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ABSTRACT

New experimental thermodynamic data involving dgresid viscosity of binary liquid mixtures of métagrylate,

ethyl acrylate, butyl acrylate and methyl methaargl with dodecane-1-ol at temperature 298.15 K atd
atmospheric pressure have been measured. Theseamaptal values were correlated by Jouyban-Acrealeho
These basic parameters further used to evaluatessxmolar volume and deviation in viscosity andewgted to
Redlich-Kister polynomial equation. Mixture visdis were correlated by Hind, Choudhary-Katti, Ghbeng-

Nissan, Tamura and Kurata, Heric-Brewer two bodydeipMcAllister’s three and four body model equatioThe
calculated values of excess molar volumes weredfdorbe positive and deviations in viscosity wenenfl to be
negative for all binary liquid mixtures.

Keywords Binary Mixtures; Dodecane-1-ol; Excess Molar Volym¥iscosity Deviation; Heric-Brewer;
Choudhary-Katti.

INTRODUCTION

Equilibrium properties of a liquid mixture are stgly dependent on its local structure, often exggdsas packing
density, free volume or more exactly in terms afiahdistribution functions. This local structurepmknds on forces
between molecules and volumes of molecules; inrgéniewill change with composition. This changeturn will
be reflected in thermodynamic properties of mixsur€ontributions of this nature have either beemoiigd
altogether, or correction to a state of null voluohenge on mixing has been adopted as a meansnpfersating
for the effects referred. It will be apparent, lewer that, adjustment of one thermodynamic quafgityg. volume
in this manner) will not in general, affect a sitameous correction of others (e. g. free energthaf part of it
relating to local structure) to their linearly intelated values. The choice of volume as propertyet considered is
arbitrary and there is assurance that nullity ofumee change obviates consideration of other charatt
properties of liquid. [1]

Knowledge of thermodynamic and physical propentiekquid-liquid systems is of considerable impaorte due to
their wide range of applicability as solvent metiavarious physicochemical studies, in processind product
formation in many industrial applications. Measuests of some of bulk properties like density, vitg etc. of
liquids provide an insight into investigation ofténmolecular arrangement of liquids and help to emsthnd
thermodynamic and acoustic properties of liquidtomes.
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To best of our knowledge, no literature data amlable for excess molar volumes and viscosity atéw of binary
liquid mixtures of dodecane-1-ol with methyl actglaethyl acrylate, butyl acrylate and methyl metgkate at
298.15 K. In view of these considerations, it weped to study liquid-liquid binary systems contag polar and
or hydrogen bonded or nonpolar liquids in assammtiith industrially as well as biologically imparit solvent at
various temperatures over entire range of compositi

MATERIALSAND METHODS

Chemicals used in present study were of analyticatle and supplied by S. D. Fine Chemicals Pvt.mbhi
(India) with quoted mass fraction purities: metlagrylate, MA, (> 0.997), ethyl acrylate, EA, (> 99, butyl
acrylate, BA, (> 0.995), methyl methacrylate, MM, 0.997) and dodecane-1-ol (> 0.998). Prior toalséquids
were stored over 0.4 nm molecular sieves to reavater content and were degassed. All four acrndiers were
distilled before use. Binary mixtures of varyinghgmosition were prepared by mass in special ait-figitles. The
solutions of each composition were prepared freghall properties were measured on the same day.nldsses
were recorded on a Mettlar one pan balance, whachread up to fifth place of decimal, with an aecyrof + 0.01
mg. Care vdyas taken to avoid evaporation and contion during mixing. Estimated uncertainty in méigction
was < 1x10.

Experimental Part

Densities of solutions were measured using a sicagéllary pycnometer made up of borosil glass withulb of 8
cnt® and capillary with internal diameter of 0.1 cm. Average of triplicate measurement was taken mctmunt.
The reproducibility of density measurement wasx10° g/cnr.

