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Abstract

Ultrasonic velocities and densities of the binary liquid mixtures of di methyl
malonate with branched alkanols like 2— methyl-1-propanol(2M1P), 2- propanol (2P),
and 2- butanol (2B) have been measured in temperatures range 303.15 K to 318.15 K with
an interval of 5K over the entire composition range of mole fractions. Using Nomoto's
relation (U..), impedance relation (U.), ideal mixing relation (U..), Junjie's relation (U),
Rao’s specific velocity relation (U.) and Kudriavtsev relation (U.), the theoretical values
of ultrasonic velocity were evaluated. The computed estimations of ratio in velocity
(U*/U%imx) from measured estimations of ultrasonic velocity (U) are graphically
shown.From the values of experimental and theoretical velocities the molecular
interaction parameter (o) has been evaluated and discussed its variation with the
composition mixture has been conferred in terms of molecular interactions. The validity
of the theories were checked by calculating standard deviation and chi square test.
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1. Introduction

Sound speed measurements have significance in science and technology since they provide
valuable information about acoustic and thermodynamic parameters, the sign and magnitude of their
excess functions being used to evaluate structure-making and /or structure-breaking effects arising
due to mixing of two or more unlike liquids in varying proportions [1,2].

The ultrasonic sound velocities in liquid mixtures have been measured and compared with
experimental values using different theories [3-8]. It is predicted that the essence of the interaction
between constituent molecules in the mixture would be known by comparing ultrasonic velocities
theoretically measured with those obtained experimentally in the current binary liquid mixtures. In
discovering the detailed theoretical model for liquid mixtures, such theoretical analysis is helpful.
These ultrasonic sound velocities of liquid mixtures are useful in evaluating different liquid state
hypotheses. Theoretically, in binary liquid mixtures, the assessment of ultrasonic velocity and its
connectio to the study of molecular interaction has been successfully carried out in recent years[9,10]
using the theoretical relationships of Nomoto[3], Van Dael and Vangeel [4], the impedance
relationship[5], Rao 's unique velocity[7], Junjie[6] and Kudriavtsev[8]. In binary liquid mixtures,
several attempts have been made to theoretically determine the ultrasonic sound velocity, where all
the physical properties in a given system gradually shift within well-defined limiting values,
corresponding to that of the component liquids.

2. Experimental

Di methyl malonate (Loba >0.995 purity) was distilled at low pressure and over freshly
activated 0.3 nm molecular sieves [11]. The branched alkanols referred to above in the study (Loba
chemicals, India, with a purity of > 0.99) were purified using the methods mentioned in the
literature[12, 13]. By calculating the densities and ultrasonic velocities, which are in good agreement
with the values of the literature, the purity of the chemicals was further tested.

3. Apparatus and Procedure

The speed of sound is measured using an ultrasonic interferometer (Mittal Enterprises, New
Delhi model FO5) operating at 2 MHz. The experimentally measured speeds of sound have a precision
of 0.8 m-sec”' and an uncertainty less than +0.1 m-sec”'. The temperature stability was maintained
within £0.01 K, by circulating water bath around the measuring cell through a pump.

The pure liquids density and density of their mixtures are determined using a double-arm
pycnometer, and the values from triplicate replication at each temperature are reproducible within kg
- m’ and the uncertainty in the measurement of density is found to be 2 parts in 10* parts. The
reproducibility in mole fractions was within £0.0002.

4. Theory
4.1 Nomoto Equation

Rao’s [14] found experimentally that, for pure liquids, the ratio of temperature coefficients of
sound velocity U and molar volume V remains almost constant:

[(1/U)dU/dT] (dU/dT)/(1/V) (dV/dT)] = =3 (1)
where T is the absolute temperature. Integrating this equation one obtains:
vU'/3 = const = M/pU'/3 = R 2)

where M is molecular weight,p is density and R is constant which is called the molar sound velocity
or Rao’s constant. It was found to be additive
On assuming the additivity of molar sound velocity (R) and no volume change on mixing,
Nomoto established the following relation [3] for a liquid mixture
R=M/pU'/3 (3)
Here, the experimentally determined velocity and density are U and p respectively and M is
the mean molecular weight in a binary liquid mixture.
M = (X;M; + X, M,) (4)
where M, and M, are molecular weights of constituent components. Simple manipulation
yields the following relation4

Unomoto = [(X1R1) + X2R5)/ (X1Vy + XoV)]? (5)
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4.2 The Van Daeland Vangeel Equation

The ideal mixing theory advanced by Van Dael and Vangeel [4] in the light of assumptions
made by Blandamer and Waddington[25], yield the following relation[26] for adiabatic
compressibility (B.)imx

Bagdimx = @1V Yimx Boaadr T 022/ Yimx Bag)2 (6)

where,, @, are the volume fraction of species 1 and 2, v, and v, are ratios of specific heats of
the respective species. This relation holds good if the mixture is ideal and ify; = y,= yimx. Using the
additional assumption that V; = V, the above equation can be transformed in to a linear combination
of mole fraction X, and Xj.

