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CHAPTER 1 

INTRODUCTION 

Microwaves are a part of electromagnetic spectrum and their band 

extends from 300 MHz to 300 GHz. These nonionizing radiations have 

relatively short wavelengtl:s and high frequencies compared to extremely low 

frequency fields. Microwave radiations are emitted by the air tmffic controi 

systems, defence, radar, earth satellite, television broadcast systems to name a 

few. This has led to the introduction of a newfound dimension to understand 

the effect and mechanism of EMF- biointeraction. While this issue is still in a 

mode of serious discussion microwaves has found its way into medication, 

communication and domestic use. Medical diathermy devices, microwave 

ovens and above all the mobile cell phones are now in ever increasing use. To 

understand the basic mechanism of interaction knowledge of dielectric 

parameters of biomolecuies under physiological conditions is one of great 

concern. DNA damage have been reported which may be due to (1) signal 

transduction (2) free radical production (3) shifts in electrons within DNA 

molecules (4) and stress response. 

Biomolecules are responsible for various important biological functions 

of living body. DNA, Cytochrome, Ribonucrease, Lysozyme, Trypsin, Pepsin, 

Albumin etc, are some important biomolecules. Under constant voltage, 

molecular dipoles in the dielectric tend to orient themselves along the electric 

field E and it is characterized by the dielectric constant E. 



, The dielectric constant of a substance varies with (i) its composition (ii) 

physical structures (iii) temperature and (iv) frequency. Since different 

biological molecules have different structure, the complex dielectric constants 

at different frequency can be used for its characterization. 

AIMS & OBJECTIVE 

The primary purpose of this work is to measure the concentration and 

temperature dependence on dielectric parameters of biomolecules in solution. 

The effect of changes in the dielectric constant of the solvent and on the 

dielectrics properties of solution are expected to provide us information about 

the mechanism of dielectric relaxation. In the present work we have studied two 

biomolecules DNA and Lysozyme. Some details about their structure and 

functions are mentioned below. 

DNA: 

Deoxyribonucleic acid is the acronym of a biomolecule DNA. Nucleic 

acids are high molecular mass polymers formed of pyrimidine and Purina bases, 

a sugar, and phosphoric acid backbone as shown in Fig (1). Nucleic acids are 

built up of nucleotide units which are composed of sugar, base and phosphate 

groups in helical conformation. Nucleotides are linked by three phosphates 

groups which are designated a, 13 and y. The phosphate groups are linked 

through the pyrophosphate bond. The individual nucleotides are joined together 
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by groups of phosphates that form the phosphodirster bond between the 3' and 

5' carbon atoms of successive sugars Fig. (2). 

Figure I The right-handed helical conformation of DNA. 
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Figure 2 Single strand of DNA and the phosphodiestei.· and glyc.osidic bonds. 



These phosphate groups are acidic. Polynucleotides have a hydroxyl 

group at one end and a phosphate group on the other end. Nucleosides are 

subunits of nucleotides and contain a base and a sugar. The bond between the 

sugar and base is called the glycosidic bond as shown in Fig. (3). The base can 

rotate only in sterically permissible orientations about the glycosidic bond. 

The helix is formed from two strands. The bases in adjacent strands 

combine by hydrogen bonding, an electrostatic interaction, with a pyrimidine on 

one side and purine on the other. In DNA the purine adenine (A) pairs with the 

pyrimidine thymine (T). The purine guanine (G) pairs with the pyrimidine 

cytosine (C). A hydrogen bond is formed between a covalently bonded donor 

hydrogen atom that is positively charged and a negatively charged acceptor 

atom. The A-T base pair are associated by two hydrogen bonds, whereas C-G 

base pairs associate by three hydrogen bonds. The base pair sequence is the 

carrier of genetic information. 

The DNA molecule has a net negative charge due to the phosphate 

backbone. When dissolved in a cation solution, some of the charge of the 

molecule is neutralized by cations. The double stranded DNA molecule has 

little intrinsic permanent dipole moment as shown in Fig. (4). The reason is that 

the two strands that compose the helix are oriented so the dipole moment of one 

strand canceis the other. 
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Figure 4 Permanent dipole mom':'nts of molecules. Tn (a) the charge in the r..arbon 

dioxide molecule is depicted. (b) depicts the cancelation of the dipole moments in 

carbon dioxide. (c) and (d) describe the dipole moment of the water molecule. 
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When DNA is dissolved in ~ solvent, ::;uch as saline solution, an induced 

dipole moment forms due to reorganization of charge into a layer around the 

molecule called the counterion sheath. 

By us~ng X-ray diffraction Watson and crick studied that the stru.-;ture of DNA 

is in the form of a doubie stranded helix. Also nuclear magnetic resonance 

(N1viR) experiments reveal a lot about its structure. Types A and B DNA are in 

the form of right-handed helices. Type Z DNA is in a left-handed conformation. 

A transition from type A to type B DNA occurs when DNA is dissolved in a 

solvent. Double-stranded DNA is not a rigid rod, rather a meandering worm­

like chain. The DNA molecule as a whole is very stable. 

The helical form of the DNA molecule produces maJor and mmor 

grooves in the outer surface of the molecule. There are also bound water 

molecules in the grooves. Many interactions between proteins or protons with 

DNA occur in these grooves. 

The interaction of the counterions with the DNA molecule has been a 

subject of investigations. Some of the counterions bind to the phosphate 

backbone with a weak covalent band. Other counterions are more loosely bound 

and some may penetrate into the major and minor grooves. The ions become 

bound near charges in the DNA molecule and a double layer forms. The ions 
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attracted to the charged DNA molecules forms a counterion sheath that shields 

some of the charge of the DNA as shown in Fig. (5) (Gulbrand et. al 1989). 

+ + Counter 
+ ~ lonl!' 

+ + 
+ + 

+ 

+ + 
+ 

-+-
+ + 

+ 

+ + 

'DNA 

Figure 5 Counterions and DNA molecule. 

The counterion sheath around a DNA molecule is composed of cations 

such as Na or Mg, which are attracted to the backbone negative phosphate 

charges. These charges are mobile and oscillate about phosphate charge centres 

in an applied electric field. A portion of these ~unterions is condensed near the 

surface of the molecule whereas the vast majorities are diffusely bound. The 

condensed counterions bind with the phosphate backbone charges in a weakly 

covalent bond. In this bond, the outer S-shell of the counterion may hybridize 

with the S and P shells of the phosphate oxygen (Saxena et al. 1992). The 

dielectric relaxation of DNA in ethanol also showed the counterion-dipole 

theory of relaxation (Sakamoto et al. 1979). Her~ the microwave dielectric 

study of DNA provides valuable information regarding solute-solvent 
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interactions. The magnetic fields· due to microwaves interact with conducting 

electrons in the stacked bases of the DNA. Such interaction may alter the gene 

function by altering the conformation of the DNA. 

The dominant churges on the DNA molecule are from OX) gen atoms in 

the phosphate groups located on the outer surfaces of the helix. 

Renugopalakrishnan and Lakshminarayanan, (1971) studied the charges on 

DNA. 

Bases are stacked vertically by vander waals forces, which originate in 

the attraction of induced dipole moments between atoms as shown in Fig. (6). 

