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ABSTRACT

Densities and viscosities binary liquid mixturesnodthyl methacrylate with octane-1-ol, decane-lecotane-2-ol
and decane-2-ol at 298.15 and 308.15 K and at apimexic pressure were measured. Excess molar volames
viscosity deviation were calculated and have betadf to Redlich-Kister polynomial equation. Thextuie
viscosities were correlated using Hind, Choudhagttk Grunberg-Nissan, Tamura-Kurata, Heric—Brewer,
McAllister three and four body model equations.dRly proposed Jouyban Acree model was also usedrtelate
density and viscosity. Intermolecular interactiozeplained in terms of structure breaking dispersforces. A
graphical representation of excess molar volumeswshpositive nature whereas deviation in viscoshpws
negative nature. Positive values of excess moldunves show that volume expansion is taking plaaesing
rupture of H-bonds in self associated alcohols.uResare discussed in terms of molecular interawiprevailing

in mixture.

Keywords. Excess Molar Volumes, McAllister three and four padodel, Tamura and Kurata, Heric—Brewer,
Jouyban Acree model.

INTRODUCTION

The study of binary mixtures containing acrylicegstand alkane-1-ols is of interest and importdrez@use of wide
use of the former as monomers in the productiopaiymers, emulsion formulations and the latter redustrial

solvents and also from theoretical point of vieeimodynamic studies of such binary systems areseful in

solving many problems associated with heat andl filow. The qualitative and quantitative analysfseacess
functions provides information about the naturenolecular interactions in the binary mixtures [Lhe production
of acrylic esters from lower to higher alkyl homgles is done by either direct esterification with torresponding
alcohol or transesterification reaction in an iremtvent medium. Thus the measurements involviegctimnges in
the various physical properties upon mixing acryggters with alcohols provide valuable informatimn the

optimization of various process parameters, foretfieient design of reactors for the transesteatfion process [2-
3]. In particular, for mixtures of acrylic estexith 1-alcohols, data exist only for isothermal @ggiquid equilibria

for methyl methacrylate + methanol or + ethanob]4excess enthalpies, excess volumes and excdas isabaric

heat capacities of methyl methacrylate + methanat ethanol [6], densities and viscosities of buagtylate + 1-
butanol [7].

The availability of free electrons and tendencyesfer molecules to form hydrogen bonds with alkkmds via
participation of carbonyl group and hydrogen of -@tdup have attracted attention of investigatiothis field and
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hence present study of methyl methacrylate (MMAhwictane-1-ol, decane-1-ol, octane-2-ol and de@aokhave
been successfully carried by us.

MATERIALSAND METHODS

All chemicals used, of mass fraction purities >90.9E-Merck) were double distilled, middle fractioallected of
all liquids was stored over 0.4 nm molecular sieasses were recorded on a Mettlar one pan balargeh can
read up to fifth place of decimal, with an accurafy 0.01 mg. The temperature was controlled usirgpnstant
temperature controlled water bath (Gemini Scientifistruments, Chennai, India) having accura€y0Z C.

Experimental Part:
Densities of solutions were measured [8] usingiglsicapillary pycnometer made up of borosil ghaith a bulb of
8 cnt and capillary with internal diameter of 0.1 cm.cAicacy in density measurement wasx10° g/cnt.

Dynamic viscosities were measured [8] using an Widme suspended level viscometer, calibrated with
conductivity water. An electronic digital stop whatavith readability of+ 0.01 s used for the flow time
measurements. Accuracy in dynamic viscosity wa8x10° mPa.s.Comparison of measured values of pure
components with literature values are given in &dbl

Table 1. Densities (p) and viscosities (n) for pure components at 298.15 and 308.15 K.

