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ABSTRACT 

Studies of the eledrical <jouble layer aGross the waterio-

di(:hlorot,enzene i~-l terf3<:e h;3,"'l8 t·een ffi.;3:::1e using: the iID1>e.:j;j.n':::8 te(:hnique. 

c ..... ' ... c··;;~~;~;,);t~~th;se ,··;~~,';;(~t~~f*~ft2~i§%~o'~p~·nc~nti";"'Or$;'~t\~~j~\,y;"fif"'1¥t:if€';';;ff.lW$ii\'~'i;'W 

converted to (:apacitanGe data ty standa.rd methods for val'ious sUf,porting 

(:on (:en \ 1':3.1. i on $, 

The potential of zero charge was ·jetermined ty using the streaming 

jet eie(:trode te(:hnique. The potenti:3.1s of the (:;3.1:';3.(:it.:tf!ce minimums h;3.V8 been 

compared with the potentials of the streaming eleGtro<:le. from these data, no 

st:,e<:ifl'::: ioni<: 8.dsorption was ot,sft'ved for most, of the ele(:t.rolytes. HOT>le-r,ler._ 

intet'facial (:apacitances were also (~omp;3.t'ed l) .... iHl' the ,theo'l'otioal diffuse (l&ye~' ( 

(C (,' ., ({ 

G;9.r';3.~~it;3.n(~eS (~;j_l<:ul;3.t.l:':j from the Gou;r~Ch:3.P:ffi0.1\"theoi·Y·( (' , ,( ( 



1. I NTRODUCT 1=) r~ 

Electrodlemical.sludies at .. an interface whkh tehaves, Wi\!1i~i',!l-. 
_ __ ."_,~ 'i"~~y,t:;_"-~' 

attracte<l attention frc<111 toth ;'l. theol'e\1cai an<l f'1';'l.·';tl';alJ>olflt of vie'f. Stu(iies 

+ \-. :::. 
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systems [11. In addition to these studies solvent8 like chloroforlll [52/)}L 
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of the lJndersta.ndin~;· of t.he double la_vel' ;3.t lTlES 1i' <:onf!tled to their 
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in electroa.naJyUcal chemistry, and processes la.king place during phase 
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IDol iL D 1) is a pl'omisin,? org8.nic solvent 1'01' studies of l.he liquiMliquH 

t.he "~cluble 



$tru'.::ture~ ;~t:.ClUt 1"lb.l(:h little i,? i::'I".i.(l"Y"/:iJ.; E.x·: .. ept. f,:!{ .;"·,:·illt. l'r"2 . .iimin6.f;l w;:·r'!< ,j(,j"lt: 

in thi:,O~'~P3t'tffient [)4] 

<letection,1lel'e llsed for <;{;3,thering the S\!'ucture - sensitive ce,p8,citance <18.\8, 

)J - n i tridCt- t>1s (trt9 he n ~rl l' hos1' hoI' us) '} 3-';omo-Dis (un<lecah y,l!'o-l ,,:-<licarD8,-)-

... - ~ -

. .l.i..~-'-~"_-_ • -: :.~ ._1 .. :'"_ -:: _" ,~:'. ___ ,~,:, __ ,fi.:. 

. '::' . _·u .... ,:.[,:,: 

--. .' 

differ8n t sUf>porting electro! ytes Wel'8 cOfilpat'ed ./ith the capacitance of the 

_ :l. 



2. LlTERAr;?,.E REVl~W 

The distribution ofYb'e ionic: and dipolar components a"'I'oss'fhe 

.~i,j··'~l I: .• 1,j i:.i., :. ,. .:.: ': . '!'_" C 

intet'face, whkh has to te comf'ensated by the excess opposite chat'ge on tile 

., _.' •. ~ " > - :.. t~· ·0 . '.:. 

t ,\\;.: .'''''.:. e~?(:~~'·:·:-r··f:. 

'_'':·'::-·1. -=- _'. '. '.:J _ '-' - .~ . -'. - '.- -

-' .. 

~ - . 
,"-' '.* '"- '.- "'." '- " '-' , '. !~ 
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r., __ , - :: •• ~ ~ -, • 

l' .' 
. ... -, , .0:--. ". ,-,. -' '-,-,.: . • 

however, the IOns have finite sizes anJ the cenwrs of ltl.1i IOns ~annOl 
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analogous treatment on liquid/liquid interfac:e whkh appeared under the 

n,o.me (If the modified Verwa'y-Niessen (MVN) model (La] was"l.lsed 1>y Gavach et 

'3.1. (?]. Tlle.;e illV8"tig8.tOl'S intl'D,hKed the (:on";ept of an iOll-free layer 
"-';)'A· ·'.i,'.f 

(compact layer) ~{ith oriented molecules of 1>oth solvents sep8.l'ating two space 

charge regions. Gir;j,ult and S(;hiffr1n IS t on the other ha:nd .. suggested 3. model 

'V/here ~h.e interfa.{:e (:;j.n be l'eg;3.rded .3.S 8. mixed solvent l;::t.yef with not ffiOt'e 

than t'fIO 01' three mole<::l.Ilar thickness. These author. proposed that a 

finding: ;3.n i('11 in 1he inner la",..fc regie':} ;3.S non3erCJ. a.nd attempted t.o .:je ..... ;relop 

this idea 1>1' ,,;ollcidel'ing the MVN modeL in which iOlls were allowed to 

"''T' ~~c· 
- !. .;....- ion-ion 

have pl'esented a modeL which accounts fol' the specific ion adsol'ption at the 

I TIES. 

electrochemical f'l'o(:esses, KOl'yta and Vanyser; [14 J have listed the following 

0) The ol'g8.nic solvent must dissolve only a sma!! 8.mount of watet'.: sillce 
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(ii) The sol yen t should be sufficien 11~' }>olar 

permitivity of about 10). 