(a) (b) 

Figure 6 Origins of hydrogen and van der Waals bonds. In {a) the attractive force 

between dipoles is depicted. In (b) the attractive force between water molecules due to 
charge separation is shown. 
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Hydrogen bonding bctv•ccn bases originates from the attractive force 

between dipole moments and requires the dissociation of a water molecule. The 

bond strengths of various bonds are shown in the table given below. 

Bond Type 

Covalent bond 

Ionic bond 

Hydrogen bond 

Vander Waals 

Binding energy (J/mol) 

-2.8 X 105 

-1.8 X 105 

-1.8 X 104 

-2.8 X 103 

The helix strands can be either separated by heating the DNA solute followed 

by quenching or by decreasing the ionic strength of the solvent The reaction of 

strand separation is called melting denaturation. 

The modeling of the helix-coil transition requires analysis of 

polyelectrolyte theory coupled with free-energy considerations. If the strands 

separate, they will coil. Single stranded DNA in a rigid oriented state has a 

permanent dipole moment due to the alignment of the positively charged amide 

groups. Takashima, S. (1966), in his study of dielectric dispersion of 

deoxyribonucleic acid showed that coiling severely decreases the net permanent 

dipole moment. Single stranded DNA has a permanent dipole moment of 

approximately 20 D per base and bases are separated by 0.34 nm. (1D =3.33 x 

10-3° Cm.) 

10 



On the other ; hand Double stranded DNA possesses a large induced dipc!e 

moment due to counterion atmosphere of the order of ·thousands of Debye. 

Hogan et al. (1978) also confirmed the above result. 

The induced dipole moment J.1 in an electric field E in defined in terms of the 

polarizab!lity J.1 = a. E. 

Oosawa, ( 1970) from statistical mechanical me~.ns calculated the mean-squared 

dipole moment <J.12> and a as: 

a= d(J.L)E=O = (f.l
2
t=O 

dE k8 T 

The above expression clearly shows that polarizability is a result of fluctuations 

in the dipole moment. Hanss, and Bernengo, (1973) in his study of dielectric 

relaxation and orientation of DNA molecules have measured a small permanent 

dipole moment for DNA. When alternating field is applied, the symmetry of the 

molecule may be deformed slightly to produce a small permanent dipole 

moment. Plum and Bloomfield, in his study showed that small permanent 

dipole moment is due to attached charged ligands such as proteins or 

multivalent cations. These ligands produce a net dipole moment on the DNA 

molecule by breaking the symmetry. 

It has been proved that DNA molecule possesses both induced dipole moment 

and permanent moment. Obviously the response of these dipole moments are 

different in an external applied field. 
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Hogan et al. (1978) in his study of transient electric dichroism of DNA 

molecules calculated how much of the relaxation of the DNA molecule is due to 

induced dipole motnent and permanent dipole moment. 

The potential energy of a permanent dipole moment at an angle e to the E is 

gtven as. 

U = -pEcos9 

where as for the induced dipole moment, potential energy is given as U= -!1aJ2 

(E2 cos2 9) where 11a is the difference in polarizability along anisotropy axes 

of the molecule. The majority of the moment was induced rather than 

permanent. 

Crothers, ( 1994) studied the effect of charge imbalance in DNA strands for 

DNA bending. Single stranded DNA bends when attached proteins neutralize 

one side of the DNA molecule. Repulsions between negative phosphate charges 

in the rest of the helix cause bending. This bending is responsible to cause a 

permanent dipole moment as the phosphate charge balance is changed. 

Our interest lies :n dielectric behaviour of DNA in solution. A lot of study has 

been undertaken on dielectric properties of bound water and polyelectrolytes 

around DNA. The region close to the DNA molecule has a low dielectric 

constant and a fixed charge. The region far from the molecule has a dielectric 

constant close to that of water. Lamm, ( 1997) studied the variation of dielectric 

constant in the grooves, near the surface, and far away from the DNA molecule. 

The permittivity depends on: 

(i) Solvent Concentration 
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(ii) Distance from the molecule 

(iii) Boundary effects and 

(iv) Dielectric field saturation 

The variation of diekctric constant with position s~gnificantly alte1 s the 

predictions for the electric potential in the grooves regions. Besides the basic 

H20 triad structure of the water molecule there are also hydrogen-bonded 

networks created by dipole -dipole interactions which form hydroxyl (OK) and 

hydronium (H30+) ions. The dielectric constant of water is about 80, whereas 

biological water contains ions which affect both the real and imaginary parts of 

the permittivity. Water bound in proteins and DNA has a decreased 

permittivity. The reason may be due to constraints on the movement of the 

molecules when they are attached to biomaterials. 

Maleyev et al. (1993) in his study of physical properties of the DNA water 

system estimated that DNA contains 5 to 20 bound water molecules per base 

pair. Some of the bound water in the minor and major grooves of DNA located 

on the charged nitrogenous bases and forms an aqueous bridge Fig. (7). This 

water is tightly bound and rotational motion is constrained in response to 

oscillating electric fields and hence has a lower dielectric constant. Water 

molecules are also bound to the negatively charged phosphate groups on the 

exterior of the helix. 
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Figure 7 Water backbone in the minor groove of B-DNA. W denotes water molecule, 

dashed lines used for hydrogen bonds in base pairing. The water molecules are around 

the phosphate groups. 
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Lysozyme: 

Lysozyme is the lytic enzyme that cleaves the glycosidic bond. It is a 

small protein, basic (isoelectric point) and stable. It was the first enzyme 

cont~i11ing all the 20 usual amino acids to be sequenced. This enzyme is of 

pammount importance in biochemistry and biophysics. Lysozyme is widely 

distributed in na~e, so some biologieal functions other than its primary anti-

bacterial action are expected. Lysozyme is effective against bacterial and viral 

infections and also shows a.'ltiphlogistic activity in a number of pathological 

conditions. Lysozyme is also responsible for immune-stimulating actions, hence 

used as a medicine and digestive enzyme in certain cases. 

Fig. 8(a) the three-dimensional structure of hen lysozyme. Resi 
Glu35 and Asp52 are shown as the catalytic groups. 
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The three dimensional structure of lysozyme is shmvn diagrarrunatically 

in Fig 8a. The structure adopts a mixed alP fold. A deep active site cleft divides 

the molecule into two domains; one is almost entirely p sheet structure, the 

other is a. - helix rich and consiets of the N- and C-terminal segments. The two 

domains are linked by an a.-helix. 

Lysozym~ hydrolyses P-1, 4-glycosidic bonds betweer: N­

acetylglucosamines, and chitin derivative can be used as substrate. This also 

hydrolyses the P-1, 4-glycosidic bond between N-acetylmuramic acid and N­

acetylglucosamine residues in polysaccharides. 

The X-ray crystal structure of lysozyme has been determined in the 

presence of a non-hydrolysable substrate analog. This analog binds tightly in 

the enzyme active site to form the ES complex, but ES cannot be efficiently 

converted to EP. It would not be possible to determine the X-ray structure (Fig 

8 b.) in the presence of true substrate, because it would be cleaved during 

crystal growth and structure detennination. 

