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Abstract

. The complex permittivity of sucrose, lactose, maltose and glucose, in water mixtures for vanous concentrations and temperatures

have been measured as a function of frequency between 10 MHz to 10 (iHs using time domain reflectometry techmque Dielectric relaxation

patameters 7 ¢ static dielectric constant and relaxation time were obtamned from the complex permittivity spectra using the nonlinear least squares
tit method  The relaxation behavior of these mixtures are explained by the Debye model. The variation in static diclectric and relaxation time of
sugar in water solution provides, information regarding complete association and hydrophulic character of the solute particle. Thermodynamic

parameters were determined, from the values of relaxation time.
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Carbohydrate is one of the important class of biomolecule
and 1t plays multiple roles in living nature. Carbohydrates
serve as a main encrgy resource, used to maintain the
structural and functional propcerties of cells. They are structural
clements themselves and they participate specifically in
many biochemical reactions. The solution properties of
carbohydrates particularly in aqueous solutions are of
considerable interest, for various aspects of basic rescarch,
because the interactions of these bio-molecules with unique
hydrogen bond network of water is of wide interest currently
in hquid-statc physics [1-3]. Water plays a unique and
Important role in biological processcs. Since biological
process takes place in aqueous media at relatively low
biomolecular concentrations, interactions between
biomolecules and water are ofien confined to an interfacial
Iegion surrounding the biomolecule. It is to be expected that
a fraction of water molecules find themselves in a local
cnvironment interacting strongly with the biomolecule.

Therefore, the increasing interest in biophysical and
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biochemical research is presently being directed toward the
novel subdiscipline termed “Glycobiology™ [4].

Sugars (sucrose, lactose, maltose and glucose) are the
most common carbohydrates and are widely distributed
throughout the biological systems. Suctose is a disaccharide
and is obtained from the sugar cane juice and sugar bects.
Glucose is one of the monomer of the sucrose and is found
in all photosynthetic plants, sugar cane, fruits, seeds, flowers,
honey efc. In disaccharides, two monosaccharide units are
joined together by a a-1,4 glycosidicbond in which anomeric
carbon of one unit and an --OH of the other interacts. Lactose
is disaccharide soley of mammalian origin, found in the milk
of mammals to the extent of 5 percent. Disaccharide, maltosc
derives its name from its presence from malt, juice from
sprouted and other cereal grains. Glucose occurs in the juice
of fruits and in honey and is a common hydrolytic product
of polysaccharides.

Molecular relaxation properties of glucose in aqueous
solutions were studied using Ultrasonic relaxation
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spectroscopy [5] in the frequency range 0.2-2000 MHz.
Dielectric relaxation properties of aqueous solutions of
monosaccharide were studied [6] as a function of frequency
between 300 KHz and 40 GHz. The aqueous solutions of
monosaccharide at thermal equilibrium were reported (7]
using broad band accoustical spectrometry. Ultrasonic
absorption spectra were studied [8] between 100 KHz and
2 GHz for the aqueous solutions of manosaccharide.
Ultrasonic absorption spectra in the frequency range 1-500
MHz were reported [9] for solutions of carbohydrates, both
with without added Ca?* and Ba?' ion. Calorimetric and
dielectric relaxation measurement were studied on anhydrous
glucose and in water mixtures over a frequency range of
1 Hz to 100 KHz [10]. Pissis er a/ | 11] studied the dielectric
behaviour of frozen aqueous solutions of glucose and was
done by the depolarization thermocurrents (DTC) method.
Tait et al [12] reported ac measurement on aqueous glucose
solutions in the GHz frequency range. No diclectric relaxation
study have been reported on aqueous solutions of maltose
and lactose.

The objective of the paper is to report the diclectric
properties of aqueous sugar solutions using time domain
reflectometry technique in the frequency range 10 MHz to
10 GHz over the temperature range of 15°C to 45°C. The
study of dielectric rclaxation of sugar's viz lactose, maltose,
sucrose and glucose in water mixtut es at microwave frequency
may reveal details about their interaction with water.

Sugars (sucrose, lactose, maltose, glucose) were obtained
commercially and used without further purification. The
mixtures of various compositions were prepared by dissolving
sugars in deionised glass distilled water.

The complex permittivity spectra was studied using time
domain reflectometry (TDR) method. Detail of the TDR
experiemental setup and procedure are described elsewhere
[13,14]. A Tektronix 7854 sampling oscilloscope with 7812
TDR unit was used. A fast rising step voltage pulse of 25
psec rise time generated by a tunnel diode was propagated
through a coaxial line system. The sample cell was placed
at the end of coaxial line in standard military application
(SMA) coaxial cell of 3.5 mm outer diameter. All
measurements were done under open load condition. The
sampling oscilloscope monitored the change in the pulse
after reflection from the sample placed in the cell. The
reflected pulses R/(¢f) and Rx(r) have been digitized with and
without sample, respectively with 1024 sampling points, in
time window of 5 ns. For the experiment, a SMA cell with
1.35-mm effective pinlength was used. The reflected pulses
were added and subtracted in the oscilloscope memory and
were transferred to PC/XT system for Fourier transformation
as well as data processing [13,14]. The processing of the data
was carried out tq yield complex reflection coefficient
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spectra p'(w) over a frequency range from 10 MHz (o 10
GHz [15]. The complex permittivity spectra &"(w) w
obtaincd from reflection coefficient spectra p"(w) by applying
the least squares fit method as described in our earli,
publication [16,17].