(with minimum relative 
: :;;g(,:;,'~;\f~~~_f' 

(iii) Iu density must diffe!' <.,ollsi·je!'8.bly from 'i/'3.1er in order to form .3. 

physic3.11y staMe interface. 

Most of the E:Xf,e-riffientB,l results on the ele(:tri(:;j.l double layer a.t the 

state of which is con trolled ty electrochemical polat'ization. Genel'all y, this 

and geometrl<: ,;onfigul"3.tion of the fou!' ele(:trodes 3.re of <:riti<;8.1 importance 

'l,\lhen an 818(:1.1'i(:<3.1 (:urrent flov/s thl'oug:h t.he lYlES there is 'jjv/'3.:lS. a 

interface. As a l'esu1\ the act\lal potential difference at the !TIES differs f't'om 

posi ti ve feedback [1~) J 01' algebl'aic subtra<:tion [28,29 J under poten tiostatic 01' 

on a periodic current interruption to 3. foul' electt'ode system "ras re<;ently 
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use impedafl(:e techniques L31 J and in terfadal tension techniques. The 

<lifierenlial C8.p8dt81l(:e of the 'double layer all TiES 11 tis to 1>e;evaIU~lt'~Q 

through careful '3.na.lyd" of the dire.:::t experimenta.l interf'3.Gia.1 tension. 
-; <,. ,,,,'-

G'3.vach et 801. ()2] used the drop-"i/eight and Buck et 801. [3) J the maximum 

water/nitrobenzene interf3.<::e in the presen';:"e of sodium bromidE: in 'V/ater and 

tetralkyl<:lmffionium tetraphenylbol"8.tes in nitrobenzene. Comparison of the 

tetl"'.butyla.mmonium tetraphenylbora.te and <:Ill a.queous solution of Liel 'frere 

~ 1. ,_ 
, :1 ':' 

(:Ofl(:entr;3.tl0:fl of both eie(:trolytes. An ir!def:,endent me;3.SUfment of the 

value ident.i.:::e.l 1,rit.h the potential of the ele(:tl'o·:~;3.}>il1;3.r:l m;3.:(lmuID. 

On the othel' hand, Gil'ault and Schiffl'in [35 J used the video image 

the existence of compact layel's at the interface between two iffimisdtle 

a.lka.!i meta.! chlorides .. e. presence of che.rge fi'ee dielect1'ic·layet· 1>etweett 

__ C-, ~: 
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~:'1'Ol>ertie: of the inter~";3.(:e ;j.!'e (:h;3.n~~:ing (ontinuou~ly 8.(:ro;:::~ the l:,oundal':l 

fl'om one medium to the othel'. It is alw ,>roposed that for this reason no 

being vie~le.;j more ;3.::: ;3. sme;3.l'ed out p18.ne due t.o the possibility of intel'f'3.(:1;:}l 

mixing and ion pairing. 

investiga~iong {21,27 .. ')6} of t.he interf;3,(:8 sep;3J'B.ting t"lf/O immis(:ihle eie.:::troly'te 

solutions is one of the most pl'omising "itays of obtaining information aDout the 

complex pi;3.ne lmpe(ja!lce. The high frequency' seffii-(:i1'~~le obsel''i,red in some 

current decreases with time, whereas the faradaic cU1'l'ent increases. With 

from impedance measurments. 

<: .:'.; ;:-,',:. i . _, __ . _ - -
'_' L 

"- .', L ,_, 1 ~ c· -
,. ~l -:: 

dkhloroethane system has not been possible yee \hough there hasbeeh some 

-.' . -. -::, ~ j 
- -". -' - " 



s 

an !TIES and (:ompal'ed the effe(:t of image forces for the ffater/nitrobenzene 
·>f,4~~H~¥\ 

and w8.ter! I ,2-dichlol'oethane in tel'fach. They conclude<{\hat the image forces 

together with the ~ ... ithill-hr:ter ion Got'rel;3.tiotls <3.1'e more likel:/" t(J be 

./ ·i'~·~ 
respollsible fol' a vil'tu8.1 I'ise of the expel'imental capacitance of the 

W'8.ter/L2-di(:hloI'oetlia,ne interfa(:e O';le1' the GC "';lalue than the: intel'f&.'~:ial ion 

p,j,iring: (44). :Re(:ently,. through imped8.fl(:8 measurements in 10\\{ (:ondl..Kt1Vit;l 

media. Chedlil'lian et a!. {4S J have shown 1118.1 tlie (:ondI.K\i vity of the media, 



3 THEORY 

].i. EqUILiBlliUM SIlU..4IlOli 

Con;;ider ;3. system ·:;ont;3.ining an ion 1 of (:li;3.rge Z p;3.rtitioned betvteen 

niO immiscitie liquid phases (w) and (o) 

At equilibrium .. the ele·:::trochemi(:;:d potenti8.1 Y-i of the ion in the tVlO plH1;:;;es 

are equ8,l. 

