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ABSTRACT

Viscosities and ultrasonic velocities of binary mixtures of methyl acrylate, ethyl acrylate and butyl acrylate with
heptane-2-ol have been measured at 303.15 and 313.15 K and at atmospheric pressure. Deviations in viscosity and
deviations in isentropic compressibility were calculated and have been fitted to Redlich-Kister equation. Ultrasonic
velocities calcul ated theoretically to predict using Nomoto, Van Dael, free length theory and collision factor theory.
Experimental viscosities were correlated by semi-empirical equations such as Heric-Brewer and McAllister three
and four body model equations. Jouyban-Acree model used to correlate viscosity and ultrasonic velocity.

Keywords. Acrylates, Heptane-2-ol, Ultrasonic Velocity, Vamé, Redlich-Kister Polynomial Equation, Jouyban
Acree Model.

INTRODUCTION

Thermodynamic properties are also important ingfésg industrial equipments with better precisidhere has
been an increasing interest in study of molecuitgractions and a number of experimental technitpaee been
used to investigate interactions between componetsinary liquid mixtures. Mixing volume effectgeaalso

important from theoretical as well as practicalmaf view. These properties found many applicatiam paints,

varnishes, cleaning products, antioxidant agentss,iadhesives, dispersion for textiles, papergispoene, etc.
where volume effects are also involve in conversanformulation from gravimetric to volumetric amais.

Properties like molar volume and their deviatioranf ideality and variation with temperature and position of

binary mixtures are useful to design engineeringc@sses in chemical and biological industries. Alsdumetric

and ultrasonic properties have practical importanasderstanding interactions and physicochentiealvior. The
mixing of different compounds gives rise to sola8ahat generally don’t behave ideally. Deviatiooni ideality

may be expressed by many thermodynamic variablagicplarly by excess properties. Excess properties
mixtures correspond to difference between actudl @operties if system behaves ideally and thusuaeful in

study of molecular interactions and arrangememspdrticular, they reflect interactions that takacp between
solute-solute, solute-solvent and solvent-solvpeties.

In literature, data exists for binary systems dfiyk ethanoate with ethyl acrylate, butyl acrylatagthyl
methacrylate and styrene at 298.15 K [1], for vadtmie behavior of acrylic esters with alkane-1-at298.15 and
308.15 K [2], density and excess molar volume afaby systems of dimethyl sulfoxide + ethyl acryjdbetyl
acrylate, methyl methacrylate and styrene at 29&18y], volumetric properties of dimethyl sulfoxideith
Methacrylic acid, vinyl acetate, butyl methacrylated allyl methacrylate at 298.15 K [4].
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Literature survey reveals that, molecular intematdiof present binary liquid mixtures of acrylitezs with heptane-
2-ol at 303.15 and 313.15 K have not much studieerefore, we have planned to study exhaustivehg lof
molecular interactions in these binary systems.

MATERIALSAND METHODS

Chemicals used in present study were of analygcadle and supplied by S. D. Fine Chem. Pvt. Ltdm\dai with
quoted mass fraction purities: methyl acrylate, MA0.997), ethyl acrylate, EA, (> 0.998), butylhyate, BA, (>
0.995) and heptane-2-ol, (> 0.999). Prior to uséalids were stored over 0.4 nm molecular sieeeseduce water
content. Masses were recorded on a Mettlar balamitie,an accuracy of £ 0.01 mg. The estimated uag#y in
mole fraction was < 1 x 10 Temperature was controlled using a constant tesye controlled water bath
(Gemini Scientific Instruments, Chennai, India) ingvaccuracy: 0.02 C.

Experimental Part

Viscosities were measured [8$ing an Ubbelhode viscometer. The accuracy inogiies is+ 0.003 mPa.sThe
ultrasonic velocities were measurdrequency of 2 MHz by single crystal ultrasomiterferometer (Model F-81,
Mittal Enterprises, New Delhi, India) [5]. The acaay in velocity measurements is + 0.1%. Comparisbn
measured values of pure components with literatahees are presented in Table 1.

