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ABSTRACT

In earlier daysit is possible for a scientist not only to master in his own field but also to have a working knowledge
of all related fields. With the growth of scientific knowledge it became increasingly necessary to specialize in the
theoretical and experimental investigation by putting much effort. Today very few are able to master even a single
fidd like material science completely. This is because the physical behavior of a given material may be
characterized by a set of macroscopic measurable quantities such as electrical conductivity, magnetic permeability,
didlectric constant etc, and the chemical behavior like its reaction with different compounds. The material structures
and contents may be achieved only if the scientist knows about theoretical background and technological aspects of
the material to be studied. Hence the author tried to evaluate the theoretical parameters of the selected components
when it is exposed to ultrasonic waves. In this study the chosen binary system is bromo benzene with O-xylene, M-
xylene and P-xylene at different temperatures namely 293K, 303K, and 313K. The experimental values of ultrasonic
velocity and density of binary mixtures of bromo benzene with O-xylene, M-xylene and P-xylene are taken from the
work of P.S. Nigam et al and the sample selection is mainly due to the availability of the experimental data. Three
methods namely Nomoto, Van deal and CFT are used for theoretical evaluation of ultrasonic parameters. The
obtained results with different mole fraction are suitably interpreted using hydrogen bonding and dipole-dipole
interaction. Also it reveals that Nomoto method is found to be suitable for theoretical evaluation of both binary
mixtures.

Key words: Ternary mixture, Nomoto method, Van dael method,@Ethod, Dipole-dipole interaction.

INTRODUCTION

With the growth of scientific knowledge, it becanmereasingly necessary to specialize in the themetind
experimental investigation by putting much effdme material structures and contents may be adtiemty if the
scientist knows about theoretical background artinelogical aspect of the materials to be studiéehce it is
decided to evaluate the theoretical parameterbeokelected components when it is exposed to oltrasvaves.
The ultrasonic velocity measurements have beenlyvigsed to study the physical and chemical behavidiguid
mixtures. In recent years a good amount of worklbeen done to correlate the experimental ultrasesliocities
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with those computed theoretically using empiriaad aemi-empirical relations [1-5] Nomoto and bbsémanachel et
al made successful attempts to evaluate the soeindity on binary liquid mixtures. Van Deal ideaixing relation
has also been carried out successfully to investitfee acoustical behavior of binary liquid mixwirdhe free
length theory (FLT) of Jacobson and Schaff's padhutfactor theory(CFT) have been used to predie th
intermolecular interactions between unlike moleswéthe mixtures by several workers[6-8]. Theyé&wnd the
FLT was better than CFT. For theoretical evaluatdbrsound velocity, other researcher [9] found tWah-Deal
ideal mixing relation gives minimum deviation fratre experimental values. In this context a compazatudy of
relative merits of the different methods becomesesal and the present work has been an attentpisinlirection.
The calculations were based on the experimentaltsesiken from the work of P.S. Nikam et al[10]

THEORETICAL CONSIDERATIONS
Nomoto [11] suggested an empherical formula fonsiloelocity in binary liquid mixture as follows

Unm = [(X1 R1+X2 R2)/(X1 V1+X2 V2)}

Van Deal and Vangeal [12] suggested the follgwiglation for sound velocity i) as
1 1 X %

= e
XiMy + XoM, u(@imy MU, MU,

Jacobson’s relatiofil3] for sound velocity using the concept of imetecular free length¢).is given by,
U=K/ Limixy( pmix)*?
Schaff’s [14] developed and expansion for soundaigf in Binary mixtures as

Wo (X3S, + XoS,) (X1B1 + X5By)

Unix =
Vm

The symbol’s used in all three relations have theiral meaning.

The values of excess thermodynamic parametérsyee evaluated from the relations
GF = G - Gy here Gy is the ideal value given by

Gia= X1 G + X2 G,

The degree of intermolecular attractiax)(is given by o= (prz/ Und)-1

The symbols used in all four relations have theiral meaning.

Excess parameters
Values [14] of the excess thermodynamic parametersvere evaluated from the relation.