:V.i <Tol) ;"l. (,·0 ",:,' r'-1 - (2 ) 

or 

V.Of (Vl) + U.O,; + T'T "1"· -- -'-\".., ~j K~ 11 ;:>.~ \lJ_, T '::"i!..lli (0 ) 

(4) 

or 

(5) 

(i 

equilibrium va.lue of the Ga!vani potentia! difference IJ. WQ~i at unit ratio of ion 

·0" _;, ;." - f ,,-- ~'. • -~. - ". 
__ '_~~_';' __ ~ ".-' ".,,_. ~ .':..1) 
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solvent (Vf/) to solvent (0). 

Depending on the type of system the difference of the inner electrical 

f'·otenti;:i.l jj Yfl \h i, t.e~Y.{een wa.ter (vtr) and ;3.n or~~:;3.ni(: sol-;rent (0) (:B.n be r 0 I' . .-

control1ed by means of the equilibrium pe.t'tition of a se.1t (nonpolat'izable 

IT IES}. 

].2 }[{}l{-PfJI.LRIZAlfL£ Il{lEJ!FA£'£ 

A non.-1>ol;j.ri2;3.ble interfa.{:e is :f"ofmed in the (:;3';;8 of one eleGtrol'l1f 

distributed between two immiscible sol,;renu: (Vir) .5.tl<j {D). In each phase~ a 

(7) 

vlliere the pe~·1>E'!idi(:ul;3.r strokes represent the inte1'f;3.(~e .. a.n 8{IlJilibrium 

.. '-' . 
- . 

;.,' ,': 
.c 

( 7:.' " .. 

"F ~-: e !' 2 .-.,-' . :,,-
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]] IJ)LHL Y POLARIZABLE IHUREACJ: 

As ShO'llll in detail in [47 L the system ",'\th two different ele(trol'{tes 

BJAJ ;3n<1 B2A2 in the ?h8SeS (w) 3.nd (0), l'espe,~tively. can have the ?l'operty 

(0) 

A ' ., , (0 
, 

A (0 ) A ( 'If/ ") 1 l.. 'If,l } + " 
-, } -- - 1 + 2 c 

B+l (~r ) B + .. , 
B + (0 ) + {v;.o' ) (10) + .-, ~.O} --- 1 + B 2 " 

'1 _' 

pot.en1.i;3.1 of tr;3,nsfer of the (:;:t.tion of p});j.se (w) tiT 1.- oj,nd ;3.nion of f.,h;3,se {c.,) A 2 

are very ne~?;3.t.ive {47-49]. The poten1.if:!.l t';3.!lge,. 

often tel'med as the potential ,lindow, at whkh no ion ?asses the intel'fa(,e has 

$1)(:1'1 interf:3.(:e. 

Fig. ).1 (after Koryta [43] ) de?kts a case of (,harging of an ideally 

solution the d18.1'ge supplie<l to 01' remove<l from the met8.lIk si<le are 

,_, .'?:.I. _ i'" r r,~ 
<" L.t •• .' 

- .;-' : •• ', -',' ,-,.' 1 .- -.-~-- ,- -'~ 



, , 

12 

"' - ~ 

Ch8rgtng Interfaces 

(0) 

Solut10n __ 

Electrode 

I. 

, 

Electrode Liquid 

• • 

fig~ 3.1 : The ~ :.('~ ].1·' ':;0:' ,"ace b~l~een -':'"..JO iMMisible 
electrolyte solutions is cOMpared with an ideally polarized MetaDic 
electrode - electrolyte solution interface. when both interfaces a1e 
charged ~rOM an exteynal source. 

I 
1 
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The ideally polarizable intel'faGe Gall be used fol' studies of a dout,le 

transfer lie within the potentia.! ,;rindo,t. 

].1. EQUIVALENT CIRCUI'f OF A CELL 

capille.ries .. C is the c;3.padte.tv;e of the intel'f8.':e .. ;:\nd Zf is the farade.ic 

Z = IZI coso = Rs+ZcX[(X+l Ja,+ 1]-1 \l1) -, :~'; 

Z = Izl sino = 7 V{Vt! "![{V+1 \2+1}-1 ... \.~n ',H } ,.n ~ (12) 

angular frequency. 

A t highet' fl'e':luen(ies, Z~ = Es + Z.::: X-l , 8.nd 



.• .a , , . 

• >--' . 

The interfacial <~apadty C can be evaluated from the c".}""citance 2" of 

Eq. 12, at a chosen frequency ~~ a.lid f>0telitial E. Only those data of Care 

. inChid!'1~~~~lt~~p.· corJ!(~t~hAto th~lin:eai .. ,e~n of lli~¥S,.!,o)~~U~,; :""";'k;'\i;' 

, 

• , 

Fig. ;:.2 Equivalent cir<'l.Iit for the interface between two immisdble 

elec(1'olyte solutions. C is the -:;".}"a.d(y of (he intet'fe.(:e. Zf is the f'3.!'3.dai-::: 

• 

The impedan';e cof the in terf".(:e 2 (:;3.n be eva.ll.lated from [2B J 

whet'e Vo is the ".ffi}"iitude of the sinusoi,hl vol!.".ge and 1(0°) or 1(90°) '3.re the 

in-ph;3.se or out of 1Jliase (:omponenls l)f the sinusoi(jal (:url'ent flowing 

through the interface. 

