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ABSTRACT

Ultrasonic velocity (U), density (p) and coefficient of viscosity (i) of binary mixture of dimethyl acetamide (DAMC)
and acetone at different frequencies (2MHz, 4AMHz 6MHz, 8MH;) have been measured at temperature 308K.
Adiabatic compressibility (Kg), intermolecular free length (Ly), free volume (V;), internal pressure (z;) and their
respective excess values have been computed for entire range of mole fraction and are interpreted to explain
molecular interaction occurring in the liquid mixture. Relaxation time (), excess enthalpy (HF) and absorption
coefficient (a/f?) have been calculated and discussed.
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INTRODUCTION

The acoustical study of liquids plays an importesie in understanding the nature and strength ofecutar
interactions. Ultrasonic velocities have been adegly employed to understand the nature of moledntaraction
in pure liquids, binary and ternary mixture[1-6]elrhstudy of molecular interaction in binary liquitixture with
dimethyl acetamide (DMAC) and acetone as the compisnis of particular interest, since DMAC is aalgy
aprotic solvent with high boiling point and gooetimal and chemical stability. It is used in indystnd medicine.
It is also used as solvent for the production ofylée fibres, elasthane fibres, polymide resins aratious
pharmaceuticals. It is an excellent proton donowal as proton acceptor and hence it is stronglyoaiated
through intermolecular hydrogen bond. It is highbluble in a variety of polar and non-polar solgeahd readily
suitable to explore solute solvent interactionsethoe is also an important polar solvent used @ustry and
pharmaceuticals. In view of these considerationsatteempt has been made to explain the moleculeraiction in
binary liquid mixture of dimethyl acetamide (DMAGhd acetone at different frequencies at constampéeature
308K.Departure from linearity in the acousticalgraeter versus concentration in liquid mixture of B®is taken
as an indication of the existence of interactiotwieen different liquid molecules[7-18]. The phygiemical
properties of liquid mixture can be studied by tien-linear variation of ultrasonic velocity and ethacoustical
parameters with structural changes occurring iguad and the liquid mixture.

MATERIALS AND METHODS
The liquid mixtures of various concentrations inlenfsaction were prepared by taking chemicals @lgical grade

(E-Merck) which were used as such without furtherification. Liquid mixtures of different mole fraons were
prepared on concentration scale with a precisi6A@Lg using an electronic digital balance.
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Experimental Part

Density of pure liquids and liquid mixture was deténed by a specific gravity bottle of 10ml capgciCoefficient
of viscosity of pure liquids and liquid mixture westermined by an Ostwald’s viscometer. The ulmaswelocity
was measured by a multi-frequency interferometeod® M-82S) with a high degree of accuracy opegath
different frequencies supplied by Mittal EnterpsiseNew Delhi,India. An electronically operated dams$
temperature water bath is used to circulate wdiesugh the double walled measuring cell made upsteél
containing the experimental liquid mixture at thesidled temperature of 308K.

Computational Part
Using the measured data the acoustical parameteinses adiabatic compressibility JKntermolecular free length
(Ly), free volume (V) and internal pressure;| have been calculated from the following relations

K= (Up)* ) (1
Li = k (Kg)'? (2)
Vi = (MU/Kn)*? (3)
i = bRT(Kn/U)Y p? M) (4)

Where k is a temperature dependent constant, eigffective molecular weight, K is a temperatmdependent
constant which is equal to 4.28 x1@r all liquids. R is universal gas constant anis lhe cubic packing factor
which is equal to 2 for all liquid mixtures.

The excess values of the above acoustical parasrtetge been calculated from the following relations

A" = A= ( XiAr + XA, )

Where X and X are mole fractions of DMAC and acetone respedtiaeld A is any acoustical parameter.

Relaxation timex),excess enthalpy and absorption coefficieniff?), have been calculated from the following
relations.

T=(4/3) Kn (6)
HE =(Xymy VMg + XomipVimg) - mVg 7)
a/f? = 2r%/U ) (8

The experimental values of densitycoefficient of viscosity; and ultrasonic velocity U are represented in Tdble
and the values of adiabatic compressibility Ksgiimolecular free lengthsl. free volume Yand internal pressure
are depicted in Tables-2 and 3.

