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VOLUMETRIC BEHAVIOUR OF ACRYLIC
ESTERS (METHYL-, ETHYL-, AND BUTYL
ACRYLATE) +1-ALCOHOL (HEPTANOL,
OCTANOL, DECANOL AND DODECANOL)
AT 298.15K AND 308.15K

N. V. SASTRY* and M. K. VALAND

Department of Chemistry, Sardar Patel University,
Vallabh Vidyanagar-388 120, Gujarat, India

( Received 3 September 1998)

New experimental data on densities and excess volumes (V) for methyl acrylate
(MA)+, ethyl acrylate (EA) +, or butyl acrylate (BA)+ 1-heptanol, + 1-octanol, +1-
decanol and + 1-dodecanol are reported at (298.15 and 308.15) K. The excess volumes
were fitted to Redlisch-Kister type equation. The variations in excess volumes with the
alkyl chain length of both the components are explained in terms of molecular
interactions.

Keywords: Densities; excess volumes; alkyl acrylate-1-alcohol mixtures

1. INTRODUCTION

The mixing of an alcohol with other molecules often results into the
dissociation of the former and the specific interactions between the
dissociated alcohol species with the second component molecules,
when the later are polar and non specific interactions when they are
non polar can thus be expected. Such structure breaking and making
interactions can be considered as chief factors that contribute to the
sign and magnitude of the thermodynamic excess properties of this
kind of mixtures. Acrylate esters of higher homologues are produced

* Corresponding author.
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by either direct esterification or by an ester interchange reactions
between the lower acrylates and higher alcohols. Hence the knowledge
of thermodynamic properties of acrylate ester + alcohol binary
mixtures is useful in optimising the process parameters and also aids
in an efficient design of the transesterification process in the industrial
scale. There exists relatively few thermodynamic studies in the
literature dealing with the acrylic ester—organic solvent mixtures as
compared to the large available data on aliphatic ester containing
mixtures in spite of the greater industrial use of the former. In addition
the availability of wide and systematic data base on the various
thermo-physical properties of binary mixtures facilitates the develop-
ment of group contribution methods for the theoretical prediction of
mixture properties from the pure component data.

Keeping these interests in view, we have reported the excess molar
volumes and isentropic compressibilities [1] and viscosity functions [2]
for methyl methacrylate + 1-alcohol (up to 1-hexanol) mixtures at
303.15K and 313.15K. The present work is part of our comprehensive
investigations on various thermodynamic, transport and dielectric
properties of acrylate ester + alcohol, + alkane, alcohol + alkane
binary mixtures and acrylic ester + alcohol + alkane ternary mixtures.
The densities at 298.15K and 308.15K are measured for binary
mixtures of acrylic esters namely methyl acrylate, or ethyl acrylate or
butyl acrylate + 1-heptanol, + l-octanol, + l-decanol and + 1-
dodecanol. The excess volumes of the mixtures are calculated and
discussed in terms of the chain lengths of both the components.

2. EXPERIMENTAL

Methyl acrylate was Aldrich product, while ethyl acrylate and butyl
acrylate were of Fluka purum grade chemicals. The purity of these
chemicals is stated to be more than 99% on mole basis and were used
as such without any further treatment. The acrylic esters were however
stabilised with about 0.002% hydroquinone monomethyl ether. The 1-
alcohols were the same as used in our earlier work [3]. The
experimentally measured densities of all the pure components are
given in Table I along with the available comparable literature values
at both the measuring temperatures.
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TABLE I Densities (p/g-cm ™) of pure components at 298.15K and 308.15K

298.15K 308.15K
This work Lit. This work Lit.

1-Heptanol 0.8189 0.81942[7] 0.8126 0.81228(7]
1-Octanol 0.8212 0.82168] 0.8146 0.8146 (8]
1-Decanol 0.8265 0.8263 8] 0.8195 0.8194[8]
1-Dodecanol 0.8281 0.82995(7] 0.8217 0.8232[7
Methyl acrylate 0.9475 - 0.9356 -
Ethyl acrylate 0.9163 - 0.9046 -
Butyl acrylate 0.8941 - 0.8846 -

The binary mixtures were prepared in stoppered glass vials on a
Mettler balance with an estimated mole fraction accuracy of + 0.0001.
The densities of the pure and mixture components were measured by a
bicapillary pyknometer with an accuracy of +0.0001 units. The
pyknometer was calibrated with triple distilled water. The temperature
during the density measurements was controlled to an absolute
precision of 0.01°C.

3. RESULTS AND DISCUSSION

The experimental data of densities and excess volumes, VE of all the
acrylic ester + 1-alcohol mixtures are given in Tables II and III at
298.15K and 308.15K respectively. The VE values were calculated
from the relation,

VE/cm? mol ™' = XM+ xaMa (
P12

(1)

x M M
1 1+x2 2)
p1 p2

where x and p are the mole fraction, density of pure ester (1), 1-alcohol
(2) and mixture (12) components. M is the molecular weight of
respective pure components. The experimental VF data of the binary
mixtures is further fitted by an equation of the form,

VE/em3mol ™' = x;(1 — x;) S a;(2x; — 1)’ (2)

The values of the coefficients @; needed for the mathematical
representation of VE data for individual mixtures at both the
temperatures were estimated by using a multiple regression analysis
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based on least square method. The values of the coefficients along with
the estimated standard deviations, o between the experimental and
fitted values are presented in Table IV,

A graphical comparison of the VE results at 298.15 and 308.15K for
the binary mixtures of each acrylic ester + l-alcohols is given in
Figures 1-3, where the excess volumes are plotted against the mole
fraction of the ester species. It can be seen from the figure that the VE
values are positive for all the mixtures. The curves are skewed towards
the ester rich regions (x; > 0.6). A systematic dependence of VE values
on the alkyl chain length of the 1-alcohols for a given set of ester + 1-
alcohols was also noted. A careful examination of all the curves shows
that the VE values in the lower mole fraction region (x; <0.4) were
close to each other for all the four alcohols with any given ester, while
large and appreciable variations in VF values were noted in the mole
fraction regions of x; = 0.4—0.8 and x; > 0.8 respectively.

