
non ptllm.-H~ 41elootr1ce bait tJuari ~ ~or a 1 

aql.dred ~' .!nte at ln recent t~ ~"he ~~oct, iO flil'~~~~= 

beiAB exbmuJtAA -W. JJGYeral. 68 ~ ~ * _ ~- _ ha-Yfl meai:md. 

intfmetv. a:t:teativn m nuen.t y~ tm4 1lien1n.Cruit 

it.la.dO 2.n ~d. IDnWor uoh oo.ro invoo t fl. 10' Q.Go~ 1iQ 

W'l el-8taa4 Ollm!-)lctoly tho hmwmana td tont-aauon and oonihtoj;ivi;Q' o£. 

ab~ eot o-r the nreee.at ;oro.: 1a t.w ot:ut!;t :SafE -o£ 'tho oo1icr~ 11 
· ~ s 

- ~ 

ot ion1Z :tiOJl and oonduotivtty or pOl.ar U.quid d1olootr1co rmd i't ill 

QXpeotod tlnt thio wUl euablo ua to no.etwa'to 
-

rnacbnn1a . or toatnnt on a aleotriaa:l -Gonauctiv1ty 1n 41-el.eetrle 

J.iqu.lds. 
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dh1 oo duotion 1n om 1 uo to h1 :;ho o Ut ;y 

of thQ char oarr1 r . t (105'1, ob orv•d 

nau.ot1on 0 -1''\n~ 1n clll. rob~ ... -~ ........ .u 

ontr tion. 
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torltll o the elliotro&ta .PlGJG an 1m110rtan.t r let :ho oat de 

p oaro to bo tho l1kol.y "1n3ootor of electronn atoel b3' 

ellc1 (1959). FelloJ.__,~~t -tho ocm4uot1v1ty ~ pure nitl'o• 

benzene increased wi.tilin minute._ Gt ·aringint; metallic clOOtrlldee 

1n oontaot u1tb liqtUd and uar1b0d this to the d1Baolut1on ot 

ae'ial ill tho 11qtd.d. 'Tbs 1')18 of cU.apereed «mdoot1ng _ tioles in 
>I 

tba dielectric in enbsn.aiM tho !W~uot1'11ty 1B oxpla!.tled bX ·ole_... 

than and VDDM Gut (196'7). It aa further oba8r'Yod eo. the 

ltq\113. :La auoued to rtmatn in the oeu, wb:iQS:omio ko opan to tha 

~ltr:loaphere , the oondtlCtiv!ty inoroaoen. Thi'P~_ln_ 'J)')Ssibl.o dUO to 

boorpt1on of gneoe d iotur~ coaut 1n mom sir. Mauoaewsk1 

- ond Jachym ( 1900) 1l1Vest1~ted Oil tho group-oJ!-JJatDn\tOd l\,vdrooor-­

bone which o.\'0 Olla.raoter1aa4 by tho oondu.ot~v1't1uc of 1avo: order of 

- ~"tUdes 1omtr than those or other l1qU144. ~l' aonol.lidea that 

tha natural oonduativity valWie or organio Uqnida in function o~ 

p • hero ~ ia ttw ten~a ture. ~hey t - Itar . 

all ifnyeat1~ted orm.nto compounds which o~ !n Xiquld trte.to. the 

lo eat cooou.otiv!ty valuoo are thooo of mn-~lar lif;}utda; GaaJ}N'd 

awl Oos.ao (1970) save a clear ov1denoe of ion.ie oonauc-tion: in l.Ar 

dieleotrics. They UPel membrano cloctrodoa ~rJJ gave ov1don.oe tor 

tbJ:ioo distinct rogiono ot condu.ctlon d in ch case oond\lotion ia 

1on1o in naturo.- ft i{8 dU to 1h1Jurit1os at lovr awl cod111m fiOldtl 

and ~ootiOn of :1aiYJ at -Ch tiel ~h :y obserY cone!dornble 



erratic var1at1on o£ ct.~rroo.t \71th tmo un.aer p~ont elootr1o 

t1ol4. H. V .LObneyoon a.nd H. fi6orl (1971) nloo o.oownod the ex1 tenoe 

ot natural dlarce carriere ot two ld.nda bavJ.nG mbU1t1oa ,A.«-1 cm4 

Pa for llftelopmg a satiafaetory theCJ:ey for me <le!)ondant curret 

4ce1ty. 

Considering all tba porlmental evidanoeo and QS&lJ!lptione 

ta • by varioUB autt1ors, e -.v awnoer1ze that (a) tho cJ.aSGioal 

pur1f1cat1on te ob.tliqWJ of !n.Ari~:l.oo in ar~c polar I.lci\dde was 

not su.a.~"Ctent. eo i t can be aao-~d tbat the oonduo n 1ll the 

orgnnio l.at'" liquid was to tonto :l.r.lpur!tiea, \'lh!.oh Bl.retlol\v 

o.zint 1n tho 11 d . to the applicatiOn or Ql trio fi.eld 

botrro · the t.lo'tall1a electrodes: the iopur1t1eo ( a! t o ions aD4 

ne 1ve iontJ) move tonardZJ t.ba Ol.ectrodoe and tnercey ooilauctioJl 

:cu..~ as obeened. ~he tme deponnuaa ot t 

al.cso M:s boon obaorvoa. 

(b) 114gb &1)I)Qr8Ut resistiYity 1o obtaib.:ibl.o in. ro venta by 

1o~cllW.lga or oleotrolyt1e ol10tnn.tlon or str!J~ U~Oi.a'ted 
1 mni.tloa and f or:'..r to tak to e.vuid olmrae 1n3 ct on dtn~ 

th a plication of olow]¥ inc nail:lg f'!l.ol oco :to i01·o 

(1 Ga), th t1on reaulta froo bulk 

rotion of 1ono by 1on1o di aoo1at1on of ok lootrolyteo. Cb. 

o1en of irl ity gS.vc a 11. ~ t . tu.rnt1on. auteuu 1Jl qgree-

mont m. tll fi ld diepln . ont of a dioo o1.nt1on roooobl.tiation Qui­

libr!un. 



( o) Thore aro ex ortmo widmoea tba.t vnrioua el.eotro-

chemical moc:ihanifllll 1.o. dleolution ot elootrode ~ves r1 to 

· 'lnr«t inj~c!i~l_l ~t ~l.Oo~n 1n tAo _p~e D.itro~ewh at ofr t.be 

investigators .bavo asaWDDd 'tha.t _!.o~o ~ oarr~erJJ aro roo nrt1b~e tor 

botween electrode a a.e quite tl1gr awt oom;arable to 1on.1c moh111t;y. 
' 

5o in s-neral, t1hen deacrl.bing ~ co.Qduot1Y1ty as woU ~ ~e~ 

_ te4 0\lt'I't~Ata 1n the :polar 1k!it441 en Ul)Onant diatm mltft~ be 

-mad& ~ betueen reai&lal m4 atliJ.'ial -eoDduct&ioA by tak!J:i5 lll~ aocoa.mt 

tbo pbya14»--bond.cal eta'to Qr ~ il(!uld sample and OleotrQOllom10al. 

pmportioa o.t the elootx*Qde-liqui.d Satartaoe. 

BUlk co%ltluot1v1'ty may be ata-tad to be of na.tuial ~o \"~hen 

the ll'l'Ooeo8 of eensrat1on of abB1'88 oarrior booomes on mtrii\Bio 

J?ropert.; of tho llqtdd. ThiJI tha general aua of o1'~10 tx>lar 

liqtd.ds, wba1;ever the actual degroo o~ iOnic 1miJW.'~t.Y -~ be. S!m~ 

l..tU' di.flt!not!on QG1l be mo.da 1n the case or- ohar£Q ~ar ibJeCifl.Oil 

in tho liqt\14. Another aicploet method ot prgdu.ctitln 0: iOns ia tho 

eleotrocll i.cal oxidation or red\letio ot oel..t dlee()d.Cltod liquid•• 

The moloou.lar l.oae or capture ot an elcotx-on nt the oJ.octl'Odoe ~-­

ding to the production ot radical cation or anion f!!ilY bo valid m 
\ 

oaaa of non-dtaaoeinted ~iqt.d.dD. ~hia aeibUit.y io the at Bl\1t-

n~e to desar1be tho oo ca.l.J._od oloot1'Q.ui:o OOAduoti! 1'ty -or n1trobetL­

eona~ Gi.Me the ni.trobeilaeDtt anion has been Mtoctod ~ -a ootron 

O.PJ.rl :roool\QJ:u:o., d~ conduot!on by a :ce ctm.rp ~ootion 1n 
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e n1 troboDZ&e wi'th ila'tim\111 electrodes. 

in mont l.iquido a number ot eleotro-ootlve epeaJ.os e.ro al\7AY8 pre­

eant (1mpurit1oa et1ch- -as o:a,v-gen• -water, and VoriOila orBanie- OOII-

uad) and O)Mequontl.y alrllul.-taneC~u· diftoren.t eleotro-ohauical 

reaotion. can et ve rioo to oomplioated Nbariour dlaractorisUo o~ 

rea14wll injection into an fa~ ~u1d. Pinall$ • tt .in :al-ao ob­

oerved tbat oome alootro e tb.ma.~vea are ohoaioall$ nct1v~ and 

:tt M1Jpena4 thD.lugh anodic 4i.aaol\lt1on. All thane • 
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D 

he 41elo_otno o rt1ee bave ovia a 
oh to h etru.dtur• of tllo matter. a 

au oapaci ort of 

e4 to termt source of e.m. t B :: F-.o ez__p 

tnq~ \C.U = 2 n t \1he1'e t te tho trequanoy) . 

fhe Oharge of ho oa ci tor at aa:v 1wst 

!tile Oll&Vg!.Q6 CUJ.~t \ = ~-::. S~ Col uhi.dl leaila 
0 

by e tltlSle of 90 • 

t lo Q~= C
0
E 4 

e a_ !I.e! vo1tage 

It tho spaoe between he o.taa of tbs capacitor is no 

o~ vaowa rQa uotively, 

con tant of th l1a Ld • In tha • .a. ~atoo ot 

• d1ol otr1ct the charge on 
I 

to q :: E. G, E. 

