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ABSTRACT

The ultrasonic velocity, density and viscosity for binary liquid mixtures of the n-alcohols namely 1-pentanol, 1-
hexanol and 1-heptanol in toluene, carbon tetra chloride, benzene and dioxane at 301K have been measured. From
these measured parameters adiabatic compressibility, free length, free volume and their excess values have been
measured. The results have been analyzed and interpreted in terms of molecular interactions such as dipole-dipole
interaction through hydrogen bonding between solvents and 1l-alkanols have been observed. Further the
experimental ultrasonic velocities of all these binary systems are compared with theoretical ultrasonic vel ocity.

Key words: ultrasonic velocity, density, Binary mixturespdle- dipole interaction.

INTRODUCTION

Ultrasonic methods find extensive applicationsdbaracterizing aspects of physicochemical behavdacoh as the
nature of molecular interactions in pure liquidsaagl as liquid mixtures[1-5]. The study of the wtdbn properties
of liquid mixtures consisting of polar as well asnn- polar components finds applications in indasktand
technological processes. Most of the work on binamixtures is channelized towards the estimation of
thermodynamic parameters like adiabatic comprdggibiree length, etc., and their excess valuesasdo relate
them towards explaining the molecular interactitaigng place between the components of the bindaryunes.
Further, such studies as a function of concentratie useful in gaining insight into the structared bonding of
associated molecular complexes and other moleputeresses [5-10]. Ultrasonic velocity measurembat® been
successfully employed to detect and assess wealstaony molecular interactions, present in binarg gernary
liquid mixtures. In this paper, an attempt to inigete the ultrasonic studies of n-alcohol likeeifanol, 1-hexanol,
1-heptanol in benzene, carbon tetrachloride, tawemd dioxane binary liquid mixture systems at BOdre made.
We have measured densiyy),(ultrasonic velocity (u), viscosityn) of mixtures of n-alcohol + benzene + carbon
tetra chloride + toluene + dioxane with differentlmfractions at a temperature of 301 K. From ¢f@ita, acoustical

parameters like adiabatic compressibilify ), Inter molecular free length {). free volume (Vf), and their excess

values are computed. Results are used to explaimdture of molecular interactions between mixiogpounds.
Further, the experimentally measured ultrasonioaiBés at various molar concentrations have beempared with
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the theoretically estimated velocities based onigogh semi empirical and statistical models fdwe tbinary
systems.

EXPERIMENTAL SECTION

All the chemicals used in present work were angdytieagent (AR) grade (99.9% pure) and were seg@ly SD
fine chemicals Ltd India. The liquids were thorolygkistilled to remove dissolved impurities usintaredard
chemical procedures. The purity of the samples @esked by the density measurements and the resetts
compared with the literature values. Ultrasonioeéles were measured with ultrasonic interferométeodel F80)
supplied by Mittal enterprises, New Delhi, opergtiat a frequency of 2 MHz. It has an accuracy ofl¥
Viscosities of pure compounds and their mixturesewdetermined using Ostwald’s viscometer with azueacy of
+0.002%, calibrated with double distilled water eTdensities of pure compounds and their solutioer®wneasured
accurately using 10 ml specific gravity bottlesDhona electric balance precisely and the accunaayeighing is

+0.1 mg. Acoustic parameters such as adiabatic cessjbility (3 ), acoustic impedance (Z),free length)(land
free volume (V) were determined using the following relations.

1
Adiabatic compressibility3=—— ..(1)
up
Intermolecular free length., =K ;3 ..(2)
M .U
Free volumeV, =| —1 ..(3)
nK
Acoustic impedanc&Z=Up .. (4)

Where KT is the temperature dependent constannbavivalue of 199.53x10in MKS system, K is temperature
independent constant whose value is 4.28%10KS system, b is a factor depending on packiatiern which is
1.78, R is the gas constant and T is temperatuke W is ultrasonic velocity in m/g is the density in Kg/m3 and
Meff is the effective molecular weight, given by e >ximi where x is the mole fraction and m is the ncolar
weight of the ith component.

