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ABSTRACT

Studies of  the electrical  double laver acrosg  the  waterso-

The i'n;phéée an
converted 10 ¢apacitance datla by standard methods for various supporting
glactrolytes (n the arganic and agueou: thasgss and  at differant
concaniralions.

The potential of zero <¢harge wae determined by using the slreaming
izt elestrode technique. The potentialz of the capaciiance minimums have besn

compared with the potentials of the sireaming slectrodas, From these data, no

oo innis adzorption. The eytarimental

interfacial ¢apacitances wers also <:amp:a.ra3d with-the (thwrr_,uc Jiffusa daver
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Electrochemical studies at an interface
certain potantial region. a2

atiracted attention from bolh & theore tuai and prastic a} Jotnt af vmw .m.m

af the alegtrisal

elzctrolyta solutinn

asret

..-AE":A: rl;?'.‘:-_"f"

systems (1]

druhie

in addition 1o

f. IHTRODUCTY :H

(N5

aty {des intar

u_n

11y polarizab

taver interface hatweesn two imniscible

anmber af

these

studies solvents like chioroform {[52,5%)
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ruciures, about whch Liitle iz Xnows

in this department [3.4)
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2. LITERATURE REVIEW
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Thiz fast waz inoluded o Sern’s modifization of the GO theorvy and an

atnalogous trmtmum o1 hquid liguid interface which appeared under the

name of the modified VPrwav'Hiessen (MVYN) model [1,38] was ised by Gavach et

ai. (7] Theze investigators ioteoduced the concept of an ian-fre2e laver

{enmpact layver) with oriented molecules of both solvents separating two space

charge regions, Girault and Schiffrin 1% ot the other hand, suggedtad a maodel

than two or thiree aleay { 232, These authots proposed that a

continuon: tha nther 2 3 moaps

realiztic picin d0 L0 supported the probability of

P
il

finding an az nonsaro. and atd

ftiempiad 1o deveiad

thiz idea by eonszidering the MVH modet. in which ions were allowed to

_ e e - -1 = - 1. - R, - - - e m e e = : = e e - - —— T 41— - [

pEnairate inio the inner layer ower 2oz diztance, Torvis and Vailsaun (12
:

= TpoT ot E .

have ayaminsd caveral ol TTIET Thevy canziderad iad {on-ion

correlaiion within the space charge region, (b)) ion-ion sorrelations between
the two goecs chatrge vesiong, (o) interpenetratic

regiong, and (4 tmage forees, On the other hand, Joos and Van Bockstaele [13]

have presented a model. which accounts for the specific ion adsorption at the

[l o
L =

tetween two immiscible electralvtes

have besn 2iudsd exclusively with weteriorganis aolvent svatems. For such
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{i} The organic solvent must dissolve only a small amount of water. gince
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o suitabls potendal range for polarization of the intars

oo woid e found

(i1} The solvem .&wuld be sufficiently polar {with mind

m o relative

parmitivity of about 10y,

(iiiy Its densit‘;‘ must differ congidetably from water in order to form &

phvaically °t-=«b19 HlTF‘t‘f-ﬂ‘E

Mast of the experimental resultz an the glecirical doutle laver al ths

,J.'

ITIES wers obtalned for the ideaily polarizable interface, the thermodynamic

state of which 18 cantrolled by electrachemical polarization. Generally, this

}-.‘flv 3‘} -t‘i'pl 1m0 f sl ot

fa

mzans: of & four-2lacirods opil [19-1

suppiving current {(sounierd In euch Wind of felis flatness of the interfacs

and geosmetric configuratinn of the four elestrodes are of critical {mportance
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¥hen an =lesirical surrent flows through the IT1ES there t2 always a

cafentin!l diffarances (nhaic potential drand between the tio of

e

Safdilary and the poimt {ust outaide the interfacial region on 2ach 2ide of tha

il
i
i

tranzient {23) the ohmic ptential drop can b2 compensated by wmeasnsz of

positive feedback {15) ar algebraic subtraction [28,29] under potentiostatic or

1Eosondiinond, rEipsdl

a1 a periodic cutrrent interruption to a four eiectrode system was recently
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for the investigation of 3 Joubls layar

use impedanice lechnigues i'31] and imex‘fac:ial iEi‘zSiGﬁ iE:iZ:}’li'ii-qu‘.E. The

diffarantial vapamtr«n 2 of the double hypr at IT ES “has 10 ba avaluated

{hxnw—h i.q.I‘F‘IHi analysi ::1!" the diraat mpaumvntal interfacial tension.