Table 1. Viscosities () and ultrasonic velocities (u) for pure components.

Propert T=303.15K T=313.15K
perty Expt. Lit. Expt Lit.
Heptane-2-ol

n(mPas) 4.380 4.385[6] 2.980 2.981 6]
u(msl) 1297 1294[6] 125¢ 1254[6]
Methyl Acrylate

n (mPa.s) 0.420 0.361 -
u(msh 1163 1118

Ethyl Acrylate
n(mPa.s 0.48i 0.42¢
u(msh 1152 1123

Butyl Acrylate
n (mPa.s) 0.737 0.636 -
u(m.sh 1190 1157

Computational Part
Viscosity deviationsAn) were calculated using equation,

An =n12— XM 1— X2 1)

wheren;, is viscosity of mixture and;xx, andmn, 1, are mole fraction and viscosity of pure compondngnd 2,
respectively.

Deviation in isentropic compressibility were calateld using,
AKs = Ks- Ko 2

whereksis isentropic compressibility and was calculatedgisaplace relation,

Ks = (1/ p) 3)

Ks" was calculated from relation,

Ke¢ =Y Qi[Ksi +TV(@%2)/Col - [T(Z xV°) (X @ 0%/ ¥ %Cp] (4)

whereq is ideal state volume fraction of component i iixtore stated and is defined by,

@=xV°/ X xV9) ) (5
231
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Table 2. Viscosities (n), ultrasonic velocities (u), viscosity deviation (An) and deviation in isentropic compr essibilities (Aks) of acrylates (1)
+ heptane-2-ol (2) at T = (303.15 and 313.15) K.

T=303.15K T=313.15K
X1 n u An AKs n u An AKs
(mPa.s (ms) (mPas (TPgY) | (mPas (msY) (mPas (TP
MA (1) + Heptane-2-ol (2)

0 4.380 1293 0 0 2.980 1254 0 0
0.0553  3.847 1285 -0.314 3.86 2.651 1246 -0.184 337
0.0999  3.465 1279 -0.519 6.07 2.413 1240 -0.305 65.8
0.1555  3.042 1272 -0.722 8.21 2.146 1232 -0.427 89.0
0.1999 2741 1266 -0.847  10.23 1.954 1226 -0.502 .9610
0.2554  2.407 1258 -0.962  13.16 1.738 1218 -0.573 .7713
0.2998  2.169 1253 -1.024  13.63 1.583 1212 -0.612 .2815
0.3554  1.904 1245 -1.069  16.07 1.407 1204  -0.642 .5517
0.4000 1.715 1239 -1.081 1731 1.281 1198 -0.651 .5618
0.4551 1.507 1232 -1.071 18.04 1.140 1190 -0.648 .3320
04998  1.357 1226 -1.044 18.74 1.037 1184  -0.634 .7720
0.555¢F  1.19( 121¢ -0.99C  18.7¢ 0.92: 1177 -0.60:  20.2¢
0.5998  1.073 1213 -0.932  18.97 0.840 1171 -0.569 .180
0.6555  0.942 1206 -0.842  18.17 0.747 1163 -0.516 .2720
0.699¢  0.84¢ 1201  -0.75¢  16.41 0.68( 1157  -0.467  19.4:
0.7550 0.746 1191 -0.644 18.75 0.605 1150 -0.398 .1617
0.7999 0.671 1188 -0.541  13.47 0.551 1144  -0.334 .2915
0.855:  0.59( 1181  -0.40: 10.77 0.49( 1137  -0.25(  11.81
0.8999  0.531 1175 -0.286 8.59 0.446 1131 -0.177 7389
0.9555  0.466 1168 -0.130 459 0.396 1124 -0.082 739

1 0.42( 116: 0 0 0.361 111¢ 0 0

EA (1) + Heptane-2-ol (2)