I 1e knom d1 1 o ric 11 u1 

t 1t1o to Ic • h!oh l oa current 



here G • ~ 1e the eqUlvat t co uotenoe of the d10l.eotr1o. R i.e 
B 

he tin.lte inSul. tlon re81atanOe. 

;.: tal 011 nt thmll8h tho oa ol'- 1a thereror& 

1 = Ic r I l = ( j til e.' co E + ~ E) 
:: ( j m c + G) E ( J.!) 

bla le Jdv, 1n t 

o~ t I eaae by 

i 

in or 

Cos a = [-I_t ] -= ,.:::;=G~ 
I J u:a.+ ti-c"-

1 r" tiwl.y tl» bebavlo~ 

e & 

t>-= ( - e ) , btre thQ oee mnmn 

G = lt = .....§__ , 
I(! (JC 

it io observed toot tho lose current 1n dloloatric Uq\114 18 

ue to finit m uottvtty, oo c c1 tor can btt repJ.'88CiNP 

_as wqulval. t to e. 

~· ~ Ui S• (1.1). 

c1 ty 0 in .. _ allel • 
\t 
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~ 

E=Eoe 
jwt 

s I 
R =G 

I 
--1------

1 
~-_,.,_ ·~- ==~=== 

I --- -
e E 

Ca> (b) 

Fi1. I. I k~ Equivalent circuit. and <aJ {:flar~in.1 -­
current 1c and loss curret lt ' of capacitor 

v ith lossy dielectric . 

------

I E 

Fi:!.L 2. Components of 

current throu!lh dielectric of 

complex dielectric constant 
E'l( = E'"- jE"" 



fJ'IIJr t diolectrio 

from th1a o!npJ. furm, :lndioat1Da tho proaeuco o£ Ott 

diolootr!Q loaa. ~o_ giVOc-&--t)'CilOral. doaor1 ion, 

the nature Ol' Oriein_af_ .tha iiioleotric looa, 

oonatant can be detiDecl as 

~ I II 
f - ~ -je 

/1 

f1hora E ia the diolaotrfo lo:~s taotor, rtbioh. for 
- -- ---~r&=-

===~~ lUolec-
trtc \:1th 110 loos woUld be eq\lll to zero . 

=~~~= 

~ho total cu....~en.t 

I= . ... 
Jl.U€ C.,f 

j c.:> ( f -J £h) Co E 
I If\ (j ~ f. + U> € ) Co ~ 

j cv t' G, E + (.\) ~'e,o E 

boi.rl& repreaenta4 veotorialJ3 in £c1B-.:(14~} 
oquatfon (1.2} th OQW tion (1 . 1), wo t • ow 

I 
C =- E C 

0 

" G=c.veco 

--- I 

E. 

€,: _<l_ = p_,maUJ,g oc.v~t1vUZ;:x-~~ 
(...:>Co 
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fhoratoro opeoitio oontluotivitr (real) 

~·tor pal'allol niate ___ oapao1~r-,-- - - -c~--~---~-~-l-
~R = e ~] · ··· ·· ··· --

II 
E w I 

= 47t- K 

i 
in vacuum t\04 Q = R 

Tli8 dialoo:tr1o t_otta 1S aade ev1dtnt 1.n tha l.oos outTent 
.-

tm :reJ.at:1on or- tho appa.l.'ctlt conduot1V1ty to di-electric :e~t 

-- mm l:O-oo 1.n t!iet1l;bt of tll.c anaJ..yaie c;LWA. b7--t1urN.W iilid 
- ~- = - -

{1.939} . 

• 
whore I IS tlie current db.Wl1.ty1 "E the voltnmJ ~d!M1r-, Dn4l• t:tie 

hoa't "VQlopod llOr second in a unit oubo o£ tho mat~rial. ~a pro­

~~-,.1-tmal-i.tT. --batwecn -aw.Ttmt aad boat- do-vool.o-_p'ld~in th....-- ~tor 

ilooa not hold in a. :d1aleotrio me.toriol~ £or. in a dielectric, tbe 

l.--ati-0- ot heat davoloPQd to cw:re.u.t fl.cming v-.?.rieo ·- h tllB r.nterial. • 

tn- an ideal diel.o-ot r:tc thoro \'louJ.d be no -~ i~n cond:uotlon, bu"' 
1n actual innulati 

drift of oleotrons or troo iono in. the appllcd fiol.d. _hQ total heat 
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dovol.o · io tho ouo of tho Melectr1o lose lll thA Joule 'a h t . 

:a:he 1ol.eotr1o loaa la thus proportiono.l to tho to 

thO• oonduot1v1ty !!W:'lua the 4 • • ~ conduot1TitJ• 

Let a 41eleotr1o ~~ater11U ot dieleotrio ~neto.at €. ~ill tba 

enaoe bet ,een tho 'P'J.ft\]J.ol lates of a 1mo ntc con anoor, . oh 

s tho oloo •io i J.d 1n ouaity 

~ba afteot ot 1ntroduotng a d1 leotr1o into t ca. ct~ oan be 

understood by oo ldor tho fteot of the _ l1oG. &1. otr1c 1eU 

a di.Gl.eotria :teri inlt1o teo t '"' ottoally ell th :elec !lie 

oharpa 11ro bounl\ to tb&tr parent a~aa or molocUlco bs' 'tim Glectrlo 

fields- duo 'to tllu neucloor ohor oo, and !:wy ·o not .free ~ marate 

on ppli d ~old. ho 

ho bound ohGrgao in thD d1clco 1c 1o t lll. 

rola.t!vo to one o b. "t th 

tion. · eh 

d1 · ot 

ctor P io 

dofinotl ho e'leotl'io t11 lo 1061~.n..,...u, 

7395 ( 
2 8 f.. .. J9 8f 
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so 1f a t tiBl difforenoe V to est bliahod tweo the 

oh ato Wld a 

'POlarization \rl.ll bG created 1n ho dieleotrio. ~be dloiJl-co8mcm' 

oLU.-rent n_~ in tllo loa48 to tllo eontlenoer 1s awl 
- a· 

as~ tba't the d1Gl.ootno 11q,u.t4 1a tree 'from ions, eo tba1i the 

~ duo 'to free tons aey ~ negJ..eoted thoil tho n?nduc\S,.. 

ntxla 

dQ/dt a KB. 

t. - v - D -- d.. - T 
- {)_ E:\1 -d. 

Ct _do~ E. d.v 
dl - - ·-cl d.t 

D = 4n'L 
- E +4-nP -

dD - 4 T\ dct --
dt d.t. 

dq, l dD E. d\1 - --·-QT, -·- - 4nd dt 4n ;;It dt' 

I - E. d\J 
-,~. 

4nd. dt 



-lV-

hore 1 the oleo 1cal quant1t1ea o.re exprooood 1n olootroemtlc 

lmlta. hen the applied tent tal 1o Bl tornat1n6, V 

~ aa "tbe real part ot 

d the 41 leotrlo constant 1a ooi!U)la tbe em-rent d. slty ln tbe 

tieleotrlo :to then 
.. 

:tt it 1o an 

ex ~llWltlty 

I :. 

o..s. 

t • II 
E-Jf 

4f'ld. 

, ' , . 
E.- J! . Jc.ut 

d 
· jOOV

0 
€ 

4n 

od that tho b16h froqu cy oond t1:V1V 
I It 

io givaa. by \<. = K -+ J K 

I -- d'\, ( I • ') j(llt :: t<. +J \( E" e 
dt , 

I Q€ 
Wber \<. = 4 " r o1 

' .a 1<."-= ti) ~ t•&'narr :pan 
4n 

k. 1o a o m-



•or oonvonlenoe in oonneot1on \'11th a ouboeqwm.t account of \tie 

motb()de of .... urei:18nt, the a4m1ttanoe of the oondensar ma.r be ez-

8084 iA tam of an gq\&lvalent parallel oa~itanco Cp &n4 QOAoi!t 

l2 
t Op la ill Fara4B ap4 0.9 X 10 ls 

- ltlectroatat1o uni-t o~ eapao1tanoe4MI~...,_.,;:::Nl~ 

abo ~'th* &le0trostat1o unit o~ oonduotao.oe. By ua1ne the UprQJB-

s.on tor t!iCJ canaoLt oe C
0 

In tarada ot the emnty er 

C- A 
0

- 4 nd ~0·9 ~ lo'l-

e.' -=- c~ 
co 

II ~ 

€. =~ 
tAlCo 

K:: G~ 
4nC0 

I 1 
!( -=---

41tRCo 

io obt in K • 1n om-1 CD-1 e oan write, 

• , ec.o 
K :: l'l. 

