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Dieleciric studies of materials has besn a

poverful tool in assessing the structure and behavior

1

of molecular amatericgis®. %he response of a materfal

$0 an applied electromagnetic field 1is determined
by the eleotricanl and magnetic properties of the
sedius, For a von-magnetic system, the sigulficant
property which determines the impedance offered to
the incidence wave is tho dielectric coustant of
the mediun, If the mediun &s lossy,energy is
absorbsd as the radiation penetrates into the
material, The aupiltudo of the wave decreases 1.0.,
attenuation ocours as energy is absorbed. This is
accomapanied by a shift in phase. The attennation
and phase shift are depondent on the dieleotric
properties of the medium oharacterized by complex
permittivity €™ of the medium denoted as < « Jc’.
Heres ¢’ 1 the real permittivity, the dielectrio
constant of an equivalent lossless dlelectric and

¢" denotes the loss factor.



The complex peruittivity is freguency
dopendent, The gensral beshavior of polar molocules
in condensed state (Fig. 1.1), may be sumnarised

as follows:

At low frasguoncies, c’'cw) 18 squal to the

static Al electric comstant and c'cw) 1s sero.

As the freguency increacses, C'(w) decreases rather
slowly at first, whereas 3t higher frequencies o
slectromngnetic waves (optical frequencies) there
are sharp luooreaces followed by a decorease. The
loss factor c"(w) has peaks in the neighbourhood

of the freguencies where c'cw) changes. The
resonance behavior at higher frequencies arises Jus
to atomic and slectronic polarizations, wheresas

the relaxation behavior observed at lower fraquencies
arises due to orientation polorization., The averags
exergy dissipated per unit time is proportional to
C"cw) « The absorbed energy manifests itmelf in

the form of heat in the system.

For most condensed systems the characteristioc
tine of the relaxation process falls in the micro-
wave region. Thus, the study of orientation rela-
xation of such systems i8 relevant for characterisa-

tion of the effect of wicrowaves.
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Fig 1.1 Dielectric dispersion and loss in a polar
compound in condensed phase



B. Hethods of measuresent of complex permitiivity
at sicrowave Lrequenoies.

The complox permittivity of a medium can,
in priunciple, do evaluated by measureneonts on the
reflection and/or transaiseion characteristics of
the material., If an electromagnetic wave i3z izcl.
dent on a material, part of the wave energy would
Be absorbed, another part would be transmitted and
the resaining would de reflected back, Thus the
measurement of transsission or the reflection
cosfficient would be gsufficlient for the estimation
of peruittivity of the medium,

A great variety of experimental procesdures
have been adopted for the estimation of complex
permittivity of various media at ntcrovavb frequene
c1es1"%,  The suitability of any ome of thess
siethods for a particular sample is to he determined
on the basis of certain oriteria. The choice of
the method is influenced by the type o0f work
contemplated and the form in which the sample is
avalladble or can bo put in, Apart fyrom its form
and availability, the propertiss of the matsrials
determine the procedure that would be adopted.



For sxample, high loss materiale cannet be examined

by methods used for low loss materials,

The tradiiional methods of determining
pexmittivity are centred around measurssouts in
the frequency domain, the common feature of all
such methods deing the faot that ocomplex perulitti.
vity is nensured at various discrete frequency
poiuts. In general, the methods can be classified

broadly as

i) Pree space techniques

11) Transuission techniques in waveguides/
coaxil lines

111) Rezlection techniques in waveguides
iv) Cavity and Cavity perturdbation techrmigues.

Freo Space Techul ques:

The free space techoiques are based on
measurement of transni tted or reflected powver from
& slab of the materinl. Transmission nothoda’
involve mesasurewent of phase sghift cansid by she
sanple for computing real pemittivity and uwsasure.
nent of attenuation for deteraining loss tangeit,
tan § = e’/¢’ +» Reflection tethniques are based

on standing wave measurmmeuts in free space or



comparison between direct ang reflected power
picked up by an antenna, If the matarial under
test £8 available in the torw of a large sheet,

the method can be used fur accurate determination
of ¢ and tans ., Theee methods ars widasly
used at very high freguencies (above A0 GHz),

where waveguide and cavity methods are far from
sucoessful, A different free space method finvolves
resonance obtained in free space between two
spherical microwave mlrrorsé"fhia mothod originally
developed for choets of solid dielectric can be
used for high loss iiguide contained in a capillary
tube,

Methods depsnding on transaigeion in gujdes:

By coufining the electromagnetic field

within the snclosure 0f a hollow pipe or coaxial
line, all boundary and stray effects disappear
automatically and small amounts of any dielsotric

ean be used for msasurement with praecision,

The trangmission techniques are a develop-
ment of the phase-anplitude balance cethod as

dssorided by Bnonanan.9 They are particularly



suitable for high loss liquids, Neasursments

are generaily taksn by varying the thickunwss of
the 1iguid sauples; $his can be achisved by having
twe interfaces in the guide, one of which moves
relative to the other.1¥ An altermative methoa
involves the direct measursment of the wavelength
in the liquid and the determination of the attenune
tion constant by measuring the variation of aﬁp&t»
tude with distance along the cell., PFor low and
sedium 10oss materials :ctlaetioa-téhhn&qana are
prefered, as they involve lesser instruaentation
prodles.

Kethods dep

The most versatile method involves mensare-
ment 0f the input impedaunce of a short circuitsd
waveguide with and without the sample. The method
proposed by Roberts and von Elpp.l’l'ltads to
complex permittivity on molving a transcendental
sgquation whioh in general is complex reduces to
a real squation for low loss materials. This
method first adopted by Dakins and Works'® witn
correction for waveguide locses gives accurate
resulte for materials with tan 5 <« 0.1,



The dieslectiric paraneters of a sample can
also be wmeasured when two differeunt purely reactive
teruinations are available. Surber and crouch"
have described a mathod in which the dfelectrio
samiple 48 enclosed vithin a section of waveguide
terminated by o reflecting plane, the standing
wave ratio and the position of the voltage ninimnm
are measured for both, a short circuit and an
open circuit termination. This method is saltable
for medium and high 1lossg material. For low loss
material, the freguency of oscillations is varied
until the phase of ths voltage reflection cooffie
cient at the face of the dielectric is ei ther zero
or 7 radians. The electrical lemgth of the sample
w11l then be either an odd maltiple of X /4 (X
beding the wavelongth 4n the dielectric) or a multi.
ple of A, /, respectively. Though the solution
is simple, the umwethod is not as accurate as the
transoedental sqguation method, since the sample
length cannot be optimized for hoth reactive
teruinations simul taneously.

Daag and Roesori® nave desoribed a method
particualarly suitadle for low losa liquide. They



used a specially designed long waveguide liguid
cell, the real part of pormittivity deing derived
from the change in impodantoce at the air-dielectric
interface in the waveguide and the imaginary puart
trom attenuation measurements on the liguid filled
g&tae.

More recently Van Looa and Finsy® have
described a single anihua for accurates detersins.
tion of complex pemittivity of low, medium and
high loss iiquids. 7The method involves computer

analysis of reflected power profile. Wave propo-
gation constant in the liquid, deterained by fitting
an #nalyticnl curve to reflection profile, yields
the value of the'cnnplcx permitiivity.

Cavity measursaent teschniques are based on
rigorous solutions of the electromaguetic problen.,
A cavity sither rectangalar or ciroular, has a
nataral frequency of resonance and will possess
finternal losses. Introduction of a dislectric
iato the cavity will change the natural frequency
and the l0sses. Solution of Maxwell's equations
would then lead to sxpression for @islectric
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parameters in terms of changes in the characteri-
stios of the ocavity.

Hathematically, a completely f£illed resonator
is the simplest situation. If the sudbstance is
highly lossy a completely filled resonant cavity
will not be suitable since the quality factor ¢
with tho dielectric will have a very low value.
Under such ociroumstances and in cass the spocisen
is available in small quantity, the cavity is
loaded partially with the dielsotric., Cavity
resonators have been used dy Barlow and cuzlaats
Sizha and Brown3? ani others.

Cavity perturbation nothods!® in contrest
to cavity umethods Snvolve approximations in thelir
:onnélat:en, which lead to acourate results under
restricted conditions. The sample ocan bs taken
in any convenient shape like rods, discs, sphﬁris.
eto. The sample should de very smnll as compored
with the cavity iftself so that the frequency shift
Produced by the insertion of the sample is amall
in comparison with the resonant freguency of the
smpty cavity. Thus this method widely used by
several uarkgru‘g‘g‘ is highly suitable for small
guantities of materials which can he put into
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convenient shape.

