CHAPTER 3
HYROICTION

el

e ztudy of dicleetrle rolaxation of o substance is
opsonbiglly the quantitative charagterization of its interaction
with the electronagnetic £i0ld, In tho vords of Profossor C.P,
smyth) the ploncep worker 4n this £lold, the dicleetric relaxation
is an effective tool for tho study of molecular and ﬁﬁtraﬁslaeuiar
motdiong and their relaticng to moleeular structure - shapdy slsze
ote, in the liquld state or 4n soluldons, In order to have a foir
underatanding sbout the prosent position of rolaxabtion studlosy a
short account of the developmont of the theories of diclectric _
polarizadions their vsds in the cnolysic of the exporipental datay
togother with a brief veviow of the provisus works will bde given
in Eh@~§ﬁll@ﬁiﬂ$ seéﬁiaagg The seops and %ﬁ@ objocty of the

presont dnvestigotions will be stated latoern,

1.8 @hagfies;gflnggggﬁt?ﬁu“ﬁﬁ%aﬂigaﬁggn;1Qw>a' r molecnlos

vhile studying the diclectric behaviour of (ifforent
materinls, early workors, ﬂﬁﬂﬁ&gy ﬁam;asg Leng® and others obseyved
that tho dielectric eohstont of cortain dieleetric mat@@igis
deeroaced abruptly as the freguency of the aprlied £field was
incioaseds Fhls sbmipt dinlwmtion of the dislsetyric gonstant at
higher freguencles of the field was termed ‘*unomalous dloperslon!
of the dieloetric constont, The first successful explanation of |
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the pneuameman of the ghomnlons dispersion was put forward by
Beby&ﬁg who pointed out that the characteristic proporty of the

liqudds rogpongible for ancmaloug dispersion wasg due to tho polarity

of the molecules ean&titntﬁgg the dielectric. Debye cuplained that
when a dieleoctric composed of polar mvlecules was placed in.an
eleotric £ileld diclosirlc polarizution somposad of three parts -
elecironicy ntomie gnd oriontotion polarization occurs. Ab lower
Froygyeoncles of the £ig1d the total polarisaticn rowains in vhnse
with the £leld, but at o higher Ifronuencies, bthe polaviustlon lags
beaind the fieldy ag o result the polardzation becomes complex, On
removal of the field the h&lﬂfiudﬁi@? decays oxponontiallyy glven
by the roélation P-= Re e The time in which the polarisation
decays o /@vﬁiaf'tha origingl value 48 called the diclocirle
rolnxation tine,

Ba@y&s on applying the molecular diffusion theory and using
the Lorente axprossion for the intermal fileld, defuced o relation

connocting the polapimation with freguency of the applied field,
given by N u>
. e’ 4 (Oko—{- 3KT /_H'co’C')
p - 6?“,{.2
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vhere o Is the molar pol aﬁiﬁ‘h&l&tyﬁ My ¥ and f’ aré the
molecular welghty avegedrots mumbor end denglty respectively, @
- the dipole moment and € is the complex dielectric eaﬁstant,
given by the ewprossion € = Eacﬁ—-%%;ﬁ%& the %@&1 pard

of which gives tho dlelectric permittivity ¢'= C'-+ /+ ia (g,b)
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sod the imepinery pavt gives the dicleatric loss
- é”= Céa"ea:}x : .

|+ x {13)
whore X= T 1o Gl . bolng the microscopic relaxation
time, Those equatiens (1,2) und (1.3) are called the Debye
oqmtions of dispersion for polsr dlcloctrics. It is soen from the
onsation (1.2) that € — & as @ —>0  and the value of €
graduslly decreaces with the increase of freguoncy and vhen w-—~> <
at very high frequoncy € —> € This explains the phenosons of
angmeleoas digporsion,

h |
1,2,2 Drollich treatwment of dislectric nolopis-td

Fmgiehs congidersd dielsetiic ‘pommmi;ieﬁ. fron the
phonomenologleal or macroscopie point of view, He deduced a relation
beltwent & tine @gmﬁmﬁ electric fisld B(L) and the corresponding
é}.-m’%:?ﬁﬁ ddsplacement N(t). when a £leld B(u) 1s applied during
a tine fmterval u ond u + dug theén |

o
DO = é,gE(f)*ffE(u)f(f‘@du e
e ¥

The Pirgt term on the right hand sido of $ho squation (1.4) ds
ths Instantoncous displacenonty whille the second iz the sbsorptive
tomm, Frolich assumed that the attaiosment of eonilibriun is
exponential with tine and has the decay Funciion

fo = &7 (1,8)
Diffeorentiating the oyuatlons (31.4) and (1,8) with regpoet Lo
time and combining the results, the following equation is
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obitained