I‘a\rﬂch et al {321 used the drnp wr-icfhf and Buck et al {33] the maximum
bubble  pressure methods: to measurs the  zurface  teneion of  ths

walerinitrabeaniens interface in the presancs of fodium bromide in walar and

tetralkviammonium tetraphenylborates in nitrobenzene. Comparison of the

inr the ideallv polarizable interfass beoiwesn & rpiirobsnsens zalwiion of

tetrabutylammonivm tetraghenvyiborate and an agueous folution of LiCl were
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P
i iz

conceniration of btaoth elsctrolyis:, Ao indepandent measurment of ihe
potantial of sero-charge by the strzesaing-jer electrode technique [34 ) gave a

value {dentical with the potential of the elsciron
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properi{zz of the {nterface are chapging continuonaly acrazs the boundary

from one mediuvm to the other. It iz alzso propozed that for this reason no

apparent potential drop across 1he cnmpact layer" 8% stsw' The 1htarfass is

teing viewsd more az & smeared out plane dus to the possitility of interfacial

miving and ion pairing.

:F"

ware resent repori on the double iayer hiad shown ithal impedancs

investigations [21,27.96 1 of the interface separating two immiscitle slectralyie

solutions {s one of the mogt promising ways of ¢btaining information about the

irctures of the iniee? ITIES wraz
meazured by @meana of fe feleciive

deteciinn (26,27,

gmi-cirele obgearved in zome
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proper numerical irsatment the (W0 0 pOondrn s 4 Tha ourrent are {undnon
of the interfacial capacitance. Hanos ths of the evaluatad

cavacitange 2honld b2 equal in all respects 10 the value thst can be obiainsd

from impedance meazurmeants.
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3l apptied the wealk-conpling eduation? to the primitive modet of

atl ITEE.} cmd compared the effect of image forces for the water/ mtr benzene

and 'eva_terIl,z-dichio':'crethane interfagss. They concluded that the image forces

l"'[l

together with the within-laver ion correlations: are more likely o be

e

Iespmmble fcn' a virtual trise of the“experimental éar&aéitance of the

walue than the interfacial ion
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pairing [44). Recently, through impedance guremenis in low sonductivity
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meadia, Chechirlian 2t al. {45] have shoewn that the conductivity of the media,
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4. EGQUILIBRIGHM SITUATION

i (w) ===z i) (1)

a1 agquilibrivm, the electrochemical potential iy of the {on in the two phages

are squal.
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aoivent iw) 1o solwent {Q).

i

Depending on the type of svstem the difference of the inner electiicat

=

gotential *ﬁwa‘?i o

(a0
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=
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e water (w) and an organic solvent (o) can be
controlled by means of the equilibrivm partition of a ssit (nonpoifarizable
ITIEZ), or elsctrical charge supplied from the ouizide iideally pelarizabie

ITIES).
7.8 NOF-FPOLARIZAZLL [FFFERFALE

& non-polarizalie interfase i formed in the caze of ong elegiro

distridutad between two immiscible solvents (w) and (o). In each phage, a
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I3 IDEALLY POLARIZABLE INYERFALK

As shown in detail in {47), the system with two different slectrolyies
ByAj and B2As in the phases (w) and (o), respectively. can have the property

af an ideally polarizabie elecirode. Thi

LA

cai be reprezaniad a:z

{w {n)

Bedidoes the aguilibrivm of the 1 a

A P I - s

A VR O+ om o 10} === o8 ¢ M0) 4+ B 2 VW

1 VH, . { 2OLE

o o + + : A

B {w) + Bz o} === B {0} + Bz (v} (103
-z B T 1 e 3 - LR i om e oy - - =t . B - o E - -
are oirangly rnnfred o the Ieft-hand i rdz the ziandard

potential of transfer of 1he ¢ation of phase (wi B (. and anion of phase (o) 4 2
2 ovary pozitive and the ootential of tranzh

47-49] The potential range,

=

and cation of phaze (07 B 7

ol'ten terwed a8 the potential window, at which no ion pasges the interface has

ging than the astivitie: of jonz that determine: the potential af

salution the sharge supplied ta or removed from the metallic zide are

1.
ihim
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Solution . _ “,9&’ ®eQ
G
; . e
Electrode .
Fig. 3.1 = The - '~ 1. 4oi- < % Jage belveen "o irmmisible
electrolyte solutions is compared with an ideally polarized metallic
electrode - electrolyte solution interface, when both interfaces a?e

charged from an external source.
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interfacs takes

The ideally polarizable interface can be uzed for studies of a double

layer or it ¢can be used as a tool for the investigation of ions whose potentisl of

transfer lig within the potential vindow.