C. HRole of dielectric measurenents on biolegical
Aystyme

The effact 0f microwaves on biological
systems has assumed an interssting dimension in
recant yaara.zg’a7 This stemns from the faot that
miorovaves are finding increasing use in medical
diagnesis and therapy. Low energlies such as that
of unicrowave guanta rule out the possibility of
direct effect like intemolecular bond breaking
or intramolecular alterations at the molecular
level, that are produced by ultraviolet and othex
iodiging radiations, Mechanisms of interaotion
of OF and storowvave radintion with living systems
has been reviewed bdy stuchlyns and Sehwan.29

The possible blological effects of aioro-
wAvVe exposure can be svaluated guantitatively by
considering the probable molecular interactions
with biomolecular liquids. At the molecular level,
the basic mechanigm underlying the interaction of
microvaves with biological gystens involves the
sffect of the field on dipoles and Ifree charges.

Bxchange 0f energy occurs bstween free charges
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and/or dipoles on one hand and the incident
radiation on the other. The field may also produce
a charge rodistributiéh resulting in the appearance
of induced dipoles. To have a feel of the situa~
tion in the real system it would be pertinent to
consider the biomolecules individually in solution
form. Such a system is vexy amenable to stuly

by dielectric methods. The dipole absorption
parameters of the molecules and wmode of energy
transfer would determine the mechanism of fiela
abgorption by the medium in question. DBeslides

tan § , an evaluation of relaxation time — and
dipole moment L 1s also required. Dipole moment
is a direct measure of charge asymmetry, while
relaxation time provides information regarding

the immediate enviromment of the molecule. The
effect 0f the solvent can be igsolated by determine
ing the complex permittivity in crystalline form

also.

Dielectric studies provide many other

valuable information on the styructure and proper~
ties of bilological molacules.’o The method has

been used to avaluate the structure of lipoproteins,
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It provides svidence in favour 0f 1lipid bilayer
model and {1s inconsistant with the 1lipid ocors
model. Helix coill transition of elongated macroe
solecules can be studlied as a function of tempeo-
rature or pH. The large changes in dipole monant
and relaxation time occuring daring the transition
are strongly reflected ;n perui ttivity maasursmants.
¥hen dlological moleoules are present in an agueous
snvironment, the water molecules play an important
role in deteraining the structurs and properties
0f the diomolecule. Water molecules in the neighe
bourhood of the molecules become an integral part
of a structural unit, DBehavior of the structural
or bound water is markedly different from that of
fres water molecules, termed as free water. The
dieleotric digpersion of hound water 1is expected

to occur at a lowsr frequenoy than that of dispore
sion of free water. This principle underlies the
use 0f dlelectrioc methods for hydration studles.

D. Zhe Present Work

Dielectric nothod has heen widely used to

investigate agueous solution of blamoleoulca’o“ﬁg.

In contrast to a large volume of data avatladle
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on vaser soluble biomolecules like aminoacids,
peptides and pnte&na. those on siatw insoludle
ones are iather few, A number of asteroids though
present in traces in the living systes play a
vidal role in the developuoent avnd maintenance of
the organism, These ars the stereoid hormones of
the adrensl and gonads., The precursor for all
these steroid Rornmones is cholestercl synthesised
by the aﬂumx glands. Of many steroids present
in living organismas, Cholesterol, Progestsrons
and Testosterone are soluble in simple non-polar
solvents like benmene and carben tetra chloride.
Measurements on dilute solations in non.polaw,
nonevigscous solvents seem to be interpreted most
easily, since no particular effects dwe to the
sur roundings of the polar aoclecules ars expected
for these systen.

In the present work, dilute svlutions of
the three steroids mntiou'd above have been
fnvestigated and dipole moment and relaxzation
time have been detommived by two point measursuant
at 3.3 GiAs and 9.4 Gz, Since the sciutions are
very dilute the dielectric constant andt less factor
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involved are vory low. Honoe methods speocifically
dssigned for low logs liguids are particularly
suitadle. The wmothod adopted consists of meansure-
ments on standing wave pattern in front of a
column of liquid of varying lexgth and concentra-
tion, contained 4n a short circulted dlelectric
cell, The technique was firsi standardised for

pure solvents «~ benzens and oarbon tetra chloride.

In addition, the psraittivity of the ateroids
have been deteruined at 9.4 GHs 12 powder form and
the oryetal values have been dedaced. Cavity
perturbation technique was found most sul table
for powders. The powder filled in a thin walled
capillayy tudbe was inserted through a small hole
at the centre of o resonant cavity resomating in
the ,EIOS mode. The method was standardised for
bon.a* for shich dielectric parameters are known.

The difference 1n €' walues of the threse
steroids in the two phases 1s attributed to the
difference 1 n the mochanism of microwavse absorption.
Howsver, identical values of ¢’ are obtatned. In
both phases the loss is found to be high, Local
energy changes due to absorption of energy may have

fanottonnl iwplications in a blological system.
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CHAPTER XI

s

THEORRTICAL BACKGROUND

A. Introduction

The dielentric response of matter t applied
elesctromagnetic fields has been a subject of exten~
sive ftuvostigation for many years. Our present
anderstanding of the dlieleotric properties of
materials is based on the Debye ;haory”’s‘ .} 4
relaxing dipole ifinteracting with an applied electric
field, ERarly work showed that a set of exactly
equivalent, nom-interacting dipoles characterized
by a single relaxation tine T adequately sxplained
the hzhavior of weak dipolar solutions or dipolar
molecules in the gas phase, but was fnsufficiont
to acecount for tho broader frequency range over
which digpersion was observed in solids and liguids
in the frequency range below ~ 1010 Bz, This
difficulty was cirounvented by a counsideration of
distribution of relaxation times, 1like Cole«Cols,
Fuoss-Kirkwood, Cole-Davidson and Williams-Watts
troatnent:’5'36 applied to the case of mors inter.-
active media, Such approaches ianvoive fnterpretation

of the experiuental measureacuts in terms of degree
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ef fit to empirical functions., An empirical
characterisation of loss in solids and iiquids
was proposed by Jonscher37 and a more gesneralised
expreoseion was proposed by - . Hlll.’a The
various types of dielectric response has bheen
susaari ged by Hgat et 31.39 At one sxtreme is the
oapse of non-interacting systsm characterized by
Debye bebavior, Ilnorcasing nearest neighbour

i nteractions lead to bshavior as postulated by
Cole and Cole or Cole and Davidson. ?*30 pimaily,
as the interactions tend to be more vompiicated as
in the case of solids aml solid like substiances
universal dieleotric responsed suggested by
Jonncher37 seoms to be applioable,

B, 8 Deb i

When a system o; dipolar molocules 1is placed
in a static field, the polarization will be in
equilidrium with the field., If the field 1w
alternating at low frequencies, the polarisation
will atill be in phase with the slectric fileld.

If the frequency is sufficiently large the polari
sation will lag behind the applied field leading
to absorption of energy and fall in permittivity.
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Pellat assused that if there is a polari-
xation in the absence of an electrit field, due
to the occurence 0f a field in the past, the
dscrease 0f the oriontation polarigation depends
only on the valus of the ortentation polarization
at that instant. Assuning the rate of change of
polarization to be proportional to the polariza-
tion, the di fferenticl squation for the orfentation

polarisation iu the absence of an elactrio field is

4 ?“ {t)
at

] b "4; P“ (t) (201)

where, < °

is the constant of proportionnlity
which has dimension of a reciprocal tice, The 5olue

tion of #gq.{2.,1) leads to an exponential form

Pe(t) = P, (o) oot/ (2.2)

in the roverse situation when the polariza-
tion is built ap dus to application 0f a constant

sxtoernal field

Porlt) = Pyl ) 31 - Y g (2.3)
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The total polarization Py in a static field
E may be divided into two parts

P_aPl

s o or (2.4)

/

where Por indioates the part of P. dus to dipole
orientation and P the part dus to the polarisa-
bility of the particles. DNeglecting the time requie
red to estadblizh P, relative to the time required
to build "p.yor’ we may consider Por to be buils up
in the time in which P, <changes to P'. The electric
displacemsnt D is related to the applied field E

and polarization P by the relation

D = B+ 4T P (2.3)

Sinoe, in the atatic case B‘ - €' E, where e

is the static pernittivity of the medium

P | 2 E (266)

Similarly, the refractive index n_ 1s defined in

terns of P as
a?, -1
P a " B (2.7)
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The theory of dieleciric relaxation is based
on the ;naunption that g {2.3) 1s also valid for
an alternating field, Nlepresenting the alternating
field by 2(t), eq.(2.4) with the help of eqs.{2.6)
and (2,7) becomes

A €E_ = 1 A o = RA
Por"‘"'i‘%““x“)" X B(t) (2.8)

If the field i alternating with a fresguesnocy »

it can be represented by

B(s) = p, el “* | (2.9)

The differential equation for the bduild up of

polarization would then decome

aPr (¢

i‘i * T } 6‘: = 30.3'“3 ¢

- 9“,( t) (2.10)

The gensral solation of this equation s

or'/ = ce *tRT T edoc o

ssevs (2011)
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The firet term on the right hangd side will
decrease to an infinltely snall value after sone
time and therefore, can be neglected. Thus total

polarization is

~ A
PaPbP ‘tl’“(t)

€ w 1 €_ = €
e © Jwt
'3 AT * & 11»3@( iEo.