- €xE) = (Eo- €x)E
@,%JC CD—eacE) + CD Cor ) C oc) (1@6)'

For a periodic field E-=L exp(z‘w@ whére Lo is indopondent
of time (%) apd @ the angular frequency,’

dp. {wE, D=€E and &D-iwe’E

at {347)

substitutiog the values in eqn,;(1.6) and on rearrangoment,the
oguation €o— €Exc
€%z €t ——7m
. [+ 1T {1.8)

is obtained. Fgn,(1.8) iz siniler o Debye sguntion,
it should be noted here that the relazotien timo derived

by Frolich gives the nadposcople rolssxation fime Tm.

#he relation betweon the mucroscopic relumation time Tm

obtained by Frolich and the mieroscopic relazation tine Tu

obtained by Debye is given by . r '
€eo+ 2 Q. -7
= e
o Crt” (149)

Later on ?wlés’? and alarun® dn & fore rigorons mainer obtained
the relation beltween T  and T

3 Ee
. o= T
Com = 2 €ot Ex ~ | {1,310

it may be noted hore that the Lovents expression for internal
£101d o5 tged by Debye® was later modified by Qﬁ%gﬁfgf
ririboal? ang others, o : '




Hﬁmﬂwﬁﬁﬁii considered the process of aielec%wie polarieation
f?amxviau g@iﬁt‘@f‘malesulnm rate procoss. He assuned thed The
E@7$ﬁﬁlaﬁ dipaie orisntation 1nvmlvas o pagsaze over g potentisl
barrier with o certain pxahahility of junping from ong eqailﬁbrium
pogition 40 anobher, With some simpiifying sssusptions ho
ohtained & relation botween the polarigation P and the jusping
rate Ko given by

—ko £
P = ke (112)
where £ o sueh fhat Kot =!  then
p(B) = R/e (1,18)
This valus of time ¢ 49 ¢slled tho raloxsbion time and 13
dofined ua T:=-%o Kouzsmann using Lovents expression for
intoronl fi01d obigined an axpression for pelarisatlon
' NMYBKT €042 p
* o T 7”? ; —= ~° : -
NE
where ) = Gl
4~
y Eoc T2 Ko

and  Koe= 2.z

sitplification of eqn.(1,13) and soparating real and imsginary
parts oguations for €’ and €7 sinilar to Debye eqns,(1.8)
afd {3.3) ave obiained,

Keunsarty also postulated that the process of molecular
oriontantion reGuireg on activebion onepgy to overcome the onorgy

parrier soparabing the w6 eguillbriun positions, Following




E‘,Wingm rate oquation, Housmann put forwvard the rate constant

Ko given by —AF/RT
Ko = ‘J@‘_‘ = % e !
an/RT = AS/R (139
3 AF/RT _ ﬁ" . e
(1.16)
whors AF= AH-TAS is the molar {resc energy of
activation for dipole oriomtation and AH, AS are the hest

content and entropy change in the process of scilivation, The

ean. (1. 315} can bo weltten in tho form

E-/RT
_ A (74
T = 1?-_e '

vhers Eq  is the activation ererpy for dipole oriontation,

(1,36}

sccordding to Hourmann thic enexgy corresponds to intermolocular
potential cuergy barrior ard it has bson udsed by largo number

of workers to debormine the value of Fe.

Dobye assumed that when an electrie ficld is npplied to o
nolecular dipole placed in o vispous wmedium; the torgue acting
en the dipole oriente it in tho dirgetion of the fleld with an
angular velocitys Tho torque is counterbalunced by the intornal
frietion < of the wedium, proportional to the angular velocity
of the dipoles By the &p-piﬁ,eﬁﬁim of the stokets formuls he

obtained g rolation botuesn tho intarnsl friction €  and internal
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vigtoslty it given by
; 3
9= 8N Pimt & | (1,17

wvhore o 4s the molecular radlus.
The eonpidoration of Provaian notion of dipols rolesuleo in the
loudd gtate, the yelationship betweon ¢ amd T given by