4. FGUIVALINT CIRCUIT GF &4 (FLL

An electrochemical system- s merely-an. impedan

—3

ititerfases can therefors be reprezented by an elecirical equivalent circuitl

(Fig. 3.2). where B; ig the solution resistance beiwesn the tipz of the Luggin

L iz the capacitance of the interfaze, and Z¢ is the faradaic

)
]
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-
s
—
i
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s
i}
Kl

s b

impedanss fof the interfacial tranafer of this elecirolyie {ons

ar

Cechmeas equal 1o the Warbur I pariicular, at Iow angulasr

]

fraquencies [2842] the real 2% and imaginary 27 eomponents ara given by

2 = |Z{ cosé .

Ro+ZX[{R+1)2+1 ]} RESH N

-
o
LR
o

£,

= |2 zind = NN+ 0{Ne1 841}

where § = (Bw /202128 and 7, {/wC . & iz the phase zhift and e iz the
angular frequency.

At higher fragquencies, 2= B, + 2. 471, and
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Near the fow-frequency timit, 2°
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The interfacial capacity C ¢an be evaluated from the capacitance I, of

Eq. 15 ut a :,hcu\en irequean 15 anj pntenual E. i,lnl',r ﬂlUSE dwta of C are

N|

i
1
L] . ¢

*
Fig. 3.2 Equiwvalent c<ircwit for the interface betwsen two immizcible
electralyts solwtions. £ iz the capacity of the interfacze, Zp iz the faradaic
impadance and Rp; iz the sohition resistance beiween the tips of Luzgin

capiflaries,

w

The impedance of the interface T ca

172

Tz IR 1ee%)3)

whete ¥, i3 the ampiitude of the sinusoidal voltage and (0%} or I(90%} are the

in-phase or ot of phase components of the sinusoidal current flowing

throuzh the interfacs,

The phaze shift tetween the appiied and measured signal,
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795 FEFLAPALITANCE OF THE FATERAORGAKNIC SOLVENT INIERTALE

o

Following the MYY model {1 }the galvani poteatial difference between
two phases (w) and (o) in contact splits into the inner and diffuse layer

cofyfributions:

21l

o f (W) = o (Y. 4 - o (W) oare the potential differsnce acrozs the space
charge regions in the phases (o) and {%), respectively (Fig. 3.3 The

electronemirality condition requires that

JATE= -
whera i) and gfo) are surface excsss charge densitisg ot the watasr and

orzanic side of the interface respectively.

In the abasncg

|:'[|

of  specific ilon  adsarptioti. the Jouble  laver
capacitanes ¢an be represented as a series combination of the innear-laver

CRpE

'..L'

sitance and the 4iffuee laver capacitancs [41 421

1
i
L
]
1
—
g
ml
1
[,
o
(el
|
—
-
-]

where U = 4 q{wif- ﬂ‘,wnllly iz the capacity of the inner - laver and

Camw = ~dq{w)/d gyl or Ly = ~dqio)fd §

ple) are the capacitances of the diffuse

laverz in the phese {whor (o) respesitvely




ORGAN:C

® ©

DIFFUSE LAIER

tig. 3.2 - MHodified Uerwey-Hiessen model of an ITILS and defi -
nition of potential differences inuvolved. Full circles repersent the
point-charge ions. and H':" or ¥Y are positions of ions in planes of
clnsest.approach(ou;ter tHelmolz planes >to the hypothetical plane P:"
contact in the phasedu) ordo)  respectively. Taken from ref.[11.




Acr0gs the interface.

