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ABSTRACT

New experimental thermodynamic data involving density, viscosity and
ultrasonic velocity of the binary liquid mixture of methyl methacrylate
with heptane-2-ol, octane-2-ol and decane-2-ol at 303.15 K temperature
and at atmospheric pressure have been measured; these experimental val-
ues were correlated by Jouyban-Acree model. These basic parameters
further used to evaluate excess molar volume, deviation in viscosity and
deviation in isentropic compressibility of binary systems and these val-
ues were fitted to Redlich-Kister polynomial equation. The mixture vis-
cosities were correlated by several semi empirical approacheslike Hind,
Choudhary-Katti, Grunberg-Nissan, Tamuraand Kurata, McAllister three
and four body model equations. The calculated excess molar volumes,
deviation in isentropic compressibility were found to be positive and de-
viations in viscosity were found to be negative for all the binary liquid
mixtures at both temperatures. The results were discussed in terms of
molecular interactions prevailing in the mixtures.
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Thermodynamic properties correspond to deter-
mination of density, viscosity and ultrasonic velocity
respectively. Further from these basic and fundamen-
tal thermodynamic propertieswe can derive number
of parameters like excess molar volume, acoustic
impendence, intermolecular freelength, viscosity de-
viation, molecular association and many more. Such
type of derived thermodynamic parameters helpful to
understand the strength of molecular interactions, hy-

drogen bonding phenomenon which based on polar-
ity and size of moleculesof twoliquidsinasolutionin
definite composition and over afixed temperature
range. Propertiesof liquid-liquid binary mixturesare
very important qualitatively and quantitatively asapart
of studies of thermodynamic, acoustic and transport
agpects. Compositiona dependence of thermodynamic
properties has proved to be avery useful tool inun-
derstanding nature and extent of pattern of molecular
aggregation resulting frominteractions. Thisstudyisa
powerful means of characterizing various aspects of
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phys cochemica behaviorsof liquid mixturesand mo-
lecular interactions.

Mixingvolumeeffectsared soimportant fromtheo-
retical aswell aspractica point of view. These proper-
tiesfound many gpplicationsin paints, varnishes, clean-
ing products, antioxidant agents, inks, adhesives, dis-
persionfor textiles, papers, polystyrene, etc. wherevol-
umeeffectsareasoinvolvein conversion of formula
tionfrom gravimetrictovolumetricanadysis. Properties
likemolar volumeandtheir deviationsfromidedity and
variation with temperature and composition of binary
mixtures are useful to design engineering processesin
chemica andbiologica industries. Also, volumetricand
ultrasonic propertieshave practica importancein un-
derstanding interactionsand physicochemical behav-
ior. Themixing of different compoundsgivesriseto
solutionsthat generaly don’t behave ideally. Deviation
fromideality may be expressed by many thermody-
namic variables, particularly by excessproperties. Ex-
cess properties of mixtures correspond to difference
between actual and propertiesif system behaveside-
ally and thusare useful in study of molecular interac-
tionsand arrangements. In particular, they reflect inter-
actionsthat take place between sol ute-sol ute, solute-
solvent and sol vent-sol vent species.

Thuskeeping bothindustrial and scientificinter-
estsinmind, here we report the measured densities,
p, Viscosities, 7 and ultrasonic vel ocities, u, of binary
liquid mixtures of methyl methacrylate(MMA) with
heptane-2-ol, octane-2-ol and decane-2-ol at
303.15 K temperature. The derived parameters ex-
cessmolar volume, VE, deviationin viscosity, Ay and
deviationinisentropic compressi bility have been used
to gain abetter understanding of theintermolecul ar
i nteractions between the component molecules of the
liquid mixtures.