RESULTS AND DISCUSSION

The binary mixture systems taken up for the prestrty are: 1- Pentanol + toluene, benzene, casdicachloride,
dioxane and 1l-hexanol+ toluene, benzene, carbantétoride, dioxane and 1-heptanol + toluene, bemzearbon
tetrachloride, dioxane). The experimentally detewdi values of velocity, density and along with tatculated

values of free volume (Y, adiabatic compressibility[}), free length (i), acoustic impedance (Z) for all the
systems at 301 K are reported in Table | & I

Table 1. Experimental values of ultrasonic velocitynd density of pure liquids (at 301 K) used as admponent of binary mixtures
reported in this work

Liquids Ultrasonic velocity(m/s) | Density(Kg/nT)
1-Pentanol 1256 814
1-Hexanol 1288 820
1-Heptanol 1207 818
Benzene 1294 874
Toluene 1282 855
Carbontetra chloride 893 1512
Dioxane 1305 1011

In all the three binary systems, the ultrasoniceiy increases with increasing concentration abhbls. The
variation of ultrasonic velocity in a solution depls upon the increase or decrease of intermoleétdarlength
after mixing the components.
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Table 2. Values of ultrasonic velocity (u m/s), desity (p kg/m?) adiabatic compressibility ([3 m? N intermolecular free length (Lsm),

acoustic impedance (Kgm?s™) and free volume (Vm>mol™) of binary systems as a function of molar concenation of components "B"
at 301 K

x2| u | p | B x10° | Lx10"
Pentanol + Toluent
0 125€ 814 7.787:¢ 5.769¢ 2.17 1022.:
0.1| 1262 823 7.6292 57106 2.2003 103B.6
0.2 | 1266| 828 7.5353 5.6754 2.1841 1048.2
0.3 | 1267| 834 7.4693 5.6504 2.1623 105K.6
0.4 | 1270| 836 7.4162 5.6308 2.13y3 106[.7
0.5 | 1271 | 84C 7.369: 5.612¢ | 2.120: | 1067.¢
0.6 | 1274| 842 7.3172 5.5926 2.1051 107R.7
0.7 | 1278| 848 7.22 5.5554 2.0901 1088.7
0.8 | 1279| 848 7.2088 5.55] 2.0818 1084.5
0.9 | 1282| 853 7.133 5.5218 2.064 10938.5
1 1282 855 7.1163 5.5153 2.042 1096.1
Pentanol + Dioxane
0 | 1403| 910 5.5826 4.885 2.3725 1276.7
0.1| 1262 840 7.4748 5.652 2.12%57 1060
0.2 | 1268| 862 7.2153 5.553 2.1363 1093
0.3 | 1274| 885 6.9617 5.455 21472 112f .4
04| 1281 902 6.756 5.373 2.1594 115%5.4
0.5] 1289 930 6.4715 5.259 21784 1198.7
0.6 | 1287 950 6.355 5.212 2.1705 1222.6
0.7 | 1300 967 6.119 5.114 21929 1257.1
0.8 | 1292| 967 6.1951 5.146 21795 1249.3
0.9 | 1299| 989 5.9921 5.061 2.1921 12847
1 | 1305| 1011 5.808 4,982 2.2027 1319.3
Hexanol + Toluene
0 | 1288| 820.1] 7.3502 5.605
0.1] 1291| 827 7.2552 5.568
0.2 | 1299| 835 7.1016 5.509 5.4215 1084.4
0.3 | 1302| 841 7.0129 5.475 43185 1095.3
0.4 | 1305| 848 6.9258 5.441 3.5965 1106.3
0.5| 1301| 850 6.951 5.450 2.9787 1105.8
0.6 | 1299| 852 6.9587 5.453 2.69Y6 110p.4
0.7 | 1297| 855 6.9607 5.454 2.42p8 110[.9
0.8 | 1292| 852 7.0282 5.481 2.1692 1100.9
0.6 | 128¢ 854 7.047" 5.4887 | 1.981¢ | 1100.:
1 1284 855 7.0917 5.5058 1.8247 1098
Hexanol + Benzene