4n 1·9~ 10 

k.' = 
,, 5 11 

€ . - ~.-·5-
I·~ 'I. 10

1
1- - C

0
• 2n~ · 1·8 )1. 1o''l. 

k' = £>·~s ~to2 ap 
Co /J-ft F 
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where a0 1a tho oa oitanoe lA micro micro tarada. 

fho d1as1patod ~m.erg per ca3 ot tho dielectric laco4 

1noitJa tho :parallel plo.tee of the pl.ne coDdeASer 
2n/~ 

t.4 :: ~n ) I..t. dl: 
0 

\'le11:1:1-1--·-taer t1rat ~ho oa.ae 'libere D t.s in *'•:~~~ 

bll ue have D a D0 Qoar.:>t ====-====;;;= -= 

~ua- 'tllB m'rrtUJ.~ =denai ty baa pbaae diffaraaoa- T'i/-..-w~ ~ 
.Dl th1s oue no enersr 1a d1&a1pated 1n 

--3cii.HG~-"-'H.---.~~.a-.. :to (U) we ban 

0 

• baVO 

-D: PoCcr!>(t\)t-b). 

or D :a JJ0 Cos~t::. Ooa <t, + D0 lnt.:)t • 51n ~ 

--

(A) 

APDBrentl¥ DQ COav:>t 1B 111 phase with , w.bel:'n as D0 BinS hna a 

haae diff oe t Tt/2 th • ~he diffER' oo & g traUa 



I = -~ D s,Ylt.ot Cos~ - to o Cos (.,)b. £,=no. 
4n 0 • 4n e 

~ hts equatto I is ~1t into two 

does not load to a at.oai tion 'ot energy. :~.:hO oeoona 

·ooona can be calcu.l 

w -

3 ted anergy per 

0 

thua S.t 

dleleotrlo 

ln b 1a ~11 oillft tbl ower facto-r. 

j(~t-~'\ 
D- D e 'J 

and 

then 

nplax 

0 



• find thnt the 41aa1pa'ta4 enGr&Y per aa of tho dleleotrlo aDA 

per eecand lL8 Biven W 

w - (.0 ~0 ("' • ~ ,... '2. 
-·- ~11"\0r:o Sn t. · c 

0 

If '2-
€ l.U 1:.0 
4n. 2. 

'L 

W: K Eo ergs 
=--= 2.. 

r eec. 

II l.. 

W par CJYOle =. E Eo fii!I!JJ pt.t:r.t qr ole 4- -- -~ 

II 
E;vJ 

fbaee eqta'tiOila abow 'tbl' it' (r. f . :ooaduotlv1t"t) ia propor-

()anaJ.ae111Dg Jle'b.re 18 eX11ft8810A 'fW OOiilrJlt« 41olootrio ()QUa 

t&rlt t..Y. = E + Eo - ~ 
00 l + j t.i) ""t'. 

where t'
0 

represent the otatic dlel otrio oonatant; the dleleo-
'l.. trio oonatant a~ :Snt1n1te froqU8l'101 1... Eoa = -n.: llora '"11. is the 



r ( €
0 

- - ~ \ c.V 't: 
\(. -:: -~----=)~- (1·!)) 

00 

JatA'tlill ~-~ • Dellr* oWM'.., to~ -. ••••• ol ~ 

n'•ldSoa tlae .a.ti....SPt 



It ba8 boon cWJtoaary to uae xor -., tha expor!.aanttllJ¥ •--

oured ma<n-oooop1c viaooaity instead of ttio uw.n.ull~ mlc acoplo 

Ui.terilal trio ion ooe.tfioioo:t or vieooalty. lt ovl ent from the 

Ci!il.ct.il.tlte4 vo.lu.os of ~l.oclll.nr radi\W ot various oolutoo tv tlUU.• 
4Tf ce'1] 

(1938) that ho ~uatlon '1: = k.T cloea not adequatelY re react 

twec ra].•xation tinte, moleOul.ar ra41na • .en4 ae.cro-= 

ut bye eq tton, . 1aohGt ( 1939) 

or an elllpeo1dal. mol.o 

* 4-7\"l)J o.... t, . c. 't = __ :._:__ ___ _ 
K.T 

4.n whioh is a oolocnUar etzuotor .tao'tor, - ,b ~ o aN tM semJ,.t 

~rona oem mDi)r axoa of the molecular eUlpaoid, d -1' 111 u 

~be ezaptrloal ~aotor o.ae - obta!nel aa the value neoeaeart 

to bring aBreemant between relaxation t 

suremoota and that calculated from 12101ocw.lar d1mano1ona. 

troq tQ cona.uctivity of pure 1nr llq ida, 1t lo oaiblo to 

calcu:Lato tho time ot relaxation an.a the racU.\\8 of' tho rotattng 

unit. 



I II 

!o obtain 'tbe ezpreeaion for £ 8D4 e. for dilute aolut10Da 

ot polAr molooulee 1n a uoa-pol.ar aolftl'lt the ex~s!on t to't&l 

l.ur~ation per oubio oantiaatC' 1a giVGD. V 

P. ~ N 0( I E+ 41\P.)+ N. t-f:JKT E£0+2}E 
, 1 0 \

1 
o ~ J +J w1 • 3 1J 

'\ 

ro 1 1a the Avogac1ro n1.11bar ( 98) aDA O lo tho oonoontrat1on ot 

o~ar eol\tte !A !!lOlee r ta
3, M8loot1AS tbe saall diftarenoe be­

be• ~ o aDd ~for the dUute eolutioa aln• 

e 'then ""' U e.'* la 'the oo•ll.• Ueleotrla oonotant or tba 

eolut10AJ 

d thus, ao eting the ren1. and ~ ~ 

, 4-~ eN. 1.?- r€. 0~2\(~+2.) E. ::. E. + ---~'- \:: -) 
00 2 7 K T 1 + ~'L. 1:1-
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I /1 
Putting tbs values o:t G and E. , 1'18 get the expression of real. 

part K' and ir:laginllry part K" o:f the r.f. conductivity, 

(1.7) 

(1.6) 

where K and T are l3otlzman constant and the temperatura respectively. 

So 1t is evident tbat, by measuring the r.t. oonducti'vity ot the 
. 

so~ufion o~ polar solutes in a non-polar aolvent, it is possible to 

ceJ..oulute the value of relaxation time. 

e have aaau.d ili oalo\1lat1.ng the abOve expressions that 

there =is no exiatenoe ot free-ions or elootrons in the dielectric 

liquids. ~ we have good lll.lllber of experillient8.1 evidences that in 

almost all dielectric liquids there are certaiil porcontage of ions. 

In polar dielectric liquid the percentage of ions is large 1n com­

parison to the non-polar liqu1da which are often called aa liquid 

organic semi-conduotora. So i:t we take a parallel p1ate condenser 

type cell, containing polar dialeotrio liquid and the cell is placed 

in eerie a to a electrical circu1 t, where the -eloctrl.o field inten­

sity changes with time, thEn a oonduotion current appears, along with 

a displacement current component. The radio frequency conduotiviv 
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(lUI) Ia -'la1d.tll 1118 ---~ ~ ·~ ..... ... 

-

·-· .. la. -~ ( 

. 
Bda-at---ttartballlr .. 

tbtl ·~ .. tl\fteial "JIIR ... 

••••at• d ••~~J~Btu a••••••- - ot tbt .WI 

-- ....... .,. __,.. ..... c.l .... 

tiM sa..at *' tile ~taM W ta t.aaal.tr 

tlld at tbe Oli.t14&1 JOIM ._. tlliiM.,_ 1-. 

Dill ••'* thab' Uld"- ot ~-*'"• 

........ 



ain 4 Hmla (1 9) :ve cmoral1 

b e by intr duoi:Qg tbit aoenw.ar 1::urtbo8." tead of oo,... 

attentiOn n. the oyate ae a ml.e tho wb.Olo Q3'0ta J.• 

diri.Aed tnto auld. oe11 •• Dloae cella are cmooen U.tnti oa1 1a 

1Z ebane and ~ 111 a eimpl.e cmblo ~· 

n wu ~ m old o tatb. 

benn 
-

the applJ.oat1on ot he :nau idea it eceoe poo81ble 

to sf.~• alnlile ~QI.l ex ee•loA 'to tli8 oo~ion of ut.,_ 

alve qu: t1 lea. It leade aleo w ~,. oorn tS.OU. bGt\'le J:luotua-

lono of" nr1oua oen • hta aot:"l'e :tlOA -.v U'Utlll to diotant oeU., 

tieul 17 at the m'!-ttoal , illtJ eo tba tbeOI'Y leado to f1nlte 

lua of the arltloal tlvctuatloa. 