EXPERIMENTAL

Chemicasusadinthepresent study were of andyti-
ca grade. Themasseswererecorded onaMettlar one
pan ba ance, which can read up tofifth place of decimd,
with an accuracy of = 0.01 mg. The estimated uncer-
tainty inmolefractionwas<1x10*. Thedengtiesof the
solutionsweremeasured usngasinglecapillary pycnom-
eter made up of borosil glasswith abulb of 8cm?®and
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capillary withinternd diameter of 0.1cmwaschosenfor
present work. Thereproducibility of density measure-
ment was+ 5x10° g/cm®. Thedynamicviscostieswere
measured us ng an Ubbe ohde suspended leved viscom-
eter cdibrated with conductivity water. Theuncertainty
indynamicviscositiesis+ 0.003mPa.s. The ultrasonic
velocitiesweremeasured at afrequency of 2MHzin
thesesolutionshby asinglecrysta ultrasonicinterferom-
eter (Mittal’s F-81 model). The error in velocity mea-
surementsis+ 0.1 %. A comparison of measured values
of pure components with the literature values as pre-
sented in TABLE 1 showsagood agreement.

TABLE 1: Densities, p, Viscosities, 5, Ultrasonic velocities,
u, for purecomponentsat 303.15K.

o pl (g.cm™ y/(mPa.s) u/(ms?h
Liquid - - -
Expt. Lit. Expt. Lit. Expt. Lit.
Methyl [2]
Methacrylate 0.93172 0.93174'“ 0.549 1168

Heptane-2-ol 0.80932 0.80931° 4.38 4.385°8 1293 12948
Octane-2-0l  0.8135 0.81352F 5392 5397 1365 13661°%
Decane-2-0l  0.81779 8.593 1401

The excessmolar volumes, VE, of the solutions of
molar compositionsx were ca cul ated from the densi-
tiesof thepureliquidsand their mixturesaccording to
thefollowing equation,

VE cmPmol™ =[x M +x,M_/p ,—[(x,M /p)+(x,M /p,)] (1)
wherep,, isthe density of themixtureand x, M,, p,,
andx, M, p, arethemol efraction, themolecular weight,
and the density of pure components 1land 2, respec-
tively. Theviscosity deviations(Ay) wereca culated us-
ingequation,

An/mPass=n _,—Xxn —Xn, 2
wherey,, istheviscosity of themixtureand x , x,and
1, 1, arethemolefraction and the viscosity of pure
components 1and 2 respectivel yt.

Theexcessisentropic compressihility (i ) wasob-
tained usingtherdation,
x5/ (TPa') =x_ -k (3)
wherex_istheisentropic compressibility and wascal -
culated usingthe Laplacerelation, that is, i = (1/ u?p)
and @ was cal culated from the rel ationt.

K= ifk, +TV(@°)/C ] -
[TExVe) (Z¢ a)?/ZXC ] 4

i pi

where ¢, istheideal state volumefraction of the com-
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ponent i inthemixture stated and isdefined by therd a
tion,

0_xVo/ (ZxV°) ®)
Tisthetemperature, andx_, V%, a%, and C ' arethe
isentropic compressibility, molar volume, coefficient of
isobaric thermal expansion, and molar heat capacity
respectively, for purecomponenti. o€ isca culated from

themeasured dengitiesby therelation,
a=[(p/p,)-1/(T,;T) (6)

—= Pyl Peper

Theother required vauesweretaken from literature*®,

Thedengties(p), viscosities(n), ultrasonic veloci-
ties(u), excessmolar volumes (VE), deviationsinvis-
cosity (An) and deviationinisentropic compressibility
(AxF) of threebinary liquid mixturesat 303.15K are
listed asafunction of molefractionin TABLE 2.

The excessmolar volume, deviationsin viscosity
and deviationinisentropic compressibility werefitted
to Redlich Kister¥l equation of thetype,

TABLE 2: Densities, p, Viscosities, 5, Ultrasonic velocities, u, Excess molar volumes, VE, Viscosity deviation, Ay, and
deviation inisentropic compressibilities, Ax, for MMA (1) +Alkane-2-ols(2) at 303.15K.