Henice,

Focan be used to desceribe

Fur a symmetrical electrolvie, the Gl; theory

applied

thP gxcess surface chargs densuy when a potential difference “is"

PR T . . "
247 zink iLfiﬁl_sz}»‘.f.iRT}

{18}

040} = ~2A’sinh (ZE0 fo

atrd conzequentiv,

(ZEA"/RT} cosh (ZF ¢ (o) /2RT)

-
—
()

‘lIf = T
BT A

Cone = LZFA"IRT) 2ok (ZF 4. ".f;
a-w

ania charge number and

wio) _wisd, {72
i e

= {2RTe B

=
fot
g
h
i1
D
-1
p—
54
.
gt
-t
]

}.it.'.r{:::}
{ } ig the-bulk concsntration-of -the

wio}
is the dielectric constant and
clear that the capacitance of the Jiffuse double-laver

roporiional 1o the equare root of the

respective phazas. It iz
which {3 §ro

has a minimum s giw) = ~gio),

electrolvte bulk concentration {19,421
Assuwming the inner potential drop is zero, the potential drop across

the water diffuze laver iz given by [7.37

b= (RT/EM 1YY (¥ 2ayp (2, /2R 1Y 11 (e ¥ V) Y20 Y2

T"T

+
1

foEnp i -Thg /20T




where € and € stand for their usual meanings and $g is the appli_ed potential

drop across the intarface.

The potential drop acrogs the arganic diffuse laver iy similat to that of

Eq. (20) or ¢an be exﬁréssed as
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4. EEXPERIMENTAL

o-dichlorobenzene (Riedel-de-Haen) waz distilled under reduced

‘pressure and the middie half of the distillate ¥as used. In all“experiments

doutly digtitled water Tollowed by deionization using ion evchatige resitty was

used.

w-nitrido-tisliriphenvlph

-:}ic:arba-?—f.:mb:a.lta.—élmsacio-ﬂ&aabnr}ate {FUPLLCTY was

;T "+_' — -

PNPDCC @_p_; N=P—)
I

iedel-de-Hasn ) zalutions of PNPO (Fluka) and

CsDCC. CsDCC wasz the generous gift of Dr. K. Base, Institute of Inorganic

Chemistey, Czechoslovak Acadeny of Science.
Hz5-Cy2

TDADCC HzS"C[g“‘N*Clz—Hzf

HagCi2




Tetradodecylammonivg

3 5-como-biztundecahydro-t,2-dicarpa-3-

cobalta-clasndodecaborate (TDADEC), was preparéd by mixing equimelars

amounts of TDABr (Fluka) with C2DEC toth dissolved in aceton. The precipitate

of CsBr was filtered off and the crude Brahge?ii‘iﬁi;dé{i'g{%ras blained

evaporating the soivent. It was resrvstalized twise {rom methancl,
Tetradodecviammonivm tetraghenvyitorata {TDATPE).

tetrahexylammonium - tetrakis(4-chlorphenyljtetraphenylborate. A\ THATCTPE),

and tetrapentyiammonium t2ivachenviborate {(TF2ATPEY wers greparsd in
methanol by mixing equimsiar solutions of THABr with WaTPE (Fiuka) THACL
(Fiuka) with XTCITPE (Fiuka) and TP=2A00 with HalPE. The precipitates formed

were washed several times with water and recryeiallizad {rom acetones,
- _|+ -~ q-

Hz5-Ciz

|

TDATPB Hpg-Cpa-N-C p-H o5 O—8—O

Hzs-Ci2
l-w~ 5

;
}
>
™

Hi3-Co

|

THATCLTPB Hy3-CorN-Co-Hy3 @

| - .

Ri3-Co e
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TPeATPB

phase. Whereas L'ii" {EDH). Lii_‘l {Fiuka) XC {'Ah'alai'j‘, Hatiu‘(Aﬂf:;\'iﬁwf} and Li2504

(Merok) were used ag supporting elestrolvies in the aqueous ghs
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Impedatics measurm

19 M, 20 mM, and 50 whl) of LiCl (Fluka 935 %) in the agueousd phase and

Y JO U T L A 0 TR SRR et ozad b m  ale - . -
PNFDCC in the arganic phage were made i order 1o calsulate dthe capacitance
of the doubls iayer, LT Y A SRR