(Bad)imx = X1(Baa)1 + X2(Bad)2 7

Basingon this equation, Van Dael obtained the relation for ultrasonic velocity in liquid
mixtures as

1/ (X1 My + XoMy) * (1/Ufny ) = X1 /My U} + Xp /Mo U3 (8)
where Uy, is the ideal mixing ultrasonic velocity in liquid mixture.U; and U, are ultrasonic velocity
in species.

4.3 The Impedance relation
Impedance relation [5]
U= YXiZ;/¥Xip; 9
where X; mole fraction, p, is the density of the mixture and Z; is the acoustic impedance.

4.4 The Rao’sspecific velocity method relation
Rao’s specific velocity method [7]
U= (Xir;d)® (10)
where X; mole fraction, Uj is the ultrasonic velocity, p, is the density of the mixture, r; is the

Rao’s specific sound velocity = Uim/pi and Z; is the acoustic impedance.

4.5 The Junjie equation
Junjie equation [6] (Ujy) =
(X1M1/p1 + XzMz/Pz)/

[{X,

. (11)
M; + XMy, /2(X, My / pyUZ + X, My / p,UZ)}1/2]

wher M;, M, are molecular weights of constituent components. p, and p, are the densities of
constituent components.
4.6. Kudriavtsev Equation
Kudriavtsev Relation [8] for the ultrasonic relation between experimental and theoretical values are
calculated as

Ukup = [X1M1U12/Meff] + [XzMzUzz/l"leff]l/2 (12)
4.7 Chi-square test for goodness of fit
As indicated by Karl Pearson [15], Chi-square value is evaluated for the binary liquid mixtures under
study utilizing the formula

12 =Xi=1((U(obs) — U(cal))2 / U(cal) (13)
where n is the number of data used,
and U (obs) = experimental values of ultrasonic velocities
U(cal) = computed values of ultrasonic velocities

4.8 Relative percentage of error (o)

The Average percentage error is calculated by utilizing the relation
0= 1/n2((U(obs) - U(cal))/U(obs))Xloo (14)

where n is the number of data used. U (obs) = experimental values of ultrasonic velocities

4.9 Molecular Association(a):

The degree of intermolecular interaction or molecular association is given by

o= (ngp/Uime)_1 (15)
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5. Results and Discussion

In general, polar aprotic solvents solvate cat ions and anions efficiently, while aprotic solvents
do not solvate anions to a large degree. Alkanols are protic solvents and because it has the group
-C =0, DiMethyl Malonate is an aprotic solvent. Since oxygen is much more electro-negative than
carbon, it has a strong tendency to draw the carbon-oxygen bond electron towards itself. One of the
two pairs of electrons that make up a double bond of carbon-oxygen is much more readily drawn
towards the oxygen that polarizes the carbon-oxygen bond. With a dipole moment of (u), this polarity
further attempts to pull hydrogen from self-associated alkanol molecules. This is the key phenomenon
occurring between hetero molecules in a new hydrogen bond.

The experimental values, along with the values calculated theoretically using the relations of
Nomoto, Van Dael ideal mixing, Impedance, Rao’s specific velocity, Junjie and Kudrait for studied
systems at the temperatures of 303.15, 308.15, 313.15 and 318.15K are given in Tables 1, 2 and 3.
The percentage of deviation is calculated to check the validity of different theoretical formulae is
checked by percentage deviation for all the mixtures at all the temperatures and these values are also
incorporated in the tables 1, 2 and 3.

Tables 1, 2 and 3 demonstrate that the theoretical ultrasonic velocity values calculated by
different theories indicate differences from the experimental values. It is responsible for the
constraints and approximations integrated into these theories. All of the molecules are thought to be
spherical in shape, which is not always true. In Nomoto 's theory, when mixing, it is believed that the
volume does not change. Therefore, no interaction has been taken into account between the
components of liquid mixtures. The assumption for the development of the optimal mixing
relationship is that the ratio of ideal mixtures' unique heats and volumes are also equal. Again, it does
not take into account any molecular interaction. Similarly, as per the belief of the theory of the
Collision Factor, the molecules are handled, which is not really the case, as real non-elastic
substances. But the interaction between the molecules of the two liquids happens when two liquids are
combined due to the presence of different kinds of forces, such as dispersion forces, charge transfer,
hydrogen bonding, dipole-dipole and dipole-induced dipole interactions. Therefore, the variations
found in the velocity values measured using different models from the experimental values suggest
that there is a molecular interaction between the different molecules in the liquid mixture.