Table-1-Values of densitycoefficient of viscosity and ultrasonic velocity fothe binary mixture at 308K

1

. 3 3 2 U ms
Mole Fraction of DMAC(X ;) p Kgm Nx10~ Nsm SMAz IVAz Y aViAz
0 764 0.36 1140 1128 1116 1104
0.081 776 0.388 1162 1150 1137 1126
0.164 789 0.412 1184 1172 1158 1148
0.299 811 0.465 1240 1228 1212 1200
0.395 826 0.546 1258 1248 1236 1224
0.494 842 0.618 1293 1284 1272 1256
0.598 859 0.677 1333 1320 1308 1296
0.705 876 0.766 1358 1344 1335 1324
0.819 895 0.835 1406 1392 1368 1360
1 925 0.946 1488 1472 1464 1440

The values of excess coefficient of viscosify, excess velocity ©excess adiabatic compressibilitf*Kexcess
intermolecular free Iengtth_, excess free volume;¥and excess internal pressut[%are shown in in Tables-4 to
6.
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Table-2-Values of adiabatic compressibility and irgrmolecular free length for the binary mixture at 308K

. Kx10% m°N? Lix10% m
Mole Fraction of DMAC(X.,) 2MHz 4MHz 6MHz 8MHz 2MHz | 4MHz | 6MHz | 8MHz
0 10.0715 | 10.2869| 105094  10.739L 06353 06421 490.4 0656
0.081 9.5439 9.7441 9.9682 101630 06184 06249 6320.| 0.6382
0.164 9.041 9.2271 9.4516 9.6169 06019 06081 5@.61 0.6208
0.299 8.0192 8.1767 8.394 8.5628 05669  0.57p4 0.58 0.5858
0.395 7.6499 7773 7.9247 8.0805 05537 05581 3656 0.569
0.494 7.1038 7.2037 7.3402 7.5285 05335 05373 4285| 05493
0.598 6.5515 6.6812 6.8044 6.931 05144 05174 2052 0527
0.705 6.19 6.3107 6.4052 6.512 0498 05082 _ 0.50660.5108
0.819 5.650 5.7663 5.9704 6.0408 04789 04807 9048 0492
1 4.8826 4.9893 5.044 52135 04428 04471 04496 4570

Table-3-Values of free volume and internal pressuréor the binary mixture at 308K

] V; m°mol? x10° Nm?
Mole Fraction of DMAC(X.,) 2MHz 4MHz 6MHz 8MHz 2MHz | 4MHz | 6MHz | 8MHz
0 0.0089 0.00876|  0.00862]  0.00848  13.671 1384  43.91 13.989
0.081 0.00868 | 0.00854 0.0084 0.00828  13.672  13.14313.821 | 13.889
0.164 0.00865 | 0.00852| _ 0.0083] 0.00826  13.4B4  13.55113.633 | 13.692
0.299 0.00847 | 0.00835| __ 0.0081¢ 0.00806  13.283 _ 13.34713.435 | 13.502
0.395 0.00723 | 0.00714] _ 0.0070/ 0.00694  13.7p1  13.84613.913 | 13.981
0.494 0.00665 | 0.00658| _ 0.0064¢ 0.00637  13.981 140314.096 | 14.185
0.598 0.00645 | 0.00636] __ 0.0062] 0.00619  13.9p5  13.99314.057 | 14.122
0.705 0.00586 | 0.00577| _ 0.00572 0.00564  14.1B3 _ 14.35714.305 | 14.364
0.819 0.00577 | 0.00568] __ 0.00557 0.00549  14.0p9 _ 14.13914.063 | 14.305
1 0.0057 0.0056 0.0055 0.0054 13826  13.9p1  13.93914.055

Table-4-Excess values of coefficient of viscositya ultrasonic velocity for the binary mixture at 308K

