CHAPTER I

BEVIEW OF THE PREVICUS WORK
Ay  WIVOLE NORENT P FOLAR MOTEOULEE FROE SOLUTION DaTA

Tebye's theory of the diclectric behaviouwr of y@i&r
rmolecules im the maln basie preoposition from which a vast
amount of litersture on the subject hus grown ups. One of
the divect rosulis of the theory is the development of the
nothod to determine the dipole moment of polar molecules
which ig & 'um?ul paraneter in underatanding the nnlecular
ghape and struocture, molecular interactions snd Hond lengths
for atona forming the molecules. |

The firet quantitative welation for the diclectric
polarization ﬁf a substance in pmeanée of an externsl

1614 is givan by the Clausiuvs-Hosotti equation (1850, 1879)
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- and the equation for nolar rofrsction
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whare €  is the dioleotrie constant, # i the meleculsr

4o

wolght of the gpubastence, S ite density, N the aumber of
mojegules pey mole, O(o 0 the polawizability per molecule

and M ia tho relractives indexw.



Debye ascumed that when fipoler meleculesm sye placed im
e ptenldy electric field, in addition to normsl olectronic and
stomia polarizaiion, o third polsrisation ‘ealled orlentational
§olamisati@n ogcurs due 0 permanent dipole moment ‘/A of the
polay molecule tending the molaecules o align themselves in
the divgetion of the field, In thet case the total polarizew
tion is givem>ﬁ§ Debye no
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whare A ia the palarlmaa 11%? by distorticn and A§/3¥¢T
the polarizablility by Qr@entaticn.‘\< is the Boltmnann
conatants, T da the abmolute temygﬁature and ® dias the
Avogaar@'numhare ?hum‘ﬁabye eqeation aifbr&ed thﬁ\;asaibility
of caleuleting noleculsr dipols m@men*m Prom measureaenﬁa of
the di@laetrie conatand wiich however did not arcuse muah
intorest until the middle of 1920. At that tipe umderst&nding
of the structure of nolecules had sdvanced to such a aagrue
that the value of the dipole moment could be connected with
the geometrical ayrrangement of Ythe atome in the meolecule,
¥rom then on, the significence of Debye's method was fully
roolized and an inercasing nunber of deterninstions gf.per-‘
nanent dipovle moments were performed. But 1t is well kaswn
that Debye's eguntion is found to be experimentally velid for
gagern and for very dilute éclaﬁiaﬂa of polar ligquids in non-
polar zolvents and laﬁge daviatious sre obaserved for polar
liquids'and 80lids. These discrepanclesn are dus to the

following agsumptions nmade by Debye:



1. Fo loesl édirvecitionad fovcoe Gue 1o neighbours act
 upon dipoles ac that they sre distridbuted asccore

ding to Langevin's law.
2 The field due to molecule within the spherical

reglon having rm&ius iarger thaéﬁ%gé%ﬁoleculas is zero.
o The directing field was taken equal to the internsl
| field,

Onsager {1936} was ono af,%he first workers to exomine
the problem of internal field. In his treatuent the molecule
| of a polar liquid ig congidered as a polarizable point dipole
vaﬁ'tho centra of a épheriaml envity of wolecular dimensions
sorrounded by en unpolarigzed m@aium. Be éﬁleulaxe&A%he total
fie1d (F) on %he spherical nolecule an due to cavity fleld
ariéim@ due to external qh&rgéﬁ and reaction fiel&’ariaing
due to p@léxizaiion 6f the envivonment medium by the field
of the dipole. The internal field according to Onasager in
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where € 1p the dlelectric constant of the sorraunding
madium 'a' is the xaﬁiun of the apherical cavity, g is
iha uniform macroscopie field outmide the cavity and n is
ﬁka dipole momond of the @av;ty..ﬁy applying th&a.inﬁarnal
£ield instead df Loventa field in Debye equation, ﬁnqngar

obtainsd for molay polarisetion
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This oquation differs fron that of Debye by a



: - 3e(€wnrR)
factor GE+EQ(E ~2). - e
equation (1.1)¢ 4As € approashes €, , thia facior app-

on the right hand side of

rosches unity that ia,»ﬁha two equations lead 10 gsame resulis

fcr infinitely ailute solutions mf polar solute in nonpolar

solvents or spec$nlty in case of gaasa where €  and € , axe
very closs to unity a& atnoaphsric vressure, Though Onsager's
gquation is apyroximately found t» be valid in unessceiated
liquids, larpe dlserepancies have been found in cose of asso~
 ciated 1iquidn, The dimerepancies sre due tol |

1. Onsagexr d41d not consider the short range Torces due to
an srdered array of neighbouring nolecules.

2e Uneager’s treatmant of polay moleeules im lxmited 0

those which are gphoriesl in forn.

Se The environment of the wolecule is trested as o
honmogenaous uaﬁﬁihuum and the locel gaturation
effects ove neglected.

The effect of short range forces was fivat considered
by Rivkwood (1939). Unlike Unsager, Kirkwood does not assume
ghe approximation of a wnliform local ﬂie;ﬁctrie congtant iden-
tigal with the maéfeaamyie dislectric constant of the mediun.
By taking into peecunt the sum of the moleculer dipole monent
" and moment induced as o result of hindered rotation in the

spherical region aorxemndihg the molecule, he derived the

relation ' | N
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where 2 ia the ;znrm.‘.!.atioxa pem.amﬁer which characterisos

the ilntermoleculsny interpntion and short range forces., The



sauation becomes identionl with Gnszagar”ea aquation if a = 1.
The eiapar*tum of 3 from unM;r ia a neasure of hindered relie-
Eive molmumr m‘ta't ion arming fr:cm short range intermclew
coular forcen. For wnaagociated 11‘@1:3 the wvalue of a is
ap;arm;ima‘%:ely unlty while for associated liquid the value
departe significaatly from unlty. |

It is evident that K:wkwoaﬁ eqna*ﬁ.m rapresonts e
themmtma}. advanm heyond Q“l&i&ﬁﬁl" equation, in that it $akes
~into ammm* the &inﬂram& of nolecular orientation by melghe
. bouring mol eculea. In *kha ‘abzence of kncswladge of ligquid
Iatmctum this fagtor 1 un;mmm and ugeful only as an empl-
vieal comstant, | |
| Frohlich {'?943) m&iﬁe& Eipkwood® s i:heawﬁ by conslie
| dering & ﬂiﬁpmr dielectric m‘ziw‘:h'a number of polari zable
| units of asme kind w?.thiiz & lorge spherical region. Sach unit
has various di pclcs""";’iz‘sémeﬁt. /«7 in difforent divections which
ogeur in coursa of thamai Fluctuations with o certaln pro-
hability. Whe swemge ’ﬁ‘s()mf*ﬂt /U~ Gue to such unit within
the apherical region _‘:e.ga difTerent fron /A beeause of short
rangs interactions betweon the polarizable units and the
deviation of the ah@pﬁ' of the molecules fros & gphers, On-
this beeis s_m‘ equation han been derived for low intensity

Pields a8 — =
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where W, is the number of units per unit volume. FProhiichts
theory has heen axtended 1o anisotropic moleculus by Powle's
(1955). 0 $ha cnae af strong fielde by ﬂ‘ﬁww {19%1).



The gifficultien in ?réﬁﬁieh'g theery ere apsoclipted with the
gvaluatlion of mﬂeygy of intevaction of the sary&a with the
sorrounding mediume
Thus from the gifferent theories oo for Gloacuamsed
ghove, it ie clear that the dipole-dipole interaction pleye
en outatanding problem in the determination of dipole moment
- of @ﬂiaﬁ'liégzéﬁg.Ganaaqaenﬁly a sonvenient mothoed of d4ipela
moment debeynination from solution data of polar sclute in
nonpolar aclvonts hzs been sdopded as in this ﬁ&é@ the moles
eules srg well soperated frnﬁ each othoy, the dipolo=dipole
int@vactian in @ansa@n@htly nora or less ﬁﬁseht and moreover
the dipole mamen& value evnlucted by this wmethed ovies in
5reasnnable agr@empnt with %ha obtalned Lron ga@@@us state.
When a p@?az aalﬁte ig dipsolved inAnanﬁalnr solvent,
'7abya haﬂ ?h@Wﬁ that *hﬁ slectrie dipole woment  J& of a
gatutﬂ molecule ean h@ demived from the eqaa*ﬁans
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where the suafflx 12, 1 and 2 regﬁeaant the aeluﬁion, solvent
end solute “ga@ect velﬁ, € the ﬁielﬁﬁﬁ?mﬁ constant, M  the
refractive ﬁn@ax axﬁ apolated fxam thﬂ vigsmale part of the
speetrun t@ 1nfini%e wavelvngxh, ”Y;e "Vza. are %the

)

electywnic amd atomic aans dribution of y@larizmbilitg of



solute of mele: fraction ')éz respectively, ¥ the Avogadro
numbey, K the Boltzmann c&e;’sna*t;mm: and T 1o the tempereture
in sbheolute scple, Bountion ‘:14'?;’ oan be uased direotly to
cbhtaln the molaw p@lmﬁmﬁm m: aolute af inﬁ‘mﬁ& ailution
gnd thue in turn the dipole'moment of polar solute sgcording
to relation {Debye's mathod)

Faeo = of% [Fa] — C-—>)[R]
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where [P\z:, = noier polerization of the solution

€vn =\
= —\—2-—“—\/\2..
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_ [P‘ ] = molar polarigation of golvent

€, -\ v,
€, * 2

The value of P?_oo fncludes of 'emz&sa the contribution of
electronic and atowle polerization which mist bhe taken into
considepntion to evaluaste the 4ipole noment of polar solute.
1f we neglect . the countribuiion of electronic and atomic
polarizgation of solute and solvant fnnt&.emule, it can be shomn
from (1.2) and (1,3) assunming €, = "ﬂ?’ |

€z-1 _Twatl _ AAMMT
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where T, ia the number of aolute molecules per c.c. Buk

equation (1,4) when applied to saue solute end wivent
syoten in different emnccgmm%im, given differant values
of M . This is due $¢ the faet thet Debye®s gauvation is
valid at infini*k& dilution only :11; restricted sense end
pardly due %o ¥he fact that the conputation of /\/L dapends



purely upon the theory of extrepolation of diffarent physionl
aueantities mwh en €5 , T2, o ete. since the
.@xtz’aﬁslatim" eurve ig not a .e;traig};ﬁ 1line. Therefore saversl
attenpis have been made o improve the process 0f axtrspola-
tion by diffevent authora. _ :

. Bedestrand (1929} pointed out thot if 6\2_ and 0‘\2,
vary lineerly with X,  %the mole fraction of the solute,
then the walue of %0tal molasr polorisadion of the molufe €9 ’2

ean be osloulated from son. (1.2) leading %o

€2\ Mz

€,5 \
X, B = X +(V - XM, 12 .
2 6\2_""2 O‘\Q. ( ) 6‘2“‘2- O\\z
E‘—\ . \
Ev2 Ay | (1,5

} &iﬁ'azy?ﬁm:iaﬁﬂg both sldes of equation {1.5) with respect %o
Xp' and toking t6¢ umit Xy —> 0, we hove B, = 2, o the
total molar polewization of solute at infinite dilution,

P &V My 3M, Bé@),
220 €, +2  d, (€, +2) 0X2 /x,—30
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¥hen the cszat,,ﬁ.butlnn M’ elae‘bmnm and efomic ra‘!.emwwfiauﬁ
are taken mm mz&sié% e:m‘!;ian, £ ?w gives the orientatlonsl

polarization (E’@ /UL 3 c;f the milu te molecule and thereby the

value of . /vt The advantege ei’ Hedeostrand®a extrepolation



procedure ia that it avolde the measurement of reframotive

index but the ¢ifficulty arisgs on the evsluation of (—3——9\—‘—2

oo
Uohen-Tlenviques (1935) suggested an extrapolation procedure, 2
- o o D4
the - gim of which ia %o sveid the use of (—\2 and
B?Cz 'xz-—‘.*O
M2 ' '

£6 une $notead, Thin can be schisved ag
o>Xa Tp—>0

equations (1.2) & (1.3) giva
2.

T

Ci2¥?® Mg+ iz

_ xz{gél_' (1 - x2) [P\ a]

"whex@: '[Pze} anﬁ;v '[P\OL] are the molar eleetronic and
atonic polarizmtion of solute and solvent respectively. fiffe-
rentinting with vespect to Xy and taking the imit Xy 0O
and negleoting the contribution due to atonic polarization of

the elvent, Gohenw’kianm%ea]m gauation bhecoues
P — 3M|1 <‘B€.|2> . 2“|< -a'n\2>
= o0 - > VW —=
. | (’h\ +2)" <, a2 X ,—>0 X2 %0

e[fel .
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The modificstion of Cohen~ienriguez formula appoared

to be z:at;h&/r mi%ab‘le a3 it 4g not necessary to messure the
density of the solution and gmzé*?siwlmﬂg\uaaml in those

capes where atomic polerization of the molvent ig vary small,
Bottoher {1952) has comprred Debye, Hedestrand, 50!1@?3«-13@313:?»(1“@-@
snd lasily the femour Guggenheim extrapolation techniques in

~easy of phenol in benzene hut unfortunately ohserved a noteble



- Gevigtion in the value of /Ut an obiglned hy &i,ffe{m;mt methode,
TePerre and Vine (1937) preferred fo uae *he apecliic polarie
gation inptesd of moler polarizetion and apoumed thal €1o
and Jdo ere linesr Function of wolght fraction. (@23. gl
calanlated the eecifie polerizetion of a solute at infinite
dilution as |

ono-—- ‘3\(\_(3) + CLE, s (1.8)
whers -
|D\ = gpeeific polarization of the solvent
6\ - \ . \
.
2
(6\‘\'2) c\|
end o are constents which can be determined from the
relation €5 = E\(\ +°k°‘)2>, and S \o =

Ay (\ + (5(02) « Halveratadt and Xumler (1942) have used
specific volumes ilustend of dewoities gnd deduged that apecific

polarization at infinite &lutlon is glven by tim relatdam

. 30(\9\ |
lg'%o_ (€,+2)* ( ) C+2 "'“-7}‘
whers
€ = €, + Ot@z

‘ b W
Vs = " +‘. &

But the wlue of M ealoulated by veing this roletion by
Halverstadt and Zunler was generslly higher than those obtained
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by usuel wethods andé in seue éﬁ:ma spproximated to the weluee
found frow meamurenents on the vapours.