The computed estimations of ratio in velocity (U*/U%mx) from measured estimations of
ultrasonic velocity (U) are graphically shown in Fig 1, 2 and 3. The ratio (U*/U%mx) is used as an
important tool to measure the non-ideality in liquid mixtures, especially in these cases where the
properties other than sound velocity are not known. The values of the (U/U%mx) are positive[16] for
the studied binary mixtures at all the different temperatures and over the entire composition range of
DMM, which indicates dominance of associations over dispersion forces among the molecules of
liquid mixture.

Fig 1, 2 and 3 represent the variation of (U/U%mx) with mole fraction of DMM with
branched alkanols. It is observed at 0.5 mole fraction systems show maximum positive deviation at all
the temperatures, which infers the maximum hetero molecular associations at this mole fraction of
DMM. The deviation of the ratio (U*/U*imx) from unity is a direct measure of non ideality of the
system as a consequence of association or dissociation.

6. Conclusion

From the values of experimental and evaluated velocity values, it may be concluded that, the
Impedance Relation has provided good results. Thus, the linearity of molar sound velocity and
additive of molar volumes, as suggested by Impedance Relation has been truly observed in the above
mentioned binary liquid mixtures. The success of these relations in predicting the experimental
ultrasonic velocities for polar-polar liquid mixtures has also been emphasized by others.
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Table 1: Experimental and theoretical values of velocities with their percentage of deviations for the system DMM
+2M1P at 303.15, 308.15,313.15 and 318.15K

Xi | Usw | Usow | Usme | Uy | Usn | Uso | Uxon | %Us | % Ui | %Usby | %Uss | %Usso | %Ukip | U0 | @
303.15K
0.0000 1111.0 1111.0 1111.0 1111.0 1111.0 1111.0 1111.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

0.0824 11252 1135.5 1140.1 1104.2 1118.2 1192.7 11494 0.9157 1.3280 -1.8594 -0.6221 6.0053 2.1572 1.0383 0.0383
0.1680  1140.8 1160.1 1168.3 1101.4 1128.3 1265.3 1183.6 1.6966  2.4099 -3.4488 -1.0960 109171 3.7559 1.0727 0.0727
02572 1158.1 1185.0 1195.6 1103.0 1141.6 1328.1 12143 2.3238 3.2339 -4.7578 -1.4298 14.6756 4.8524 1.1024 0.1024
0.3500  1177.5 1210.1 1222.0 1109.6 1158.3 1379.7 1242.0  2.7751 3.7851 -5.7634 -1.6291 17.1749 5.4837 1.1261 0.1261
0.4469  1199.2 1235.5 1247.7 1122.1 1178.8 1419.1 1267.2  3.0252  4.0452 -6.4256 -1.6975 18.3415 5.6725 1.1421 0.1421
0.5479 12237 1261.0 1272.6 1142.0 1203.7 1443.7 1290.2  3.0442  3.9919 -6.6789 -1.6361 17.9734 5.4298 1.1483 0.1483
0.6534  1251.7 1286.7 1296.8 1171.4 1233.7 1451.1 13113 2.7970  3.5977 -6.4172 -1.4433 159311 4.7561 1.1418 0.1418
0.7637 12839  1312.7 1320.2 1213.7 1269.6 1441.3 1330.7 22419  2.8296 -5.4649 -1.1141 12.2571 3.6418 1.1190 0.1190

0.8791 1321.3 1338.8 1343.0 1274.8 1312.8 1412.3 1348.6 1.3294 1.6468 -3.5169 -0.6388 6.8865 2.0668 1.0742 0.0742
1.0000  1365.2  1365.2 1365.2 1365.2 1365.2 1365.2 1365.2  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

6.0445 0.2601 -0.4688  -0.1146 1.0480 -3.4380

b 6.0445  10.6778  29.3118 1.8769  214.5263 1.3002
308.15K

0.0000 11047  1104.7 1104.7 1104.7 1104.7 1104.7 11047 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

0.0824 11189  1128.7 1133.4 1097.9 11115 1189.5 11424 08776  1.2971 -1.8738 -0.6575 6.3099 2.1073 1.0386 0.0386

0.1680 11343 11529 1161.1 1095.0 1121.3 1262.5 1176.0  1.6385  2.3643 -3.4624 -1.1494 11.3019 3.6782 1.0730 0.0730

0.2572 1151.3 1177.3 1188.0 1096.5 1134.2 13258 1206.2  2.2598 3.1862 -4.7604 -1.4883 15.1582 4.7657 1.1025 0.1025

0.3500  1170.1 1202.0 1214.0 1102.9 1150.5 1377.4 12334 27225  3.7508 -5.7433 -1.6773 17.7150 5.4085 1.1256 0.1256