T= opT | . (1,38

where K is the Boltasann constant,
Combining egns,(1,17) and (1.18) the zolationship

_ 4K Qimt od

T T kT {319
is obtained, Corsidering the picture of the moleculs as a sphere,
Debye consifored the intornal viscosity as macvoseopic viscosity
of the modfum ond the egn.{l.10) becomes

3
~N
T= 4—%& . T (1,20)

The abovo equabion shows that fron the measured velus of
velaxation time ¢ and cowofficient of viscosity v at
Mrtaiﬁ teoperatupsy the pise of the rotating polar polecules
By be caleslated,

1.3.1 pplicability of tho Dobyo oquobion

couation (1,200 by differsnt workers1®*1®  yans soncernsd
in determining the molaoulay size apd testipg the lincazity
botyeen @ and at Qifferent temperaturs and
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at difforent solventg, Bt soon it was reallised that ﬁhé molecules
in gonoraly ave nelther spherical in shape nop the macroscopie
vilgcogity reprosont the internal viscogity ag reguived in

Dobye oguation (1.20),

The Eébye eqguation wos thereforo modifiled in two direetions
(1) o asceount for the deviation of the noloeular shapo From
spherecal symmetry (2) to correlate the internal vigeosity with

the macroseopie viscosity.

(1) Porein®c treatsd tho gonoral case of sipid molecnles
of ollipsoldal shapo nnd hag shown that there would be throe
distinat relazation times along the principal sxos, Following
porrin, Pischer—! obtained anh expression for relemstion time
for spproximbe ollipsoldal molecules 4in which dipole monent
lieg in any one of tho ax%egs given by

47D f obae
o (1.21)

vhere a, by ¢ 2r¢ the semd exes, £ is a strustare factor,

T =

(2) To rcdofing intornal viscosity s+ In ordsr to tale
into seeount the intorastion betweon the solvating medium and
selute nolecules, modifications of internal viscoglty of Débye
ein, (1,20) wero mads by many wérkeﬁag of which only the noro
important ones will be discussed hers,

Uirts and his ccw@rkefsgg from congideration of solvent

lavar intoraction deducedthe following equations
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with 'f'rol: = GT‘+ Cl+ > ]

ghove v and M oars the meon mdii of the golvent and solnte
rolocule,

(1.82)

BAI1E8 sugeosted that the fntersction betweon the solvent

ard solute would Be best popresented by e term ealled mutusl
vigeosity N, . Tue rutial viscosity 2 is rolsted bo
Bacroseopie viccositios of the solution { Dm Yy soldvent (2 )

and solute ¢ 2. ) given by the velation
o ~ 62
Do = XD T 4 G DTt 22 TR T (e

waore ©1 02 O™  gre the intermolecular distunces of the
solwsnt, solute and solution respestively, G2 is the mean
distoncs botwesn adlacont solute and solvent moleoules o« and X2
are the mole fraction of the solvont and solnte molocule,

For dilute solution of polay molecules in o non=polar
soivonts HALIYs treatmant gives

2 .
Tu= = D Rz G2
TR (1:80)

Rip  4s the vodins of gyration, 7, mutual viscosity and
Ole 48 the mean distance bedween the adjacont solute abd
solvent solecule,
Por pure dipolar liguid, Hill'e cguation is
=2 R*s (1425)
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whore A is o numerdcal eongfanty R is tho mesn radius of

pyrationy and 6 is the intermolecular distance,

Boagides nodificalion of Debye sguation (1.20) sﬁweral
empirdeal gpproaches to the problem of Anternal viseosity hove
besn made,

Starting Zron Pischey eguation (1.21) Hago®™  devoloped an

arpreseion for microgeopic viscosity in terms of macroscopic

viscosity
A Ve
- ex - -
. l?mic.'r‘o ’D?I PC vV (1-25}
and are bthe wologulasr volume of polay golute and the

nop polar solvent ard A is o numerical parvameter,

%’.iizg&sﬁ.% gugpested that for highly viscous mediun the
relexation time should be zopresented by '

p &
T =AY (1,27}

where A is & constanty, X ig a paramober less than unity

and the ggustion wig valdd for one tevperaturo.

