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ABSTRACT

Densities, viscosities and ultrasonic velocities of binary liquid mixtures of octane-1-ol with methyl acrylate, ethyl acrylate, butyl
acrylate and methyl methacrylate at 303.15 and 313.15 K temperatures have been measured over the entire range of composition.
These values used in Jouyban-Acree model. Excess molar volume, deviation in viscosity and deviation in isentropic
compressibility have been calculated and were fitted to Redlich-Kister equation to estimate the coefficients and their
corresponding standard errors. The mixture viscosities were correlated by different semi empirical equations like Hind,
Choudhary-Katti, Grunberg-Nissan, Tamura-Kurata, McAllister three and four body models.
Keywords: Octane-1-ol + acrylic esters, transport properties, excess molar volume, isentropic compressibility, Redlich-Kister
equation.
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INTRODUCTION

In the recent years much importance has been given to the behavior of mixed solvents rather than a single solvent
because of their wide range of applications in many chemical industrial and biological processes. The
physicochemical data are often required in many industrial processes like flow, mass transfer or heat transfer
calculations, polymerization, solvolysis, etc. and this also leads to the formulations of a large no. of methods for
correlating or predicting the physical property, composition data. Therefore in view of practical importance of mixed
solvents, a deeper knowledge of their solution structure and intermolecular interactions between component
molecules at molecular level thus becomes essential. The composition and temperature dependence of volumetric,
acoustic transport and surface properties of associated liquid system provides substantial information of the
molecular influence on the intensity of the intermolecular interactions among component molecules and can be used
as a powerful tool for studying intermolecular interactions in these systems. Literature survey reveals that such type
of combined study of these parameters of binary liquid systems of octane-1-ol with acrylic esters at 303.15 and
313.15 K temperatures has not been done[1-8].

MATERIALS AND METHODS

Chemicals used in the present study were AR grade and supplied by S.D. Fine Chemicals Pvt., Mumbai
(India). Prior to use all liquids were stored over 0.4 nm molecular sieves to reduce the water content and were
degassed. In addition, all four acrylic esters were distilled before use. The binary mixtures of varying composition
were prepared by mass in special air-tight bottles. The masses were recorded on a Mettlar one pan balance, which
can read up to fifth place of decimal , with an accuracy of + 0.01 mg. Care was taken to avoid evaporation and
contamination during mixing. The estimated uncertainty in mole fraction was <I1x10™.

The densities[9] of the solutions were measured using a single capillary pycnometer made up of borosil glass
with a bulb of 8cm® and capillary with internal diameter of 0.1cm was chosen for present work. The reproducibility
of density measurement was * 5x107 g/cm®.The dynamic viscosities [9] were measured using an Ubbelohde
suspended level viscometer calibrated with conductivity water. An electronic digital stop watch with readability of +
0.01 s was used for the flow time measurements. The uncertainty in dynamic viscosities was + 3x10~ mPa.s. The
ultrasonic velocities[9] were measured at a frequency of 2 MHz by a single crystal ultrasonic interferometer (model
F-81 Mittal’s Enterprises, New Delhi). Error in velocity measurements was + 0.1 %.

Theory and calculations

Experimental values of densities (p), viscosities (1) and ultrasonic velocity (u) of these mixtures at T= (303.15 and
313.15) K as a function of acrylic esters mole fraction are listed in Table 2.The excess molar volumes, VE were
calculated as,

Viem’/ mol)= [xiM+x:Mal/piz [ (xiMi/py)+( x:Ma/p)] M
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where p; is the density of the mixture and x; M, p;, and X, M,, p, are the mole fraction, the molecular weight, and
the density of pure components land 2, respectively.

