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ABSTRACT

The measurements of ultrasonic velocities (v), densities () and viscosities (#7) of binary liquid mixtures of N-N-
dimethylacetamide with acetone and acetonitrile have been carried out over the entire range of composition at
temperature 298.15 K. Measured values are used to evaluated the other thermo dynamical parameters such as
adiabatic compressibility (£3,), free length (L), free volume (V) with their excess values as 3,5, LiFand V;F. Fromthe
properties of these excess parameters the nature and strength of the interactions in these binary systems are
discussed. The non linearity found in all the plots of these ultrasonic parameters and their excess values for the
composition range indicates presence of the intermolecular interaction between the components of the unlike
molecules of the mixture.

Keywords: Ultrasonic velocity, excess values, compressihifiee volume, molecular interaction.

INTRODUCTION

For determining the molecular structure & molecutaoperties of different materials there are mahysical
methods. The advances in recent years in the oitragechnique have become a powerful tool in eatilg
information about the physical and chemical behaviaf molecules of the liquid$. The ultrasonic studies of the
liquids are most preferred in many fields suchfzrmaceutical industry, biomedical research, autil@andustry,
chemical industry, water research & scattering spscopy, etC.The information of densitypjj, ultrasonic velocity

(v) and viscosity if) of the pure liquids and their mixtures have baédely used in the field of interactions and
structural aspect evaluation studies

In the present study the ultrasonic velocity , dgrend viscosity measurements have been carriedoouifferent
concentrations at temperature 298.15K of the pigeids and its mixtures to determine various utiras
parameters such as compressibiliBs)( free length () and free volume (Y and their excess values, excess
adiabatic compressibility(F), excess free length fi), excess free volume {§) for the different composition range
of NN-Dimethylacetamide (NNDMA) in acetone and acetrile at temperatures 298.15K. The variationghafse
parameters with concentration of binary liquid mes are studied to understand molecular interastizetween
unlike components of the mixtures.

MATERIALSAND METHODS
The chemicals NN-dimethylacetamide is from Qualigemd having excel grade (99.5%) purity, acetong an

acetonitrile are from Merck specialities Pvt. Liedtand are of GR grade (99%) purity, all the liguade used
without further purification. The binary mixturesrf different range of composition were preparedraim
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temperature and kept in a special airtight glagesoto avoid air contact. The mixtures were usitiin 24 hours

of its preparation. The ultrasonic interferometditial enterprises, New Delhi, India) is a singledadirect device to
determine ultrasonic velocity in liquids with a higlegree of accuratyHere the measurements of ultrasonic
velocities were carried out on single crystal mériquency ultrasonic interferometer operating leiHz (M-81).
The constant temperature of the liquid inside tierferometer cell was maintained by circulatingexghrough the
outer jacket by electronically controlled thermbstsccuracy in the measurement of ultrasonic véjosias within
+0.01m/s and the temperature of the test liquidindumeasurement were maintained within an accuoée.1°C.
The densities of the binary mixtures & pure liguwsre measured using 25ml specific gravity bottlé a sensitive
mono pan balance (K-Roy, K-12 classic) within +Oglatcuracy. The viscosity of the liquids and thaiktures
were measured using the suspended level viscometer.

The experimentally measured ultrasonic velocity fieasured in ms density p) in kgm® and viscosity 1f) in
Nsmi? are used to evaluate various thermo dynamicahpeters like—

(1) Adiabatic compressibility[,) by the relation,

B=10% 1
(2) Intermolecular free length {) by the relation,

Le=KBM2 2
Where, K is Jacobsons constant ( K=93.875 + 0BYX 10°® and T being the absolute temperature

(3) The free volume by the relation,
3/2
Vf = I:MV ............. 3
kn
Where Mg is the effective molecular weight
(Mgt ==m;X; in which m and X are the molecular weight and mole fraction of thdividual constituents
respectively), k is temperature independent consthich is equal to 4.28 X f@or all liquids and

(4) The excess values are determined by using theéamlat
AF =Aep—Ad e 4

Where, & - excess parameters of all acoustic parameters,
n

Aidzz A X, , A is any acoustical parameter and-Xhe mole fraction of liquid component.
i=1

RESULTSAND DISCUSSION

Experimentally determined values of ultrasonic e&lo(v), density p), viscosity () and, adiabatic compressibility
(By),free length (k), and free volume (Y has been evaluated and are reported in Tabldwd.ekcess values of
excess adiabatic compressibility3.f), excess free length fl), excess free volume {§ for N,N-
dimethylacetamide +acetone, acetonitrile at 298.46Kreported in Table-2

From Table-1 and figures-1, it is observed thatastinic velocity §), density p) and viscosity 1f) increases with
increase in the mole fraction of NNDMA in the bipamixture for both the systems studied.