The active site consists of a creVIce or depression that runs 

across the surface of the enzyme. Many hydrogen-bonding contacts between the 

substrate and enzyme active site that enables the ES complex form. There are 6 

subsites within the crevice, each of which is where hydrogen-bonding contacts 

with the sugar are made. In site D, the conformation of sugar is distorted in 

order to make the necessary H-bonding contacts. This distribution raises the 

energy of the ground state, bringing the substrate closer to the transition state of 

hydrolysis. 
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Fig. (8b) X-ray crystal structure of lysozyme 
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CHAPTERD 
LITERATURE REVIEW 

Ise, et al. (1963) in his study on the electrostatic potential of B-DNA has 

predicted by numerical modeling that the dielectric constant of solvent (water) 

has a critical role. This model shows that small ions can penetrate into the 

minor and major grooves. Hence there is a stror.g relationship between 

dielectric behaviour and solvent concentration. In another study Bonincontro, et 

al. (1988) analysed that the phosphate groups are far apar! and the water 

molecules are arranged independently around the phosphates. In type A DNA 

the water molecules form a continuous water bridge between the phosphates. 

Similarly, in type Z DNA, water molecules form bridges between amino groups 

in bases and oxygen in the phosphate groups. 

The dielectric relaxation in DNA occurs in the range of 1 to 100 Hz, 

another relaxation was found in megahertz region. This is primarily due to 

movement of condensed counterions bound to individual phosphate groups. 

There are many types of motion of DNA molecule in the electromagnetic field 

such as propeller twist occurs when two adjacent bases in a pair twist in 

opposite directions. In breather mode, two bases oscillate in opposition as 

hydrogen bonds are compressed and expanded. Other motions of the base pairs 

of the DNA molecules are roll, twist and slide. 

In the adjoining fig 2.1, the dielectric relaxations of DNA are shown in 

whole frequency range. 
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Figure 2.1 Dielectric relaxations of DNA. 



Takashima, S. (1984) in his study of dielectric dispersion of DNA has proved 

that denatured DNA tended to coil. As a result there is decrease in effective 

length and hence also dipole moment As single stranded DNA is considered to 

be rigid, relaxation would occur in the low megahertz frequencies. 

TJet us discuss the mechanism involved in the polarization relaxation. Torque 

experienced when dipole is placed in electric field in given as r = p X E . 

Longitudinal rotation relaxation time is given as 

kL 
t =--

1 2k T 
B 

where k is a constant, 

k8 is Boltzmann's constant 

L is length of the molecule. 

So, t 1 is found to be proportional to L. Considering the case when the dipole 

moment is parallel to the major axis. This will occur when there is excess 

charge on the dipole ends. This is shown in Fig. 2.2. Now in this case end over 

end rotation will occur. Here relaxation time t is given as 

;rq/3 
tz = -----=---

6kT[Jn(l I b)- r] 
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where 11 is viscosity and b is radius. Here we observe that relaxation time varies 

as L3
• Here we find that dielectric relaxation is dependent on molecular mass. 

However, this is not in good agreement with the experimental result as in reality 

DNA a molecule is never found in a rigid rod structure. 

Moment 
Axis of .--·~----+-----------·-··--·=··= ... +---+-----+·-------······· . i 

Dipole 

. . · ·. +++ ,-.,- ·. 
Rotat1on / \ + + + + + + + + . \ 

: ~+I +I I I + : 
• • • • 

U ; ••• 81 I o, 1. l 
~ -ff1 l+t ++I I +I+ f : : ,+ ,+ + + : 
\ /+ I I I I I / 
' ......... ._~_ ------- ~ --------- .. -------------- .. ------- ........ ------ --· ---- -----"# 

r End over End 
Axis of Rotation 

I 
. -· --~:-+ ·-·. ·-*"". -·----.--.---.... -... ------ -----... -·.--- --. ··-. . . + + . 

/+\+ + ++ +,+ \ 
: ~++I+ I ..-_11.1 + .. ~ : +, ~ I : 

~ +- .... 1 ••• ~. j 
: + +: I • 1 + + I +I + I : ·. • + +I : .. :4- + + . : 

\ .• _./ __ ~----~---% •.•• P..'PC?.!~_M_C?.!TI~_r)_~-·----·-------··_.. 

Figure 2.2 Torques on dipolar, rigid rod. 
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Sakamoto et al. (1976) in his study of dielectric relaxation of DNA in aqueo\ls 

solutions found that the dielectric relaxation time varies in proportion to the 

square of the length of the molecule. This is quite in good agreement with 

experimental result as obtained by other researchers. Hence here contradiction 

occurs. 

Edwards et al. (1994) in his study of structure in the electric potential emanating 

from DNA molecule had considered the charges to be resided only on the sugar 

phosphate backbone and bases. Here molecule was represented in there 

concentric cylinders. The inner one was molecule, the middle one counterions 

and the outer layer represented the solvent. The charges from the phosphate 

backbone were assumed to reside on the outer surface of the inner layer. In this 

study the skin depth was found to be of the order ofO.S nm. 

There is a great impact of solvent concentration and cations on the 

dielectric constant of DNA. With the increase in solvent concentration, 

phosphate charges get neutralized. Hence dielectric increment decreases. 

There are a lot of study on the use of both monovalent and divalent 

metal cations in DNA solvent such as Nacl, cuch, dyes, pb, cd, zn etc. Duguid 

and Bloomfield, in his study found that the dielectric increment decreased for 

divalent cations. Dyes neutralize charge and stability depends on the cation 

concentration. Its concentration determines the dissociation of the DNA 

molecule. Sakamoto el al (1980) analysed the impact of concentration of salts 

and dyes on dielectric relaxation of DNA solutions as described in the adjoining 

fig 2.3(a, b,c) 
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Figure 2.3a Dielectric increment versus mol/P where P is number of phosphate residues 
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Figure 2.3b Dielectric increment and relaxation time vs concentration of DNA Cp. 
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Fig ,~2.3C Effect of cations on relaxation time and dielectric increment 

Nucleohistones and protamine-DNA complexes occur in somatic-cell nuclei of 

mammals. So its study is of paramount importance. A lot of research was done 

on the dielectric properties of nucleohistones and DNA. Histones and 

protamines are tightly bound in the major groove of the DNA molecule. They 

produce stability in the double helix by neutralizing some of the phosphate 

charges. Hence melting temperature is increased. As studied there is tight 

binding of protamine in the major groove. Thus the denaturing temperature of 

DNA in protan1ine increases. One of the applications of protamine to be use•1 as 

a cation in DNA solution is due to its capability to stabilize DNA. 

Galindo and Sokoloff, (1996) in his study found a mathematical expression for 

helix melting temperature in saline solution in degree Celsius as 

T= 100.3 +14.8/n Cp 

where Cp is concentration in moles per litre. 
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DN1\ in a saline solution melts at a lower temperature than m protamine 

solution. 

Bonincongtro, et al. (1989) have found the effects of protamine sulphate and 

arginine on dielectric relaxation both as a function of temperature and a over a 

large frequency large. They also observed the dielectric rela.~ation behaviour. 