Dynamic viscosities were measured using an Ubbelchspended level viscometer, calibrated with cotidty
water. An electronic digital stop watch with reailigbof + 0.01 s was used for flow time measurements. Adtlea
three repetitions of each data reproduciblé @05 s were obtained and results were averagezluiibertainties in
dynamic viscosities were of order @f0.003 mPa.s.

A comparison of measured values of pure compongitisliterature values as presented in Table 1 shawood
agreement.

Table 1. Densities (p) and Viscosities (n) for Pure Componentsat T=298.15K.

pl(g.md) 7 | (mPa.s)
Component Expt. Lit. Expt. Lit.
Dodecane-1-ol 0.82989 0.82810[2] 16.134 16.135[2]
Methyl Acrylate 0.94751 0.94750[2] 0.449  0.449 2]
Ethyl Acrylate 0.91632 0.91630[2] 0.518  0.517[2]
Butyl Acrylate 0.89399 0.89410([2] 0.787  0.786[2]
Methyl Methacrylate| 0.93765 0.93760[3] 0.584 0.584

Computational Part

Twenty one density and viscosity measurements weréormed for each binary liquid system namely meth
acrylate (1) + dodecane-1-ol (2), ethyl acrylate{Ildodecane-1-ol (2), butyl acrylate (1) + dodezéarol (2) and
methyl methacrylate(1) + dodecane-1-ol (2) oveiremhole fraction range (0 < x < 1), at tempera2®8.15 K and
at atmospheric pressure.

Excess molar volumes By of solutions of molar compositions x were cal¢ethfrom densities of pure liquids and
their mixtures according to following equation,

V& cnt.mol* = [X1M1+XMol/p1o —[ (XsM1/p1)+( %Ma/p5)] (1)

wherep;, is density of mixture and;xM4, p;, and %, M,, p, are mole fraction, molecular weight and density o
pure components 1 and 2, respectively. First temmight hand side of above Eq (1) represents achadr volume
(V) of solution and second represents molar volitmweould occupy if mixture behaved ideally. In geale while
these two molar volumes are similar in size (ugualiger than 100 cfmol™?) their difference is usually smaller by
two to three orders of magnitude and thus may aasignificantly larger error.
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Table 2. Densities (p), Excess Molar Volumes (VF), Viscosities (1) and Viscosity Deviation (An) for Acrylates (1) + Dodecane-1-ol (2) at T
=298.15K

p VE n An
(g.cm®  (cnPmol?) (mPa.s) (mPa.s)
Methyl Acrylate (1) + Dodecar1-ol (2)

0 0.82989 0.000 16.134 0.000
0.05544 0.83183 0.205 13.228 -2.036

0.0999! 0.8338: 0.28¢ 11.27¢ -3.28¢

X1

0.15550 0.83643 0.394 9.244 -4.451
0.19976  0.83869 0.469 7.888 -5.112
0.2554: 0.8418: 0.54% 6.46% -5.66¢

0.29988  0.84453 0.598 5511 -5.919
0.35538 0.84824 0.647 4517 -6.042
0.39990 0.85152 0.674 3.852 -6.010
0.45531  0.85599 0.693 3.158 -5.834
0.49999  0.85998 0.695 2.691 -5.601
0.55567  0.86547 0.685 2.205 -5.214
0.59987 0.87029 0.665 1.882 -4.843
0.65457 0.87694 0.624 1.547 -4.320
0.69986  0.88309 0.579 1.315 -3.841
0.75530 0.89154 0.509 1.078 -3.209
0.79994  0.89922 0.440 0.919 -2.668
0.85545  0.91006 0.339 0.753 -1.963
0.89993  0.91998 0.246 0.642 -1.376
0.95549  0.93423 0.118 0.526 -0.621

1 0.9475: 0.00C 0.44¢ 0.00C
Ethyl Acrylate (1) + Dodecar1-0l (2)
0 0.82989 0.000 16.134 0.000