X1 P s ;/ i -1 1 An U AKS4 X1 P s ;/E -1 1 An Y AKS&
(g.cm™) (cm’mol™) (mPa.s) (mPa.s) (m.s) (TPa”) (g.cm™) (cm’mol™) (mPas) (mPa.s) (m.s”) (TPa”)
MMA (1) + Heptane-2-ol (2) 0.4999 0.85845 0.390 1721 -1.251 1263 20.422
0 0.80932 0 4.380 0 1293 0 0.5556 0.86486 0.389 1515 -1.187 1252 20.362
0.0551 0.81401 0.081 3.903 -0.264 1286 1.754 0.5999 0.87023 0.378 1.369 -1.118 1243 20.308
0.0998 0.81940 0.130 3.560 -0.438 1280 3.488 0.6554 0.87724 0.358 1.207 -1.013 1232 19.618
0.1555 0.82300 0.190 3172 -0613 1273 4.963 0.6995 0.88326 0.333 1.089 -0.913 1224 18.747
0.1998 0.82722 0.229 2891 -0.723 1267 6.476 0.7554 0.89109 0.294 0.959 -0.774 1213 17.045
0.2555 0.83265 0.271 2576 -0.825 1260 7.672 0.7999 0.89766 0.257 0.867 -0.651 1205 15.561
0.2999 0.83714 0.301 2.349 -0.882 1254  9.000 0.8555 0.90637 0.200 0.764 -0485 1195 11.533
0.3555 0.84298 0.327 2.093 -0.925 1247 9.872 0.8999 0.91371 0.150 0.690 -0.343 1186 9.043
0.3999 0.84781 0.342 1908 -0.940 1241 10.944 0.9555 0.92324 0.086 0.608 -0.159 1176 5.211
0.4555 0.85406 0.354 1.701 -0.934 1234 11.504 1 0.93172 0 0.549 0 1168 0
0.4999 0.85928 0.355 1550 -0.915 1229 11.011 MMA (1) + Decane-2-ol (2)
0.5556 0.86597 0.352 1.382 -0.871 1222 11.222 0 0.81779 0 8.593 0 1401 0
0.5999 0.87157 0.345 1260 -0.822 1216 11.676 0.0551 0.82099 0.091 7377 -0.770 1387 4.995
0.6554 0.87879 0.323 1124  -0.747 1210 10.176 0.0998 0.82368 0.164 6.528 -1.261 1376 8.712
0.6995 0.88489 0.302 1.023 -0.675 1204 10.198 0.1555 0.82725 0.238 5605 -1.739 1362 13481
0.7554 0.89265 0.267 0.913 -0.575 1197 9.546 0.1998 0.83029 0.294 4.959 -2.025 1351 16.925
0.7999 0.89923 0.233 0.832 -0484 1192 7.872 0.2555 0.83434 0.347 4254  -2283 1337 21.290
0.8555 0.90765 0.182 0.742 -0.362 1185 6.662 0.2999 0.83776 0.385 3.766 -2415 1327 23.404
0.8999 0.91476 0.135 0.676 -0.257 1180 4.542 0.3555 0.84232 0.421 3232 -2502 1313 27.270
0.9555 0.92387 0.081 0.602 -0.117 1173 2725 0.3999 0.84623 0.439 2.859 -2.517 1303 28.798
1 0.93172 0 0.549 0 1168 0 0.4555 0.85141 0.455 2.455 -2474 1290 30.884
MMA (1) + Octane-2-ol (2) 0.4999 0.85585 0.458 2172 -2.399 1279 32.830
0 0.81350 0 5.392 0 1365 0 0.5556 0.86176 0.457 1865 -2.259 1266 33.941
0.0551 0.81753 0.087 4.750 -0.373 1353 3.132 0.5999 0.86685 0.442 1650 -2.117 1256 33.885
0.0998 0.82094 0.142 4292 -0.616 1344 5.909 0.6554 0.87367 0.417 1416  -1.904 1244 32.507
0.1555 0.82538 0.207 3.780 -0.859 1332 8.763 0.6995 0.87951 0.390 1.253 -1.709 1234 31.270
0.1998 0.82907 0.252 3416 -1.009 1323 11.362 0.7554 0.88741 0.338 1075 -1.442 1221 29.463
0.2555 0.833%4 0.299 3.007 -1.147 1312 13.875 0.7999 0.89420 0.299 0.952 -1.206 1211 26.671
0.2999 0.83797 0.330 2718 -1.222 1303 15.209 0.8555 0.90340 0.231 0.817 -0.895 1199 21.453
0.3555 0.84325 0.361 2.396 -1.276 1291 17.421 0.8999 0.91136 0.171 0.723 -0.631 1189 16.754
0.3999 0.84774 0.378 2162 -1.293 1282 18.251 0.9555 0.92216 0.089 0.620 -0.287 1177 8.724
0.4555 0.85352 0.390 1.906 -1.282 1272 18.926 1 0.93172 0 0.549 0 1168 0
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Y =X1X22r_]:ai (X, =%,)’ )