0 4.380 1293 0 2.980 1254 0 0
0.0553  3.877 1285 -0.287 1.72 2.675 1246 -0.163 524
0.0999 3518 1278 -0.473 3.77 2.453 1240 -0.272 5338
0.1555  3.113 1270 -0.662 5.30 2.202 1233 -0.381 1438
0.1999 2.823 1263 -0.779 7.13 2.019 1227 -0.450 65.9
0.2554  2.499 1255 -0.886 8.43 1.812 1219 0515 979
0.2998  2.266 1249 -0.946 8.86 1.662 1213 -0.552 789
0.355¢  2.00¢ 1241 -0.99( 9.8¢ 1.491 120€  -0.581 9.3t
0.4000 1.819 1235 -1.004  10.03 1.367 1200 -0.591 .1110
04551  1.610 1227 -0.997 10.73 1.227 1193 -0.589 .1810
0.499¢  1.46( 122¢  -097¢ 1191 1.12¢ 1187  -0.57¢  10.6f
0.5555  1.293 1213 -0.926  10.97 1.010 1179 -0.551 .8211
0.5998 1.173 1206 -0.872 1184 0.926 1174  -0.521 .5310
0.655¢  1.03¢ 119¢  -0.791  10.4¢ 0.83: 1167  -0.47¢ 9.8¢
0.6999  0.941 1193 -0.714 9.60 0.762 1161 -0.430 19.6
0.7550 0.834 1185 -0.607 9.17 0.685 1154 -0.366 585
0.7999  0.756 1179 -0.510 7.88 0.627 1148 -0.309 9738
0.8552  0.669 1171 -0.382 6.90 0.563 1141 -0.232 96.2
0.8999  0.607 1165 -0.270 5.19 0.516 1135 -0.165 45.2
0.9555  0.537 1158 -0.123 2.04 0.463 1128 -0.076 7238

1 0.487 1152 0 0 0.425 1123 0 0

BA (1) + Heptane-2-ol (2)

0 4.380 1293 0 0 2.980 1254 0 0
0.0553  3.968 1287 -0.210 -0.08 2.735 1248 -0.115 34 0.
0.0999  3.666 1282 -0.350 0.13 2.554 1244 -0.192 37-0.
0.1555  3.320 1276 -0.494 0.11 2.344 1238 -0.272 50.0
0.199¢  3.06% 127z -0.58¢ -0.7¢ 2.18¢ 123¢  -0.32¢ -0.5¢
0.2554  2.779 1266 -0.672 3.91 2.009 1229 -0.373 32-1.
0.2998  2.570 1261 -0.721 -0.25 1.878 1224 -0.401 .51-0
0.355¢  2.32¢ 1258 -0.761 -0.1€ 1.721 121¢  -0.42¢ -1.3C
0.4000  2.147 1251 -0.776 -0.94 1.607 1214 -0.436 .47-0
0.4551 1.946 1245 -0.775 -0.66 1.475 1209 -0.437 .05-1
0.499¢ 1.79i 124C  -0.76: -0.17 1.37% 1208 -0.431 -1.5C
0.5555  1.627 1235 -0.729 -1.04 1.263 1199 -0.415 .65-0
0.5998  1.503 1230 -0.692 -0.44 1.180 1195 -0.394 .00-1
0.6555  1.362 1225 -0.630 -1.21 1.083 1190 -0.360 .41-1
0.6999  1.258 1220 -0.573 -0.55 1.011 1185 -0.329 .30-0
0.7550  1.139 1214 -0.489 0.00 0.928 1180 -0.281 65-0
0.7999  1.052 1210 -0.414 -2.32 0.866 1176 -0.239 .86-0
0.8552  0.953 1204 -0.310 0.14 0.795 1171 -0.180 09-1.

