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Abstract: The experimental data of densities (o) and ultrasonic velocities (U) of binary mixtures of

(Nitrobenzene + Benzene) and (N, N-Dimethyl formamide + Benzene) over the entire composition range at
four different temperatures T = (298, 308, 313 & 318.15) K and at one atmospheric pressure have been

reported. . The obtained data’s are used to compute adiabatic compressibility (/5') , Intermolecular free length
(L¢ ), acoustic impedance (Z), molar volume (Vy, ), molar sound velocity (R) , molar compressibility (W),
Relative association (RA) , excess volume (VE) and Excess adiabatic compressibility (ﬂE) . The results

obtained in this study have been interpreted in terms of the existence of dipole-dipole and dipole induced
intermolecular interactions between the compounds in the liquid mixture under study.
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I. Introduction

Recent development in science have found profound applications of liquid mixtures in the field of medicine,
engineering, agriculture and other industrial applications, the study and understanding of thermodynamic and
transport properties are more essential [1, 2]. Measurement of density and ultrasonic velocity has been adequately
employed in understanding the molecular interactions in pure, binary, and higher order multi component liquid
mixtures [3, 4]. The propagation of ultrasonic velocity in a medium is a thermodynamic property and has come to
be recognized as a very specific and unique tool for predicting and estimating various physico-chemical properties
of the liquid mixtures under consideration [5-7]. In recent years, there has been considerable interest in theoretical
and experimental investigations of the excess thermodynamic properties of binary mixtures. In principle, the
interaction between the molecules can be established from the study of the characteristic departure from ideal
behaviour of some physical properties (i.e., volume, compressibility, and viscosity). The excess thermodynamic
functions are sensitive to the intermolecular forces as well as to the size of the molecules. In order to study all
these molecular-kinetic properties of liquids and liquid mixtures, low amplitude ultrasonic wave is very valuable.
Ultrasonic methods have established a permanent place in science and new applications and found for the solution
of many theoretical and practical problems. Most important features of ultrasonic systems are robustness, non-
invasiveness, precision, low cost, rapidity and easy automation. Sometimes it become difficult to do thermo-
acoustical study with actual liquid mixture system, in such cases mixtures of models compounds, often called
surrogate mixtures, are useful for building an understanding of the physical properties and chemical reactions of
complex fuel mixtures. Surrogate fuels can provide a baseline for engine performance, and they can help in making
predictions for the more complex fuel [8-10]. A detail survey of literature shows that very less work has been
done for (Nitrobenzene + Benzene) and (N, N-Dimethyl formamide + Benzene) mixtures. Keeping all these
important applications of thermodynamic and acoustic study in our mind, we have studied the said property for
(Nitrobenzene + Benzene) and (N, N-Dimethyl formamide + Benzene) mixtures over the entire composition range
at four different temperatures T = (298, 308, 313 & 318.15) K and at one atmospheric pressure.
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Il. Experimental

The chemicals of analytical grade were purchased from Sigma-Aldrich (purity greater than 99%) and were used
after drying over molecular sieves. The purity of chemicals was checked by comparing the measured densities and
ultrasonic sound velocity, which are in good agreement with literature values [11, 12]. To minimize evaporation
losses and light effects the mixtures were prepared by mixing the measured volumes of the components in airtight
brown bottles. Density measurements were made with a (single pan) mettler balance. The temperature of the test
liquids and binary mixtures was maintained to an accuracy of 0.1 K in an electronically controlled thermostatic
water bath. Ultrasonic velocities were determined by using multi frequency ultrasonic interferometer (F81, Mittal
Enterprises) which obtains the speed of sound by using a crystal controlled variable path ultrasonic interferometer
operating at a frequency of 1 MHz. The temperature stability is maintained 0.1 K by circulating thermostated
water around the cell with a circulating pump. In all, the accuracy of the determined value of densities and ultrasonic
velocities work out to be £0.0001 gm/cm?, and +0.2 m/s respectively.