The sulphate decreased the induced polarization by neutralizing phosphat~ 

charges. It was observed that the binding of protamine to DNA reduced the 

number of water molecules in the DNA complex. As protamine is a major-

groove binder it tends to exclude bound water from the groove. (}i'ig 2.4) 

Figure 2.4 Six arginine residues bound to DNA; only the phosphate groups of the DN_A 
molecule are shown. 
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Activ<ltion enth<llpy was also estimated by the mathematical expression: 

1 k - = -exp(~ I R)exp(-lllf I RT) 
r r 

where&-!= enthalpy of activation energy. 

L1S = molar entropy of activation energy. 

K is a constant. 

Galindo, et al. (1996) in his study on DNA also concluded that dielectric 

properties depend on cation concentration and temperature of the solvent. 

Stronger concentrations yields a higher dissociation temperature. The reason 

behind this is the screening of the phosphate charges by the saline solution. The 

molecule is having different free energy in different configurations. In thermal 

denaturation counterions are released from the molecule as the strand separate. 

Hence conductivity of solvent increases. 

So far as conductivity of Biomolecule is concerned they have semi-conducting 

properties. Bakhashi, (1994) studied electronic conduction in protein and DNA 

and elaborated a lot about their properties. The semiconducting properties 

originate due to internal charge transfer mechanism. Two types of periodicity 

exist in DNA molecule ( 1) the phosphate backbone is periodic (2) the base- pair 

sequences are aperiodic. DNA also contains counterions and bound water. 

Periodicity promotes semi conductivity. In DNA the periodic component of the 

base pairs produce band gaps and the aperiodic component of the base pairs acts 
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as impurities in the band gap found by the phosphate backbone. The valance 

and conduction band gaps are between 0.3 e.v. to 0.8 e.v. 

Risser and Beratan, (1993) in his study have proved electron transfer 

single-stranded DNA. Similar studies were conducted by other researchers too. 

Stemp et al. (1995) in his study confirmed the above results. Investigations 

were carried out in other biomole~ules too. Bakshi in his study (1994) on 

biomolecule had analysed the whol~ phenomenon lucidly. He found in proteins 

that there were two main areas of ch1rge transport. The charge transport is in 

the main polypeptide chains. The conduction through the main polypeptide 

chain dominates over the hydrogen bond mechanism. Electron transfer 

phenomenon in biomolecule is of prime importance as it is directly related to 

the damage at molecular level. 

Hanlon et al. (1996) in their study found a larger density of protons in the minor 

groove than in the counterion solution surrounding the molecule. Many proteins 

attached to the DNA would not function normally with large charge transfer. If 

high charge transfer occurs then there will be permanent molecular damage. 

Recently, Blank and Goodman, (1997) studied the phenomenon of 

interaction of DNA with electromagnetic field. They found electromagnetic 

fields stimulate biosynthesis in biomolecules especially in DNA. Recent studies 

shows that magnetic fields play a role in gene activation. This may be due to 

strong charge transport in DNA interacting with applied magnetic fields. The 

gene 3egment can be localized through charge transfer by bending of base pairs 

and also by enzyme interaction with base pairs. 
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found that conductivity was increased due to increase in water content in the 

solvent. The temperature dependence on the conductivity of biomolecules is 

governed by this equation: 

where KB is Boltzmann's constant 

Tis the absolute temperature. 

This is found to be independent of molecular mass. Pedone, ( 1999) in his study 

on dielectric relaxation on DNA found that the reason for this is due to the 

motion of condensed ions within a subunit of the DNA molecule. The y 

relaxation is found to be around 18 GHz. This may be due to water molecule. 

There are significant differences between the permittivity of the solvent and 

solutions containing DNA 

Takashima, S. (1984) found that DNA in its stretched state possessed a dipole 

moment oriented transverse to the axis. The phosphate group produces a 

permanent transverse dipole moment of about 20D per 0.34 nm base pair 

section. Hence net dipole moment is significant. As the base pair twist, the 

dipole moment decreases. 

Poisson-Boltzmann Applied to Model the DNA Helix 

It is possible to use the Poisson-Boltzmann equation to study the counterion 

atmosphere around the DNA helix by assuming a charge distribution or 
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potential on the helix surface. A number of models have been developed to 

study the helix and helix coil transition. For example, the model by Galindos 

assumes a counterion atmosphere and a helix of infinite length with constant 

charge density distributed evenly on the surface. In this study they assumed 

two cylindrical layers. The first layer contained the condensed counterions and 

in the second layer, the diffuse counterions. Thi3 is an approximation since 

most of the charge actually occurs in the phospha~e groups in the backbone. 

Each phosphate sugar group was assumed to have one electron of extra charge. 

The boundary conditions on the surface of the DNA at r =a are Gauss' law 

dr (a)= 2:1' 

and the vanishing of the field at r ~ oo 

lf!(oo) = 0 

qt = Li/b, where b is the length of the cylinder over which the charge is 

distributed and Lb is the Bjerum length. The solution in this case for the 

potential around the helix is 

where Eb and Es are the dielectric constants of the bulk solvent and solute and A 

and !30 are constants which are determined by the boundary conditions. It is 

29 



important to realize that the dielectric constant near the surface is different than 

it is far away from the surface. The state of conformation is determined by 

minimizing the free energy. 

According to the model, repulsive electrostatic forces from the excess of charge 

on one face of the helix act spontaneously ~o create and maintain compression 

of the opposite helix face and hence bending of the double helix. 

DNA molecules that are bent or curved are anomalous m electrophoretic 

mobility. Curved molecules run more slowly than straight ones. Strauss and 

Maher exploited the technique of comparative electrophoresis to determine the 

direction and magnitude of the DNA bend that results from selective charge 

neutralization. 

There are a number of models for DNA polarizability. The model 

developed by Mandel overestimated the counterion-induced polanzability. 

Since it neglects counterion repulsion. The model of Manning predicts an 

increase in polarizability with increasing solvent concentration in contradiction 

to experimental result. Polarizability decreases with increasing solvent strength. 

Probably this is due to phosphate charge neutralization by the increased 

concentration of counterions. Polarization also decreases with increasing 

temperature. 

A lot of study was done on theoretical modeling of denaturing of DNA. 

Yakushevich, (1989) has given a simplified model of DNA In this model the 

bonds were modeled by springs. Muto, et al. (1990) in his study assumed the 
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helix backbone to be con~posed of anharmonic Tada potentials between 

nucleotides and Lennard-Jones potential for the hydrogen crosslinks. 

Bonds were modeled by potentials and the coupled -force problem was 

solved. The solutions to the differential equations are thermal solitons. 

When DNA is put in a solvent there arises a layer between DNA and liquid 

smaller electron affinity will acquire greater positive charge. The potential 

difference will attract ions of opposite charge to the surface and repel like 

chargrs. The !'"~0tential fmm the surface decreases as 'I'( X)= r;t,, e"Xp(-xI).) 

where f._ is the skin depth. The solution to the above eqn. was given b) the 

Dukhin and Shilov. A detailed analysis of the counterion atmosphere and 

dielectric relaxation \-vas given. 