“ezlmn*‘e’ found that if the constant A is roplaced by
B/ T +then the ogn. (1+27) becomes valid over a small tempaz-a‘jmz'e
range snd the euh ean be wrﬁ:ﬁaﬁ in the form ag
¢ - B p* ' ‘ {1,28)
Thattacharyys et al,’ .ond Sinka et a1,%C derived an

expredsion e A r
T int 7? (1.29)




“ 31 =

AHe
vhore 7 = A Hp

Pquations (1.21) and (1.22) were examined by Pitt and Snyth™
eguation (1.824) vere oxamined by ﬁartyﬂgg H@aﬁiﬁ@aig Pty ard
anyttB2 and others, Byustion (1.26) was tosted for high viseous
solution by Eslman and Smyth®3, It was found that if one egustion
was applicabls far_ssﬁe:mnlecuia ﬂﬁ.seme vigsecositlesy for other
molecules it fails, Fo single supression wag found which g ‘
applicable for 21l molecules in solvent of diffevent viscosities.
1t was found that H1ll's equation is bost sulted Yo systems
vgere the sizes of the solvent and the solute weps not far from

undty, Meakin®® found that 4f the size of tho solute werc three

times as large as dhe solvent, tho Dobye oquation is thon epnlicable,.

1.4 DRlotwibution of Reolawatdon timos

in thoe provious secbion the applieability of tho Debye
squation (1.20) which is concerned with rigid spheriecal molecule
with a single relaxation time was discussed, Bub g@ﬁeraily
molecules nre not spherieal in shape, ray be ollipsoldal or long
chiain, As mentionaed earlier in Seotion {1.3.1)y the ellipsoidel
molecnles havirg different relamabich timos along throe axes,
yould glve rise t0 a digtribution of rolaxation times. Similarly
in leng enain:m&lﬁculeétégggﬁgiaxihla groupy o pumber of r@iaﬁ&%ioa
precossos ray simultaneously cecur due to the corientotion ef
different units about different sogments. Yhis may caust a

ddgtribution of relaxation times, Soveral types of distribubtion

|
f
!
|
|
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funiction have been developed and only the more ioportant ones
are diseussed below,
A
14,1 Zrolich's distriby
Ao |
Frq&iehﬁ congldored p model in unieh osch nmolecule hag two
paailibriun positions with opposite dipols orientations and hag

given an gnalysis for the continuous distribution Of relazation

timos botyeen two limiting values T, and Tp, He gssunad that

if Y(dT is the contribution to stetic diclectric constant of

the groupg of dipolos bhaving individunl relaxstion tine in a range

0T meay T the total contribution of all the dipoles is

o d
e = 2 d e ,
€o—Cp. f ORES (1430)
Then following Debye 8anss; (1.8} and (1.3)
' o
€= e$,+-}/?%£EZfi—-;
) |+ (W) {1.31)
<
" %@)wed@ \
) TiicenE (1,32)

On simplification Prolich arrived at the expression for unifornm
distribution of poteéntial barrier over a rangg U

Ve /RT
¢ - T
o2 = e’ | (1:33)

T2
whaore Uo 4s the poteontial barrier bebtwoon the 1init T and T2
The ewpregsion shows that the distribution should decrease with
the inereage of tempornture, the trmﬁh of which is obgaryved in
‘mﬁsﬁ cagses. Higasd et al, 85 used rrg@iah*s/ﬁi@ﬁribatian for the
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analysis of diolectric data of alkyl bromides. The lowest C,
vaelus was attributed to the rotation of the «~CHoBr group and the

highest 70, value was attributed to rotation of the whole moleculo,

1s2.2 Cole Cole distribution of velaxation times

It was obsorved that tho Debye egquations (1.2) ard (1,3)

could be combined into a single equabion
2 ne éo—'eat.)z
4 €—0+€— —_ )
(¢'- =% “) + € < Z (3,24)

vhlch 2g the egquation of a ¢irelo, The plot of dieloctrie

pernitcivity €' and dsclectric loes €7 should be o semicirecle
{ehown in fde, 1.3a) for the moleeules which conforms to Dobye

ecuation ag in the aasgzgf'isabutyl bromide or halobonzones,

G@lewcolegg-éhserveﬁ thoat in & nugher 00 cuses guch plot
is not seniciroulur but are of a ¢irele (shoun in Fip. .16}
intereepting the sbseissa ot values of €& aﬁﬁ € Witk ceontro
depressed bolow the abscisse axis, For these cases Cole and Cole
put forvard an empirical dlstribution funetion X givsa @y a

nodified Debye cuuation

»® €o— Ex
€ = éac + Z__-/'f" l-w,ao)f—a( . (1’35)