I11. Results and Discussion
Densities (p) and Ultrasonic velocities (U) of binary mixtures of (Nitrobenzene + Benzene) and (N, N-

Dimethyl formamide + Benzene) have been measured at 303 K, 308 K, 313 K and 318 K over the entire range of
volumes fraction. Various acoustical parameters were calculated from the measured values of densities and
ultrasonic velocity by using the following relations [13-15].

Newton-Laplace equation is used to calculate adiabatic compressibility (ﬁ) =]/(U Zp) .......... (1)

Intermolecular free length (L¢ ) =K (ﬂ)l/2 .......... (2)
Acoustic impedance (Z)=pU......... (3)

Molar volume (Vy, )= aMitioMa L (4)
P
Molar sound velocity (R)=U %V ........... (5)

Molar compressibility (W):M,B’]/7 ......... (6)
P

Relative association (Ra)=(02/p1)(Uy/Up).ccceeece. (7)
For ideal mixing ideal value of a parameter is given by Excess volumes Yigey =(1—X)¥; +XYp.......... (8)
Excess parameter is given by YE =Yexp — Yideal -++eee (9)

Where, M is the mean molecular weight; the subscripts 1 and 2 stand for pure solvent (benzene) and solutions of
(Nitrobenzene + Benzene & N, N-Dimethyl formamide + Benzene) respectively, K representing a temperature-
dependent constant [16], T absolute temperature. The measured values of ultrasonic velocity, density and related
thermo acoustical parameters of Nitrobenzene + Benzene and N, N-Dimethyl formamide + Benzene solutions at
303 K, 308 K, 313 K and 318 K temperatures in different concentrations are shown in Tables 1 and 2. The variation
of different thermo acoustical parameters with concentrations and temperature is shown graphically in Figures 1—
6. It can be seen from table 1 and 2 that the density of binary mixtures increases with the increase in concentration
of solute in the solution and decreases slightly with increase in the temperature at a particular concentration. It is
also evident from Table 1 and 2 that, ultrasonic velocities are increasing with the increase in concentration for both
nitro benzene and N, N-Dimethyl formamide in benzene at all the studied temperatures. Generally, studies of
thermo-acoustical and excess thermo-acoustical parameters [17, 18] are useful to explain strength of the interactions
between the component molecules of liquid mixtures in most of the cases. Intermolecular free length is an important
parameter that has association with adiabatic compressibility. The variation in Ls values for the binary mixtures at
different temperatures shown in figure 1 and 2. It is clear that the intermolecular free length shows a similar
behaviour as reflected by s from Table 1 and 2. The decreased compressibility brings the molecules to a closer
packing resulting a decrease in intermolecular free length. The inter dependence of ‘L¢ and ‘U’ has been evolved
from a model for sound propagation proposed by Eyring and Kincaid [19]. According to the proposed theory, the
decrease in the value of ‘f” and ‘L¢” with increase in ultrasonic velocity further strengthens the process of complex
formation between the solute molecules through hydrogen bonding due to which structural arrangement is
considerably altered. In the present study also, there is a possibility of complex formation due to interactions as
revealed by the nonlinear variation of ultrasonic velocity and their related parameters due to strong interaction of
forces.
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Table 2: Ultrasonic velocity, density, adiabatic compressibility, intermolecular free length, acoustic impedance,
Molar volume, excess adiabatic compressibility, excess volume, molar sound velocity, molar compressibility,
Relative association for Nitrobenzene + Benzene at T= (303, 308,313 and 318) K.

