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We have established the Time Domain Reflectometry (TDR)
technique that provides information regarding dielectric
permittivity in the frequency range 10 MHz to 30 GHz. A time
domain spectroscopy technique has been effectively used to acquire
information on the essential and active parameters of molecular
dynamics. The dimension of complex permittivity of Biomolecules
(i.e. amino acids, enzymes and proteins) in the frequency range from
10 MHz to 30 GHz has been carried out using time domain
reflectometry technique.
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I. INTRODUCTION

The dielectric relaxation spectroscopy has developed
current techniques for mining important information
related to the structure and dynamics quality of
different resources. In this regard, applicable
systematic exertions have been largely enthusiastic to
the dielectric spectroscopy of biomolecules, since
several industrial applications required on monitoring
of the processing excellence. Time domain
reflectometry measurements are based on the
generation of a step-like electrical signal propagating
through a coaxial cable that connects the TDR with
the help of probe. Subsequently, on the analysis of the

deriving reflected signal [1].

Amino acids participate numerous significant roles in
existing systems. The relations between the solvent
and the various basic groups of protein, such as the
amino acid side chains and the backbone peptide
groups, play an elementary role in the structure and
function of proteins in aqueous solutions. Amino acids
are very small biomolecules and the estimation of
building blocks of proteins and enzymes [2].

Enzymes catalyze many biological reactions. The rate
of chemical reaction in the presence of enzymes is, in
some cases, accelerated more than 10 orders of
magnitude relative to the corresponding rate in
solution. The origin of these catalytic effects has been

studied extensively for many years. One hypothesis is
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that enzymes reduce the activation barrier by
removing water molecules and providing a gas phase-
like environment inside the enzymes. It has been
argued that this hypothesis contrasts with the
proposed role of the enzyme active site which
provides favourable electrostatic interactions, such as
hydrogen bonding, between the protein and the
transition state. It has been proposed that enzymes
may act by providing a specific polar environment
that is different from the gas phase [3]. Proteins make
up fundamental machinery of life. Since evolution,
protein adapted to aqueous environment as a result
functional processes mediated by proteins, such as
binding, recognition and catalysis often involve
specific interactions with individual water molecules
carried hydration. Therefore, protein hydration is of
fundamental interest in biology [4].

The dielectric properties of biological systems are very
significant. They typically display extremely high
dielectric permittivity at low frequencies, falling off
in more or less distinct steps with increasing
frequency. Their frequency dependence permits
identification and investigation of a number of
completely different underlying mechanisms, and
hence, dielectric studies of biomaterials have long
been important in biophysics [5]. Dielectric relaxation
is a popular method to probe the dynamics of protein
solutions. ~However, several interesting and
anomalous phenomena observed in the dielectric
eluded
explanation despite a number of studies over decades

6, 7].

spectra  have  surprisingly molecular

In the present study complex permittivity spectra of
bio-molecules their aqueous solutions have been
measured at 25°C using time domain reflectometry
technique. The dielectric parameters such as static
relaxation time have been

dielectric constant,

calculated.
Principle of TDR:
TDR is based on transmission line theory in the time

domain which allows us to study heterogeneities in

the coaxial lines as a function of the shape of test
signal. Dielectric measurements are made along
coaxial transmission line with the sample mounted in
sample cell that terminates the line. TDR dielectric
measurement system consists of step generator which
produces fast rising pulse of the order of picoseconds
[18]. A train of suitable fast rising pulses is applied to a
transmission line, usually a co-axial line with
characteristic impedance 50W. A co-axial line is
connected to sampling device (sample holder). The
schematic block diagram of the experimental setup for
TDR [19, 20] is shown in Fig.1.

DigitalSerial Analyser DSABZ00

R

)
L/

00p 00|

pooot

Sempling Oscilloscope | Display

3

CHa Ce | Oy

> 5 Flatended
coaxial cable

[m ] [om c-.-j[:-:. C

o 1
I‘ o | & { ]
OO O K (P L¢

ULLLLLE A

i

g
&
2

I
i

{
Q

Fig. 1. Block diagram of time domain reflectometry
(TDR)

DSA 8200 Sampling Oscilloscope:

The Tektronix DSA8200 (Digital Serial Analyzer) is
the Sampling Oscilloscope for communication signal
analysis, TDR/TDT/Serial data network Analysis,
acquisition and measurement of repetitive ultra-fast
signals with 80EO8 TDR sampling module, CDROM
and USB port. The DSA8200 is the industry’s highest
fully

reflectometry (TDR) measurement system. Offering

performance integrated  time domain
true differential TDR measurements up to 50 GHz
bandwidth with 15 ps reflected rise time and 12 ps
The DSA8200 Sampling

oscilloscope accommodating up to four dual channel

incident rise time.
true differential TDR modules for fast accurate multi-
The MS-

WindowXP operating system, advanced connectivity

lane impendence characterization.
to third party software and necessary ports is provided

with the oscilloscope
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80E08 TDR/Sampling Module:

The 80E08 TDR/Sampling module provides two
accurate oscilloscope measurement channels (CH:1 &
CH2) with user selectable bandwidth of 20 GHz and
30 GHz. The high bandwidth mode provides high
fidelity display and measurement of very high-speed
waveforms. It is capable to performing both single
ended TDR/TDT measurements. The experimental set
up as shown in Fig. 1. It consists of Tektronix
DSA8200 Sampling Oscilloscope, TDR module 80E0S,

and a transmission line and sample cell.

II. Data Analysis

A repetitive fast rising 250 mv voltage pulse of 200
KHz with 18ps incident rise time was fed through
coaxial line system of impedance 50 ohm. Sampling
oscilloscope monitors changes in step pulse after
reflection from the end of line. Reflected pulse
without sample Ri(t) and with sample R«(t) were
recorded in time window of 5ns and digitized in 2000
points. The nature of the pulses with and without

sample is as shown in Fig. 2.
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Fig. 2. Reflected pulses without sample [R1(t)] and
with sample [RX(t)].

These pulses are added [q(t) = Ri(t) + Rx(t)] and
subtracted [p(t) = Ri(t) - Rx(t)]. Further the time
domain data have been converted to frequency
domain using Fourier transformation. Summation and

Samulon methods were used to obtain the Fourier

transformation of p(t) and q(t), respectively, up to
30GHz. The frequency dependent complex reflection

coefficient spectra p*(w) calculated by the equation as

p*(w) =(c/jood)[p(w)/q(c)] (1)

where p(0) and q(0) are Fourier transforms of p(t) and
q(t) respectively, O0is the angular frequency, d is the
effective pin length, c is the velocity of light and j =
01 . Complex permittivity spectra I*(0) were obtained
from reflection coefficient spectra p*(w) by applying

the bilinear calibration method as shown in fig. 4.
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Fig. 4: Complex permittivity spectra vs. Frequency
(Hz) of Hemoglobin (Hb) in various pH
at 25°C.

The complex permittivity spectrum of the aqueous
solution is an asymmetric shape and it is determined
by the Havriliak-Negami (HN) equation. The complex
dielectric permittivity data were fitted to a HN model
using nonlinear least squares fit method in order to
extract dielectric relaxation parameters with the

following expression [8].

&y — &,
2)

SO T wry T

Where o is the static dielectric constant, &, is the

permittivity at high frequency, t is relaxation time.
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The o and P are symmetric and asymmetric
distribution of relaxation times, respectively.

The dielectric loss (00) peak shifted towards the lower
frequency with increasing the number of carbon
atoms as shown in fig. 4. It is well known that the
dielectric spectrum of water can be well represented
by a Debye type relaxation. The spectrum for the
biomolecule solutions also exhibits one relaxation
region only. The static permittivity is smaller than
that of the pure solvent and also lower is the
relaxation frequency of the solutions. The values of
static dielectric constant (00), dielectric relaxation

time (0) are reported in Table 1.

Table 1: Dielectric relaxation parameters for

Biomolecules.
Dielectric Relaxation
Sr. S Constant (o) time
No. ystems * (ps)
Exp. Lit. Exp. | Lit
1. | Water 78.09 | 78.09' | 8.31 | 8.38!
2. | Hemoglobin | 49.23 | 49.53> | 831 | 8.64?
(7.1 pH)
3. Bovine 5991 | 60.513 | 8.02 | 8.58°
Serum
Albumin
(7.1 pH)
4. | Alpha 51.21 | 51.62¢ | 7.41 | 7.79*
Amylase (7.1
pH)
5. Glycine 101.88 | 101.90° | 14.10 | 14.105
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III.CONCLUSION

The experiment setup has established and developed for the

measurement of dielectric constant of biomolecules using

The

constant

time domain reflectometry technique. Complex

permittivity spectra, static dielectric and
relaxation time for bio-molecules have been studied at 25°C
using time domain reflectometry technique in the

frequency range of 10MHz to 30GHz.
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