LA N E RN ] {2012)

Thus, P 18 a sinusoidal funotion of time with the

sams frequency as the applied field but lagging in
phase with respect to B. BEq. (8.3) can be generae
1ised for alternating ficlds. It then leads to

?) - %04“'&

€ -w T
1 + JuT

Expressing cosmplex displacenent ’I\) as ?) = e x %,

the complex permittivity étw) 18 given by

- ! ‘ .
cECw) = 6—\)6 = € +
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which leads to

€. - ¢
Iy s o0
€ = Q@ + N (“15.)

M ( €¢ - €o) WT
and It w2 (2.150)

according to eqs. (2.15) ¢’ will decrease Zrom

€ %0 ¢, , where as ¢’ will become maximum
at wr = 1. A plot of ¢’ amt ¢’ against log w
would be gymmetrical. A method for checking egs.
(2.15) was proposed by Cole and Cole. PFrom egs.
(2.15), it is evident that a plot of c¢” wvs ¢’
should be & semicircle with radtus ( ¢~ <, )/2,
and centre being on the abscissa at a distance of

{ €.+ €5 )/2 from the origin.

C. D rtur gsa D Behav

Although eqs.(2.15) give an adequate descri-
ption of the behavior of the orientation polarization
for a large numbeyr of condensed systems, for many

other aystemp marked deviatious occur. This e
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evident from the occurence of more than one maximum
in ¢’ as a function of freguency, or from a
broader peak im the grophical representation of ¢’
as a function of frequency, The deviations ocour
dues t0 a distridbution of relaxation times either
diptinct from euach other or closely spaced such that
they are not directly evident, Cole~Cole suggested
the following empirical modificatioms to sq.(2.14).

€S “600

é* premmet €
Cw) O + | CJLO’C)i_.h (9,16)

This leads to depressed semiocircular are
plot of ¢" apgatmat ¢ , The factor h being related
to the depression of the centre from ¢ axis.
Another genoralised expression was given by Davidson
and Cole

€s - é’oo
Q—\-)wt)ﬁ (2.17)

éx& W) e ' Qoo -

Cole=Coles plot for the above equation is asymnetric
and is often called skewed are. At low frequencies
the plot cuts the ¢’ axis perpendicularly, whereas,

on the high frequency side at an angle TP /2,
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The waximum of c'te) 18 found for a value of

w >z . Some of the descoriptions of relaxation
behavior have bean proposed for experimentally
measurable functions other than &) . Expressiocas
for loss factor c'cw) were suggested Ly Fuoss amd
Kirkwood, axd Jonscher, and for step rasponse function
was proposed by Williams and Watts. Dottcher and
Boraewi jk30 and H111 et a1.3% have given a detatles
desoription of the various functions proposed for

explaining the departure trom pure Debye behavior.

D. Dielesotric relaoxation in diilute solutions of

ol compounds in n-polar solven

To characterise the dielectric relaxation in
the case oY dillate solution of polar compounds in
nonepolar solvents in terus of molecular paramneters,

we start with molar polarization (71 given by
A _;*
[P] = % -—E::—L (2.18)
C e 2

wvhere M is the average molecular weight of the
mixture and 4 1ts deupity. Intrinsic relaxation
tine = * of molar polarisation in alterunating fields
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is defined by the eguation

A [-P] - LPJ
(P1 = [P] o s = (2.19)
1+ jwt*

vith (P] o« % S==d (8.20)
o Co v 2
€ w g
X ! |
and [P] e * & e {(2.24)

Combining eqs. (2.18) to (2.21)

= , - ; 2.22
'?+L Ept2 ¥ GSH- Cpotr 1+J\.o-c*( ’ )
8q. (2.22) on staplification, leads to
w ES - 600
e = € +
UJ) ) [+ Jw 'C‘* GS"\'L, \ (2‘33)
eyo\—l

Comparison of eq.{2.8%) with eg. (2.14) leads to

% Egx2

o
u
o

c o {2.24)
O
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Since the solution 1s very dilute and the solvent

is non-polar the difference hetween € _ and €

s
is very suall. Hence <T™ in eq.(2.22) can be
replaced by T . The derivation of eq.{(2.22) is
based on the Lorents forumula for internal field
with the inherent assumption that the noleculos can
be considered to de spheres. Assuming that Devye

equation for static fields is valia

€s -1 4T 5 A.L
- - + I . AN :
g +2 3 1 N; CO(L 3RT ) (2-25)
- |
éoo — {ﬂ[ Z NL O(‘L
600'\'2- 3 L (2’%)

where, «; aund /; are the polarisability ana
dipole wmoment of the 1%h particle, the stnmation
being carried over all particles of the medium,
For a dilate solution of a polar solute 12 a
non~polar solvent egs. (2.24) to (2.26) give

¥ I l 2

€-! = %g ZN; oG T N ’E}? T e (2.27)
ét-\—‘)_. i 3 +JU-"C S
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where H is the numbor of dipoles por cu’. on
splitting eq.(2.27) inato renl and imaginary parts,
the imaginary part ylelds

3¢" 4V N L W T
Celhny s cent T ART I+ w2z (2426)

Vhen the solation is very dilute this eguation can
be furthor simplified. 1In that case C' daiffers
only siightly—frnm the static value ¢ . of the
pure solvent, wile ¢'<<¢ . Using these assume
ptions eq.{2.28) leands to

tn & (& *’l)l T oNa AT w T
c €g 675D RT V4w * (2*99)

where C is the number of gram molecules of the
polar compoundsg por litre and KA is the Avagadro
number. tan O /C is called the molar loss tangeut,

£2g.(2.29) can be rearranged to give

Fan
22 =5 3"—’2 W g (2.30)
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€750 RT €s

where, S = 5 2
(Es TN, T L™ C

(2.31)

Thus, = and /(. can be evaluated from a plot of
w/tan$ w8 w= . This treatment neglects the
frequency dependence of ‘SC which i8 permissible at
very low concentrations. The solution can be consie
dered to be sufficiently dilute i1f the weight fraction
of the solute in the molution is less than 0.01.

For two point measurement eq.(2.30) yields

Cwl /T-Qn %| - w:_/TchL)

St how
2 263&

wl“}.(&?./ﬁ\ﬂ& - wn/TénS:)

and, S/Z = (-D‘L..\ w.r (2035)
' 2

where, subscoripts 1 and 2 denote the two points of
measurement. Thus + and 4 are evaluated using
oquw.{2.31) and (2,33). Though theoretically the
léss in non~polar solvent is sero, in practice they
do exhibit small but finite loss. Hence the contri-
bution of the solute is obtained as atan § =
- %an S

tan % ( ~ shall be dropped from

soln
now On) .

soly
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Atteupts have been made to explain the dynanic
bdehavior of molecular systems in time depondent
fields in terws of wolecular propertics and inters
actions, In the earliest attenpt Ly Debye, the

‘solecules were considered to be spheres, may of

radius a, with a dipole at 1ts centre imuersed in

a miform medium of viscosity "N e The torque M
applied to the dipole by the slectric field was
assumed to de counterbalanced by the friotional
foroes which wvere proportional to the angalar velocity
of the dipole molecule at steady astate condition,

Thus application of Stoke's Law for a rotating

sphere leads to the following expression for relae
xation time> 35

z = .!__‘;:;_.9.?_. (2.3%)

The Debye aguation has been modified fn two &ire~
otions, first to acocount for the deviation of
molecular shape from spherical syumetry and second
to refine the viscosity in terms of both the sciute
molecule and the medium, Vhen moleculss ares favr
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from spherical it is necessary to take their shape
into account, As a first approximation such mole=
cules may bde considersd to be eliipsocids of revolu
tion, which inciudes both the prolate ellipsoid

{a > b) and the oblate eliipsoid (a < b)), Here
a and b are the axis lengths of the ellipsold which
is considered to rotate about the A axis to give
the 3I-dimensional model for the molecule. Two
relaxation times ghould be found for a solution of
such molecules, corrasponding to relaxation of the
a and the b axes. The relationship detween the two
relaxation times and the molecular shape aml sime

has been calculated by Perrin aud is given by the

cquationn~o
T 5 L
.-;-5 - a - h (2635)
° »% (2a2-22) as - 2a%p?®
T 4 8
z, 3 2 (2v2-a2) as + 2aV

where, 5 = W In 3 as (a:ﬂ_gﬁ)'/a i

12 a>d (2.%7)
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s 3 tan~1 3.123:23123- 2 12 » (2.38)

» & < *
(v2-a0)78 .

and 7, is the relaxation time of a sphers of the

same volume ag the ellipsold, f.e. A LA abg/kr.

