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Dielectric studies of methyl acrylate with 1-propanal, 1-butanol, 1-heptanol and 1-octanol binary mixtureshave
been carried out over the frequency range from 10 MHz to 10 GHz at temperatures of 283, 293, 303 and 313
K using Time Domain Reflectometry (TDR) for various concentrations. The Kirkwood correlation factor and
excess inverse relaxation time were determined and discussed to yield information on the molecular structure
and dynamics of the mixture. The values of the static dielectric constant, relaxation time and the Kirkwood
correlation factor decrease with increased concentration of methyl acrylate in alcohol. The Bruggman plot
shows anon-linearity of the curvesfor all the systems studied indicates the heterointeraction which may be due
to hydrogen bonding of the -OH group of acohol with C=0 of the methyl acrylate. The excess inverse
relaxation time values are negative for al the systems at all the temperatures indicates that the sol ute-solvent
interaction hinders the rotation of the dipoles of the system.
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Introduction

Acrylic esters are important industrial chemicals and are
widely used as precursors in the production of technically
important high polymeric and latex systems.! Dielectric
relaxation studies on binary mixtures are important for
understanding the hydrogen bonding and intermolecular
interactions in the mixture. Alcohols play an important role
in many chemical reactions due to the ability to undergo
self-association with manifold internal structures and are in
wide use in industry and science as reagents, solvents and
fuels and attract great attention as useful solvents in the
green technology.? Shirke et al.>* reported the dielectric
parameters for methyl acetate-alcohol and ethyl acetate-
alcohol mixtures at different temperatures and concentrations.
Chaudhari et al.® reported the dielectric parameters for butyl
acetate-alcohol mixtures using the time domain technique.
Recently our research group has investigated the complex
formation of alkyl methacrylates with proton donors (primary
acohols) using FTIR spectroscopic®® technique.

The am of the present investigation is to study the
molecular interaction in methyl acrylate-alcohol mixturesin
the microwave region (10 MHz to 10 GHz) with varying
concentrations (0% to 100%) using TDR technique for
temperatures ranging from 283 K to 313 K. The relaxation
behaviors of these mixtures were explained by the Debye
model. The excess inverse relaxation time is reported. The
Kirkwood correlation factor is used to understand the
molecular orientation in the mixture.

Experimental

Materials. Methyl acrylate (MA) is an Aldrich product

with a manufacturer stated purity of greater than 99% on a
mole basis and is used as such. MA was stabilized with
about 0.002% hydroquinone monomethyl ether. AnaaR
grade alcohols were purified by standard methods.'” The
mixtures of various compositions (0% to 100%) were pre-
pared by volume before mixing.

Apparatus. The complex didlectric constant spectrawere
studied using time domain reflectometry. The Hewlett-
Packard HP 54750 sampling oscilloscope with HP 54754 A
TDR plug-in module was used. A fast rising step voltage
pulse of about 39 ps rise time generated by a pulse generator
was propagated through a coaxial line system of characteri-
gtic impedence 50 Q. Transmission line system under test
was placed at the end of the coaxia line in the standard
military application (SMA) coaxial cell coaxial connector
with 3.5 mm outer diameter and 1.35 mm effective pin length.

All measurements were done under open load conditions.
The change in the pulse after reflection from the sample
placed in the cell was monitored by the sampling oscillo-
scope. In this experiment, a time window of 5 ns was used.
The reflected pulses without sample R; (t) and with sample
R« (t) were digitized in 1024 points in the memory of the
oscilloscope and transferred to a PC through 1.44 MB floppy
diskette drive.

A temperature controller system with a water bath and
thermostat has been used to maintain the constant temper-
ature within the accuracy limit of + 1 °C. The sample cell
was surrounded by a heat-insulating container through
which the water of constant temperature using atemperature
controller system was circulated. The temperature at the cell
is checked using an eectronic thermometer.

Data Analysis. The time dependent data were processed
to obtain complex reflection coefficient spectra p'(w) over
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the frequency range from 10 MHz to 10 GHz using Fourier
transformation'®® as

p (o) = (cljcd)[p(a)/a(e)] @

where p(w) and q(w) are Fourier transforms of (Ruy(t) — R«(t))

and (Ru(t) + Ry(1)), respectively, cisthevelocity of light, wis

3ngu|ar frequency, and d is the effective pin length and j =
-1.