!.uo.bowakl • e 

1ot•1 

hare I ~ are the tnt 1"ty of eo tto a. ana lnci. on: radla-

tio o1 \laVa 1 i\ 0 on" - 1n. tlirect1 e.:. f' 1. pre-

1bUlty, 



3 
8D4 y :: 0 Xr3 bD e.xpresaion 1e Y&l:l4 :t 

teln Z e (1914) mdltl the 

1 otil ~oroes 1.a "' onal to deftned ln eq t1oll 

~ = ~ jT1t'f)<ht ere t(r) ls t op!O runotton. J 
~ 41t1onal tem 111 the tUWV!MMtor arleoe fl'om tbt 

oorrela'tlon or tlualiu&t1on in dlt.terct TOl e elements Cl~ rlae 

bae ems thtlt al::lna tbo tln1ta wl • or thO aaattortnG ma4t•• 

into coouut :rac;ar iS tntro _ uooa ll101i pres emu flnlt~Wtae 1111-

out aodJ.t3inG tba eznerioont~ rMl&olne sltuatlowh 

rr o t a b3' oas. (1~) tndiate that 

Oia oone 



..:zo-

fhe JNneral aEpresa1on ror the light eoattoriil.U a.t tbe 01"1-

tioal. :oointe can bo uritten 1n tm torm 

~-e.,.o,_ _ oqtat1on {1.12) reduoes to file expruOBion or Om­

&'idu anA ZftA\ko a tor a • o. to that ~ too Roc~~ 

he llt'ti41otion ot the ornste1n- Zern1ke d lk.tcarn th&oriea 

di_~ in two ~e, tho \'lave l®gth dependcmco, nbioh ~a +']... 
at-, :til.'J- cr1U int 1n the .form r tbaOr.y -and tllo ~ diatri-

butitnh 'i'fblch lr:t protorontially for\Tard at the <Wttioal- 1nt. !rh8 

mealfllt"mmnt ot ae ndenoe .of or1 'tical o~eeoanoe on ~· · :ve l.nsth 

awl angle o£ BOat or!:QS OoUl-d throw soma 11Bh't on tb1a ~bl • the 

QZpar1ml:ltal ~k on or1 tioal. opaleeoenoe baa not settled the qua~ 

tiiii In: :iil.:ear r-i8li1on. 2he--r.eet4t ot A.o.aamt- (21924) nnd m&t""~o.baryya 

(1923-h- !na!cstel a c~ tn wave l.~h dopcmdonoo bl-the lnlne41a'te 

vic".rd-4 o~ the ~t1oa1. ~iat. Doth fintl dependea.oe of ~ t tbl 
7\ 

critical po1llb ft is onerally ret» tbat ll88r cr1t10111 1At, 

lar{¥! :fi.uotwt1vzm -of Gmfi Qt ttto opartieo or t!io oyrrtem oocur. u 
these tluotu.ations or acoompanled by ~a in the refractive iD-

dex• tlm eyatan 1G tlO long..-llpt1oally Wilform 

tto will be iar~. 



It 

otor obaervcd 1tl 11 t oatterea 'tranovoroely by opaJ.aeoea.t 

1J1:mu7 l:iq_u1 Dilttu,rOS 18 diffor t fr un1\Y althoUGh tn 0Me 0~ 

olO&l" oolut1ons tll& va1wr :I.e unity. !i!~ 41soro oy aa UPlalud. 

bY :Krishnan on: tl., bY tbos1s tlat 1n tho alear solution the eoatt­

....... -,._._L .... 1B 4110 to intA• IOOlooul.oe her in aaae f o eaoOAt mb-

tures lt 18 due to dl t of thor tho lnten.ae d~ 
oity .lluctuat1~ i _auo to £o~t1o of - - o£ oo1acUJ.oo 1n the 

~-...,~v ~ Do 1nto.l'llla-

, otual oompaoit1on ot emantar:; v.oltmos or 

u of mol oi40° £r 11{Jlt aoatter-

tns :ta except t c t oatter~ 1g dlle to till-paoidaJ. ~ 

10lee ot alBe DQt wrY e 11 in OOL'lP£lr1ain iTlth t o -Yo lGll.S'h 

t !*nlture 
ho a tic dio].cctl'! .w tant Of 41oaolv t:.i.trdbenzC!lo lD hexane 

t •tho critical e9Jl¢!UltrAtwn. rioos s~. atso etuaioa t.be 

fluot :t1on o lleilGity, and tl loCUl. lar!Zo.tion t he Jllb-

• Oonoi orabl.Q :nuotuat1on of deno1 ty took nee o.a the arttl-

ln.t ia ao tlch&d ·hloll teell' by tho c.ppearanoa of 

o caccnoe • It 1o ob\.rto thnt tho den ty tl.uotuatJQne . 
0 noib1o or auoll crmcldarable 

liitro benzene. 



!fho h1atory of ur ts on bi.nary Ilirturoo in ar1tj,.. 

cal re tenda over a consi&rmbl ~. It sw oo.rJ.y atu.-

th8e1o. 

tm4 uJ.:traaemc~ oooorrrt1on at t!:to: ®1-~ ~ui~ 

maanured v or orkere (Rood an4 ~or; 

J c!'mo'!darl o:olli~J1dt, ilurat Bnd Bll.Mbrand-J. 

Fi7"lf1ml (l.1ttm) ovidod ~ or tlle m~a 1n oo-

-
tarli~ !ft--tbe:r ~ a\ !1 ~ '0~ ~ DDOotr\an in the aAnai'Q 

.tl.wmaat!On.. ~ r.DIIta~on tO UA.UQJ'm .:den81ty' tilratlSfi dJ.ftuDton 

d1ee1 tea 'fA(Irt:f a~ 'lose baa haon '111tarprete4 QO the tnoreaa• 

of vioooalv. 

A strdsnt f!D!'fmort! oalo.f.tlAtion ot the v1sooa1ty ot the mix­

ture :roul.4 re11ulre a rather aoo~ate !la:umleAge ot both intarmoleou.-. 

teath1 ~An 1&l a!frtr;!;bution rtmot!ona t 

-

d elopo4 hio t rs !in tuo a. 



he flrot atnsa, be canal ored, thO loceJ. ~uatien of tioa 

nnd C1ffus1on in a miXture :ln the crit:f.cal r 81ont l.el plate 

now, and m t Olnd ste.go. a oalo JJ.o;tton r tllO entro 4&&0-

tion.. ba oalcul.o.t1on ehawa that the friotio.naJ. roototonoo ,gf 41ft\a­

•1on indaoa4 by tJ10 ve'loolty 6radlmt 1a reall.y res!X)ns1bla tor MOI'­

m\VJ entropy 

•• 

-n. • n\Jlbett" ot 
l 

t:L n (1.1Sb) ~- to 

ot 

u.ti • 

1a 
;; 

u.1 bl 

mworlon of thO ther--



ns1der1nB Gibb~Duhem rol tion 

0090 y las atone t iaJ.or ana 
1n t rm of tha dittu:~1on conotan~ D,a. of 

itten an 

111 • maber ot mlecules of con 
r moleoUlea o:t oomlJgl;~ 

actiOn of OOCI· loiU.La.uu. 

ro dUt veri.tlea. tliaJ, 

II 

v or rate 

ross!onc foro. 

. 111) 

oeted. 



tttng tba equatio.na (1 . 14) , (1. 15) BDd (1.16) in , • (1. 13b} _ 

the vtoooaity ~aror.lent axpreasion be nee 

where W-ct1on oonstant ~ :::: _k T_ 

m2.~ 



~~J may be evaluated fl"oa :tbe expreea~ 

4-t -- ~2 e;.~~ + ~:] 
P.i 

~:~)P.\ :: - RT [ ~~- (1-m')-2(t)4t] 

Jt= i:1(l+-m~J 
o..~d, 9t = (1 +m ~)-I 

4i = "'11
'" te~J "• 

I 

v'l-
'"'m. ::. "'• and ! 0 = crltieal teoqpare_tt.l:ro 

Jig • AvoQadro t- ~bar. 

F1znmn baa c.Jn!Ac:'l...ored thO expcrrimental. 4a1aa of Rood ao.cl !.CaJlor on 

tha rwcture (l-o6"ts-o~18> cad oon:s~e4. a, 18 as opeo1o.e 2. 
- -- ------- ---

~ 'tha ~uro baa the :pro~ 

-c.: m: 1 . 35:5 

T2 S 224. 6 0-



¢0. 0. 462 
').. 