P U | px10™|L, x10"|Z x10° |V, 10°° | gFx10?|VEx10°| R | W | R,
3
(kg/m ) (m/s) (NflmZ) (m) (kg m-zs-l) m3mol™ (Nfl mz) (mol m—3)
Nitrobenzene + Benzene (T =303 K)

0 867.93 | 1274.40 7.09 7.36 11.06 90.00 0 0 0.0382| 1.812 | 0.3333
0.10 | 900.51 | 1285.00 6.73 6.98 11.57 91.73 -1.7320 -0.2192 0.0393] 1.949 | 0.3430
0.25| 941.25 | 1296.90 6.32 6.55 12.21 92.54 -3.6550 -1.1805  [0.0400| 2.093 | 0.3552
0.35| 971.94 | 1313.00 5.97 6.19 12.76 94.24 -4.2740 -1.0951  [0.0412| 2.256 | 0.3623
0.45| 995.88 | 1332.00 5.66 5.87 13.27 96.49 -4.2460 -0.4381 0.0428| 2.436 | 0.3659
0.50 | 1025.03 | 1358.91 5.28 5.48 13.93 98.13 -3.9840 -0.1935  [0.0444| 2.654 | 0.3692
0.60 | 1059.85 | 1379.98 4.95 5.14 14.63 99.15 -3.5000 -0.3700 0.0456| 2.859 | 0.3759
0.70 | 1091.98 | 1391.00 4.73 4.91 15.19 100.35 -2.8430 -0.5000  [0.0465]| 3.029 | 0.3842
0.80 | 1128.21 | 1405.00 4.49 4.66 15.85 101.11 -1.9460 -0.6821 0.0474] 3.217 | 0.3930
0.90 | 1155.99 | 1425.00 4.26 4.42 16.47 102.57 -0.8482 -0.2282 0.0487| 3.439 | 0.3970
1.00 | 1188.20 | 1440.99 4.05 4.21 17.12 103.57 0 0 0.0497| 3.651 | 0.4036

Nitrobenzene + Benzene (T =308 K)

0 862.78 | 1255.30 7.36 7.70 10.83 90.53 0 0 0.0379| 1.758 | 0.3364
0.10 | 894.68 | 1262.00 7.02 7.34 11.29 92.33 -1.8640 -0.2613 0.0388| 1.879 | 0.3470
0.25| 935.02 | 1278.00 6.55 6.85 11.95 93.15 -3.7800 -1.2068  [0.0397| 2.032 | 0.3581
0.35| 965.21 | 1293.86 6.19 6.48 12.49 94.90 -4.3490 -1.1386  [0.0409| 2.191 | 0.3651
0.45| 989.91 | 1314.00 5.85 6.12 13.01 97.07 -4.2870 -0.5277 0.0425| 2.370 | 0.3687
0.50 | 1017.55 | 1332.89 5.53 5.79 13.56 98.85 -4.0520 -0.2232  [0.0439| 2.553 | 0.3736
0.60 | 1053.47 | 1354.00 5.18 5.42 14.26 99.75 -3.6390 -0.3980  [0.0450| 2.752 | 0.3808
0.70 | 1085.53 | 1372.91 4.89 5.11 14.90 100.94 -2.9700 -0.5326  [0.0462| 2.951 | 0.3870
0.80 | 1122.21 | 1385.00 4.65 4.86 15.54 101.65 -2.1290 -0.7676  [0.0469| 3.126 | 0.3966
0.90 | 1150.12 | 1402.00 4.42 4.63 16.12 103.09 -0.9402 -0.3276 0.0482| 3.329 | 0.4015
1.00 | 1181.10 | 1424.00 4.18 4.37 16.82 104.19 0 0 0.0495| 3.565 | 0.4060

Nitrobenzene + Benzene (T =313 K)