The complex dielectric constant spectra £ (w) were obtain-
ed from reflection coefficient spectra p (w) by applying a
bilinear calibration method.?

The experimenta values of £ are fitted with the Debye
equation®

N E— €
w=¢e_ +
£ b 1+jor &)

with &, €., and 7 as fitting parameters. A non-linear least
square fit method? was used to determine the vaues of
dielectric parameters.

Results and Discussion

The determined values of dtatic dielectric constant (&),
dielectric congtant at high frequency (¢,.) and relaxation

Table 1. Dielectric Data for the Binary Mixtures of Methyl
Acrylate (MA) with 1-Propanol
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time (7) for solutions of different concentrations of acohols
a different temperatures are presented in Tables 1-4. The
values of dielectric parameters (&, €. and 7) for the mix-
tures increase towards the respective dielectric parameter of
the respective acohal for al the systems and for all the
temperatures. Thistrend indicate the heterointeraction which
may arise due to the formation of hydrogen bonding
between the —OH group of alcohol molecules and C=0 of
MA molecules. Also, it is found that in the acohol-rich
region, the dielectric parameters for the mixtures increases,
whereas when the concentration of MA dominates in the
mixture, the dielectric parameters decreases. Similar conclu-
sions were drawn by Sivagurunathan et al. for methyl
methacrylate -al cohol s binary mixtures.

It is also noticed that the & was gradualy decreased by
increasing the number of carbon atoms in the alkyl chain of
alcohols. Thistrend could be attributed to the decrease in the
number of dipoles in the complex, which may lead to a
decrease in the molar volume of the rotated molecules?*

The didlectric relaxation time shows continuous increase
with chain length of alcohols and offers hindrance to the
rotation of the molecule. The increase in relaxation time
with chain length is to be expected in view of the fact that
the hydroxyl group reorientation depends to some extent on

Table 2. Dielectric Data for the Binary Mixtures of Methyl
Acrylate (MA) with 1-Butanal

Volume% 1 _oe3k  T=203K T=303K T=313K
of MA
Eom

100% 7.85 7.41 6.85 6.55
75% unn 1021 9.84 8.26
50% 1331 12.95 11.81 10.41
25% 19.94 1887 17.64 16.35
0% 21.89 20 1886 17.34

Ecom

100% 256 245 24 2.34
75% 3.04 271 253 246
50% 3.0 2.86 265 261
25% 313 2.98 281 2.76
0% 3.19 3.05 291 2.89

7(ps)

100% 12 85 53 2.8
75% 40.65 3024 20.87 1532
50% 102557 88.75 64.56 53.85
25% 18645  157.38 121.98 103.47
0% 402.9 3351 2526 177

geff

100% 097 0.94 092 0.89
75% 1.59 146 137 1.29
50% 184 178 1.69 158
25% 246 235 224 216
0% 2.98 283 2.69 247

Volume% 1 _,e3K  T=203K T=303K T=313K
of MA
Eom

100% 7.85 7.41 6.85 6.55
75% 10.45 9.76 8.81 7.98
50% 1253 11.64 10.36 9.64
25% 16.14 14.96 1355 12,88
0% 172 15.97 1459 1272

Ecom

100% 256 245 24 234
75% 285 2,67 248 232
50% 201 273 257 249
25% 2.97 285 263 256
0% 3.03 2.96 2.7 2.64

7(ps)

100% 12 85 53 28
75% 60.72 45.66 3263 20.45
50% 165.23 13135 75.39 61.37
25% 364.32 248,63 157.87 12854
0% 833 519.8 3423 200.3

geff

100% 097 0.94 092 0.89
75% 1.66 159 142 1.39
50% 1.95 183 178 167
25% 257 2.49 24 235

0% 2.99 2.85 278 268
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Table 3. Dielectric Data for the Binary Mixtures of Methyl
Acrylate (MA) with 1-Heptanol
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Table 4. Diedlectric Data for the Binary Mixtures of Methyl
Acrylate (MA) with 1-Octanal