--u?-

0 
~. 0. 387 

and eo - 1.13D ~o.o 

• 1·17 
ttinG theee 4 tae 1n the equatiOn (14) ha obt!'1~ - a 

vloco!Jlty inara:nentM.tn oant1etokaa 

/1~ - ('~'-)A~ 

en-. L\~ = 2 ·2o)(to'~ (~) 

-

(~} b·S9 [ ( q>"
1 

- 0· 26o9 -
I -1 ]~ 

I 0 2 (,· ~ T <1>~ - f3S.3 

rse otte V1acoa1ty 1n cant1stokcs ~ ·J"oroua the 

wlume fraction 4:j> of 1-Callaa in the rn:lxttre ~6 - 't-valft.a tJ.t 

0 
6.30 

d obta1Ao4 a 0\.\l'W blah abo tho vi~coo1 ty riooo 

the bill8rY 1 , d 1xture 1e cr1tio.all.Y o eeoont . 

fie aleo cdleulntod tho friction constant <' • ilLca tho 

h 

irict1on oonotant ~ t oted to be 1n n 91o1111~ . .~. 10
12

-10
13 

-'1 . c ana tho constant a•• smutd 

od @ (a'i) • 3 .55 x 1012 ec-1 ) a te nabl.e value. 

0 nOl a tha.t tho 



the u:por1r.1cut io not cot'lplotoly conclusive . bat 1a noea.oa. eft­

"llon.tl.y j iu: mure vU;ooai ty aata veJ.-y l.t.Oa.r the oritj.oal " em].liiB.~ 

to am:tmUe the firSt \liftieu.l ty a.a.d an expu1~mental: detetniN*iGA 

uf o/.-'- in the aem• reg:Lon. 
~~'2-

It .las not hoV~t~Yer been oouol~ively proved r1betber 't lie 

1nte.wJe d~ai't.Y' i'luotua'iion 1o dua u.; tba :Ormation or ~1\P& ot 

-
cU1os ca:1 ho\vever be obtained rrom hO light acst.t.m g 4ata ceept 

' 

tho fa~~ acfttter±nz ia due to ell1pao1Mt ~ IlZ_ __sj,z• 

. ~ vwg aa»'l !J1 :oompar1aon \lith 'b- \1QV8-1~ 

A~ theory \i!lich <811Gxp1&1a. &1.1 the ~:!.t!ent..f4l.Y 

olmm'Jtid ~a~ -as sharp rise ia Uel.aatt.ia ooaa~~ loaa, 



..~.1tiOAL C DUC:i:IVIW 1 t.I ·.UID ·• 

In k g a ui&» o ey of the various propert!oo of ton• 

1n the IIOlution, we genorally aeet 'thr8o t;g_ea Q£ prob18mi: 

(a) Oompnrina 41Ctox-ont opeoiea of ions 1n tho nomo SJl.voo.t. 

(b) 48altng w1 th tho same speoioa o t lona m utroren~ nnlven.ta 

(o) tleullllg with 1ono in eo.me eolvCWlt at UUoron.t ~~turo-. 
-

:OJ.ee-tro~ett u well ae s.n dielootr1o llq,uiaa tho eloot-~col. . - -

wus. In oraar to understand the nature ot the 1otne- UJnducrtlo.n. a 

~~ nteber o£ porimalte have beon per£o=cd ro dina the varia-

uettv!tj 11th teopc"atm-e. It In& b~ l)mJat'Yed 

of to .pe1'8ture results 1h o.u. iAcruoo& of 1on1o aon-
- ----

dae¥~Ji:t M lnnlll"to Clil:ut1.on Mel thio Tarl.ation ot CO:ndllction Y#itb 

tor~gere t~c QBY. be lJXprmmed v:tth a fair -Ctti)ree :0£-a~ tv moans 

ol :trur ~ua't~ 

0 
4here ~ 1.n tho ton oooouotion at :1nfin1te Ulut1an ut the tea;ora-

o 0 
tare t, and K20 :ia t w.luc o.' 25 o • :L tOi.'o a. ~.ne. (b sre 

- - - - - - -



aorioa of erlmcnta i.t ao observed by ol!kera 

t t the aot1vat1on neraY for elootrolyt1o oon uctanca 

hat ot the viooows tlowl henoe lt was prem=cd that 

ioilic eon4uotanoe e nlate4 to the v1eooo1ty f tho oadlum • 

... , -te wwaver, 

~u•a aot1vatlon enGr«ieo for wt he proaaaa­

·~<~VlMJ.CI t..llat the s1t1ve temoeratur-e ooeffl.oiont of ion cOllduot-

ntal rea ill ts helped to 

'tl.rN emul.a btl a_pproxw tel.y constant. fable 1.1 beloo cllOwa he 
0 15 0 

val~ ot 1{;)
0 
~t te raturee ""'HD 0 o to 6 c, 

to.tdo atl1l uotanoe ot aoe\ate iOn a' !nt!nlte Wu.t:Lon and "'i tbe 
0 

vUmoBlty ~ 

e V1oooa1ty pro&Wt o£ aoritlte !.on) 
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h data or non-nq uo 1 1 us coa_lote, ut tt o.,...,..,_ 

that tn oooral tho Ou.ot of ionlo o n4uotsnoo tllld V1oooa1ty 1n 

eucm 10 al. approx1.:ti:l 

ture. oted tl t the &let or the equ1va1ant oond\lctanoe 

at in:ti.tl1te 4Uut1on Md v1eooe1'ty ot the eolvent aa a_~oX!mtol;t 

conatant: and 1ndapondent or the Da1iUre t the latter, and 'the con­

oluo1cn 1a ktlo\'11 u alden • a rlll.e, wh1ob may be expreo od •a 

for g1 an elootrol.yte in lv :t. 

the in 

ta. ~he v1oooa1t~ar expr ad :l.d poiO • 

~bll 1. 2 

k. . 63 o "'lo . 66 .60 • . 67 



Th• abOVe r.eul.'Q an "'u.tae4 to toa~n.Q.a'U a rUle whioh 

ata'tea "that the proaWlt of 1olllo oOD4uotanoe o' lDtiD.lto dU..at~ 
. 

awt v11100111ty 1s oone'-A,, tor au Mc:lpen'tl.lree and tbia o \ll.a 

la lmOWn aa Jala.n•e rul.e. 

1here ma.y bo a poosibili ty that attractive i"orcea beween 

10na 1 t have some lnf'luanoe on aleotl'o]3t1o oondLlQtnnoe :IU14 1a 

t bta re{;Urd, Dobye d UU.Okel 1923) poatulate4 a t!lecn7 tln-t avery 

10 epbare of 

o_pp;oelte ott=. Thoy c : ,1derod a positive ion olt ted n a d1a~ 

oe r tram a .tmall YOl\llle o~emcmt 4v. !be 41etalloe r le tmppoaa4 to 
-

be of tho order t J.eee than about 100 *lme• tho 4181.10tor of a iOAe 

Aa a reauJ. t Q£ tho thlmaal mo.,.•t ot tbll :lema, here \dll be at 

a certnin 1Wttant an uoea• o t M&a'tive loA lU the YOltae 8lt~~aeAte 

u . "t.1Jile voraea 1e taKant 1» wer, it w1U bi foud to bcn'e, u a 

OOWJe<lWlll.CG a~ aleotroatAt1c t ctlon b1 a ~tivo ~ at a 

o..mm point a ne ~lve QHarge dene1ty. er.r ton a&:f thua be re­

carded as bein8 uooo1ate4 w1 th an 1on1o ataaoepbertt er oppoel te a1~. 

:~:he net o~~ ot 'the atmoe re Sa ot O)UNe1 eq-.1. ill li8Slitade, 

bat OpPoS~te in 1 to t!ul.t of-'tbe oentreJ. iOAJ the onarga dt11181V 

wil.l otwlouelY be tGr :in the 

wil.l tall off \11th tnor otns diota.noa. ao ae the o avont.et ot 

the electr1oal. potou inl. in th centre t -the VOl.\llle e~ ont 4v 1a 

\f); the1 the ork qutro4 tCJ 1r u a e1tive ton from irltinl't;,y W) 
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to tb1a 1nt 18 (z+e~) and to bring u a ~t1ve !on, 1t La 

_ are n orio 1 val o of tho vn:Lao.oee ~ 

tho d ns t1ve tons r.oap ctiv J.y, and e is tho ol.eotrJn.1c 

OhSrge. I t tbe Doltzoann law of tho diotr1bu.tton of tho articl a 

flel.4 of vary in potent1al etJJJrSY is applicable to tons, the 

tim avor ga nlDb a of sit1ve 1ona (dn and ot ®t:A 1vo. 1ona 

(drJ._) !ll!f'.120nt 111 the val\De l•nant dY arc GiV·tll ~ 

e'*") 
d - - (z+ --.r-r dl'f n+_ "YL+ e=;;=- . 

nua 1 - cZ_ ~~) 
011. = It_ €. d'&. 

muut ba eq 

n_m-o tbe 1:0tal ntlllbera of oitlve 

. 
constant er sin6le mleculo, 

Cil Ctria&l aaatil"V P L e. 