Vi | Zx10°®

OO TOTOT

14

S

1.1749 105p.2
7.1908 106f.3

OO

OO

0 | 1288| 820 7.3502 5.6052 1.8026 1056.2
0.1] 1291| 828 7.2456 5.565P 1.1765 1068.8
0.2 | 1293| 834 7.1711 5.536p 9.166 1078.4

0.3 ]| 1298 | 84z 7.052. | 5.490< | 7.517. | 1092.i
0.4 | 1303| 851 6.9144| 5.436 6.4382 110p.5
0.5 | 1303 857 6.8688 5.418 54715 111y.1
0.6 | 1302| 861 6.847 5.409 5.0561 1121.3
0.7 | 1302| 866 6.8103] 5.395 4.6324 1127.4
0.8 | 1301| 865 6.83 54032 4.2303 1125.3
0.6 | 130z | 871 6.7807 | 5.3837 | 3.940¢ | 113
1 | 1301 | 87¢ 6.75i 5.374¢ | 3.696: | 1137.¢
Heptanol + Toluene
0 | 1207| 818 8.3893| 5.9888 2.202 9875
0.1] 1231 835 7.9018] 5.811y 1583 102y.8
0.2 | 1245| 844 7.652 5.719]1 1.2867 1050
0.3 | 125¢ | 85% 7.399. | 5.623¢ | 1.085f | 1073.¢
04 | 126% | 855 7.333. | 5.5987 | 9.402: | 1079.¢
05| 1268| 857 7.2562| 5.5698 8.10Y9 108p.9
06| 1262| 853 7.3621] 5.609y 7.48y1 107p.1
0.7 | 1263| 852 7.3545| 5.6069 6.8523 107p.2
0.8 | 1261| 850 7.3942 5.627 6.3038 1072.3
0.6 | 1267 | 85z 7.305¢ | 5.588: | 5.906¢ | 1080.:
1 | 1272 853 7.2488| 5.5664 55679 1084.9

ISTOTOOT
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Heptanol + Carbon tetra chloride
0 | 1207| 818 8.3913| 59891 2223 9873

0.1 | 1183| 905 7.892 5.8081 1.7224 1070.8
0.2 | 116C | 982 7.565. | 5.686¢ | 1.4117 | 1139..
0.3 | 1133| 1064| 7.3214] 5.594 1.1662 120p.5
0.4 | 1107| 1148| 7.1082] 5.512 9.80p2 127D.8
0.5| 1064| 1244| 7.1006/ 5.509 8.03p6 132B3.6
0.6 | 1033| 1303 7.192 5.544 7.02P6 134p.9
0.7 994 | 1374 7.3661] 5.611 6.0052 136p.7
0.8 | 984 | 1367 | 7.555. | 5.682¢ | 5.304: | 1345..
09| 941 | 1443| 7.8262] 5.783D 45612 1357.8

WO TO[T9[TO

Based on the model for sound propagation propogdeiyting and Kincaid[11], ultrasonic velocity shduhcrease,
if the inter molecular free length decreases and verse. This fact was noticed in the presentystudall the three
binary liquid systems. Same trend was noticed blyegavorkers in their liquid mixtures [12-18].

In fact, the molecular association increases utras velocity (u) and acoustic impedance (Z), dases
intermolecular free length {Land adiabatic compressibility(). A reduction in adiabatic compressibility JKs an
indication that component molecules are held clasesach other. The decrease in the values of aitiaba
compressibility 8 ) and inter molecular free length(lwith increase in ultrasonic velocity (u) furth&rengthens

the strong molecular association between the umntigkecules through hydrogen bonding. Carbon tdilaride is a
non polar liquid and the parameters are same abdorene. This fact is reflected clearly from tteues of

ultrasonic velocity (u), intermolecular free length), adiabatic compressibility}) and acoustic impedance (Z) for
system.