~ Higasi (1943) has suggested n very eonvenient bug
eppirienl relation for the gniczf determingtion of dipole

nmonent. According %o hm, ' /UK ig given by

. \
. DEN?
mo= Pl (1.8)
vhere ODE = €0 — €, im the aiffersnco in the

values of dielsetric constants of solution and molvent, (3

is & constant depsnding upon the intrinpic propsriies of the
“golvant and ity value ig found %o be 0.90 D with a pesnible
flustuation of + 0,10 &;a.u., ‘Lpter on 1% has been shown by
Epydshne and Srivastava (1957) that equation (1,.8) should be

rapragented as

'o\é».\/?'
M =P _<>Yx_\2;> o (9)

 where o\é\z,/ o\'xz, ig the slope of € 1n — Xy
curve, Thay have eacitablished thai aquaiﬁien {1.9) ia valsid
for the stralght portion of the €,9 — Xy  curve with B
ag 0,828 D, Ian the name molvent Srivastevs and Chorandns
{1955%‘} -have ohteined aifferent values of 2 for aifferent
golute moleoulesn, This inturn, veficots ths fallure of
Higaai's methed in ﬁe%*mig;g /UL for 1iguid mixture. Jay
Freiash {(1973) has shown that egustion (1.9) is o apecisal
case of Debye equation (1.4) under the asewmption that €|o
ims aqual to or very close to unity. Therefore Higasi's squa-

tion and ite podifications sve valid for gases or for those



- 12 -

2iouid mixduras of polar solute in nonpolar solvent which

have dielectrisc constsnt cloase o wnity. 8ince no such liquid

mizture is known, Higesi's nethod, slthough o convenient
awwaeh, fails %0 be apylicable in the ense of a polar
polute dlssolved in nonml@r golvent,

Guggenhein (1949) has proposed en ingenioug method
which avoide the memsurement of d,, uaccurately. In deve-
lopiug hin method, he heg 'mcemgsmﬁad the followling sssumpe
tlongs '

1. The partisl molar volume of the dipole compound (.’12)
. and partiasl molar volume of the solvent C?,) are |
both indeypendent of concentration srd thua equal
40 ?2 and V1 magﬁaaﬁvﬁy which lagds to

2e A ﬁcﬁﬁm& atomic polarigability [V;Q:l of the
golute molecule has bean assumed according to whieh
the polarizabilities of the asolute and solvent sre
in the ratio of their imlar volumes, |

e The value of atonie polarizability of the solute ,
nolecule [‘)/za:l has beon sssumed equel to ljw’ 20
Thés assumption leads to the elimination of the term
corrasponding to —3/20 .
Using (1.2, (1.3) and (1,10} it can be easily shown

that _

<€,9_—-l B "ﬂ?{_—\ > L <€\—| - my =y )

€pt2 meE+2 /) e +2 my+2
/

ARN (~/ MmN
+ _._.3 < 20&—5/20_&- _3KT) CZ oo {1.11)



e 1% w

M
|

where Cp = X3 / Vv, a.” wolar concontration #n moles/cc,

fecovding to (1,11}, 1£ $he experimentsl guantities

R 2
6\2—\ _ Ty — ) _ 3(6\2—T\\2
€lo* 2 np+t2 (€ 2)(ny + 2)

is plotted cgalnet ﬁg, the éla;im of m/z@. corwe will give the
value of (r  when Yoo = VY 2.0 « Az 8 further
simplicstion he dhows thay if €\ — "\\2 is plotted
&ga;mat Gz, the /UL value can be obteined from the reio-
tion

2 QKT
ERPTRY (& +2}(~n + ) < ) (‘3*"’3)

6 = (@-\a""‘%ﬁ) f.m(f_‘ ‘"‘7‘1>

Suith (19%0) has suggested n further sinmpliecasion to

. where

Gugrenhein's procedure by intrdiucing the comcept of xgéight
fraction ns 8 eosncentration wnit instend of ¢,. He shows

that /J- ._ eng bhe deterained from the valstisn

. 9,| (€1~ |
o = —2 [(é< ;zz)?«\Z)/aw ](’32% - (1,13)

whare O, do the 5;;%& Tie jfmmzm ef the pure molvent. Incor-
porating the ideas of Bmith {1950) snd LeFevre {1950},
Guggenhein {1951) modified his own equation for the evalua-
tion of /U\ which can be writien as

(,oa—-)O

/u"’— QKT 3 My, [ A
 4AN (6\*2)2 S Wy



whore |
A) — (56\2, — oM, (BT\\>
W, awz W4—>0. 902/ 520

Palit and Banevjee {1951) wgmaﬁ:er‘ to mst the
speeific polarisetion of the solution

€y ) \

Piz = €tz I
againet the weight fraetion W4 and drew the tangent o
this curve at Wy,—> &  and extrapolste this tangent to
pure solute. This gives P,o, » the partial specific
polarication of the nolute st 4nfinits dilution which multie
plied by the molecular Wm ght of the solute gives the true
»z:salari zation of the ﬁfamw P2_oo o Prom extensive csious
la%i@m with & large smouwnt of publisnhed 'm'iiah‘:m dstn they
found the valiﬁi*hy of the theory. 3ased on the above concapt,
Palit (1952) developed o method according te which M is

given by

_ 3(€,-m,
b= [eetny (0 %)
A

+[ oM,y o
OL\(E“"Z)?— | O\l("ﬁ\ +2>'1_

{1.15)

whevre

®
I

I
NN
o
5
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Dauation (1.15) can be written ea

P . | 3(6\"‘“3‘)“’11 0 )

2T (e 2)(M2) T
v 3Mq 8(&2 K'”J
(€, +2)* Wy e (1.16)
0, —>0
€,+2

—_— ol AN —
iz S EM (e Po=2)

the fivat term of {1,16) becomes equal 10 Zers and hence

whera Kﬂ =

_ L
P _ 3Maq acemf"“m)
ENCED I5n

_ Wq—>0
‘which 4o nothing but the final mo&;fie& Guggenhelm equation
of Spith (1.13). It 1a therefore, claér that Guggenheine
Omith procedure which in effeet neglects the contribution
of the Tirst term of equation {1.15) or (1.16) nuy cause

sn error in the value of /l » Bauatien (1,1%) has
heen succesafully applied in a nunber of cases for the detep-
mination of dlpole moment of polar solute and gives 8 ressde
nahle value of }L~ even in the cane of molecules
having low dipole moment whers Gugpenhiein'e wmethod fails

10 do £80. Jay Prokash (1975) on the other hand whows that

Debye's equation (1.4) cen be re-srranged as
}LL' _ L7 My KT <:EBX '>
47_NJ, 3w, 0, o

,)wk"-r)"\

n
G - o 4‘ \4{ &\%L
i 1Nk



where
oOX  \_ \ O€ |2
6GJ,>0 Wy —>0
2\“\ 2“\2
Wy —>0
Yhen €, = ™, » the nmbove equation reduces to well

known Uuggenhein equ&tiﬂn‘{1 14) and hence it can bBe cone

eluded thab &uggenheim‘a precedhv@ is sinply 8 special oage

of Debye's mothod. But €, = T‘?' for the solvent ia
not 2lways setiafied witich may introduce an exror in the
value of M evaluated from Guggenhein's method as discue-
ssad carlier. However, the f£ollowing points wust be taken
into acceount before spulying Cuggenheim®s method for the

evaluation of /k- when 8 poler solute in diasolved in a

ﬁcnpalar golvents.

1. Tha method will be less accuraie whea {hsrg is 8
conslderable coniraction ov 51¢1$§ian of the volune
of the soluiion minee oquetion (1.10) uhich hes been
rppiied in derivation of the theney will not be walid,

2e in cape of molesules having low dipole moment it
does not give aocurate rosulis.

Be The assumpiion éw o 7‘?’. for the aclvent is
not alwsys sstiafied which introduces in accurscy in
the value of M. ;

Though in a fow cages Gugbsnheim'a aquation deviates -
alightly from the actusi velue of /kk s the ﬁhenxy has been
used by weny workers (fursy, 1957; Zurcell and Singer,1265 etc)
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due to its siaplicity in comparison o o‘&shw methods. Guha,
Das and Mhmxé £1977) obtained a physiesl parexeter ¥12
aolely expressed interms of experimentally deternined '
phyeical quantities €49 and Mo of solutions of
difforent weight feactions O, of the golute which ean

- eapresent the experimental facte at every stage of dilution.

Appuming 3
d = ‘
12 - (500?_
whmfa @ _ . d
= -1 ,

dy ang 62 are deneidty of golvent and polute respectively
émﬁ connideving '5;'“‘12 =R, *+ 84 W, ¢ agmq;_%

they have ecglenlated the ﬁipslé noement of severnl ayotens
from relisble published datn and found A good agreement
with that of literature valus.

Thue 1t is émm: that the dipoie momeintd of e
p@lé:;r aclute ﬁismolvaﬁ in a nonpelar aolwvent totally
depends upon the thwory of exirapoiation of qifferent
physical quantities such sa €9 My, e:!:c. This
process of exteapolation should be simple and strveight
’ forward and at the aame time give an securste wvalue of ,A
which inturn provides us informetion regarding the atruce

tuze of the molsocule,



B,  DIHELEGYRIC CONSPAND, I0US, @B&&Xﬁ?fﬁﬁ TIUE. AED
RADIO PREQUERC ¥ CONPUCTIVIDY OF LIGUIDS,

In the case of gtatie or low Treguency dielsetrie
congtant, the dielectric is in equilibriun with spplied
field, When the frequency of the f1sld is an alternating
one, the permanent dipoles cannot Tollow the alterations
of the Field without maagursble log. This lag is commonly
referred to an relaxstion and the time in whidh the pola-
rizetion is reduced to 1 /e tm@s 1te originel value is
called the relaxation time, The polerization acyuiren a
eomponent out of phase with field snd the displmcement
ourrsnt aequives a conduckance couwponant in phase with the
field resuliing in thernal dimipmi pn 0f energys o have
an idea, let uz conalder a parallel plate condenser, of
geonetrical caproitance %, gonnected to an aliernating
source of g.m.f. () = B, exp. (JOT) of angular fregue-
ney W = 2R L where £ 15 the frdqueney.

The charge of the mﬁmi'&m 8t any ingtent is Q = ¢ B
and the charglag cumwent X, = AQ / At which leads
the applied voltage by a ;-;zmme angls of 90°, Lf the space
between the plates of the capacitor is now i’illeﬂ up with
a dleleetric liquid, the eapacitor is incremsnd %0 € = € Cc,‘:'
v;vhnam* e’ ig the (veal) dielestric constent of the Yiguid.
Iye 4o praesencs of ammmma the cherge on the easpaciitoy
is ineressed 0 Q= € Co | and the charging currend
ig inoremszed to

| I, = JWECE



It is known thet no dieleetric 1iouid is B perfect
ineulster so that in eddition to I which lesds by 90°,
“tmm ie m° loas current componont IL irn phase with B of
magnitude

I\ = G.E
vhere & = /B 1o $he equivalent conductange of the dislect-
rie, B is the finite insulation x'asiaalsarmé. Total current
thmugh the capacitor iz therefore
I1=1.+1 = TWECE + GE

(jwc +6>E - {1

This 15 shown in the vecter diagram in Fge (1.1 b). The
o]
curpent I lesds © B by a phase angle 0O L A0 whera
| 1
Cos © [: . S
- J g+ wre*
i® the power factor. Alternsiiwly the hehaviour cnn be

eonsidared interns of loss angle % “end loas tangent tan 8
whwaémii)ﬁ“-qel?mmtmé ,.-=~:L—L— . S
| | I WC
So it 1 observed that the losgs current in & dielectric '
1liquid is due 4o finite condeotlwity so that the capacitor
ean be represented as aguivalent 0 a capaclty € in parfe
1lel with resistance ¥ = 1/8 as shown in Tig. (1.1 a).

In most mé.tarmlm howevey the dielectric behaviour
| differs frow this sisple form, indicating the presence of
other sources of dielectrice logs. Tithout assuming the
nature or origin of the dieleetric loan, & compleX dielegte
rlo comgtant can he defined as / |

ezx 6' — Je

-~ .'}i I/ .
where' €  3g the dleleetric logs factor



Yhe total currsht thus

T = JQ)E*COE
_ Jw(e-5€)cE

/ ')
= JTWECE + WECE . qy 49

Its components being ropresented veetominlly in Fig. (1.2).
How compering equation {1.18) with (1.17), we get

V4
G = W&t 19
/
c = € Cqo
C)QEIIC ' E/I
and lose tangent ten ® —C.
) ()Je C.o el

Pron equation (1,197

7 G
€ ® O,

Therefore specifiec conductivity (real)

I € W ,
_- T <o 11,80
K A (1,200
{Por parallel plate capacitor, % "= 4SKL in vacuum, and
&= 1/ whare % = 6’!—% ) Boustion (1,20) dirvectly -

giveoe us the reletion beitween the a.c. conduetivity and
dieleatric Ives, In this connection, 1t will be intarag-
ting o examine the relation belwesn the @mz;&imt enndugs.
tivity 20 dieleotric constant and loss in the lﬁga‘: of

snalysis given by Murphy and Horgan (1939).
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FiG. 1.1. EQUIVALENT CIRCU_IT' AND CHARGING  CURRENT I¢ & LOSS

CURRENT I,  OF CAPACITOR WITH LOSSY DIELECTRIC.

y )
,|_
N !
Y= JwECE | - /- :
_ i ) j
|

® Y E

- l' o

I = €WC,E

FIG.1.2. COMPONENTS OF GCURRENT THROUGH DIELECTRIC  OF
COMPLEX DIELECTRIC CONSTANT  €"= ¢ —'¥¢*
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Yor conductors, the contuctivity (K) con be defined
as the factor by whioch the voligge gradient E pust be mul-
“4iplied to give the ourrent density {I)

o I = X3

oy as the faostor by which the sqma of the voltage
gradiont must be multiplied to give heat (W) developed
per gecond in a unit cube of meterial |

| W oa 1N o K89
for the heat developed by a given voltage 1a proportional
to the current, no patter of what wmatorisl the conductor
is compogaed. However, the proportionality betwaen the current
and heat developed which is the eharacteriatié of conductors
does not hold in a diclectrio meterial. When an’amternating
current flows in o dielcoiwic iﬁ'ﬁieai@aﬁﬁa HOMe energy &as
hoat though the smount is gonerally wmuch smeller than would
be dissipated by en equal current filewing in s conductor,
Thin hent which ia developed in a dielectric by the polerie
gation curvent is known as ﬂie&aa&xﬁe Xsga, losse In fact the
complex pondustivity represonts the case of Qisplacenant of
elsectric charge in o dielsetric while its real part a-c
eonduotivity i ihé faotor which detormines the rate of
digmipation of olootrical onergy as heat in the material.
in an ideal dieleeciric shere should bhe ne sleatron or free
don conduction but in actusl practice there are some free
iong or eleetyons snd these produce Joule's heat ss they
drl$t towardsn the eloctrodes in ithe ap@lﬁaﬁ fielid. The %otal
heat developed is The sum of the dielectric lose and dJoule's

heat and as the latter is proporiional $0 the d-c ov fres ion



- 20 =

conduetivity, the dielectric loss ia proportionsl %o the -
total a-c conductivity less the dwo c@mduct;viﬁy.

Liet a dlelsctric materiel of dicloetric oonstant
€ #£ill the space botwoen the parallel plates of a two
plate condenger, wich has a digtense "@" cm. betwsen the
plates, saoh plate having an avea "AY sq.cn. on each side,
If a potential difference V isp antablished between the
vlates, the ¢lectric £ie)d intennity

4
¥ )

The aPfeet of introducing a dielsetrice into the capaeitor
oen ke understood by onpldering the effect of the applled
eleotric field on the bound charges in Tthe dielectrie, The
very‘law conduativity of a dlglectrie mﬁteﬁ%@l indicates
that prasticaslly all the electyonic oharges are bhound to
their pavent atome or molecules by the e¢lectric fields due
to the neucleny charges and they are not free *to nigrate
under the getion of an applied field, The seiion of the
field E on the bound charges in the diclectriec is to
displace then gliphtly relative 1o 6ne énmﬁher, the positive
charges bHeing displaced in the diwvection of the field, the
'négative charges in the opposite gireection. Zgch sion or
molecule thus acquires an eleotrie dipole woment garallell
0 and in the seme divection ag E, The 9ffect is known as
dielectric polarivation, &nd an electriec polamrigation
vactoyry P i defined aes the olsotric dipole nmoment per
unit volume. So 4f & potentinl difforence V im esﬁahliehéd
between the plates, = charge ob per uni%'area-will appear
on each pla%e and o polavizetion ¥ will be crsated in the
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- Rolq ot
dlolentrio, The displecewent current flowing is.mng if we
agsune that the dieleetyrio liquid is free from iona, 80
that the condnetivity due to Iree lonw nay ba nﬁgieaﬁéﬁ
then the confuctivity is ‘

Ea%'dﬂl/oﬁ?
53.!1!39’
5 N D
Eam X = __e_ }
dd ¢ av
at ~ A AT
D = AK_9, =E+4RP
4D C\CL.
ax = AN gy
49 | 1 dD _ e dv
at AR_ 4t T g d X
Tw S . 9V
4AA At

vhers gll the gleotrical quantidies are expressed in elent-
rogtatic units, ¥hen the applied potentiel ia alternating,
¥ may be expraaved me '

JWYt
qu;u \/O e

whaye Vb is the enmplitude. The dielectrie constant ney

thon be writien as the complex quantity. The current dendty



in the dielsctric is then

: / Z Jwt
I e do\/ I S JE JdVe e
at — AT at N
| €/_ J€n- T T
= m Vo e
/ 1 Jwot
Je N WE \o €
AR AR_ S
' / / Jwt
o (WE L TOE) Ve €
ZE SN =y

T

(QE” ) e/ JCOt
®KE VE_ e <o (1,21
L Zr 4+ J 47\> o (1.21)

If 4% 10 meoumed thet Wigh frequency conductivity K is n
¥

. /
conplex queniiiy end ig given by K=K + JK

O‘ 4 /7 // JCO't
1. ¥ o= (k +3’K)F_°€
/ 11
where B = 2& 4o the vem part
’ /
mnd K ' e -RE ig the impginary maevrt. For convew

. 4T
nience in conneotion wiith & subsequent method of measurement,

the sdmittence of the condensay moy be oxpreseed in term
of an gquivalent parallel pupacitonce CP and conductance
GP 80 that an alternate exprassion for I ia
‘ I = dol/
dt

O 9X 0~ o Jot
e <6F+ wc@\/oe.