WhereYiseither VF or A or x.F and nisthedegree of
polynomial. Coefficient a was obtained by fitting Eq
(7) toexperimentd resultsusing aleast-squaresregres-
sion method. In each case, the optimum number of co-
efficentsisascartaned fromanexaminaion of thevaria-
tioninstandard deviation (o).

o wascdculated usingtherdation,

Z (Yapt _Ycacl )2 :|ll2

8

G(Y)=|: N-n

Where N isthe number of datapointsand nisthenum-
ber of coefficients. Thecalculated val uesof the coeffi-
cientsa aongwiththestandard deviations(c) aregiven
inTABLES3.

TABLE 3: Adjustable parameter sof Eq 7 and 8 for themathematical representation of deviation and excessfunctionsfor

MMA (1) + Alkane-2-ols(2) at 303.15K.

) a1 a a3 a o
MMA (1) + Heptane-2-ol (2)
VE/(cm®mol ™) 2.1452 -0.0335 -4.0486 0.1587 45504 0.21942
Anl(mPa.s) -3.6576 1.2238 -0.3045 0.0626 -0.0182 0.00029
ke I(TPah) 36.5064 2.2444 -30.2232 12.1241 34.8877 1.25853
MMA (1) + Octane-2-ol (2)
VE/(cm®mol ™) 1.5897 -0.0532 -0.2913 0.2265 0.6678 0.00467
Anl(mPa.s) -5.0030 1.8242 -0.4941 0.1156 -0.0454 0.00037
k< I(TPa) 48.3278 14.1273 -33.6608 -88.1632 139.3858 0.97441
MMA (1) + Decane-2-0l (2)
VE/(cm®mol ™) 1.8444 -0.0604 -0.1045 0.2568 0.2205 0.00409
Anl(mPa.s) -9.5985 4.1354 -1.3503 0.3866 -0.1303 0.00085
k< I(TPaY) 36.8787 15.7813 -2.5759 18.2536 20.5177 0.36790

Several semi empirical relations have been pro-
posed to eva uatethe dynamic viscosity  and to check
thesuitability of theequation for experimentd datafits
by takinginto account the number of empirical adjust-
ablecoefficients. Theequations of Hind, Choudhary-
Katti, Grunberg-Nissan and Tamura-K uratahave one
adjustable parameter.

Theexpressionfor Hind® equationis,

n 12 = Xl2 n 1 +X22 n 2+2X1X2H 12 (9)
whereH , istheinteraction parameter.

Theexpressionfor Choudhary-Kattil” equationis,
In(m V, )=xInmV )+xInm,V )+x X [Wvis(,,)] (10)
where WVisistheinteraction energy for activation of
viscousflow.

Theexpression for Grunberg-Nissan® equationis,
Inn, x Inn +xInn,+xxG, (11)
where G, isaparameter proportiond totheinterchange
energy.

Tamuraand Kuratd® deve oped expressionfor vis-
cosity of binary mixturesas,

n= X1¢1 ‘11"' X2¢2n2+ 2(X1X2¢1¢2)1/2T 12 (12)

where T , isthe interaction parameter, ¢, and ¢, are
thevolumefractions. The cal cul ated val ues of adjust-
ableparametersH,, Wiis, G, and T , with thelr stan-
dard deviations (o) caculated using equation (15) are
giveninTABLEA4.