0 857.63 | 1236.30 7.63 8.06 10.60 91.08 0 0 0.0375| 1.706 | 0.3395
0.10 | 888.86 | 1243.00 7.28 7.69 11.05 92.93 -1.9530 -0.2741  |0.0385| 1.823 | 0.3500
0.25| 929.45 | 1255.00 6.83 7.21 11.66 93.71 -3.8180 -1.2199  [0.0392| 1.960 | 0.3625
0.35| 959.48 | 1273.00 6.43 6.79 12.21 95.46 -4.3820 -1.1496  [0.0405| 2.120 | 0.3689
0.45| 983.94 | 1295.91 6.05 6.39 12.75 97.66 -4.3060 -0.5510  [0.0422| 2.305 | 0.3716
0.50 | 1010.07 | 1313.00 5.74 6.22 13.26 99.58 -4.1020 -0.2439  [0.0436| 2.477 | 0.3765
0.60 | 1047.09 | 1337.00 5.34 5.64 14.00 100.35 -3.7080 -0.4143  [0.0447| 2.683 | 0.3833
0.70 | 1077.69 | 1357.89 5.03 5.31 14.63 101.68 -3.1300 -0.5761  [0.0460| 2.886 | 0.3884
0.80 | 1118.23 | 1369.00 4.77 5.04 15.31 102.01 -2.3060 -0.8514  [0.0466 | 3.054 | 0.3998
0.90 | 1145.02 | 1386.94 4.54 4.79 15.88 103.55 -1.0520 -0.4080  [0.0479| 3.258 | 0.4041
1.00 | 1174.20 | 1406.00 4.31 4.55 16.51 104.80 0 0 0.0491| 3.475 | 0.4087

Nitrobenzene + Benzene (T =318 K)

0 852.48 | 1217.20 7.92 8.44 10.38 91.63 0 0 0.0372| 1.653 | 0.3428
0.10 | 883.03 | 1224.00 7.56 8.05 10.81 93.55 -2.1250 -0.3026  [0.0382| 1.768 | 0.3531
0.25| 924.19 | 1236.92 7.07 7.53 11.43 94.24 -3.8620 -1.2439 0.0389| 1.904 | 0.3657
0.35| 953.92 | 1260.00 6.60 7.04 12.02 96.02 -4.4450 -1.1721  [0.0403| 2.077 | 0.3705
0.45| 977.97 | 1282.00 6.22 6.63 12.54 98.25 -4.3930 -0.5514 0.0420| 2.256 | 0.3734
0.50 | 1002.59 | 1281.85 6.07 6.47 12.85 100.33 -4.1930 -0.2829  [0.0429| 2.361 | 0.3828
0.60 | 1040.71 | 1320.00 5.51 5.88 13.74 100.97 -3.8490 -0.4436  [0.0444| 2.616 | 0.3859
0.70 | 1072.64 | 1341.00 5.18 5.52 14.38 102.15 -3.2470 -0.6208  [0.0457| 2.815 | 0.3915
0.80 | 1113.21 | 1353.00 4.91 5.23 15.06 102.47 -2.4910 -0.9437  [0.0462 | 2.983 | 0.4027
0.90 | 1138.84 | 1371.98 4.66 4.97 15.62 104.11 -1.1930 -0.5199 0.0476| 3.188 | 0.4063
1.00 | 1167.40 | 1386.00 4.46 4.75 16.18 105.41 0 0 0.0487| 3.377 | 0.4122

Table 3: Ultrasonic velocity, density, adiabatic compressibility, intermolecular free length, acoustic impedance,
Molar volume, excess adiabatic compressibility, excess volume, molar sound velocity, molar compressibility,
Relative association for N, N-Dimethyl formamide + Benzene at T= (303, 308,313 and 318) K.

| P U | gx10™|L, x10™| Zx10° |V, 10° | gEx102[VEx10®°| R | W | R,
(kg/m3) (m/s) (Nflmz) (m) (kgm’zs'l) mémol™ (N,l mz) (m0| mf3)