Simple Model of Dipole Moment: 

The dipole moment of polymer molecules ts usually mot:lekd by a set of 

charges that are connected by flexible links. In this section, we review a model 

for the dipole moment of a string of rigid rods. (Fig 2.5) 

Figure 2.5 Polymer chain of dipoles of moment 11-p· 
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The net charge at positions 'i is q8ni = q(ni- < n > ), where q <n> is the mean 

value of charge distribution. The net dipole moment is 

Jl = Lq(r; -ra)8n; 
i 

where the center of mass for N links is 

The mean-squared moment is 

<p 2 >=<q2 LL(r; -ra)(ri -ra)on;oni >. 
i i 

This is approximately 

< JL2 >= q2LL('i -ra)(ri -ra) < 8n;onj >. 
i i 

If we apply this model to the double stranded DNA helix and assume there is a 

probability a 8 of an ion binding at a site, then the correlation function for the 

charge distribution can be approximated by: 

We then have 
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This model correctly predicts the dependence of the dipole moment on the 

length of the polymer but not on the temperature dependence. In the next 

section we will generalize this model to get correct t~mperature dependence. 

Dipole Moment, Permittivity, and Relaxation Time: 

Minakata developed a comprehensive phenomenological model for discrete 

counterion binding on rod like polymers. It includes three different types of 

counterion binding sites. This model is important as it correctly predicts a 

number of the important measurable quantities in the relaxation process. The 

mean squared dipole moment is defined as: 

ij if 

where n is the number of bound ions at a specific site, ll2n =< n2 > 2 and 
I I > 

where B is the ratio of the internal to external fields, L is length of the molecule, 

and N is number of polyions per unit volume. The important result of this 
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model is that it corre.ctly predicts the dielectric increment to be proportional tu 

L 2 and temperature dependence to be of the form 1 IT. 

Another model developed by Sakamoto relates dipole moment of the counterion 

sheath to dielectric increment from counterion fluctuation theory and agrees 

well with experiment. 

Sakamoto defined the dielectric relaxation time m terms of the maxtmum 

frequency fm in the loss spectrum by TD = l/2rcfm· Fro double stranded calf 

thymus DNA, TD was proportional to the square ofthe molecular mass ofwater 

Mw and the mean dipole moment was proportional to Mw312 and the mean 

dipole TD ::::: 2 Tz, where Tz = 0.42 Mw llredRT is the Zimm viscoelastic 

relaxation time. Here lls is solvent viscosity and llred is the reduced viscosity. 

Levstik et a!, ( 1999) examined the dielectric relaxation of hydrated 

proteins. The hydration water of proteins is essential to biological activity. 

Proteins are inactive in the dehydrated state. They begin their biological activity 

when their hydration level reaches approximately 0.2 g of water per g of 

protein. Water molecules are hydrogen bonded to the protein, which induces 

some drastic departure from the properties of bul~ water. Dielectric 

measurements provide important information about this bound water. Water 
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molecules are highly polar and they . form a network on the surface of the 

protein along which electrons can be transferred. The formation of this network 

with long-range connectivity has been detected as a perlocation transition when 

the water content approaches 0.5 g/g of protein. 

When temperature is reduced, the proton mobility slows down. Careri 

et al, 19~5 studied hydrated lysozyme powders in the frequency range 10 l(I-Iz 

to 10 MHz. In this frequency range protonic conduction is at the origin of the 

dielectric relaxation. Kunst, et al 1991 also found that the proton mobility is 

dependent on temperature in ice. When temperature is reduced, the proton 

mobility slows down. The building block of a model for hydration water is a 

description of the water molecule in order to investigate the structure of water 

patches on the surface of a weakly hydrated protein. The interaction between 

two water molecules is described by a leonard-jones potential between the 

molecule centres and electrostatic interactions of effective charges associated to 

the protons and the oxygen. 

The results of the dielectric measurements which exhibit long-range 

charge transport on the protein surface suggest that in the studies of protein 

activity and folding, the rate of charge transport should not be neglected. 
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CHAPTER ill 

Theoretical Background 

The dielectric properties of a biological system determine the coupling and 

absorption of non-ionizing electromagnetic energy into the system. Although a 

complete description of the dielectric charge distributions in the molecule is not 

available, but they have advantage that they are accessible albeit indirectly from 

the experiment. These properties can be calculated from the wave functions of 

the molecules from the quantum mechanical approach and it is expected that 

dielectric information will be cross check for the quality of this approach (Hill 

et al. 1961 ). Theoretically it is now possible to estimate the dipole moments of 

protein. 

Dielectric studies of materials have been a powerful tool in assessing the 

structure and behavior of molecular materials. The response of a material to an 

applied electromagnetic field is determined by the electrical and magnetic 

properties of the medium. For a non-magnetic system, the significant property 

which determines the impedance offered to the incident wave is the dielectric 

constant of the medium. If the medium is lossy, energy is absorbed as the 

radiation penetrates into the material. The amplitude ofthe wave decreases i.e., 

attenuation occurs as energy is absorbed. This is accompanied by a shift in 

phase. The attenuation and the phase shift are dependent on the dielectric 

properties of the medium characterized by complex dielectric constant e * of the 

medium denoted as e'-je". Here e' is the real permittivity, the dielectric constant 
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of an equivalent loss less dielectric and g" denotes the loss factor. The complex 

permittivity is frequency dependent. 

Our present understanding of the dielectric properties of materials is 

based on the Debye theory (Smyth 1995, Bottcher 1952) of relaxing dipole 

interacting with an applied electric field. Early work showed that a set of 

exactly equivalent, non-;nteracting di;Joles characterized by a single rtlaxation 

time (1) adequa!ely explained the behaviour of weak dipolar solutions or 

dipolar molecules in the gas phase, but was insufficient to account for the 

broader frequency range over which dispersi'on was observed in solids and 

.liquids in the frequency range below around 1010 Hz. This difficulty was 

circumvented by a consideration of distribution of relaxation times, like Cole­

Cole, Fuoss-Kirkwook, Cole-Davidson and Willams-Watts treatments (Hill et 

al. 1969; Bottcher, 1978) applied to the case of more interactive media. Such 

approaches involve interpretation of the experimental measurement in terms of 

degree of fit to empirical functions. 

An empirical characterization of loss in solids and liquids was proposed · 

by Jonscher (1977) and a more generalized expression was proposed by R. H. 

Hill (1978). The various types of dielectric response have been summarized by 

Ngai et al. (1979). At one extreme is the case of non-interacting system 

characterized by Debye behavior. Increasing nearest neighbour interactions lead 

to behavior as postulated by Cole and Cole or Cole and Davidson. 
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Finally, as the interactions tend tc be mere complicated as in the case of 

solids and solid like substances universal dielectric response suggested by 

Jonscher (1977) seems to be applicable. 

The Dehye Equation: Let a system consists of dipolar molecules. If the 

system were placed in a static electric field, then pc,larization will be in 

equilib1ium with the field. If the electric: field is alternating at low frequencies, 

the polarization wJl still be in phase with the electric field. If the frequency is 

increased and is sufficiently large then polarization will lag behind the applied 

field leading to absorption of energy and fall in permittivity. 