TABLE 4: Adjugtable parametersof Eq 9, 10, 11, 12 and 15
for MMA (1) + Alkane-2-ols(2) at 303.15K.

Ny c Wvis ¢ G c T c
MMA (1) + Heptane-2-ol (2)

0.605 7.317 0.055 0.161 -0.001 0.021 0.340 10.734
MMA (1) + Octane-2-ol (2)

0.418 10.338 0.090 0.083 -0.001 0.028 0.039 16.558
MMA (1) + Decane-2-0l (2)

-0.367 20.913 0.184 0.260 -0.001 0.035 -1.498 37.337

McAllister’s multibody interaction model™® was
widely used to correl ate kinematic viscosity, v, data.
The two parameter McAllister equation based on
Eyring’s theory of absolute reaction rates, taken into
account interactionsof both likeand unlike molecules
by atwo dimensiond threebody modd . Thethreebody
mode wasdefined by therelation,
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Inv=x2Inv+x3nv,+3x°xInZ +

3x, xAnZ, - In[x +(x,M M )]+

3x,2x, In[(2/3)+(M /3M )] +

3X X2 IN[(1/3)+(2M /3M )]+ x 2 In(M /M ) (13)
Similarly, thefour body model was defined by the
relation,
Inv=x/‘Inv +4x3,InZ  +6x*X2InZ _+

4xx2InZ,  +xtnv-An[x+x,(M /M )]+

4% 3%, In[(3+M /M )/4] +

6x,22x 2In[1+M /M )/2] +

4xx2In [(1+3M /M )/4] +x,2n (M /M ) (14)
WhereZ,,,72,, 2., Z,,,,and Z,,, are model pa-
rametersand M. and v, arethe molecular mass and ki-
nematic viscosity of purecomponenti.

To performanumerical comparison of the corre-
lating capability of above Eq (9to 14) wehave calcu-
lated the standard percentage deviation (o %) using
therelation,

6 % =[1 (n,, — k) x Z(100 (n,, — ) / 0., )1 (15)
wherek representsthenumber of numerica coefficients
intherespectiveequations.

Theinteraction parametersH_,Wis, G, T, Z .,
Z,,Z»Z,,,andZ,, intheaboveEq(9to 14) have
been considered as adjustabl e parameters, estimated
by anon-linear regression analysis based on aleast-
squares method. The parameters Z,,, Z,, Z,,.,, Z,.,,
and Z,,,, are presented with their standard percentage
deviation (o0 %) iInTABLES.

Recently Jouyban and Acreg™+*2 proposed amode
for correlating the density and viscosity of liquid mix-
turesat widerange of temperatures. Thismodel could

= Pyl Paper

TABLE 5: Adjustable parametersof Eq 13, 14 and 15 for
MMA (1) +Alkane-2-0ls(2) at 303.15K.

Zi

Zy c Zuw Zun Zon X
MMA (1) + Heptane-2-ol (2)

1256 2620 0455 1.039 1.681 3.138 1.033
MMA (1) + Octane-2-ol (2)

1354 3015 0.026 1.099 1.756 3.668 1.671
MMA (1) + Decane-2-al (2)

1616 4.136 0.043 1253 1.996 5215 6.277

be used in datamodeling (Jouyban & Khoubnasabjefari,
2005 a, b). The proposed equationis,

Iny, . =finy +Iny, +ff Z[A (f-f)IT] (16)
wherey .y, andy, isdensity or viscosity of themix-
ture and solvents 1 and 2 at temperature T, respec-
tively, f.and f, arethe volumefractions of solventsin
case of dengity, and molefractionin case of viscosity,
and A] arethemodel constants. Thecorrelating ability
of the Jouyban - Acreemodd wastested by caculating
the average percentage deviation (APD) betweenthe
experimenta and ca cul ated density and viscosity as,

APD = (100/N) Z [(1Y g1 = You ) Vo] 17)
Where Nisthenumber of datapointsin each set. The
optimum numbersof constants Aj, in each case, were
determined from the examination of the average per-
centage deviation value. The constants Aj cal cul ated
fromtheleast square analysisal ong with the average
percentage deviation (APD) arepresented in TABLE
6. The proposed mode providesreasonably accurate
caculationsfor thedengity and viscosity of binary lig-
uid mixturesat varioustemperatures.