Only 1in the limiting ocondition that the sol-
vent medium surrounding an absorbing polar molecule
represents a aniforn fiald is 1t possidble to defiue
a vigcosity eoctficient n @8 a property of the
mediun aleme, Wirtx considered a aodel in which
the solute molecule and the claster of solvent nole-
cules which surrcund it are considered to be acting
as & unit in rotational response to the field. A
difterent expression for the friotional coefficient
was given by 3111.35 The formulation based on
Andrade's theory of viscosity considers the resistance
to rotation which a molecule sxperiences as a result
of the loss of angular momentum which ocours in

ocollisions with its neighbours,

Apart from the formulations discussed;

several eupirical approaches have besn made., A

review is given by Illinger.*‘
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F. The dislectrio orties of Hetsrogen
Eysteums

The stotic ;Qrmittivity of a two-component
heterogensoun systom must lie somewvhere detween the
two oxtreaes corresponding to a capaocltance whose
plates are filled with (a) mixed fibres stretching
trom plate to plate, and (b) interleaved sheets
parallel to the plates. Ths mixture relations are
based on the assusption that & system of spherical
ox eliipsolidal particles of random orientation ars
uni formly dispersed within a continaous sedium, An
extensive review 15 given dy Van Beek‘ﬁ. 0t the
different nixture forzulae, Bottchers formula and
Landau-Lifshitz formuia which was also independently
proposed by Looyenga are found to provide hetter

agreement between calculated and experimental values,

Botteher's forcula is based on the assumption
that the field within each component of the heterow
geneous mixturse 15 taken equal to the field in s
sphore with the dielectric constant of that component
in a modiuz with the apparent dielectric constant of
the heterogeneous umixture. This leads to an expression

for apparent peruittivity € q 0F the mixture, which
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is symaetric with respect to both components of

the mixture, namely,

3o (2.39)

where Yo refers to the volume fraction of the compo~
pent 2 ., The Lanvdau.Lifshitz - Looyenga's formula
(2.40) 18 also symmetric with respeset to the two
components, dut does not involve the particle shape
in its GQVIatlon.

)

! ’
> T i]'?. 613 {2.40)

)
émb = ‘J) €,

Atteupts uade to generalize mixture ralations
for complex permittivity has provided success only
under restricted conﬁitlons.‘s"‘ For sunll volume
fraction of polar solutes in non-polar solvents,
09.(2.40) holds for real perutttivity, The orystal
and powder valuacs of the complex pernittivity are

related by the expressions
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-l =gl & ) (2.44a)

4 " G/ /3
E = ¢ \
PTE g

{a.410b)

where subscript p snd s refer to powder and cryetal
regpectively and y is the volume fraction occupied

by the moleculos in powder form.
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CHAPTER IX1

NATRRIALS AND METHOD

A. ZTheorstical background of the method for
Solutiong

The method using standing wave wmeasureuents

in front of o coluan of dielectric 1p based on
the relation derived dy Roberts and vonBippel*it
The technique consists of reflecting the wave at
norsal inctidence from a column of the liquid
backed by a porfectly refleocting surface, which
1s enclosed in a waveguide oell, Standitg waves
are set up in the region in front of the sample
a8 a result of the superposition of the incident
and the reflected waves, propagating in the fﬁto

aode .,

The transverse field components E(x)1
and B(z)‘ in air (pedium 1) at a distance = from
the dielectric surface along the axis of the

wave guelde arve
B(x); » A, oxp( Y, x)aa,, exp(- ¥ x)

= Ay ggxy( f‘x)erb oxp(~ Y, x)i {3.18)
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H(x), -;? exp( Y, x) -%‘up (« ¥, =)

.%1 3“9 ( {1 X) - '0 oxp (- (1 x)z (3.1b)

where, 3‘1 and Ar‘ are the amplitudes of the
iuncident and reflected wave at the dielectric
surface. r, is then Ari/Alz and defines the
reflection coefficient which characterizes the
section of the waveguide containing the wmedium 2.
In terms of a couplex quantity < - 5-+3\¥ '

r, s defined as

r, = Al'tlAll ™ Q"BQF (5.2)

The wave fupedance Z(o) of the dielectric filled
sesoction is given by the ratio of the elsotric to
the magnetic field intensities at the dlelectiric

surface,

, 1ex,
g(")‘g{ﬂ' 2 :r ‘21‘1‘2"‘5'—'

. 2, coth & (3.3)
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Beglecting the attemation in the air filled
guide, tho complex propagation factor Y= o+ | B,
reduces to

\/\ = J?t = ) ZW/}\, {3.4)

where, )\, 48 the wavelength in air iunside the
waveguide. Bg.{3.1a) loads to maxisun and ainie
mua field amplitudes of the standing wave

Baax ® & (1 ¢ 12 ) m lag (1o e°2%)
“eb s (3.56)

Ban ® A1 (1= 12 )= A (2-e"%9)
'paco. (SD,‘”

Heonce,

-—% -;a-—-!-——- » tan h €3 ("5)

Emax 1 4 .
It X, is the separation of the first sinisun
from the front face of the sample, then } i
- glven by

g TX :
\
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or, ~T§T (307”)

Thus, & and v , and heunce, input impedance
2{o) can de expressed f1n terns of measarabdble

quantities, X, and Boo /B pe Ba.(3.3)
yields

fonh § - ) ok Emip _ jlon EXe.
i o wnmmas o B ———
- frh € Y 2 L Ewi |, 2
Emax ?‘,

z( G{) = 8,‘

laoaa(,ts)
The standing wave in the dielectiric 18 reprasented

by

Blxg) = Ayg el Ygm) + Ag exp(= Tgx)  (3.90)
m ’
B(x,) “;tg oxp( Y x) - %ﬁf exp(- Ygx)  (3.90)

‘At the short circuit, x = -4, Introducing
the boundary condition ﬂ(_ng) o 0at x o -4, 0g.
(3.9a) leads to

]

Om» Aiﬂ oxp{~ ‘(ad) * A,.n exp( \/ad) (34&)
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From eq.(3.9) iumpedance at the intertace is

E(e) 1-oxp(-2 Y, 4)
z(o) 'EF'Taog » 2y teexpl 2 {72 )

which by virtae of egq.{3.10) becomes

2(o) = 2_ tan b ~/3 a (3.11)

2

The product of the ohuracteristic iumpesdance and the

propagation congtant of the wave are related as

\/Lzz-z I h {5.12a)

where |, 18 the perueadility of the medium 2,
Since the medium is non-sagnetio AL- Jo 0F

free spava, hence,

, Z, = Juw Mo = A, Z A (3.120)

t

Substituting for %, ih terws of 3., am in {(3.12)

Z(o) = z‘,..;%_.. tanh 1, ¢ (3.13)
2

" Bgs.(8) and 613) then lend to

Em{n W 2. W,
Emay = \Gn ;‘f >‘| - h\nl" V;_J
b= ] Emi Yoo 27X, 2T d | B Y, d (3.18)

EMGx )\\
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The most general provedure is to solve this complex
transcendental eguation for *fad> after the
measured values of gmin/gnax' A, » & and X,

are obtained. ¥hesn the dicsipation factor tan
of the dielectrit is very small, eq.(3.14) ocan
be separated into real and inagivary partu.ia
Demoting B , /B ,, a8 { , the real part of

0q.(3.18) gives

S (Bn Ee) oy

2T (v Vp2e lan® 2T Xo/) )

gﬁl(\~hnkdg)hnhﬁ—+%A<A+Gnhjgmmw%
3.1%)
(’(LLcl)_—‘r F?;(:]L) Cl+ fanht o(;_cg ‘&hlPLA)

When «,) and V0 are saall, eq. (3.15) reduces

to
_ 2Wx,

~ o, lan S Bn Pad
I TR

(3¢i6)
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Bq.(3.16) contains measurable guantities on the
left hand side and henoce, can bhe solrved for S

The oomplex propagation faotor Y'ld can
be expressed in torms of the pomaittivity ¢/
and loss factor ' of the dielsctric as

\/L&: D(Lol-}-;)f%z_o\

I ! ; \/
* TTes : i 5 Lef- ond]E
€'~ C%/}\QBJZ (3.17)

where, A . is the cut off wavelength of the guide
and )\ 15 the frec space wavelength., Since )\ ,

N, @nd ) are comnected by the relation
l/?\l. = \/>\g—~ +‘/>\‘L ‘3013)

imaginary port of eq.(3.17) gives

r L/a g  (Bad/ oy g\t
VANE + VaE

d

(3.19)
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The solution of eq.{3.16) for B.a is multi.

valued. The correct value oon be chosen siace
the expected value of ¢’ 1a known.