Alcohols usually exist in polymeric form. In theggence of polar molecules, they dissociate intoamans. With

the increase of alcohoal, the tendency for intermalEr hydrogen bonding increases. The associasistronger and
we expect a larger variation in the parametersniadly ultrasonic velocities (u) of both the compats are nearly
equal. In this fact is reflected in increase ofadonic velocity (u) and hence decrease in intdeautar free length
(Ly) also it can be observed that adiabatic compridisgialues decrease with increasing concentratiohalcohol.

Similar results were obtained by earlier workerghigir liquid mixtures. [19-21].

Acoustic impedance (Z) of a material is the oppositexerted by the medium to displacement of theliom’s
particles by the sound energy. It is important teasure acoustic impedance because studies hava shatyin
solvent mixtures when molecular interactions occ@asoustic impedance exhibits a non-linear vanmatwith
increasing mole fraction of solute. This was usedraessential tool to predict molecular levelrat&ons in binary
and ternary liquid mixtures. In systems of binaguid mixtures is always much greater than eithfethe polar
solutes in the inert solvent. Further, the incraasfeee volume (V) with rise in concentration of alcohols in all the
systems under study, clearly indicate the incrgasiagnitude of interactions.

Table 3. Theoretical values of ultrasonic velocitgalculated from Nomoto (NOMO), Impedence, Ideal mitures relation, Rao’s relation
and Junjie's relations along with experimental ultrasonic velocity and percentage error for n-alcohols toluene,benzene,carbontetra
chloride,dioxane of binary systems at 301 K

X2 | Expt | NOM [ IDEAL [ JUN [ IMP | Rao's | NOMO [ IDEAL | JUN | IMP | Rao's
Pentanol + Toluene
0 | 1256] 1256 1256 125 1256 1296 0 0 0 g 0

0.1 | 1262 | 1258.¢ | 1258.% | 1258.% | 125¢ | 125¢ | 0.271¢ | 0.291. 0.295¢ | 0.260: | 0.270:

0.2 | 126€ | 1261.2 | 1260.: | 1260.¢ | 1261 | 1261 0.38¢ 0.418t¢ 0.425° | 0.362¢ | 0.381«

0.3 | 1267| 1263.7 1263.1 126! 1264 1264 0.2576  0.3p049.3137 | 0.2312 0.255§
0.4 | 1270| 1266.3 1265.6 12655 1267 1266  0.2892 36.34 0.3536 | 0.2597 0.286
05| 1271| 12689 1268.2 1268|1 1269 1259  0.1633 00.22 0.2308 | 0.1324 0.1608
0.6 | 1274| 12715 1270.8 1270)7 1272 1272  0.1941 88.24 0.2592 | 0.1644 0.1917
0.7 | 127¢ | 1274.0 | 1273.F | 1273.« | 127% | 1274 | 0.302¢ | 0.350¢ 0.359¢ | 0.276¢ | 0.300¢
0.8 | 1279| 1276.4 1276.3 1276)2 12Y7 127 0.1758 26.21 0.2196 | 0.1563 0.1742
0.9 | 1282| 12794 1279.1 12791 1280  12f9 0.2p5 ©0.2250.2297 0.194| 0.2041

1 | 1282| 1282 1282 1282 128 12§2 0 0 0 Q 0
Pentanol + Dioxane
0 | 1403| 1403 1403 1403 1408 1403 0 0 0 qQ 0

0.1 | 126z | 1393.¢ | 1392.2 | 1393.« | 139z | 139¢ | -10.45. | -10.317 | -10.413( | -10.3Zz | -10.37¢

4674



P. Krishnamurthi and P. A. Thenmozhi J. Chem. Pharm. Res., 2012, 4(11):4671-4676

0.2 | 1268| 1384.4 1381.4 1383
0.3 | 1274| 13752 1371.3 1374
0.4 | 1281| 1365.7 1361.2 1364
0.5| 1289| 1356 13514 1354