The phe.se shin het",'een the e.pf:'\ied 8.nd ffiee.sl.Ired'trgt18:t which is 

l'elat.ed ~o the 1'8;3.1 Z' = 121 (:0$1:'; ij.H.:j iffi;3.gin;3.ry Z'" = !Z! :~in[; l)3.l'L (:;3.1"1 tie 

• 
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],5. TUE CAPACITANCE OF TUE YATER/ORC,dNIC SOL VENT INTERFACE 

follo,,;ing the ]·!IVN model [1] the galva.ni potential difference between 

two phases (w) and (0) in contact sp1i~s into the inner a~d.diffuse layer 

(:on tl'i butions: 

lil._, (w> (1~) ) 
L. 

- I ,", .. " 1}f., 
ul' 112 \'If/} = It' \ . .\3 } -

(:h8.rge region~ in the phaseg (0) o.nd (vl)~ respe(:ti~.,rely· (fig. ") 3). The 

ele(:tl'oneutl';3.1i t;l condi tion req:.uires th;3.t 

(16 ) 

organi(: side of the interfa(:e respectively. 

<;a.pad t8.tl,;e (;3.11 be represen ted as a series com bitl8.tioll of the inner-layer 

"'-I-C"-! + 
1_. ---1 

- -) 
+ ,-. 2-0 

vlbere Ci = d q(1l)l ,.j6.
Wl)ltli' is 1.he (:;3,l>;j:.(:ity of the inner - 18.'/e1' and 

(17 ) 

C2-vr = -dq(w)id $2(vr) 01' C2.-~= -<l9-(9)/dJ;2;\Of. ~r~.tlie (;at~g~~~liZ~;:.~~. the diffuse 

1;3.yel's in the f'h;:.sr:~ ('T/":l or (0) reSf'8(:tively. 
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W,ATER ORGAN:C 

(i) 

G \' 

~, y/~-! 
(i) 

G 
G 

D1FFUSf. LA(ER 

" 

:/ ~--~'--",-r:71 ! 
'J '/ i I 

", '~Ll:'! 
~ ~-1'~~ ________ ~_ 

x' , 

/ 

, . 

rig. 3.~: Modified Uerwey-tliessen ,"odel of an Ill[S and defi-
nition of potential differences involved. full circles repeFsent the 
point~charge ions_ and X~ or X~ are positiDns of ions in planes of 

closest approach(outer .lelMolz planes )to' ttle ilvpoltletical plnnc pf 
contact- in the pha,,~(w) or(o) ,respecti'Jely. Taken froM ref. [1 J. 

,-., . 

• 

. "-",,;-.' 
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For a symmetrical ele(;trolyte, the G theory (:an be used to describe 

the excess Stu'face charge density when a ;6feWtIal differenceis:;~~:~Yled 

across the intel'face. 

Hen·ce, 

(13) 

and (:onsequen tl y .. 

C2-0 = (ZFAo/l~.T) <cosh (Zf ~ . .,((.)/2RT) 
~ 

(19 ;. 

= (ZfA'.'f/:RT ) ·:::osh (Zr ql'_j(w)/2:RT) 
L 

\>;,'here Z is the ionic (~h;3.l'ge number and 

E w(o) is the dielectric constant and C w{o) is the . bulk concentration of the 

respective ph;33e;:;:. It is (:le;3.1' tha.t the (;3.:P;3.(:it;j:.n(:8 of {he diffuse ,:jouble-i;3.;l"er 

has a. minimum. ;3.t q(w) ::; -'1(0),. vlhi·:::h is 1>l'oportion;3.1 1.0 the gQU:3.1'8 root of the 

Assuming the inner potential dl'OP is 2el'O, the potential drop aCl'OSS 
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where E and C stand for their usual meanings and $8, is the applied pot en tial 

drop a~rosSj~tin tel't~ce. . 

The potential <h'op a<;ross the orga.nk diffuse layer is similar to that of 

Eq. (20) 01' can be expressed as 

; lh3. - It'.:. ("if) 
~ 

(21 ) 

\ L 
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4. EXPERIMENTAL 

o-dkh!ol'obenzene (Riede!-de-H8.en} '(\'8.S d13tilled under l'edlKed 

pressul'eand the mid<lleha!f of thif'"<list!l1at~ ~as used. In all>el(periments 

used. 