The value of o«  which liegs botugen O and 1, gives a mensire of
digtribution of rolaxgbion times, A 1z obtained from the
angle © = qg:‘ mede by the dianeter with the abselssa ab €x

point, The value of T, which gives tho most probable relszation
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time dg obtained fron the relation

G (1.0
ubre U 4s the distance of €. to tho experimental point on
the Cola=~Cole plot and W 4s the distance from the & point
to the samo owporimentsl point, |

1,4,3 Davldson arnd Colo

.-§gibuﬁﬁﬁg

In o number of cases it was observéd that the plot of <’
against e’ was the form of ¢ shkewed are (shown in Fig.l.1¢).
The reosuit in those cases aye beﬁt@? reprasonted by Debye equation
medificd by Davidson and.cﬁiﬁ37
€o—Ex
G-+ iw tu)(b (1.37}
yhere @ 4s the constant lying botwesn O ard 1, when =0

is given by

E¥ = e+

the equabtion reduces to Debyo eqvation, Skewed are representation

38

wore observed by Mopsilk gnd Cole™ in pure holoethunds, by Higasi

_ 35 ‘ _ , ‘
anldl cosyorkers  in Anthrones ard 4n super cooled tarphenyl

solntion, by Erishnajt ot ai.™® in alkyltniols, Seyth ond

4

eo-yorkers in dibronosliitnnes,

1.8.4 Digtributior

The distribution in nolecules having polaor group or groups
frecly rotating with rospoct to each other and ench covrying o

Invariant dipole monent was considerod by Bude @ and Kirvkuood

and ¥m933@3§ The diclectric bohaviour in those ocoseg was congsidered
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a2) Debye semicireunlar arc plot
b} Cole-Cole are plot ‘
¢) Davidson-Cole skewed arc plot
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by Budo’ % ag the superposition of the dlspersions due 1o

1) orientation of the molecule as o whols 3I1) orientstion of
dafferent polar groupns each obeying Debys aquation with single
relaxation time, The oquations comnecting €' and €7  were

axpressed by Budo as

e'-ex - Ci S
€o — GOQ: [+ CC&)@{_)Q {3.,38)
7 (Jed
€ .S Gwes
Eo— € e T+ (wT)® (1,39}
: 4
wnere Ci's are the velative weight facﬁ:zga for different
, M
relaxation process, suck that ZCi = -27[9_— = 1. tha Tcs are

the relaxation timey dne to dﬁ;ff}wén{: orisntating units assveianted
with moments Wys and (0 48 the totel moment of the molesule.
The above gquations are valid for molecules Qﬁ@;ﬁ@ thore is no
iﬁ%@z’a@ﬁiﬁﬁt hotwoon different orienting units, Tho anslysis of
diolectrie data Into g number of -Mméew relaxation times bLeconmes
too difficult and more 80y If the rolamation times ave too close,
pifferant workers made different approsches for analysis of their
data into two discrote mmﬁaﬁm processes, Vavghan ot «l.’%
found out & mothod for the determination of molseulsr and
intramolecular relazation by sasuning subernosition of the two

Nebye rogions at a particulsy temperature.

Fong and smytﬁ%‘g doveloped the double sve mothed in vhich
they graphicelly analyse the data for tyo overlapping regiong of
the dielectric digpersion and found out the mi@wmr sod lhtraw

s

™6y Y6
pmelecular relaxation tines, {3904

27 KR 1991




Following Budot!s equation (1.98) and €1,-3£‘>} s Dorgrann et aﬁﬁ

put forunrd the following two coustions for anelyses of data into
tue discrete relaxetion mechanisms,

Ec— Eox ) [+ er@/)& [+ (W) £ 1.40)
€’ GG Cp 0 Tp

N At 4o = 1,41
€o—Ew [+ (@G)* I+ (T (.41

whore and ¢, ave two rolaxastion times and G, and O»
D) 2

2
their rolative welght factors, suéh that G+ (O =/ and _Cc_/ = %’—z
2 2

Ay and Mo being the monents components responsible for
raspoctive relaxstion procassos. The Dorgmann equations are widely
gged ard have bosoh used By many workers for ashslysic tho data

into two dlserobe relazabtlon procegsas by trial and ovror method,

1+5.2 Kagtha's method

Bergmannts two oquations having three unknown guantities
T .C and C or Cz can not be solved direstly ang different
workers golved the eguetions (1.40) and {1.41) by trinl snd error
mothod, Zusthe®? sugpested an analytical method for shraight
forward caloulatlons of ¢, ¢, amd C
Combining the two eguations of Eergmaam and siuplifylng, equations