Bquating the imaginary ports of eq.{(3.1%)

~ Mg 1+ lan? 71;?"}

27 A0 1 Ve lant 2T/)) (3.20)

[ S

oy d Tan :32.& - <4 anh® "<2_C]t‘ ﬁ;_é\\ﬁh\'\ oy d - ﬁ‘z_cl fanh 24 lan B, a

(VYanhZw,d Tan pad) (o Zd4 gl dd

——

Vhen o d and Yo are small, eq.(3.20) reduces to

2T ¥,

g (BT L R
N 1wd P Pad (1 T 3d) = fon Bag

(3.21)

Bge.(3.17) and (3.21) lead to the following sxpre-

ssion for tan S,

2, 1T ¥,

kS, = Ny \-“Q%/A 7.]/ ]k |+ lan Yy
Td § [ J Ve Oxlan™pd) - fanpd (3.22)

By
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The sxperimentally Getermined values of

the voltage standing wave ratio, X, A g G
togsther with the solution 8,0 of eq. {(3.16)
give the value of the loss tangent tan .

Since there 1s always sone finite loss in
the walls of the wavegulde, g includes those
lossos together with the dtelootrt.c losasen. The
wall losses can be sliminated using the dissipoas
tion factor of the empty waveguide

A !

tan §
2T e N2

(3.23)

vhere &% 1s the width of the mintwum of the
standing wave at double pover polnts in the air
f1lled gulde, Loss tangent of the diclectric is
then obtained aa

b § = fan 8, - Gn Sy (3.238)
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8., %Theoretic k of t opvit
Perturbation Technigue

A psriurbation theory whioch gives the change
in the resonant frequency (£) and loaded Quality
factor (Q) of a cavity due to small changes in
the cavity was developod by Bethe and Sohulngor.‘e
Coneldor'two cavities denoted by subsoripts 1 and
2, whioch ars 'almost' alike, The small ditterenne;
between the two cavities 1a assumed to he in the
permittivity or the permeability of the material
it contains, The cavity walls are assumed to be
losslesn. Haxwell's equations for these cavities

then are:

(3.25)

where, the angular freguencies ub are complex

and are understood to refleot all losses, 80 that
losses through the coupling mechanism are intluded.
The four eguations represented by eq.(3.25) lead
to
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e

—

3 E; (W) - B OxT)+Hy (Fx E)-H, (Ix §) i Y,

‘.) f 3(.&,6\-\»16,_)3( E;_ —~~CU~’[}4\"‘""L}.\,} -g{.\?\;_ z d\.\/
Vc: |

oo (3.26)

On appilication of Gauss's divergence thaorma'
left hand side of eq. (3.26) becomes

Jc'ﬁ\-‘il). 5~ [ChxB)S
g S

[ <

- f 3(.“\’(?1)“_ - Cﬁz’(—él)n iés (327)

S

[ o
Since the walls are perfectly condncting, the
" tangential component of E 4is mero. Hence,
B‘ b 4 33 oannot have a ocomponent norsmal to st.

- comseguently the left hand side of #q.(3.26)
i8 soro. Eg.(3.26) on rearrangeuent then gives
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w, [Ca BB 4 W) dY
Vc
= W, j C & —é\ E)_" }AL—\:{\’FL) &V {3.28)
Ve |

substracting each side of eq.{3.28) from the
integral

W,y j‘C € Ef E)_ — —\‘-{.f F}__) (L\/
Y,

c

lends to the following coquation on rearrangenent,

W, =W, Vf[c-h:;"i‘ld_qf-ﬂ)_“ Ce\~6)_)g‘- EJ] &V

o T S - (3.89)
> [ Ce i Bum o, WeB) dV

VC.

Assuning cavity § to be espdy, C = €, and

M, ® L, Vhe covity is assamed to be perturbed
by o nonemtagnotic naterial of permittivity €, .,
The volumeg of the sample v‘ is anssumed to be swoll
as compared to ¥V,. Under those conditious eg.
{3.29) decones

" J ——E'l'fél. &\/

Wy —Ww € —1 Vs
by 2 e (3.30)

[

|
l
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where, €™ 13 the relative couplex porumt tiivity
of the sample in cavity 2.

The complex angular froquencies w, am w,
in oq. {3.30) are related to measurable quantities.
Ths complex angular frequency w assoclated with a

dissipative systen can be written as

W = Wpt+) W, {(3.3)

when the tiue variation is taken as 04‘0‘. The

real part w, is related to real frequency I by
LUR - 2 T ‘ (’D’a)

Since energy involves square of field quantitioes,

o‘“‘”‘ will be assoclated with energy. Hence,

] nn(D‘t
energy deorsases as e

and the energy 1o0es
per unit energy ie (1 - 2 Wty orp w;t. Power
locs per unlt energy is then 2w; =so that total
average power loss in the system is 2w, Uj.
shere.U? is the total average snergy of the system.

Q is dofined as

W g (stored energy in cavity)
Q=

(3.33)
{(average power loss)
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Using (3.32), (3.33) now becomes

2 T2V We ,
Q= X sttt o34
2 w; Vg * 3 u; (3.34)

W, —Ww C Wo,~ mg\) + 1 (Wiy —Wyiy)

Wi Wey C 1+ ] Wi Jwga)
on application of egs.(3.32) and {3.34) gives

How aq.

O3 o

— e A et | e )

‘i.."("”)

Siuce (Y2Qy) can be neglocted as compared to unity,

wy-w, , favf, |

2g8.(3.30) and {3.36) then lead to

£ -2 . wod BE
2 —1;-;-3 - 33~ -&g—) . & (3.37)

Here, the fiela §, 10 the empty cavity is presumed
to be known and ounly thes porturbed field By in

the sample voliune v, renains as an unknown, For
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a cylindrical spocimen plaved with fts axis parallel
to the E fie1d in the cavity, B, will be overywhers
tangesnt to tho unperturbed electric field lines 1ia
the cavity. When the sanple ende with field lines
on the cavity walls, the tangentiual electrig field
will be continuons ovor the boundary of the specimen.

Hence B, = ﬁi'

In the prosent arrangement, the saspiels
places to E by inserting it through a small hole
in the wider wall of a rectangular cavity operating
in !Eio’ mode. The electric field is thon given by

By = B, #in __T_\:;x sin 2—3—’-— (3.38)

where a and 4 are the width and lsngth of the

cavity regspoctively. Then

2
f | 5| % av - —ge— (3.39)
VC -
Assuming that the sample is placed where 82 is
maximan, | |
- - a
f Byo By OV 0 B, Vs (3.%0)

\Y
S



Separating eq.{3.37) iunto real and imagizary parts
and substituting for the integrals using (3.39)
and (30“0).

e’nio-}-;f {ﬁ-;-g:ag (3.81)

ot v e ) (3.02)

The relative error inm putting Bg = £, and other
approximations is of the order of ((z‘-tg)lta) .
(1/q4).

In the preosent study the powder was filled
in a thin walled capiilary tube. Assuning that
the onpty cavity 1s not significantly affected
by the emptily tube, cavity 1 1s taken to be the
carity perturbed by the tube alone and cavity 2
as the cavity perturbed by the sample filled tube.

€. Materials used

The chenicals used {n the study were comner-
clally available and were of sufficient purity.
The source of the chemicals is indicated Table
3.9,
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Tabl

Chemntical , Seurce
Cholesterol Sigua
Progesterone C.5,1.%, Contre for

Biocheaicals, India,.
Testosterone "

\

Benzene B.,D.H, Analar
Carbon tetra Chloride w

The molecular weight, dimensions and density

0f the stexoids 1is given below.

Table 3.2
Molecular ninonaiona‘s and Donsity“G of the steroids

Name Hol. wt, Holecular Dimensions Denwsity

A e B W O G Gms WY W A A NS wa YRS A e M G AR by A P R Wl G A el

Cholestervl $86.7 20 A* x 7.2 A°X 5.0 A* 1,067
Progesterone  3tA. 4. 12.31A°x6.98A°x5.18A° 1,166
Testosterone 288.4 11,04A°%6.03A%x5,58A° 1;97'|

*Estinated value.



52

D, Experimental Procedure.

(1) Measuremnent oa Solutionss The complete
electrical systen 1s shown in schematie foxm in the
block diagram, Fig. 3.1i. Heasurezents werc carried
out at two frequencles, one in the S«dband (3.3 Gis)
and the other in the Xebaund (9.4 GHgz), under iden-
tical conditions. Hicrowave power supplied dy a
Klystron, posses~ an isolator, Irequency auster,
tuner, directional coupler, slotted section, sccond
tuner and finally icpinges on the liguid cell. A
packaged signal generator was used in the Seband.