~~ - ni trido- his (triphen)<lfhos p horus) 3~j -como- his (unde(:;3.h - i ,2-
:.>' c.' ':~~:-':'~'<\~_'~::»;'-~ 

dk8.l'b8.- ·)-<;Ob;3.! t"'.-dosododeG8b~Jl' hte (PNPDCC) 'lias 

+ 

PNPDCC 

~ l§l 
. I 

-f=N=P-@ 
I I 

~. © 
o at-! 
$ Cl-f 

CsDCC. CsDCC was the generous gift of Dr. K. Base, Insti lute of Inorg8.ni(; 

Chemistry,. Cze(:hoslo';lak A(:8.deffi~l of S(:ien(:e. 

f 

I 
TDADCC H "5~Cl~-N-CIZ·H2 

I 

J 

... 

o BJ.t 
j @ Cl-i 
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Tetradodecylam moni um "), 3-com 0- tI, (unde(;ah ydro-l ,2-di cal'1>a-3-

'~mi)l.Ints i)f TDABI' (fll.lka) 'idtll C"DCC 1>oth dissolved in ace\on. The pl'edpit'3.te 

evaporating the so1 ven t. It vias l'e(:rystal1zed t vl1(:e from methanol. 

Tetradodecyl8.mmon i um tetraphenyl bi)rate (TDATPB). 

methanol ty mi:,:ing equimGI'~l' solutions of TIlABr ,lith Na.TPB (f1u\;a). THAC! 

(flub,) ,hth KTClTPB (fiuk",) "lid TPeACl 'i!11.h Na.TPB, The predpit8.tes formecj 

were washed sevel"~1 times ,rith W'3,tel' B.nd re(;rys('~I1ized from '3,<;etone. 

+ 
HZ~-C1Z .~ 

11)/\iPB H Z.S" C 12-N -C t Z-H Z5 @-B-@ 

I ~ Hz.S-Ctz. 

I r' ,- '". ~ 

Ht3"Co 
el 

~ 
IH/lTCeTPB IlWC!(N-C6- fl l$ -S-@Cl 

I .rb 
HU-e, (t 

.---(.' -i • 



iPeATPB H u-CS~N~C$""H u 
, I 

tlu-CS 

21 

@ .. ! ..... . 1 "-. 
@-fl--© _lie, 

TQl 

-

Impeda.tl(:e mea.SUfments Yilith different. (:on':~entl';3.r10ns (5 ruM .. 10 mll,tl .. 

PNPDCC in the ot'gani(: pli8.se were 

of the ·:jolJble l;j.yer. 
< (, ( ~ : 'c c' : « ;' ( ( '( { '( «, ( 

In order to ,;hed: the ;:tBC.{lity: ,01') tHe: l;fYe'l\ft\b'~ 'e'ie\~t!,:'Jde:' in the 
{, , ( (' ( (, ( ( 

( (, { " ( , , 

expel'imen ts, },erd-.lol'ate (C104 -) anio,'n '\'/as: 1Js~d : ,~~ ::~i'\' i!'lt:";':t~ai ;:~'fE';;~n(:e iO~'l, 
( ,< (, «, « ( ( 

( , ( ( ( ( ( , ( ( ( ( , , ( ( , ( 

After the. '::omplerion of e;:i.'~:h lmpe·:j;3.11'::'e. Dlea.:ur:ffi>:"fl't .. ;j. ':]I"::f:' c~f 10' fu1<"i' tiCl(,J4 

was 8,dded to the aqueous side of the eledl'o(:liemi<:oal (:ell and the ,3,(: 

VO\(:3,mmogl'am of its tl'8,nsfe1' from 'l(ater to O-DCB W8S determined, 



1.1 ELECllWCHEMIC.A.l CEll ..41111.l.lIfiEHEHI 

The ele<;trodlemi<;;9.1 cell used for the me'3.surlllents is shown in fig. 4.1 

The upper partofthe cell (glass v~~se1) was fi11ed with aqueoussolutt'ons of 

supporting ele,;lrolytes and the lower Pdrt (teflon body) waf filled ,"'ith the 

ol'g8.nic phdse. The two solutions were t'rought into contact 8,nd '3.n interface of 

part.ly 7f/i1.1"1 t.lle org;3.ni(: l>li3.se (:ontaining: sUl>porting ele(:t.rolyt.e ;3.nQ pa.l't.ly 

'\'/11.h an a,([ueous solution of S3.tu1'a.ted KC1 'Vlag i:nserted from the bottom int.o 

<;omp;3.rtlllent for the referen;;e e1e<;trode in the ol'g;3.nk plH,-"e. , 

arrangement helps to lo7fl'e:r the ohmi.::: resista.llce oetween t.he ty/o refere:n(;e 

electrodes. The l'emailling two platinum electrodes served. as (;U1'1'ent 

~upr·l"'li n~~ ;3.nd 'Vl1 th.Jl';3.'f.!l n:~ ele(:tt'odes ((:ou-n tet' e1e(:ttodes). The (:e11 VlB.S 

.;onne(te<:l \0 the elec;tronk set-up through the fout'-electt'o<:le potentiost8.t 

wit.h IR (jrop (:oIDpensation. 

fig. 4,2. shows the diagl'am of the cell emj)1oyed fol' the measUl'ment of 

the pC1tefltia.l of zero -:::ha.I'ge. The ;j.que:·us ;:;:IJlul.ion ser""led as a stl'ea.roing-je1. 

electrode so that the poten Hal of the cell cOl'responded to the,condHion o;)CZefO 
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8 

Fig. 4.1 The electrochemical C&I'(~r.1Plo:;e~ in ihil stu(ly , 
., " , ., '. ( ( I , " 

1. Counter electrode (water phase): 
2. Reference electrode (water phase) , 
3. Aqueous phase 
4. The Interface 
6. Organic pha8e 
6. Counter electrode (organic) 
7. Glass vessel 
8. Reference electrode (organic) 
9. Teflon body 

" [ <, , , , 

, , , , 

" . , 
, , 
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1m 
5 

, 

\ 7 

8 

Fig. 4.2 Diagram of the cell used for the measurement of the point 
of zero charge. 
1. Reference electrode (water) 
2. Pressure Inlet 
3. Opening to equalize the pressure 
4. Aqueous phase 
5. Aqueous solution reservlour 
6. Reference electrode (organiC) 
7, Streaming electrode reservlour 
8. Organic phase 

, 

.. 
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ele(:tro;je (AgI AgCI/CI ) in the pressul'1~e;j vessel ha;j an opening to equalize 

the pressure. 