0.4469 11914 12268 1239.2 1115.2 1170.6 1416.9 1258.1 29741  4.0129 -6.3960 -1.7454 18.9228 5.6009 1.1413 0.1413

0.5479 12155 1251.9 1263.7 1134.8 1195.1 1440.4 1280.7  2.9978 3.9632 -6.6417 -1.6812 18.5039 5.3664 1.1473 0.1473

0.6534 12430 12773 1287.4 1163.7 1224.5 14473 1301.,5 27583  3.5743 -6.3757 -1.4826 16.4416 4.7048 1.1408 0.1408

0.7637 1274.1 1302.8 1310.4 1205.4 1260.0 14352 13205 2.2520 2.8513 -5.3891 -1.1075 12.6421 3.6442 1.1172 0.1172

0.8791 1311.2 1328.5 1332.8 1265.6 1302.7 1404.2 1338.2 1.3224 1.6461 -3.4795 -0.6483 7.0958 2.0560 1.0734 0.0734

1.0000  1354.5 1354.5 1354.5 1354.5 1354.5 1354.5 13545 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

o 0.1933 0.2581 -0.4665  -0.1180 1.0780 -3.3941
b 5.8133  10.4440  28.7975 1.9735  226.9631 1.2672
313.15K

0.0000  1096.0 1096.0 1096.0 1096.0 1096.0 1096.0 1096.0  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0824 11089 11183 1122.8 1088.8 1101.8 1180.6 1130.9  0.8468 1.2509 -1.8083 -0.6356 6.4638 1.9819 1.0372 0.0372
0.1680 11232 1140.8 1148.6 1085.5 1110.6 1254.7 1162.0 1.5652  2.2649 -3.3541 -1.1250 11.7049 3.4544 1.0706 0.0706
02572 1138.6 1163.5 1173.7 1086.4 1122.3 1316.8 11900  2.1840  3.0779 -4.5839 -1.4311 15.6505 4.5115 1.0984 0.0984
0.3500  1155.8 1186.4 1197.9 1092.1 1137.4 1368.0 12153 2.6478 3.6412 -5.5095 -1.5936 18.3602 5.1487 1.1200 0.1200
0.4469 11752  1209.5 1221.3 1103.5 1156.1 1406.0 12383 2.9211 3.9258 -6.1028 -1.6267 19.6369 5.3727 1.1342 0.1342
0.5479  1197.6 12329 1244.1 1121.8 1178.9 1427.6 12594 29444  3.8790 -6.3292 -1.5608 19.2074 5.1595 1.1397 0.1397
0.6534  1222.8 1256.4 1266.1 1149.1 1206.5 1431.0 1278.7 27479 3.5390 -6.0300 -1.3333 17.0251 4.5724 1.1325 0.1325
0.7637  1252.0  1280.1 1287.4 1188.4 1239.7 1416.7 1296.5  2.2481 2.8297 -5.0802 -0.9812 13.1550 3.5556 1.1099 0.1099
0.8791 1287.3 1304.1 1308.1 1245.0 1279.7 1383.6 1313.0 1.3087 1.6231 -3.2823 -0.5827 7.4862 1.9987 1.0690 0.0690
1.0000 13283 1328.3 1328.3 1328.3 1328.3 1328.3 1328.3  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
o 0.1896 0.2523 -0.4437  -0.1102 1.1126 -3.2505

b 5.5257  9.8471 25.7656  1.6980  240.6945  1.1622
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318.15K

0.0000  1089.5 1089.5 1089.5 1089.5 1089.5 1089.5 1089.5  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0824  1101.7 1110.6 1115.0 1082.1 1094.6 1174.9 11224 0.8067 1.2044 -1.7796 -0.6439 6.6429 1.8816 1.0366 0.0366
0.1680 11152 1131.9 1139.6 1078.5 1102.5 12492 1151.9 1.5010  2.1899 -3.2892 -1.1307 12.0165 3.2931 1.0692 0.0692
02572 11294 11534 1163.3 1079.0 1113.5 1312.0 11784  2.1244  3.0051 -4.4650 -1.4120 16.1716 4.3362 1.0957 0.0957
03500 11456  1175.1 1186.3 1084.2 1127.6 1362.1 12024 25752  3.5545 -5.3633 -1.5726 18.9004 4.9556 1.1166 0.1166
0.4469  1163.8 1197.0 1208.6 1094.9 1145.3 1399.4 12242 2.8541 3.8453 -5.9238 -1.5925 20.2461 5.1914 1.1299 0.1299
0.5479 11850  1219.1 1230.1 1112.3 1167.0 1421.1 12442 2.8806  3.8033 -6.1340 -1.5231 19.9224 4.9957 1.1350 0.1350
0.6534 12090 12415 1250.9 1138.4 1193.2 1423.7 1262.6  2.6848 3.4663 -5.8395 -1.3030 17.7623 4.4294 1.1279 0.1279
0.7637  1236.8 1264.0 1271.1 1176.1 1225.0 1407.0 1279.5  2.1981 2.7731 -4.9092 -0.9561 13.7651 3.4501 1.1059 0.1059
0.8791 1270.4 1286.7 1290.7 1230.3 1263.3 1369.4 1295.1 1.2884 1.5995 -3.1562 -0.5584 7.7984 1.9501 1.0662 0.0662
1.0000  1309.7 1309.7 1309.7 1309.7 1309.7 1309.7 1309.7  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
c 0.0485  -0.0107  -0.2491  -0.0569 0.0280 -3.1348

