
I 

. \, 
! .', 

d1!:cALYfICAL APPLICATION OF ION TRANSFER ACROSS 
THE'MEMEMBRANE ST ABIUZED INTERFACE BETWEEN TWO IMMISCIBLE 

ELECTROL YTE SOLUTIONS IN A FLOW INJECTION SYSTEM 

A Thesis 

Presented to the 

School of Graduate Studies 

Addis Ababa University 

In Partial Fulfilment 

of the Requirements for the Degree 

of Master of Science in Chemistry 

by 

~ULAT ABEGAZ 
June 1990 

! 



Dedication 

TO MY MOTHER 

MINTWAB BELETE 



- iv -

AcknoHledgement 

I pay respect and express my indebtedness to my 

advisers Dr. B. Hundharomer and Dr. Theodros Solomon Hhose 

untiring guidance in every phase of the research made it 

possible to materialize this Hark. I Hould like to express 

my deep appreciation for their interest in my Hark and 

generollsly gave of their time, energy and valuable advice. 

I am also grateful to Dr. S. Wilke from G.D.R for 

providinJ'( me the sample loop. Hy thanks also go to Daniel 

ZeHge, sister Tabeyin Gedlu and sister Abebech Gedlu Hho 

helved me in collecting the blood serum samples and Yemane 

Asgedom ',ho vermitted me to use the flame analyzer for Nil. and 

K measurements. 

I ,wulc! like to express my deep gratitude 

Nekete, Tena).lne Bekele, Daniel T/Hariam, DaHit 

Hignote Kassa, Hashim Jemal and Genet Tesfaye who 

excellent typing; prin1;ing, part of the drawing, and 

to Yeshi 

Hengistu 

did an 

binding 

Jobs even outside their Hork time and their moral support and 

encouragement is also Valuable. 

The generosity, moral support and encouragement of 

colleagues and friends have been invaluable. Special tanks 

are due to Hr. DemissacheH Assefa, Hr. Bekele Bayissa, HiHot 

Gedlu, Dr. ~va Zena, staff members of the Ninistry of 

Industry and all Hho played a role in the realization of 

this \wrk. 

I would also like to acknowledge the Ministry of 

IndustrY, for ",iving me the opportunity to parl;icipate in 

the graduate programme and for various supports. 



- v -

TABLE OF CON'rENTS 

Acknowledgements 

'rable of contents 

List of tables 

List of figures 

Abstract 

1. 

2. 

Introduction 

Theory 

2.1 Analogy between ideally polarized ITIES 

and metallic electrode electrolyte solution 

interface 

2.2 Current flow across the interface 

2.3 Analytical application of ITIES 

2.S.1 Mechanically stabilized interface 

2.3.2 Constant diffusion layer thickness 

Page 

iv 

v 

vii 

ix 

xi. 

1 

8 

10 

11 

13 

15 

2.3.2.1 Calculation of the hydrodynamic 16 

boundary layer thickness 

2.3.2.2 Estimation of the diffusion 18 

layer thickness 

2.3.2.3 Derivation of the limiting 

current equations 

2.4 Facilitated ion transfer 

18 

19 

2.4.1 The need for facilitated ion transfer 19 

2.4.2 Mechanism 20 



3 . 