-, ,-; 

L? ILICFllOHIC SIT-UP 

The block diagram of the ele<;tronic set-up used for both dc and ac 

Cfdi'~ volt:'l.mmet.ry me:3.S1.Irments is shown in fig. 4.3. 

for de 'lo1t3.mmetr{<: me;3.sUl'ments .. B. sffioJl trio3.ngu18.1' VoH;3.ge 1';3jIlP of 

to pea!;) sinusoidal voltage sign81 from a fl'equency generator (Tektronix fG 

(:Oi"J.neo:::tej to a lo(:i-:~in-;~.n;3.1yzel' (PAR Model ~)204) 'Vi/hi(:h W;3.S used fot' the 

GO!ltinlIOUS m8:3surements of the in-ph:'l.se :3.tld 1u8.dr:3.l1.ll'e <;omponents of the 

a(:-<:urrent. The OUtPUt of t.he IO<;!;-in-an8.lyzel' was in Iurn ,;onnecled 10 8.n ;{-y 

I'ecot'der. To regulate the pt'opet' compensation·.,of the J;Rdl'op .. aC1'os.s.,me 

in'lerfa.o:::e .. t.he outpu-t- of the fotentiost;;j.t >;{/8.$ ;3.1;;0 '.::onne(:ted to an os(:illos(:ope 

(Tektronix Model ~.O!). IR competlS8.tion "![:3.S set to the !leO.rest point before 

osci118.tion. 

The in-phase and qua;jI'atul'e components of the sin usoi;jal curren t 

.-- ,,_:,-1 r" .-::'''-;j t.1".!.2 im::~.~:tn:j.!'Y z'" i:J).;:,":.,·~::·:-_ ', .. ' 
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CELL 
. .. ' ". 1 ' 

, <R(O) 
EW Ew R(W) 

OSCILLOSCOPE ~ 

RAMP 
,.. 

GENERATOR -
~ 

XY RECORDER 

FOUR 
ELECTRODE 
POTENTIOSTAT 

DC 

OUT 

INPHASE AND 
QUADRATURE 

OUT 

FREQU -
IlJ NCY -j3ENER-

f'\TOR 

V 
LOCK-IN 
ANALYZER 

Fig. 4.3 Block diagram of Ihe electronic setup. E(o) and E(w) are the 
counter electrodes In the organic phase and the aqueous phas 
respecttvely, and R(o) and R(W) are the reference electrode •. 
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5- RESULTS AND DISCUSSION 

Iig_ 5.1. shows an example of the elect1'ical current flowing thl'ouglW'f"" 
,.' ,,' .' -'",' -' ,-

the v/;3.tet'/o-di(:hlorobenzene interfa.(;e b8.sed on the convention that the 

positive current corresponds to the transfer of positivecllarge from the. 
,-: -';:\'.\ 

aqueous to the aqueous phase. In the i'l-eSen(e of HaCI in the aqueous phase 

potentia.! l'a.nge is limited by the t1"3.nsfer of CI- or PNP+ a_nd by tlle t1'ansfel' of 

Na+ in the l>ositi,;:e }~o!.enti8.1 t'"3.nge. In the 'lol"'.2.mmetl'i(: experiment the 

idea.11y f:-01;:i.l'iz;j.ble interf;3.(:e .. iJ~ ... the (o!}ditl0fl 1n 'f,fi:-li<:ll ion tr;j.1isf"er is 

negligible. 

In the potenti';.l region between O.I~) V ,;.rd 0_63 V the current is 

negative potentials the transfer of the ions of the base electrolytes prevails_ 

were carried out ~/ithin the stated i,otentia.1 1'8_nge_ 

On the other hat1cL fig. 5.2. ~ho-;;;/~ the 2,(: voltsffiffiogi';3.ffiS of the in-

and (14) I'espectively. The real Z' and the imaginary;!:" compol)ents o( the 
.. "-, .,-': .. ,'-.' .','. ,.:.',- .. ".,., .. ' ': ."-' -: .--'., '. 
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rig'. 5.1: de (1) and ae (2) cyclic U01 taMMo"" gramr; fo,.- the 
interface between 10mM Haelew) Dnd 10mM PHPOCC(O-IICB), 

SlJeep rate 25",\}/s(1) and 1 Of'w'/s(2) , f=35Hz(2) 
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, . 
80 

,". -

60 
1 

40 
'. 

20 . 