‘ (‘ : P :‘1 Coire e (“(H(i:: « PR
A DY L R P -
In ardetr ta check the stabitity'of the referende ewvtrnde‘ m the
‘ « Codog Cud e ‘ )
v R ‘(l“.:f‘(“‘ ;
experiments, perchlorate (Ci04 ) anioh wasinsed ds &fy insrnal felésende fon.
‘ N A ¢ ¢
After the completion of each impedancs maaturment, 2 g

was added to the aqueous zide of the electrochemical osll

voltammostram ::rf 1tt n ansfer fram water m DPB TAS de'rPrmde
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4.1 FLECTROCHIMICAL LELL ARRANGIHINT

The electrochemical cell uzed for the meagurments iz 2howe i Fig 4.1

The uﬁfar part of the 'ééﬁ'ﬁ(giass v'égsal) was filled with agqueous solutions of
supporting electrolviez and the lower gart {teflon tody) was filled with the

arganic phage. The two solutions were brought ino contact and an interface of

geometric arsa §.709 cm? wes.formed. A U-shaped glass capillary tube rilled -

parily with the organdis phage comdsining supporting slecirolyvte and partly
with an aguecus :olution of saturated KO waz ingerted from the boliom into
the 12fion body ¢lose 1o the inlerfags, Thiz capillary served ag the slgcirolvie

compartment for the reference elect

:
= } at tesstial
N LIS
1 [} ‘
1 i 3

+i‘{ age Ihnsy
were pazitfoned ag ologely ag po asgitle o P 31 he interface: Such an

R T S R

arrangament help: 1o lower the ohoic resistance belwsen the (90 relferance

elecirodes. The remaining two platinum electrodes z.erved B8 current

S

gtectrodez (oounter elecipndes). The cell wasz

sueplving and withdrawin

connected 1o the electronie set-up through the four-slectrode potentionetat
with IR drop compensation,
Fig. 4.2 shows the diagram of the cell emploved for the measurment of

. Thie aguecys: solutian zarved ag a ireamin
1

o
—

the polential of zaro o -1

Wil
ke
e}
(At

]
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Flg. 4.1 The elsctrochemical cell ampjoyed In the study , .~ Cole e
1. Counter electrode (water phase). ' ;' " 7 U0 oo ‘
2. Reference slectrode (water phase)‘ [ R P O S S ;
3. Aqueous phase T SR .
4, The Interface ;’ T T AUEIE AE A SRR LT Y {
§. Organic phase CoL L ’-

6. Counter slectrods (organlc)
7. Glass vesssel

8. Refarence electrade (organie)
9. Teflon body
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Fig. 4.2 Dilagram of the cell used for the measurement of the point
of zero chargs.

1. Reference alactrods (watsr)

2. Pressure inlet

3. Opening to equalize the pressure

4, Adqueous phase

5. Aqueous solutlon reserviour

6. Refsrence slaciroda (organic)

7. Streaming elecirode reserviour

8, Organic¢ phase




The temperalire waz Kep! donstant a1l 24 42

electrode (Ag/AgCl/Cl7) in the pressurized vessel had an opefiing to equalize

the pressure.

R AR

4.2, ELECTRONIC SET-UF

The block diagram of the slscironic set-up used for both d¢ and ac
syclic voltammetry meazurmeants {2 shown in Fig. 4.3

Eor do voltammatr{s meagurmants, a

L

amall triangular voltage ramp of
Iweep rate 285 mWAr waz generated using & PM 1502 Electroaanalvzer (Makee

Federsen Inatrumentz) For @z ovolic voltammetric messurments, a 5 mV peak

to peak) sinuvsoidal voltage siznal from a frequency genetator {Tektronix EG

500 war sugarimeczed oo the slow triangular voltage rame of sweap rate 10
- ¥ = = ¥

cied to A lock-in-analvzer (PAR Maodel 3204) which was used for the
continuous meagursments of the 111—phaa.3r3 and quadrature components of the
ac-currant. The output of the lock-in-analvyzer was in turn connected to an -

recorder. To regulate the proper compenssation.of the IR drop .across

inierfase, the ouiput of 1he pofentiogiat waf alao conneciad 1o an oscilloscope
(Tektronix Maodel 5013 IF compensation was get to the nearest pnint before
azeiilation.