» 03653 0.0178  9.1423 04964  0.1234 1.0810
Table 2: Experimental andtheoretical values of velocities with their percentage of deviations for the system DMM
+2-Propanol at 303.15,308.15,313.15 and 318.15K

Xy Ukxe Unom Unp Uvpy Upn ‘ Urao Ukup | %Un U0 iy

303.15K

%Uimp | %Uvbv | %Usun | %Urao | %Ukup

0.0000 11100  1110.0 1110.0 1110.0 1110.0 1110.0 1110.0 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

0.0824 11277 1130.3 11352 1104.1 1114.8 1211.1 1149.3 02309  0.6658  -2.0924  -1.1417 7.4025 1.9129 1.0432 0.0432

0.1680  1146.6  1151.5 1160.4 1100.9 1122.1 1304.5 1184.0 04287  1.2071  -3.9870 -2.1390  13.7691 3.2637 1.0848 0.0848
02572 11669 11738 1185.8 1101 11322 1385.6 1215.0 0.5881 1.6163  -5.6495 -29730 18.7471 4.1244 1.1233 0.1233
0.3500  1188.7  1197.1 1211.2 1105.2 1145.7 14522 1242.9 0.7031 1.8852  -7.0309 -3.6177 22.1616  4.5587 1.1570 0.1570

0.4469 12123  1221.6  1236.6 1114.6 1163.4 1502.5 1268.1 0.7669  2.0048  -8.0587 -4.0379 23.9329 4.6014 1.1830 0.1830

0.5479 12379 12474 12622 1131.1 1186.1 1530.5 1291.0 07717 19656  -8.6232  -4.1841  23.6407  4.2883 1.1976 0.1976

0.6534  1265.6  1274.6 1287.8 1157.4 1215.1 1533.6 1311.9 0.7085  1.7573  -8.5498  -3.9865 21.1748 3.6588 1.1957 0.1957

0.7637 12958  1303.2 1313.5 1198 1252.5 1507.7 1331.1 0.5670 13685  -7.5444  -33425 163510  2.7241 1.1699 0.1699

0.8791 13289 13333 13393 1261.5 1301 1451.4 1348.8 03354 07872 -5.0672  -2.0965  9.2179 1.4955 1.1096 0.1096

1.0000 13652 13652 13652 1365.2 1365.2 1365.2 1365.1 0.0000  0.0000  0.0000 0.0000 0.0000  -0.0066 1.0000 0.0000

c 03913  0.1305 -0.6089  -0.2848 1.3132 -2.78425
b 0.3913  2.6258  49.0337  11.4455 368.6141 0.85272
308.15K

0.0000 11050 1105.0 1105.0 1105.0 1105.0 1105.0 1105.0 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0824 11223 11248 1129.7 1099.0 1109.4 1209.1 1143.4 02212 0.6632 -2.0736  -1.1476 7.7367 1.8757 1.0428 0.0428
0.1680  1140.8 11455 1154.5 1095.7 1116.2 1303.9 1177.3 04109  1.2022  -3.9505 -2.1503  14.2995 3.2001 1.0840 0.0840
02572 1160.6  1167.2 1179.3 1095.7 11259 1385.6 1207.6 0.5640  1.6095 -5.5969 -2.9800 19.3857  4.0512 1.1221 0.1221
0.3500  1182.0  1190.0 1204.2 1099.7 1139.0 14529 1234.9 0.6747 18770  -6.9638  -3.6378 229224  4.4726 1.1553 0.1553
0.4469 12050 1213.9 1229.1 1108.9 1156.1 1504.4 1259.5 0.7364 19958 -7.9797 -4.0610 24.8392  4.5239 1.1810 0.1810
0.5479 12300  1239.1 1254.1 1125.0 1178.2 1531.5 1281.9 0.7415 19566  -8.5356  -4.2089  24.5142 42215 1.1954 0.1954
0.6534  1257.1  1265.7 1279.1 1150.8 1206.7 1531.4 1302.4 0.6813 17490  -8.4590 -4.0110 21.8163 3.6037 1.1934 0.1934
0.7637  1286.7  1293.7 1304.2 1190.7 1243.4 1503.8 1321.2 0.5457  1.3619  -7.4592  -33640 16.8734  2.6807 1.1677 0.1677
0.8791  1319.0 13232 1329.3 1253.0 1291.1 1444.6 1338.5 0.3230  0.7833  -5.0051 -2.1107 9.5232 1.4785 1.1082 0.1082
1.0000 13545 13545 1354.5 1354.5 1354.5 1354.5 1354.5 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
c 0.0487  0.1299 -0.6022  -0.2866 1.352 -2.7376

e 0.3589  2.5863  47.7236  11.5086  392.4588 0.8244
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313.15K