L---0~:11----0-.r2~;·-'---0-.3r----O~.4-----.----~----~-Ji 

. 
Fig. 5.2:' '1riphase (1 )'i3"d -quadi-'at.ore '(2)a'l$MPbnlfntlilfCJf:ii;;:~J;i!Wi:'i:'~f+'" 

iMpedence Mcasurer,ents for the interface between If)mM ~~cl and 10~~ 
!,,'POCC( O-OCB). 

Sweep rate 10Mv/s ,f=3SHz 



30 

(12). Results were pl'ei'ented in Ihe form of Z··' versus Z·' whose Iypical shape 
-' :~~\ - '-.--,' ' ;: 

is illustrated'jri figure 5.'3. Such p1oti'were resoi";~~; ti~:the electt'ical 

equiY8.lenl dr·~uit of fig. 5.3. The plols indkate that the impedan<;e tends to 
/ ~~'" ~ 
converge at a cel'tain pOint on the Z' - axis, with an increase in frequency, 

whkh can be used to obtain the small uncompe!H,o.ted solution resistan,~e. In 

other words, the result tends to a semi-<:irde for the p'~rallel RC <:ir(.uit ,0.S 

- 1 , 
figure 5.4 shows the 1>10t of the imaginary impe.:jan·:::e Z···· vs ((1) trom 

tlie slope of whid, the (;a},adlance of the system: 10 mM LiCI in '!later and 10 

the capacitance data fo!' v3.l'lo1.lS supporting ele";ll'ol ytes in the organic phase 

potenti.j.l of (:ap8.(:itB.tl(:8 minimums h.l,lf.lilffi where;j.s the m;~.gnitudes of their 
u -

potenti;3.1 of zero ~~h;3.!'!2·e A'if .flo;> differ D';{ 66 mV. The .;Hfferen(:e bet'?leen b,'II.Jtlffi '-' t) 't .. , , I) 

However both elec\1'olytes show large.values of AA wo$. 

,1,1l 
On the other ha.nd TPEATPB a.!"1·.j THATC1TPB ha.ve idenH(:;j.1 u Ijllll-- ;3.nd 

" 
, 'N 

i!. , .. , Y3.1l.leS res"ective!',r. This observ'o.tion indka.tes th'o.t the <;a.p3.dt8.t1Ge (I t' '-~ .t-

minima. of the 3.tove two ele(:trolyt.es (:orrespond 1.0 D. W Q1tl ;: O. The value of 

AA"'''O$ 1'01' PNPDCC (-41 ffiV) is in accordance to olhel' l'esu1ls [4,)8]. Accol'ding 

11r 

t,) t.I1e;:::8 "\'/01'1::131'8 .. At "(Iltl h;j.s a ';,r;j.ilJe of a.bout. -40 mV ;3.2 ob::::er"'le,:j for se'ler;3.1 
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fig. 5.3: IMpedence plot for the interface between 10mM 
Licl(w) and 10mM PHPOCC(O-DCB) at various potentials,NuMbers on the 
line indicate the frequency in Hz. 
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tin. 5. '1: Plot of Z Us, W for the s,)st"o, :10",,, Lic.1 (t') 

10MM PIIPOCC(O-OCB). 
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Table L v;3.1ues of the real 8.n<l im;3.giIHU'y (omponent.s of 1.lie me8.SlJl'8,j 

Polen li81 

(mV) 

-41 

-41 

-41 

-41 

-41 

-41 

-91 

-91 

-91 

-91 

-91 

-91 

-i9 

-19 

-19 

-19 

-19 

-19 

(Hz) (ohm) 

O.l'3S657+0} 

42 0.108206+(\3 

58 0.708212+02 

64 0.6 '37393+02 

75 0.532322+02 

95 0.427209+02 

35 0.117460+03 

42 1).945622+02 

C" ,-, 

_.\0 O.61421~i+02 

64 0.557095+02 
'~>-- ,.; -""-l 

75 0.461406+02 

55 0.'373163+02 

C = 0.648124-05£ = 0.914139 - 05Vcm2 , .• 

.1--:' 
• .!. 

58 

64 

0.B62;:;76+02 

0.73141'3+02 

o .Y349~) 7+02 

0.496467+02 

0.427679+02 

(ohm) 

0.964673+03 

0.576871 +03 

0.320042+03 

0.712036+03 

O.:j9::,O~)O+OJ 

O.42~\9:·,O+O3 

0.')81468+03 

0.313120+03 

0.223398+03 

, '-'j 1 ' 

I) .66 7290+0J 

0.560750+0') 

0.402791+03 

0.357456+03 

0.296:;24+03 
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Table 
I I: . V al ue~~_~~~~~*~~.~4Jli«~,~f!{;.c:~~~/~I~~.)~~ii~{;~~,:~~foI' 

1 0 m M aqueous sol ution of LiCI and 10 mM o-dkhlol'ot,enzene iohltions 

of va1'ious Suppol'ting electrolytes. 

Ofg:8.tllC phase 

TDADCC 

PNPDCC 

TDATPB 

TPeATPB 

THATCITPB 

t W 'Ym /mlf o 

-8 

+3ti 

-8 

+34 

+6 

+124 

+79 

+58 

+34 

+6 

1-"-' - )6 0.05 

-41 0.07 

-66 0,05 

I) 0.07 

0 0.08 

Table ilL Values of the capacitance minimum and potential of zero chal'ge 

1'ot' 10 mllJ PNPDCC (o-DeB) and 10 mll,li 8.QU80US ;:;:olution of v;3.t'io1JS 

-suppot'tin g ele<:trol ytes. 