TABLE 6: Adjugtableparametersof Eq 16 and 17 for MMA (1) +Alkane-2-0ls(2).

2 ! a a3 =1 c APD
MMA (1) + Heptane-2-ol (2)
pl (g.cm® -13.1455 -1.3160 3.1122 -0.8080 -4.6324 3.3534 0.0284
nl/(mPa.s) -0.1286 -1.1918 -2.5290 2.3414 4.0122 2.0253 0.0195
u/(msh 0.0113 -0.4540 -0.4793 0.9442 0.3768 1263.4309 0.0184
MMA (1) + Octane-2-ol (2)
pl (g.cm® -16.9505 -2.7076 0.3434 -0.8721 -1.9710 4.1461 0.0192
nl/(mPa.s) -0.2333 -0.6186 -0.4581 0.7979 0.7709 2.3693 0.0189
u/(msh -0.0781 0.1045 1.3999 -0.4475 -2.9440 1301.2777 0.0204
MMA (1) + Decane-2-ol (2)
pl (g.cm® -24.0460 -6.1348 -1.3152 -0.9964 -0.8606 5.5675 0.0138
nl/(mPa.s) -0.1447 -0.4685 -0.0426 0.0230 -0.0949 3.4120 0.0241
u/(msh 0.0404 0.1906 -0.6552 -0.5028 1.0571 1318.5762 0.0205
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RESULTSAND DISCUSSION

A graphica comparison of the dependenceof ex-
cessmolar volume, VE, at 303.15K for the binary mix-
tures of each dkane-2-olswith methyl methacrylateis
giveninFigurel.

0 02 0.4 X 06 0.8 1 12

Figurel: Variation of excessmolar volumeswith MM A mole
fractionfor binary mixturesof MM A +alkane-2-olsat 303.15
K, ¢, heptane-2-ol, B, octane-2-al, A, decane-2-0l.

A systematicincreasein VEisnoted withtherisein
the carbon chain length of heptane-2-ol to decane-2-ol
for dl thebinary mixtures. Asfar asweareaware, there
arenoliteraturedataon any of propertiesfor thebinary
mixtures of MMA + heptane-2-ol, octane-2-ol and
decane-2-ol with which we can compareour results.
The observed positive excess molar volumesin the
present investigation may bediscussed intermsof sev-
eral effects. Excessmolar volumes can be considered
asarisng from threetypes of interactionsbetween the
component molecules:-(a) Physicdl interaction condst-
ingmainly of dispersionforcesor weak dipoleinterac-
tion and making apositive contribution, (b) Chemical
or specificinteractionswhichinclude chargetransfer
forming hydrogen bondsand other complex forming
interactions resulting in anegative contribution, (c)
Negative contributionisa so possibledueto difference
indzeand shapesof component moleculesof mixtures.
Pogtiveexcessmolar volumeexplainssysematicvaria
tions of methyl methacrylatewith a kane-2-olsspecies
suggest thedominance of non-specificinteractions. As
the carbon chain length of alkane-2-olsincreases, the
steric factorsprevent geometrical fitting and thusthe
excessmolar volumes arefound to be positive. Posi-
tivevauesof excessmolar volumescan bevisuaized
asbeing dueto acloser gpproach of unlike molecules
having sgnificantly different molecular sze. Dueto pres-
enceof nonpolar moleculelikeacrylic esters, H-bond-
inginalcohol molecul ebresksand system showsweak
intermolecul ar interactions. Positive values of excess

Physical CHEMISTRY o

molar volumesshowsvolumeexpansionistaking place
causing ruptureof H-bondsin sdf associated a cohals.