. £ 3 5 UE ms?
Mole Fraction of DMAC(X ;) N x10- Nsm SMAz YTV 6MHAzZ 8MAz
0 0 0 0 0 0
0.081 -0.0191 -5.048 -4.736 -6.072 -4.112
0.164 -0.0437 -11.932 -11.932 -13.95¢ -10
0.299 -0.0698 -2.912 -1.728 -9.036 -3.36
0.395 -0.0451 -18.326 -14.752 -16.344 -11.616
0.494 -0.0311 -16.772 -12.808 -14.79¢ -12.88
0.598 -0.033 -13.964 -12.584 -14.98% -7.824
0.705 -0.0067 -26.2 -25.398 -25.224 -15.774
0.819 -0.0045 -17.872 -16.606 -31.89¢ -18.08
1 0 0 0 0 0

The values of relaxation time excess enthalpy®Hand absorption coefficientf? are depicted in Tables-7 and 8.

Table-5-Excess values of adiabatic compressibilignd intermolecular free length for the binary mixture at 308K

) K Ex10% m?N? LEx10% m
Mole Fraction of DMAC(X 1) 2MHz 4MHz 6MHz 8MHz 2MHz 4MHz 6MHz 8MHz
0 0 0 0 0 0 0 0 0
0.081 0.0972 | -0.1033| -0.0879 _ -0.116f __ -0.0006 @00 -0.0001 -0.001
0.164 0.1694 | -0.1803| -0.1509 __ -0.205p -0.001L @00 -0.0002 | -0.0018
0.299 -0.4906 | -0.5159] -0.470§  -0.513B -0.01 -0.01p5-0.0087 -0.01
0.395 0.3619 | -0.4109| -0415]  -0.465p _ -0.0047 _ @00 -0.0059 | -0.0077
0.494 0.3943 | -0.4558| 04587 04700 _ -0.0057 _ TB00 -0.0075 | -0.0077
0.598 0.4068 | -0.4274] 04261  -0.492p _ -0.0067 7100 -0.0068 | -0.0093
0.705 0.2132 0.222 0.2408  -0.320f _ -0.0005  -0i00p -0.0011 | -0.0042
0.819 0.1596 | -0.1715|  -0.0524 -0.164 20.0006 __ -0700p -0.0033 | -0.0003
1 0 0 0 0 0 0 0 0
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Table-6-Excess values of free volume and internatgssure for the binary mixture at 308K

. Vi E m*mol? m°x10° Nm?

Mole Fraction of DMAC(X.) 2MHz 4MHz 6MHz 8MHz 2MHz | 4MHz | 6MHz | 8MHz
0 0 0 0 0 0 0 0 0
0.081 0.00005 0.00005 0.00005 0.0001 0.002 -0.088 0.081 -0.091
0.164 0.00028 0.00028 0.00027 0.00038 -0.198 -0.285-0.271 -0.293
0.299 0.00053 0.00054 0.0005 0.00054 -0.42 -0.497 0.472 -0.492
0.395 -0.0004 -0.00036 -0.00034 -0.00028 0.072 040.0 0.003 -0.02
0.494 -0.00066 -0.00061 -0.00054 -0.00055 0.247 73.1] 0.183 0.177
0.598 -0.00053 -0.0005 -0.00044 -0.00042 0.174 0.13 0.141 0.197
0.705 -0.00078 -0.00075 -0.00061 -0.00065 0.416 870.3] 0.387 0.342
0.819 -0.0005 -0.00048 -0.00057 -0.00045 0.284 20.26 0.342 0.275
1 0 0 0 0 0 0 0 0