—_ o
I-—BQ: = x, + Lo — "E’ Xy Xg {1'%;)




/
2

‘ - x’

et ¢, - GramgCr =) ,
| Xy — %5 (1.43)
vepo obtained, » _
-G b =
where =T €o- €
and

Xy = W, Lo = Py

~Tmévequati@ﬂ (1,48) 1s 2 eguation of straight line, the slope of
which gives xyxo gid the intercopt gives Hz for whieh 7,
ard Ty can be determined and from equation (1.42) C, can be
dotormined, The eguations (1.,42) and {1,43) were successfully used

; OTwlS
by differont warkﬁ%&“ﬂﬁ&g¢

1.6 Beview of previcus works

15643 1 Zon »igld molooules with most srobable rslaxation

Yarious workers used Cole-{ole mothod for the snalysis of
dielectric data in rigid and non rigld moleculss of different
shspes and cires and reporbed the structural peculiartios of the

molectules affected the relaxation times to o great exbont,

Hennelley ob al.5? studied the dlelectric behaviour of
twonty soven organic polar molseules of different chapes, sives
Cand rpizddity, Thoge which are spherical, conformed 1o Debye
equetion, for csymmetric molecules, distribution of relazation
tines were found, the distribution increased with the inersasing

asymmetry, but decreased with rising of temporature,
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Smyth and @@wworkar*ég choerved that if the molocular ghape
and dipole direckion of a sot of molscules are closely similur,
there oxists o rough similarity betwgen T and 7

Buat Miller and gmythﬁg'rep@rtaa that 1f the molecules have
similar sine, dipolo moment and wiseosity but difforent dAipole

direction tholr relaxation times are widely diffevent,

In s oumber of haloethanes Crossley ot &1.5@~0bserveﬁ.ﬁhat
the pean rolaxation tdme and the distribution parametar increnses

with increase in size of tho moleciles,

5653

In parious aliphatic osters roporbed by veriovs vorkers
the mean relaxation times as nlso the distribution inercasw with

inorease in size of the ester molecules,

Higasi and c@»wO?kersgg“gl studied & seories of aliphatic
aleohols ﬁn.vaﬁiou@salvantg and obinined the principal relamation
tine and Rirvkwood g factor. Large molocules of triphenyl
rhosphiney trishenylarsine ebte, wore studied by Hassol et 21.%%
who repodted that the lavge reloxation time were in conformity

with thoir sizes.

Formation of moleeulay comploxes with zelvents wore reported

63-65

by varioug workers in substltuted phenols from the lengithoning

of pelexation LAnes,

The mean relamation time in alkyloysnides and alkylthiols

in the 1iguid ptate reported by Erishnajl and caﬁwaykarsegiqo,was




o

found to incrense with increasing sime of thoe molecules, The
increase dn the distribution pazgmeter ia alkylthiols ot higher
temperaturs was attributed to the orientation of various segronts

ab highor témperature.

In g mmber of 1y2-disubstituted cthanes in the liquid state
ﬁasaan,at 81;6?9?0 reported that tho mean relazation tine
increases with the increase In size of the melecules. They also
pointed out that the dipolar sotivation onergy in cach case has
got a parallelism with tho lovering of the onoppy 4ifferencs
betwean the trans ond gotche isomers from gaseous 3o the liguid
state, They aslso observed that the dipolar activabtion ¢norsy wag
falriy equal to the electrostatic potential evergy difforonce
Batwean the polar isomers in the liguid siate,

1,6,2 lolecules with two diserete relasstion proceases

Holeosular and intramoleoulnr relaxstion processes in
asropatic noleenlea having polar géomy such ng «-0H, «GH, UHo,
“OCHz, ~H(CHg)os ~0CHZOL, -C0GHZ, <0H0, «CHsX (% = hologens, CN,
oily BHp) ete. have besn reported by maﬁy'warkewgvg’ﬁg wostyin
diluto golution and in some ¢asey in pure liguilds, The nmolesulor
and group relozatieon tines in thosne cases wore fouhd consistent |
withh thelr sices, But the much lower relaxabtion time of the -y
group compaved to the -OH groups was atbtributed to motlon simiiar
t0 the invorsion of ommonia. It was interesting to nots that in
the disubstituted bensenaes with simller spbstituenbs such ag
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B389 in the paraposition,

ag <(CHgy ~CHoCH, «CHgBry -HHs otc,
the nmean relaxmtion time was found to be much smpller than thot
when the same substituents are in the ortho and nota positings
In the formor case the rolaxation was attributed to group

rotationy vhile in the latter cases both the melecular and group

rotation wvers prosenb.