{1.22)

whers Gp is expreaced in ~mhorn CF in
' mr@da and 0,9 x 1072 is the ratio of the fardd to the
elsctrostatio unit of capacitance and slso ~ of the "mho

to the elvctrastatic unit of conduetance. By using the
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expression for the cepmoitence ﬁ& in foredga of the empty

condenasy N

(‘30 ) ;\710\ xo-'fjx \o'® - - £1.e3)

and using equstions (1.21), (1.22) and (1.23)

él = C\D/Co

6“ = G\D/COCO

/ . 11 /

{
| cw €%
“ = Spfamc. = TR 7 TE
/"
K -
AR R,
7o obtain K’ in otms™! ou"', we con write
/"
ki’ " €W
47\_x0'9X\O‘2..
. €5
| '8 % 1'%
Gp-§
Co" 27\&- R X \10'&
' -
o 885 X10 G
Co#ﬂf-
where eaf&rkf . 48 the capacitance in nmicro micro farads,

The disdipnted energy per e of the dielactric
placed inaide the paraliel plates of the plene condenser
2./ .

LS Jl.a.o\t
IO

and pey second

W

o © 0 (1424)
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_ _\ dp
an? sleo we have the egustion L = A% I
Te will firgt econeider the case where D is in phase with B,
Then we have

— 9D S oot
A7

24
S

Thus {he current densiiy has phase 4ifference 71/ 2 with &,
in this ease no energy is éigaigmta& in the dieleetric and

henee from eguation {1.24) 21/00
W = — ___.L moEOJ Swmat. Cogast dt = 0
IA*

where there is a phase Jifferencs S bhetween T mnd B
while ¥ = E, Con ©OL  , we have

D '33@ Coa ((’Dt - 5)
| Gro _ |
= B, Con ot B, Sin ot Sin )
Ayporently B, Gos o3 4g in rliage with ¥ where L, Sin S
has & phase diffevence of '~/2 with B. The Thase 4iffe
rence 5 is generally osiled the loss augle.

-

:Do COS COt g\‘ﬂf\ g

. 69)
T — %:Do Sin U Corag -+ a7
/.By this equaticen I {ig gplit into two parts. The firnt pard
has 8 phase diffevence of 7(-/ 2 with 2 and thus 1% doep not
lesd %o a dissipation of energy. The seeoond part, however, ig

" in pheae with By The Qisaipated enerpy per c.c. of the
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aiel@wric p&r gaaond aan he aa}.anlamﬂ 0
27\/ [N

¥w ——tj)oE Sxm%jCos ot dt
Y

leading to ¥a = D.E, S‘mg
| _A_ |

where the fector Bin O is gonerally called the power

faetor. _ jcw_‘- - é)
It ™ aD, ©

wheys I¥ ig the complexn part of i}a and D* =» € E

‘ 3 I (o -
thene = 2D _ Do e (eor-3)
' E B, e7%%
B D ‘e— 38
-~ ) Eo -
% / y

! ) .
Then € = D; Cos &

(o]

a‘nﬁ e”u Dc SL'\'\ 5

o .

Wy find that the amsizmea OREYEY DT Q.0 a_f.' the dislept-

rie gnd per second 1s given by

by T
$m 2. Do S0 S.Eo

/K.  Eao
- €'w Eo

AR. 2

K'EX
"

2



The heat devoloped per cycle ia the diwvleotrio im evidently
7 .
¥ per oyele = %F:S ewrzn \oe—r c\e

Thia &émnstmmsa that KI is proporiional 40 the heat
developsd per second and E// to that dewelopsd per cycle
in the dielectric. In the above amammn ¥ 4is in ewgs per
necond or per cycle when B, ¥ wa €’ aAre 1N 2.8,
These e@uaﬁmm also ehow that the total curyent flowing in
th@ dielectric has & dlpsipative mnd a non-aisaimtive wart:
é_ ia proportional %o mn-ﬁiaaipatiw par's and é 10 ‘
diooipative part. The lom %angent € / € gy be dnter-
preted as the watio of the dimplpative to the non.dissipative
current and the g'mer foetor an ¥he ratio of the diassipative
ocurrent to the totel curryent, e
Under the influence of varying eléc“hrie f£ie1d4 ench
type of polarisation tekes some finite Tinme to respond to
aprlied 2ield., This lmg is known as ralaxation. Congidering
Baﬁara’s expreasion Loy conplex dielectric constant
_ 4 €. —
e = Coo * \o+ J‘e ci)o v

where €. and €, are the static snd high frequency
dielectric constant and T is the time of relaxation

and eeperating reoel and inaginsey part

! € - €
/ o L+ Py
¢ . (€o—€ )oo'r
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/7 / .
Substituting the value of € and € in the exprescion of

74 /
/ _ €W N e'w
DTS and AR
we gotb o
e (€o-€or) 0

AR I+ X * < £1,26)

2 e €o— €
X — Lo~ €0
©ax <e°° T +co‘~r"'>

Pifferentiation of equation (1.25) w.r. to OO phows that
the dieleotric loss fecter has e naximum which oecurs whea
WY w1, The wmiuve WOnan of the sngular frequency for
which the loss factor is maximum, ie called the eritieal
frequency. in that case ‘

B L. fa .
CO,.“\ = —’-TT ' * {‘3&2?3

Bquation (1,27) has been utiliced by wmany workers in deter-
ping the velue of relaxaniion %ime. On the otherhend, diffe-
rentintion of equation (1.26) w.r. 0 O ghows thad K’

| does no% pess through o maximum as doea C g hut lnoreases
with W approaching s &imﬁ‘;ﬂg vaine Koo the
infinite {requency conduetivity ohich is reached when 1 eon
ba negl ected in comparison with 00%"‘7 = go that

/
_ €o - € ,
Koo = PTG oo {1,280

eo— 600
AR X O D x10*Y

"'{19293



whare gouation {1.28) gives K oo in @ed.uy and {1.29) in

b l}mﬁi »

ohmg™ .
It d4a $thun evident that Trom the wmeasurad velue of
radio freguency copductivity of pure polar Xiquiﬁ'i% ig possi~
ble to calenlate the time of relamation which 4s a useful
pﬁiﬁmeter'1n'undaxataﬁﬁing +the poiivation aﬁexgg,_intera
moleeuiar field and the strusture of the m@leeulé enneerned.
_ e have mssumed in csleulsting the above expxaaéicna
that there is no free ions or electrong in the dieleetric
1iquids. In this osse displocement curvent im the only :
factor contributing to the conductivity ss has bheen tacitly
agsuned by Hurphy an6 %arg&nq In practicn all dielectvies
£a1l far short of this idesl requirement. The evidence for
the existence of free lons ond electrons has besn shown by
neny workers in resent yeavs such ag Standhemer snd Soyer
(1957), Ademezewslki (1965), Loheneyeen and Hagewal (1971),
Sen amd Ghosh (1974) ete. However, it hop been found that
in pal&m'ﬂialeeﬁ@ie liguiﬁa, the percentaoge of iona is
- large in comparison %o nonpolay liquida. As the ion cone
duetion produces Joule's head, in an sctual dielectrie
when an dlectrie field ig applied the total héat grodu@e&
is due to the corbined effect of dieleciric loss and
dJoule'’s heaﬁimg. Thug the redic feeguengy conductivity
meagurenant provides us iaf@wmaﬁibn regarding the &lioplee
genent ourrent and e@nﬂméti@n ourrent ia a dilelegiric

Tiauid which will be further discussed in seetion D,



€.  HELAXATION TINMD AWD ION QONCHECRAYION FROE RADIO
| PREQEICY COHAUOTIVITY OF FOLAR SOLNYR IN BON-
POLAR SOLVERTS,

Bomt of the sarlior works centered around the studies

of the applicsbility of Debye equation for the detemmination
'af moleoular radii from tho measuvement of relagation times
and macroscopic viscosity mnd experimentn woere done nainly by
the micrnwawn teolmiquaes on pure polar liguids sz well as on
polar liguids dissolved in nonpolar solvents. In case of
dilute solutions of polar solute dissolved in nonpolar
éalvent, the aystem is in a quasi-~lsolated state and polar
polecules are well 5épara€ed 0 mffect each other and aénms~
quently dipole-dipole %nﬁeracﬂian forces sre absent. The
theory for the formulation of time of rslaxation from the
radio frequency conductiviiy measuremant of polsr liquid in
acnpolar solvent is discuased here for which we start fron

well known Debye equation (1.1)
2

. c -\ _ ARN\< M
S AN T

where N, is the number of dipoles per cec. Now if the field
inmtead of being ateaﬁy'ia o high frequency alternaiing one,
the orientationel polarigation cannot follow the changing
electric field but lags behind the field or in other words
the polarizatlon and g0 the dilelectric constant becomaes

complex and Dehyve's aquation is glven hy
%,

3 0 .
€-\ 47&N.<O( L M \
c¥rp 3\ KT 1+J60T ’*?’5)_




¥* . | / n
whers € o € — JE€ can oxplain well the behaviour of
dielectric in static field as well as in alternnting field, if
we put € = €o at an angular frequancy O = 0

* ,
and € » €., a8t W = 00 4 equation (1.30)

raduces to

I
Coml = AN (g, HTY)
€+ R 3 * IKT (1.31)
and
Eog—\ '___ ARNL (1.32)
€w+2 o) ,

*
In eqn, (1,30} T ip known as intrinsie velaxation tive

S—

which is releted to 77 by the relation
| q’* — Coo*?2
€y +2
For very dilute solution since €= € o , v * may‘ he
roenlaced by T |
& convenient development of IDebye’s equation has
been given by Frolich who investlgeted the properties of
dielectrie substances in sn slternating field by consides
#ing that the atteinment of equilibrium ino,:aielectriqz ie
exponential with time and hos t_hg/ ’f‘i;way function ‘S’ ()
which is preportionzl %o e where T ig indee
rendent of time, but dependent upon tempersture., He has |
cbtained the relation
e y —So” Cw
o0 | +JWY
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- 8Bince € is & complex guankity, separating real -and

imaginery poris we got the well kunown egquations

/ . €Eo=€Eop
€ € + —2—=2
, = e |+ Y
e“ - (eo - éco) WY

L+ QXY

Thene two s@e the bdsic eguations which eve uged in deter-
' ' . / //

mining the value of € and € of & polor eolute when

digsoived in nonpolsr solvent. |

€m) _ Swt _ ARN, T
€t 2 Cop ¥+ 2 3 3KT
i.84 o '
o ARN M (€o+2)(Enat?)
€, -€

co RTKT(1+ ™)
' / VY,
Subetituting this wlue in € and € o we gold

/ 47N, U (Eo+?—)(600+2)
€ = Eoo 4 .
| 27T KT |+ Qv

Y. ARNPT (€,+2)(Ent?) W
_RT7TKT |+ WP

¥hen a polar solute (2) is d4lesolved in a nenpolar solvent (1)

o moke a solution (12) of concentration € moles per ¢.c.
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: : N
Ye hawve N, = CN = ™, Wy

where N is the Avogmive nusbsr, Oz is the density of
the solution, W, and M, are the xmigh'!; feaotion

ana nolecular weight of the molute respectively.

Hence
\ o
é, . c N 4R Nd 12 Wy M- (e\2+2)(ew\2+2>
S R 2TMLKT - 1+ o>
o _ _'
6// - 47KNCA\2(L)2_ M (6\2-\-2) CeOO|2+2) -

H

Putting the va:!./uaa of € and € in K = VT
- //
and K = 64 (;3_  p wa got the reagl part k! ena

‘ :!magimﬂry pard K of the radio frequency conductivity
in cese of ﬂﬁ.lum aolutions

' = 47&’}3\{70\\:{/\* (6\2*-2)(6:0\2*'2)
2T M KT |+ 4Ry *

where o = 275 and

// 2 ‘
K = -Q_ € 1 AK‘NC\\ZG‘)ZM (612+ 2-)(606“!?—2)
AT | 2 27 M KT |+ My
H0 1% is evident that by m@aﬁuﬁng the radio frequancy .
conduetivity of soiutions of polar solute in nonpolay

golvants 1t is possible to ealoulnte the walue of



reloxntion tinme.

' Yo have assuned in caleulating the above expressions
that there is no existence of free ions Oy ¢lectrona in the
dielootrie 1iguids. But as discusscd in eariier aection, in
an actunl dielentric when an elagtric field is applied the
$o0tal beat is produced due ta'mamﬁined effact of dieclectnic
as well ss Joule's host Qu& 50 condmetian of ions, In that
eéee for pure polar ziéuiéa Sen and Ghosh {(1974) deduced a

- mothemntical relation for the r.f. conductlviiy which is of

the form
KI - A ——B—
| M
where A = é—i(éo— € o)
and B e Fnea'
R O

M is the number of iohe per c.c. of the polar svlute, ©
is the elecironic charge, V| 1 the visooasity of the
liquid and 's' 1 the vadius of the wvoteting unit. Pron
the alope of FQI- 4;{ eurve the nucher of iong per c.c.
of the 1igﬁid suell nitrobengene, n-propyi aloohol and
gcetone nLine boen caloulated end in all the three liquids
the value becoues & of the oxder of 16}13, But when g
polar solute ie‘disealvmﬂ in & nonepolar solvent it has
been ghoen by Sen and Ghosh (1580) that K/ ¢an be

writton in the form
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me

where = c 7KOL'T\'\_2'

end B 2TM KT 127 %) (oo ¥ 2) @2

where ™ 2 da the viaci.aaitgf of the solution and
other symbols leve their usus) wignificance, From the
sbove expresslons it is thus possible %o find the xelaw

zation time as well ss free ion concentration.



Do  AGTIVATION RUDROY POR CORIDCTIVITY AND VISCOSITY,

In investigations on the gondustion mechanian of
S 1liquid ﬂ&elaé%riaa both in natursl stade snd when exclted by
iontzation, an iuportant rols is played by the setivation
energy. The motivetion energy AE  for elestyic conjuetion

is determined in the sinmplest form fron the Tormils

6§ = 6o'exp<—AE/\<T) C (1.53)

where K is the Eal%ﬁﬁ&ﬁn constent, T is the ehaoiute
temperature, O, is o comptant having the diwensions of
the comtuotivity O o Bzporimentaily AE can be deter-
mined from the wlope of log 6 Ya. 1/ plot aceording to
the equation

Ei(\nﬂ 6)/6;)
o (V)

Cheng and Imushi {1960) meesured the nobilities of

AE

© naegative charge carviers in hexmne and bensene es ¢ funetion
'of temperature and found that the exporimental resulis could
he rvepresented Ly o

w = tAc,‘eaéF><_~' VY/G<T)

where the activation energy ¥ 4n hoxone was D.16 eV

(3.7 KCal mol™"

}o Gzowski {1961) conducied a series of
experizents at a touperature ranging fron 8% to 51%e using
saturated hydeooarbons and determined the wvelues 9f petiva-

tion energy for the viscosity snd mohility of ions from the



reletion
’7“ - A exF( W'/{{’r) A )
w = B exbp ( .-\V%GKT)

. In order to exgmine the dependence of ion mobility on the
#iacaai%y'af the ligquid, Ogowski drew two plois. The first
one oorpasponds to the Stoken-Walden law W = f-(*fﬂ 3
while the socond wos with Adanceweski's formules W o f‘(*{ /E).
I% hae been found that the negative ion mobility follows
Walden's law wheveas the mebilities of positive fons obey
Adamczweski's formula. Forster (1962} observed thet the terie
rerasture depondonce of conductanse of bensesne was in all the
cages 8 ptraight line when iagtaf pondustancs or 10z of apew
elfic conductance was plotied agsinst /9. Ho obtnined the
relaztionehip of the form given by aq&atiwn {1.33) for ﬁhﬁ
dependence of oconduetivity on temperature at the varioun gepaw
ration of elecirodes and found the valus of OF  as 0,42 eV,
The value of S, was 5 x 1070 ohx™ en™' for aistilled and
degassed henzgene and its valus was found to inorense with
dsoreasing purity of henzene. The values of activation energy
obinined by Torster for avomatic hyéronaxhena ware gbhout O,de
1 oV, |

Jachynm {1963 « 64) conducted a series of experinents
on the dependence of conduetivity of liquid on tempersture, The

dependence of both natursl and ionigation conduetividy
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{ by memme of Ii:;r&y‘-' and ~ ~paiiation) was simltancoumly
meanured m'eyalmhexwe‘. These oxperiments showad that sn ing-
 rease in the ionisation current wos less dependent than the
natural current on the incresse of temperaturs. The activation
energy for natural conduotiviiy wes alnost four times greater
than that for ionization cmﬁmﬁiﬂw. leassuremants telen in

- psaturated ‘hgdrmaxbmé (from hexane %o hexsdecane) of natural
and ionisation ourrents in o wider range of temperatures
showed another important d4iffersnce in the depenisnce of
ha%ural and ionigation conductividy on temperature. Ioniza-
fion coductivity is charentorized by etraight lines which are
alno st éaaxali.ﬁaz. t0 each other when t'n L is plotted ppainst
/T but in the osse of s&lf enmucﬁvﬁy, however, an abmp%
change tekes place at 2 certain teopersture, ahove which a
further increase in the natursl current ls connected wikh an
incresse in motivation energy. A nunber of exy@ﬂmgnﬁa on the
electrical eonductivity as a funetion of temperaturs in various
liguids were conducied by Brosler and Biehl {1964 - 65). They
have shown that éﬁ& higher tomperature, organie liquids show
an iﬁtxﬁinsﬁ.e éammgtivmy with an ectivation energy wihich is
chargctoristic for each subataunce and they have obiained a
relation comnecting the condueiivity and activation energy
glven by

K

Ko exp (- 28 ) 30
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Organische, Halbleitar (1966) Justified the walidity of the
ahove squation under the condition when the aize of the mole-
oule i omall. Adamezeéwskl and Jaehym (1968) in their paper
have piven s comparizon of resultae by varvious vesearch workers
for the conductivity of difforent dielectric liqulde aud cope
oluded that the nabural eémﬂuc%iviﬁy'valuea of organle Liquids
ia a function of 1/, Wicolau et 1 (1971} hes nessured ele-
etricsl conducsange ( 6 ) of nebutyl, ise-butyl and amyl

~ eleohole in the temperature wronge 0 - 97°C using an altanﬁaw
ting field ( £ = 100 Hzl. The vaﬁiaﬁiaﬂ‘aﬁ €  with tampee.
rature for t&aa@ gliphatic alechols hag been explained by
ssauning that the ipt&xm@leauléx hydz»ogen bonds play an inpore
tant yrole in the mechanion of eleetric conduetion. They have
also determined the activasion energy of theme slcohols neing
the pome velstion given by equation {1.34), Hegarding the
npturs of internal frictionmal coefficient which opposes the
rotation of polsyr moleoules in o high frequency fleld wuch
work has been done. Srivastava et ol ﬁ?@?&) inventigated the
rolaxation mechaniem of some poler liguids in a mizture of
benzene and poraffin as & solvent et microwave frequencies
and found that gtotic visooalty Ls not suitable for explaine
ing the esperimentsl results obieined by them in the Debye

equation reprecented by

voo= ‘4713]0?