Ge=G -Gy

Here Gy is the ideal value given by

Gigi=Zi Xi G

The degree of intermolecular attraction is given by

o= (Uzexp/ Uzim) -1
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RESULTS AND DISCUSSION

The values of sound velocity have been evaluatedré#tically using three different methods. The bjirsystem
chosen for the study is bromo benzene with O-xyléiexylene and P-xylene at temperatures 293 k, 3@3tk
313k. the experimental and theoretical values tfasbnic velocity and the percentage deviationhefotetical
velocity from the experimental values in the abovietures for different mole fractions of bromo beng at the
temperature 303K were reported in tables (1 tor®) the same trend is observed with other tempersturhe
variation of velocity with concentration of bromerizene is reported graphically in Fig. 1 to 3.

The values of sound velocity have been evaluatedrétically using three different methods namelyréto , Van-
dael and CFT. The selected mixtures for analysisbeaclassified as

1.Polar in weakly polar mixtures.
2.Polar in non polar mixtures.

In all the three mixtures the increase of bromozeee concentration in the solution decreases ttrasahic
velocity. It may be due to the fact that the demsefecules of bromo benzene affect the propagatiasitrasonic
waves through the solution. Further it is also obee in the other selected temperature values.

1. Polar in weakly polar mixtures

Bromo benzene in O-xylene and M-xylene was the beample for this type of mixtures. Since they hgoelow
dipole moment of 0.62 and 0.37 it can be considassdieakly polar compound. The results obtaineoh filee table
(1 to3) shows that there will be weak dipole — thpimteraction between bromo benzene with O-xgland M-
xylene. In all the three temperatures 293K, 303 am3K, it shows positive deviations using diffaremethods
like Nomoto, Van-dael and CFT. While Nomoto and Qfi&thod shows only small deviation, the Van-daelsh
large deviation. The percentage in deviation ineesdirst and then decreases with increase of fraddon. Based
on the above results it is worth wise to state M@atato method yields the best results in all thges. The CFT
method also shows good results whereas the reshitined from Van dael method were not found to be
satisfactory. The calculated value (ﬁe)u/ U%a excess velocity, excess volume and excess impedanecgiven in
the tables (4 to 6). From the table it is obsertrezl values of alpha, excess velocity, excess volantke excess
impedance are found to be mostly negative. Thetivegaxcess parameter indicates that there mawteestitial
accommodation of bromo benzene molecules in agtivegaf alkenes. The negative excess volume itegthe
formation of molecular clusters and complexes. #ynalso indicate that they may involve in chargansfer
complexes [15]. The negative excess sound velaeities with mole fractions may be attributed te teaking of
both the hydrogen bonding and bipolar interactionroxing

Table 1. Ultrasonic velocity and percentage deviaih of binary mixture bromobenzene + o-xylene at 363

Mole Fraction Density Ultrasonic Velocity Percentage Deviation
X" pmckgm? | U expt ms! Unom10t0 Uvan-clieal Ucfg (AU/UY% | (AUU)% | (AU/U)%
ms ms ms Nomoto | Van-deal CFT
0.113¢ 939.3¢ 1307.: 1305. 1297.¢ 1304.: 0.1< 0.7¢ 0.28
0.2236 1006.69 1288.5 1286.1 1272.1 1283.8 0.19 6 1.2 0.36
0.3306 1072.14 1269.8 1266.0 1249 4 1263.8 0.2 01.6 0.47
0.4344 1135.64 1251.0 1247.8 1228 .4 1244.3 0.2p 11.8 0.54
0.5354 1197.42 1232.3 1229.9 1210.3 1226.4 0.2/ 8 1.7 0.56
0.6335 1257.51 12135 12104 1193.7 1207.2 0.2 71.8 0.52
0.7289 1315.87 1194.8 1191.9 1177.1 1189.3 0.24 214 0.45
0.8217 1372.63 1176.0 1173.1 1163.7 1171.9 0.2p 51.0 0.35
0.9121 1428.83 1157.3 1155.6 1150.1 1156.0 0.1p 8 0.5 0.20