Volume% g3k T=203K T=303K T=313K Volume% 1 _og3k  T=203K T=303K T=313K
of MA of MA
E0m Eom

100% 7.85 7.41 6.85 6.55 100% 7.85 7.41 6.85 6.5
75% 9.32 8.86 7.75 7.05 75% 8.95 8.19 7.88 6.97
50% 11.21 1027 9.56 8.37 50% 10.04 8.98 8.07 7.16
25% 1202 11.01 1012 9.16 25% 10.87 9.74 8.97 7.98
0% 1264 115 1075 9.69 0% 11.24 10.08 9.21 8.19

Ecom Ecom

100% 256 245 24 234 100% 256 245 24 234
75% 263 258 245 2.36 75% 247 238 2.29 221
50% 2.79 2,65 252 24 50% 232 226 217 211
25% 2.86 273 259 243 25% 218 212 2,08 201
0% 292 285 263 245 0% 207 203 1.98 1.04

7(ps) 7(ps)

100% 1 85 53 28 100% 1 85 53 28
75% 95.32 69.36 52,68 3058 75% 94.21 82.14 60.37 49,87
50% 30865 24657  129.97 90.63 50% 30565 28632 15635 12246
25% 49387 35645 24844 18978 25% 587.24 39876 27855 20128
0% 1240 980 740.84 575 0% 13564 10856 86219 6753

g g

100% 0.97 0.94 092 0.89 100% 097 094 0.92 0.89
75% 175 168 154 1.46 75% 186 173 162 155
50% 218 2.05 1.95 1.82 50% 229 215 201 1.93
25% 2.89 272 264 248 25% 296 283 274 261
0% 3.06 2.9 283 276 0% 315 3.08 2.99 284

the length of the alkyl group, and the viscosity of the liquid.
The relaxation time increases with increasing alkyl chain
length, which indicates that the degree of cooperativity for
reorientation of the molecules increases with increasing
length and the bulk of the cluster increases. The relaxation
time increases with increasing chain length in agreement
with the fact that the relaxation time is directly related to the
size of the molecules. %

It was pointed out by Smyth?’ that the relaxation time of a
proton donor must increase as the donor ability of the donor
solute. Our results are in accordance with this conclusion. It
is also noticed that, the 7 value of mixtures lie between the
individual component values, this result further confirmsthe
existence of solute-solvent interaction between the alcohol
and MA molecules.

The relaxation time decreases with increase in temperature
from 283 to 313 K for al the molecules under investigation.
This may possibly be due to the decrease in the molar
volume and the increase in the effective length of the dipole
with increase in temperature and also due to increase in the
thermal agitation and partly due to decrease in the
viscosity.?®

The information related to the solute-solvent interaction is
also given by the Bruggman factor. The effective volume of

the solute gets modified by solute-solvent interactionsand is
best illustrated by the non-linearity of Bruggeman formula?®

Fev = (o £o) (ﬂ:) b =1-x ©)
(€08 — on) \&o

The Bruggeman plots of volume fraction of alcohol versus
Fem for methyl acrylate-alcohols mixtures are given in
Figure 1. It can be seen from these figures that Fgm is not a
linear function of volume fraction of acohol. The non-
linearity of the curves indicates heterointeraction which may
be due to hydrogen bonding of the -OH group of alcohol
with C=0 of the MA .

The structural information about the liquids from the
dielectric relaxation parameter may be obtained using the
Kirkwood correlation parameter g.° This factor is dso a
parameter for obtaining information regarding orientation of
electric dipoles in polar liquids. The g for the pure liquid
may be obtained using the expression

AN p _ (&g—E.)(2&5 *+ E.)
9kT ‘90( 800 + 2)2

4)

where 4 is the dipole moment in the gas phase, p is the
density at temperature T, M is the molecular weight, kis the
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Figure 1. Bruggman plot for (&) MA-1-propanol, (b) MA-1-
butanal, (c) MA-1-heptanol and (d) MA-1-octanol mixtures.

Boltzmann constant, and N is Avogadro’s number.