Aqueol.~$ phB.se 

Lif +40 +80 -40 0.07 

LiCI +38 +79 -41 0,07 

Li2SJ4 +40 +70 -30 0.0;1 
.. -:-C"-; o .6i3""·;"··"\· N<tCl +~)6 +90 

.KCl +4~, 
" , -}'-', !],O~:, ,-.' 

(',)-;,""" 
, 

.. I, 
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obtained /:,./:,.' .... -j- v8.!ues for TDADCC and TDATPB may indk;~te the pl'esen(;e of 

s peJr'.'Shi:kdSOI,ptton, This COllct"an c~rl;tttf~~'''.a~f~§t'je v:l'f~~; 
point of the long (:113.in3 of the 3.1k;ll groups of the TDA + (:;3.tion. 

Comi',al'ison of thi' (f,p8.dtanG8 minima of the electrolytes of Table II 

also shows that the TDA + cation has the lowest value (0,05 Em,-2, ), 

PNPDCC in 0-';)1(:h101'o1:;.81"1Z8ne a.nd 10 DiM a.queous solutions of v8.t'ious 

tl ,WI, j'W" I T1 ,Wj 1 I" L'f L',"l jL' "0 (:ompat'8. ~ e tJ. Oft'ffi an.: t). Oft'S '18. ues. 1e w Ollffi "'ra ue;:;: or 1." 1 ... ':;:.n\ 12;:' 4 

8.1'8 dose 1.0 ea.ell other. imp1;ring Ih8.1 the ;'.!lions of Ihese e1eetro1';'les 1"I8.'7e no 

ei'fe(;t in shifting the potential of the (;;3.p;'.eit.;'.nce minimum. Simi!;3.1' 

'II The /:,./:,. _,p val ues for the five 8.<{1.Ie01.ls electrolytes are very dose to -
>J 

40 mV and the difTerelv:;es bel"reen them ;3.1'e witliin the 1'8.nge of thf 

experimental 81'1'01', These results 8.1'e in good agreement with the I'esults 

vs the potenti,;.! difference plots are shown in fig, 5,5, 
"', /,;-. 

poten H;3.1 for five differen I electrolyte <,oncen tra.lions. The potenti8.1 of zero 

(:ha.rge B.t minimum (:;:q>;3.(:ita.!le:8 is independe.nt of (:OllCen1r;3.tion. as 

summal'ized in Table IV. 

h,j.'",le (!)D)l>,j.r;j.t:.le ffi;j.gni~udf:.::' :E:;jS6d on ~hi-: fa.,.::t .. ;=:ne (;3.n r'(l;:;-:ihly (:o11(:lude 

h -I' .1'.' 

'" . s'~ 
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fig. 5.5: Oliferntial capacitance C of the double layer at the 
interface between 10~M Kcl(1).Hacl<2)~Lif<3»Licl(1)~mM Li2s0~(5) 
in water and 10mM PHPOCC in O-dichlorobenzene. 
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Table IV. Peotentia,1 <liffel'ence at minimum capadtance of the water/eo-DCB 
,::.· .. :il.i .. f.;.~.~ .. t¥;!{0~.f<..,.·~.+;,.~.~.i~.:, " '" , 
- -. >- , - ':':;~f{K<--,-, 

interface in the presence of PNPDCC in o-DCB and Llcnniiater. 

COflo:::en t!,;3.tion lm!l,ll 

50 

20 

15 

10 

~r 

, ',I! 'IT u i¥ fit I ill ',' o 

+26 

+36 

+24 

+38 

+"31 

f:...W 111.;< ,/ ffiV 
t) ,-' 

+70 

+70 

+69 

+79 

.' c ttl) 

between Liel (w) and PNPDCC (eo-DeB). 

Ceoncentra.tion fmM 50 20 

Ex pet' i ill 2. n t;3_1. 

C;~.1>;3.(:i to.H(:e /f IT!. -2 0.12 Cill 

Theoretical 

O.ID 

-44 

-"34 

-45 

-41 

-;i4 

0.09 

.~ ,-::-
'-'. '-'~! 

10 

_.) 

r 'f' ~ -"m'" ill 

1),12 

CIl! 

I} .09 

0.07 

o .O~) 

5 

0.07 O.O~I 

o .O'i 



the ~ri:t.1ues of AD. W,ltl aJ'8 v'ery (:103e to -40 roV ;::hO"'f1ing that b./J. Vl. 4t is invariant 
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the intel'(:ept. In spite of the large vadation of 

: :-,1=- -~, 

(:3,p3.(:it3.nc:e of the diffuse doutle laye.r at 10'f\r ele(:ttolyte (:on(:enti'ations . 

1." :- = __ . ..6 hl~.' . • -, =--" 

lQ;rer (::omponent through OlJ,t 8, (onsider8.ble range of concentr8,tions ;3-.nd 3.1so 
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6. CONCLUSION 

.. 
_ 1 

des(:r~bes the spa.(:e '-~h;3.l'ge re~~:ion in the .3.',~1.~BOU~ ph;3.se r:3.t.her well uLl~::~~,-~ the 
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