= T=298.15F T=308.15F
roperty Expt. Lit. Expt. Lit.
Methyl Methacrylate
0.93763
p/(g.cm® 0.93765 [9] 0.92571 0.92574 [9]
n/(mPa.s) 0.584 0.584 [7] 0.514
Octan«-1-ol
0.82152
p/(g.cm® 0.82160 [10] 0.81453 0.81467 [12]
7.596
n/(mPas)  7.362 [11] 5.520 5.250 [13]
Decane-1-ol
0.82637
p/(g.cm® 0.82630 [12] 0.81944 0.81957 [12]
11.790
n/(mPas) 11.793 [13] 8.116 8.124 [13]
Octane-2-ol
0.81710
p/(g.cm® 0.81705 [14] 0.80981
6.490
n/(mPas  6.49( [14] 4.361
Decan«-2-ol
p/(g.cm®) 0.82096 0.81174
n/(mPa.s) 10.744 6.848

Computational Part:
The density values have been used to calculatessxuelar volume using equation,

VE ent.mol™ = (x;M1+X%:M5)/p12 — (M 1/p1)-( XoMa/py) (1)

whereps, is the density of the mixture and ¥4, p; and % M,, p, are mole fractions, molecular weights and
densities of pure components 1 and 2, respectivEhe first term on the right-hand side of above (Egepresents
the actual molar volume (V) of solution and secoepresents molar volume it would occupy if mixtinehaved
ideally. In general, while these two molar volunas similar in size (usually larger than 100°coml™) their
difference is usually smaller by two to three osdef magnitude and thus may carry a significarghgér error.

The viscosity deviation was calculated using equmti
An ImPa.s =12 — XM= %N 2 (2
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wheren;, is the viscosity of the mixture and, %, andns, n, are mole fractions and viscosities of pure comptsé
and 2, respectively.

Experimental values of densities, viscosities, egcmolar volumes and deviation in viscosities oktares at
298.15 and 308.15 K are listed as function of nfi@etion in Table 2.

Table 2. Densities (p), viscosities (n), excess molar volumes (VF) and viscosity deviation (An) for MMA (1) +
Alkane-1-ols (2) and MMA (1) + Alkane-2-ols (2) at 298.15 and 308.15 K.

T=298.15K T=308.15K

X1 p n VE An P n VE An

(g.cm® (mPa.s) (cnPmof®) (mPa.s)| (g.ci) (mPa.s) (cnPmol?) (mPa.s)
MMA (1) + Octane-1-ol (2)