If the field is removed and there is polarization even in the absence of an 

electric field, then there is decrease in orientation polarization. This decrease of 

the orientation polarization depends only on the value of the orientation 

polarization at that instant. Let us assume the rate of change of polarization to 

be proportional to the polarization, the differential equation for the orientation 

polarization in the absence of an electric field is given as: 

(3.1) 

The solution of the above eq. is given as 

p(t) = p(o)e ... ... . . . ... .... (3.2) 

In the reverse situation when the polarisation is built up due to application of a 

constant external field. 

. . . . . . . . . . . . . .. (3.3) 
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The total polarisa~ion Ps in a static field E may be divided in t\vc parts 

Ps=Pco+Por ...................... (3.4) 

where Por indicates the part of Ps due to dipole orientation and P co the part due to 

the polarizability of the particles. Neglecting the time required to establish Poo 

relative to the time required to build up P or, we may consider P or to be built up 

in the time in which P oo changes to Ps. The electric displaGcment D i:; related to 

the applied field E and polarisation P by the relation 

D = E + 47rP. (3.5) 

Since in the static case D. = s .E where s s is the static permittivity of the 

medium 

Similarly the refractive index is defined as 

With 

2 E P =(n -1)-
oo 00 4 

(3.6) 

(3.7) 

The theory of dielectric relaxation is based on the assumption that eq. 

(3.3) is also valid for an alternating field. Representing the alternating field byE 

(t) eq. (3.4) with the help ofeqs. (3.6) and (3.7) becomes 

Par= 
8~: 1 

E(t)-
8~: 1 

E(t) ................... (3.8) 
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If the field is alternating with an angular frequency ro, it can be represented by 

E (t) =Ed'" (3.9) 

The differential eqn for the build up of polarisation would then become 

dp CJr(t) = _!_ (c, -= E e Jwt _ p (t) ) 
dt "r 4 o or 

(3 .1 0) 

The general sclution of this equation is: 

E -E 
P (t) = ce r + s if> E e)WI 

or 4Jr(l + jlvt) o 
············· (3.11) 

The first term on the R.H.S. would decrease to an infinitesimal small value after 

some time and therefore can be neglected. 

Sinusoidal function of time with the same frequency as the applied field but 

lagging in phase with request to E. 

The complex permittivity E * = E'- jE" 

This leads to 

(3 .12) 

And 

/ ' 
1£ -E ) 

&" =' s "' wt 
1 + (wt) 2 

(3.13) 

According to eqs. (3.12) will decrease from to whereas will become 

maximum at rot = 1 

Also plot of e' and e" against log (w) would be symmetrical. A method 

for checking eqs. (3.12) was proposed by Cole and Cole. From eqs. (3.12) it is 
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evident that a plot of E" versus E' should be a semicircle with radius 

(c. - c ro )/2 and centre being on the abscissa at a distance of (c. - c ro )/2 from 

the origin. 

Departure from Debye Behavior: 

Eqs. (3.12) Provides insight into behavior of the orientation on polarization for 

a large number of condensed systems. However marked deviations are observed 

for many systems. For example when we plot graph of E" as function of 

frequency then there is more than one maximum. Also peak is broader in the 

graph. The deviations occur due to a distribution of relaxation times either 

distinct from each other or closely spaced so that they are not directly evident. 

This leads to depressed semicircular plot of E" against E'. The factor h is 

related to the depression of the centre from E' axis. 

Another generalized expression was given by Davidson and Cole. 

• £ -£ 
c =c + • ro 

ro (l+jwrf 

Cole-Cole plot for this equation is asymmetric. And this plot is often called 

skewed arc. At low frequencies this plot cuts E' axis perpendicularly. However, 

at high frequency this cut occurs at an angle nf3/2. 

The maximum of E" occurs for W > 't-
1
. Some of the descriptions of 

relaxation behaviour have been proposed for experimentally measurable 

function other than E* (W). Fuoss and Kirkwood, Jonscher suggested 
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expressions for loss factor E". Williams and Watts proposed expressions for step 

response function. Bottcher and Bordeqijk ( 1978) and Hill et al. ( 1969) gave 

detailed description of the various functions proposed for explaining the 

departure from pure Debye behavior. 
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CHAPTER!V 

EXPERIMENTAL SECTION 

1. Experimental techniques 

A vllriety of experimental procedures for determination of the dielectric 

parameters of various sawples of differing size and shape have been 

summarized by different authors (Von Hippel, 1961; Roberts et al. 1946; 

Brunfldt, 1987; Dalton et al. 1986; Buck Master et al. 1985; to mention a few). 

These different measurement techniques can be broadly classified into two 

categories: 

(1) Time Domain Techniques, and 

(2) Frequency Domain Techniques 

Of there two classes, the Time Domain Technique is of a more recent origin. It 

has been employed by several investigators for the dielectric properties as well 

as moisture content measurement of liquids. Especially popular in this class of 

techniques is the Time Domain Reflectometry (TDR) method. In Time Domain 

Techniques the permittivity of the sample is calculated from the measured 

resonance frequency and Q-factor resonant methods. 

The frequency domain techniques can be further classified into the following 

subgroups: 

(i) Free Space Technique 

(ii) Cavity Perturbation Techniques (Sucher et al. 1963; Musil et al. 

1986). 
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(iii) Transmission Techniques in wave guides/ coaxial lines, and 

(iv) Reflection Techniques in wave guides/coaxial lines. 

Free Space Technique: 

This method is suitable for the measurement of permittivity of medium 

and high ioss materials. This method is employed when two different purely 

reactive terminations of a sample are available. Suber and Crounch ( 1948) 

developed a method where the sample is enclosed within a section for which the 

wave ratio are measured for both short circuit and open circuit andY .. = Yi1 x Y 

i2 where Yi 1 and Y i2 are the corresponding measured impedance. The greatest 

advantage of this method is that it is relatively simpler and does not involve 

solution of a transcendental equation. 

Cavity Perturbation Techniques: 

The method is used for measurement of dielectric constants of low loss samples 

of small quantity which can be put into any convenient form. Measurements 

are recorded for two situations; cavity without sample and cavity with sample. 

The difference between these two manifests itself in a small difference in the 

observed complex frequency (real frequency + Q factor). This is then used to 

calculate the dielectric constant of the sample. The method has been 

successfully employed by many investigators, (Bethe et al., 1943; Birenbaum et 

al., 1969; Arona and Behari, 1981; Behari et al., 1982; Bayser et al, 1992; 

Biofot et al., 1992). 
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Transmission Techniques in Wave Guides/Coaxial Lines: 

This method is particularly suitable for high loss samples. In such cases 

measurement is based on infinite sample length (when most of the energy 

entering the sample gets absorbed, the sample is termed as an infinite sample). 

The normalized input impedance at the interface of two dielectrics, 

when the second one is of infinite length, is directly related to the dielectric 

properties of the two. In a wave-guide with (TE10) mode, the relative complex 

dielectric constant is, 

1 1 

e = l+U;) + 1+(~:)' 
r- jtan{k(D-DR)} 

1- jrtan{k(D-DR)} 
...... (4.1) 

Where, Ag is the guide wavelength, and A.c is the cut off wavelength, r is the 

VSWR and (D-DR) is the shift in minima position when an infinite sample is 

replaced with short circuit. A number of investigators have been successful with 

this method (Behari et al., 1982; Bayser et al., 1992; Biofot et al., 1992; 

Karolkar et al., 1985; to name a few). 