0.05549 0.83182 0.124 13.331 -1.936
0.0997° 0.8334 0.21¢ 11.44¢  -3.12¢

0.15546  0.83573 0.312 9.453 -4.254
0.19967 0.83767 0.379 8.119 -4.897
0.25538 0.84031 0.451 6.704 -5.442
0.29976  0.84259 0.497 5.755 -5.698
0.35548 0.84568 0.543 4.751 -5.632
0.39984  0.84835 0.568 4.079 -5.811
0.45539  0.85199 0.586 3.370 -5.653
0.49988 0.85513 0.593 2.892 -5.436
0.55537 0.85944 0.583 2.389 -5.072
0.59993 0.86321 0.566 2.050 -4.716
0.65503 0.86830 0.531 1.696 -4.209
0.69993 0.87285 0.493 1.453 -3.751
0.75543 0.87903 0.432 1.201 -3.136
0.79996  0.88450 0.372 1.030 -2.612
0.8554¢ 0.8920: 0.28¢ 0.851 -1.92¢
0.89997  0.89873 0.204 0.730 -1.350
0.95548 0.90816 0.076 0.603 -0.610
1 0.9063: 0.00(¢ 0.51¢ 0.00¢

Butyl Acrylate (1) + Dodecane-1-ol (2)

0 0.82989 0.000 16.134 0.000
0.05543 0.83186 0.090 13.646 -1.637
0.09973 0.83351 0.159 11.937 -2.666
0.15548 0.83572 0.232 10.087 -3.661

0.19984 0.83756 0.284 8.822 -4.245
0.25553  0.84002 0.338 7.456 -4.757
0.29992  0.84208 0.374 6.520 -5.011
0.35545 0.84482 0.408 5.513 -5.166
0.39979 0.84713 0.428 4.822 -5.176
0.45546  0.85020 0.443 4.076 -5.068
0.49987  0.85280 0.445 3.564 -4.899
0.55545 0.85622 0.443 3.013 -4.596
0.59999 0.85914 0.431 2.634 -4.292
0.6554: 0.8630( 0.407 2.22¢ -3.841

0.69990 0.86628 0.380 1.948 -3.445
0.75530 0.87062 0.337 1.647 -2.895
0.7999¢ 0.8743! 0.29¢ 1.43¢ -2.41%

0.85546  0.87927 0.230 1.217 -1.788
0.89990 0.88348 0.172 1.064 -1.259
0.9555.  0.8890( 0.10¢ 0.90( -0.57(
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1 0.89399 0.000 0.787 0.000
Methyl Methacrylate (1) + Dodecane-1-ol (2)
0 0.82989 0.000 16.134 0.000

0.05549 0.83239 0.111 13.420 -1.851
0.09977  0.83442 0.221 11.586 -2.997

0.15546  0.83723 0.328 9.631 -4.086
0.19967 0.83964 0.402 8.316 -4.713
0.25538 0.84292 0.481 6.912 -5.251
0.2997¢ 0.8457: 0.53: 5.96¢ -5.501

0.35548 0.84957 0.582 4.958 -5.648
0.39984 0.85288 0.611 4.279 -5.637
0.4553¢ 0.8573 0.63: 3.55¢ -5.49¢

0.49988 0.86128 0.640 3.070 -5.291
0.55537 0.86662 0.630 2.554 -4.944
0.5999! 0.8712¢ 0.61¢ 2.20¢ -4.60z

0.65503 0.87759 0.577 1.835 -4.114
0.69993 0.88322 0.537 1.581 -3.670
0.75543  0.89089 0.474 1.315 -3.072
0.79996 0.89769 0.410 1.134 -2.561
0.85548 0.90707 0.318 0.943 -1.888
0.89997 0.91544 0.232 0.814 -1.326
0.95548 0.92711 0.112 0.677 -0.600

1 0.93765 0.000 0.584 0.000

Viscosity deviationsAn) were calculated using equation,

An/ mPa.s 15 — X1~ Xon2 2

wheren;; is viscosity of mixture and;xx, andng, n, are mole fraction and viscosity of pure compondngnd 2
respectively [4]. Other required values were takem literature [5, 6]

Experimental values of densitigs),(excess molar volume fy, viscosities ) and deviation in viscosityA)) of
these mixtures at 298.15 K are listed in Table 2.