2.Polar in Non polar mixtures

Bromo benzene in P-xylene belongs to this categinge P-xylene has zero dipole moment. It was robsethat
average percentage deviation of the computed altfawelocity using various methods shows only asivalues.
While Nomoto and CFT method shows only a small o, the Van-dael method shows large deviatide T
percentage deviation increases first and then deesewith increase in mole fraction for all the mes. The
percentage deviation can be studied on the basistafation between the components of mixtures.niNdly in
polar and non polar mixtures there is dipole indlueedipole interaction which is very weak. Bromenbene is
having associative nature through hydrogen bondihg. missing of bromo benzene With non polar g may
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result in the breaking of hydrogen bond there lynmting dissociation. The positive deviation obselris due to
the molecular association and complex formationmaflecules. The magnitude of deviation also depemnls
concentration. The calculated values of alpha, &xweelocity, excess volume and excess impedancdldoeind to

be mostly negative.

Table 2. Ultrasonic velocity and percentage deviaih of binary mixture bromobenzene + m-xylene at 308

Mole Fraction Densit Ultrasonic Velocity Percentage Deviation
o o o | U oxot met | Unomoto | Uvan-deal | Ucft | (AUMU)% | (AUMU)% | (AUU)%
* P mix K9 P ms* ms* ms* Nomoto | Van-deal CFT
0.113¢ 924.7: 1285.’ 1284.. 1276.: 1282.¢ 0.12 0.7¢ 0.22
0.2236 995.13 1269.3 1267.2 1253.1 1264.8 0.1 1.28 0.35
0.3306 1063.22 1253.0 1250.5 1232.1 12477.4 0.19 216 044
0.4344 1128.73 1236.6 1234.09 12144 1220.9 0.2 6174 054
0.5354 1192.42 1220.3 1217.6 1198.4 1218.6 0.2p 817 054
0.6335 1253.85 1203.9 1201.3 1184.] 1197.4 0.2p 414 054
0.728¢ 1316.0¢ 1187.¢ 1185.: 1167.¢ 1181.¢ 0.2C 1.6¢€ 0.47
0.8217 1371.23 1171.2 1169.2 1159.1 1166.9 0.1)7 310 037
0.9121 1427.36 1154.9 1153.3 1148.3 1152.6 0.14 7 0.5 0.19
Table 3. Ultrasonic velocity and percentage deviaih of binary mixture bromobenzene + p-xylene at 308
. . Ultrasonic Velocity Percentage Deviation
Mo'e.‘;r?"“o” D_G"Es'rtny3 U exot me: | Unomoto | Uvan-deal | Uckt | (AUI)% | (AU/U)% | (AUU)%
! P mix K9 P ms? ms? ms? Nomoto | Van-deal CFT
0.1135 920.67 1275.8 1274.3 1266.3 127B8.0 0.1p 0.74 0.21
0.223¢ 991.8: 1260.¢ 1258.¢ 1244.¢ 1255.¢ 0.1 1.2¢ 0.3€
0.3306 1060.49 1245.3 1243.09 1225.1 1230.4 0.1B 9153 047
0.4344 1126.97 1230.0 1227.6 1208.4 1228.7 0.2p 617 051
0.5354 1191.07 1214.8 1212.3 1193.3 1208.3 0.2p 617 053
0.6335 1253.02 1199.5 1197.1 1179.4 1198.5 0.2p 316 050
0.7289 1312.85 1184.3 1182.1 1168.( 117B8.8 0.1B 713 046
0.8217 1370.92 1169.0 1167.1 1157.2 1164.9 0.16 110 0.36
0.9121 1427.24 1153.8 11524 1147. 1151.6 0.1p 8053 0.19
X, refersthe mole fraction of Bromo benzene
1320
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Fig. 1. Comparison of experimental value of |4« with theoretical value of bromo Benzene + O — Xyhe — 303 K
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Fig.2. Comparison of experimental value of K}, with theoretical value of bromo Benzene + M-Xylene- 303K
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Fig 3. Comparison of experimental value of k} with theoretical value of bromo Benzene + P-Xylene 303K