0 0.82160  7.362 0 0 0.81453  5.520 0 0
0.055¢ 0.8255:  6.39¢ 0.08¢ -0.59C 0.8184. 4.83¢ 0.071 -0.40:
0.0999 0.82877 5.715 0.167 -0.970 0.82158 4.355 350.1 -0.665
0.1555 0.83304  4.964 0.246 -1.344 0.82576 3.816 990.1 -0.926
0.1998 0.83661  4.437 0.301 -1.571 0.82924 3.435 430.2 -1.085
0.2556 0.84132  3.852 0.359 -1.778 0.83383 3.009 900.2 -1.232
0.2997 0.84523  3.444 0.397 -1.886 0.83763 2.709 210.3 -1.310
0.3551 0.85036  2.993 0.434 -1.962 0.84261 2.376 510.3 -1.367
0.3999 0.85474  2.672 0.455 -1.980 0.84684 2.136 680.3 -1.382
0.4551 0.86039  2.323 0.470 -1.954 0.85228 1.874 810.3 -1.368
0.4998 0.86518 2.074 0.475 -1.900 0.85690 1.685 850.3 -1.333
0.5555 0.87149 1.801 0.469 -1.796 0.86296 1.476 800.3 -1.263
0.5998 0.87677 1.610 0.456 -1.687 0.86802 1.329 690.3 -1.189
0.6550 0.88367  1.400 0.430 -1.523 0.87462 1.166 480.3 -1.076
0.6999 0.88961  1.249 0.400 -1.369 0.88028 1.048 240.3 -0.969
0.7555 0.89734  1.085 0.353 -1.156 0.88764 0.918 850.2 -0.820
0.799¢ 0.9038!  0.97( 0.30¢ -0.977 0.8938. 0.82¢ 0.247 -0.69(
0.8554 0.91248 0.842 0.238 -0.722  0.90200 0.724 910.1 -0.513
0.8999 0.91977 0.752 0.174 -0.510 0.90889 0.652  400.1 -0.363
0.955( 0.9293:  0.65¢ 0.08¢ -0.23t  0.9179¢ 0.57Z 0.06¢ -0.16¢
1 0.93765 0.584 0 0 0.92571  0.514 0 0
MMA (1) + Decane-1-0l (2)
0 0.82630 11.793 0 0 0.81944  8.116 0 0
0.0555 0.82942  9.983 0.091 -1.189 0.82249 6.965 750.0 -0.730
0.0999 0.83193 8.734 0.189 -1.939 0.82499 6.160 490.1 -1.196
0.1555 0.83534  7.394 0.281 -2.658 0.82834 5.287 220.2 -1.649
0.1998 0.83825  6.469 0.344 -3.085 0.83119 4.676 720.2 -1.921
0.2556 0.84214 5471 0.412 -3.458 0.83499 4.009 250.3 -2.164
0.2997 0.84544  4.788 0.456 -3.644 0.83820 3.547 590.3 -2.289
0.3551 0.84985  4.052 0.499 -3.757 0.84248 3.043 930.3 -2.371
0.3999 0.85363  3.544 0.524 -3.766  0.84613 2.691 1204 -2.384
0.4551 0.85866  3.000 0.542 -3.688 0.85098 2.309 2704 -2.344
0.499¢ 0.8629°  2.62¢ 0.55( -3.56¢ 0.8551: 2.04: 0.43: -2.27:
0.5555 0.86876  2.221 0.540 -3.346  0.86067 1.753 260.4 -2.141
0.5998 0.87373  1.943 0.526 -3.125 0.86542 1550 140.4 -2.005
0.655( 0.8804: 1.64< 0.49¢ -2.801 0.8717¢ 1.33( 0.39( -1.80:
0.6999 0.88616  1.439 0.460 -2509 0.87723 1.176 640.3 -1.619
0.755¢ 0.8939. 1.211 0.40¢ -2.107 0.8845¢  1.00¢ 0.321 -1.36¢
0.7998 0.90060 1.065 0.351 -1.762 0.89091 0.893 780.2 -1.143
0.8554 0.90968  0.901 0.271 -1.303 0.89946 0.766  160.2 -0.847
0.899¢ 0.9175!  0.78¢ 0.197 -0.91¢  0.9068t 0.677 0.15¢ -0.59¢
0.9550 0.92830 0.667 0.090 -0.416 091690 0.581 790.0 -0.271
1 0.93765 0.584 0 0 0.92571  0.514 0 0
MMA (1) + Octane-2-ol (2)