The viscosity deviations (An) were calculated using equation,

An (mPa.s) =1 12— XM 1— X212 ) @)
where 1, is the viscosity of the mixture and X, X, and 1;, 1, are the mole fraction and the viscosity of pure
components 1and 2 respectively[10].The excess isentropic compressibility,k,", were obtained using the relation,

K (TPa) = i~ ©)
Where, K;is the isentropic compressibility and was calculated using the Laplace relation,

K, = (1/ u’p) )
and Ks'd was calculated from the relation,

K = X 0ilK +TV(@)/Coil - [TE XV (X 6 0%/ T xCp 5)
Where, ¢; is the ideal state volume fraction of the component i in the mixture stated and is defined by the relation ,

0= x;V%/ 03 x;V%) (6)

T is the temperature, and ¥, ;, V°. o, and C,, i are the isentropic compressibility, molar volume, coefficient of
isobaric thermal expansion, and molar heat capacity respectively, for pure component i. o’ is calculated from the
measured densities by the relation,

o= [(pi/ p2)-11/ (To-Ty) (7

The other required values were taken from literature[11,12] . The excess molar volume, deviation in viscosity and
deviation in isentropic compressibility for binary liquid mixtures of acrylic esters with octane-1-ol are listed in
Table-3.

The excess molar volumes, deviations in viscosity and isentropic compressibility were fitted to Redlich- Kister
equation of the type,

Y= XX Zai(xl—xz)i (®)

1
Where Y is either VE or An or k,* and n is the degree of polynomial. Coefficient a, was obtained by fitting Eq (8) to
experimental results using a least-squares regression method. In each case, the optimum number of coefficients is
ascertained from an examination of the variation in standard deviation (G).
¢ was calculated using the relation,

Z(Y % )2 1/2
o (Y) _ expt cale (9)
N-—n

Where N is the number of data points and n is the number of coefficients[11].The calculated values of the
coefficients a; along with the standard deviations (G) are given in Table 4.

Several relations have been proposed to evaluate the dynamic viscosity n of liquid mixtures [13]. The
equations of Hind, Choudhary-Katti, Grunberg-Nissan and Tamura-Kurata have one adjustable parameter. The
expression for Hind equation is,

2 2
Ni2=X1" N1 X" Na+2x1XH)n (10)
Where, H), is the interaction parameter.

The expression for Choudhary-Katti equation is,
In (N, V)= xi1ln(m V )+x21n(n2 Vo) +x,x Wis/(rr)] (11)
Where, Wvis is the interaction energy for activation of viscous flow.

The expression for Grunberg-Nissan equation is,

In Ni2= X1 11’11] 1+ X2 11’11] 2+X1X2G12 (12)
Where, G, is a parameter proportional to the interchange energy.
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Tamura and Kurata developed expression for viscosity of binary mixtures as,
M= X101 Mi+ Xo o+ 2(x1%20102) T (13)
Where, T}, is the interaction parameter , ¢, and ¢, are the volume fractions. The calculated values of adjustable

parameters Hy, Wvis, Gy, and T, with their standard deviations (G) calculated using equation (16) are given in
Table 5.

Table-1: Densities, p, Viscosities, 1, Ultrasonic Velocities, u, for Pure Components at T= (303.15 and 313.15) K.

T=303.15K T=313.15K
Expt. | Lit. Expt | Lit.
Octane-1-o0l
p (g/m’) 0.81839 | 0.81817[16] 0.81100 0.81117[16]
n (mPa.s) 6.430 - 4.572 -
u (m/s) 1333 1332[17] 1304 ---
Methyl Acrylate
p (g/m’) 0.9413 0.9292
n (mPa.s) 0.420 --- 0.361 ---
u (m/s) 1163 --- 1118 ---
Ethyl Acrylate
p (g/m’) 0.9095 --- 0.8972 -
n (mPa.s) 0.487 - 0.425 -—-
u (m/s) 1152 --- 1123 ---
Butyl Acrylate
p (g/m’) 0.89000 --- 0.8817 -
n (mPa.s) 0.737 - 0.636 -
u (m/s) 1190 --- 1157 ---
Methyl Methacrylate
p (g/m’) 0.93172 | 0.93174[18] 0.92024 0.92026[18]
n (mPa.s) 0.549 - 0.479 -—-
u (m/s) 1168 --- 1139 ---

McAllister’s multibody interaction model was widely used to correlate kinematic viscosity (v) data. The two
parameter McAllister equation based on Eyring’s theory of absolute reaction rates, taken into account interactions of
both like and unlike molecules by a two dimensional three body model. The three body model was defined by the
relation,