N, N-Dimethyl formamide + Benzene (T =303 K

0 867.93 | 1274.40 7.09 7.36 11.06 90.00 0 0 0.0382 | 1.812 | 0.3333
0.1 | 876.08 | 1298.00 6.77 7.03 11.37 88.59 -1.2280 -0.3055 0.0383 | 1.868 | 0.3303
0.2 | 883.18 | 1319.70 6.50 6.75 11.66 87.30 -2.0030 -0.4613 0.0384 | 1.918 | 0.3275
0.3 | 890.18 | 1338.00 6.27 6.51 11.91 86.05 -2.3050 -0.5684 0.0384 | 1.959 | 0.3256
0.4 | 903.41 | 1357.00 6.01 6.24 12.26 84.24 -2.5410 -0.6073 0.0381 | 2.002 | 0.3258
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0.5 | 909.78 | 1373.00 5.83 6.05 12.49 83.10 -2.4120 -0.6020 0.0380 | 2.036 | 0.3243
0.6 | 915.97 | 1386.00 5.68 5.90 12.70 81.99 -1.9490 -0.5472 0.0379 | 2.061 | 0.3235
0.7 | 922.22 | 1397.30 5.55 5.76 12.89 80.89 -1.2900 -0.4463 0.0377 | 2.081 | 0.3230
0.8 | 928.29 | 1410.20 5.42 5.62 13.09 79.82 -0.7179 -0.3221 0.0375 | 2.105 | 0.3222
0.9 | 928.29 | 1424.00 5.31 5.51 13.22 79.28 -0.1722 -0.1551 0.0376 | 2.132 | 0.3191
1 934.81 | 1443.00 5.14 5.33 13.49 78.19 0 0 0.0376 | 2.174 | 0.3171
N, N-Dimethyl formamide + Benzene (T =308 K
0 862.78 | 1255.30 7.36 7.70 10.83 90.53 0 0 0.0379 | 1.758 | 0.3364
0.1 | 870.72 | 1275.00 7.06 7.39 11.10 89.13 -0.7908 -0.2810 0.0379 | 1.802 | 0.3342
0.2 | 877.84 | 1297.00 6.77 7.09 11.39 87.84 -1.6100 -0.4344 0.0380 | 1.853 | 0.3313
0.3 | 884.92 | 1316.00 6.53 6.83 11.65 86.57 -1.9660 -0.5440 0.0380 | 1.895 | 0.3291
0.4 | 891.66 | 1335.70 6.29 6.58 11.91 85.35 -2.2450 -0.5832 0.0380 | 1.940 | 0.3267
0.5 | 898.31 | 1352.00 6.09 6.37 12.15 84.16 -2.0950 -0.5791 0.0379 | 1.974 | 0.3252
0.6 | 904.73 | 1366.00 5.92 6.20 12.36 83.01 -1.6490 -0.5209 0.0378 | 2.002 | 0.3242
0.7 | 911.04 | 1380.50 5.76 6.03 12.58 81.88 -1.1770 -0.4219 0.0377 | 2.031 | 0.3230
0.8 | 917.37 | 1395.30 5.60 5.86 12.80 80.77 -0.6707 -0.2955 0.0376 | 2.061 | 0.3218
0.9 | 923.68 | 1410.40 5.44 5.70 13.03 79.67 -0.1266 -0.1393 0.0375 | 2.091 | 0.3205
1 930.51 | 1431.50 5.24 5.49 13.32 78.55 0 0 0.0375 | 2.140 | 0.3181
N, N-Dimethyl formamide + Benzene (T =313 K
0 857.63 | 1236.30 7.63 8.06 10.60 91.08 0 0 0.0375 | 1.706 | 0.3395
0.1 | 865.33 | 1253.00 7.36 7.77 10.84 89.69 -0.4145 -0.2530 0.0375 | 1.741 | 0.3380
0.2 | 872.47 | 1275.00 7.05 7.45 11.12 88.38 -1.2460 -0.4041 0.0376 | 1.791 | 0.3349
0.3 | 879.64 | 1294.00 6.79 7.17 11.38 87.09 -1.5900 -0.5175 0.0376 | 1.832 | 0.3327
0.4 | 886.49 | 1314.00 6.53 6.90 11.65 85.85 -1.8810 -0.5611 0.0376 | 1.877 | 0.3302
0.5 | 893.17 | 1332.00 6.31 6.66 11.90 84.64 -1.8410 -0.5528 0.0376 | 1.916 | 0.3282
0.6 | 899.63 | 1348.00 6.12 6.46 12.13 83.48 -1.5030 -0.4903 0.0375 | 1.949 | 0.3266
0.7 | 905.98 | 1363.70 5.94 6.27 12.35 82.34 -1.0540 -0.3865 0.0374 | 1.982 | 0.3252
0.8 | 912.48 | 1380.00 5.75 6.08 12.59 81.20 -0.5916 -0.2662 0.0374 | 2.016 | 0.3236
0.9 | 919.01 | 1396.40 5.58 5.89 12.83 80.08 -0.0657 -0.1194 0.0373 | 2.050 | 0.3221
1 926.19 | 1419.30 5.36 5.66 13.15 78.91 0 0 0.0373 | 2.103 | 0.3194
N, N-Dimethyl formamide + Benzene (T =318 K
0 852.48 | 1217.20 7.92 8.44 10.38 91.63 0 0 0.0372 | 1.653 | 0.3428
0.1 | 859.92 | 1233.00 7.65 8.15 10.60 90.25 -0.2490 -0.2221 0.0371 | 1.686 | 0.3413
0.2 | 867.23 | 1253.00 7.34 7.83 10.87 88.91 -0.8568 -0.3862 0.0371 | 1.729 | 0.3388
0.3 | 874.38 | 1272.00 7.07 7.53 11.12 87.61 -1.1780 -0.4922 0.0371 | 1.771 | 0.3364
0.4 | 881.31 | 1292.00 6.80 7.24 11.39 86.35 -1.4490 -0.5373 0.0372 | 1.815 | 0.3339
0.5 | 887.97 | 1311.80 6.54 6.97 11.65 85.14 -1.5420 -0.5197 0.0372 | 1.858 | 0.3313
0.6 | 894.50 | 1329.80 6.32 6.74 11.90 83.96 -1.3270 -0.4559 0.0372 | 1.897 | 0.3292
0.7 | 900.99 | 1347.20 6.12 6.52 12.14 82.79 -0.9543 -0.3562 0.0372 | 1.934 | 0.3273
0.8 | 907.61 | 1364.80 5.92 6.30 12.39 81.64 -0.5169 -0.2374 0.0371 | 1.972 | 0.3255
0.9 | 91442 | 1382.80 5.72 6.09 12.64 80.48 -0.0370 -0.1054 0.0371 | 2.010 | 0.3237
1 921.88 | 1407.00 5.48 5.84 12.97 79.28 0 0 0.0372 | 2.067 | 0.3207
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This conclusion is further fortified by the increasing values of relative association R, , because the increase of R,