0 0.81705  6.490 0 0 0.80981  4.361 0 0
0.0555 0.82112 5.678 0.094 -0.484 0.81380 3.873 800.0 -0.275
0.0999 0.82454  5.102 0.160 -0.798 0.81718 3,522 290.1 -0.455
0.1555 0.82902  4.463 0.232 -1.109 0.82156  3.127 900.1 -0.636
0.1998 0.83275 4.011 0.282 -1.299 0.82521 2.845 290.2 -0.748
0.2556 0.83768  3.507 0.334 -1.474 0.83001 2525 730.2 -0.853
0.2997 0.8417¢  3.15: 0.36¢ -1.567 0.8339¢ 2.297 0.30( -0.911
0.3551 0.84711  2.760 0.405 -1.633 0.83919 2.041 280.3 -0.954
0.3999 0.85167  2.477 0.423 -1.651 0.84361 1.854 430.3 -0.968
0.455. 0.8575!  2.16¢ 0.437 -1.63%  0.8492¢  1.64¢ 0.357 -0.96:
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0.4998 0.86256  1.948 0.438 -1.590 0.85413 1498 550.3 -0.940
0.5555 0.86910  1.703 0.435 -1.506 0.86042 1.329 540.3 -0.895
0.5998 0.87457  1.530 0.425 -1.417 0.86568 1.209 450.3 -0.844
0.6550 0.88174  1.340 0.400 -1.282 0.87255 1.075 260.3 -0.766
0.6999 0.88789  1.203 0.373 -1.153 0.87844 0976 030.3 -0.692
0.7555 0.89590  1.052 0.330 -0.976  0.88609 0.867 690.2 -0.587
0.7998 0.90264  0.945 0.287 -0.821 0.89252 0.788  340.2 -0.496
0.8554 0.91157  0.827 0.224 -0.611 0.90100 0.700 840.1 -0.370
0.8999 0.91911 0.743 0.168 -0.432 090817 0.636 380.1 -0.263
0.9550 0.92892  0.651 0.094 -0.199 091743 0566 82.0 -0.121
1 0.93765 0.584 0 0 0.92571  0.514 0 0
MMA (1) + Decan-2-ol (2)
0 0.82096 10.744 0 0 0.81174  6.848 0 0
0.0555 0.82421  9.142 0.097 -1.039 0.81497 5932 850.0 -0.565
0.099¢ 0.8269(  8.03: 0.18¢ -1.69¢  0.8177(  5.28i 0.14¢ -0.92¢
0.1555 0.83049 6.834 0.271 -2.332  0.82132 4580 140.2 -1.284
0.1998 0.83356  6.004 0.335 -2.708 0.82439 4.082 650.2 -1.499
0.2556 0.83766  5.104 0.396 -3.044 0.82848 3533 110.3 -1.696
0.2997 0.84113  4.485 0.438 -3.212  0.83193 3.150 440.3 -1.798
0.3551 0.84576  3.816 0.479 -3.317 0.83653 2.728  740.3 -1.869
0.3999 0.84973  3.351 0.502 -3.329 0.84045 2430 920.3 -1.885
0.4551 0.85501 2.851 0.519 -3.266  0.84565 2.105 060.4 -1.858
0.4998 0.85953  2.505 0.525 -3.160 0.85011 1.876 080.4 -1.805
0.5555 0.86559  2.131 0.520 -2.969 0.85603 1.625 0704 -1.704
0.5998 0.87079  1.872 0.505 -2.777 0.86112 1.448 940.3 -1.600
0.6550 0.87778  1.592 0.476 -2.492 0.86794 1254 700.3 -1.442
0.6999 0.88378  1.399 0.444 -2.233  0.87377 1118 470.3 -1.296
0.7555 0.89190 1.190 0.385 -1.880 0.88165 0.968 000.3 -1.096
0.7998 0.89889  1.046 0.340 -1.570 0.88842 0.863 660.2 -0.918
0.8554 0.90838  0.889 0.261 -1.164 0.89757 0.747 060.2 -0.683
0.8999 0.91661 0.781 0.191 -0.820 0.90550 0.666  510.1 -0.482
0.955( 0.9278(  0.66¢ 0.09t -0.371  0.9162:  0.57i 0.07¢ -0.21¢
1 0.93765  0.584 0 0 0.92571  0.514 0 0