Inv= XIS In vit+ X231n \'%) +3 X12 len le +3 X1 X221n Z21— In [X1+(X2M2/M1)]
+3 %2 %, In[(2/3)+(Mo/3M,) ]+ 3%, In[(1/3)+(2Mo/3M,) ]+ x,° In(My/M,) (14)

Similarly, the four body model was defined by the relation,
Inv= X14 In %1 +4X13X2 In lelZ +6 X12X22 In Z1122 +4 X1X23 In Z2221 + X24 In A%}

—In [X;4+X, (Mo/MD1+ 4 X°X5 In [(3+Mo/M))/4] + 6 X, 2x,” In[ 14+Mo/M,)/2]

+ 4 x,x° In [(1+ 3Mo/M,)/4] + x5 In (My/M,) (15)
Where Zi5, Zs1, Zi112, Z1122 and Zy;; are model parameters and M; and v; are the molecular mass and kinematic
viscosity of pure component i.

To perform a numerical comparison of the correlating capability of above Eq (10 to 15) we have calculated the
standard percentage deviation (¢ %) using the relation,

6% =[1/(Mexp—k) X T (100 Mexpr = Near) / Nexp)’ 1" (16)
where k represents the number of numerical coefficients in the respective equations. These parameters estimated by
a non-linear regression analysis based on a least-squares method and presented with their standard percentage
deviation (¢ %) in Table 6.
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Fig.-1: Variation of excess molar volumes for binary mixtures of Acrylic esters
(1)+ Octane-1-ol (2) at 303.15 K: ¢, Methyl acrylate; ®,Ethyl acrylate; 4, Butyl acrylate; X, Methyl methacrylate
and at 313.15 K: *, Methyl acrylate; B,Ethyl acrylate; +, Butyl acrylate; ©, Methyl methacrylate
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Fig.-2:Variation of deviation in viscosity for binary mixtures of Acrylic esters
(1)+ Octane-1-o0l (2) at 303.15 K: ¢, Methyl acrylate; ®,Ethyl acrylate; 4, Butyl acrylate; X, Methyl methacrylate
and at 313.15 K: *, Methyl acrylate; B,Ethyl acrylate; +, Butyl acrylate; ©, Methyl methacrylate
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Fig.-3: Variation of deviation in isentropic compressibility for binary mixtures of Acrylic esters
(1) + Octane-1-o0l (2) at 303.15 K: ¢, Methyl acrylate; ®,Ethyl acrylate; 4, Butyl acrylate; X, Methyl methacrylate
and at 313.15 K: *, Methyl acrylate; B,Ethyl acrylate ; +, Butyl acrylate; ©, Methyl methacrylate
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Table-2: Densities, p, Viscosities, #, Ultrasonic Velocities, u, for Acrylic esters (1) + Octane-1-ol (2) at 7= (303.15
and 313.15) K

=303 15K I=313.15K
i) » u 1) » 1]
X; {zem®) (mBPa.=) {m's) {z/cmt) (mPa =) {m's)
WA (1) + OcEns- 1-0l (2

L O.B1E3D §.430 1333 0.81 10 4572 1304
00552 0.B2167 5.531 1323 0.81431 3074 1203
0. 07 0. 32461 4,800 1315 0.81720 3550 1284
0.1553 082848 4. 208 1305 0.82101 3082 1273
01887 083172 3.718 1287 0.82423 2753 1265
02554 033808 3.2035 1287 0.82851 213581 1254
02801 083072 2.843 1280 0.83207 2140 1245
0.3554 0. B4460 2.440 1270 0.B3803 1.B56 1235
03000 084804 2.150 1262 0.84108 1656 1226
04554 0.B5458 1.856 1253 0.84652 1438 1216
0.4008 0.B5037 1.644 1245 0.85117 1285 1207
0.5555 0. 36581 1.412 1236 0.85730 1116 1197
050580 0.BT133 1.251 1228 0.86260 0887 1188
06554 O.BTET1 1.075 121% 0.860T0 0.866 1178
0. 5080 0. BRS0T 0952 1212 087588 0.773 1171
0. 7556 0. BD362 0818 1202 0.BR40S 0671 1161
0. To0R 0. 00T 0. 725 1185 0.80104 0.600 1153
08554 001001 0623 1186 000050 0521 1143
0. B0oD 001054 0552 1178 0. ODBes 0485 1135
0.0555 0.03130 0.474 1170 001080 0.404 1126