Reflection Techniques in Coaxial Lines/Wave Guides: 

Reflection methods are usually adopted in a coaxial line sample holder where 

the reflection coefficient or scattering parameter is determined at a redefined 

reference plane from the sample holder. The reflection coefficient can be 
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determined very easily with the use of a network analyzer, usmg swept 

frequency technique or slotted line apparatus or using a resonator terminated by 

the sample (Stuchly et al., 1979, 1980). The resonator method uses an infinite 

sample where changes in the resonating frequency and Q factor produced by the 

sample are measured. For tre TEM mode, magnitude of the reflect!on 

coefficient is, I rl = exp [ -n c 1 tQ~ -1 tQo) 1 and phase angle e = 2nn c 1 - fdt'at 

where resonant frequency with sample is fc and resonating frequency of the 

resonator without the sample is f0 . n is dependent on resonator length = ( Dc/21 ); 

the dielectric parameter E is given by 

( )

2 
1-r 

&, = -- where r = lrle;o 
1-r 

.. 00 .... 00 00 0 (4.2) 

This method can be applied for a lossy material with a high dielectric constant 

(e.g.: a biological tissue) but it is limited to a discrete frequency. 

Resonator methods are not suitable for high loss liquids because the resonance 

peak becomes so broad that E cannot be measured correctly. As an alternative, 

open cavity methods with high loss liquids filled in a capillary can be applied. 

A method has been devised by Van Loon and Finsey (1975) involving 

computer analysis of the reflected power profile. The wave propagation 

constant is determined by fitting an analytical curve to the reflection profile; 

this then, yields the value of the complex permittivity. 

In their recent investigations, Stabell and Misra (1990) designed a new 

procedure for in vivo dielectric measurement using an open-ended line probe. 

46 



.A ... :1y system imperfection is completely bypassed.In this method smce the 

calibration is carried out with four materials of known dielectric constants and 

then the reflection coefficients of these materials are then used in the final 

calculations along with the reflection coefficient of the sample. 

In case of reflection methods in wave-guides, the reflection coefficient from a 

defined reference plane is put to use for permittivity measurements. The 

reflection coefficient itself may be measured by slotted line or a network 

analyzer or by simply forming a resonator terminated by the sample (Stuchly et 

al., 1978). 

Two popular techniques involving measurement of reflection coefficient m a 

wave guide are: 

(a) The Two Point Method and, 

(b) The Single-horn Reflectometry Method. (Arcone et al., 

1988). 

Both these methods are suitable for either loss less dielectrics or dielectric with 

medium loss .. 

Two point method was adopted for the present work. 

The Two Point Method: 

The underlying theory of this method can be understood by a 

consideration of Fig. 4.1 (a), which shows an empty short-circuited waveguide 

with a probe located at a voltage minimum DR. The next fig. 4. 1 (b) shows the 

same wave-guide, containing a sample length Ic with the probe located at a new 
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"'"'lt"'o"' ,.,;";,.,.,.,., n Th,. sample 1·s placed adJ·acent to the short "l·,.c .. ;+ r 0"' 1';~,.. • -··-/:)- ••••••••.o.a-.&&& .JI...JII' • .&. &&- ""' a Ul\. . .J......i VA.JllC, 

from T cl towards the right and the left, one can write the impedance equation 

as: 

(4.1) 

.Similarly in fig. 4.1 (a), looking toward the rig~1t, we have, 

(4.4) 

Now, 

tan k (DR - D + Ic )= tan k [ (IR + I c)-(1+ Ic )+ Ic] 

= tan k [ (IR + I c) - 1 ] 

Ezpanding the tangent and using eq. (4.4) and substituting into eq.(4.3) we get, 

As Zo/Zc = kJk, we can rewrite (4.5) as, 

tan k (DR - D + Ic) 
kle 

tan ke le 

(4.5) 

(4.6) 

All the quantities associated with the left hand side of eq. 4.6 are measurable, 

while the right hand side is in the form (tan Z)/Z. So once the measurement has 

been performed, the complex number, Z = kc Ic, can be found by the solution of 

the transcendental equation and from it we can calculate kc. The relative 

permittivity Er follows directly from kc. 

27r 
........... (4.7) k = 27r = 
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Considering the fact that the tangent function is periodic in nature, there exist an 

infinite number of solutions for Er. Therefore it becomes necessary either to 

know approximately the right solution or to perform a second identical 

experiment with a sample of different length b:. The proper solution will then 

be the one coflliilon to the tw0 sets of solution. We thus get an "intersection 

point", as illustrated in fig. (4.2) for a particular case. In the complex case, like 

the present one, equation (4.6) has been recast to achieve a more practical form 

(Sucher and Fox, 1963). 

Procedure: 

1. All the equipments were connected as shown in fig. 4. 3. 

2. With no sample dielectric in the short-circuited line, DR, the position 

of the minimum in the slotted line with respect to an arbitrarily 

chosen reference plane (D = 0), was found out. 

3. The guide wavelength, Ag. was measured by measuring the distance 

between alternate minima in the slotted line. 

4. The sample dielectric was inserted in the short circuit to g1ve a 

sample length of around A.g/4 for best accuracy. 

5. The position of the minimum in the slotted line, D with the sample 

in the short circuit and with respect to a reference plane (D = 0) was 

measured. 
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Fig 4.1 Dielectric constant measurement with short-cirsuited wave guide. 
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Fig 4.2 Solutions for g ' obtained from the meascrement of Two 
Different length samples of the same material. 
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Calculations: 

For the complex dielectric constant, the calculations were as follows: 

( 1) Determination of the wave number 

(2) Determination of phase constant 

¢ = 2K(D-DR -!J 

(3) Determination of reflection coefficient 

r -I 
[=-

r +1 

(4) Determination of the complex number 

(4.8) 

(4.9) 

(4.10) 

·············· (4.11) 

In order to solve eq. ( 4.11 ), the C - \jl graph was used and the corresponding x 

and 8 values noted directly. 

These values of x and 8 were then used in the calculation of Y with eq. ( 4. 12). 

For the same sample, two closest possible values of Y for different lengths were 

chosen for further calculations, 

. . . . . . . . . . . . . . . . . . .. (4.12) 
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G =(X J
2 

cos¢' 
K/e 

B = (~J
2 

sin ¢' 
K/e 

where ¢' = 2(¢- 90) 

-B 
&"=----

l+(~J 

2. Sample preparation 

(4.13) 

(4.14) 

(4.15) 

Samples: The experiments were performed on two Biomolecules. Salmon 

sperm DNA and Lysozyme (from chicken egg white). These were purchased 

from Sigma Co. Ltd.USA. 

DNA - Sample solutions were prepared in EDT A and ethanol respectively. 

Sample No 1: First EDTA of 1 mM (pH=8), Tris of 10 mM (pH=8) and 1 mM 

Nacl were seperately prepared and mixed together. A volume of I ml was 

obtained and DNA was dissolved in 1 ml of above solution to obtain a 

concentration of(1 mg/ml). 