Table 4. Excess parameters in binary mixture bromoenzene +o-xylene at 303K

Mole Fraction | Ultrasonic velocity Ug Uo2U2 | Albha Excess Velocity(15) Excess Impedance Excess Volume (V)
“X " ms? ep - P ms? (Z510° Kg m?3s? 10° m® mol?
0.1135 1304.6 1.0041 0.0041L -72.34 -170.11 -0.31
0.2236 1283.9 0.0071 -0.9929 -51.69 -121.57 -0.17
0.3306 1263.9 0.0093 -0.9907 -31.63 -74.38 -0.07
0.4344 1244.4 0.0106 -0.9834 -12.17 -28.61 -0.01
0.5354 1225.5 0.0111 -0.9889 6.77 15.92 0.00

0.633¢ 1207.: 0.010¢ -0.989¢ 25.0% 58.8 -0.0¢

0.7289 1189.3 0.0091 -0.9909 42.92 100.93 -0.09
0.8217 1171.9 0.0070 -0.9930 60.32 141.85 -0.19
0.9121 1155.0 0.0039 -0.9961 77.27 182.50 -0.33

The negative excess parameter indicated that thayebe interstitial accommodation of bromo-benzmoéecules
in aggregate if alcohols. The negative excess velindicates the formation of moleculer clustersatnplexes and
may involve in charge transfer complexes[16]. Thgative excess sound velocity vary with mole fiattnay be
attribute to the breaking of both the hydrogen band bipolar interaction on mixing[17]. In genetiaé obtained
results indicate that there is some interactiombeh bromo-benzene and xylene. The interactionbmdgng range
electrostatic attraction or weak hydrogen bondifige interaction is weak because of steric hindradue to CH

group which is highly negative. In the presenceexternal field the interaction is found to be wedak all the

individual rotation of molecules. The pair as s@ashnot rotating as a singe unit. the molecular ldfpootate in
opposite directions due to which the values of eigyoare continuously decreasing
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Table 5. Excess parameters in binary mixture bromoénzene +m-xylene at 303K

Mole Fraction | Ultrasonic velocity Ug U_2U.2 | Apha Excess Velocity(5) Excess Impedance | Excess Volume (V)
“X 4" ms? exp Il p ms? (z510° Kg m?s? 10° m® mol*
0.1156 1283.0 1.0042 0.004p -62.72 -146.37 -0.31

0.227: 1264.¢ 0.007: -0.992¢ -44.5¢ -104.0¢ -0.1¢€
0.335! 1247.: 0.009: -0.990¢ -27.0¢ -63.1¢ -0.07
0.4396 1230.0 0.0108 -0.9892 -9.75 -22.74 -0.01
0.5406 1213.6 0.0110 -0.9890 6.64 15.49 0.00
0.6383 1197.5 0.0107 -0.9893 22.74 53.07 0.03
0.7330 1185.9 0.0027 -0.9973 34.32 80.09 -0.09
0.824" 1167.( 0.007: -0.992¢ 53.2: 124.2( -0.1¢
0.913" 1152.¢ 0.003¢ -0.996: 67.6¢ 157.8¢ -0.3¢

Table 6. Excess parameters in binary mixture bromoénzene + p-xylene at 303K

Mole Fraction | Ultrasonic velocity Ug Uo2Ua? | Albha Excess Velocity(5) Excess Impedance | Excess Volume (V)
“X " ms* ep - p ms* (2510 Kg m?s? 10° m® mol*
0.1162 1273.2 1.0041 0.0044 -58.40 -136.00 -0.31
0.2283 1256.1 0.0071 -0.9929 -41.31 - 96.19 -0.16

0.336¢ 1239.¢ 0.009: -0.990¢ -24.8( -57.7¢ -0.07
0.441: 1223.1 0.010¢ -0.989 -8.9¢ -20.92 -0.01
0.5421 1208.3 0.0107 -0.9893 6.42 14.95 0.00
0.6397 11934 0.0102 -0.9898 21.30 49.61 -0.03
0.7341 1178.9 0.0091 -0.9909 35.83 83.44 -0.09
0.8256 1165.0 0.0069 -0.9931 49.78 115.93 -0.20
0.914: 1151.¢ 0.003¢ -0.996: 63.11 147.0¢ -0.32
CONCLUSION

In this paper the theoretical evaluation of ultraswelocity for binary mixture has been made. Wuegk gives very
interesting results and out of three different rod#d) the Nomoto method is found to be the besb&h binary
mixtures due to the closeness in values obtainédrespect to the experiment.
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