KT
Erishnaji and Zen Singh (1964) derived an squation using %he

theory of rate processes,

_ A x
T o= <7> T G
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. A H e
where A de a constant for & glven substance and xX = A Hm—]

the ratlo of two enthelpies. But *&Ee\. axperinentsl data
obteined by Srivestava st sl shows that nelither Debye cquation
 nor eguation §1.35) con explain the vesulis satisfaciorily. The
linaaé nzture of the ourve as roquived by the above two 8Quaw-
tiong betwasn log T Vs, log M or T Vs 7] deviates
when the viscosity bscounes high. The deviation from lineariiy
gtarts from o lower value of viscosity &b higher frequencies,
Dina Hath (1968) hes sleo mféomgc’i a conpidarsble deviation
Lrom the linenrity curve in é;&ae- high ;.rwmmi%y raglon, Thie
dimorevancy ot high wviscosity roglon hes been explained by
Sriwastava o% &i on the banig of visenelastic affect. ‘-Eimy
‘explained thal the wvigoosity which is directly messured isg
the d.¢. viscoslty and this 1e different from the viscosity
at niorowave frequencies. This hes alaso been shown by

Prevema (1968), Henoe ‘%:hé;gr sugganted that it ip desirabie

to use the dynanieal viscosity 7\ . in placs of
gtatic visessity. Barlow and Lamd (19%9) have éham a relas

tion mm&éﬁin\g the twe visoositles ag

2
Astof = 1+ (07s)
—r\o\j'zn.

where 1o 43 the viscoslastie reluxation time which
vapregents & tinme congtent thet governs the reiurn fo
squilibrium of the syeten foilowing o sudden disturbance.
Barlow and Laomb's oxpresaion has been tented by Srivastave
etal but unfortunastely found to be unsuitabls to explain

the cobaoerved seperimsntal facta.



The frequency dependence of visednity has boen invase
tigated by Sen sud Ghosh (1978) who have determined the activa-
tion energy of condustivity and viscopity of spue polar liquide
such gs acetone, nitrobenzene and normal propyi sleohal from
the experimentglly neasured values of radioc freguency condue
tivity et ﬁiifﬂmﬁﬂﬁ’tempﬁraﬁure feom roon itenperature o hoile
ing point of liguid and at diffavent frequenciles in the range |
D4 z@ B g, ;it hae besn ghown that the sctivetion energy for
eleotrical conductivity and thet for viscosity ave related to
one enother, both being fuvotions of fregucency and gra&uaily
decrense almost linearly with inoremse of frequency. The gond-
maliaa@lthaayy ut Torward by Sen ana Ghosis {1974, 1978) is
hased on the asmumptlon of the existence of free lons in polaer
dielectrices ao that wﬁen h‘raaio fraquency ' field is applied
to 2 polar liguid, displseement current ie not only the fmotor
contributing to the conductivity ns hen been asmuied by Murphy
and Morgan (1959} but the conduction cwrreat due to natural
Aﬁxaya x ionizatlon plays o dominant role. furphy and Morgan's
expreseion essuming the absence of free ions for the conduc—
tivity is given by

f € W | E,-¢ o
K = = o o .
ax_ AR 1+ aryr O (1.36)

where the symbols have thelr usuesl signifiennce, Substitu~
‘41ﬁ19§

ting Debye's expresclon for the velaxstion time T = T

in {1.56)

+r 3 :
KI — (60— ew) w O""\/KT .
' \6‘711‘"!1“'@600""
K*Tx

1+
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. Am in the case of most common diclectric liquide ¥ = 10 S
and considering the fﬁefgmnc@r range in the v.f. region a0
%2
that o v )

k' 2 (Com Co) w'oim
KT

Thus 1% is evident that if messurementsof radic frequency
gonductivity are nade at gradually h'ighxer and higher tempe-
ratures then ag Eo — € end ™M / T are both
daoresasing functicng of %ﬁmyamis‘me, KI ghould deorease
with the inoreana of te@amﬁuma But the ewerﬁmnt&i
repsulte show that radic frequency conduetivity increnses
“with ‘!;’he inoresse of teuporature. It is well knowm that in-
cage of elecivolytes where the condustion is mainly due to
ions, Walden's rule is wvalid which staten that the product
of sguivalent conduotanee af inﬁni’te dilution and the vise
- gosity of the solvent is ayproxinately conetasxnt and indepenw~
dent of the neturc of the later. To f£ind out whether n similsr
relationehip holds in case of radio frequency conduetiviby
of polar alelsctrics, k' has been plotted ngainst /7
and 1% has been oheerved that the variation ia slwmoat
linear for all the frequencies jnvestigated end can be well
explained by assuming the presence of fyee ions in polar
dieleotricsa. | '

' Taking the anslogy from the motion of an elsoiron
in an lonized @éﬁ when the degreec of ionization lg small -

and apsuning the resigtive foree me due 40 vigecosity, the



eguation of motion of the ion is given by

ds JTwt

M. 5% = ege — 67@@.19

, _
where "Ox is the yadius of the molecule, r] the coeffie
client of wiacosity of 1imuid. Then

Tt
5 L EE, e
M(D + Joo) |
whexe
Then | |
9 7::__JEEEQ __iil___ - 7 S < Jat
- ™ ». + wr N Xt ke

I N denotes the number af fres iomy produced per unit

volume then the surrent

3 . L= ’ '.TCO-‘t
L {conduetion) = > 5 E. €
- MY T o] ©

If only the conduction survent is present

! ‘ "‘r\e_q’ ‘u>
™M Y+ 0

ne’” 'emom/M
™M (671&1']/‘\/‘)1_\_ W™
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where ¥ 1l the resl part of the madle frequency oonw
ductivity, Further as the applled fleld is aliernsting,

from Burphy and Horgan equation (1,21)

. ; e 1/ y, J'COt
{ 44 ool aand [ € +J€& JE_ € ,
U {displaconment) = 47K< o (1.38)
. " |
Remewbering O YV <<\ © frem (1.36), (1.37) & (1.38)
. : ) - Jeot
L Crotal) = | —— (€= €)oo+ D& IF €
AR 6 x oM °
Thun
! 2
K = L (G-ep)wr + D
4R [ 7\00’\
= A 4+ 1,39

=)

"q
©-

vhere A = _Ali<60_ 600) CQLT - K—'E (60— Eoo)rf

Mme
and B ma whare . OO = fo

6 A O

/ .
It is thuo observed that in K o purve, 'A' is the
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, /.
intercept wade by the sitreight line with K axie end iec A
funotion of freguesncy while *BY denotes the slope of +the curve.
Ihe above theoreticsl deduction can explain wery satiefectorily
" %the 0'5}&61‘_“\?83 exporinontal resulte with regerd %o dependence of
radio frequency conductivity on viecosity as well as the varia-
tion of 'A' on frequenecy nnd enadles ug o cnlmlate the number
of :-i.ozm per zz.'a. af the polor dlelectric., The experimental
reswlts by Sen =nd Ghosh (1974) miso shows that there is a
gimil avity between saustion (1.39) and Walden's rule.
| Agnin the beat reprecentative empcrical formula
regarﬂing the variation of vigconsity of a liquid with tempe-

rature is glven by

AE
n = ’Dex%( @> - {(1.40)

where 3 ia a constant and A E g is the activation

energy for viscous flow,. -
/ ,
Putting the value of K end ﬂq from {1.34) and

(1.40) respectively and remembering A = 7&-&—‘%(60— éoo)q“

5 . o

gnd B = me we have from (1,39}
() o

ex}?- K

o . .
€o €
\a( AAY = 3C( ° °°‘)7W+ e*}v( 1,41)
RKT Ko KQDK
For a particular denpersture

AE. = 2KT \oa< (5+°(3‘>

Q-

vhere . me ~AErg
where (5 = Ao KD ex.‘:( KT)
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which shows that AE. will decresse with increase of

fraquenay.

Prom equation (1,41)

AE A , "EB <.;—
e’dﬁ’(zwc)  t %3 exp (=

- (1,42}

Thus 1t i posaible to find the valuve of activation enexgy for

wiacoslty from equation (1.42) if we know the values of

K o

and  AE. of equation (1.34) snd A and B of equation

£1.39),

As the process of alectricesl conduetivit y and that

of vimeosity ere now congidered in tornms of sctivetion energy

+4% 1e worthwhile 40 meamure this quantity and study its veria-

tion which will ensble us €0 invegtigote the proceases

further.
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B. OPALESCERT BIHARY REIQIID MIXYURE,

It 3o well known that cortain biaary ldiquid mixtures
such as anlline and nehexnne, methyl aleohsl and eyeliohexane,
nitrobongene and nehexane ¢to. exhibit g marked épﬁAﬁnueneé
or turbidity at o temperature known s3 oritieal spolution
tenperature. This phonomenen of opalescence in ligquid mixtures
has boen gtudied hy meny invesiigators both theoretiocally and
experimentnlly from 4ifferent mugles such as light scattering
\phenomaﬁ&, change of dielectric constaniy viseosity, ulira-~
sonle absorpiion ete, |

The exziotence of critiesl polnts was discovered by
Andrewg (1869) in conncetion with his olassical investipn-
tion of cerbon dioxide isothermal. His nain conclusion was
theat there fa only o single fluild e@n&iﬁi@n_af aatter which
esn split into coexiating forma of ﬂifﬁerﬁnﬁ donsity provided
the femperature is below a ceriain eritianl valﬁe. Smoluchowe
gki (1908) and Dinstein {1910) ware the first %o propose a
%Eear&tiaal explansdion of opalescenca in liguid nixtures in
the immediste nelghbourhood of ¢he eritical solution termpe-
rature, Thede antliors negarded é@alaseﬁnaa in 1iquid mixturen
&8 duc to lcaalvfléoﬁwaximﬁm in composidion and conmequent
optical inhomogeneity. The theory of Bmoluchowskd and Einetein
prediets en infinite intensity of sesttered light and also

complete polarisantion,
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- Begeyding the theory of light scattering Smoluchow-
aki'e theory {10908} predicts ' A

}1__0 X _;\74‘ (\ + Co'/;)’6> Vi

whoere X end EB ave the intensity of stattersd and ineident

rrdintion of wavelength A ohnerved in the direction ©

eng Y = gi;; . Ornstein ond Sexnike (1914 - 1926)
quantitati vely studled the intenegity of light scatieéring in
opaleseent binary liguid uixtures snd put forward s modifiad
theory which imkes into socount %he mutual influence of fluce-
'tuaﬁi@ns in density in neighbouring siorll elemente of volume
in the fluid. According to thaﬁ, modl fied %mclnnﬁmwa&i‘a

equandion beémmea

i
10

A

) (7 R

where the constant J  1is a messure of the range of the

X %— (l -+ COSLS

intermolecular forces and P is the compresnsibility given
by B - av>
S | T

Roeard and Ponte (1928) aﬂversely‘critisaé %he Ornge
tein - Aernike thoory end have shown that some of the coneliue
pione derived from Orngtein - Zernmike theory 4o not agree
with the observed roeults. An attenpt - has been male by
Rocard himself (1933) %o explein the finite velue of the
depolarizsesion of the opaluscent scatiering. He takes into
conaideration the seattering arvieing from the fluctuations in
the melecular field which sccording to himvbanamﬁ appregiable

at the critical solution tenmperature., The theovy presonted by
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Roeard predictes that

1 2 ‘
7£; K 'ga (\ +—C056> (Vb ﬂ'G)

where ©§ 1 csngtﬂnt,

Henco the general expression for the light scattering

at the oritical points con be writien in the fornm

, | | .
T \ 2 s ~ Sim Ok |
—I— X —7\7 (\ + Cos. e)(a +c + d WL) (1.4%)

(o}

For © = Q equation {1.43) reduces to the expremeion of
Ornstein and Zeynike and for 4 = 0, to that of Rocerd's
exprasaion. Though the mesourement of dependence of oeriticesl
opaleacance on the wavelength and angle of scattariﬁg-aould
throw come light on this praoblem, the experimental work has not
settled the problem in clenr fashion an far,

It was pointed out by Erishuan (1?35) that i% 19 inpore
tant to meke somparative studlen of the aﬁgﬁa of polarizetion
of the transversely éeattereﬂ 13@%% witzh the incident light in
different states of polarizatinn in ordaer %o get a coryect idea
of the atate of dispewesion of the scattering elements in the
mediun, The depoisrisation factor ohgerved by him in’the light
aeatierad tranaversaly by opaleascent bimary'liqpiﬂ,mix%ura in
differvent fror unity although in case of clear solutions the
vglue ig uniiy. The diseorepancy was explained by Krishnan on
the hypothesis that in cose of cles» solution the seattering is
dug 1o ﬁingle.male@uleéwhereaa in case of opalescent mixture

it ie due %o clugter of moleculexz. Whether the intense density



fluctuetion 1s due to formation of groups of solecklor in the
etitical state has not however besn conclusively proved, No
information regerding the actﬁnl compogition of elemanitary
volumes or groups of molecules can however be obtained from
the 1ight somtiering data except the fact that seatteving is
due %o ellipsoidel pavticles of size not very smell in coppa-
rison with the wrvelength of light.

S0 far as the change of dlelectric constant of binary
1iquid mixtures near the criviesl temperature is concerned,
Piokara (1932) observed that in oase of nitrobenmaﬁe-hexﬂne
syrtan at the orifticel tewperature, dieleoiric constent é/ ;
increased with deoressing tﬁmpegaﬁute and the derivative E}%—
wag not constant but decreased nesr the coritical temperature,
He also studied the denpity and nolecular polarization of the
mixture, Considerable fluatuatioa gf.d@nsity took place as the
eritionl point iz approached which manlfests iteelf by the
appearance of eéiﬁieal spalescence. It is obvious that ihe
denalty fluctuaﬁisné ave respongible for sueh considersble
Gecreaée.af polarigation of nitrobencene. Semenchenko (1951)
axemined a number of polar nonpviar aygtema and found that
there are waxime in both dielsctric oonainnt €/ and dieleet-
_ric 1080 é'v « He formulated that in goneral, the prinmary
process Qf the formation of a dispsrsed pyoten é% the critigal
polnt coneisits in the 4ransition of the systen inte a micro-
heterogeneous gtate snd under the eritical condition & maxinum

poasible nmicroheterogensity ean be realized for & given sysien.