The in-phagse and quadrature ¢omponents of the sinusoidal current

fiowiang through the interface were measursd =0 toe out-pat of ine lock-1n-

analyzer st frequencies between 30 Hz

oA T e £ = R I e R R I i
A0 JHRTINAYY &7 LR Iny e S0 B0 s
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H(O) : - W)

W
- ™
o E
SCILLOSCOP FOUR FREQU -
ELECTRODE iy NCY
POTENTIOSTAT ENER -
RAMP }f: o
GENERATOR
S ) av)
b
! be »[LOCK - IN
- ANALYZER
XY RECORDER ouT

INPHASE AND
QUADRATURE
ouT

Fig. 4.3 Block diagram of the slectronic setup. E{o) and E(w) are the
countar elacirodas In the organic phase and the aqueous phas
respectively, and R(o) and R{w) are the raefarence slecirodes,




5. RESULTS AND DISCUSSION

Fig. 5.1. shows anh example of the elect;f_ii;ﬁl current flcwix}‘gl'througf‘
the water/o-dichiorobengene interface based an the convention that the

positive current corresponds to the transfer of positive charge-from the.

agqueous 3o the non-aguenu? phars and tranefer of negative chargs from non-
aquacus 1o the agqueous phaze. In the presende of Hall in the agueous phase
and PHPDLC in the organis phase the potental window in ihe negative
potantial range is limited by the ‘tx':-:a_nsf‘er af 1" ar PNPT and Ly the transfer of
Na' in the positive potzntial rangs. In the voltzmmetris expsriment the
privcipal adm was o find the range within whath *oe boundary tehavas ag an

ideally polarizable interface, 12 fhe conditton in waich o iransfer iz
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LITE POSIVE OF MOTS
tiegative potentials the tranisfer of the ions of the base elacirolyies prevails.

i arder 10 muindmize the faradsis conirihyiion, 20 imeedance mzaturements
wers carried out within the stated poiential range

ftr the other hand, Fig. 52, shows the as 'z;s::ltamm-‘i:g:r.;:-ms s:af'- fhe in-
phiaze and quadraturs components at a frequancy of 35 Hz for the same 3ystem.

The in-phaze and quadrature componentz of the ac surrent were tecorded ag @

funstion of potential at o given (requency betwaen 35 and 100 Hz, They were
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i ac/)uA
60 ]

40 . 2

20

Fig. 5.1 = de (1) and ac (22 cyclic Uoltammoﬁgramrz for the
interface between 10mm Hacld<w)d and 10ma PHPOCCCO-DTR).
Sweep rate 25mu/s¢1) and 10mu/s(2) |, f=35Hz<(2>




nphase (1>7and “quadratore (2Y eohponents fofia
5 for the interface betuesen Tﬂﬂm hacl and 10mea

Fig. 5.2 .
impedence measurenents

) PHPOCCCG-BCBY.
Sweep rate 10nuss ,f=35Hz

s




et

{12). Besults were presented in the form of I versus " whose typical shape

is illustrated in 'figure 5.%. Such pints “were resolved fbt‘ the slectrical

aquivalent xcir-:.uit of Fig. 3.3, The pln:nt\ ifrdicate that the 1mpr=danc tPnd\ to

converge at a certam point nn the Z axis, mth an iﬂCt‘F‘ﬂ‘Se in frequency,
which ¢an be u2ed to obtain the small woncompansated 2olution rezisiance. In

other words, the result tends to a semi-cirele for the parallel EO cirenit as

gxpectad.
Figure 5.4 showe the plot of the inazvinary impedance 27 ¥z«  Trom
the slape of which the capacitance of the svaien: 10 mb LiCl in water and 10

M FHPDIC in o-dichlorobenzens waz obtainad (Tabkls I}, A similar analyeis of
the capacitance data for various supporting electrolvtes in the organic phase
iz zummarised in Tabis 11

A2 can be geen from Table 1T TRADCY =2pd TLHATPE show ths rame
potential of capacitancs minimums éz”"anbm wherea: the magniiudes of their

2 W

- . -, ‘ 71
potential of zero charge A7 4 Jiffer by 66 m¥. The Jifferance between ﬂ“"_uium
= H

0t

ur

and &% dy (A4" 43, for TDADCC iz relatively targe as compared to TDATPE.