The other required values were taken from liteefid-15].

Excess molar volume and viscosity deviation wetedito Redlich Kister [15] equation,
n .

Y= oxwe Y a(X =X, 3)
i

where Y is either ¥ or An and n is the degree of polynomial. Coefficientvas obtained by fitting (Eq 3) to
experimental results using a least-squares regressethod. Optimum number of coefficients is asieed from
an examination of the variation in standard dewia(o).

o was calculated using the relation,

1/2
Z (Yexpt - Ycalc) ?
N-n

o(Y)= (4)

where N is the number of data points and n is tirabrer of coefficients. The calculated values ofdbefficients a
along with standard deviations)(are given in Table 3.
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Table 3. Adjustable parameters of Eq (3) and (4) for excessfunctionsfor MMA (1) + Alkane-1-ols (2) and
MMA (1) + Alkane-2-ols (2) at 298.15 and 308.15 K.

Propert | T/K & a & 3 & o
MMA (1) + Octane-1-ol (2)
V¥ (cnPmol?) 298.15  1.8975 -0.0505 0.0259 0.2409 -0.0584 0.00291
308.15 1.5338 -0.0410 0.0815 0.1810 -0.1937 0.00252
An/(mPa.s) 298.15 -7.5999 3.0487 -0.9288 0.2383 0798 0.00023
308.15 -5.3306 2.0151 -0.5949 0.1384 -0.0107 0.D002
MMA (1) + Decane-1-ol (2)
V¥ (cnPmol?)  298.15  2.1747 -0.0636 0.2912 0.2877 -0.6661 0.00549
308.1! 1.7207 -0.062( 0.108: 0.291: -0.226¢ 0.0041¢
An/(mPa.s) 29815 -14.2602 6.6332 -2.3668 0.7365.2265 0.00103
308.15 -9.0924 5.9326 -1.2962 0.3581 -0.1005 0.D006
MMA (1) + Octane-2-ol (2)
V¥ (cnPmol®) 298.15 1.7768 -0.0653 -0.2398 0.2709 0.5794 0.00440
308.15 1.4532 -0.0677 -0.3364 0.2748 0.7652 0.00555
An/(mPas) 29815 -6.3616 24311 -0.7197 0.1869 033¥. 0.00031
308.15 -3.7618 1.2892 -0.3443 0.0781 -0.0099 0.8002
MMA (1) + Decan-2-ol (2)
V¥ (cnPmol?) 298.15  2.0963 -0.0678 0.0577 0.2855 -0.1578 0.00430
308.15 1.6418 -0.0413 -0.0868 0.1491 0.2224 0.00319
A/ (mPas 298.1F -12.639: 5.720¢ -1.999:! 0.602! -0.151: 0.0010¢
308.15 -7.2213 29442 09136 0.2526 -0.0658 (®BBO

Several semi-empirical relations have been proptsedaluate and correlatdynamic viscosity and tacheck the
suitability of the equation for experimental daits foy taking into account the number of empiriedjustable
coefficients. The equations of Hind, Choudhary-KaBrunberg-Nissan and Tamura-Kurata have one tatjles
parameter.

Hind [16] proposed following equation,

N 12= X N1 %7 N 2+2%XH 1o (5)

where H, is the interaction parameter.

Choudhary-Katti [17] proposed following equation,

In Vi) = XIN(M1V 1) +xaIN(MaV 2) +xx[Wvis/(RT)] (6)

where Wvis is the interaction energy for activatigrviscous flow.

Grunberg-Nissan [18] provided following empiricajuation,

INM2= XgInn 1+ XIN 1 2 +X:%:G1 (7)

where G, is a parameter proportional to the interchangegne

Tamura and Kuratd 9] developed expression for viscosity of binarixtures as,

M= X Met X@anzt 2(XXe @) 1o (8)

where T, is the interaction parameter,and@, are the volume fractions.

Terms H, Wvis, G,and T, were estimated by a non-linear regression anabased on least-squares method and
represented with standard percentage deviatida)(in Table 4.
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Table 4. Adjustable parameters of Eq (5), (6), (7), (8) and (12) for MMA (1) + Alkane-1-ols (2) and MMA (1)
+ Alkane-2-ols (2) at 298.15 and 308.15 K.