¥hen these conditions ere disturbed, there cccurs a sudden
fusion of the moleculer aggregaten and e troneition of the
nicrodipporaed syeten into an ordinary diapersed systen
having & nilky cloudiness as its chavacterietic, Using thene
prineiﬁlea and = thermodynsnmie srgument, Semenchenks has been
able to explsain the existence of maximum of $the dislecivie
constant and oiher physical propertiea. Slthough Zomenchenko's
treatment predicta 2 large incroasne in e' at eritieal fempe-
rature, the e¢xperimentsl ovidence is meager and frequently
contradiectory. Lomova and Shakhparonov {1960) studied the
nitrobenzene-hexane oyatenm and observed sinilar rewulﬁa‘fav
the change of dieleeiric constani st the eritlosl itemperature
as that obtained earlier by ?iak&r&. Guinn and Soyth (1963)
axavined the niirobenzene « 2,2,4 ¢rimethylpentane at a single
concentration of ﬂitrohénaane,.namely 2%5% by weight at frequen-
clen 0.5, 3.0 x 10°, 9,3 x 10° and 2.4 x 10% M Hg, A proncun-
ced naximun was found in E/ at a temperature mbout 2°0
ahove tho consulpte tenperature, Arkhangelsheil and Semenchenko
(1967) examined 2 number of rolar nonpolsr nystems and found
that dielectric constand Gf and dielectric losn e’ shaow
g naximum at the e:ificnl tosperature region. Tubezky aud
Helntosh (197@) wtudied the aniline - cyclohexane avsten and
found no anémalous'larga wmiueg of QIAan& €” at the oriti-
eal temperature. They have suggested that the epproach teo the
system to phase sepsvatlon involves cnly the density fluciugw-
tions snd no evidence was found for the sudden formation of

molecular clumters when approached to criticsl point.
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A re-pxanipation of the thernmodynanical srgunents led by
Q&lliwwil etel alpno predicts that there should b6 NO QROKA=
lous valua of ¢ at the eritical ﬁamﬁaratmre. Reoently
Konooki {zg?a) investigated o large nuzber of ayoiems vis.
nitvohenzene in 2,2,4-trimothyl pentane, hexons, oyclohicxane
and oyoclopentane purely from experimental point of view and
observed no maxima in ¢' value at oriticel point but the
derivative <ﬂ€'//Q$T' decressed with decreasing torpe-
rature near the oritical temperature. The results are similer
- %0 that of Tiekars obtalned earliexr in ease 0f nitrobenzepsw
ﬁexama Bystan. -, _

Although there nre somo canﬁraﬁietafy results YegAre
ding the aharp incresse in Gf in the opaloscent state it
i however conclueively proved that there is a sharp rise in
the ecefficlient af-vis@@aity end ultrascnic abnorption nesy
the eritical tewperature. The large values of momalous
uliragonie sheorption near the eriticsl region have bean
reportad by dilfferent workers guch as Chynowsth and Schneider
£1951), Fixman €1962) , Anmntareman e%el {1966}, Pule and
Eirvkaidy (1971), Outachieck and Pings (1971), Aggarwal and
Gupta (1975), Hishigeki (1978) and slso reviewed by C.W,
Garland (1970) and K. Hewasaki (1976).

The anomalous increage in wiscoalty of binmry Iigquid
mixhtures nesr the critical temperature has leng been a natier
of interest. Yondain « Monval end Suiguerss (1944 -~ 104%)
investigated the viacosliy and opalescence of binary and

ternary systens such ss water - aniline - ethanol,
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watar»h&naeme-atﬁgnol, water-tolune-ethanol, anilineecyolo-
hexane, nitrobenzene-hexene and observed an inocrense in Vige
gosity near the aritical %empexa&ura..%h@ gy stens showing
abncrmal viecoalty are believed 40 pomsess a colloidal étrue--
4ure in the ewitical régian. Siemenchenko and Zoring {1950}
investisnted the viseoaity of nlitrohenuene-hexsne uixzture.
The results showad that éh& ek of wiscosity in the criticsl
region was atlesat 207 in exeess of thé value that would
correspond %o 8 linear inersase, Need and Taylor (1959) have
oboerved the pnopalous increase in the viscosity of isdoe -
teng-porfluorohepiane mixtures. The snomalous behaviour asn
ha detectod an far way as 10° £ron tﬁa pritical temperature,
However, other investigatden found that for these gysters
the anonely ococurs only at ieumperstures much clossr %o the
“eritical point.

Plaman (1062) on the besls of density fluctustion
neaxr the eritical reglon tyeated theoretically the incraase
of vigcoplty of oeriticel mixtures. Hig method involves ¢ale
culation of the entropy production through diffusion which
regults when s nizxture in 5 gtate of conmposition fivetuantion
is csmusad to bave a veloolty gradient. The long wavelength
pars of the spectrum of couposizion fluetusiion is intense
ani very easily distorted by e veloeity gradient in the
eritical region, The return to unifowm compoeition through
diffunion &igéigates enorgy, and the loss is interpreted gs

an excess viscosliy. Fixwan han developsd his theowy in %wo
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stages, in the _firmiz stege, he han emsmém& the lesal equation
of motion and diffusion in o mixture in the eritical vegion, &
parsllel plate flcaw ond in the specond gtagas_, ‘@ caloulntion of
the entropy produection. The c¢aloulation shows that the fric-
tional resistence of diﬁ"mamn influced by the veloclity gradmm
is veally responsible for emm&m entropy producition,
Considering the sbove msntioned sitages, the finel

expreassion of the memmapicamy obgerved viscosity i

My = <€ﬂzz?ﬂ’;> (AOOLO(>R

2 .
- oc o

where ”qo = loeal viscoulty evaluated at the mean composition

-
|

3

(o] .
I

€ = denalty of the wixture
C, = maps of component 2 in unlt mass of nixture
O = dilstance through which heaxmg force acts
and generally oxpressed in angsirons
A = diffusion constant
. M, = séz.:m‘bsr of maleauiés: in component 2/c.c.
The equation (1,44) has %o be put in o fors suiteble for aon-
.zmniaon with experiment and for the use of approximate theories

of $he thumaﬂynmie properiies of the asolution,



Considoring (ibbe-luhonr relation and the theory of rata
process by Claastoue, Laidier end Byring {1941}, the expression
for A interms of the aiffuaion canabant EBm of an idegd

nixture eon he written oo

_ A E€RT —a\:h'xa ' , ‘
Dia = <Am‘.m;“l‘>< a~n2> c - (1445)

where,

M, = numbsy of molecules of componsat Ifee
m, = mudber of molecules of component IIfee
an, = nags per molwcule of componsnt I

™, = ‘mmsss per molacule of compoment IX

X, = mole fraction of componsnt IL

and 1% can be weadily werified thet

. -1
dlnX, _ \/'n‘n )
am, = l: (N (M z) | - £1.48)
Alad M, ©C2  3n eguation {1.44) can be written as

From equations (1.44), {1.45), {1.46) and (ﬂ,&?}, the wviscosity

inorenent oxpregsion hecomes

: RT MM, P, T o
AN = - =
o= M [D@ € GP,vﬁvzcﬂw“z}l _‘~‘°~5]

= RT mlmaqz o B C_l
€V, " Dy ™MV (n )Y -LﬂOR\




- 57 e

B™Mim, @, ‘ a
- eV, (M Ay @ 40R
' | : KT
where friection conestant (5 =
™, Diad
A?r] can be rearranged as
| : | Yo
o ™M, Py (a > ! C(}’O:/z)
N y € \/,q’\/z(ﬁ’\.\—r'nz)dp\ R / 4o
2
where | OLT : has besn evaluated by Fixenen as
| 3 ‘ 7 | oy Y e
il IR S [ ) cp.-(y-_wﬂ')_."'_coer 2}‘\’2}— %
R T 4ara, | T o .
where
.\/| = 24 ‘N e yolume pey molecule of component I
Vo = Mir = yoluwme pey molecule of component IX
" = \’Z/y' T, = critical tenperature
P, ® Vin, . N, = Avogadre's number
Py = - Vamn, €, = density of component I

€, = densiiy of component I

Taking the sxpevimental data of Reed and Taylor on
the mixture { L - CghHig — C7 Fie ) and concidering
'C7 Fieg a8 component ii, Fiuman shows from his the org-
tical model that viscogity rises sherply when binary 1iquid
nixture is ovitically opslescent. le slso celculated the



- 58 =

value of (’3 OL‘/2 gnd concluded thalt the comparison of the
theory wi%h the experiment isvﬁmt'cnmpla%aly conclusive and
whet is needed for thisy is more viseosity data near the
eritical temperature.

Campbell etal (1968} have studied anliline-hexane
aysten and abaerva& ansmsleugly Wigh viscosity gver s ftenpg-
reture range of 2,4%C above the eritical solution Lemperature,
Byunet and Gubbins (1969) reported the increase in viscosity
that oaocurs for a binsyy mixture cloge to the ceitical tempe-
rature in cage of phenvl - wabter, aniline-cyclohexsmne, wethanole
n-nexane, methenol-cycichexmne. -?iseaai%iea have been neasured

~ for the aghove systems a8t several tempergxures‘ana ééer the
entire composition range. Couparison of the experimenial
results with the predicilons of FPixmen's theory reveals that
the temperature dependence of the excess viseosity lo well
deseribed by the theory. Howewver, the theory i3 lens Succe-
ssful in predicting the affect of ¢meaﬁiticn'cn excens vige
cosity. Yang and Heeks {19?1§ obuorved the increase in visco-
sity in ease'of eyelahﬁxane~anﬁlina binary liquid mixture '
near the critical temperature for three conpositions 0,430,
0.445, and C.460 nole fractions of aniline. Hedither logarith~
mie nor exponential boheviour of Hhe vigeoaity is followed
for the full range of denperatures inweatigated,

The pioneering theoretical work of Pimmon an woll as
the later treatment of Kowasekri (1966) snd Deutch snd Swensing
{1967) predict & stronz divergence of the smomalous part of the

shear viscosity as a powex of {T-P¢) némr eriiticel tempersture.
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Another veport of ¥odenoff and Swift (1964) and Swift {1968) on
the other hand, suggests that the singler part of the vipgosity
Goes not diverge s o power of ( ¥ - Te } in the erltical region,
but atmoet shows a weak divergence. A decision baged on expe-
rinents as to which of the two thesretical approsches degcribes
more accurately the shesyr viscosity coefficient near the cpiti
el temperature hag been 44£0icult Yo maka; %ha.eagly work of
Tiaed and Taylor (1959}, Woermann end Sarhelz (1965) and Barber
end Champion (1969} lend support to the view that the singula-
rity is strongly divergent. Ehaﬂgggerimantal resulits presonted
by Leimter etal (1969}, Arcovite etsl {1969), Huang and Yebbe
{1969} =mnd Stein atal ii%?ﬁ)vﬁuyport atll@asﬁ in the sense that
| there is apparently no sﬁﬁaﬁg power law divergence. The messure-
ment of viscosity by Bellero &ﬁ.&l {1972) shows that an snoms-
lous bshaviour of viscoalty appesrs cloger to the cﬁiﬁiaai point.
It hss been found that the singular behaviour of the viseosity
cannot be fitted by o ginple powsr law nox by a logerithmic
one in the entire raonge of tenperature. The psymptotic behse-
'vicur$, however, tends 40 beeome TQQarj@hmie as the coritical
temparature is epproached,

Sen and Ghosh (1972) ueve mensured the madio freguency
conductivity in case of two qpaaeéeent rixtures (nitrobenzens. =
ﬁnhexane, anilxma—eyolehﬂﬁane} anﬁ’iamna s lerge increase of |
radio frequency conduotivity ot oritical temperature. ﬁ%@m the

calewlatad value of time of peliaxstion and wadius of the



rotating unit, it has been shown that the infense density
fluctu&tian st crvitieal astage is not due tp formntion of
cluster of molecules as proposed by Erishnan. Utilizing
Fizmen's %heery'thay have calculated ths increage of
vigeosity end hence the values of frictional conetant
which are found 10 he iﬁ cloge agregment nmp regards the
order of magnitude incase of s 1lauid. They have alao
sugrested an aliemative method of caleulating the value
of (3 and finally concluded that an assumed by Fixmen,
there is an intense density fluotuation in the critienl
ptate and return 4o nérmal deneity fluetuation through
diffusion dlspipates enorgy which apyears as o sharp

inerease of viscosity.



F. DIELECTRIC GOHSLAND OF FOLAR LIGUIDS I MAGWETIC FIGLD.

The probiem of thie effect of magnetic field on the die-
lactric constant of a substanics has not received much a&ten;
tion either by experimenislists or by itheoreticiann, It is due
t0 the fact that so far experimentslly investigated, the change
in the dielsetric apnm%ant is normally very small., However in
1iquid cryetsls large ohonges have besen obeerved (Kast 1924,
Dauer 1926, Harinin snd Tavetkov 19397 and apprecisble effects
have been found in some solids (Melabon 1956).

" fne phenomenon of spatial quantization is one of %he
best known and no st characteristile fenture of the quaniun
theory. By this is meant the faot that according to the guantum
conditions the nmolceule can 6nly agsune ¢oriain particular
orientations in opsce. The particular conditlon responsible
for the spatisl quantisation lg ususlly the requirsement that
the angular mcmen%um'af the molacule along somg direction fixed
in apace he an integrsl or half integrsl multiple H of “/2]1;
Here ¥ io called ¥he negnetic quantum number. A direct expo-
vimental confirpation of spatiel quantization isg furnished by
the well known experiment of Htern and Gerlach {1924) on the
dbfleotion of atoms in a nonhomogeneous megnetic iisld. Bince
the technical difficultien of this experiment are g0 great,
Ruark and Breit {1925) have proposed to dewise other memng of
testing the epsce quantigafion. According 1o the suggestions

made by Ruark and Breit as well as some theoretieal csloulations



mede by Debye (1926) the poseible change in the dieleetric
congtant of gases viz. helium, oxygen and alr in wagnetic
£field due to mspace gquentizatlon were undertakten Expﬁrim&g—
+ally d&ua by Wensherby ah@‘ﬁalf (1928) uﬂing.hetereéynerbent
method and the resulis show that Ffor helium (20 cm. pressure)
air (76 on) and oxygen (76 cw At room temperature, there ieo
no change in dislectric constant 40 1 part in 500,000, The
magnetic field wag of the oxder of 7000 - 8000 geuss while
the electrie Tield was estimated at 5000 - 10,000 volts/em,
Experiments were csrried oubt with the direotion of the elect-
~yic field both ﬁarallel and normal to'tha direction of the
magnetle fleld, Gince .none of these gases helium, oxygen or
air are of a0 celled polar' clana, naturally it meems that
lack of effect of magnetic field in the above gasea is due to
their small permanont elactric palariﬁa&ion~b.ﬁ. Hott-Smith
and Daily (1926) heve maede an experiment to test the change
of dieclectric oonstant in presence of mﬁgﬂatic fﬁald of the
syatem Hel and HO gases which have certainly a strong perip-
nent electric dipole momsnt, bu¥ ne change was deieoted. The
magna%ie field pirengith was 4800 gauss and the apparatus was
capable of detecting a change in dielectric comstant of one
part in 100,000, The gases wore tested at pressures of about
2 to 40 om,. of mercury af roon temperature mnd with the mage
netic fleld both parallel and perpendicular ic¢ the eleeiric
f£ield.
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Peuling (19??3 investigated theoretically the mokion
of & distonmic dipole nolecule in croseed mpgmetic and eleot-
rie fields and showed that according to old quantum theoyy
~there will be sputial quantigation particularly with reopect
%0 the direoiion of the magnetic fleld for experdimentally
realipable wvaluos Qf.ﬁiWKd strensths. He yroved mathemation-
11y that in presence of aﬁxang:mégneti& field making an
angle ¥ with the olectrie. fisld the polerization due %o
parpanent diﬁmlea will aecarding’ﬁo old gquantum theory he

(3/2 besmy’ - Y2) timea its value in the ashsence of
the magnetic fleld. On the other hand sccoxding to new quan-
tum mochanice, the theory of dlelectric constant of diatomic
dipole gen raquires the dielectric conatant not to depend
upon the direction characterizing the spatiasl quagﬁizaﬁi@n
se.ﬁha% a magnetic field should not influenee the -
dieleetrie conabmnt of a gas such as hydrogen chlorids.
Agouming certaln conditions Van Vieck (1927) deducedthe

Debye formule

C y»
%—f\a—‘ - i%jjci i 3A\2T>

with the help of new quantum mechenics and confirms the ideas
of Pauling that u&leaé the uegnetic fleld is exceedingly
larger than those ordinarily considered, a nagnetic field
should aﬂeorﬁihg to meﬁ guantun nechanics de without effect

on the dielsctric conetant of geses. He almo concluded that

1t nust noby ﬁowevar, ve inferred that the dielectric constsnis

of all substonces ave not influsnced by nmagnetlce field.
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Tor instance, the experimenta of Jezewski {1924), ¥emt (1324),
Priedel (1925} and Baver (1926} show that the dielectric cone-
tonta of certain Tmesonorphic subshances (animotropic liguids)
gra perceptibly alteieﬁ by magnetic Tields, This neverthleus,
must not be regarded ap dlsproving the existing theory, as
liguid orystals are 1ikely to be ilt out of large complexes
{elemontary enystals) rather then out of ordinary free nole~
cules such as were assumed hy Van Vlieck in deﬁuaing the
Langevin-Uebye theory intended primarily for gases.