with the addition of co-solvent (table 1and 2) suggests that the chemical force predominates over the breaking up
of the solvent molecules [20]. The acoustic impedance (Z) is the parameter related to the elastic properties of the
medium. Therefore, it is important to examine specific acoustic impedance in relation to concentration and
temperature. Fig. 1 and 2 shows the variation of acoustic impedance with mole fraction and temperature. Acoustic
impedance exhibits a nonlinear variation with concentration further supports the possibility of presence of strong
interaction forces. Table 1 and 2 also refers that, the variation in molar sound velocity and molar compressibility
with mole fraction shows similar trend interactions are increasing with increase in mole fraction of solute. The
variation of excess volume and excess adiabatic compressibility with volume fraction in the binary mixtures are
given in Fig. 3, 4 and Fig. 5, 6 respectively. According to Sri Devi et. al. [21], negative excess values are due to
closely packed molecules which accounts for the existence of strong molecular interactions whereas positive excess
values reflect weak interactions between unlike molecules. The sign of excess volume & excess adiabatic
compressibility are useful in assessing the compaction due to molecular interactions in liquid mixtures through
hydrogen bonding, charge transfer, dipole-dipole & dipole induced dipole interactions, interstitial accommodation
and orientation ordering, which lead to a more compact structure, leading to negative values of the excess adiabatic
compressibility and excess molar volume. It can be explained as, velocity of ultrasonic wave is a sensitive function
of space filling factor, and small change in volume causes significant change in velocity of ultrasonic wave. The
volume change of the liquid mixture depends upon the structural arrangement in the liquid mixture as well as on
intermolecular interactions. The forces between the molecules and also their geometry would decide the structural
arrangement. Thus, the geometry of molecules has a vital role in deciding the volume of a liquid. In a mixture of
two liquids, the shape of molecules i.e. cluster geometry or micro geometry would therefore, predominantly, decide