232

Pelagia Research Library



Sunil R Mirganeet al Adv. Appl. Sci. Res., 2013, 4(1):230-239

0.8999  0.881 1200 -0.221 -0.33 0.742 1166 -0.129 220.
0.9555  0.798 1194 -0.101 0.45 0.681 1161 -0.059 80.0
1 0.737 1190 0 0 0.636 1157 0 0

T is temperature ands;, V% o, and G; are isentropic compressibility, molar volume, diwégnt of isobaric
thermal expansion and molar heat capacity respgtifior pure component % is calculated from measured
densities by relation,

o = [(p/ p2)-1)/ (T-Ty) (6)

Values of viscosities, ultrasonic velocities, déiaia in viscosity and deviation in isentropic coregsibility of
mixtures are listed in Table 2.

Nomoto [7] investigated additivity of molar volumés those mixtures for which deviation from linggriof
molecular sound velocity is small and it was regdahat a great part of these mixtures had alsood gdditivity
relationship of molar volumes. The sound velocigéd on assumption of linearity of molecular sowldcity,

R = xR+ %R, (7)

where Rand R are molar sound velocities angdand % are mole fractions respectively. The molar sourldoity
(R) or Rao’s constant related to sound velocity as,

u = (RIV)® = [(xarRi+X%e Ro)/ (%V 1+ %V5)] ° (8)
According to Vangeel [8ssumption adiabatic compressibiliBs] of mixture is given by,
BS im) = @VaBS 1) / Vim+ @VoBSi)/ Vim 9)

Where@ and v represent volume fraction and specific haté@, respectively.
Schaffs [9-10pn basis of collision factor theory gave relation$ound velocity in liquids,

U=u, Srf= uSBV (10)
where u, = 1600 m/s, S is collision factor and rf (rf = B/& space filling factor, B is actual volume of iecule per
mole and V is molar volume.

The sound velocity in mixtures evaluated from Jacolsfree length theory [11-12] is,

U mix = K/ ( LigmigyPminy ) (11)

Where K is a temperature dependent constant.

Ultrasonic velocities derived from these theoriéhwwercentage error are given in Table 3.
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Table 3. Comparison of experimental ultrasonic velocity with varioustheorieswith % errorsfor acrylates (1) + heptane-2-ol (2) at T =