Buckinghas (1957) invea%igateﬁ the effec% of a strong
megﬁetia field on the static dleleciric constant of a diamag-
netic fiuid theorotically using statistical mechenice. In a
strong wlforn electrie field X, € can be writien ae a
powsr ssrles In 72

€ = ec,+bE-z + CE4 +

where b and ¢ are characteristic of the specimen and it
nas been shown {Van Vleek 1932, Buckinghers 1956) that

31 q?z C‘:B

= a9 + S 2
b =% Y T Y e T 3

Yo I8 related to the molecular "hyperpolarigebility’ and
CW\ is dependent upan’the éu&scﬁrapy in the yalarisability
tensor. The tem in &, is alao dependent on the anisotropy

but in addition is proportional to the sguers of the wmolaoular

dipole moment M . 613 represents the dipole saturpe
4ion term and is proporticnal to /iﬂ. Buckinghean cone

gidered 1hat in 8 diamagnetic anterial € can be



represenied sg

2 4
€ = €, + BH 4+ cH- 4 .

vhere B = B:D 4+ BV ) BV being &,agmatosmicﬁcm
term gilven bj ‘

B\/ —_— (eo"' ‘)Ceo +2> Vu
. IV

1z D i meamured at constaat voluue then B v =0

and hence B = By . Using siatistical mechsnics
Buekinghan ql%%ulated the walue of B 4n caee of non-
polar molecules, sp@arieal roleculea and polar anigotrople
molaculen, U%iliﬁiﬂé this thgery‘in_nase af‘nitgabenzené,
Duckinghar found that ‘31) bacomes equal 0 2.3 x 10~
{3 Cos’n— 1), - bneing the angle hetwaen elecitric field
end magnetie fleld. For Cos'- 0 w1 and ¥ = 20400
 oerateds, the change of dielectric constmi A€ s 2,0 x 10™°
whtich is only one thirtieth of Piskera's observed {1936)
experinenial value A€ =6 x 1‘3"4 in cose of nitrobenzene
for the same field atwoength. Piekara and Chelkowski (1963)
have detzeted experimentally an inersase of dielectric conge
tant of nltrobehzene by an agzount 5.9 x 10™8 ywhen = atrong
magnstie field fxom © 40 40 kilo Gaues ig applied with

6 « The memsurements

) eimﬁi‘s‘; capabla of detecting A€ = 107
were carried out By the nethed of magnetic field strenpth
difforences in order to raduce heating of the condenser by
eddy currente, The vaﬁaﬁén of AE +thun found was in

very good agrecment with the theoretieal calcoulations for a



local glectric fieké of Gneager tyve.

In the sbove dlscussion the wagnetic Tield epplied is
horizontsl so that the volume of the 1iquid mey be taken as
conetent. The effect of magnetic field can be looked upon
sa producing 2 mechanical stress in the liquid. As a result
the wlume and henoe the density of the Iiquid will change
and B change in dieleciric c@néﬁant nay be expected. Iin
fact the effect of pressure on the diclectric consiant of
a liquié has been investigated by many worlkers awch as
Roantgen (1894), Ortvay {1911), Palkenberg (1920), Kyropoulos
(1926}, DanForth Jr. (1931), Jmcobs end Lawson {1952) Gil.
chriat, Harly and Cole £1957), Johari and Damhouser (1968)
and more recently’by Pranck @ Deul {1978}, It hns been
obgerved that the dicleciric congtant inereases with the
incresse of prespure. When a dielectric is placed in a
pagetic Meld it is subjected te o mechonical stress whioh
in equivalent 10 pressure and it ig expected that 1L a gone

. itive arvangement can b¢ wmade, the ennll change of

dieleotric conniant can he detected.



G ELECTRICAL, CORDUCTIVITY OF LIWILS IW §.C. FIELDS,

The conduction of elecirielily is one of the most fundn-
mental problemsin liquid dielectrice as 1t glvem the information
regarding fonie concentration, mahility of ions and activation
gnergy. The earliest investigation of comduction current in a
liquid was done by RQuineke in 18495. He concluded that the
curvent is non-ochmic mud prohably electroliytice in origin.
Curie {1902} chserved that the electrical conductivity of
patroleum ether, carbon tetracilorida, earbon.diaalphiﬁe and
banzene wag increasad by @xposufe £0 gamisn raya O Z-rays.
Schwelldler (1907) showed experimentally that the conductivity
of saturated hydrocarbon docrsased with increased purificatién.
Jarfe (1906, 1908) studied the current woliage characteristic
of hexane when irradiated by gamma vays and eonsldered the
current as sum of 4two sepsrate currents, one riaing 40 a satue
ration value like t@e surrent in the gas whils the second is
an ohmic current,. In 1909 he suceaded in wmeasuring ihe small
current that developed whon a voltage was impressed on highly -
puri fisd hexane‘in a brasa conductivity aell. Iis resulile
show that in the pure siate the ﬂanéueéivity of hexane wap
‘due to cosmic radimtion and that sbout 146 ilons were produced
per o’ per second. But Jafee (1913) himself discarded this
view of aeparate curyents in fevour of a theory accorxrding +o

which the iong are produced in very densaly packed colums
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igoliated fram'aanh othsy. Tﬁase eolwmne arae the tracks of the
photo alectrons ejected Ly the.gamma raye and ne concluded
that for a field of 1@5% than 100 V/em, a large part of the
current is ceused by external ionising radiation. Wikuradee
{1932) studied the curreant in dielestric liguids averiﬁiﬁe
range of field strength and gap width. He cbserved that current
dependé on the yurifiecation of the ligquld, eleotrode gaometyy
and electrode aaterisl, but is independent of pressure. ¥Yhen
all 48e lonizing agenis guch as K28y 8 enﬁ‘othar radio active
sources ware rewoved, it was found tﬁat there atill exists n
residual or na%urél conduetivity in those liquids, HMany theo-
#ieg have besn aﬁéancea $0 explain the machanisnm of current
conduction in liquid Aieleotriesn,

Zarlier investigetors (Niluradse 19%2) nbtained sone
evidence thet loanlgetion by colliesion in anrlogy to zaseous
conduction ocoured in liouide, It is asssumed that ions are
initially present 1n the 1iquid which are the cuvvent carriers
at low Tield strengthe. Theae aré aupponed to be formed by
gome donizing agents such ns X-rays or coOsmic vays or fron
electrolytic digscciation. At intermedinte field sirength
this fon current ssturstes and becomes independent of field
untll a.value ia reached such tha% the ions attain suﬁficieht
veloeity %o forn new ions Ey collision at a rate that the |
current boeomes an exponénﬁial function of the voltage. Inge
and Walther (1935} rejected this view on the ground thet the
electronic free path in a liquid would be insufficient for an

electron to acquire the enmergy needed for lonization.



‘fleims (1936, 1937) applied the Onsager theory of weak eloctro-
iytic dlssoeclation to explain the conductivity phenomens. s
eugpoai%ién is that even the most chenically pure dielectrics
contain traces of golar impurities whose iaﬁization in suffi-
clently anhanced at high fields to explain the obasrved con-
ductivities. Baker and Bolssz (1937} énd Dornte (1940) intere

_preted thelr inwvestigation 40 nmean that the conductivity 1is due
to thermioniec emimgsion fram the cathnde combined with a Schottlky
effect, Accorling 4o then, curvent - vltage relation is givén |
. |
by o1 o 2 (Ee)/z_

ad KT

where € is the dieleciric constant of the lquid, £ is the
£ield otrength. Thins has been criticised by Lepage and Dubridge

- {1940} who showed that the current - volfage relation is of the

83/2 (E/e)/z
KT

form

\.Oa 1 =

Later on they concluded that current ia due to field enhanced
thermionic emiseion and derived the relation
\/2,
I AT e Fe | (eSE\
— T xp |- y | ...
o= Pl" %7 T zaxrie /| i1

where € 13 the diglectric conatant of the liquid,

Genant (19240) suggested n wethod for the determination
of lonie mobilitiss in insulating ligquids from the current -

- time curve obtaoinsd after application of a d-¢ potentisal,



The ionic radii and the concentration of the c‘han?gé carriers
heve been Qommtad from the mohilities thus ehtaimﬁ. Assuning
ﬁmt- the decay of current pagaing throush on insulating liquid
after the aprplication of a d-c péfential :l‘a, partly at least,
cauged by the removal or accumwlation of ions present naear the
eleatrodes, Gemant deducedan equation interms of specific
eonductivitien |

- mEt/ /o

§ = 6,e + G o ()
where ™M = nobility of an ion, Eo = Applied field '

O = Interelscirode digtance of the condenver of cross
gsectional eres Tsg.cm, § £ = gpegific eonduetivity correge
ponding to saturation values, If " and M’ are the mobili-
tiea of positive aond negotive ions then aquation {1.49) can

be rearvanged o

] /
- mME_t 21— / —mEtOLL'
6-6¢ _ _wm ¢ ot /o 4 _m e °
60 ’T?ﬁ—l-'zm/ 'Tn—\-"nw/

{1.50)

Bauation {1.50) ds the final forn from which ionic mobilities
heve Deon commuted. The ionic radii and number of purdicles

have heen evaluated fvom the equations

~ = N omd - So

67&""]'”‘ e Q‘m +'m’)

whare € is the slectronic charge, ™  is the valency of

ion am!; *7!] i the viacosity of the liquid,
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PMumley (1941) epd Pao (1943) interpreted with experie
mental suprort, the ﬁotential dismocliation theory originelly
yropozed by Qnsagerv(193¢) for very weak eléetralytaa. Ageor-
ding to this theory there are present in purest hydrocerbong
- puch ap hexane, 8 very gspell number of ions resulting Drom
spontaneous dlsgoclation of molecules, ﬁ.fawauxable-orieﬂtn—
tion of the molecules with vespect to the fleld inevenses
dissociation and the number increases rapidly with the at
ptrongth of the $le¢ld. Un this bepnis Tlunbey was able fo
give an expreswion for the current intérms of temperature 7

and field E, app&icabie ‘o o number of disnociated molecules

- y
1, = ¢ ex\o<§1><3:‘OE€>L

where € is 2 congtant and is proportions) %o the number of

diassoeinted moleanlea at gern fHeld, K is the Boltzuann
constant, 9  the unit charge and € is the dielectrie
congtant. The above expression can be repreascnted asg

\

whieh %8 en important conciund on of Plumley's theory. Eck (1949)
ghowed that variation of ourrvent atrength with time can be

represented by the equation
I-1, = (Jo-1.)e

where 1,  is the initiel current, L  is the limiting

KT

velue of curzent end K de & conptent which contains ionic
nobilities. The effect 1s nmoumed 4o be due to initisl exis-

tence of ionic clustern in the body of the liquid - which
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gredually élsperse., He performed experinents on scetone,
nitrovenzene and acetone subatituted compounds. Gondwin and
Moofadyen (1953) mensured the current as & function of
electroie gap ﬁiﬁth and field strength. Extrapolation to
zero gap widih shawéd the existence of a Zero gap width

~current thet obeya a field emigsion relation of the form

1 - AE exp(=b/E) .

Jaffe and  lLelay (195%3) otudied the time dependent eﬁrrents
in hexane for wide elestrode gaps and low volisges and eone
cluded that the currents are fonie. Green (195%) gtudied the
conduation and breakdown in n-hexene and concluded thay the
nagnitude of the conduction current depends on the riature

.cf the cathode and a significant current would remain for
zero gap width. & more importent éoncluaion,mage by him

in that field emission r2iotion or fileld enhantced thernio-
nic emisoion theory represented by the equation (1.48) or
{1.51) 18 not gble to explaln 4he obgerved experimental facta,

On the other hand he ageuned that pogitive lona are sliwaya

roe, present in the ligquid beeawse of externel radiation or disso-

;Eeiatian of impurity molecules, F¥hen an external fleld fa applied
";2hese 13&5 drift towards the cathode but a cathode surface layer
'3im§eﬁam their immediste neutrelization. The ions then set up a
local field &arééa the surface layer tint tends to produce
elactron enmigsion, The gige of the local field depands upon

the nmagnitude of the ionic current and the probabllity
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of neutralization of the ions. Crowe {1956) put forward the

hypothesia of the “mﬁ:ing" glectron. “his véaf; later discussed
by LeBlane {1959} on the basis of experimentsl results, Accor-
ding to this hynothesis, the glectron in the liguld $ravels

re a free electron the distance and ié then oaptured by
a molecule (trap). I% renaino in the trap in a bound siste
for the time T  and then leaves the trap as a free electron
to travel the distance N until the next capture, Thus the
drifs mobility of the 1on in the eleoetric field ean beo formu-

lated ea

w = W A ,
— c(v + 7\/(:) o (1.52)

whoera W, denotes the ion mobility in the shssnee of traps
and C 4 is the mesn velocity of the eleectron in - its thermal
motion. If the influence of temperature on the time T

' [tha length of time in which the elaectron remains in the
trap ('Y = ’Yc, ex\: CW/ KT)] ig taken into eonsideration
equation {1.52) can be written as © = 1(}7 cm/nec, and ’Y>> C

7 Uen W
W= % ?I\DC ‘E)

where W denotes 'E‘ne nean energy with which the electron

i capmxméd. Standhammer md Seyer (1957) have obtoained evie
denge for the formation of jons .ﬂ.nv oyclohexane and evelohexsne
saturated with water. Hart and Fungall (-1957)' ohgerved that the
gonduction current in chlorobenzene continued o decresse evan

after continucus distillation for aes long as three montha,
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Ohong et al (1958 - 60) while studying the Eerr effect in
 nitrobenzene found that the movement of poeitive ions ere

respongible for the f£leld distortion end the moblillly of the

1 L

ions e estimated o be of the order of 107 on’ sec™! wolt™,
tihile conducting the experiment of tenperature variation of
mobilities of nesative charge conarriers in hexane and hensene,
they found the numerical values of ion nmebility at room tempe-
rature to he 8,5 x 10™% ana 4.2 % 19'4 en® v gee™! POIPEC~
tively, Blank et al (1961) studied the current %ime charactee
rigtic curve and found that wrate of decay of currant depends
upen the emount of lmpurity present 1n the liaquid and decreassed
with repeated purification of liguid, Forster (1962, 1964)
ptudicd the nature of conduction in pure benzene snd aleo at
differsnt concentrations in n-hexsne snd ohtained a relation

K

6 g = 6\-\ e - whHers 6 is the conduetion of

H
n-hexene, ¥ i constant and ¢ 1is the concentration, He
ghowed that the conduction in aliphatie liquide is most
probably related o the presence of poler inmpurities or
trapped electirons present in the liquid or generated at the
slectrode surface, Acconding to Forster's theory, ss1f con~
duction consigty of two different procescest electronic
conduction Oo and conduction ‘ 64  eaused by excitod
nolecules. In the former process a fras electron jumpe from
one molecule to a neighhouring molecule whers it is held up
for 8 short time (thio is called trap conduction model). The
latter process is besed on the hypothesie thet a liquid at
room Lemperature conteing é small but strictly defﬁneﬁ nunbher

of molecules which are éxclted $o the lowest degree of



excitation. The 1nteracii¢n of exclted melecules is believed o
lead %o the formstion of poeitive and negative lons. He obteined
the following rals&ianabip/for the dependernce of conductivity on

tempereture at the various scparations of the alectrode

¢ = Gexp (- 35

where the achivation energy (W) obtnined by Forster for avomatic
hydrocarbons wae ehout 0.4 « 1 6¥. and for benzene, tolune and
®ylene about 0,41 eV, |

Jachym (1963) measured the mobility of negetive and
positive ioma in cyclohexane, Briersc (1964} hes studied the
conductivity of water and arganiabliquiﬁs uging veryving gap
and dlfferent eleetroden andl found that the apparent conduc-
tivity Increased more rapidly with applied voltsge for polsy
ratheor than for'némpolar 1liquide, but the eurrent decrcases
with tlme in both the emses. He concluded that the electric
behaviour of 1iquids submitted to high stresses is strongly
acontrolled by secondary processes due to the sccumulation of
non-discherged ions at the -electrodes. Utilizing esose crlcue
lations of J.J. Thomeon (1928), $iiver (1965) has developed a
theoraticel model for the conduetion of curreni in inauvlating
liguide which ahéwa that it 1o gaasihle %o oﬁlculaka.ﬁram the
measuremnent of potential distribuiion the rate of formwation
and motion of chafges.\h congenuence of Silver'a theory is
that the conduetivity is & function df electrode cpaelng of

fhe Lorm

C .
V = AJ + BJL
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where A erd B are constents, ¥V 4is the applied voltage