1 0.04130 0420 1163 002020 0361 1118

EA (1) +Octane-1-01{2)

0 O.B1E3D §.430 1333 0.81 10 572 1304
00555 082155 5.572 1323 0.81410 4007 1283
0. 000 082417 4.068 1314 .81 663 3.606 1285
01555 0. B2762 4.303 1303 0.81007 310 1274
01908 0L.B3040 3.B40 1205 0.B22T3 2844 1266
0. 2556 083427 3.325 1284 0.82637 2401 1255

083740 2.068 276 0.82058 2243 1247
084151 2.572 1266 0.B3331 1867 1237
0. 84400 2.200 1257 0.83 684 1.768 1228
084048 1.087 1247 0.84001 551 1218
0.B5327 1.770 1238 084451 1385 1210
0.B5827 1.533 1225 0.84025 1222 12060
0. B6242 1.367 1221 085518 1000 1142
0.B6TRES 1.186 1211 0.85830 0084 1182
0.BT240 1.056 1204 086267 0.887 1174
0.BTRS3 0.015 1194 0.86833 0.750 1165
0.BE358 0216 1186 087307 0.684 1157

76 Sujata S. Patil and Sunil R. Mirgane



T C P
Vol.2, No.2-3, 72-82 (2011)

0.855 0.80027 0.707 1176 087932 0.500 1147

0.8900  0.59580 0.630 1168 D.BB456 0532 1140

0.8550  0.50334 0547 1160 080149 0473 1131

1 050950 0.487 1152  DB8T20 0425 1123
BA({1) +Ocane=1-ol{2)

0 0.818390 6.430 1333 081100 4572 1304
0.0552  0.821790 5.705 1325 081444 4100 1295
0.0008  0.82453 5178 1318 081718 3755 1280
0.1555  0.82804 4.501 1310 082068 3364 1280
0.1900  0.83088 4.160 1303 D0.B2353 3082 1273
0.2554  0.83440 3.607 1205  D0.B2713 2762 1265
0.2000  0.83743 3.357 1288 083006 2530 1258
0.355 0.84116 2977 1280 083377 2268 1250
0.3908 0.B4419 2.704 1274 DB3I6TE 2077 1243
0.4556  0.84307 2.306 1266  0.84062 1.861 1233
0.5000  0.85121 2.176 12586  DB43T1 1705 1228
0.5551  0.85517 1.831 1252 D.B4763 529 1220
0.5008  0.85843 1.753 1245  0.B5063 1400 1214
0.655 0.86256 1.554 1237 D.B54€2 1255 1206
0.7000  0.86593 1.411 1231 085823 1140 1190

7554 0.B7019 1.252 1223 086240 1030 1181
0.8000  0.87368 1.136 1217 086581 0843 1185
0.855 057809 1.008 1210 D.ETOIZ 0.846 1177
0.8000  0.88168 0.915 1204  D0.B7363 0.775 1171
0.8555  0.88624 0.811 1186  DETELO 0.684 11563

1 0.809000 0.737 1190  DEBITO 0636 1157

MMA (1) = Octane-1-0l ()

) 0.81830 6.430 1333 081100 4572 1304
0.0555  0.82231 5.610 1323 081484 4034 1204
0.0900  0.82550 5.029 1316  0.81801 3650 1288
0.1555  0.82973 4.386 1306 082217 3219 1277
0.1008  0.83324 3.033 1208 082563 2013 1260
0.2556  0.83780 3.428 128¢ 083017 2560 1260
0.2007  0.84174 3.075 1281  D.B33¢3 2325 1252
0.355 0.84670 2.684 1272 0.B3887 2052 1243
03000  0.85100 2.403 1264 084303 1854 1233
0.4551  0.85662 2.088 1255  D.B84340 1637 1226
04058 0.86132 1.880 1248 D.B5285 1480 1218
0.5555  0.B6740 1.638 123¢  0.85801 1305 1210
0.5008  0.87264 1.460 1231 086387 1181 1202
0.6550  0.87038 1.283 1222 DET035 11043 1193
0.6000  0.88516 1.148 1215 DET500 0042 1185
0.7555  0.80268 1.002 1206 088310 0.831 1177
0.7908  0.88901 0.898 119¢  D.BEDLS 0.752 1170
0.8554  0.50738 0.783 1190 088712 0.664 1161
0.8000  0.51445 0.702 1183 DS0383 0.600 1155
0.8550 0.52360 0.613 1175 081260 0530 1146