-e ( z.._dn+- z_ d·rt -) 
'- - d~ 

~~ = -e [1\. z+ e.t{ 2_. ~~) --n.:z. e·~(z. ~)] 
z_ n+ an._ 

nenoo eq. t1on 

(i·l~ 



(1.19) 

where n to t of n 1n 

nontial. eer1o • 

OOMS 

e = - f_,~ zn(t + t + ~\ + . ) 

eo-

e =-- 20) 

t Wh 

ion 1 t unity 1n oh 

OtlB 1 DO tJmt 

1.:fo,; ) 

) 

h 



B 11cab1"() 1rrO oot1vo of tho ntnbor of diffor·ent do of i.oua. 

or4er 'tO olvo for 't' 1 t la neoeaanry to 

rel.atio.nli p beweea e an4 ~ on4 thla may be obtnincd bY 

othor-

oin8 ~iaaon• e ~l¥J.t1on, which ia ~u.ivalct . to uo ill6 the ~­

~·· law '!C4 force between leotroetatlc obaraea })Ql&l woa for 
"' 

. c. ... 

lil~ooa't1 4 £ 111 tho 418lootr1o oonu'tant of tii 

to ~erma 

e , 

1. 23) 

~~ f..r ~J = A.~-e-'1. ~\Y\_.l,~=~'\1 ) 
't'~ o'r \ b'<") E: K \ . L 1. 

~ 

t 



R = [ 4n-e"-\n z.' l ~ 
f KT L 1. ~ J 

,:. 

"'he tlifforential oquatlon (l .~i can. bo solve!, c.nd 1ihe 

onum.l form 

ob ~oro WJ r ~~co oooauoo pitonr­

m stven !A'in'G- ill the O!;)lution 

utiiln I~~A.: -'!a-~~ iD4 ~ aw 
!\. 

n f'r . equ· tton (1~25)i 'tho vnruo uf th• 

~tenti£..1 at 'th& 1nt :~~~r _ ~~1~ta~-m..~ tbcn be t , neoord­

int} to eq~tio!l (1.~!). _ ~ a®h ~ -~lu,.~ oo'lu~-on ti _ touti-&1 Ill 

..,.""'·•• 'to have any :lnfluon.oc: fm'th .. _ • i£ the 

ion ie rsu liOO B 1 t.l. nrgo, thO pQtentiPl. at Gllal1. 
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oe d.U be .z.t ejr:: ~ • It f'oll , th oro, 

A= :z"-e 
E. 

'nnart1Dn of th1o reeul in ~ :t1on (1.27) :vea ., 

b tten Sn the !om 

and it tho oolutton 1o dilut , eo thnt \<.. is GClaU 

ts praatiftiill.J .oqm1 to RT-~ , tfl1B beo m a 
r 

~;. e Z;:,. e R. 
'-\)-::::.~- --€-

t a diato.noe r d to 

therOJ: r , rc 

snhoro. It is eon, 

he tent 1 1 u to the onlc 

tential 



t(# a 4Uvt-e ao1ution. uin this o.x.pr a1on 1a tnaopondent gf r 1 

it to bold uhen r io ISel'Ot so that tho tontlal on 

ei¥f"i~=n'~Mni~~--...ftroaphoN 18 eqtd.~GA-t to that of a e. 

t 

agtlltwle, plaoe4 8't-. M -~~· r.V:IO~· 

~ oa.u. thus ba r~ed as a moa.o\.\1"'0 o-. th1 -

~~pbare tn a Si vea solution ~ ot 

dep«wd oa :the .DUmber .oz iGntt: e1"- eaaa k1n4 

N­
-n.,:, = ci 1ooo 

Q&lltra-

whoro te tt. voaaaro J.Dber, htmce, £-ro eqUQtion (L-25 attar 

n 

1 -T-



0 ho val.ue o th 

u 1.38 x ~;o-16 g 
23 

aDI z 10 t 

J 

unt.ver l 

o, 

e 

ot the 

tb illereaaing concentration ana 
tnor e!.M val noe f h8 lo oen"t 1n he ec ~te, 

d1e1ootz'1c constant o 

1io ~ aov ent ~ the ion 

BOlVOl'ltt it 

Mdor ho _ ...... "_ 

oat n of an ~eo r1 

re 1o 41oturboa . I~ a 

ch 1.0 

llY de 

t t to h 1D- 41 

av~:aetry. hen the 1o 

he ymetry of the 

t ion mov 

bail.d 

hll.o the onar 

r to a ehaa-

ot to tile 

o a aphe­

he nmt, 
it 1on1o 

tbo lefi B"Nt-



0-

o&lle4 time ot relaxation of tho ionic tmosph • :ho ocv of the 

ionic ~ophoro ooour oxp ont1ally, 

tr1Dti:t10A is as~ totlo in tureJ 1t follo lfh therefore, that the 

title ~uirod ibr the 1oJl1 c at pltor• 'o tall otually to 

theoretioally, 1nfin1:te. It .bae been ehoVD, 110 .evcr1 thut;, o.ttor 

~ two 1o!l:s• z.-+ tWl z_ ~e ~UD.l and q 1a a~: ""hei umo ror lOAlo 

atooaPbare w-~ v"~tuall.y to ftrO la tbearze. 
hG.&"\ an ion ot valenoe z ia mv:11lg fi.1th e. st 

hroU(5h a lut1ou, otrioal r011 ezv 

hero v 1o the anplt :potent1t11 gnd1ent, tb1e f_0 t balance 
• 

the force ue 'to reolatance :J~e~aont tv" S u. , here t 18 tile ~ 

aul. tant ooefflC1 on't ot ;lr1ot1onal. rest•tanoo and u.. 1a tho atea4J 

vel.oo1v t he lrifi:. .t:t £ollo .. m.:--tbcrefure. tMt 

ez\J = s~ 
£ = ez1u. 



U tho tantirll adiont 1a .t vol. t per • 

un1 t f fu ~ler the veloo1 ty u 1o thou vm1 b:f 

1 1 !oo .a. 

It 

0 I 0 

K =- F u+ 
t' 

0 I 0 

K -= F u._ 

e:z. F _ ::: 10 ·4 X tO~.!__ 
~ooK. \C 

1noo e • 4. 802 'X~ 

• 

I ~..,._) 
"\ ·~ 

hloti\Jilal coefrictento s 8lld -s o :tho tuG tone 
-+ -

1 

~ho R tla-4 . he tSa.f!IO .a!tJ;n1lj.ONl08 as bof"6l3b rt1J.1~1n.g equat-

io {1.5 ) r ertb in!; "that z. +to eq!Wll to z_ ·or a o.z:s Olec. 
I 

troJ.yto end that K~ o.nd K _ .19 e;ual. to K ', tho eqtd.Vo.l®t oonduc-

"tmlW of 'tlio alae~l,yt~, 'thO 1'¥,J.t¥\t.ion. (1 . 34) be mtm 

:t the 



onlc a a.. _.. B\IITO din a lon 1 not e1ir'1o&lt ,. 

B1ty boina lllfrolltJ iO MAd 

a MOJ"U ia op a:1 te to cGiltl'&l. loll, 

there m:u. lMt an. •oeae obese ot the oppoo1te 1~ bobl 

1o 

ro~t1o ll1ll tluus na\llt 1n a ntarda't1on 

unde_r. e ~1-uenoo 'Of an 

of Bll ton lo OBll.Gd the nlaxat1on eftoct or assy 

ar taotor Wh1oh tenia 'c> retara th• 

tbe illl 

V1Aj 

the •PM4 

~ Gffeo,. 

loa 

In 

on1o 

"the en oy of 'the 1pll a potential to mow tbe 

:th ita aoooo1 ted 1101 voat . ~ 

tton oppoal t to that in wh1oh ocmtral. ~OD.t v;ith l.ta c lwttt 1~ 

•<••~ • .n additional re~ intlueAoe 



R. -mv thair U!d 1 iflcance, t _ 

tnt:en a equo.l to tho rooipr ou1 f tho tb1Cknaoo of tllo ionlo a~ 

mooi)here; "T) 1 tha no sity f tho E10t\1Wtl; t 1 1 the ouefftcieM -o-f 

~=-·=-'lOa o£ the solvent appoa:U:a.g 

V 1 the n plle4 pQteatial dient . :the 11881 

atte-m.e.tive ~er ~ ~~:j til» enol"!M 

or :;aU)kee'a l.e.w w be :atri o.tly. :a:: n1 ~l.o 

;;; 

7n_ tho ~'t der1Yat1on of the retax:atton ~oroo 

Huokol d1t ot ~-& mto acoou ;t the Mtura.l 1lromlian ~arumt or 
'the iona 1 a11ommoo tor th1a ae made by ~r aw aeauoed 1itla 

eqnntion . 