§ 1o the currvent density end | the gap length, ®hile this
theory éxﬁlaiﬁaé successfully the variaiion of conductivity
with electrade sppoing at varlous constant volingee in bengens,
the repults in nitrobengene suggest that the slectrodes play
an imporbant roles the eathode appears 4o be the im§eoﬁ@r of
. electrons, The role of diapersed conducting particles due 4o
the diseclution of metal in the 1iquid dielectrics in enhan-
,eing-ﬁhe conductivity has been axplainaed by Felsenthan and
Vonne Gut (1967), It wag further observed that when the
ligquid is allcweﬁ.to~remain in the cell which was kept open
t0o the atmosvhers, the conductivity increases, This ie POsBi-
bly due to ebsorpiion of gases and moisture prasent in the .
atmosphere. Fac et al (1967) cbuserved that for low electrie
field, dark condugticn in n-hexane oheyse ohmg law which ls
assoeia%ed'w@th the irremovabhle iapurities, Adsmozewski and
Jachym (1968) pudlished a paper which gives & ohort summery of
regulds concerning electriesl conductivity of dislectrie
liguids obtained hy them as well as by difforvent workers.
They concluded that {1} the natural conductivity values of
erganie liquide is & funetion of 1/7 vhere T 4. the abso-
lute temperature (2} enong oll investignted orgsnic CoRe
pounds which ogour in liquid state, the 1nwes§ conthuetivity
values are thoe of nonpolar liquids (3) there are great
differences betwegen the lowest values of natursl conduotl-

vitken reporied hy varvious authars.u%he differences depend
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most often on the degres of purity snd in perticﬁlar on the
presence 0? treces of admixtures of water and electrolytes
{4) in o certein group of dielectric 1iguids {e.g. in the
group of arcmetic hydroanrbons} a considerable role is played
by 7R_ =~ elegitrons which bring about an increase inaconduc-l
tivity by several ordevs of magmitude {5) the lowest value of
naturel electriec conduetiviiy in hest liquid insulators ia ef
| the order of 10719 1o 10~ TV onl, (6) toniza-
tion anﬂ.canductivity excited by X-rays Or gumma raye may be
million times greater {depending on source atrength) thak
natural condnetivity for the same liquids (7) there is a
considerable difference between activation energy walues for
natural and excited conduciion, h
Thile corrying out o deries of measurements on the

variation of enrrent with time in caoe of nmumber of liquids,
Adpneogewaki and his co-workers (1969) provided an expression

to exzplain the nature of the current decay as

z u:io exﬁo { '_>\t )

where 1, denotes the initial current and A ia a constant
containing wobility faectopr. The ionic mobilities in pure note
. polariliquiﬁs ﬁgch an hﬂﬁane,‘heptane, nonang and their
mixtures have baen measured by Ademezewekd (1969) and the
value in all the cases is of the order of 7.2 x‘19'4cm2V"3’1
10 5.8 % 10~ %V V5", Briere and Gaspara (1970) studied the

photeoonduction in case of highly purified nitrohenzne.



Gaspard and Gosse (1970) gave clear evidence of ionic conduce
tion in polar dielectrics. They used rembrane alectrodes and

gave ovidence for three diastinet regiong of con&uéﬁien and in
each conduction is ionle in naturs. %he value of }if in enge

10~4 cm?/voltqaec.

of nitrobenzene hims been Found 40 be 2.4 x
Prabhakay Rec and Govinds RBaju (1969, 1970) studied the natursl
conduetion 4in ehlorobenzene, bromohenzene and nitrobenzene.
They found that the elegirode materinl, disaolved air.an&
degroe of purification have a pronounced influence on the
conduotivity of polar liquida. The conduction current is found
to bz caused meinly by injection of elecirons from cathode
into the liquid, Lahneyaenvand.ﬁageral (1971) assumed the
exigtonee of nature} cherge carriers of iweo kinds having mobie
.litiea }A, and ,A*z, for developing a satiefaétury theory
for tinme dependent current density. They have obtained the
value of number of ions present incase of benzyl anlcohol es
2.8 x 10" per n.c. Although the wochanien of charge transport
in dielactrie liqulds hee been investigeted for oapy years, it
ls only during the last ten years, that aignificant progress
has been achleved in the study of fhe beﬁaviour'of fagt charge
earricra and slectronic mﬁbilityiapmeielly in nonpolar dielect-
rics with some results reporded in ¢ase of pblar liquide =ae
well.'ﬂamé‘of the references which way be mentioned are those
of ﬁleinhéins (1970}, Schwmidt and Allen (1970), Holroyd and
Allen (1971), Davis et sl (1971}, Dodelet mnd Freemen (1972),
¥ollers (19735), Bakele and Schmidt (1973}, Allen and Holroyd
(1974), Blair snd Yredeold (1974}, Ersuse (1974, 1976), Biokert
et al (1976), Ademczowski and Calderwood (1976, 1977), Admec
and Calderwood (1978),



Sen ard Ghosh (1975) studied the current — tims charso-
teristic curve in poler dielectrics such ae scetone, nitrobenszene,
n-propyl, isc-butyl and iso-amyl aieohal and found thet initially
the currént falls very rapidly and then slowly and finally epp-
ronches & saturation value. Assuming the oxistence of free ions
in the 1liquid, the quantitative theory advanced Ly &émant.(19403
has been further developed which has satisfactorily explained the
observed experimenigl facte znd enablea us 40 calculate mobility
and ion density in the liguidn, When there io no applied externsl
voltege, the free ions which have been assumed %o be present in
the 1iquid, are moving in o random mamney and the dielectric
SEQwa;an intrinele resistance. Whon the external voltace in
apylie& the paeiéiv& iona begin %0 move towarde the nagative
elecirode and thereby form o condenser, An charges gecumulate
on thiag condenger a voltage developes which opposezs the exier-
nélly applied voltage and the current falls. Az sore and more
chargens accumulate in the condenser, the opposing voliage
increases though not 1linesrly end current graduclly decresges,
Ultimately when all the free jons have scounulated on the cone
deuser thus formed, a saturnition voltage is developed which
mpkes the eurrent eprroach the saturation value gradually.

Let Fio veprenent the ohmic reolstance of the liguid
and Vb the applied volinge and let the'inns sccunuiate near the
electrode therehy forming a cepncitence O, If ?é reprosents
the voltage developed scrces the condensar after a time T then
the amount of charge removed from the liquid is GVQ and the loss
of charge concentration per c.c. is OV /a8 where 3 represents

the orosg-geoetional area and "a" the digtance betwesn the two
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' plates. This corresponds 10 & loga of oS in gpeclfle -

eonéuémvity where /m is the mobility of ions. Hence the re-

moval of lon results in the loss of conduatance equivelent to

/.A C Ve / o:)” » Gonsenuently,
c.dVe = o o MEYe (v, - V)
gt 1 Ro o>

—

= A, — be Ve (Vo—vc)

where A = 1/R, end b = /m/of’
Thus,

Te = bk ve)(Kam ve)
where

Ky = R‘:’/‘0(1 and Ky = Vo

Integrating we get

b lagq Yoo Mo _ bt o4 leqc
Vo - o Oa Ro -y tra
be bc < c v o (1.83)

where 0, is conptant. ¥hen t =0 ona vV, =90

o v = ;\-o Vo
\.ac , vo——j_( 3

o Gohere & = be
/O( Ro

Putting the value of \oa (L{ in equation f‘l.ﬁS) and afier

elmplication we gev,
At -2t
VO<\-€ ) V(e —-|)

Ve = :
| - c(\/o e_7“t e—ﬂt_o(\/o

Il



) e (1.54)
b \
where A\ = vV, — e

1e N ie nesumed negetive then Vo = Vg, et t = 00
which meanp that the final ocurrent wonld then become equel $o
sexo which Lia contrary t0 the oxperimental observations ap

shown by Jen snd Ghosh (1975) end other previous workers,

, Them » Q_'L
Tnie leads. to asgume that
A o > Ro ,\,\ I

snd A ia vonitive gquantity. Hence when t beoomsn
infinity ' '

Ve = VOE\_e“t]

T - % e

Hince the intrinsic resisiance Rg of the 1liquid is not

Whe~ve VF — !

- R

ohanged bheosuse the ione are not digcharged ss 1t has been
found that when the d.o. potentiel is ﬁamoved the orlginsl
conduetivity is restored., ¥We thus have dhrese currents 326.
I, and Ip whers 1, i the initial current, I, the current

gt time t nnd I:'ﬁ; the final saturaiion current,

IQ 2% L‘g—— XXX {1055)
, o At
e YeoVe _[y _ M(i-e ] °
Ro ] —-\—\3‘)—87\‘.‘; °
V. F
Cve™ [ ]
RO[:\ - —3—";) e“t:[
re (1,56)
V, - Vg

8!1!3 Ir = LY B €1Q57)

Ro



From the above equations it osn be shown thet

Loae;f"@“j_‘f) = 7t

To (T4~ Lp) - 11.58)
Prom equation (1,58) 1% i thus possible to oaloulste the walue A
end honce from (1.54), (1,55} and (1.57) 4%t io also possible to
caleulato also the valug of b. As e ba™ knowing the
interelectrode distance 'a' 4 the mobility of Lone /A may thus
be calculated, |

As Vg  is the final volbage acroas the condenser and

if 1% is essumed that all the free ions in the dielectric have

acounuloted on the surface ¢ the sondenser fornmed then

\/F s —%%—- wheve Q = mesa

where M is the number of lopno per unlt volume, & 1ig the
eroes gaectional ares of the electrodes and € i the charge

carried by en ion. Thus

v o _ Ao - mesa
T T  be T c
Since » |
Ao = ' oama b = /*/ o’
o
>
RoM €S

vhich gives the number of ions pew ce pregent in the liguid.
Adames and Calderwoed {1975) proposed s consveiion
mechanisgm in polymer insuleting natevials. Here the conduction

is gupposed %0 be caused by the generation of charge cavriers by
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ionigation of peutrel centr@é in ihe bulk of thé dlelecirie
due td.thefmal a@ti&ation rrocepe which mey be - mpdified by
the electric field. Theresfter, the cayviere are trepped in
noutral potentiel welle and cceasicnelly jump from one equi-
libriunm position to another on being thermally sotivated,
Asguming that all directions for charge carrier movement are
ééua&iy probeble for both thersal lonlzation end therssl
detrapping pxaeesséa‘and further assuming the jumping in
dieleotric is omall. 1,6, comnarable to or amaliar than the
range of coulombic foree, the mobility of the charge carriers

has been given by
29 : eED
o= 3E exp Sim h(z\cr)

where the contributlon 4o the current ig made only by thoss

carrieras which jump over a potentlel barrier V{M ‘along and
againet the field dirveetion between the two equilibrium pogi-
tione, > i@ the vibrationgl freoueney end S i tha
jump distance sndé B is the electric field. The expression

Por conduetividy has been glven by

CE S 2KT

6 - 60[ 2+ COSHI(SF 'E/R/ZKT) > KT Cinh EEB)

(1.59).

where G, 15 the conductivity mt low fleld sirength given by

6, = NeD St ex}:(_ W+ 2—‘”»)

6 KT 2 KT

. 3 2
whe re @F = (e / NS é) is the Frenkel parareter,



¥ ie the concentration cf ionigeble cenmtres, W, is the
ionizetion energy, € i1g the rlative stetic permitivity
of the dielectric, €  is the clementary charge and €, im
the absolute permitiviiy of wacuum, In equation (1.%9) the
Lirvat tern in brabkets represents the field dependonce of the
charge oarrier concontration, the second one the field depen-
dance of mehility. Bo%h the teorms apyroach to unity with a
slope tending to zero at low fields, thus eXpressing the ten-
dency towards ohmle behaviour of the material at low Tield
gtrength,

From the giudy of the published experimentsl resﬁlts,
Adamozewski end Cslderwood (1975) found that it i possible
to develop o formula relating the mobility of ions of the
saturated hydrocarbon geries with the wnumber of carbon atoms

M which ig given hy

o= 07037 ex\:(o 0552,'7\) ex\g[( 6 24vn

_ 3L.5)/—\- VS

The forinula though strictly wiid in the rmge B) é*‘ £a
Has baen found o explain the experiusentsl resulis in close
agreement even for M = 1, Adamec and Calderwood (1977)
showed that thelr conduchiviiy equation revresented by
equation (1.59) ylelds an alnost identical field dependence
of gonduetivity 40 that of Onsager (1934) over the whole range
of field gtrength gterting from ohmie reglon to breskdown of

dleleotrics,
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Becently while studying the electroviscous effect of
tetra~butyl emmonium bromiée in benzene and Silver perchlorate
in bengzene, Honda et a1 (1975) found that the meen ionie mobi-

lity in the solution beoones 1.3 % 10’4 cm2 v1 gt

: and
4.5 x 1074 o v 571 reapeciively.

Conel dering all the experimental evidences and aasump-
tions teken by various author we may sumnarize that
e) the ¢l sssical purificebion technique of impurities in
organie polar liguids is not sufficient, =0 it can he
assuned that the conductien in the organie liquid is due to
ionie impurities which already exist in the liquid. Due to
the application of the electric field between the metallice
electrodes the impurities (positive and nagative_ians) nove
towards the eleeirodes and thereby oonduetion curvent igs
obgserved. The time dependence of conduction current'haa alsgo
‘been observed.
b} There'are experimental evidences that varioug ¢lectro~
chemical mechaniom i.6. dissolution of aieetrode gives rise to
large injection of eleetron in - pure nitrobenzene, Momt of
thg inveqtiga%ers have assumed that donic carriers are respon-
aiblefbflthe,hlectrical eonduction,
"¢) The slectron eniasion from the eathode may be one of the
causes for éeif conduction in dielectric 1iquiﬂ8.4?he nolee~
cular loss or capture of an electron at tbe.eléetroﬁes lezding
to the production of radieasl cation or anion méy be valid
incase of non-dissociated liquids. This is suitgble to
describe the so called electionie conductivity of niﬁ?oben—
éene,Asince‘the nitrobehzene anion haé.beén.detected by

electron gpin regonance during conduction by space'gherge
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injectipﬁ in highly pure nltrobenzene with platinum electrodes.
d) In ﬁo$t liquids a number of eleciro-active species are
alwayas present {impurities such as oxygzenu, water and varioue
organic compound) and consequently simultanecus different |
eiectrenchemieal reaction can give rige to complicatad beha-
viour charecteristic of'residual-injection into an impure
1iquid. .
e) Dissociation of ﬁoleoulas into ions azx a resuiﬁ of the
aprlication of electric field may produee the electrigal
conduction in the dielectrics. This is gpecially true in high
fields. | )
f) Ioniging influence of rqdioactive iﬁpurities @reseht
naturslly or artificialiy in both the walis of the veagel or
in the air may dlso be reesponsible for the electricel conduc~
tlon in liquids, |
g} It has been experimentally ab&erve& that there is an
ionizing effeet of cosmic rays Or cosmic ray cascades oi
showers upon the formation of ion paira'in liquids,

~ Thus it may be concluded that though the mechaniom
of formation of ions way he attributed  to various causes,
the‘free ions are definitely present specially in organic
polar liquids, Severs) theories of conduction mechanism in
poiar liquids have heen posﬁulaxeﬂiand 8 general review of

the work done in thls field has beeh presented here,
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SBUGRE ARD OBJEQT DY THE PREBENT WORK

~ in the previcus section o review of the work thet hes
been carried out so far regevding the verious properiies of
polar and nonpolar dielectrica hao been prasented, The objeot
of the pfesent work is 4o extend these investigntione s0 o
to collect new ﬁg&a apecially in czse of polar molecules and'
gropcund a theary %o éxyﬁa&n the results 50 that the general
properiies of these dieloctrics can be better understcod,