0.0000  1097.0  1097.0  1097.0 1097.0 1097.0 1097.0 1097.0 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

0.0824  1113.0 11153  1120.0 1090.7 1100.6 1203.0 1132.4 02068  0.6284  -2.0066 -1.1147  8.0857 1.7422 1.0414 0.0414

0.1680 11302 11345 1143.1 1087.0 1106.6 1298.3 1163.8 0.3845  1.1399  -3.8208 -2.0872  14.8751 29722 1.0810 0.0810

02572 11486 11547  1166.1 1086.5 1115.3 1379.0 1191.9 05282  1.5271  -5.4096  -2.8988  20.0554  3.7674 1.1177 0.1177

0.3500 11684 11758  1189.3 1089.8 1127.2 1446.2 1217.2 0.6324  1.7821  -6.7255  -3.5246  23.7730  4.1726 1.1494 0.1494

0.4469  1189.8  1198.0 1212.4 1098.2 1143.1 1495.5 1240.0 0.6909  1.8963  -7.6988  -3.9301 25.6902  4.2230 1.1738 0.1738

0.5479  1213.0 12214  1235.6 1113.2 1163.6 1518.9 1260.9 0.6964  1.8605 -8.2243  -4.0680 25.2189  3.9477 1.1873 0.1873

0.6534  1238.1  1246.1 1258.7 1137.4 1190.2 1517.6 1279.9 0.6405  1.6645 -8.1361  -3.8708  22.5687 3.3797 1.1850 0.1850

0.7637 12655  1272.0 1282.0 1175.0 12245 1486.4 1297.4 05136 1.2973  -7.1569  -3.2403  17.4535 2.5244 1.1601 0.1601

0.8791 12955  1299.5 1305.2 1233.6 1269.3 1425.6 1313.6 03044 07469  -47849  -2.0284  10.0356 1.3955 1.1030 0.1030

1.0000 13285 13285 13285 1328.5 1328.5 1328.5 1328.5 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

4 0.0457 0.1235 -0.5784  -0.2767 1.3931 -2.5553
b 0.3121 23058  43.6455  10.6094  414.8536 0.7183
318.15K

0.0000  1090.0  1090.0 1090.0 1090.0 1090.0 1090.0 1090.0 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0824 11052 11074 1111.9 1083.5 1093 1197.5 1123.5 0.1952  0.6083  -1.9639  -1.1009 8.3481 1.6530 1.0405 0.0405
0.1680  1121.5  1125.6 1133.9 1079.6 1098.4 1292.9 1153.2 0.3631  1.1036  -3.7382  -2.0606  15.2871 2.8270 1.0792 0.0792
02572 1139.0 11447 1155.8 1078.7 1106.4 1375.4 1179.8 04992  1.4789  -52902 -2.8607  20.7608 3.5844 1.1148 0.1148
0.3500  1157.8  1164.7 1177.8 1081.7 1117.5 1441.5 1203.8 05982  1.7264  -6.5734  -3.4766  24.5093 3.9744 1.1457 0.1457
0.4469 1178.1 11858 1199.7 1089.5 1132.4 1489.3 1225.6 0.6541 1.8376  -7.5195 -3.8746 264209  4.0282 1.1692 0.1692
0.5479  1200.0  1208.0 1221.7 1103.7 1151.9 1512.8 1245.4 0.6598  1.8036  -8.0256  -4.0081  26.0599  3.7801 1.1821 0.1821
0.6534 12239 12313 1243.7 1126.9 1177.3 1508.5 1263.5 0.6074  1.6142 -7.9302 -3.8110 23.2548 3.2343 1.1797 0.1797
0.7637 12499  1256.0 1265.7 1162.9 1210.1 1477.0 1280.1 0.4875  1.2587 -6.9645 -3.1875 18.1698  2.4190 1.1553 0.1553
0.8791 12784  1282.1 1287.6 1219.0 1252.9 1411.3 1295.5 02892  0.7250  -4.6453  -1.9932  10.3997 1.3369 1.0998 0.0998
1.0000  1309.7  1309.7 1309.7 1309.7 1309.7 1309.7 1309.7 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
c 0.0485  -0.0107  -0.2491 -0.0569 0.0280 -2.4404

b 0.3653 0.0178 9.1423 0.4964 0.1234 0.6551

Table 3: Experimental and theoretical values of velocities with their percentage of deviations for the system DMM
+2-Butanol at 303.15,308.15,313.15 and318.15K