303.15K.
X Ultrasonic Velocity % Errors for Ultrasonic Velogit]
! Expt. NOM VAN CFT FLT| NOM VAN CFT FLT
MA (1) + Heptane-2-ol (2)
0 129 129¢ 129: 129 127t 0.8Z 232 0.06 6.9¢
0.0553 1285 1288 1279 1286 1263
0.0999 1279 1284 1268 1280 1256
0.155¢ 127z 127¢ 125€ 127/ 124¢
0.1999 1266 1275 1247 1268 1239
0.2554 1258 1269 1237 1261 1230
0.299¢ 125: 126¢ 122¢ 1258 122:
0.3554 1245 1258 1220 1248 1214
0.4000 1239 1253 1213 1243 1207
04551 1232 1247 1206 1236 1199
0.4998 1226 1241 1200 1230 1192
0.5555 1219 1234 1193 1223 1184
0.5998 1213 1228 1189 1217 1178
0.6555 1206 1221 1183 1210 1170
0.6999 1201 1214 1180 1204 1164
0.7550 1191 1206 1175 1197 1157
0.7999 1188 1199 1172 1191 1151
0.8552 1181 1190 1169 1183 1145
0.8999 1175 1182 1167 1177 1139
0.9555 1168 1172 1164 1169 1133
1 1163 1163 1163 1163 1128
EA (1) + Heptane-2-ol (2)
0 129 129¢ 129: 129 127 0.3t 0.5¢ 0.01 3.3t
0.0553 1285 1287 1282 1285 1265
0.0999 1278 1282 1273 1279 1257
0.155¢ 127C 1278 126% 1271 124¢
0.1999 1263 1270 1255 1264 1241
0.2554 1255 1263 1245 1256 1232
0.2998 1249 1257 1238 1250 1225
0.3554 1241 1250 1229 1242 1217
0.4000 1235 1244 1222 1236 1210
0.4551 1227 1237 1214 1228 1202
0.4998 1220 1230 1208 1222 1196
0.5555 1213 1223 1201 1214 1188
0.5998 1206 1216 1195 1208 1182
0.6555 1199 1208 1188 1200 1175
0.6999 1193 1201 1183 1194 1169
0.7550 1185 1193 1176 1186 1162
0.7999 1179 1186 1172 1180 1157
0.8552 1171 1177 1166 1172 1151
0.899¢ 116t 116¢ 1161 116€ 114f
0.9555 1158 1160 1156 1158 1140
1 1152 1152 1152 1152 1134
BA (1) + Heptane-2-ol (2)
0 1293 1293 1293 1293 1275 0.00 0.00 0.02 33.86
0.0553 1287 1287 1287 1287 1276
0.0999 1282 1282 1282 1282 1276
0.1555 1276 1277 1276 1276 1278
0.1999 1272 1272 1271 1271 1279
0.2554 1266 1266 1265 1258 1243
0.2998 1261 1262 1260 1261 1282
0.3554 1255 1256 1254 1255 1284
04000 1251 1251 1250 1250 1286
0.4551 1245 1245 1244 1244 1288
0.4998 1240 1241 1239 1240 1290
0.5555 1235 1235 1234 1234 1292
0.5998 1230 1230 1229 1230 1295
0.6555 1225 1225 1224 1224 1297
0.699¢ 122( 122C 121¢ 122 130C
0.7550 1214 1215 1214 1214 1304
0.7999 1210 1210 1209 1212 1322
0.855: 120¢ 120¢ 120¢ 120¢ 131C
0.8999 1200 1200 1200 1200 1313
0.9555 1194 1194 1194 1194 1317
1 119C 119C 119C 119C 1321
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Deviation in viscosity and deviation in isentromiompressibility were fitted to Redlich- Kister [18fuation of
typel

Y = X1X2 Z g, (Xl - Xz)i

12)

where Y is eitherAn or Aks and n is degree of polynomial. Coefficientwas obtained by fitting Eq (12) to
experimental results using a least-squares regressethod. Optimum number of coefficients is asteed from
an examination of variation in standard deviation (

o was calculated using relation,

1/2
Z(Yexpt _Ycalc)2
oY) = Non (13)

whereN is number of data points amdis number of coefficients. Calculated values offticientsa; along with
standard deviations are given in Table 4 for albby liquid mixtures.

Table 4. Adjustable parameters of Eq (12) and (13) for excessfunctionsfor binary liquid mixture of acrylates (1) + heptane-2-ol (2) at T
=(303.15 and 313.15) K.

Property [ T(K) a a % a a o
MA (1) + Heptane-2-ol (2)
An (mPa.s) 303.15 -4.1751 1.5597 -0.4430 0.1053  98.02 0.00026
313.15 -2.5354  0.8609 -0.2036 0.0453 -0.0435 0.0003
Mks(TPa') 303.15 550523 16.8806 -11.4919 -5.3825 33.2059 2568
313.15 55.0523 16.8806 -11.4919 -5.3825 33.2059 2580
EA (1) + Heptane-2-ol (2)
An (mPa.s 303.1¢ -3.8937 1.368t¢ -0.365.  0.085.  -0.018( 0.0003¢
313.15 -2.3098 0.7267 -0.1711 0.0258 -0.0129  0.0003
Dk (TPaY) 303.15 20.1790  2.3508 20.8686  5.1101 -28.2534 63184
313.15 20.7028 2.2310 -15.7638 6.8527 38.1490 GBB96
BA (1) + Heptane-2-ol (2)
An (mPa.s) 303.15 -3.0473 0.8813 -0.2115 0.0363 3.0220.00045
313.15 -1.7253 0.4355 -0.0787 0.0144  -0.0164 0.2003
Mk (TPeY)  303.15 -1.5512 -14.7492 -1.0719 23.7320 8.0086 7520
313.15 -3.4737 0.3422  -11.4217 -2.6203 25.0093 1035

Heric—Brewer [14] proposed two parameter modebaofif,

In M= X4IN Ng+XalN Nz FXgINM+XINMo-IN (XM 1+XM2) X X[ O 15+ 021(X1-X2)] (14)
wherea,anda,; are interaction parameters.