Tho suvprisingly low relezetion time compared to the sizes
of d&iphonyl eﬁhergﬁi diphenyl methane aud ﬁ@nmyle@ﬁ@r@6’8?4ﬁﬁﬁ
ﬁfipbenyiam&nﬁgg wago assoclated with some forn of dntrarmolecular

pobtion in thom,

fiocentlyy Higasi and acaaaﬁkersag roported that in the
diphenyldioxide tipe of moleculesy the emall relazstion time night
he due to butitorfly notion of tue two rings. "

) %
in sone substitutod phenole Mageos ard walkﬁr“g reported
that both moleculer and group robation yuore pyesent, but the

group rolazation Bime vas longthened due to hydrogen bonding,

| -1 - - R |
Hasdfan et~a1;91’9 ropoarted that while the esters of

benzole acid relax by molecular and group votution, the mono-

carbonylic esters relax only by moleeular reorientation,

It has baen roported in primasy aminasgg and ket@nasﬁ%

that the dipols orientation takes place predominently by group

rotations

72479
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in the o, 0 dihaloalkanes Barg ond Smytﬁ%* and Suresh
chandra of al.”5 in pure 1ignid ond Ailute solution, the dipele
ovientations occurs by two mechanisms, the larpor relaxation fine
was consistent with size of the molesules and the smalloer

reloxation tiwme was conedsient with the size of the end group -CHgX,

 Gomlor ot al,”® reported a very small relaxation time due
to intramoleculay motion Anvolving eisAArans transiormation of

the discetyl moleoule,

1.6.8 Foley obsorpbion (sbsorption in gubmilidmeter rogion)

[

While studying dlelectric relaxation in vardous rigid
m@iﬁﬁﬁl@ﬁ,,?@ieyg? obgerved a socond dispersion in the subnillii-
neter reglon, in gddition to the nommal dispersion in the om.
rogion due to molecular orientation, gonfirmmbtory evidence of
1Poloy absorptiont in other molceules were peported by many
vorkers® 302, prom fan infraved ebsorpbion in vardous polay and
non polar molecules Davies ot 2%, 1% coneluded that the Foley
chdozptlon night be dus to o fluchuting &&y@lafaleméﬁt in polay
liguids, while non pola® absovpiion night be due to moleeulay
coliisions, wallker amﬁ\cawwérkews3@%i1®5 from similer studies in
varicus moleenles concluded that the Poley abgorphion can not be
aceounted for by simple robebtional mechanism, Goulon ot &1!335
from studies in submillimeter microwaves (118 GiHy) sud in far
Infrared concluded that far infrered 'excess absorpitiont ayve

connileatad, Doth rosonance snd non vegonanse absorption with
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somg interaction of small group 4o occur, It appesys that the
situation is st411 not very cleav,

| Felaxation studfes of dlpolar miztures initiated by |
Alexandrov ond Dehiani®? sug sehallamc&xwg wero folloved by
seversl voskers. The moré recent york of Forest and Swythl09,
gadaba apd cowworkewsdlO=1iS gng ﬁmemlw’“ﬁ showed that in
ﬁ%@~%ﬁ$ﬁu§ﬁ§ of noneassoetated Ligudds, the relaxation is the
‘peauitant of relasntion provesses of individual compounds. In
oage af'mﬁxta?aa of assoclnbed liqulds, the relumtion iﬁ?ﬁ&?@s
ﬂﬂl&@ﬁlﬂ? ¢ingtorg,

b) %sgaaﬁataé 134 qa&ﬁa

in aieamm, the malﬁaﬁiaa sre known to ewist 1n o highly
- assosdated stotes ﬁ@l&ﬁﬁtiﬂ& m@aﬁ s 4n pleokols by dirferont
worttors 38383 gnaseate that there oxist three distinet rolumatlon
rezions, The aiap@rsicn in the Iowest froquency r@gians 1a
assoednted with the relaxetion of molectlay elustors. The
ﬁiﬁy&rﬁi&ﬂ~iﬁ highost froguency rogion arises due to the hydrogy
group roetation amd the dispersion in the *ﬁ@&?mﬂﬁ‘a%& fre@uﬁnay