- The liquid cell is s section of a waveguide with a
thin mica window. 4 perfeotly reflecting flat
plate plunger is usecd to vary the length of the
diclectric filled in the cell. Initially, with the
1iguid cell terminated by a matched load, the systen
is tuned such that the standing wave ratio observed
on the slotted gection is less than 1.08., Replacing
the short circuiting plunger, the positions of the
minimg are noted with dnd without the ligquid,., The
travelling probe is then removed from the slottad
section, and the reflectad power with and without
theo sample 18 noted, If A 18 tho attenuation of
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9 |To 11 LI
1 2 3 1 4. 5 6 7
10

1 Generator (Klystron) 7 E-H. Tuner

2 Isolator ‘ 8 Liquid cell

3 Frequency meter 9 Klystron. power supply
4 Slide Screw Tuner 10 Matched load

5 Directional coupler 11 V.S.W.R.meter

6. Slotted section

Fig 31 Schemat ic diagram of set up for measurements
on liguids :

g




the reflected wave, the VSWR 45 then given dy

antilog (A/20) + 1
antilog (A/20) - &

(3.4%3)

The pormittivity and loss tangent were computed
using the relation disc#aaed before.

The method was first standardiged for pure
solvents. A nuanber of obaservations were taken for
difterent lengthes of iiquid column that are roughly
0dd wultiples of Ny /%, S8olutions of varying
concentration vers then iavestigated, the maximum
weight fraction in each case bdeing 0,01, Loss
tangent due to the solute, tan § was plotted
againet concentration in moles/litre. and mean
wolar loss tasgont was deternined. The dipole
absorption paraneters were then computed as outw

lined in Chapterxr II.

(11) Measurement on Powders: The schematio

diagram of the experimental set up for measureaent
of complex.permittivity of the powders is stown in
£ig. 3.2. 1In this case the power Ifrom the source

was fed into a line consisting of an isolator,



1 :Klystron Power Supply
2 -Klystron with Mount
3 Circulator '

4 Matched Load

.5 Variable Attenuator

Frequency Meter
Slotted Scction
E-H Tuner
Adjustable Cavity
V.S.W.R. Meter

sd 0)

O O

Fig 3:2° Schematic diagram of set up for

Cavity Perturbation

Technique

GS



variable attenunator, frequency meter, slottead
soction, tuner and teruinated by a waveguide cavity.
The cavity is designed to resonate at 9.4 GHz in
TE!OB mode. A soall hole ie drilled at the centre
of the wider wall of the cavity such that a spocimen,
introduced through the hols will be parallel to the
sleotric field and will be in the maximum fisld.

The resonant frequency and § of the cavity are
deteruined bofore and after loadiug the cavity.

The set up wvas first standardized for bome whioh

dielectric paransters are known,

The powders veres packed in a thin walled
glass capillary tube by gentle tapping and the
density was noted. Care was taken to maintain the
packing trnctidn constant for a particular steroid.
The complex permuittivity of the powders were
determiined as descridbed above. The crystal values
were deterained using Landau-Lifshitz-Looyenga's
formula for nixturss gemralized for complex

peruittivities.



CHAPTER IV

BESULTS AND DISCUSSION

A. Analysis of Expesriuental Data

The loass tanpgents of the solutes observed
in different solutions at 3.3 GHz and 9.k GHz are
tabulated below:

Tabl

1. Choleaterol in Benzene:

Cono, in tan s x 307 tandx 10?-
gm/nl. at 3.3 Gis» at 9.4 GHz
» 00228 1.31 4+ .0A 0.46 3 .03
000‘,0 3461 b 4 .03 0-9‘ 2 003
090900 5¢99 o A .0k 1.9§ . 4 QO*
11, Progesterone in Seunzene:

Conc. 4in tan S x 107 tan§ x 103
gu/ml, at 3.3 Gz at 9.4 Gis
Q0480 2.92 2 +0% 1.2%2 2 03
.0057! 5.39 2 .04 1.62 b 4 .05




111, Testosterone in Benzene

Cono. in tans x 103 tan 5 x 103
w/mr. ___et33oEs At 9.ddis
.0022% 2.49 & .04 1.12 » .06
. 00AS0 5.05 g .03 2,24 g .03
.0067% 7.47 2 .06 3.31 3 .04
. 00900 9.98 g .08 %.48 4 .05

Iv. Cholestorol in Carbon tetra Chloride

Conc. in  tans x 107 tan § x 10°
gn/ul at 3.3 Gis ~ at 9.4
+004 1.7‘ 2 006 9063 k4 .05
<008 3&&9 3 cO‘ 1.2& X '06
0018 5.30 3 005 icaa x g“
»016 7.02 & .06 2.50 ¢ 0%
V. Progesterons in Carbon teira Chloride
Conc. in tan§ x 163 tand x 1&3
gm/ml at 3.3 Gls at 9.4 CHs
«004 2.08 2 ,03 0»77 b 3 00§
+008 &.09 h 4 :06 1.55 z 505
.0182 6.2& k. 4 o06 20” x 04

0016 8029 .t 00‘ 3.1& 3 .03
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chatton of Loss tangent with concentrctnon n benzene
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Plote of tan S ¥s, molar concentration for
difterent solutions are shown in figs. 4.1 and 4.2.
All asasursuents vere carried out at 30°C. The
values of dipole noment and relaxation time computed
from the data presented are tabRlated tn Table 4.2,
The values of rslazation time calculated using the
Debye equation {£.34) are given alongwith the obsere

ved values,

Table 4,2
Relaxation time®* axd apparent Dipole Moment of the solutes”
Soluts | Solvent < xzoiﬁioc 1h.n T zioiiﬁoc
oba " D

Cholestervl Benzene 252.3 4,79 152.4
Progesterone Benzene 108.7 3.23 93.0
Testosterone Benzene 85.7 3.74 77 .8
Cholesterol  CCl1, '376.3 4.87 227.8
Progesterone CCl, 162,14 3.06 139.0

* at 30°C.

The obaerved relaxation times of Progesterone
ond Testostercne agree fairly well with the valuos
oalculated using Debye's theory of oicroscopic relae

xation time. Since the molocules are comparatively
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large with respeot to the solvent molecules, it is
expectsd that tho observed values should be close
to the Debye valaes.‘7"3 The difference between
the odbserved valucs and the calcmlated valuos of
Cholesterol in both solvents can be attributed to
the longer axial ratio in this case (Table 3.2).
Por prolate ellipsoids, the difference betwosn

the relaxation tines adout the two axes increasos
sharply as the axial ratio hecomes increasingly
greater than 2. All the molecules are prolate
ellipsoids, the axial ratio of Cholesteral being
greater than 2. Tfoh‘ for Cholestsral 1ies dbetween
the relaxation tinmcs of the long and short axes
‘calculated using Perrirfs equations (2.33) to (2,37)
- 325.2 x 10712 gec and 164.6 x 10°12 gec 1n Benzens
and 486.1 x 1012 sec and 246,0 x 10712 gec in
Carbon tetra chioride. Howaver, the ratio of

T ops 1D Carbon tetra Chloride and Deazens is in

the ratio of the viscosities o0f the two solvents as

predicted by Dedye's theory.

In this context, 1t may bo mentioned that
in many ocases dislectric absorption of the intramcle~

culay processes is not readily separated from the
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cholesterol

progesterone

testosterone

-

Fig 4-3 Structure of Cholesterol , Progesterone
8. Testosterone
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ovarall rotation of the molecnles and hence inter-
pretation of tho dlielectric data solely on the basis
of overall reluxation of the molecules may not be
valid. All solutes usged in the present gtudy
possass a yotating group. s:yth‘g observes that

the dlelectric absorption in moat aromntic compounds
bhaving a rotatable polay group is oharacteriged dy
twe discrete relaxation processes - an intranolee
cular having a small relaxation tiume and a moleoular
with relatively large relaxation time, The charae
cteristic time for group reorientations falls in
the far infrared region the value Usually being of
the order of a fov picoseconds or lons.so The
Debye valus for overall reloxation being about two
orders of maguitude greater than that for group
reorientations, the contridbution of the latter
procese to the loss factor can be neglected at
frequencies less than a few GHz., Thus, it may be
counoluded that the three steroids - Cholestercl,
Progesterons and Testosterone show a near Debye

type behavior in a noo-polar environment.

In order to dediuce the permittivity of the

solate ‘5aol from the solution data aore
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concentrated soiutions were studied. The data is
presentsd in Table 2.3s The sol values werse

computed using equations (2.40).