Excess molar volumes fyand deviations in viscosity\()) were fitted to Redlich- Kisterquation of type,

Y= X Zai(xl—xz)i 3)

Where Y is either ¥ or An and n is degree of polynomial. Coefficientveas obtained by fitting Eq 3 to
experimental results using a least-squares regressethod. In each case, optimum number of coefitsi is
ascertained from an examination of variation imgtad deviationd).

o0 was calculated using relation,

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

o(Y)= (4)

Where N is number of data points and n is numbeoefficients [5]. Calculated values of coefficiegtalong with
standard deviation] are given in Table 3.

Several relations have been proposed to evaluatentig viscosityif) of liquid mixtures and these are classified
according to number of adjustable parameters usaddount for deviation from some average. An gitemas been
made to check suitability of equation for experitaérdata fits by taking into account number of emapi
adjustable coefficients. The equations of Hind, @hwry-Katti, Grunberg-Nissan, Tamura and Kurateehane
adjustable parameter.

Hind[7] proposed following equation,
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MN12= X N1 +Xp° M 2+2%XoH12 %)

where H, is interaction parameter.

Table 3. Adjustable parametersof Eq 3 and 4 for Excess Functionsfor Acrylates (1) +Dodecane-1-ol (2) at T=298.15K

Propert =) a1 & a3 L=} c

Methyl Acrylate (1) + Dodecane-1-ol (2)

VE/ (cnPmol®) | 2.8143 0.1305 -0.4514 -0.8543 1.3059 0.01092
An/ (mPa.s) -22.4022 12.0655 -5.1136 1.9108 -0.581400108
Ethyl Acrylate (1) + Dodecane-1-ol (2)

VE/ (cnPmolt) | 2.3420  0.0938 0.3559 -0.3923 -0.7685 0.00679
An/ (mPa.s) -21.7425 11.3331 -4.6383 1.6517 -0.478200058
Butyl Acrylate (1) + Dodecane-1-ol (2)
VE/(cm®mol®) | 1.811: -0.118¢ -0.376. 0.504. 0.835¢ 0.0082:
An/ (mPa.s) -19.5912  9.1591 -3.3313 1.0412  -0.266300080
Methyl Methacrylate (1) + Dodecane-1-ol (2)

VE/ (cnPmolt) | 2.5398  -0.0813 0.1820 0.3693 -0.4346 0.00492
A/ (mPa.s) -21.1597 10.7107 -4.2485 1.4638 -0.398B00069

Choudhary-Katti [8] proposed following equation,

IN(MAV m) = XaIN(M1V 1) +X2IN(M2V 2)+X1 X[ Wi/ (RT)] (6)
where Wvis is interaction energy for activationvisficous flow.

Grunberg-Nissan provided following empirical eqaattontaining one adjustable parameter. The express
INM12= X1 IN71 1+ Xz INM 2 +X%2G12 (7)
where G,is a parameter proportional to interchange energy.

Tamura and Kurata developed expression for visgogibinary mixtures as,

M= X Mot X@anzt 2(XXe @) 1o (8)
where T, is interaction parametep, and¢, are volume fractions.

These are presented with their standard percedtagation 6 %) in Table 4.

Table 4. Adjustable parametersof Eq 5, 6 7, 8 and 12 for Acrylates (1) + Dodecane-1-ol (2) at T =298.15K

Hai, G Wvis G Gy, c Ti; o

Methyl Acrylate (1) + Dodecar1-ol (2)

-3.440 62333 0.421 0.882 -0.001 0.039 -6.987 27.90
Ethyl Acrylate (1) + Dodecane-1-ol (2)

-3.024 52254 0.270 0.448 -0.001 0.037 5.802 96.178
Butyl Acrylate (1) + Dodecane-1-ol (2)

-1.676 30.401 0.109 0.117 -0.001 0.024 -3.352 47.19

Methyl Methacrylate (1) + Dodeca-1-ol (2)
-2.658 44915 0.289 0.517 -0.001 0.013 -5497 @81