T/K | Hi; o Wvis (¢ G2 (¢ LET} (¢
MMA (1) + Octane-1-ol (2)

298.15 0.078 15.252 0.091 0.092 -0.001 0.028 -0.5@8.632

308.15 0.292 11.918 0.087 0.084 -0.001 0.026 -0.128.733
MMA (1) + Decane-1-ol (2)

298.1¢ -1.18t 29.76¢ 0.18¢ 0.24¢ -0.001 0.03: -2.771 51.59

308.15 -0.363 21.179 0.179 0.254 0.000 0.032 -1.4B9.520
MMA (1) + Octane-2-ol (2)

298.15 0.284 12576 0.093 0.091 -0.001 0.020 0.280.870

308.15 0.522 8.117 0.088 0.083 -0.001 0.028 0.163.24P
MMA (1) + Decane-2-ol (2)

298.15 -0.859 26.221 0.187 0.259 -0.001 0.035 72.3@6.096

308.15 -0.023 16.544 0.183 0.257 0.000 0.026 -0.938.146

Heric—Brewe|20] proposed two parameter model of the followfogn,
In 1 = XN MetXalN nz2 +X3INM 1 +3INM 2 IN(X1M 1+XM2) +X1Xo[ O 12+ O21(X1-X2)] 9)

where M and M are molecular weights of components of 1 and;2anda,; are interaction parameters which can
be calculated from the least square method.

McAllister [21] proposed multibody interaction mdde widely used to correlate kinematic viscosity data. The
two parameter McAllister equation based on Eyringfigory of absolute reaction rates, taken into awoto
interactions of both like and unlike molecules bywe dimensional three body model. The three bodyeh is

defined by the relation,

Inv = X13|n vyt X23|n vo +3 X12 X2|n Zio +3 % X22|n Zor- In [X1+(X2M2/M1)]+ 3 X;|_2 X2 |n[(2/3)+(M2/3M1)]+ 3X1X22
IN[(1/3)+(2My/3M,)]+ 352 IN(Mo/M 1) (10)

Similarly, the four body model is defined by théatin,
Inv = X14 In %1 +4X13X2 In lelz +6 X12X22 In 21122 + 4 XJ_X23 In 22221 + X24 In Vo —In [X1+X2 (MQ/M]_)]+ 4 X13X2 In
[(3+Mo/M1)/4] + 6 %2 2% IN[1+M,/M,)/2]

+ 4 062 In [(1+ 3Mu/M1)/4] + %" In (Mo/M,) (11)

WhereZi,, Zo1, Zi11a Zi1122 and Z,,; are model parameters and &hd v; are the molecular mass and kinematic
viscosity of pure component i.

To perform a numerical comparison of the corretatoapability of above Eqs 5 to 11, we have caledahe
standard percentage deviati@n%) using the relation,

o % = [l/ (nexpt_ k ) X Z (100 mexpt_ncal) /nexpt)z] vz (12)
where k represents the number of numerical coefiisiin the respective equations.

The termsuy,, 01 212, Zo1 Z1112 Zi120 @Nd 2y Were also estimated by a non-linear regressiolysinebased on a
least-squares method and presented with standerdrpege deviatiors(%) in Table 5.

The proposed equation is,
Inymr = falnysr +falnyor+ fif 3 [A) (fa-f2) j/T] (13)
where ¥.1, Yi1 and yr is density or viscosity of the mixture and sohsehtand 2 at temperature T, respectively, f

and $ are the volume fractions of solvents in case oy, mole fraction in case of viscosity and A¢ dne model
constants.
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The correlating ability of the Jouyban-Acree models tested by calculating the average percentagetiba
(APD) between the experimental and calculated theasid viscosity as,

APD = (100/N)X. [(| Yexpt - Yeal )/ Yexp] (14)

Where N is the number of data points in each she ®ptimum numbers of constants Aj, in each caee, a
determined from the examination of the averagegrgage deviation value.

Table 5. Adjustable parameters of Eq (9), (10), (11) and (12) for MMA (1) + Alkane-1-ols (2) and MMA (1) +
Alkane-2-ols (2) at 298.15 and 308.15K.