Urso | Uk | %Ux_| %0 Uimp ‘ % Uvpv U U | a

303.15K

UJUN % UJUN %o URAO % UK

Xl | UEXP UNOM ‘ UIMP ‘ UVDV

0.0000 1150.0  1150.0 1150.0 1150.0 1150.0 1150.0 1150.0 ~ 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0819 1167.6 1170.9 1174.4 1141.7 1155.7 1229.6 1181.8 02832  0.5765 -2.2158 -1.0235 5.3096 1.2176 1.0458 0.0458
0.1671 1186.0  1192.0 1198.0 11374 1164.1 1300.1 12104 0.5080 1.0149 -4.0984 -1.8452 9.6240 2.0611 1.0873 0.0873
0.2560 1205.1 1213.2 1221.0 11372 1175.4 1360.3 12362 0.6728 1.3194 -5.6334 -2.4656 12.8765  2.5837 1.1230 0.1230
0.3486 1225.0 12345 12433 1141.8 1189.7 1409.7 1259.7  0.7759 1.4939 -6.7924 -2.8801 15.0741 2.8278 1.1511 0.1511
0.4453 1245.8 1256.0 1265.0 1152.0 1207.5 1445.4 1281.0  0.8155 1.5421 -7.5282 -3.0795 16.0202  2.8276 1.1694 0.1694
0.5463 1267.6 1277.6 1286.2 1169.1 1228.9 1464.8 1300.7  0.7900 1.4673 -7.7667 -3.0483 15.5641 2.6115 1.1755 0.1755
0.6519 1290.3 1299.3 1306.7 1194.9 1254.6 1467.6 13187  0.6974 1.2728 -7.3916 -2.7638 13.7427  2.2026 1.1660 0.1660
0.7625 1314.1 1321.1 1326.7 1232.4 1285.3 1451.8 13354 0.5361 0.9616 -6.2180 -2.1938 10.4817 1.6205 1.1370 0.1370
0.8784 1339.0  1343.1 1346.2 1286.3 1321.7 1416.6 1350.8  0.3043 0.5364 -3.9373 -1.2935 5.7944 0.8816 1.0837 0.0837
1.0000 1365.2 1365.2 1365.2 1365.2 1365.2 1365.2 13652 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
c 0.4432 0.1006 -0.5507  -0.2112 0.9265 -1.7122

b 0.4432 1.5823  40.9543 64761 168.0739  0.3225
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308.15K

0.0000 1141.0 11410 1141.0 1141.0 1141.0 1141.0 1141.0 ~ 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0819 1158.5 1161.7 1165.3 1132.8 1146.4 1222.7 11726 02760  0.5847 -2.2157 -1.0450 5.5413 1.2175 1.0458 0.0458
0.1671 1176.7 1182.5 1188.8 1128.5 1154.5 1295.0 1200.9  0.4953 1.0289 -4.0983 -1.8851 10.0547  2.0610 1.0873 0.0873
0.2560 1195.6 1203.5 1211.6 1128.3 1165.5 1356.3 1226.5  0.6563 1.3369 -5.6332 -2.5204 134370  2.5835 1.1230 0.1230
0.3486 1215.4 1224.6 1233.8 11329 1179.6 1405.5 12498  0.7572 1.5130 -6.7922 -2.9462 15.6365  2.8276 1.1511 0.1511
0.4453 1236.1 12459 1255.4 1143.0 1197.1 1442.1 1271.0  0.7962 1.5611 -7.5280 -3.1525 16.6679  2.8274 1.1694 0.1694
0.5463 1257.6 1267.3 1276.3 1160.0 1218.4 1461.2 1290.5  0.7717 1.4847 -7.7664 -3.1231 16.1902  2.6113 1.1755 0.1755
0.6519 1280.2 1288.9 1296.7 1185.6 1243.9 1462.1 13084  0.6816 1.2874 -7.3914 -2.8342 142136 2.2024 1.1660 0.1660
0.7625 1303.8 1310.6 1316.5 1222.7 1274.4 1445.1 13249  0.5242 09722 -6.2177 -2.2521 10.8415 1.6203 1.1370 0.1370
0.8784 1328.5 13325 1335.7 1276.2 13109 1408.7 13403  0.2977  0.5421 -3.9371 -1.3294 6.0318 0.8815 1.0836 0.0836

1.0000 13545 13545 1354.5 1354.5 1354.5 1354.5 13545 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