1 0.93172 0.549 1168 052024 0479 1139
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Table-3: Excess Molar Volumes, V¥, Viscosity Deviation, Ay, and Deviation in Isentropic Compressibilities, &;°, of
Acrylic esters (1) + Octane-1-o0l (2) at 7= (303.15 and 313.15) K

T=303.15K T=313.15K
W= ™ ©F WE ™ =
x, (oot /moly | (mPas) | (TPe™) | fcof/mol) (mPasz) | (IB™)
MA (1) + Octene-1-01(2)

L LR 0 0ee 000 000 LR 0.0:0
00552 0.135 -0568 447 0.105 0356 4.08
00007 0. 200 E .77 0.168 -0.803 2.03
0.1553 0301 -1288 11.76 0242 -0 B38 1344
01887 0365 -1.501 14.78 02184 -0OTR 1581
02554 0432 -18402 18.33 03540 -1.104 1287
02801 0478 =178 18.83 03584 -1.173 2337
0.355 0518 -1.B56 2283 0418 -1.221 1548
03000 0,542 -1.B847 24 87 0438 -1.232 2816
0455 0559 -1.837 25.00 0451 -1.216 210353
04058 0. 562 -1.782 27.38 0455 -1.182 31461
0. 5555 0555 -187% 27.48 0448 -1.117 3185
05000 0.538 -1574 28.14 0435 -1.048 3177
06554 0508 -1418 27.13 0408 0048 3087
05580 0460 -1271 15.48 0370 0851 12052
0. 7556 0412 -1871 243 0332 0718 2658
0,700 0.355 -0.B08 21.48 02RG -0.el4 2420
0855 0.273 -0 666 17.25 03219 0440 1078
0. B0 0. 1508 -0A4T0 2. 76 0.157 -0.317 1524
. 9555 0080 -0213 §240 000 -0.144 §.63

1 LR 0 A0e0e 006 0 el 0. Oee} 000

EA (1) + Octan=1-ol (1)

0 LR 10 Ae(le 0.0 0 el 0. Do 0.0:0
00555 0075 -0528 350 0055 0335 358
00580 0.133 -0.B58 503 0.103 -0.552 5.00
01555 0194 -1201 200 0.151 0. 767 3.25
0. 1808 0.237 -1403 L0 0.185 -0 BED 0.76
02556 0281 -1588 12.35 0220 -1.021 12461
0.2807 0311 -1.582 13.538 0243 -1.086 1386
0.3551 0338 -1.748 14 22 0266 -1.133 1520
03050 0.355 -1.763 l&. B8 027TR -1.146 1725
04551 0368 -1.738 17.7% 0287 -1.154 1B1%
04008 0.371 -1.800 18.21 02 -1.105 1851
0.5555 0364 -1.3%6 18.41 02R5 -1.047 18.82
05008 0.353 -1408 18.41 0377 -0.DES 18.82
06550 0.331 -1352 18.10 0260 -0 B0l 1854
0.5080 0307 -1214 1&.04 0241 -0.B03 1778
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0. 7555 0. 260 -1.0235 1481 0211 0870 5.13

0.To0E 0.232 -0.B61 13.52 0181 0571 1384

0. 8554 0177 -0.638 11.35 0138 0428 1566

0.BDLD 0.126 -0.452 T.78 0008 0,301 T.08

0.8550 0.043 -0208 3.17 0,030 -0.13% 3.21

1 0. \De0e 0000 0,00 0,000 0.000 0.0
BA (1) +OciEne-1-0l (1)