McAllister's [15] multibody interaction model wasidely used to correlate kinematic viscosity dat&img two
parameters based on Eyring’s theory of absolutetirarates for interactions of both like and ualikolecules by

a two dimensional three body model given as,

Inv = X;|_3 In vit+ X23|n v, +3 X12 X2|n Zio +3 % Xzzln Zor- In [X1+(X2M2/M1)]+ 3 X12 Xo |n[(2/3)+(M2/3M1)]+ 3X1X22
IN[(1/3)+(2Mu/3M3)]+ X5° IN(M/M ) (15)

Similarly, four body model was defined by relation,

Inv = X14 In Vi +4X13X2 In lelg +6 X12X22 In 21122 + 4 X_]_Xza In 22221 + X24 In Vz—ln [X1+X2 (MZ/M]_)]+ 4 X13X2 In
[(3+M2IM)/4] + 6 %° 2% IN[1+Mo/M1)/2] + 4 %x,° In [(1+ 3M/M)/4] + %' In (Mo/M ) (16)
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whereop Oo1, Zip, Zo1, Z1112 Z1122 @Nd Zg,; are model parameters and andv; are molecular mass and kinematic
viscosity of pure component i.

To perform a numerical comparison of correlatingatality of above Eq (14 to 16), we have calculaséahdard
percentage deviatiow @6) using relation,

6% =[1/ Mexpr— K ) X Y (100 Qexpr—"ca) / Nexpd 1" (17)

where k represents number of numerical coefficiamiespective equations. All interaction parametesive been
considered as adjustable parameters, estimatechbg-near regression analysis based on a leastreg method.
The parameter@iy, 021,212, Zo1 Z1112 Z1122 and Zyp; are presented with their standard percentage titmvigs %)
in Table 5.

Table 5. Adjustable parameters of Eq (14), (15), (16) and (17) for binary liquid mixture of acrylates (1) + heptane-2-ol (2) at T = (303.15
and 313.15) K.

TK [ o 021 c Z1z Za c Zinoe  Zuzy  Zyoo c
MA (1) + Heptane-2-ol (2)

303.15 0.116 0.015 0.030 1.06s0 2.412 0.030 0.8538591 2.950 0.554

313.1¢ 0.11C 0.01Z 0.057 0.851 1.79¢ 0.057 0.697 1.05¢ 2.14¢ 2.70¢
EA (1) +Heptan-2-ol (2)

303.15 0.044 0.004 0.027 1.174 2531 0.027 0.9646941. 3.060 0.718

313.15 0.038 -0.004 0.055 0.950 1.895 0.055 0.7972481 2.238 1.465
BA (1) + Heptane-2-ol (2)

303.15 0.004 -0.004 0.142 1547 2.899 0.142 1.3220®2 3.390 1.605

313.15 0.002 -0.001 0.028 1.246 2.154 0.028 1.0867221 2.467 2.057

Recently Jouyban and Acr§es-17] proposed a model for correlating viscosityd ultrasonic velocity of liquid
mixtures and could be used in data modelling. Ttheaton is,

In Yt = falnysr +hinyor+ £, 3 [A; (fi-f2) j/T] (18)
where i1, Yot and ¥t is viscosity or ultrasonic velocity of mixture amlvents 1 and 2 at temperature T,

respectively, fand § are mole fraction in case of viscosity and Aj aredel constants. Correlating ability was
tested by calculating average percentage deviattbmeen experimental and calculated properties as,

APD = (1OO/N)Z [(l yexpt' ycall)/ yexpt)] (19)

Where N is number of data points in each set. Qptimumbers of constants Aj were determined frommemxation
of APD values which presented in Table 6.