1382 1383  -9.1984 9628 | -9.1314| -8.964 -9.07]
1371 1373 -7.9462639L | -7.8578| -7.644 -7.77§
1363  -6.6106 2628.| -6.5093| -6.268 -6.419
1351 133  -5.1959 7883 -5.0901 | -4.842] -4.994
0.6 | 1287| 1346.1] 1341.1 1344 1342 1344  -4.5929 2494 | -4.4902| -4.254 -4.40(
0.7 | 1300| 1336.1 1332.2 1334 1382 134  -2.7y58 4794 -2.686 -2.483  -2.608
0.8 | 1292| 1325.9 1323 1325 1323 1324  -2.6233 -2.3962.5539 | -2.399| -2.494
0.9 | 1299| 13155 1313.9 131 1314 1315 -1.2728 6B14 -1.2336 | -1.147 -1.2

©|0|O|N||00
=
w
=24
[ty

1 | 1305| 1305 1305 1305 1306 1305 0 0 0 [ 0
Hexanol + Toluene
0 | 1288| 1288 1288 1288 1288 1288 0 0 0 Q 0

0.1 | 1291| 1287.6 1287 1287/5 1288 1288 0.2882  0.3810.2953 | 0.2876 0.2864
0.2 | 1299| 1287.2 1286.2 1287 1287 1287 0.87941  0.9508.8864 0.873 0.871
0.3 | 1302| 1286.7 12854 1286 1287  12B7 1.167 4.26571.1729 | 1.155 1.1529
0.4 | 1305| 1286.3 1284.8 1286 1286  12B6 1.4365 08.95 1.4545 | 1.4349 1.4319
0.5 1301| 1285.9 1284 .4 1285 1286 12B6 1.1492 86.26 1.1677 1.147¢ 1.1445
0.6 | 1299| 1285.5 1284.1 1285 1286  12B6 1.016 8.1301.0336 | 1.0145 1.011%
0.7 | 1297| 1285.1 1283.9 128! 1285 1285 0.8835 0.984).8987 | 0.8821] 0.8795
0.8 | 1292| 12844 1283.8 1284 1285 12B5 0.586 8.6620.5975 0.585 0.583
0.9 | 1289| 1284.4 1283.8 1284 1284 12B4  0.3%69 08.40 0.3633 | 0.3564 0.355
1 | 1284| 1284 1284 1284 1284 1284 0.01p7 0.0167 0.0160.0167| 0.0167
Hexanol + Benzene
0 | 1288| 1288 1288 1288 1288 1288 0 0 0 [0 0
0.1 | 1291| 1289.4 1284.8 12892 1289 12B9 0.1282 5@.49 0.1583 | 0.141§ 0.1481
0.2 | 1293| 1291 1282.4 1290j4 1291 12P1  0.1383 0.808R.2096 | 0.1818 0.193
0.2 | 129¢ | 12€2.5 | 1281.« | 1291.¢ | 129z | 1292 | 0.397. | 1.246¢ 0.4617 | 0.427. | 0.441.
0.4 | 1303| 1293.4 1281.2 1292 1293  12Pp3 0.741 2.7070.8115 | 0.7741 0.790%
0.5 | 1303| 1295.1 1282 1294 1295 1295 0.6131 1.6210.6839 | 0.6467 0.6637
0.6 | 1302| 1296.4 1283.8 1295 1296 12Pp6  0.4664 69.43 0.5319 | 0.497§ 0.5141
0.7 | 1302| 1297.4 1286.5 1296 1297 12p7 0.3664 81.21 0.4217 | 0.3937 0.407
0.€ | 1301 | 1298.6 | 1290.: | 1298.7 | 129¢ | 129¢ 0.171 0.824: 0.2117 0.197 | 0.201°
0.6 | 130z | 1299.¢ | 1295.. | 1299.¢ | 130C | 130C | 0.127¢ | 0.497: 0.149¢ | 0.138¢ | 0.1447
1 | 1301| 1301 1301 1301 1300 1301 -0.0282 -0.0282 0282 | -0.028| -0.028
Heptanol + Toluene
0 | 1207 | 1207 1207 1207 1207 1207 0 0 0 o 0
0.1 | 1231| 1214.9 1209 1213|8 1214 1213 1.3567 1.8(134.4194 1.4243  1.4524
0.2 | 124F | 1221.¢| 1211.¢ | 1220.5 | 122( | 122(C | 1.8257 | 2.633: 1,933 | 1.941¢ | 1.991¢
0.5 | 125¢ | 1228.¢ | 1215.7 | 1227.. | 1227 | 122¢ | 2.373¢ | 3.428: 2.509¢ | 2.521. | 2.585¢
0.4 | 1263| 1235.7 12204 1233|]8 1234 1283 2.15 3.360@.3011 | 2.3144 2.388
0.5| 1268| 12423 1226.2 124014 1240 1289 2.0183 53.28 2.1712 | 2.1853 2.2614
8
2