The interaction between the solute and solvep
molecules and also among themselves, play a vital role j,
determining the molecular structure of a solution. It i
difficult to separate out the relaxation times of solute ang
solvent in the mixture from the dielectric spectra. The Debye
function is generally used to obtain information about the
average relaxation time in the mixture. The function has beey
fitted to the complex permittivity [£*(w) = &' — j&"] spectra
using nonlinear least squares fit method [16,17]. The static
dielectric constant (&) and relaxation time (7) have been
determined by fitting the complex permittivity spectra ¢'(w)
with the Debye equation

8.(0)):3«) +(£0"£w)/(]+jwr) (h

with &y, ras fitting parameters in eq. (1). Since the permittivity
spectra in the present study is the frequency range 10 MHz
to 10 GHz, the &, in eq. (1) as determined from this study
is just a fitting parameter. It was found to be a satisfactor
procedure to keep the value of £, as a fixed parameter (3.5)
for the determination of £y and 7 [16]. The resulting values
of dielectric parameters for sugar-water mixtures at difterent
temperatures are listed in Table 1. The static dielectnc
constant and relaxation time for pure water are in good
agreement with earlicr work [18,19]. These values arc
estimated by assuming 2% errors in the values of &', £" from
the goodness of fit of the data [17]. The variations of static
dielectric constant and relaxation time with mole fraction of
the sugar are shown in Figures 1(a,b). The values of static
dielectric constant decreases as the concentration of maltose.
sucrose, lactose and glucose in water increases. The decrease
in static dielectric constant with increase in sugar in aqueous
solution at high sugar, indicates formation of hydration
sheaths so that water molecules are under the influence of
sugar molecules, resulting in lowering the values of static
dielectric constant. Thus, the decrease in the static dielectric
constant indicates complete association of large amount of
sugar in solution. The relaxation time increases in the
presence of solute in water solution. The increase in relaxation
time in water solutions may be due to the sugar molecules
forming a structure around the water molecule so that it is
difficult for water molecule to rotate. The change in the
variations of relaxation time provides information regarding
hydrophilic character of the solute particle. The trend in the
relaxation time is typically same in lactose and maltose
system while it shows comparatively sharp increase if
case of glucose and sucrose. The dielectric constant &
well as relaxation time decrease with increase in temperaturc.
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Table 1. Temperature dependent diclectric relaxation parameters for sugar-water mixtures.
15°C 25°C 35°C 45°C
conc of
wgar € 7(ps) €, (ps) € r(ps) €, t(ps)
Sucrose
00 83.9 10.7 78.4 83 759 65 713 5.5
02 82.6 1.6 715 153 73.8 14.4 706 13.1
04 78.2 198 74.8 17.6 7.5 16.1 68 7 142
o 76.3 213 73.1 18.9 69.4 17.2 66.9 15.5
08 75.2 26.3 720 225 68.2 196 650 180
10 74.7 304 716 258 67.8 231 647 211
Lactose
00 839 10.7 78.4 8.3 75.9 6.5 73 55
02 75.7 1.3 72.8 9.3 70.7 83 68 1 72
04 728 132 70.5 10.7 68.7 94 67.1 86
06 714 154 694 129 67.5 114 66.7 101
0R 69.2 179 674 16.3 66.5 13.9 654 123
10 66.5 224 64.7 18.2 63.8 159 62.3 142
Maltose
00 83.9 10.7 78.4 83 75.9 6.5 713 5.5
02 78.9 11.2 75.8 10.0 722 87 68.1 7.6
04 752 13.1 73.6 701 9.8 67.0 8.6
06 734 14.2 72.0 12.8 69.4 106 66.2 95
08 72.5 16.8 70.0 142 67.5 124 658 116
10 71.2 19.7 691 18.4 66 5 163 650 147
Glucose
00 83.9 10.7 78.4 83 759 6.5 713 5.5
01 81.7 16.1 771 15.0 74.1 141 70.2 134
04 79.8 17.8 76.9 16.5 73.5 151 69.3 144
07 71.9 20.3 75.8 17.7 713 16.8 687 159
10 76.2 215 753 184 708 173 683 16.6
13 75.9 242 74.8 217 69.5 19.6 67.5 17.8
15 754 307 742 26.7 68.9 230 67.1 20.7
- 85 this is expected because of decrease of density with increase
2. T of temperature.
E %4 A : 15\:::«,: The thermodynamic parameters evaluated by using Eyring
¥ _‘_ i . La equation [20] for sugar-water system as follows :
3 4 ctose
6s. 7 = (W/AT)exp((AH - TAS)/RT), @

0.2 0.4 0.6 08
Mole fraction of Sugar

Figure 1(a). Variation of static diclectric constant with mole fraction of
sugar in water.

where AH and AS are enthalpy and entropy of activation in
kJ/mol, respectively. ris relaxation time, 7T is the temperature
in degree kelvin and A is Planck’s constant. The resulting
values of activation energy as obtained by the least square
fit method are reported in Table 2.

3o
H i Table 2. Activation energies of sugar-water mixtures,
& <
§ 2 K ] # Sucrose Conc. of sugar 4H KJ/mol
: * * n : ® Maltose
i 10 + o n A Loct Sucrose Lactose Maltoge
& _L 0.0 83 83 83
= IO YRR Y 02 47 8.1 74
) ) ’ 0.4 5.7 8.1 8.1
Mole fraction of Sugar 0.6 5.5 8.1 8.1
Figure 1(b). Variation of relaxation time with mole fraction of sugar in 038 12 12 10
Water 1.0 6.7 9.0 8.5
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In this paper, a systematic study of dielectric relaxation
parameters and thermodynamic properties of sugar-water
mixtures has been carried out. The experimental dielectric
relaxation data contains valuable information regarding
solute-solvent interactions in the mixtures. The change in
dielectric relaxation parameters in water solutions provides
information regarding complete association and hydrophilic
character of the solute particle.
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