However the magnitude of VE values was found to show diminishing
trend for a given 1-alcohol mixtures with the increase in the ester alkyl
chain length from methyl acrylate to butyl acrylate. The excess volumes
in general were decreased with the rise in the temperature for all the
mixtures. The temperature coefficient (9VE/8T)qs was found to be

TABLE IV Coefficients, a; and standard deviation, ¢ for the least square represen-
tation of excess volumes of ester + 1-alcohols at 298.15K and 308.15K

298.15K 308.15K
ag a a o dp a az a

MA +

1-Heptanol 1.9700 0.4599 0.6508 0.003 1.8991 0.4373-0.1388 0.003
1-Octanol 2.4403 0.6686 —0.0983 0.002 2.0052 0.7011 0.1256 0.004
1-Decanol 22786 0.8285 1.4915 0.003 2.1225 1.0271 0.8552 0.002
1-Dodecanol 22791 1.3173 2.5935 0.002 2.1562 1.5599 1.6932 0.003
EA +

1-Heptanol 1.5141 0.0626 —0.2828 0.004 1.3558 0.0956 —0.6160 0.003
1-Octanol 1.7088 0.5482 0.0442 0.003 1.3889 0.3102 0.0137 0.004
1-Decanol 19155 1.0809 0.4832 0.004 1.5375 0.7170 0.5678 0.004
1-Dodecanol 1.9533 1.6982 1.4093 0.002 1.4834 1.0236 1.5997 0.004
BA +

1-Heptanol 0.7914 0.3953 0.2743 0.003 0.0610 0.3241 0.2230 0.003
1-Octanol 0.8418 0.5076 0.6914 0.002 0.7603 0.2076 0.2217 0.004
1-Decanol 1.2040 0.6917 0.7915 0.003 1.0827 0.1768 0.2074 0.005

1-Dodecanol 1.4939 1.2454 0.7115 0.004 1.2082 0.4441 0.5018 0.004
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FIGURE 1 Excess volumes for methyl acrylate + 1-alcohols at (a) 298.15K (open)
and (b) 308.15K (bold). (V) 1l-heptanol, ([0) l-octanol, () l-decanol, (A) I-
dodecanol.

negative with no systematic variations with the alkyl chain length of both
the components.

To the best of our knowledge there is no literature data either on
densities or excess volumes of same mixtures for a direct comparison
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FIGURE 2 Excess volumes for ethyl acrylate + 1-alcohols at (a) 298.15K (open) and
(b) 308.15K (bold). Legends same as Figure 1.

of our results. Even we are unable to find the literature VE data for the
same l-alcohol mixtures with the methyl-, ethyl- or butyl propanoates,
where the later have similar molecular structures as MA, EA and BA
and the only difference being the presence of unsaturation in the
acrylic esters, for an indirect comparison. Two types of interactions
can be considered for the qualitative interpretations of excess volume



08: 01 28 January 2011

Downl oaded At:

ALKYL ACTYLATE-1-ALCOHOL MIXTURES 71

<
.
~

e
o
I

@

<

th
!

Y

Excess Volume, VE / cm?® mol*
‘Q [—]
| 3 w
T [
D
{a)
<
q
<

e
]
T

s & @
& ] -3
T T I

e
t
>

Excess Volume, VE / cm® mol”
e
N
I

e
=
T

0 L 1 ] 1 1 1 1 i i

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

X,

FIGURE 3 Excess volumes for butyl acrylate + 1-alcohols at (a) 298.15K (open) and
(b) 308.15K (bold). Legends same as Figure 1.

data of ester—alcohol mixtures. The first type of interaction includes
either the breaking of associate structures of 1-alcohol species by
unlike ester species and also weakening of dipolar forces in the ester
molecules in presence of added second polar component. The second
category of interactions are of specific type in which the interstitial
accommodation of ester into 1-alcohol associate structures can occur
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and also the formation of new associates through ester— OH hydrogen
bonding may take place. The first type of interactions may lead to
positive VE values and while negative VE values are observed when
specific interactions are dominant. Thus our observed positive excess
volumes for the present mixtures and their systematic variations with
the chain length of both the ester and 1-alcohol species suggest the
dominance of non specific interactions. Our conclusions agree
qualitatively with the interpretation of literature reported excess
volumes of ethyl acetate + or propyl acetate + l-alcohols (C; to Cyg)
[4], methyl alkanoates (acetate, propanoate and butanoate) + 1-
alcohols (from ethanol to 1-pentanol) [5], n-alkyl esters (methyl to
pentyl acetates) + I-alcohols (C, to Cs) [6].
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