- ____________________________________________________________
AIJRSTEM 17-405; © 2017, ANRSTEM All Rights Reserved Page 20



Sudip Mondal et al., American International Journal of Research in Science, Technology, Engineering & Mathematics, 20(1), September-
November, 2017, pp. 16-21

an excess of molar volume. An increase in the strength of the heteromolecular forces manifesting in a decrease in
adiabatic compressibility of the mixture would tends to reduce the size of cluster, hence decrease in total volume
of the mixture. From table 2 and 3 it can be seen that the variation of VEand F are negative and non-linear with at
least one minimum. Such a variation with minimum at certain composition is known to indicate an attractive hetero-
molecular liquid1-liquid2 interaction, leading to association of molecules and a cluster may be formed. Two minima
can be considered to form two relatively stable clusters. The process leading to the stable clusters would be in
equilibrium at these concentrations evident form figure 2 and 3. Let the pure liquids A and B be represented as:
A, =(A/AA AAA,..) and B, =(B,B.B,B.B.B,....)i.e. a set of monomers, dimmers, trimmers, etc, due to an

associative heteromolecular AB interaction, the mixture can be (AB)lig = (AB, AB.B, AAB,....) .This association

would occur due to presence of an attractive subgroup in A type and attractive subgroup in B type molecules. If
minima is closer to higher concentration of A then, AA>BB, while a symmetrical variation would indicate AB>AA
as well as AB>BB as the relative strength of interactions. We can explain the observations of of VEand s for nitro-
benzene and benzene system which is a mixture of Polar-nonpolar molecules considering the above facts of
molecular interaction.. Excess volume & excess adiabatic compressibility both have negative for nitro-benzene +
benzene system. The types of interaction are AA & BB as two deeps are observed in figure 3. The peak at x=0.5 in
VE and minima in AF indicates the complex formation in these mixture at x=0.5. Association between A type to form
A AA AAA,....as well as in B molecule of the type B,B.B,B.B.B,...., i.e. formation of aggregates of pure
component as well as stable clusters at equal composition may be the reason for decrease in volume and adiabatic
compressibility and presence of dipole-induced dipole type intermolecular force [22]. The second mixture of N, N-
Dimethyl formamide + Benzene falls in the same category of polar- nonpolar molecule. Figure 4 shows that excess
volume varies with volume fraction smoothly and VE<Q. N,N dimethyl formamide has a dipole moment 3.83D
indicating a strong polar nature and benzene is neutral. In the mixtures of N, N dimethyl formamide-benzene the
polar molecule may be inducing dipole causing attraction resulting in decrease in volume. The negative variation
in B support a strong interaction forces may be due to dipole-induced dipole and indicating formation of clusters.
Both the type of molecules contributes equally to AB type of attractive interaction. From the figure 3, 4 and 5, 6 it
is revealed that there is a strong interaction in both the mixtures, but the strength of interaction in nitrobenzene-
benzene is more than in benzene- N,N dimethyl formamide at all temperatures. Nitrobenzene being strongly polar
(4.22D) induces the dipole in the mixtures with benzene causing more strength of interaction in nitrobenzene +
benzene system than N, N dimethyl formamide + benzene mixture [23].

IV. Conclusion
The nonlinear variation of the related parameters such as adiabatic compressibility, intermolecular free length,
acoustic impedance were elaborated to understand the molecular interactions that leads to the process of complex
formation between the solute molecules through dipole-dipole interactions. The negative values of the excess
volume and excess adiabatic compressibility with concentration and temperature confirms the presence of strong
solute-solvent interaction through dipole-induced dipole interactions. Overall prediction in these mixtures is
interactions are due to dipole-induced dipole forces and extent is greater in nitrobenzene-benzene compare to N,
N dimethyl formamide + benzene.
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