0 01Dy 0000 0.0 0,000 0.000 0.0
0.0552 0.03% -0411 0.14 0022 0255 0.87
00558 0075 -0.682 086 01053 0424 0.22
0.1555 0.110 -0854 006 0080 -0.5%4 1.13
0.185% 0.135 -1.122 1.70 0008 -0.703 1.84
0.2554 0.161 -127% 1.83 0118 0.4 1.44
0.2950 0.178 -1363 159 0.131 0,861 1.29
0.3554 0.195 -1.430 172 0.143 <0503 1.7%
0.3008 0205 -1.450 237 0.151 0821 2.40
0.4556 0.212 -1.440 145 0.156 0918 118
0. 5000 0.214 -1.407 324 0.159 0,850 282
0.5551 0.211 -1338 123 0.156 -0.B58 2.72
0.5008 0. 2046 -12462 150 0.151 -0.E11 2.22
0.6554 0.194 -1.143 308 0.142 -0.738 1.84
0. 7000 0.181 -1.034 165 0.132 -0.668 2.50

7554 0.159 -0ETE 174 0116 0568 1.3%
0. 3000 0.138 -0.740 126 0.100 0480 1.88
0.8554 0.107 -0.3553 105 007y 0360 1.56
0.8050 0.079 -0342 0.55 0056 -0.256 0.87
0.8555 0.041 -0.17e 057 0,023 0.117 .60

1 0.\ 0000 0.0 0,000 0.000 0.0

MIA 1)+ Octane-1-ol {2)

0 0 IR e 0000 0.0 0000 0.000 0.0
0.0555 0077 -0.454 328 0G5 40,311 347
0.085% 0.147 -0El4 48D 01lg 40.514 619
0.1555 0.218 -1.150 TSR 0.176 0.718 224
0.1208 0.267 -1322 10.37 0214 -0.841 10.71
0.2556 0.318 -145% 11.2% 0256 0857 | 12357
0.2807 0.352 -1.342 14.0% 0283 -1.026 | 1457
0.3551 0.385 -1.658 15.36 0300 16T | 1583
0.3950 0.403 -1.673 16.90 0324 -1.081 1758
0.4551 0417 -1.658 1779 0335 -1.072 183%
04508 0.422 -1.611 17.85 0338 -li4s | 1B44
0.5555 0.416 -1524 17.70 0334 0,843 1845
0.5008 0.405 -1433 18.72 0325 0836 | 19358
0.6550 0.381 -1203 18.20 0306 -0.B48 | 1B.Ed8
0.8050 0.355 -1.1635 17.02 0285 0. 765 17.63
0. 7555 0.313 -05Es 15.57 0252 0648 | 1613
0.7To0E 0.271 -0.B2E 13.80 0218 0.545 | 1430
0.8554 0.210 -0.616 11.34 0.170 0407 | 1178
0.8050 0.153 -0.438 2.63 0.124 -0.28% 7.57
0.2550 0.075 -0.201 388 0064 -0.133 4.04

1 010D 0000 0.0 0,000 0.000 0.0
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Table-4: Adjustable parameters of Eq 8 and 9 for the Mathematical Representation of Excess Functions for binary

liquid mixture of Acrylic esters (1) + Octane-1-ol (2) at 7= (303.15 and 313.15) K.

| TE 23 i | 23 | a5 a, @

WA (1) + Octene-1-0l {2)
- rom Aol 303.15 22405 01126 0.0E0E 05001 -00E1E 0. D51
31315 18101 DGR 01656 04347 -0 3208 0. 005ER
T# (mPa.g 305.15 -T.1280 30487 -0.0003 0.27ED 00716 0. RS
313.15 -4, T2ED 1. 83058 -0.5T784 0.1503 00428 0. 0038
s {'IPa':‘- 303.15 55.67T02 10,5047 10.7155 DAL A0 -&. TR 0.30184
31315 F0.2048 24,7041 165100 -10. 0805 -10 8878 0.50731

EA (1) + Octan=-1-ol {2
- rom Aol 303.15 14560 DOTRE 03415 03124 07171 0. G10
313.15 1.1351 O 0E0E D388D -B23351 -0, 3226 0. E0E
Tx (mPa. s 303.15 -5. 7505 27379 -0, 8213 0.2478 -0, 1042 000152
31315 -4 4185 16673 -0 4852 0.1270 00280 0. 0035
=" (TR 303.15 206700 15.0321 35507 -16.6656 -170842 0.53408
313.15 16. 7804 17.3854 10.7335 -20.0443 -21 6551 0. 40086