T/K | o Oi2 o Zip Zn o Zinna  Zuzy  Zooon c
MMA (1) + Octane-1-ol (2)

298.15 0.090 0.010 0.038 1554 3.757 0.038 1.2341062. 4.659 4.517

308.1f 0.087 0.01z 0.02¢ 1.311 299 0.02¢ 1.057 1.71¢ 3.67¢ 1.61¢
MMA (1) + Decane-1-ol (2)

298.15 0.184 0.033 0.037 1.856 5.169 0.037 1.4083942. 6.652 12.433

308.15 0.179 0.034 0.044 1520 3.892 0.044 1.178761. 4912 5.190
MMA (1) + Octane-2-ol (2)

298.1f 0.09¢ 0.01¢ 0.027 1.49¢ 3.46¢ 0.027 1.20: 1.97¢ 4.26¢ 3.23%

308.15 0.088 0.012 0.025 1.215 2571 0.025 0.998%331. 3.092 0.847
MMA (1) + Decane-2-ol (2)

298.15 0.188 0.037 0.048 1.808 4.879 0.048 1.383862. 6.244 10.507

308.1f 0.18: 0.03¢ 0.05¢ 1.44f 3.50( 0.05¢ 1.137 1.72¢ 4.36: 3.42¢

Jouyban [22-23)proposed model for correlating the density andosgy of liquid mixtures at various temperatures.
The constants Aj calculated from the least squaralyais are presented in Table 6 along with therames
percentage deviation (APD). The proposed model idesv reasonably accurate calculations for density a
viscosity of binary liquid mixtures and used inalatodeling.

Table 6. Adjustable parameters of Eq (13) and (14) for MMA (1) + Alkane-1-ols (2) and MMA (1) + Alkane-

2-0ls (2).
Property | a a a a a o APD

MMA (1) + Octane-1-ol (2)

p/(g.cm® -16.4802 -2.7146 -0.5244 -0.5479 0.0619 4.0617 2120

n/ (mPa.s) -0.3227 0.3503 1.4463 -2.1352 -3.5058 .7374 0.0183
MMA (1) + Decan-1-ol (2)

p/(g.cm® -22.8485 -5.8312 -1.7246 -0.9070 0.2586 5.3388 2710

n/ (mPa.s) 1.1421 -6.8746 -22.1039 19.1150 41.4104 3.8039 0.1296
MMA (1) + Octane-2-ol (2)

p/(g.cm® -16.9505 -2.7076 0.3434 -0.8721 -1.9710 4.1461 1920

n/ (mPa.s) -0.2333 -0.6186 -0.4581 0.7979 0.7709 368 0.0189
MMA (1) + Decane-2-0l (2)

p/(g.cm® -24.0460 -6.1348 -1.3152 -0.9964 -0.8606 5.5675 0138

n/ (mPa.s) -0.1447 -0.4685 -0.0426 0.0230 -0.0949 4128 0.0241

RESULTSAND DISCUSSION

A systematic increase in®Mis noted with the rise in the carbon chain lengthl-alcohols from octane-1-ol to
decane-1-ol and octane-2-ol to decane-2-ol at testtperatures in all the binary mixtures. Table &ads that the

values of the excess molar volumes of alkane-2sw@dower than the alkane-1-ols. As far as we wara, there are
no literature data on any of properties for theabjrmixtures of MMA + octane-1-ol, decane-1-ol,ar@&-2-ol and

decane-2-ol with which we can compare our results.

A graphical comparison of excess molar volumé&) (sults at 298.15 K for binary mixtures of eattane-1-ols
and alkane-2-ols with methyl methacrylate givefig. 1.
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Figure 1. Variation of excess molar volumeswith MMA mole fraction for binary mixturesof MMA + alkane-
1-olsand alkane-2-ols at 298.15K.