As observed from the Table 1 and figure 1(C), thli@s of viscosity increase with the increasingcemtration of
NNDMA in NNDMA+Acetone and NNDMA+Acetonitrile bingr mixtures systems. The compressibility values
shows decreasing trend with the increasing conatotr of NNDMA in acetone and acetonitrile mixtures
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Table 1. Ultrasonic velocity (v), density (p) , viscosity () , adiabatic compressibility (Bq),freelength (L), and free volume (Vr) for N,N-
dimethylacetamide +acetone, acetonitrile at 298.15K.

! . . . Cqmpe Free
Mole fractio of Velgmty Degsny V|S(r:]03|y Ssplblllt length Free \\//folume
v -8
NNDMA ms?! kgm® pPas | X10% Le )r(r::.o X10*" m¥mol
m?N*
N,N-dimethylacetamide + Acetone
0.0000 1173.754 785.8768 317.4357 9.2361 6.2491 543.5
0.1018 1205.282 806.1939 354.563 8.5385  6.0085 58.37
0.2092 1243.579 828.628 401.5061 7.8036 5.7441 38.16
0.3226 1278.000 848.8029 461.43F1 7.2133 5.5226 838.8
0.4425 1318.229 868.0338 526.1830 6.6495 5.2944 752.6
0.5695 1357.294 888.5246 603.2867 6.1092  5.0824 562.4
0.7043 1393.471]  905.75] 711.87y3 5.6858 4.9031 22.15
0.8475 1429.319 922.365/4 831.11B8 5.3069  4.7369 152.9
1.0000 1460.303  935.73f 958.5262 5.0114  4.6032 69.72
N,N-dimethylacetamide + Acetonitrile
0.0000 1277779 777.0927 350.4041 7.8§16 5.7728 682.0
0.0750 1295.555 798.9739 389.847 7.4568 5.6150 10.03
0.1591 1315.555 815.5309 430.5449 7.0850 5.4733 299.0
0.2540 1335.555 838.6443 482.57P1 6.6849 5.3165 921.9
0.3620 1355.679 860.5452 554.5765 6.3429 5.1705 933.8
0.4860 1375.555 878.6307 635.1884 6.0150 5.0431 186.8
0.6300 1409.143 901.3729 743.2010 5.5871  4.8604 2934.7
0.7989 1440.953 922.1639 848.2380 5.2427  4.6992 176.7
1.0000 1460.303  935.73f 958.52b2 5.0114  4.6032 82.06

Table 2. Excess adiabatic compr essibility (B4"), excessfree length (L), excess free volume (V¢F) for N,N- dimethylacetamide +acetone,
acetonitrile at 298.15K

. Excess compressibility Excess free length Excess free Volume
Mole fraction of £ 10 [ ‘o Eva 17
NNDMA Ba 2(1(1) LiX 10 Vf3x10
mN m m*/mole
N,N-dimethylacetamide + Acetone

0.0000 0.0000 0.0000 0.0000

0.1018 -0.26731 -0.07298 0.00737
0.2092 -0.54860 -0.16064 -0.00822
0.3226 -0.65990 -0.19555 -0.08117
0.4425 -0.73708 -0.22636 -0.07043
0.5695 -0.72090 -0.22935 -0.05693
0.7043 -0.57501 -0.18683 -0.11492
0.8475 -0.34885 -0.11728 -0.09042
1.0000 0.00000 0.00000 0.00000

N,N-dimethylacetamide + Acetonitrile

0.0000 0.00000 0.00000 0.00000
0.0750 -0.209588 -0.070026 -0.01176
0.1591 -0.340117 -0.113481 0.01579
0.2540 -0.467738 -0.159233 0.01042
0.3620 -0.519763 -0.178871 -0.05144
0.4860 -0.471606 -0.161242 -0.08380
0.6300 -0.486536 -0.175646 -0.12385
0.7989 -0.366068 -0.139237 -0.07801
1.0000 0.00000 0.00000 0.00000