too value o£ 

o e.n !on o:t 

v loclty ul,i the a.~v toroo &w o tho nnp.l.1-od cleo cal r1el4 

!a ez'-v 1 ana thts ill o DO by tbo frictional f'or of ho oolvent1 
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rop o'!.nB € z" by ( aoo K ~ l't+') . trc. ducing tho oo ion or at 
:5\. """ 

etvan by oq ~ :t ( 1 . 25 ) 1 cu1d ut111zJ.nB tho otent'Ulrd valuos of e .k 

mtt ""t oqua.tion (1 . 42) beoomo 

t1t103 0+ ana c- raproocnt lihe 

thO 1 lea or litor; theoc ma.y bo re o.o by tllO OQn"-DAC~ 

•• d1nt;t eJnoeatrationo 0 in cqu.ivalento per Utor, . .flerO" C \1h1oh 

ia-the at:mo Nl:· bath ions, 1a equal. to c._zi hence 

a.he bov e.m.tion ~ oacmta £oraa of he 
" 

t" t dto c1 ti 

o tl~ fG~ling of£ o£ tl 

oonoon tiona tn roe of deoroano 1n 1o lo voloaity rcou.l.ting 



tor1on1c toroca. ~~ 01!8 Q 0 c llduot:Bnc aa to ·h&se 

:t1t1os in the oqWJ.re bra.olait ; U.. for~Elo 1o :1 tod by tho 

!n the cko a 61 von the e.ffeo~ due to tllo ol.ootrop~ 

rcti'C :force nnd tm eeoona tom repreaonto thEf 1nnu.onoc of tbe 

t 1Ul be &!'~ant t*rao oq ttoa 

or.ccu i.D.aroaooa, aa is to be ..Qilti~~ _ 

lono 

; 

voltaea ~tortntia 

h of bi-ch on11-a 

nt 'tlia c~t !n.ereaueo y 

-

o Pm~.t);J:a\mA quali:-cativel;y b~ 

t. ula roooinJJ the value ot th 

in toma f the Cl.i;)bill y1 1f:Custon ~a reoo 

ot 

1 

I~ 

l}y -- -

ote.ne 

lle 

Jo.Uee 

ion ooefftc!ent 
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.nora I io tho ca_ t r unit nr t n f!iold , I ho tu­
aa 

ration cu. :-1•ont at !nt'init fiold , tho number of ton L~ 

., h of colw ; b, 

col.'t.Di 11 thin uhich 1ono aro toWld nnd Q( ~ c.o , 

ao u...~lvod t t tollo ns ela.tionohip 

__!_:: _!_ (i + s.i \ 
_ I" loa\ E ) 

oeot at ono 

he to per tltt'o o-r the liquid. un tho bWlJ.n !l£ hi 

are there­

o,a-ctiva:J.Y o-r 
itonie t ID.t 



a10o ~"Oot1 t , the wr1 tlon of 1nduood ot1d natural 

oonducttv!ty or iao-ootoo.o d 11 l!id o 

'lt.Wloy {1941) o.ppliod to t1al dlSSGoi tiDn ~o:t;: to 

reet1dual o~nduot1v1ty oi' the tlleloctM.c l.Jqtdd Md -a to. ted 

'tba.t mr those ool.aouloe of the 11q u.14 h.)ae dlel.ootriC aanatan.t 

1iJ ~ J.m1 (2..-4) ~e 11ka y to UiliODoi ;1;a ill b1 ~C fielde 

.A.-eaaMiP-G _t,o hie theory , he Mtltral oolec-.llna ~ 1"m'm paira 

tt1va ond no(1ltive ions thioh m.ay d1oaoeic.te S.O.to~triO" lou 1n 
~~ 

~ ---= - -
an eleo~Jtlo :field. ~ %'or heptane 

Ue e an ozt;reaa1on fOr the -Ql%?ent til. 

ntaoor or 'Uo..illol~-

t zero tiold• is Bol.twnnn oono :t, Q. the Wll~ 

.ohtJ.r and € , thO diolootrio O;)WJ'tarl~ 
-

nr.o-un_.ioa (1.48) could be ropreaontod tlD 

(1 .. 49) 



~s 1e an ir.l rt..rmt conoluoion of Pluml ~·o th ry. 

o1oo d oo vo Olrl:tnrOd tho .Plumloy•o rol t1 b1 lth 

t- 1r :QWll resul o and observotl the liopo once of tho 01.i1Tcllt on both 

~t\J,re 4 dialeotric oonotant. 

·H"Pft·nr:•etl ( 194?) based bio thoory o.t o:LootrtOAJ. 
.t 

n4\letion 1n diel.ootrio U t.as em his own general theory ,0t l.~ 

cftUld ooordit ~ to this thoory the moloouJ.ea of a ltq :ct 

. d ly oaoillato their oition ot oqu.Uibrtun. 1o a 

atetinet bab1ll-ty ho.t 1n tho oouroo ot orroU.l tio mlootJJA 

r.llg!lt '.lt.i:lre auoh n klnotto oneray that tt \hlUl.d be able t-o eopa-

rate 1~91-f from 1-te neigllbouring mleoule am travel at ~ aistan.ce 

Gfiu1val ita dl.Oonaione and than atop 1n a nett oi'f!on oC eq1l1-

111rS.lC. he nuz:abor of travel11ng coleoul.ee ~ det~~ itr the 

ti.f~oe U
0 

ootwean tho potential energy ~ of ool tae :in an 

OJtC1tod tota-- td t..~o roten1:1 energy u1 o£ a cala in a n.ornnl 

(u0 u2 - u1 • • e bor of l otlles oloo on the 

kin tlo rgy of a ool oulo in its randoa therool. motion !.e. J.t 

dep da on tho to:1pom.ture ~ of tho l1qu1d. , hen an ion la 1.n.fluen­

ced by an oxternnl. .foroo, tho1r pot 't"-al oner~ 1o roduooa QB it 

ovo to ar th.O diroct1on o£ th ot1on o£ thO fa~. iim freq r:Q 

of the molacul •a frOG Vibration 1n otatio ~o1t1011 1 deno-

tod by ~ {fraquon.oy ia th bor ot ea1ble 3W.Po ovor -tho wall 

ot the o ,tiel u0 ) . The o bor n of aoleoUloa 'I c11 mount til8 



t • 1n a etvo dirootion 1 

I'L" ~· :;) e"p ~ ~~ U..60) 

ho numw:toal. G 18 1u the denooinntor bocau.so o~tbil"d o% thl mg1..., 

oulee moYes 1n one ot tho thro per mdioulnr Mreot 
., 

ot 'thle t111r4 tumo in ono c1lroot1on. In t 110 baenco of ortcrMl 

f'oroes t otivnted locUJ.eo of tho 11ttuJ4 vtt nt r don 1n ~-

qu.tllbrilw. ~11io dooonption or thorm cation !n 11qu1de 

~ena 1no1Ud1n tho- ofroct a£ t :ture 
~ . -

t}le Viocm ty of tho 11 u14. 

· Attar lplloation of sn eleotrio fiolclt tho 1ono &Q_q ro 

!Umi'APt'lft tho t Gld a.rJil thwl t~ CX.tfi; ~tia 

-

fi-eld strOZlL h nn4 s , ho length of tba nn ~) ~u. 1.:a 

thUS the work or tho oloctric field along bal1 of t l 

tr o th. fh additional \ bor of w oruesll , G ov r tho tontlal. 

- 1 89 f an laotric £i l.a o 

.pr ston 0 



-Gl,.. 

tiona osp ~ ~~) and up ~~~) 

·(1 .52) 

(1 . ) 

(1. 66) 

2. 

I - \j E. - 'L ~~ e h ( - Uo) 
\.l-- - ~r KT 

~ 6KT 
(1 .57) 
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fnle lnte ty of tho ion ou.rrent 2n -flio re -
rat lllt _Et&D tormUl.o.tO:d as follows._ 

- -
:thn IJl.~iW. ooni.uetivity :i tho l.i.quid 

t 
(j-=.. E :. 'Ylo 't U 

"'f'1.o 0 '2. <g-.J /_ U ~ 
cr-= 6;, el(pc -x~) -

d:iolcctrio liquid in'tar tod by damcz0\71Jkl 1o J _ LOn 
-" 

forming an entity. raoult of thermal. motion, bcn:rovc~, the ion 
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ionloso ~ oou.pltng forcoo, 1.,o. \'lhoo. 

generating ctivatlon energy. ter cpa.rat1on from tho lllOlooul.e 

oortaili reo 

tllo to· th loc\4le , ond tta.Choa ltsol.f to another 

tb6do o bOth on u.oture of the 

aoloo\O.o and on the ~ViW't aon. 
be -:ionu in- liquid ~Y be ourroWldod by no-.ltral mol.e ..... ldnt­