BA (1) + Octame-1-ol {2)
F{ cmimol) 303.15 D.B585 -0 0440 -0.0344 0.1775 00300 0. 00245
31315 06467 LRI 0066 00452 -0.2703 001019
Ta (mPa.g 303.15 -5.6285 19506 -0.5148 0. 1020 -0.0322 0. D32
313.15 -3.5072 1.145% -0.2707 00511 -0 020D 0. D032
& (TR 303 .15 1 022 04505 06208 2.7882 T.B360 0. 33007
313.15 -1.7028 I D576 - 10 2800 30412 180600 0.36125

BAbLA (1% + Ovctana-1-ol {20

F{ oo’ Amol) 303.15 16783 00405 00042 0.2187 02158 0. 206
313.15 15558 00388 00485 01785 D014 000211
Ty (mPa.g 303.15 -§.4454 25176 0. 7508 01771 -0.0305 0. D032
31315 -4 1853 15073 04044 00056 003538 0. D020
& (Te ) 303.15 34.1228 142405 g.1813 -3.48224 -5.341% 0.367T18
31315 320054 14.6241 4 2100 -11.8817 -1.5400 0.41583

Table-5: Adjustable parameters of Eq 10,11,12,13 and 16 for binary liquid mixture Of Acrylic esters (1) + Octane-1-
ol (2) at 7= (303.15 and 313.15) K.

TE H,. [ Wiz | [ | G [ Tz | [

MA (1% =~ Octana-1-pl (20

303.1 -0.241 20 060 0170 0219 -0.0:01 0.020 -1037 35.274

313.1 0.043 15332 0164 0203 0001 0.054 -0 505 I7.234
EA (1) ~Ocmne-1-0l {2

303.15 0007 G631 007TE 0062 0001 D042 -0534 24.55

315.15 0.240 n52 0074 0067 0,001 0050 -0.121 18203

BA (1) + Octan=1-ol (1)
303.15 0717 B.500 0008 0022 -0.0:02 0024 0.577 LR
313.15 0.778 &.081 0008 0022 -0.0:01 0022 0.682 Ti0E4
MLA (1) = Octans—1-o0l {2}
303.15 0.121 13628 008D 0o -0.0:01 0028 -0564 23.632
313.15 0.321 o B0 0084 0075 0001 0026 0.014 15.723
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Table-6: Adjustable parameters of Eq 14, 15 and 16 for binary liquid mixture of Acrylic esters (1) + Octane-1-ol (2)
at 7= (303.15 and 313.15) K.

T/K | Z» | 7 | o | Zi | Zin | Zoxy | o
MA (1) + Octane-1-ol (2

303.15 1.271 3.109 0.040 0.945 1.541 3918 2.254

313.15 0.990 2.377 0.033 0.782 1.218 2.095 1.408
EA (1) + Octane-1-0l (2)

303.15 1.338 3.262 0.037 1.063 1.815 4.060 2.592
313.15 1.103 2.504 0.030 0.892 1.444 3.065 0.436
BA (1) + Octane-1-ol (2)

303.15 1.756 3.725 0.032 1.453 2.545 4.484 4.410
313.15 1.1434 2.850 0.025 1.207 2.009 3.377 1.489
MMA (1) + Octane-1-ol (2)

303.15 1.432 3.376 0.025 1.145 1.912 4.165 2.926
313.15 1.179 2.593 0.024 0.960 1.519 3.146 0.650

Table-7: Adjustable parameters of Eq 17 and 18 for binary liquid mixture of Acrylic esters (1) + Octane-1-o0l (2).