Excess molar volumes can be considered as arisorg fhree types of interactiorbetween the component
molecules:{a) Physical interaction consisting mainly of disgen forces or weak dipole interaction and malar
positive contribution, (b) Chemical or specificarctions which include charge transfer formingrbgeén bond:
and other comple forming interactions resulting in a negative cimition, (c) Negative contribution is al:
possible due to difference in size and shapes mwipoment molecules of mixtures. Positive valuesxaess mola
volumes can be visualized as being due to ser approach of unlike molecules having signifigaxiifferent
molecular size. Due to presence of nonpolar motelikié acrylic esters, -bonding in alcohcs breaks and system
shows weak intermolecular interactioPositive values of ¥show volume expansiadue tc rupture of H-bonds in
self associated alcohols.

The observed large negativelues of viscosity deviatiorAn) in general indicate a high dilution of alki1-ol and
alkane-2-ol viscosities ipresence of acrylic ess in Fig. 2, which showsalues of deviation in viscosities
alkane-2els are slightly higher than alke-1-ols.

0 . . . . 1.0 1.2

An / (mPa.s)

—e— QOctane-1-ol
—a— Decane-1-ol
4 —a&— Octane-2-ol

Fi 0. 2 —e— Decane-2-ol

Figure 2. Variation of deviation in viscosity with MM A molefraction for binary mixtures of MMA + alkane-
1-olsand alkane-2-olsat 298.15K.

The decrease in viscosity values can be ascrib#uetstructure breaki-up of these alkanols associates by un
ester species. This result is also attributed fmune of hydrogen bonds between alk-1-ols and alkane-2-ols
molecules by methyl methgdate to be based on negative excess viscosifi@s. type of interaction seems to
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dominant when the share of ester in the mixtusamall. This decrease in viscosity attributed tcakieg of dipolar
association of alcohol into small dipoles. Weaketypf dipole-induced dipole type of interactions aot sufficient
to produce bulky or less mobile entities in system hence decreased trend of viscosity is obsanveishary liquid
mixture of methyl methacrylate with branched aldoho

The terms kb, Wvis, Gip, Tip 012 021, Zia Zo1, Z1112 Zi122 @Nd 255 in @above EQgs 5 to 11 have been considered as
adjustable parameters and were estimated by aimear|regression analysis based on a least-squaedsod.
These equations are particularly selected becdugseharacteristic constant parametes &ows for the positive
and negative deviations from the additivity ruleble 4 and 5 includes models used to correlateungxtiscosity
shows different values of their standard deviatidrable 4 shows that, out of all four different atjons used to
correlate experimental data of mixture viscositgngiard deviation of 3 parameter is lowest than any other
equations. Hence, Grunberg-Nissan equation is mamgenient and fits well. The order of their coatalg ability

is T12 < Hi2 < Wvis < G,. Table 4 also shows that the values of interactamameters I, Wvis, G, and T, for
alkane-1-ols are higher than alkane-2-ols.

In the similar way, in Table 5 among Heric—BrewdgAllister’s three and four body models the valoési;,, o5
Z1s, Zo1, Z1115 Za122 @Nd Zyppp adjustable parameters positive, supporting weak tfpmolecular interactions for all
the four binary liquid mixtures. In these threedgmf models, Heric—Brewer and McAllister’s threslp models
shows lower and equal values of their standardatievis and hence convenient than McAllister’s fdaady model.

CONCLUSION

Positive excess molar volumes explain systemati@tians of methyl methacrylate with alkane-1-otelalkane-2-
ols species suggests the dominance of non-spédificactions. As the carbon chain length of theaa#k1-ols and
alkane-2-ols increases, the steric factors pregeatnetrical fitting and thus the excess molar vasrare found to
be positive. The free volume difference and intéastaccommodation of smaller molecules are cliéetors for
negative excess molar volumes. In higher alcolydemetrical fitting of one into other is negligildynall; therefore
association decreases with increase in chain leofydicohols. Negative values of deviations in gities over
whole composition range suggests that, viscositiessociates

formed between unlike molecules are relatively thas those of pure components, which is exhildipdecreased
values of viscosity with mole fraction.
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