W(N[F |01

)]

w

9
2
6
9

0.6 | 1262| 1248.4 1233.1 1246 1247 1246 1.078 2.3121.2219 | 1.2357, 1.308§
0.7 | 1263| 1254.8 1241 1253 1253 1252  0.6803 1.771R.8031 | 0.8153 0.8791
0. | 12671 | 1260.7 | 1250.. | 1259.F | 125¢ | 125¢ | 0.034¢ | 0.877¢ 0.126¢ | 0.1357 | 0.184:
0.€ | 1267 | 1266.« | 1260.« | 1265.6 | 126€ | 126t | 0.055¢ | 0.534: 0.105¢ 0.111 | 0.138:
1 | 1272| 1272 1272 1272 1272 1272 -0.0368 -0.0B68 036® | -0.036| -0.036
Heptanol + Carbontetra chloride
0 | 1207| 1207 1207 1207 1207 1297 0 0 0 q 0
0.1 | 1183| 1192 1144.2 1185/6 1154 11y3  -0.7417  3.3030.2005 | 2.5037| 0.8803
0.2 | 1160| 11752 1093.3 1162[8 1108 1189 -1.2991 6467 -0.2248| 4.4932 1.7939
0.2 | 113% | 1156.. | 1051.% | 1138.. | 106¢ | 1107 | -2.04¢ | 7.209% | -0.459¢ | 5.684¢ | 2.339¢
0.4 | 1107| 11345 1016.3 111118 1034 10f4  -2.4837 958.1 -0.4292| 6.5794 2.9566
05| 1064| 1109.5 986.8 10831 1004 1043 -4.2761 0226 -1.7989| 5.6543 2.0034
0.6 | 1033| 10804 961.7] 10521 976.9 1012 -4.5898 998.8 -1.8458| 5.4283 2.0599
2 9
) 3
7

0.7 | 994 | 1046.20 9404 1018 952. 981.4 -5.2471 8823 -2.4302| 4.1367 1.2699
0.8 | 984 | 1005.2 922.3 980. 931]. 9516 -2.1%84 76.26 0.3112 | 5.3589  3.287¢
09| 941 955.5 907 939.8 911 9225 -1.5459 3.6169.1261 | 3.1098 1.9639

1 894 894 894 894 894 894 0 0 0 0 0

CONCLUSION

An analysis of these values suggests the preseinstomg intermolecular interaction in all the hipamixtures
which may be due to hydrogen bond, dipole-dipokgpenconjugation and charge transfer. It is founat ttihe
intermolecular interaction is very strong in alcbfaon-polar solvents and this strong interactiway be attributed
to the fact that the interaction due to negativduaiive effect dominates over the resonance eifetite mixture.
Theoretical ultrasonic velocities of the binary mibes were estimated using various empirical, sempirical,
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models given by eqns and are presented with expetahvalues in Table 3. The percentage of deviatibthe
theoretical ultrasonic velocity values from expegittal values are also shown in Table 3. On the eyhall the
theoretical models fairly predicted ultrasonic \aii@s, are reasonably close to the experimentalegafor these
binary mixtures reported in this work, thus showtihg validity of these theoretical models for binarixtures.
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