The observed large negative vad ues of viscosity de-
viation, Ay, ingenerd indicateahighdilution of alkane-
2-0l viscogitiesin the presence of methyl methacrylate
speciesinFigure 2.

X4
0

A7 1 12

\ 02 04 06 08 4~
054 \\\“-‘_\ y_,r;’,:/f/
. —
N -
\_\ g =
\ o

B
. e
e L /d
-

14 .
e S
-1.54 A
-2 \’\A /
b

=3 e

An /mPas

25 e

3d
Figure2: Variation of deviation in viscositieswith MM A
molefraction for binary mixturesof MM A + alkane-2-olsat
303.15K, ¢, heptane-2-ol, W, octane-2-ol, A, decane-2-al.

Thedecreasein viscosity val uescan beascribed to
the structure breaking-up of these alkanolsassociates
by unlike ester species. Thisresultisa so attributed to
rupture of hydrogen bonds between adkane-2-olsmol-
ecules by methyl methacrylateto be based on negative
excessviscogties. Thistypeof interaction seemsto be
dominant whentheshareof esterinthemixtureissmall.
Negative values of Ay over wholecomposition range
suggeststhat, viscositiesof associ atesformed between
unlikemoleculesarere atively lessthan those of pure
components, whichisexhibited by decreased va ues of
viscosity withmolefraction. Thisdecreasein viscosity
attributed to breaking of dipolar association of acohol
into small dipoles. Weak types of dipole- induced di-
poletypeof interactionsare not sufficient to produce
bulky or lessmobileentitiesin system and hence de-
creased trend of viscosity isobserved in the present
binary liquid mixture of methyl methacrylatewith the
branched acohol.

Figure 3 indicates that deviation the isentropic
compressibilities, Ax, for all thebinary mixturesare
positive. Thistypenaturewasfound dueto, (i) hydro-
gen bonded aggregates of alkane-2-olsbreaksup pro-
gressively with the addition of another combining com-
ponent inthemixtureand (ii) weak interactions between
unlikemolecules. Thesetwo factorscontributeto nega:
tivedeviationin ultrasonic velocity and positivedevia-
tionin excessisentropic compressibility. Positiveval-
uesare ascribed to expansion in volumedueto disso-
ciation, depol ymeri sation of hydrogen bonded alkanols
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molecular aggregatesand isa so dueto dipole-dipole
interactions between thetwo combining species.
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Figure3: Variation of deviation in isentropic compr essibility
with MM A molefraction for binary mixturesof MM A + al-
kane-2-olsat 303.15K, ¢, heptane-2-ol, B, octane-2 ol, A,
decane-2-0l.

Grunberg-Nissan modelsused to corrdaemixture
viscosity showsleast negativevauesof G, parameters
supporting weak molecular interactions. Hind,
Choudhary-K atti and Tamuraand Kuratamodel shows
slightly positivevauesof their H ,, Wvisand T, ad-
justable parametersrespectively, supporting existing of
weak interactionsfor al binary liquid mixturesat both
temperatures. Inthesimilar way, anongMcAlliger three
and four body models shows the valuesof Z,,, Z,,
Z,» 2y, ad Z,,, adjustable parameters positive,
supporting weak type of molecular interactionsfor al
thefour binary liquid mixtures. Lowest values of the
standard deviationsfor the McAllister therebody model
suggeststhat it ismost suitablethan the other one.

CONCLUSIONS

Theoverd| positive magnitude of excessmolar vol-
umesfor the systems of methyl methacrylate with the
alkane-2-olsistheresult of the breaking and disloca-
tion of theester’s dipole-dipole association. The free
volumedifferenceand interstitial accommodation of
smdler moleculesare chief factorsfor negative excess
molar volumes. In higher dcohols, geometrica fitting of
oneinto other isnegligibly small; therefore association
decreases with increasein chain length of alcohols.
Pogtivevauesof excessisentropiccompressibilitiesare
ascribed to expansion in volume dueto dissociation,
depolymerisation of hydrogen bonded dkanolsmolecu-
lar aggregatesand isa so dueto dipole-dipoleinterac-
tions between thetwo combining species.
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