The same nature as that of compressibility is als®rved in the free length and in the free voldime.increase in
ultrasonic velocity with concentration may be #tiited to the cohesion. The increase in density edticentration
suggest a solute-solvent interaction exist betwberNNDMA in acetone and acetonitrile mixtures.other words
the increase in density may be interpreted to thectsire making of the solvent due to hydrogen lgndThe
viscosity is an important parameter in understagdive structural as well as the molecular intecsictccurring in
the liquid mixtures. Here the values of viscosité&s increasing with concentration. These variatiattiributed to
structural changés

The values of adiabatic compressibili}g) and free length (. decreases with increase in the mole fraction-&f N
dymethylacetamide. This suggests making and brgakinhydrogen bondingThe greater the attractive force
among the molecules, the smaller will be the coswibdity thus indicates formation of a complexThe
intermolecular free length depends upon intermdéecattractive and repulsive force. Eyring & Kindahave
proposed that free length is a predominating faictoletermining the variation of ultrasonic velgoitf solution§™°.
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The decrease in adiabatic compressibility suggtws there is significant interaction exsists betweunlike
molecules of the mixture. The free length and fvekume values shows decreasing trends with incr@asbe
concentration of NNDMA in both the systems. Hente&dn be concluded that there is significant inttoa
between the two liquids due to which the structarshngement is also affectéd

Figers 1. 1(A) Ultrasonic velocity (v), 1(B) density (p) , 1(C) viscosity (n) and 1(D) excess adiabatic compressibility (B.F), 1(E) excessfree
length (L), 1(F) excessfree volume (V%) for N,N- dimethylacetamide +acetone and N,N- dimethylacetamide + acetonitrile at 298.15K
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In order to understand the presence of intermadecuiteraction between molecules it is essentiasttaly the
excess parameters. Table-2 and figures 1(D),1(E)&Rypresents the excess free lengtfi)(lexcess free volume
(Vi) and excess adiabatic compressibily

The values of excess free lengthFjL), excess free volume {§f and excess adiabatic compressibiliyT are
negative in all two systems over the entire ranfgjeomposition¥ suggested that the negative excess values have
been due to the closely packed molecules whichumtctor existence of strong molecular interacticatvieen
unlike molecules.

The negative sign of excess free lengtif)(Lexcess free volume (8 and excess adiabatic compressibiliyT
indicates the strong molecular interaction betwiencomponents of NNDMA in acetone and acetonitrilgetures.
According to Fort & Mooré? a negative excess value is an indication of stitetgro-molecular interaction in the
liquid mixtures in the systems and is attributedharge- transfer, dipole-dipole, dipole —inducgmbt interactions
& hydrogen bonding between the unlike compoundsilevd positive sign indicates a weak interactionis&
attributed to dispersive force which convey that @thances of induced dipole-dipole interactionscuerruled &
strong dipolar interactions alone are confortfiéd

As shown in Table 1 and figure 1, it is observeat the values oéxcess adiabatic compressibilifisf) and excess
free length (i), are less negative for the NNDMA + acetonitsisstem than that of NNDMA + acetone system.
This indicates that the less interaction in therfer system. Thus it is clear from the above evalliparameters that
there is a strong association between the moleciilg® mixture of NNDMA in acetone and acetondril

CONCLUSION

From ultrasonic velocity, density and viscosity s@@ments, related acoustical parameters andekedss values
such as excess adiabatic compressitflify; excess free lengthLand excess free volumg™or the binary liquid
mixtures of NNDMA in acetone and acetonitrile mpas for various concentration at temperature 298.1t5has
been found that the present investigations of tbeéymamic parameters are sensitive to the mole@dsociation
present in the liquid mixtures. The negative valoéxcess compressibiliB{"), excess free length {i) and
excess free volume;¥shows the presence of strong dispersive dipolelelimteraction between the components of
molecule in the mixture. The non-linearity of thenege also supports the interaction exists. Theraation in
NNDMA and acetononitrile is weaker than interactisnNNDMA and acetone.
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