Heric —Brewef9] proposed two parameter model of following form,
In n= Xlln T]1+ X2|n N2 +X1|nM1+X2|nM 2—|n(X1M 1+X2M 2)+X1X2[a 10t a21(x1-X2)] (9)

where M and M, are molecular weights of components of 1 and;2anda,; are interaction parameters which can
be calculated from least square method and othestavolved have their usual meaning.
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McAllister’'s multibody interaction model was widelysed to correlate kinematic viscosity) lata. The two
parameter McAllister equation based on Eyring’'otlyeof absolute reaction rates, taken into accmtetactions of
both like and unlike molecules by a two dimensiotteke body model. The three body model was defimgd
relation,

Inv= X13 In vt X23|n Vo +3 X12 X2In le +3 X Xzzln Zz]_' In [X1+(X2M2/M1)]+ 3 X12 Xo |n[(2/3)+(M2/3M1)]+ 3)(1)(22
IN[(1/3)+(2Mo/3M3)]+ X2° IN(M2/M ) (10)

Similarly, four body model was defined by relation,

Inv = X14 In Vi +4X13X2 In Z1110 16 X12X22 In Ziion + 4 X1X23 In Zoooy + X24 In Vz—ln [X1+X2 (Mz/Ml)]"' 4 X13X2 In
[(3+Mo/M1)/4] + 6 32 2% IN[1+Mo/M1)/2]+ 4 x,%5° In [(1+ 3Mo/M1)/4] + %7 In (Mo/M,) (11)

Where Z,, Zo1, Zi112 Zi122and Z5,; are model parameters anddvdv; are molecular mass and kinematic viscosity
of pure component i.

To perform a numerical comparison of correlatingatality of above Eq (5 to 11) we have calculateahdard
percentage deviatiow @6) using relation,

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

The terms H, WVis, Gp Tip, 012, 021 Z1o, Zo1, Z1112 Z1122 @Nd 251 in @above Eq 5 to 11 have been considered as
adjustable parameters and were estimated by aimearIlregression analysis based on a least-sqoeetteod. The

Eq 12 is particularly selected because charadterezinstant parameter ;6allows for positive and negative
deviations from additivity rule [10]. These aregented with their standard percentage deviadén)(in Table 5.

Table5. Adjustable parametersof Eq 9, 10, 11 and 12 for Acrylates (1) + Dodecane-1-ol (2)at T=298.15 K

[o5) [S57] o Zi2 Zn o Z1112 Z1120 Zoon o)

Methyl Acrylate (1) + Dodecane-1-ol (2)

0425 0.122 0161 1828 5.873 0.161 1.299 2.025 407.917.830
Ethyl Acrylate (1) + Dodecar-1-ol (2)

0.270 0.060 -0.052 1961 6.165 0.052 1.430 2.414198. 19.853
Butyl Acrylate (1) + Dodecane-1-ol (2)

0.109 0.016 0.019 2534 7.042 0.019 1.942 3.435 699.028.552

Methyl Methacrylate (1) + Dodecane-1-ol (2)
0.291 0.074 0.088 2.117 6.380 0.088 1.556 2.533 383.421.372

Recently Jouyban and Acreeoposed a model for correlating density and visgas liquid mixtures at various
temperatures. The proposed equation is,

Nyt = filnysr +olnyor+ fif, 3 [A; (fi-f5) T] (13)

where Y1, V17 and ¥t is density or viscosity of mixture and solventarid 2 at temperature T, respectivelgnfd §
are volume fractions of solvents in case of denaity mole fraction in case of viscosity, and Aj amedel
constants. The correlating ability of Jouyban -d&model was tested by calculating average pegemtaviation
(APD) between experimental and calculated densitinascosity as,