4 0.0522 0.1018 -0.5507  -0.2165 0.9589 -1.7120
b 0.4192 1.6090  40.6305 6.7387 180.0848  0.3224
313.15K

0.0000 1137.5 1137.5 1137.5 1137.5 1137.5 1137.5 1137.5  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0819 1153.1 1156.0 1159.3 1128.7 1141.6 1220.2 11655 02498  0.5321 -2.1173 -2.1173 0.2498 1.0750 1.0437 0.0437
0.1671 11694 1174.6 1180.3 1123.6 1148.4 1292.9 1190.7  0.4488  0.9373 -3.9120 -3.9120 0.4488 1.8254 1.0831 0.0831
0.2560 1186.3 1193.4 1200.8 1122.6 1157.9 1352.5 1213.6  0.5954 1.2193 -5.3705 -5.3705 0.5954 2.2949 1.1167 0.1167
0.3486 1204.0 12123 1220.6 1126.2 1170.3 1401.1 12343 0.6878 1.3816 -6.4657 -6.4657 0.6878 2.5185 1.1430 0.1430
0.4453 1222.5 1231.3 1239.9 1135.0 1186.0 1435.2 12533 0.7242 1.4272 -7.1533 -7.1533 0.7242 2.5250 1.1600 0.1600
0.5463 1241.7 1250.5 1258.6 1150.3 1205.1 1450.4 12708 0.7028 1.3591 -7.3637 -7.3637 0.7028 2.3379 1.1653 0.1653
0.6519 1261.9 1269.7 1276.8 1173.7 1228.2 1448.8 1286.8  0.6216 1.1799 -6.9889 -6.9889 0.6216 1.9767 1.1559 0.1559
0.7625 1283.0  1289.1 1294 .4 1207.8 1255.9 1428.0 1301.7 04787  0.8922 -5.8583 -5.8583 0.4787 1.4578 1.1283 0.1283
0.8784 1305.1 1308.7 1311.6 1256.9 1288.9 1389.6 13155  0.2722  0.4982 -3.6919 -3.6919 0.2722 0.7950 1.0781 0.0781

1.0000 1328.3 1328.3 1328.3 1328.3 1328.3 1328.3 1328.3  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

c 0.0475 0.0932 -0.5205  -0.2045 0.9975 -1.5279
x 0.3431 1.3301 36.0957  5.9633 194.1327  0.2568
318K

0.0000 1132.4 1132.4 1132.4 1132.4 1132.4 1132.4 11324 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.0819 1146.9 1149.6 1152.7 1123.3 1135.7 1216.8 11583  0.2321 0.5037 -2.0617 -0.9801 5.8508 0.9946 1.0425 0.0425
0.1671 11620 11669 1172.3 1117.8 1141.5 1289.2 11817  0.4175 0.8877 -3.8067 -1.7633 10.4857 1.6919 1.0807 0.0807
0.2560 1177.8 1184.3 1191.4 11163 1150.1 1350.1 12029  0.5543 1.1553 -5.2217 -2.3507 13.9964  2.1305 1.1132 0.1132
0.3486 1194.2 1201.9 1209.8 1119.2 1161.5 1396.8 12222 0.6410 1.3097 -6.2808 -2.7392 162165  2.3419 1.1385 0.1385
0.4453 1211.3 1219.5 1227.7 1127.3 1176.0 1429.4 1239.8  0.6755 1.3536 -6.9411 -2.9210 17.2077  2.3515 1.1547 0.1547
0.5463 1229.3 1237.3 1245.1 1141.5 1193.8 14445 1256.1 0.6562 1.2897 -7.1357 -2.8829 16.7433  2.1804 1.1596 0.1596
0.6519 12480 12552 1262.0 1163.6 1215.5 1440.5 1271.0  0.5809 1.1204 -6.7614 -2.6055 14.7600 1.8462 1.1503 0.1503
0.7625 1267.6 1273.3 1278.3 1195.9 1241.5 1418.8 1284.9  0.4479  0.8477 -5.6557 -2.0608 11.4290  1.3635 1.1235 0.1235
0.8784 1288.1 1291.4 1294.2 1242.4 1272.6 1375.7 1297.7 02549 04736 -3.5543 -1.2102 6.5294 0.7446 1.0751 0.0751
1.0000 1309.7 1309.7 1309.7 1309.7 1309.7 1309.7 1309.7  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
[ 0.0485  -0.0107  -0.2491  -0.0569 0.0280 -1.4223

¥ 0.3653 0.0178 9.1423 0.4964 0.1234 0.2225
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Fig 1:Variation of UPexp/U%imx with the mole fraction of
DMM for the system DMM + 2-Methyl-1-Propanol
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Fig 2:Variation of U%exp/U’imx with the mole fraction of
DEM for the system DMM + 2- Propanol
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