Table 6. Adjustable parameters of Eq (18) and (19) for binary liquid mixture of acrylates (1) + heptane-2-ol (2).

Property [ @ a 2 a a c APD
MA (1) + Heptane-2-ol (2)

n(mPas) -0.5137 1.4207 5.2344 -45237 -9.9763 4189 0.0262

u(ms) 0.0731 -1.0396 -1.3523 1.8935 2.0855 1258.7529022%
EA (1) + Heptane-2-ol (2)

n(mPa.s) -0.3056 0.6470 17390 -3.2838 -4.8876 5R96 0.0226

u(msh 0059 -0.154( 0.380¢ -0.018¢ -1.352¢ 1255.102. 0.019:
BA (1) + Heptane-2-ol (2)

n(mPa.s) 0.0478 -0.1256 -1.4952 -0.6498 0.5697 1217 0.0215

u(ms) -0.0309 -0.0079 1.0897 0.0043 -2.3064 1274.4707019B

RESULTSAND DISCUSSION

A graphical comparison of deviation in viscosity3a@B.15 K for acrylic esters with heptane-2-olhswn in Fig. 1.
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Figure 1. Variation of deviation in viscosity for binary mixtures of methyl acrylate (¢ ), ethyl acrylate (w), butyl acrylate (A) (1) +
heptane-2-ol (2) at 303.15K.

Decrease in viscosity attributed to breaking ofotip association of alkane-2-ol into small dipolgeak types of
dipole—induced dipole type interactions are nofisieht to produce bulky or less mobile entitiessystem and
hence decreased trend of viscosity. Strength efrimblecular electric donor-acceptor interactiomas only factor
that influences viscosity deviation in liquid mixés. Molecular size and shape of components andeeeof
association of mixture are equally important fagtor

Breaking up of associated structures of heptank-@roaddition of acrylates, which is not compendats
combined effect due H-bonding between unlike mdesand interstitial fitting of smaller acrylate hacules into
bigger branched decanol molecule.

A graphical comparison of deviation in isentropampressibility at 303.15 K for acrylic esters witbptane-2-ol
shown in Fig. 2.

25 - Fig_ 2 —e—MA

Figure?2. Variation of deviation in isentropic compressibility for binary mixtures of methyl acrylate (¢ ), ethyl acrylate (m), butyl acrylate
(A) (2) + heptane-2-ol (2) at 303.15K.

Positive Ak values suggest that rupture of hydrogen bondednshef dipolar interactions between acrylate
molecules exceeds intermolecular interactions tjodipole-dipole and hydrogen bonding between ateyhnd
alkanols molecules. Dipole-dipole interactions kedw these two component molecules decreases witbaise of
chain length and branching in alkanols, due to pesson donating ability in higher 2-alkanols andreased steric
hindrance in branched alkanols.

The negative deviation folAks values for binary liquid mixtures of butyl acrydatvith 2-heptanol, indicates
predominance of weak but specific structure malitgractions of type n-fe or —OH--71 between acrylic ester’s
carbonyl lone pair of electrons and hydroxyl hydnogf 2-alkanols or lone pair of electrons on oxygé either
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hydroxyl functional group of alkanols or carbonylogp of ester species amd electrons of the acrylic ester
functional group.

Ultrasonic velocities with average percentage eratr303.15 K are summarized in Table 3. A closatisty of
result indicates that CFT does succeed in compuiitngsonic velocity value for all mixtures to eegter degree of
accuracy as compared with Nomoto, Van Deal and Hr&e length theory is naturally not applicablesystems
having self associated components, hence shows digations from experimental values.

Table 4 shows standard deviations at 303.15 and181R for Redlich- Kister equation, which was ongily
developed to correlate excess Gibb’s energy funditd to calculate values of activity coefficierdtss a powerful
and versatile correlating tool.