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

Where N is number of data points in each set. THEmum numbers of constants Aj, in each case, wetermined
from examination of average percentage deviatidnevarhe constants Aj calculated from least squaralysis
along with average percentage deviation (APD) aeegnted in Table 6.
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Table 6. Adjustable parametersof Eq 13 and 14 for Acrylates (1) + Dodecane-1-ol (2)

Property a a % 3 a c APD
Methyl Acrylate (1) + Dodecane-1-ol (2)

p/(g.m® | -35.8822 -14.4987 -4.7883 -1.6088 -3.1256 8.041B0355

n/(mPas)| -0.3910 1.2563 44627 -4.1517 -859367792 0.0249
Ethyl Acrylate (1) + Dodecar-1-0l (2)

p/(g.m® | -22.1031 -7.5597 -3.6048 0.4497 2.3879 5.2287 45B0
n/(mPas)| -0.1873 0.0605 -0.5018 -1.7158 -0.988092& 0.0158
Butyl Acrylate (1) + Dodecane-1-ol (2)

p/(g.m® | -11.4653 -2.1140 04519 -1.0777 -2.1107 3.07510216

n/(mPas)| -0.1818 0.2020 -0.0970 -1.2300 -0.91963138 0.0145
Methyl Methacrylate (1) + Dodecane-1-ol (2)

p/(g.m® | -27.6933 -9.0012 -2.8447 -1.8270 -0.8159 6.339303%5

n/(mPa.s | -0.225! 0.143: 0.4657 -1.4437 -1.947: 5.025¢ 0.013¢

The proposed model provides reasonably accuratellatibns for density and viscosity of binary liquinixtures
and could be used in data modeling [11, 12].

RESULTSAND DISCUSSION

A graphical comparison of dependence of excessmmolame (\VF) at 298.15 K for binary mixtures of each acrylic
ester with dodecane-1-ol is given in Fig. 1.

0.8 Fig. 1 ——MA
0.7 —m—EA
—&—BA
06
= ——NMIMA
i
E 0.5
-
E 0.4
=2
=
. 03
0.2
0.1
0
1.2
X,

Figure 1. Variation of excessmolar volumesfor Acrylates (1) + Dodecane-1-ol (2) at 298.15 K

A systematic decrease irf W6 noted with increasia carbon chain length of acrylic esters from metmrylate to
butyl acrylate at 298.15 K in all binary mixturestrength of interaction between component molecofdsinary
mixtures is well reflected in deviation of exceagadtions from ideality. Thermodynamic excess fuortsi are found
to be very sensitive towards mutual interactiontsvben component molecules of liquid mixture. Sigd axtent of
deviations of these functions from ideality depengdsn strength of interaction between unlike mdlesuExcess
molar volumes found to be positive and increaseh imicrease in chain length of solute moleculesriition of
hydrogen bonds in alkane-1-ol associates and difiplele repulsive interactions between multimer amdmer
alkane-1-ol species are mainly responsible for nleskpositive values of ¥

A graphical comparison of dependence of deviatioviscosity fAn) at 298.15 K for binary mixtures of each acrylic
ester with dodecane-1-ol is given in Fig. 2.
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An/ (mPa.s)

—ik— BA

Fig. 2 ——MMA

Figure 2. Variation of deviation in viscosity for Acrylates (1) + Dodecane-1-ol (2) at 298.15 K

Negative values ohn over whole composition range suggests that, visesf associates formed between unlike
molecules are relatively less than those of purepmments, which is exhibited by decreased valuewvis€osity
with mole fraction. This decrease in viscosity ibtited to breaking of dipolar association of aldoimbo small
dipoles. Weak types of dipole- induced dipole tgbénteractions are not sufficient to produce butkyless mobile
entities in system and hence decreased trend adsity.

CONCLUSION

Observed positive values of excess molar volunf@ @ver entire composition range are due to ruptireydrogen
bonded associates of alkanols dominates over thaydrogen bonding between unlike molecules. Weales of
dipole- induced dipole type of interactions are swfficient to produce bulky or less mobile enttia system and
hence decreased trend of viscosity is observeddésept binary liquid mixture of acrylics estershwhranched
alcohol.
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