Table 4.3
I. Choleetercl in Denzene
Conc. in Voluae 2 ! /
gn/nlr.» traction * 10 € soln € so1
0 0 2,050 4 .013 -
020 4,02 2.308 ¢ .009 3.908
028 5&90 2.337 2 008 35802
€401 (Cholosterol) » 3.86 & .0A
11, Progesterons in Benzens
Conc. in  Voluae 2 )
n/al traotion & 10 € soln € sol.
1] 0 2.2%0 ¢ ,013 -
.024 4.63 2.271 5 009 2.733
.028 5.40 2.274 » 008 2,722

6(”1 {Progesterone) = 2,72 ¢ .04
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111, Testostorons in Dengene

Lt Rt G
0 o 2,250 3 013 -
016 2.83 2.274 & 008 3.203
«020 3+ 54 2.279 & 009 3.467
.0R4 4,25 2.28% & 007  3.172
028 h,96 2.291 3 008  3.176
032 5.67 2,296 ¢ .009 3.1%6

el‘u‘ (Testosterons) = 3.18 & .0Q

The powder data for the solutes and the corresponding
crystal values dmduced using eq. (2.41) are given
bslow fx Tabls 4.4,

fable .4
Permittivity and Loss faotor of the solutes 1n sulid state
at 9.4 GHe
. 7 ] 1 ?aekins ! | o 7
Cholesterol 1.828 0,129 + 398 3.8% .549 1A
2,009 3.00A
Progesterone 1.589 0.14% A4 £2.70 492 .182
20008 3§°°§
Testosterone 1.709 0.227 A1l 3.20 .564 .270

'toQ i1 2 0006
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It is fouand that the pormittivity inorenses
with inoreasing dipole moment (progesterone —
tostosterone _, cholestercl), The small diffe-
rence in dipole moment of Cholesterol and Progesie-
rone in the two solvents may be attriduted to solvent
effsct. The poruittivity of the solute obtained
from powder data agrses fairly wsll with the values
deduced from golution data. Hence, we can assume
that the contridbution of thess molecules to pornitti-
vity in any wedium will be the same as in non-polar

maodia.

The loss footor in the solid phase shous
wvide divergenoe from the 1loss in solution., This 13
to be expetteld Bince the mechanism of absorption is
ditferent in the two pﬁaunn. Dipole rolaxation
acoounts for loes in asolution fora. Since dilute
solutions in nonepolar solvents behave like node
interacting systeus aq.' {2.29) shows that the uaximum
loss which is observed at the relaxation fresquency
is deteruined by the dipole nmoment of the polar
@molecules and their concentration, The loss at a
particular frequency would depsnd also on the

molscular environaent, The dependence on the
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molecular envirpoment comes through the relaxation
time which 1s aaibtmined by the viscosity of the
solvent, In contrast, loss in the solid phase
would exhibit very litile dispersion at frequencies
hetwsen a few MHz to a few GHxz. Since dipoles are
not free tc rotate, dipole reovientation cannot
contribute to loss in the solid state. Constrained
vibrational and rotational states of molecular
segments may bde altered by ahsorption of microwave
quanta, there by contributing to the 1053.” Only
if tunneling is important, vibrational motion would
contribate in the aicrowave region. ihc rotational
stotes are more important in this context since
thelr characteristic time falls in the microwarvs
region. Parts of the moleoocules from the size of
«0H groups to large side chaiuns are often free to
rotate, coustrained by existing covalent bonds.

The relative orientation of these mplecular segments
to the remainder of the molescule is detearuined by
the veak electroastatic fnteraction potential bhetweasn
the sogment and its environuent. The potentials
are in general wultiwell functious, the relative
depths of the minima, the distance betwesn them and
heights of the barriers being detemined by the



69

seguent and its chemicol environment., The potens
tial may be more than one dimensional., The abhsore
ption of energy wuld then change the state fron
one well to another, either during reemisgsion of

a uicro~ﬁavc photon or cause rotationnl tununeling.

Though the permittivity of all the steroids
that have boen investigated is small, they oxhidit
high logs both in the solid phase and in solution,
Loss in Testasterone is distinctly higher than the

loss in Cholesterol and Progestsrone,

B, Concluding Reaaris

The iunteractions of microwaves with a Jiving
sys ten may bo classified as primary or secondory.
The wechanism of absorption of sicrowave snergy in
a 1living system may be considered as the maln part
of pricanry interaction., Schwan and Piorsolsg tern
the overall heating produced in the systen due 0
absorption of energy as prismary hoatiang, According
to theu selective heating of biologloal wedia &g
posasible for ghort periods of time., Thermoregulae
tory mechauisns do not permit such selective heating
at molecular and cellular levels, uunless epeocial

irradiation techniques ars used, Uevertheless,
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changes in subeellular structures due to heating,
either volume or selective, umay have profound cone
dequences on bHiological functions affecoting blochee

mical reactions.

Phe primary interaction of the incident
radiation with a living systen will evoke a response
fyom it, the sffoct being finfluenced by a nunber
of physical and physiologloanl parameters. The
therual effect would {ixvolve a rise in temperature,
This in turn will affect the metabolic rate. Thermal
stimalation or the impairment of the fuaction of
various organs is to be expeocted. Local temperature
rises in orgaus exorting controlling functions are
expected to affect the metabolisu and/or function
of the whole orpganisn. A wide range of experimental
data on biological effects of microwaves has hosn
reviewed by Daranski and Cnerski.z’ A detailoed
description of cardiovescular effectas, effecta on
central nervous system, endocrine glands, male ami
femule repreduction systems, blood and biood foruing
systems ig presented. According to Hiochaelson et
al.’s, since the tomperature influences the metadboe

lisn, microwave heating may load to displacsuent of
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migeral equilidbriuva, Many isolated reports on
various metadolic effects exist. Several authors
have reported changes iy blood sernu proteins foll.
owing microvave exposure. Reported variagtion in
the aldbumin-~globulin index in the blood serus
following oxpoours, has been axplained as a result
of fnterforenne with liver or adrenal funotion.
Michaelson ot al.>¥ have reported changes in
endocrine function and hormoue levels in animals
on exposure. Changes in plasma corticosteroncg,
growth homone and thyroid hormone levels hos

been attributed to teuporature increcss.

Gorden and Sehunns’ havs pointed out that
an apparent digorecpancy exists between the thooree
tical explanatione avallable, known effeots on
molecules andtisolatod componsunts and the effeots
observed in conplex bilosystems., To bridge the gap,
proper undorstanding of ianteraction of microwavoes
with biolozical systems at various levels of orgenie
sation should be acquired through extensive blolo-
gical, aedical and bdlophysical studios, Apart from

the analysisc of the cunulotive and delayed effects,
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intensity effects and estimation of threshold
valuss, spatial distridution of absorhed energy,
eftects oocuring at the movlecular level requires

attention,

Returning ia the present study, the two
phases considered exhibit nearly the two extremes
of the various types of dielectric responuse in
condensed matter mentioned in section IIA., It
is apparent that the behavior of these molecules
under physiological counditions would be dctcrnlhad
by various factors including the state of the
molscule and 1ts fmmedinte environment. The ‘
dielsctric behavior will be significantly affected
by dipolar interactions with the surroundings.

Cholesternl ocours 4n all animal organs
and tissues and, alongwith phospholipids, 4is Cole
centrated in the menmbrane fraction of the nall.SG
It is mainly found ixn the plasaua, liver, adrenal
giand and some other endocrine organs largely as
esters of loxg chain fatty acids. Several tissues
have the capacity to aynthostzc it, Liver contris
butes predominantly so the level of serun choleate
erol. Bile salts are synthesized from Cholesterol
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and during the process some free Cholesterol algo
gains entrance into. tho bile. Plaswa lipoproteins
constitute a hatoropgeneous group of 1ipid complex
consipting of Cholesterol and its esters along
with other comstituents. 5kin too containsg fatty
acldy esterified with Cholesterol as well as free
Cholesterol.

Progestercnes, avd Testosterone are directly
secreted fnto the blood by the syntheslzing tisancn.56
Thevagh circulation the hormones reach their target
organs, where the hormone is metabolizod or fnactie
vated, The steroids are transported in hlood atream
in assoviation with proteins. They dind to albamin
i1 dblood non~-sgpecifically, while there are also
spocific binding proteins for some steroids. A
certain fraotion of the molecules is also found in

the native state.

The ssterified Cholesterol and protein hound
steroid molecules would exhibit a @ifferont diele-
etric beshavior compared to the native molecules.

The steroid protein complex would rolax at consie
derably lower frequencies. The relaxation fraguency
of the native molecules wounld not be very much 4iffe~

rent from the value in nonepolar environzents, dut
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the loss would bhe modifiod by intermolecular intere
actions, The binding of sterold to plasma protoins
plays an important physiological role, since it is
only the unbound fraction which is freely exchange=
able with the extravascular and iuntracellular compart-
uents and has blological activity. HRabinowitz et

31037

observe that though the maoroscopioc dielectrio
properties of bioclogical syskenms can bDe understood in
teraa 0f the molecular structure of water and the
acount of free {and dound) water present i the system,
the interaction of the ficld with numerically ainor
but functionnlly significant blomolecules will have
negligible imput into the dieleciric constant but

say have fmportant functional tmplications.

In view of the foregoing comuents, the
paramcters determined in the present study and the
obsoxrvation that the real permittivity is the aame
in the 01i1d phase and in sclution may help in
identifying the state of thease molecules under
physiological conlitions and to ascertain the nature

of interactions,



i.

3.

4.

9.

7.

8.

9.

10,

79
KRFRRYNCES

Von Bippel A.It, (ed) Dielsctric Materials
and Applications. ¥The Tech, Press of M.I.%,
and John Wiley and Sons Inc., New York {1961).