This solution was diluted to 20 % and 40 % by mixing (EDTA+Tris+Nacl 

solution) as mentioned above. 
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Sample No. 2 Ethanol+ aq NaCl was mixed. The solution wa~ prepared by 

dissolving 1 mg powder of DNA in 1ml of ethanol+ aq. NaCl. From this other 

solutions of desired concentrations were prepared. 

Sample No. 3 Lysozyme: 1 mg powder of above (Sigma Chemicals, USA) was 

dissolved in acetone (3 ml) to obtain a concentration of0.33mg/ml. 

All these samples were kept at low temperature (about 4 ·c). 

From this we varied concentration ofthe solution at the desired level. 
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CHAPTERV 

RESULTS AND DISCUSSION 

Dielectric parameters are measured at X-band frequency (9.2 GHz). 

Experimental results are summarized in the attached table. The graphs were 

drawn between concentration and dielectric constants for the given samples at 

three different temperatures. From the graphs it is clear that they follow some 

regular trends. 

We measured the complex dielectric constant (c*) by measuring the 

properties ofthe bulk solvent with and \Vithout DNA. 

In the sample No. l containing EDTA+NaCl+DNA, it was found that 

the dielectric constant depends on concentration and type of cations. With 

increase in concentration of solvent, there is slight decrease in ;·eal part of 

dielectric constant (c') of the solution. When temperature is increased gradually 

this change is more significant. The value of dielectric loss (tan&) is found to be 

increasing with increase in temperature. 

Sarnlple No.2, First data for solution containing Ethanol and DNA was 

analyzed. At temperature of 20° C, there is slight decrease in the real part of 

dielectric constant of the solution with increasing concentration of solvent. The 

value of dielectric loss (tan 8) is found to be increasing with increase in 

temperature. When temperature is increased gradually to 40°C there is further 

increase in tan8. 
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Table shows variation in Dielectric Constant (c') of different samples with Temperature. 

Temp .in Ethanol Ethanol Ethanol Ethanol EDTA+ EDTA +Tris EDTA + Tris Acetone Acetone+ 
oc +DNA +DNA +DNA Tris +DNA at20 +DNA at40 Lysozyme 

+aq. + aq. + aq. % % 
NaCI at NaCl at NaCl at concentration concentration 

10% 20% 30% 
Cone. Cone. Cone. 

20 25.9 25.8 25.6 25.5 15.5 15.5 15.4 21.2 23.4 

E' 30 25.2 24.8 24.3 24.0 15.1 14.8 14.6 19.8 21.6 

40 24.5 24.4 23.7 23.1 14.6 13.9 13.5 19.1 20.9 
-· 

20 5.0 5 5.2 5.2 4.9 3.9 3.9 6.2 5.4 

E" 
30 5.3 5.4 5.7 5.7 5.2 4.3 4.4 6.4 5.6 

40 5.9 6 6.2 6.3 5.8 4.9 4.5 6.9 6.0 
~ 

~ 

:::--- 20 0.193 0.194 0.203 0.316 0.316 0.251 0.253 0.292 0.230 
~ 

~ 

II 
30 0.210 0.217 0.237 0.344 0.344 0.290 0.301 0.323 0.250 c.() 

c 
~ ...... 40 0.240 0.24.) 0.272 0.397 0.397 0.352 0.334 0.361 0.282 
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fig- 5.1 Variation in dielectric constant of ethanol with temperature. 
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fig- 5.2. Variation in dielectric constant of sample (EDTA + Tris) with temperature. 
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fig-5.3. Variation in dielectric constant of Acetone with temperature. 
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fig-5.4. Variation in dielectric constant of sample (Ethanol+ DNA+ aq. NaCl at 10% Cone.) with temperature. 
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fig-5.5. Variation in dielectric constant of sample (Ethanol+ DNA+ aq. NaCl at 20% Cone.) with temperature. 
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62 



·-- ·--··------·--·--··· ---·--·· --·--·- -·· --------~ 

' 

• • • 
• • • 

10 20 30 40 50 

Temperature {°C) 

·------·-·-------··-------·-------- ····- ·----
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Th~?re are marginal differences between the permittivity of the ~;J!vent and 

solutions containing DNA. 

When an external field is applied to charged molecules such as DNA a 

dipole moment is induced arising from the migra~ion of ions over individual 

subunits and over the length of the molecule. The dipol~ formation and 

alignment processes require a finite time to occur and thus give rise to the 

observed dielectric relaxations. with increasing concentration, it is suggested 

tha~ DNA expands first on account of the increase of electrostatic repulsion 

between charges on DNA which arises from the decrease of dielec:ric constant 

of solvent. The decrease in the dielectric constant of solvent then makes DNA 

to COli.i:!"3Ct. 

From the analysis of the above solution No 1 and No. 2 it is clear that 

the binding of counterions on DNA is affected by the change of solvent. Hence 

there is different (~e) for different solutions. The mechanism of absorption of 

microwave energy may be considered as the main part of primary interaction. 

With increase in the concentration of solvent phosphate charge 

gets neutralized and the dielectric constant decreases. Decrease · ._. .. · dielectric 

constant (~e) is seen with increase of temperature and concentra~.ion of added 

salt. This can be partially explained by change in the length of m~~jor axis of 

DNA as studied earlier in the flow-birefringence experiments. 

In earlier study it has been shown that aqv~ous solution of DNA exhibit 

a dielectric relaxation covering a wide range of frequency. It is still 
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controversial at present whether the relaxation might involve a single 

mechanism or more. 

From the data of sample No. 3, solution containing lysozyme+ Acetone, 

it is clear that there is increase in the real part of dielectric constant (E') of the 

solution. This is found to decrease with increasing temperature ,·his may be 

due to the strong bonding between active site of lysozyme and of acdone. As a 

result there is tendency of whole rotation of the molecule. Hence there is 

increase in the dielectric constant. 

The forces between protein molecules in solution are in large part 

electrostatic in origin. These forces have been attributed to fixed constellation 

of ei~ctric charge which impart to the molecules permanent electric multipolc. 

The electrostatic interaction between protein molecules, which arises from 

fluctuations in number, and configuration of the protons bound to the 

molecuit!s. 

The dipole moment fluctuations, arising from configurations fluctuations of the 

protons, may be accounted by the variations in the dielectric constant. 

In the fluctuating charges multi pole moments of two proteins molecules 

makes a significant contribution to the intermolecular force by a relatively 

single mechanism. The fluctuating electromagnetic field of each molecule alters 

the distribution of fluctuations in the charge constellation of the m(·hile protons 

of the other. 
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In favourable orientations, steric matching of a constellation of basic 

group on one molecule with a complementary constellation in the other could 

conceivably produce a redistribution of protons leading to a strong specific 

attraction depending upon the local structural details of the complementary 

constellations. 

Biologicai systems are highly complex and it is unlikely that a single 

mechanism could explain the effects of microwaves. Hence it is reasonable to 

expect that more than one interaction mechanism may be responsiole for their 

biological effects. 

The possibility of microwave interacting with physical/chemical or 

biological system is now a inatter of growing concern. Under the present 

circumstances, there is need for better understanding of the mechanism of 

action of microwaves with the biological systems and further research needed. 
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