ag | aj; | a as ay | o | APD
MA (1) + Octane-1-ol (2)
p (g/m’) -25.3934 -6.5289 -2.0030 0.9314 0.7739 5.8324 0.0277
7 (mPa.s) -0.2148 -0.0834 1.9863 -1.2031 -4.0086 2.5560 0.0234
u (m/s) -0.0601 -0.1279 1.0583 0.5760 -1.9151 1280.4161 0.0187
EA (1) + Octane-1-0l (2)
p (g/m’) -13.1672 -2.3792 -1.2754 0.7580 1.9006 3.4139 0.0256
7 (mPa.s) -0.2022 -0.6441 -0.2167 0.6273 0.0166 2.6572 0.0193
u (m/s) 0.0034 -1.0261 -1.0136 2.5006 2.1942 1276.7302 0.0211
BA (1) + Octane-1-ol (2)
p (g/m3) -3.1146 -0.0857 -0.0010 -0.2408 0.1134 1.4583 0.0133
n (mPa.s) -0.5732 0.6859 3.6548 -2.4582 -6.0224 2.9404 0.0233
u (m/s) -0.1109 0.0718 1.6022 -0.3290 -2.2271 1296.2600 0.0200
MMA (1) + Octane-1-ol (2)
p (g/m3) -16.4802 -2.7146 -0.5244 -0.5479 0.0619 4.0617 0.0212
n (mPa.s) -0.3227 0.3503 1.4463 -2.1352 -3.5058 2.7374 0.0183
u (m/s) -0.0587 -0.5032 -0.1906 1.1101 -0.2039 1285.1033 0.0200

Recently Jouyban and Acree[14,15] proposed a model for correlating the density and viscosity of liquid mixtures at
various temperatures. The proposed equation is,

lnymT = fllnle +f21ny2T+ flfz Z [AJ (fl—fz) J/T] (17)
where yur, Y1t and y,r is density or viscosity of the mixture and solvents 1 and 2 at temperature T, respectively,
fiand f, are the volume fractions of solvents in case of density, and mole fraction in case of viscosity, and Aj are the
model constants. The Jouyban — Acree model was not previously applied to ultrasonic velocity measurements, we
extend the Jouyban — Acree model Eq (17) to ultrasonic velocity of the liquid mixtures with f as the mole fraction
and again apply Eq (18) for correlating ability of the model. The correlating ability of the Jouyban - Acree model
was tested by calculating the average percentage deviation (APD) between the experimental and calculated density,
viscosity and ultrasonic velocity as,

APD = (100/N) 3. [(| Yerpt - Yeu )/ Yerpo)] (18)
Where N is the number of data points in each set. The optimum numbers of constants Aj, in each case, were
determined from the examination of the average percentage deviation value. The constants Aj calculated from the
least square analysis along with the average percentage deviation (APD) are presented in Table 7.
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RESULTS AND DISCUSSION

Observed positive values of excess molar volume shown in fig. 1 due to rupture of hydrogen bonded associates
of alkanols dominates over that of hydrogen bonding between unlike molecules. As the temperature increases V"
values increases three is decrease in the strength of interactions between the component molecules. Excess molar
volumes can be considered as arising from three types of interactions between the component molecules namely;
physical, chemical and geometrical type of molecular interactions. Positive values of excess molar volumes can be
visualized as being due to a closer approach of unlike molecules having significantly different molecular size. Due
to presence of nonpolar molecule like acrylic esters, existing hydrogen bonding in alcohol molecule breaks and
system shows weak intermolecular interactions. Longer the chain length of acrylic esters, weaker will be interaction
between liquid components.
Negative values of An in fig. 2 over whole composition range suggests that, viscosities of associates formed
between unlike molecules are relatively less than those of pure components, which is exhibited by decreased values
of viscosity with mole fraction. This decrease in viscosity attributed to breaking of dipolar association of alcohol
into small dipoles. Weak types of dipole- induced dipole type of interactions are not sufficient to produce bulky or
less mobile entities in system and hence decreased trend of viscosity is observed in the present binary liquid mixture
of acrylics esters with the octane-1-ol.

Deviation in isentropic compressibility in fig. 3 attributed to relative strength of effects which influenced
free space, according to which positive x; arise due to breaking of hydrogen bonds in self associated alkanols and
physical dipole-dipole interactions between alkane-1-ol monomers and multimer contribute to increase in free space,
decrease in sound velocity and positive deviation in isentropic compressibility this effect will be counteracted by
changes of free volume in real mixtures.

Table 5 shows that, out of all four different equations used to correlate experimental data of mixture
viscosity standard deviation of G;, parameter of Grunberg-Nissan equation have lowest values among any other
equations. Hence, this model is more convenient and fits well. Table 6 shows that, among two different models
suggested by McAllister, the standard deviations of three body model are least and it is more convenient than the
four body models.
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