(this is cbarao~erlot ..... -.,.,..., 

ions :1n l1q· _ d Itavo 

h r WJ iono 

J:UJ.tJd tude-

bee 1) ":ma.Y bo written ae 

bit bilve t:o ula -w.a"t t'ho :CQn.G.u.etiv!:ey D~ 

haul incr t.ee r&Didl.y mth o lil tem-

tur • ln o oJXU~1 tb th torr:1 exp (- ~~) • tho value A 

th inoroaa 

t n, thor for , 1 

ehn ul. bo llnonr d th1 10 on. tal 



-
data. Stan4blltlrl1ar and oyar (1957) att pt to moaau:ro the oon-

4uot1v1ty of oyolohoXane saturated wlth ator oo a function of tem-

d nlao cal~lo.ted the nmbor of ions oubio conti-

oto eeoona .:pt-odu.ce4 in oyolobexawe with' 'tho clloneo or .ator 

-ra.ture. Tho refZfill t o btaiDOd cl.oorl.y nhowod that 

tho l r. ~tbA o£ 'the aanuuctivity ot the oyolobamne, oa't~ .J!ih 
4 

ter,. vms .inv.erne'ly o \l"tional to tho nbeOlu.te tom 

il ohod llo reau.t. te ot biG r ,.,.._~~~ 

lootr!o coria t1on ·tn tanzcne under normal condition 

liquld. ma Datu..."'tl.tod :1th- air, tl olt oondu.ctiv1ty 1n b~_s 

ot the ·o~el' 10 -l4- lW-1 om -l; r;h1le a£tor t h.o do-®t'ntlon 0:£ 1ihe 
- - 16 -1 -1 -

lticd l.lquidt it l7aD about 10 obi ca • liB observed 

t!nt the tompornture aopendenoo oi' the oonduotanoa f ~ waa 

in Gll CO. OD tra.i ,.ht 11lle,_t·f-·.;oon log ot nduotanoo or 1os or 

ffia .rdUn-
-
or tho dcpandenca ot oowb)tivity on t ... perature 

l tbe e1 octroiiao., 

\1horo CT
0 

und A,w tmo matoria.l c n.atants . !rbe valLlS of aot~'llat10A 

etWri~/ .:1 , \7BS dctorr.litlod by lca.st-squ.'itrtl analysis. ithin o.xpcr1-

tal error ot::±:.0.04 e." h or ac-u-:-vnuan ener& b !:Lined 

wna AE : 0.42 -ev. ¥ he v ue o~ !Yo 
- -6 -1 -1 . 

e 5 x 10 olD em tor dis-

0 to !nCr 
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Ul vnlt\Os of activation r y otrtatn:;,n - or t r for 

ar t~c llYOrocorb nn oro a.b ut 0 . 4 - 1eva.a.d or ~;~:tQcno,, ;o 

.fG 4 oJrrtlar valu. o of ot:t.vntiOu 

r~ or eel.f~o uottvity -eyolah 

3~ th& dee~ 

d co of oonduotiVity of' liqUid an to • 

bOth na..tur~ 

'f ~MetioliJ. ~~!Y..!:.LW..~I..W!IWlbl.o;¥~~ 

1lXpDr1ftlOnts Elba.:Iel! tll.at an iaoreaae 1n. tho iont ... nt 

natuPal :oGDdi1C'tiv-MY- ~ £vur til!:ea- ~ter ~ that..~ 

1nn1S&tion oond\lrtion. ~il!ltl~szald. m uroa. tho Wl~ tU1l! .1onis~ 

~~·~~II;J-. ~ -teapemtum Jbr'-~ to ~ 

.natural. am\ iou:I3JttiQI;l ®Adw:t1v1ty on teo raturo • .Ion:1£atlwl. ~ 

duoti vi ty 1.s charaotorlu""Gd by Jotra1 t linea, vmic£1 €'~&t mu'a-

llel to es.oh other uhen. l-n.1 io 1 t ot ~ , bat 111 the ceae 

of olt oonduotiVi:ty, bmnwur, e takes p~aoe at a 

c11rront 

tu.ro in various llq 

ww.""""'~~a . h_ y tornir'.ed the 

OCO OG and ·C!ltnbl.laho4 

a 

.i.1fi#: _ oo-.ildu.oted by Daaslor 

tor th o 

ohip tor 
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nntur 1 conduotivlty. 

_ h[L\E':\ . ( ~E~ 
a- -=. <J"i + <r2. ·- <JO, €j- r \ K.T/ +g;'L -€')(f~ Kf/ 

- 2 -1 -1 
whore Clo, : ( 2 :! 1 )10 ollll om a ~pend. en t <>• t 

uctu 1 c • e <hafactor10" o or 

cP&ngoa of 

I t at a. c a 0 .00 ottvnt1cm 

en or ' 
a_ \hat 't}lo oooonc\ term 

t 

u .. ~> 

at:tnll 

denozo 1-:1-, tho!r 

of res~ts by vor1ous r bo c -



_.,_ 

. 
tbtoret1oal &114 8XPft'SMrt.'al. ...,.-. • ..._ elMWl.:l. e»u,u.•• 
Ol 4Uleo1:r1o lqdl.• ..._, lt !a .-1111.• te oMs'n a> .. leftdte 

1Jltoma'10A ft~ 'b ~~tau,. 'UWt u_... .a. U.Oal.aUOA cal 

Pn oe -of .rr.eo e1eot:rou 4 lOU • u.uaa. ~ :Pl'walAiila~ 'h •• ' 

rlu ~ it. •C.qt.• ot el.Mtft-:1 ..... tcm 1n liqUIAa 

.. pn--.te4 :b.r UY••• ut.hon ._.. '-A d1smwnl Ia a.taU. _. 

tbe aoMla that boa beeA kll'\ u to apl.at.A ~ elaotnoal oaa­

&&ot1Y1'7 m ltqQU.e 10th polaJ' MA .... pol.azt-. bel.vet • " 
..- ... JmDWltdM ~ ~ aatUN of tbe llqldl. naw. tbe 

,__.:! of OQII4lMit1oa SA R•'fln~ ,_. -.. • ...,iabet • a 80111 

.ro.....-. " _,. ... 1 .. l.a ... - tiM ~y- ... 
illprcmll .. ~. ~·aM , .... bupa.tlla 

-~ N•dW Mac:• illflld.<td7 'AA11oa~ tihat aU tiel.MWU 

11qu14a ha~ :p,olar an4 ~'J..U e&bllli't a :tilil't• ooMtiDtiYl'V• o 

~ tbe017 naartlAB 'be ••n•• of OOiaiW»,1oa lA Wb8 lleleo­

tr1o llt.la148 baa bo.:evor been abBAa.A 80 rv. ~ ~'l ollaen ot 

tha P" iaYeuti 'non :l• ~ oltta1A uporbaental. tat& ~ 

t1» Aatm-e ot electrical OOAauct10A 1A 4s.leotn.o lSquUe aDI to 

oon oto;J.t he~ry wi'h tM all of the le.ta tnu o~JatM'. 

~1 ie widcnt 0t1 th £ U arntare :m 1S leU \bat 

altiMt aU the work OB he eleo r1oal oon4uo't1v111y of cU.el..Vloa 

boa be aarrlDa out 1A a.o. f1ol4a ad ••tl3 em 11101rpo)• 4leleo­

w1co. It 18 'thu ~hou8b't wctnhlrbile ., owa..ey oJ&t .,........ JA 



the rad1ofrequeney region beoaWJO thoau tY, oa of m ur 

provlde WJ with ta for b th the o uotion. and dio_pl.noe~t ourr-

a n\llbor ot Ur ool.eo4ee . It ie 'hws propqae4 to tndortake the 

follOtling llnoa of !nvootiga.tion in the present \'Drk • 
' 

(_' ~ (Eo- E .. ~:) u '"t 
!:- + c.ll ... 't~ 

d 

dioleotrio 1o a ooJllulux qUBUt1ty awl a t'Ol 

of Mel o o c:.~nstMta by 

I l (Eo-~) W'l.'t 

K - -· 41'1 1 -+ w'l.~ 'l. 

d 

• m ~ (E.- ~)j 
k - -

c;O +- 1 + (;),_ 1:7. - 41\ 
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In those dedllotiono it io a.ooumed howavor tllat rw roo o octr.Jnio 

or tonto o\lnduction is oaont ond ho to 

aon't ourre1t. 

It ia 1ifrua ap~e."tt 'that the measttr 

frequency oonduotlvlty ot a PQlo.r li.quicl 

tbe relaXation t o of t 

an altcl'.a.-'ltiv thod to diileotrio c 
- -
ntlou ti:oo 't' ia KLvon- aoco ... d~ 'to· 

4rT a.
3

11 
1:'=--­KT 

i:n ho. dinp a.c ... 

us to obtain !ntomatloo ro~~ tho natwra of tho interm.>lcc~a.r 

iela aDd tbb Btl'i.\Ott.&:t~CJ of the- t:Olttou.le• !sb i.u "be 00.00 u£ Uiele~ 

co4 -:i th poL..rw lccul.eo atonolvOd ill u n polar a.)~\."Cllto in rdor 

to r.wd.m1ae the a1 1..ru. le, d1 :te induced i11IX>le toraotion.. 

:.t.:he ob1..... r re eeeoA'tinll 'tlm ooa the 

rotntion.tll oovo t of too J.ecul 

eanolus1 n 

conductivity o 1a.r lcc:.O.uo in dif.for t 



-?o-

t :1doa I? tho tw of th1o tnte1'llel 

force be uae the lvm t oOUlea 

11 ha.vo ifi'aren' effect on the r:w. !.tude of tllio i:l.tom.tO. foroo • 

. ~ •. .L .... d :m.rturoJS ~t chan geo ot' 

IXtu:-e occur. 

ate- icrl.-rlc 0 tnnt .and ooa, oooff1c1ent 0~ rtaoos1 ~ 

ntt .... ~tton occurs no thO cr1t1csl. tonpere:ture is a 1 

C3CO o£ 11 :;ht ac!ltterin{; it bas boon obncrvod th t 
-
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