. rogion is ﬁgﬂigﬂ@ﬁ to the rotation of froe gloohol o lecule orising

out of froquent breaking of hydvogen bonds, '




Relazation studlies were alge used in high,@aaymﬁrglgé”lgg@

It is obgorved that in somp capes polymerie chain oxlst se bent
rods and in some other cases as floxible codls. The distribution
poramobor increases with inerease in tempersturey gometimes
asbtains ae high a8 00,

4) Liquid erystals

felaxation studios have buen made by difforent w@yﬁaﬁgggblgﬁ

in various m@maﬁia and cholesteric liguld seystaels. The magnitude
and pign of the dielectrie anisotropy apc found to be froguency

apfl bemperature dependent, The rolaxation time due 46 the respective
yﬁﬁﬁaﬁiﬁﬁ'@ﬁ‘%ﬁ&’ﬁﬁi@éﬁl@& porponddoular and parallel to the Jong
ax0s apd found o bé diffovent, The asigh of the anisobropy end

the relaxation tize ploy important role in @?&@%iﬁ%l application

of iiguid erystals se display devices, |

e} Diomolesnledy

Geloxation measuroment have been made in bilomolecules of
smino aclde, peptides and protoins in watér selution In rmpdie
froquency region by various workersi®=136 .na vapious moleocular
- paremetors wore dotermined, The breaking ard formation of HeH,.0
and 0«40 in amine acida ond peptides respectively, talies place
respoctively as obsorved from the coustancy in the-%&ﬁﬂ@# of

Proe enerpy snd enthalpy of the moleculos, Three dispersion
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roglons B ¥ and é obgerved in protein molecuiles. The
dispersion iz congentration dependont and is attributed 4o bound

water molecules,

A brief revioy of the studics of dicloctric relaxzation
in mﬁcus orpanie polar moleéulss in the liguld stoto and in
golutdon wis presentod in the lagt é&am@w; Tt is noted that
mach inforsaticns gegarding tho strucborsl parvameters of the
moleenles are obtalned from such studles. It was also observed
thot though wolooulay apd inbtramolecular motions in aromabie and
aliphatic nolocnlos with gr

oups such as «-0H; -HHg, «00Hz, «L0CHZ,
«CHO, ~H{CHa)g and ~0HoX ( X = halogens, ~iHg, ~0H) ote have
been reported by many workers but such studios in orpanie
molecules huving groups -8i, =80Hg, «i00, ~l08, <NE0y =CHoOCHoCHOXK
(X = halogen, -iHo, -5 ete, are very few. It vas thovefore,
thousht worthuhlle to select the following aromatic snd aliphatic
moleculas dn the liguid state and insome enges in solution for
the prosept Anvestiputions, |

sromatic molecules @ Bensone substituted woleoules with
| groups =-8H, SCHg, =HC0y =HCSy «H60, CHoUHgCHoY (X = halogeny =SH,
e ) o : .
‘aldphatic molesules » Behalogubstituted propionates,
B-halosubgtituted propionated, 4e-halosubetlitubed batyrate,
@ wdicyanonlimnes,yl,depropanedithiol and 1,2,3-tribronopropanea.
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The object vas to study -

1) The poseibility of internsl rotation in those molecules.
2) To opply the nethod of least squares instead of trial
atid errarﬁgethed and graphical mothods uced by other workerss for

the ahalysis of the experimental dote im terns of molecular and

intramolecular relaxation times and their relative weolpht factors,

3% 7o deteormine the potential anargyﬂhasrier for woleculsy
oviontabion, group rotation srd visgous flow. '

4} To evaluste the dipole moment of the molacules.

&) 7o find out the existende of moleeunlsr conformatlons
15 any, and 1P co, £0 point out the possible conformation
perticularly in aliphatic molecules, _

6} To £ind out if any, high frequency dispersion rogion
of tPoloy type! is proséent.

The ezperimental technigue for the measurenents of
dielectrie data is given in Chapter 2,

The results and thelr interpretations gre presgnted in
Chapterg 8 6 10y & submary of the results and copclusions aps

given in Chaptor 1l
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