Table-7-Values of relaxation time for the binary mkture at 308K
i T x10%s
Mole Fraction of DMAC(X ) >MHz IMAZ 6MHZ aVIHz
0 0.483 0.493 0.504 0.515
0.081 0.493 0.503 0.515 0.525
0.164 0.496 0.506 0.519 0.528
0.299 0.497 0.506 0.52 0.53
0.395 0.556 0.565 0.576 0.588
0.494 0.585 0.593 0.604 0.62
0.598 0.591 0.602 0.614 0.625
0.705 0.632 0.645 0.654 0.664
0.819 0.629 0.641 0.664 0.672
1 0.615 0.629 0.636 0.657
Table-8-Values of excess enthalpy and absorptionefficient for the binary mixture at 308K
. HE J mol? (0/f)x10%
Mole Fraction of DMAC(X) 2MHz 4MHz | 6MHz | 8MHz | 2MHz | 4MHz | 6MHz | 8MHz
0 0 0 0 0 8.375 8.644 8.927 9.22
0.081 -0.004 0.002 0.001 0.002 8.391 8.65p 8.956 2219.
0.164 0.008 0.015 0.014 0.016] 8.284 8.54 8.854 79.08
0.299 0.0244 0.03 0.028 0.029 7.91§ 8.153 8.4P 68.78
0.395 -0.018 -0.012 -0.013 -0.011 8.747 8.954 9.217 9.491
0.494 -0.0335 -0.027 -0.028 -0.02§ 8.94] 9.129 D.38 9.753
0.598 -0.026 -0.023 -0.024 -0.021 8.761 9.02B8 9.273 9.533
0.705 -0.048 -0.049 -0.046 -0.042 9.193 9.48B3 9.677 9.92
0.819 -0.033 -0.031 -0.039 -0.032 8.837 9.10B 9.588 9.761
1 0 0 0 0 8.174 8.442 8.582 9.018

RESULTS AND DISCUSSION

The values of density, coefficient of viscosityy and ultrasonic velocity U increase with the inseédn mole
fraction of DMAC as shown in Figure-1, Figure +2daFigure -3. The increase in density with theéase in mole
fraction of DMAC indicates the presence of dipolpete interactions which may lead to the formatadrhydrogen
bond between DMAC and acetone molecules. The iser@aultrasonic velocity at a particular frequemagty be
due to the structural changes occurring in theidiquixture resulting in the increase in intermoleciforces. The

increase in coefficient of viscosity with the inase in mole fraction of DMAC indicates the presenteolute-
solvent interactions.
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Figure-1: Variation of p with X,
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Figure-2: Variation of n with X,
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The variations of adiabatic compressibility Ksgimholecular free length;L. free volume Yand internal pressurg
with the increase in mole fraction of DMAC are shmographically in figures-4 to 7. The decrease iralbatic
compressibility, intermolecular free length, andefrvolume and the non-linear variation of intenoassure with
the increase in concentration of DMAC reveal thespnce of specific interactions between the comperia the
binary liquid mixture.

Figure-6 shows that the values of free volume decrease with the increase in mole fraction of AMfor a
particular frequency. The decrease in free volunité the increase in concentration of DMAC is beeaos$ (i)
contraction due to the free volume difference ofikenmolecules. (ii) contraction due to the hydrogeond

formation between unlike molecules. (iii) specifiteractions between unlike molecules in the binkguid
mixture.

Figure-7 shows that internal pressusechanges non-linearly with the increase in moletfom of DMAC for a
particular frequency. The non-linear variation pfernal pressure with the increase in concentratib®MAC
indicates the presence of molecular interactiorieérbinary liquid mixture.
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However the ultrasonic velocity decreases with ith@ease in frequency from 2MHz, to 8MHz at a €ixe
concentration of DMAC. The decrease in ultrasomoeity is perhaps due to the decrease in moledufaraction
in the binary liquid mixture. Consequently the \eduof adiabatic compressibility, intermolecularefrength,
internal pressure increase and free volume de@ewitie the increase in frequency for a particuladexfraction of
DMAC

The variations of excess coefficient of viscosjfy, excess velocity Uexcess adiabatic compressibility-Kexcess
intermolecular free lengthL, excess free volume¥and excess internal pressue with the increase in mole
fraction of DMAC are shown graphically in FiguregeB13. Figure-8 shows that the excess values @ficent of
viscosityn® are negative for the entire range of mole fractbDMAC for all frequencies. The negative valuds o
nF indicate the presence dispersion, induction apdldf forces in the binary liquid mixture [19].
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Figure-9 shows that the values of excess velocitaid negative for the entire range of concentrasiobBMAC for
all frequencies. The negative values &f ihdicate the presence dispersive forces betwatkeumolecules in the
binary liquid mixture.
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The values of i€ are negative as shown in Figure-10, for the whalege of mole fraction of DMAC for all
frequencies which indicate the existence of stromalecular interactions in the binary liquid mixtudee to the
formation of hydrogen bonds. It also indicatestiighbacked molecules in the liquid mixture.