Hontgomery C.G. (ed) Teohnique of Microwave
Heasuvreasnts., MeGraw-Hill Book Co., Inoc.,
Kew York and London {1947).

Max Sucher, Geroae Fox. Handbook of Mioro-
wave Measurements. Vol. 11, Iunterscience
Paublishers, Now York and London (1963).

@rant B.H., Sheppard R.J., South G,P,
'Dielectric Behavior of Biological Holocules
in Solution?, Chapter 1Il, Oxford Press,
London (1978).

Mc‘inn‘y Codls and Dutf B.M. Rev, soicixﬂﬂtog
23 (19%4%).

Cullen A.L, and Yu P.E. Proo, B. 500. AJ23%
493 (1971).

Cuallen A.L,.,, Nagenthiran P. and ¥illtiauns A.P.
Proc. . Soc. A 329, 153 (1972).

Basgett H.L, Rev. Soi, Inst. AgZ, 200 {1971).

Buchanan ?.J. Proc. Inst. Radio CEnguner. 99,
111, 61 (19%2}).

Grant E.H, and Shack R. Br. J. Appl. Phys.
lgl 1807 (i967)0



i1.

12.

13.

1A,

15.

16.

17.

18.

19.

20.

21.

22,

76

Roberts 5. and Von Hippol A,R. J. App}. Phys.
171, 810 (19A6).

Dakins T.¥,. and Works C.N, J. Appl. Phys. mg
789 (19A7).

Sarber W.H. and Crouch G,E. Jr. J. Appl, Phys.
19, 1130 {1948). :

DMQ I.1. and Ressor G.1. Can, "Q Phy‘Sh M'
1314 (1963); Can. J. Phys. A3, 1552 (19635);
Can. J. PBYG. m' 2397 (1972)"

V¥an Loon R, and Finey, R. Rev. Sci. Inst., AA,
1204 (1973); Rov. Soi. Intrum. 4§, 583 (1974);
J. Phys., Df, 1232 (1975).

Barlow and Cullen 'Microwave Heasurcmsnts',
Constable, London, Chapter IX, Electrical
Properties of Materials, 275 (19%0).

Sinha J.£. and Brown J., Proc. 1EB, 1078, 522,
(1960).

Bethe H.A, and Schwinger J. NDRC Repors, Di-117
{(1948).

Sproull A.L. and Linder E.G. Proc. IEE, JA,
305 (1946).

Dirnbaum G, and Franeu J. J. Appl. Phys. 240,
817 {1949).

Behari J., Harash Kumar and Aruna H, Annals of
Biomed. Bugg. (to be published).

Pressman A.5. Electromagnetic Plelds and Life.
Plenun Press Publisuing Corporation, New York
(1970).



2s.

2&.

235.

26

27.

28,

29.
30.
31.

32,

33,

77

Barnanski, 5. and Cserski P. Biologieal Effects
of Miorowaves, Dowden, Hutchinsonm and flogs Inc.,
Stroudsburg, Pensylvaula (1976).

Cleary 5.F, {ed). Bfological Effects and Hoealith
fmplications of Hicrowave Radiation, Symposium
Proceodings (Richmond, Sept. 1969). U.3. Dapt.
of Health, Eduwation and Welfare, Report BRH/
DBE 70-2, Hookwille, Ha (1970).

Johungon C.C., Guy A.W. Proc, IEEE §Q, 692
(£972).

fyler .5, {(ed)., Diological Lffects of Hon
fonizing Radiation., Proceedings of a Conference
Hew York 1974, Ann., of NY Acad., Sci. Vol. 247
(1975).

Hichaelson S.M. Hiocrowave and Rediofrequency
Radiation, Vorld Bealth Organigation, Docament
1cr/cep 803 (1977). |

Stuchly M.A. Rad., aud Enviroa. Biophys. 26,
1 (1979).,

Sohwan, #H.P. Proc, IBRE, 68, 104 (4980).
Sacte ag & above. Chapters V anﬁ vi.

Hasted, J.B. Aqueocus ﬁieleotries, Chapman and
Hall London, Ch. VIIX, 204-233 (1973).

Takashima, S., HMinakata, A. Digest baelgctrzc
Literature, 37, 602 (1973).

Suyth C.P, Dielectric Behavior and Structure,
MoeGraw-iHi1ll Dook Co., Inc., New York, Toronto,
London (195%).



3%,

335,

36.

37.
38.

39.

A0,
L}

43.

AS.
A,

AS.
‘6,

A7.

78

Bottoher C.J.F. Theory of Electric Polarisae
tion, Plsevier Publ. Co. Amsterdam {1952).

Hili Kaﬂo' Vanghan WoB., Price A.H. aud Davis
$#1,H, Dielectrioc Properties and Molecalar
Behavior, Van Nostrand, Reinhold, London (1969).

Botteher C.J.F. and Bordwijk P, Theory of
Electric Polarization Vol,. II, Elsevier Publ.
60§. Angterdan (19?8)»

Jonsher A.K, Nature 267, 673 (1977).
H11l R.il, Hature 27%, 96 {1978).

Ngai K.L., Jonsher A.K,, Vhite C.T. Hature,
227, 185 (1979).

Same as & above, p. 199.

Illinger K., 4dn Progress in Dieleotrics., eds.
Birks J.D. and Harts. Vol. & (1964),

Van Beek L.H.K, 1in Progress in Dielettrics.
Eds. Birks J.B, and Harts, Vol. 7 (1967).

Same as 30 above, p. 135.

Dube D.C. and Parshad R. J. Phys. D3, 677 (1970);
I, Phys, 210 ‘6&8 (‘970).

Crowfoot D, Vitaauins and Hormones, 2, A09 (1944),

CRC Handbook of Chemistry and Physics, CRC Press
Inc., Ohio, 58th Edition, C-246, C-4M&4 (1977-78).

Meakins B.J. Trans. For Sooc. %54, 1160 (1938),



48.

&9.

5%.
52.
53.

L

55.

56.

37.

79

Helgon R.D, Jr. and Sayth C,P. J. ?hya. Chem .
68, 2704 (1964).

Suyth C.P. Advan, Hol. Rel. Proc., }, 1 (1967-68).

Garg S.K. and Smyth C.P. J. Chem, Phys. A6,
373 (1967).

Rabinowitxz J.B. I1EEE Trans on Mic. Th. & Tech.
21, 850 {1978).

Schwan H.P., Pilersol G.M., Am. J., Phys, Med,

Michaelson S.H., Thomson R.A.E., Howland J.V.
Physiologiat, 8, 182 (1962).

HMichaslson S.H., Roanie Guillet, Lots YW.G.,

Lu S.T., Magin R.L. 4n Sysp. on Biological
Effects and Neasurenents of Radio Fregquency/
Microwaves Prooc. of a Conference held in
Rockville, Haryland, 1977. Da Haazmard (ed).

U.5. Dept. of Health, Bducstion and Velfare (1977).

Gorden ard Sohwan H.P. in 'Biologic Effects and
Hoalth hazards of Microwave Radiation'., Prooc.
of an Int. Syxzp. Warsaw (1973) Polish Hedical
Publishers, Warsaw (1974).

Talwar G.P, (ed). Texthook of Biochenistry and
Human Biology. New Delhi. Prentice<~Hall of
India Pvt. Lta (1980).

Rabinowitz 1n (54) ahbove, p. 216,



	TH7110001
	TH7110002
	TH7110003
	TH7110004
	TH7110005
	TH7110006
	TH7110007
	TH7110008
	TH7110009
	TH7110010
	TH7110011
	TH7110012
	TH7110013
	TH7110014
	TH7110015
	TH7110016
	TH7110017
	TH7110018
	TH7110019
	TH7110020
	TH7110021
	TH7110022
	TH7110023
	TH7110024
	TH7110025
	TH7110026
	TH7110027
	TH7110028
	TH7110029
	TH7110030
	TH7110031
	TH7110032
	TH7110033
	TH7110034
	TH7110035
	TH7110036
	TH7110037
	TH7110038
	TH7110039
	TH7110040
	TH7110041
	TH7110042
	TH7110043
	TH7110044
	TH7110045
	TH7110046
	TH7110047
	TH7110048
	TH7110049
	TH7110050
	TH7110051
	TH7110052
	TH7110053
	TH7110054
	TH7110055
	TH7110056
	TH7110057
	TH7110058
	TH7110059
	TH7110060
	TH7110061
	TH7110062
	TH7110063
	TH7110064
	TH7110065
	TH7110066
	TH7110067
	TH7110068
	TH7110069
	TH7110070
	TH7110071
	TH7110072
	TH7110073
	TH7110074
	TH7110075
	TH7110076
	TH7110077
	TH7110078
	TH7110079
	TH7110080
	TH7110081
	TH7110082
	TH7110083
	TH7110084
	TH7110085

