.27662780) 0.2844

0.6917 0.6535 0.2879 826.2 0.2866
0.7919 0.7472  0.32413079.| 0.3126
0.9179 0.8321 0.3469B356.| 0.3334

0 [P |[© O [0 [ |O

0.605| 0.101| 44689| 4.0587 3.757% 1.070
0.700 | 0.000] 49268| 4.3302 4.0254 1.3391 1.0655 0.9765 0.38763636.| 0.3644
Aniline + Cyclohexane + Iso butyl methyl ketone
0.000| 0.701| 28437| 2.6616 2.5660 0.7266 0.65P5 0.6269 0.27652716.| 0.2786
0.103| 0.603| 30481| 2.8726] 2.7396 0.771
0.201| 0.504| 32561 | 3.0057 2.8650 0.819
0.305| 0.402| 35379| 3.2679 3.0658 0.905
0.401| 0.304| 36595| 3.4235 3.2142 0.915
0.500| 0.203| 41125| 3.6948 3.5315 1.062)
0.598| 0.102| 43543| 3.9549 3.6024 1.083
0.701| 0.000] 48397| 4.3623 4.0072 1.270

0.7061 0.6696 0.287386@.| 0.2914

0.7285 0.6§89  0.29342900.| 0.2969

0.8014 0.7367 0.3166310Q.| 0.3098

0.8293 0.7685 0.3]1853166.] 0.318

0.8881 0.8722 0.3455329@.| 0.3425

0.946 0.9295 0.3491 418.3 0.3548

P [ [ [ O [or [

1.0861 0.9626 0.37798672.| 0.3616

In addition free volume and internal pressure atgalving opposite to each other, since the lone
pair electrons in aniline are dominant in dipolpalé interaction, when aniline in the mixture
leads to a compact structure due to the presendgolar type interaction. This contributes to
decrease in free volume and this can easily formptex structures so that increasing trend
observed for internal pressure [16].

The viscous relaxation time)(increases with increasing concentration of aeilamd decrease
with increase in temperature and in mole fractibketones at any concentration. The increase
in viscous relaxation timet) and Gibb’s free energy value confirms the avilitgbof
intermolecular interaction. The reduction A6 indicates the need for smaller time for the
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cooperation process of the rearrangement of thecutds in the mixtures, decreases the energy
with increase in temperature leads to dissocidtidn18].

CONCLUSION

The ultrasonic studies provide a comprehensivestigation of molecular association between
aniline with Dimethylketone, Ethyl methyl ketondsp-butyl methyl ketones in cyclohexane
arising from the dipole-dipole and H-bonding betwehe solute and solvent molecules and the
order of interaction is found to be Dimethylketond=thyl methyl ketones > Iso-butyl methyl
ketones.

REFERENCES

[1] Palaniappa L et.alnd.J.phys2001, 75, 515-518.

[2] Rajendranaidu G and RamachandrandiaJ.pure & Appl.physl984 22, 207-209.
[3] Ali A, Tiwari K, Nain A K and V. Charkravarthy|nd.J.phy.200Q 74B (5), 351-355.
[4] Devadoss D, Thairiyaraja M and Palaniappamt,J.phys2003 77B (6), 669-672.
[5] Miecznik P, Golebiewski Z and Mielcarek Huid phase Equilibria2004 41, 221.

[6] Vasantharani P, Balu L, Ezhilpavai R and Shailafhlap.J.Mole Sci2009 4(1), 42-48.
[7] Prabakar S, Rajagopal B pure & Appl ultrasonic2005 27, 41-48.

[8] Edward I peters; Introduction to chemical princip(eh/4),  Edu CCBS college publishing
(Philadelphia)1982 PP 324.

[9] Tiwari V and Pandey J Dnd J pure appl physic4,98Q 18, 51.

[10] Surayanarayana C V and Kuppusamy.Acou.soc.Ind1976,4, 75.

[11] Surayanarayana C ¥Acou.soc.Ind1979 7, 131.

[12] Eyring H and Kincaid J RJ.Chem. Phy1938 6, 220 -229.

[13] Thiyagragan R, Jaafar M S and PalaniappahRhy Sci2007, 18(2), 81-88.

[14] Palaniappan Und.J.pure & Appl.phys2002 40, 828.

[15] Palaniappan lInd J phys2001, 75B, 515.

[16] Sundharam N and Palaniapparing J phys2005 79, 1173.

[17] Baluja S and Oza &juid phase Equilibria2001, 178, 233-235.

[18] Kannapan A N, Thirumaran S and PalaniRohy Sci2009 20(2), 97-108.

261
Scholar Research Library