Figure-11 shows that the values of lare negative for the whole range of compositiénDMAC for all
frequencies which indicate the existence of stnmmdecular interactions in the binary liquid mixtutee to charge
transfer, dipole-induced dipole, dipole-dipole natgtions and formation of hydrogen bonds.

It is seen from Figure-12, that the values of egdese volume VF are positive between 0 to 0.299 mole fraction of
DMAC and negative between 0.395 to 1 mole fracib®DMAC. The values of excess free volume areuierficed
by (i) the specific interactions between the cormgrdrmolecules and weak physical forces like dipbpsle or
dipole-induced dipole interactions or Vander Waétdixes (ii) The dispersive forces, steric hindean€ component
molecules, unfavorable geometric fitting and elestitic repulsion. The former effect leads to caction of
volume and the latter effect leads to expansiovoafme. In the present investigation the positiakies of \F may

be interpreted as the expansion of volume and égative values of ¥ may be interpreted as the contraction of
volume of the binary liquid mixture. The positivalves of \F at lower concentration of DMA@re favorable for
the latter effect which account for the weak molec interactions and the negative values @ &t higher
concentration of DMAGre favorable for the former effect which accodat the strong molecular interactions in
the binary liquid mixture of DMAC and acetone [20].
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Figure-16:Variation of a/f>with X

The values of excess internal presstffare negative within 0 to 0.299 mole fraction of B® and positive within
0.395 to 1 mole fraction of DMAC as shown in Figldi® The negative values af® at lower concentration of
DMAC indicate the presence of dispersion and dipolarefobut the positive values 1f at higher concentration of
DMAC indicate the presence of specific interactiondq@linary liquid mixture [21].

It is observed that the excess values of velogitiiabatic compressibility, free length ,free voluara internal
pressure are changed with the increase in frequéuneyto the decrease in ultrasonic velocity in thieary liquid
mixture.

The variations of relaxation time excess enthalpy Hand absorption coefficient/f? with the increase in mole
fraction of DMAC are shown graphically in Figure4tb 16. Figure-14 shows that the relaxation tirearies non-
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linearly with the increase in mole fraction of DMAGr a fixed frequency. The relaxation timéncreases with the
increase in frequency for a fixed mole fraction DRIAThe relaxation time is of the order of'#® may be due to
the structural relaxation process showing the presef molecular interactions and in such a case stiggested
that the molecules get rearranged due to co-operptbcess.

The values of excess enthalpy Hre positive or slightly negative for 0 to 0.28®le fraction of DMAC and
negative for 0.395 to 1 mole fraction of DMAC dwwn in Figure-15 for frequencies 2MHz, 4MHz ,6MHElzd
8MHz. The positive excess values df &t lower concentration of DMAC indicate the preseof dispersive forces
and the negative excess values bfdtihigher concentration of DMAC indicate the preseof specific interactions
in the binary liquid mixture [22].

Figure-16 shows that the values of absorption @efft o/f? vary non-linearly with the increase in mole fraatiof
DMAC for a fixed frequency which indicate the prese of molecular interaction. The increase in gitsom
coefficient with the increase in frequency for @efl concentration of DMAC indicates the reductionmolecular
interaction in the binary liquid mixture with in@sing frequency [23].

CONCLUSION

On the basis of experimental values of densitiyasbnic velocity, related acoustical parametedssome of their
excess values for the binary liquid mixture it éaifid that there exists hydrogen bonding, chargestea, dipole-
dipole and dipole-induced dipole interactions ia tinary liquid mixture of DMAC and acetone. Disgien forces
are also found to exist between component molecmethe liquid mixture. Further, it is concludedaththe
molecular interaction increases with the increaseadncentration of DMAC for a fixed frequency anecrtbases
with the increase in frequency for a fixed concation of DMAC in the binary mixture.
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