However both electrolytes show large values of .és.-’_'-.""uip e e

D the other hand TFEATPE and THATCITFE have identical &% dg snd

1.|
/ lil values res

I‘.-‘

pactively, Thiz obserwation indicates that the <apacitanae
minima af the above two slectrolvte: correzgond o A qu = 0. The value of

:3-.&"'"6¢: for PNPBCC (-41 mV) is in sccordance to other results [4,58]. According

siz

to inege workers, A&7 b has a walue of abour 40 @V oaz obgerved for several
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Table 1.

walues

of the real

and {maginary ¢omeonents

af tha

maasurad

Potential
(m¥y)
-1
~41
-41
~41
-4

-1

impedatice at thiee polentials

(Hz

"

AE
4

e

)
b
[}

Trequency

;

aal Part
{ohm}

0.135657+07%

0.108206+03

0.70821a+02

Q.e37733+02

Hota2l5+02

0.55%0595+02

SRR )

ABTE06+02

0

0.373163+02

€ =0.648124-05F = 0.914139 - 05.Ffemé: - -

Ny
[

)

0.GL2576+02
0.731413+02
0.534957+02

0.496467+02

0 427R79+02

BRTIREE - 05 Fiom=

CIHAEINEYY 1

Baisti0s

{ahm}

0.430642+073

0.320042+03

0.712036+03

0.402791+073

0.357456+03

O.228524+073




TDADCL -3
PNPDCC £35
TDATPB -3
TPeATFE +24
THATCITPE +6

[
.
LA}
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=
il

Table II1. Values of the c¢apacitance minimum and potential of zero charge

for 10 ml PHEDCE {o0-DC0EY and 10 mM agqueous solutiat of variong

supporting electrolvies.

Aquecus phase “iwu‘ilm PR ﬁ""?ﬂxiug ;
LiF +411 +810 -4{1
Lif1 +383 +79 -41
LizSig
1'18..[;1
T +46 K
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obtained AL ”0

f values for TBADCE and TRATPE wav indicate the presefice of

speciti sorption. This rcont
point of the long chains of 1r ne alkwl zroupsz of the TDAY catiar.
Comparizon of the capacitance minima of the elacirolytes of Table 11

alsa shows that the TDA" cation*has the lowest value,(ﬂ.[}jl,;‘m:i{).

r ,,f - -
Table II] shows ths &"U!Il LA *1‘" LR ﬂlil and L value: for 10 mdl
FUPDLCL in o-dichlorobenzene and 10 wmM agqusons zolutions of  wvarious

supparting slectrolyies. In general the agqueouz base electrolyies have

('[l
\:-’J

'3 wr ., . P P

comparables & ﬁfbm and & R valn = &7 b values for LiE, LICT atid Liz&0g
are <loge 10 2ach other, imelving that the anionsg aof theze efectrolvies have o
effest in shifting the potential of the <apaciian<ss minimuo. Similar
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The AA grtr valuesg for the five agquenus electrolvies are very ¢lose to -
40 w¥ and the difference: tetwsen them are within ithe range of the
experimental srror. Thess results are in gond agraement with thé results
obiained ¢y other workers [4.58] The corresponding differential capasitancs

vs the potential difference plots are shown in Fig. 3.5.

= a2 & funation of
potential for five different elestrolvie concentrations. The potential of zero

charge &t minimum  capaciiance i3 independent of con<entralion  as

T [ oy L4
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Fig. 5.5 = Differntial capaéitance C ef the double layer at the
interface between 10mm Kel<¢1) Nacld(2> LiF<(3>,Licl(4>,5mM Li, s0, (5>
in water and 10mm PHPDCE in O-dichloarebenzene.
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ctential difference at minimum capaditance of the water/o-DCB

interface Vi.n the presehce of PNPDCE in 0-DCB and LiCl in water.

. - . L W . ] . - . " . -2
Concettration/mM &% fg ¢ oV &Y g Fm¥ AR TR o/ Fm
pre i

a0 +365 + 7 -4 a1t
15 +24 +59 -45 TR

5 + jl +E,§ - 1% |:l]:if!

Tabls ¥ ) a minimum of sad zyperimental walues
between LiCl {w)} and FNFDLC {0-DLCE;.

Concantration /il S0 20 15 10 5

Experimantad

Capacitance/Fm © 01z a1t IREE v B.05

Theoretical

CapacitancesIm - boic bods RN u e IRIF




ihal thezse potantials ars <on
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inversa capacitance of the diffuse double 1

the L theory for Licldw) and PHPUCCCO-GCBS
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