‘fhe computation of Adipole woment from solution data of
galar—melﬁeuias in nonpolar solventy is moat convenient since
in thip cmse the dipole~dipole intermetion is ﬁﬂxe or less
shgent and wmoreover the value evsluated by thils method comes
in ressonable sgrecment with that obitalned from gasecus niate,.
But lebye's equation which is the main basie equastion for ithe
evaluation of dipole momant from solution data when applied
+o oame solute and aolvent syaten 4n diﬁfafent e@neanﬁraﬁiong
is found "txa'-givca -:Eiffemm: values of /U\ » This 1 due to
the foet thet Debye's eguation is valid at infinike dilution
only in a restricted songe and partly due to the fgot that the
campu%aﬁion ef [A— depands upon the theory of extrapoiniion of
di fferent physicel quantitics euch ag dielectrie constant,
roefractive indeox, density of the solution ete. since the extra~
polation curve is not e straight line, Keeping this in view an
atfempt has Heen made in éhe present work to describa several
extropolation fechniqgues based purely from nathematical stend
point which enablag us 1o caloulate the walue of dipoie

moment of polar solute when diseclved in nonpolar solventis,
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It hea boen pointed out that the messurenent of eleot-
rical conductivity of dislectric liquids ensblas us to obiain
some definite information regavding the degres of dizsocciation
and the presence of free ions and elegtrons in liguide. From
the review of the work it is noted that dislectricas specially
polar dielectrics are not perfect insulatora but even after
repeated @rocaééea of purificntion show o finite condnotividy
which may be aseribed to the presence of free iona, Though
seversl theories of conducticn hechanism in polar liquid
have been postulasted, it has been found that all ohserves
experimental results cennct be explained satlsfactorily. It
1w thus thought worthwhile to cavrry oub the measurenont of
eonduetivity both in the d.c. field ad in reaio frequency
field with 2 view éo obiain a clear idea of conduetion mecha~
nism in polar ﬁielectrids. The messurensnt in ithe redio free-
quenocy vegion will provide us with data for both ths condug-
tion and diaplecement ourrents which when measured incase of
poler molecule in nonpoler solvents will help us not only to
eatinete the density of free ions bhut nlse the value of re-
laxation tiﬁe, a useful peorameter in undevsianding the nature
of activation energy, intermolecular field and structurs of
the molecule concerned, |

The case of opelicacend Einamy 1iquid mixture is an
éx&mple where the polasr and nonpoler dielsetrics interact
+t0 produce a etaﬁe'of matier whesg rroperty requives a
thorough inveastizetion. Among other properties it has been
observed that viscosity of the mixvuro riges abruptly nesr
the eritiodl temperature which can be well ezplaigeﬁ by the



- 80

theory advanced by Fixmen (1962}, It is also obmerved from the
reviow that although Fixmen's theory has heen utillized to ex-
piasin the anowmlous inovesse in viscosldy near the oritianl
temparagafe no attewpt has been made %o #ind whuther the
internal frictionel term introduced by Fizman changes for e
partioular solnte in different nonpolar solvenis. It will be
shus interasting to obeerve the noture of varistion of p .
fhe frictional coefiiolent which ﬁay throw gone Light in the
nolacular configuration,

Furtheyr very little work kes been reported experimen-
ially rogarding the change of dielsotric consitant of a polar
Jiouid in e superimposed muagnetle £ield. The object of the
presont work is to obperve the effect of radiel magmetic f£ield
ori the dielectrio consiant of polar limids ard ¢ explain the
experivental resulie by s sulteble theory. Comsidering all the
gerects mentioned ebove, 1% is proposed 4o undertake the

fellewing lines of investigatlons in the present work,

Ra

: nt Tean neasurear :
polar moleculas in nonnglar solwentin,.

14 45 well known that Dehye's equation for caloulation
of dipole wonment of polar soiude in nonpolsy solvents is woidd
gt infinite dilution only inm & restricted pense. This is
pertly due %o the fact thet the aseumpilion concerning the
velidity of Debye equation is approximate and partly by the ..
inacouracy of the extrspolation procedure which bocomes

complicated by the fact that the extrppolation curve is



not a stralght line. Therefore several attempts have been made
to improve the procgss of extrapclation by different authora.

But almost sll the extsting procedures for computing the elect-
vie dipole moment of g poler golute in nonpolar solvent involv@
glther numeviceal compliecgtions oy personal jJjudgenants repawding
extrapolation and curve zitting; The objeot of the present work
in 4o deseribs g extrapolation tachaique haged solely on mathe-

netical grounds by sssuning that

=
. . g
Ny, = b + bwy+ byw,

where @'s and b'a are constants, €, and "M ,5 are the
diclactrie canatant'ahﬁ;r@fmaetivs indiceg of the solution of
weight fraction OO, of the golute. Though the above wethod

" basted on the extrapolation of diclectric conatent and refrace-
%ive indices of the soclution applied in Iehye's equation, a
much simpler method baned on Guggenhein's equation {(discussed
in deteils in section A) hos aleo been discussed and it 1s
found that o aingle exirapoletion upon svnme physical parameters
is enough to find the value of dipole moment of polar liquid
when dimaolved in nonpoler solvents.

| I% hes been discussed in section A that though
Ouggenbein’s egquation for the svalusniion of dip@leimemenﬁ is
gimple 9til1l it ie lesws cecurate when there is conpldereble
contraction or‘&ialataxion of the volume of the solution. A
nethod 40 deteruwine the dipole noment of polar solute directly
from Dgbye's equation hap Deen deacribed taking into omnsidera-

tion the corrveciion for atomic polarization.
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Phe experimental dotevninetion of redio frequensy conw

duetivity of poler liquids and itg variation with tecperature
and aisp when the polar liguid is diesoived in nenpolar sclvent
ia 2 useful tool which providas the determination of dipole
moment ond the time of relexetion of the polar molecules. leter-
minntion of dipols moment cgn'giva an inpicht into the proper~
tles like distinguishing funetional groups whersas the rolaxfe
tion time glves ua informsiion regavding the activation energy,
intermolecular field end the structure of the moleoule concerned,
The time of relaxation is usually evaluanted bﬁ:measuring the
dieleotric conatent and the loss factor either in the microwsve
oy in %he radie ﬁreq&en@y region where the besic sssumption is
that the medium is a perfec% dieleetria. The expvessiena for
the real parﬁ of the dielect»ic constant { e’ ) end loss

factor { € } spooording o Debye nre

/
€, — €
€ = € ) )
o T+ L+ oot
EN — (EO—EQO) WY
= S
I+ ™Y

where the synbolag have thelr ueusl signifﬁeanca. It hos been

| ahoén by Murphy and Horgan thet the radio fregquency conductivity
of a polar dialcetric is a complex quantity and is related with
the resl and imaginary part of dielectric congtant by the
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¢ when 8 polar solula is disgsolved in -mxigular solvents, the

' 4 K /1 .
oxpression for K and K eys gives by

R
KI _ _ARA NTO‘\Z'M (e\z“’ 2)<€oo|z+2) Wy

27 M, KT V4R
and
y
K// =W e 4 ARANd 1200, M (€\z+2)C€ea.z+ 2)
47| 2 27 M, KT \ 4+ wrr >

1% im thus evﬂ.ﬂanﬁ that the measurement of %bé radic fraquency
esnﬁucﬁivity' of polar 1&@1& op polay liouid dissolved in
nayigmlar aolvents enﬁbﬁsﬂ %a 4o caleulate the relaxstion dine
and offers an nlternative moethell to dlelectric constant nea-
surenment, Again the relawntion time is glven according %o
ﬁeby@ by the ml ation 3 |
o
v = A2
where 7| ie the coefficient of nacroscopic viscooity snd a

is ¢he redius of the ré@a‘bmg vnit. Thus the messurement of T
will enmble ﬁa 4o obtain information vegovding the nature of

the intermolecular field and atructure sf the molecule.
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In the deduction of Hurphy and Worgan 1t is assunsd
howevar that nelxaee electronic or ionic conduction ias prosent
and the toinl current is the displacement current., But it ia
avident from the review of the work that ﬁhgre is ample of
avidence for ithe existance of 2ree ions and electrons specially
in polar dielectrica., S0 under the appiication of radio'ﬁrequenéy
£1014 in polar dielsctrics, Alsplacement current ie not only the
sontributing Lfactor, %he toﬁﬁl haat deve&bpad ia due %o the
gonbined effect of dlasplacement ourzent and conduction current,
Thua 4he radio frequency conductivity weassurenent provides ue
the informstion of both dlisplacement and conduction current in
a dielectric liguld. The purnose of the present work is to
ghow that measur@meﬁt of radio fraquehey cpn&uetivi%y not
only enables us t0 compute the relaxation time &t infinite
dilution when the messurement is ecarried cut by 4iseolving
polar solute in nonnolar aclvents but zlac to egtimate the
ionie concenﬁratién which measuren the imperfection thet

existe in vonl dieleciricn.

Ceo

I+ has been essumed by Murphy and Horgen that no free

eleotrons or lon conduction takes place in a dielectric and
only dileplacement current prevails, From the expression of

radic freguency conductivity mae deduced by YHurphy and Horgan

9
and apsuming v = —:1§égé5— wa get
F o (Eom €w) W00 (M/kT)
K = T PYRC VR
| 4 ERM WA

K*T 2
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Ag in moat common dieleotrics T = tO"ﬂS and frequency of
9 2
the applied voltage are in the raﬁia frequency xegion, wT K

egnd hence " 3
Kl - (eo— EOO)CO Q_'b‘)
KT,

Thus 1? the messurement of rajio frequency conduetivity le

mede ot gredually higher and higher temperature then as (ﬁo— €QJ
and “]/VQT‘ . ara both decrensing function of tempe-
.rature, K' ahowld decrease with incrense of temperature, The
exvorimental rosults will thus indicate whether %he sasunpiion
of the nbmence of free ilons or aleetrau&:ﬁn the ligquid cen be
vegarded as valid.,

" In recent years aogg%dawébla evidence hes accumulated
which hlea&rl;f indicates the ;ﬁeexem& of free ions and eleetrons
in the Alelectric and there is & wide difference in the number
denwity of lons in polar and nonpolsr dielectrics. Dased on the
experimental resulte end assuming the existsnce of free ilons in
1iquid, Sen and Choeh (1974) Jeduced the expression of radio

fraquency conductivity which is glven by
K* a A+ B/ Q)

where A = be(e,o— QOO)T and B 'ﬂe'L/ AN
where "a' ig the rndiuy of the :&ﬁ%atin@; univ, M is the
coefficiont of viscosity, T is the relaxetion %ime, and
€, mnd € o, zre the statiec and high frequency dieleotric
constent, £ is the frequenay of the applied Tield, Thug the
‘mepsurement of radio frequeney conductivity of pélar llguid

- a% 4lfforent tempermture enables us t0 caleoulate ithe
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ralazation time sud the numbeyr of frec charge carriers in

polnr liquida. Though the number of free fons is very amall,

it gives & measure of the impexfection in pure liquid dieleetries.
Basgler and Riehl (1965) have suggested that incass of

organie 1iquids the varistion of eanﬂuc%ivity with fenperature

can he represented by the ezuation

K = E_ owp. | _:;figfi_ , 3
0 2KT
where O E, is the sotivation energy for conductivity which
is charaeﬁerisﬁig for sach 1iquld. Fron the hole theory of
viscosity ns proposed by Byving, %he variation of viscosity
with temgeraturﬁ cant be represented by the squation

AE

ﬁ‘"‘ s 3 B8XDe ( KT

)

where A B,y 4is the potivation energy for viscauajfléw.
According to the ssmmption of hole theowy A B,y ahowld
be equel to the snergy of‘vayexizaéiaa of the liguid but
sctuplly the exyevimental resulls indicate that 1% im snsller
“than ﬁha'enﬁrg? of voporization and varies from liqui& o
liquid by s factor which varies from 3 to 4, Rogarding ﬁhe
physical signifleance of the sexm A By , no definite

- and ¢lear ploture is at preament availdhie, only an atiempt
hes been made by Sen and Ghooh (1978} to éorrelata the acti-
vation energy for viscosity with the characterictic encrgy
of activation for eonduetivity. As it has been experimentally

shown that the activation energy for viscopity varies wiih
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£roquency, this miet heve some bearing on the experimental
results of Andrade and Dadé {§046) where it haas béen found
that vigeosity decreasen upts a certain fraouency which they
terned as criticanl freauenay;

Thuns the information that the activation energy for
sleotrical conductivity and that for viscoslty are related
to cne anotber, both being functions of frequency and gra-
dually decreasss slmoast Iinearly with the increasse of froew-
quency may help to develop s thoory whoge origin lies with
some prooess closely connected with the cherge distribution
in moleowlen, The nature of the internal frictional foree
which hos been teken 1o be anslogous to viuaaus foree inA
 Debye's expression for relaxetion time can be roviewed in
the light of the present experimenisl results.

It is further known that in case of d.o. £161d the
produst of the equivaleny eonductivity and viﬁéesity of the
liquid is 2 constant and the formulation is known ag Walden's
rule, It will be intercating to see whﬂﬁhe; a ainilar rela-
tianship,aS‘sbsérve& by Sen snd Ghosh (1974) can be estabe
lished in general in cage of poler diolectrics wlith vegard

to radlo frequenoy cénaue%ivity and viscosibty.

d. Cpom neasuranent of

It hea been a general observaticn thas when a d.c.
€lectrie field is epvliad to & dielectric, the current dege
regses rapldly with ¢ime inliially end then slowly to a

certain minimam value, The decay of currendt is pupposecd to he



due to removal or accumulation of lone near the electrodes, The
obhserved experimental faots, obviously suggest that in dielect-
riecay, free ions do exist. A general ‘theory regarding the mechg-
nism of the deoreras of current with time has been provided by
Sen and Ghosh {1975 which haa setisfactorily expleined the
observed experimental facts and enablea us to caleulate the
mchility ongd density of ions. The objeect of the present work
1s t0 obmarve tho genersl velidity of the ﬁhecry by extending
the observation to other polar molecules and thereby prove the
exlagtence of fiae ions and elecﬁmons gpecially in eosse of polar

digleoctricon,

Qu

Lauid mixtures.,

it ia wall.known that in the reglon of erilical opalege

cence of two binary liquld miztures, an abrupt change of gome
phyaicgl properiies of the mizxturs ocour. FThough there is
pomse econtradictory opinion ghout the change of dlglectric
congtant near the critieal reglon, the change in the coeffi.
olent of viscoaity, ulitrasoniec shsorpiion and wadio frequensy
cbnﬁuetivitg‘aecurg as the oriticel tenporature ias approsched.
In case of light scatterming 4t haa besn ohserved that the |
depolardzation factor in case of opalescent binary nixiure is
different from unity although in the case of plear solution
the value is unity. 1% hoas beon suzgested by Erishnan (19%%)
ihat in case of clear solution the amcattering is due o eingle
moleculeswhereass in cese of opalesesnt binary mixiurss the

scattering is dus to cluster of molecules, Howsver, no
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definite informafion vegarding the componition snd size of
the elusiers con be obtained from the deto on the 1ight
poatitering experiments. Sen and Ghosh (1972) have ghown from
radib fraquency conﬁuctivity maagaremenﬁa that no evidan¢e
for the formatiocn of cluster of molecules iﬁ the opalescent
ptate ean be obiained, Fixmen (1962) however, provided a
theory regarding the increase of viscosity in the reglon of
critical opalescence wtilizing the principle of Statistical
mechenies, The 4imcrease in viacesity im expleined by Fixman
on the nssumption thet the density fluetuation csuses n
velocity géadient which producee a distortlon in the long
wavelength pert of %h@ spactrum of dénsity flﬁctua%ian.}fhn
restoration to unifowm density through diffusion dissipntes
energy and thig appeﬂré in %hévfﬁrm of inereaged viscowltiy.
However, Fixman does not provide sny informstion in hia
theory regarding the internal fricilion term (3 , The object
of this part of iﬁ?emﬁigatiOn is to measure the change of
vigeoslty from the radio frequmﬁéy conductivity measurement
a8 the mixture approsches the oriticsl stnge and aonpare
the reaults with Pixnan's theorys The other objeet is to
obhserve whether the intense denailty fluesuation is due to
formation of cluster of moleculss in the eritiecsl state and
also to.ohgerve whether the internel friction ternm ﬁ
changes for a perticular aﬂluﬁ@‘in 43 fferant nonpoler
polvents which may throw gome light on the sereening effect
af the gorrounding noleoules of & polar solute. e general
theory which cen expiain 2ll {the ohserved results hag baeh
developed and 1% 4o e#pecteé 4hat this study may provide

,
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pome date whiech will be helﬁful in developing such g theory.

Te

From the review of the previous work 1% 1l evident

that few work hne been performed on the effect of magnetic
field on the dilalecirie gonstant of pure poler liquida. The
effect ia gimost absent in presenes of fransverse megnelic
field, The object of the present work is %o investigate %he
change of &ieléctrie aanatanﬁ of poler liquid in presence
of yadinl negnetic fMeld. In this case thé Wauid iv
subiected 4o o megnetic field from all eides g0 thet it
may he compressed ond iafack a'ﬂaﬁactablﬂ chonge in digw
Jectric consiant has been found. in order to explein the
obgerved vesults two theories heve been advanced, one
congldering the campre&ihiii%§ of Yiouid and the other

from gas kinetics, The remults indlcate thet gas kinetie
equation is not sedtuelly valid heeause the strong interace
tion between inmdividunl moleocules pleys a dominant pard in |

case of liguids.
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