A modified form of this equation® has been used to study
the orientation of electric dipolesin binary mixtures. For the
mixtures of two polar liquids, say A and B, equation (4) is
modified by assuming that g has become the effective
correlation factor in the mixture. The Kirkwood equation for
the mixture may be expressed as using the following
assumption:

2 2
A7N[ HaPn HePs eff _ (Eom— Eom) (2E0m * Enom)
o g Pat T P|0 = >

)

with ¢a and ¢s as the volume fractions of liquids A and B,
respectively. In equation (5) the values of g™ will change
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from ga to gs asthe concentration of molecule B isincreased
from 0% to 100%.

The calculated values of g using Eq. (4) for dl the
systems at different concentrations at different temperatures
aregiven in Tables 1-4. The effective vaue of the correlation
factor g™ for methyl acrylate is smaller than the correspond-
ing g™ values for different alcohols. The value of g for
pure methyl acrylate is close to unity indicating no dipole
correlation and the g™ values for pure acohols are greater
than unity indicating a high degree of coordinated chainlike
structures. For the mixtures of a coholswith methyl acrylate,
the vaues of g® show an increasing trend with the
increasing concentration of alcohol in al the mixture. This
trend suggests reorientation of neighborhood molecules of
the congtituent polar liquids forming a tendency towards
paralel aignment of dipoles. This conclusion is similar to
that arrived from the variation of dielectric parameters with
concentration. The Kirkwood correlation factor is found to
be an increasing function of the size of the akyl group of
acohols. Thisis probably due to the fact that when the alkyl
group is smal the polar groups are relatively exposed, so
that dipolar interactions may occur between associated
complexes which tend to counteract the coordination within
the complexes.®

At high concentrations of acohal in the mixtures, there are
a large number of alcohol molecules surrounding the MA
molecules. The associative alcohol molecules act as proton
donors enabling hydrogen bonding with the MA molecules.
Thus dipole-dipole interaction occurs in such away that the
effective dipole moment gets increased and linear a-multi-
mers are formed.?® The dipole-dipole interaction is the inter-
action of the—OH group of acohol with C=0 of MA.

At low concentrations of acohol in the mixtures, there are
only a small number of alcohol molecules to enable dipole-
dipole interactions through hydrogen bonding with the non-
associative MA molecules. As aresult, weak intermolecular
interaction occurs.

The information related to dynamics of the solute-solvent
interaction may be obtained by excess properties™ related to
the relaxation time in the mixture. The excess inverse
relaxation timeis defined as

(LD = (UDy— [(UD)pXa + (1 DXg)] 6)

where (1/ r)E is the excess inverse relaxation time which
represents the average broading of dielectric spectra. The
information regarding the dynamics of solute-solvent inter-
action from this excess property is as follows:

Q) (1/7)E = 0: There is no change in the dynamics of
solute-solvent interaction.

(i) (1/ Z')E < 0: The solute-solvent interaction produces a
field such that the effective dipoles rotate slowly.

(i) (1/ Z')E > 0: The solute-solvent interaction produces a
field such that the effective dipoles rotate quickly, i.e., the
field co-operate in the rotation of the dipoles.

The variation of (1/ r)E with volume fraction of MA at
temperatures 283, 293, 303 and 313 K is shown in Figure 2.
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Figure 2. Excess inverse relaxation time versus mole fraction of
MA for (a) MA-1-propanol, (b) MA-1-butanol, (¢) MA-1-heptanol
and (d) MA-1-octanol mixtures.

The excessinverse relaxation time values are negative for al
concentrations and all temperatures and al the systems
studied indicates slower rotation of the dipoles, due to the
solute-solvent interaction form the hydrogen bonded struc-
tures which produces afield in such away that the effective
dipole rotation is hindered.

Conclusions

A dielectric relaxation study on methyl acrylate-alcohol
binary mixtures has been carried out at different concentrations
and four temperatures using Time Domain Reflectometry
(TDR). The vaues of dielectric parameters show systematic
change with increase in concentration, temperature and alkyl

K. Dharmalingamet al.

chain length of acohols. The negative excessinverse relaxation
time values indicate the sower rotation of effective dipoles
of the system. These data provide information regarding
solute-solvent interaction in liquids.
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