Similarly, parameters evaluated from equations @sed by Heric — Brewen(,, 05;), McAllister three body model
(Z15, Z1) and McAllister four body model (415 Zi125 Z2) are summarized with their standard percentage
deviations in Table 5 shows values of standardrerod Heric — Brewer and McAllister three body mbdee
exactly equal and higher than standard error of M&tAr four body model in all binary liquid mixtes. Order of
correlating ability of these models follows ord@rs, 021) = (Z12, Zo1) > (Zi112 Zi122 Z2221)-

Experimentally measured viscosity and ultrasonitosiey were correlated using Jouyban-Acree modedl an
constants (Aj) calculated from least square ansygth average percentage deviation (APD) are ptedein Table
6.

CONCLUSION

The main effect in viscosity deviation of mixture breaking of self interactions in compounds dunmixing
process. In heptane-2-ol molecule, due to decrestsedgth of hydrogen bonds positive values of sxdgentropic
compressibility are observed.

Acknowledgements

Author (SSP) acknowledge Department of ScienceTaathnology, New Delhi, Government of India, forancial
support by awarding Junior Research Fellowshiphéug are thankful to Prof. B. R. Arbad, Dr. B. A. Mniversity
for their valuable suggestions.

REFERENCES

[1] Peralta R D, Infante R, Cortez 8hy. Chem. Liq., 2004, 42, 391.

[2] Sastry N V, Valand M KPhy. Chem. Liqg., 2000, 38, 61.

[3] Peralta R D, Infante R, Wisniakdl,Sol. Chem., 2004, 33, 339.

[4] Peralta R D, Infante R, Wisniakdl,Sol. Chem., 2005, 34, 515.

[5] Patil S S, Mirgane S Rnt. J. Che., Pharma. Envi. Res., 2011, 2, 72.

[6] Shirude D F, Ph. D. Thesis, Pune Universityr{@undia,2006).

[7] Nomoto O,J. Phy. Soc. Japan, 1958, 13, 1528.

[8] Van Dael W, Vangeel E, Proceedings of the Hingtrnational Conference On Colorimetry and hetymamics,
Warsaw,1969.

[9] Schaffs W, Mole. Akus., Chapter XI and XII, Spyer, Berlin, 1963.

[10] Schaffs WZ Phys., 1975, 114, 110.

[11] Jacobson BActa Chem. Scand., 1952, 6, 1485.

[12] Jacobson B). Chem. Phys., 1952, 20, 927.

[13] Redlich O, Kister A T, Algebraic Representatiof Thermodynamic Properties and The Classificatd
Solutions, Ind. Eng. Cheni948.

[14] Heric E L, Brewer J GJ. Chem. Eng. Data, 1967, 12, 574.

[15] McAllister R A, AICHEJ, 1960, 6, 427.

[16] Jouyban A, Vaez-Gharamaleki Z, Fekari Z, Acleg& Chem. Pharm. Bull, 2005, 53, 519.

[17] Jouyban A, Khoubnasabjafari M, Acredrd]. J. Chem., 2005, 44, 1553.

[18] Thakur Saneel K, Chauhan Shivahilvancesin Applied Science Research, 2011, 2(2), 208-217.

[19] Bhandakkar V D, Bedare G R, Muley V D, Suryashi B M, Advances in Applied Science Research, 2011,
2(4), 338-347.

238
Pelagia Research Library



Sunil R Mirganeet al Adv. Appl. Sci. Res., 2013, 4(1):230-239

[20] Chimankar Omprakashp, Shriwas Ranjeeta, TabNéas A, Advancesin Applied Science Research, 2010, 1
(3), 78-85.

[21] Kulshrestha Anchal, Baluja Shipragvancesin Applied Science Research, 2010, 1(3), 229-239.

[22] Chimankar O P, Shriwas Ranjeeta S, Jajodigy&eta, Tabhane V AAdvancesin Applied Science Research,
2011, 2(3), 500-508.

239
Pelagia Research Library