- vi 

Experimental 

3.1 Construction of the variable voltage source 

3.2 Construction of an amperometric detec.tor 

and the four electrode potentiostat with 

iR drop compensation 

3.3 The flow system and the sample loop. 

3.4 Wall .Jet electrochemical cell 

4. Result and Discussion 

4.1 General aspects 

4.1.1 The behaviour of the sUpporting 

electrolyte 

4.1.2 The effect of redistilled water on the 

resistance of the solution 

4.1.3 Dependence of peak c.urrent on the 

applied potentials 

4.2 Quantitative determination of anions 

4.3 Determination of cations by facilitated ion 

transfer with dibenzo-18-crown-6 

4.4 Application to artificial standard 

and blood serum samples 

L 5 Selectivity 

4.6 Precision 

4.7 Detection limit 

5. Conclusion 

6. Heferences 

22 

22 

27 

29 

31 

38 

38 

38 

40 

45 

49 

51 

58 

69 

74 

79 

81 

82 



- vii -

List of Tables 

Table 

1. The voltage reading for each turn of the 

potentiometer of the variable voltage source 

2. Cost break down of the instrument 

3. Dependence of peak current(ipl on the applied 

potential and on concentration of C]O 
4, 

4 • Dependence of peak current I ip I on the applied 

potent.ial and on concentration of NO 
9 

5. Dependence of peak current I ip I on the applied 

potential and on concentration of 01 

6a. Dependence of peak current ( ip I on the applied 

potential and concent,ration of 
t. 

the absence on K ln 

of DB-18-C-6 

6b. Dependence of peak current ( II' I on the applied 

potential and on concentration of • K in the 

presence of neutral carrier. 

7. Dependence of peak current lipl on the applied 

potential and on concentration of Nat in the 

presence of DB-18-G-6 

8. Values of standard Galvani potential difference 

9 • Peak current of t·he voltammetric sensor and 

absorbance of the flame analyzer for artificial 

and blood serum samples 
+ + 

10. Determined values of K and Na from artificial 

Pa!1e 

25 

33 

47 

48 

48 

53 

54 

55 

58 

63 

samples in voltammetric sensor and flame analyzer 64 



- vii~ -

+ + 
11a.Determined values of K and Na in blood serum 

samples aft,er 1: 50 dilution in vol tammetric 

sensor and flame analyzer 65 
. + + 

llb. DetermIned values of K and Na in artificial Bnd 

blood serum samples usin~ voltammetric sensor and 

flame analyzer "hen the result shoIVn in table 11a 

66 

12. 70 

13. 71 

14. 72 

15. The peak currents (it.') obta ined for 5 standard 

sample of CIO and 13 measurements of each samples 76 
4 



- ix -

List of Figures 

Figure 

1. An ideally polarized int.erface bet.11een t,IW 

immiscible electrolyte solution 

2 Charging of interface by external source 

3. An interface between two immiscible electrolyte 

4 . 

5. 

6. 

solutions under flow of current 

CharRe transfer across interface 

(Hock diagram of the flol, inJection system 

IvalI .i et oe 11 

7. Diagram of the electronic circuit of the 

variable voltage source(-2 V to + 2 VI 

8. The layout of the variable Vol t.a .• e source 

(-2 V to + 2 Y) 

9. Uiagram of the electronic circuit of an 

amperometric detector and the four electrode 

potentiostat 11ith iR drop compensation 

10. The layout of an amperometric detector and the four 

10 

11 

12 

14 

23 

23 

24 

26 

28 

electrode potentiostat with iR drop compensation 30 

11. The picture of the instrument 37 

12. Dependence of the out put current on the applied 

potential difference for the supporting electrolytes 39 

13. 

14 • 

Detector response to an injected sample of 

Detector response to an injected sample of 

the presence of DB-18-0-6 (the supporting 

CIO 
4 

+ 
Na in 

electl'olyt,es are' 10 mH NI(SO in the aqueous phase . ,i 

and 10 mN CY'rPB in the or«anic phase I 

41 

41 



15. 

- x -

+ 
Detector response to an injected sBmple of Na in 

the presence of D8-18-0-6 (the supportin~ 

electrolytes a~'e 10 mN OVTPlJ in the organic phase 

and 100 mN ~lgSO in the aqueous phase) 
- 4 

16. Dependence of the peak height on the applied 

potential difference for an injected diatiled 

\,'al~er (the supporting electrolytes are : 10 mM 

NgSO in the aqueous phase and 10 mM eVTPB in the 
~ 

41 

organic phase 42 

17. Dependence of the peak hei!.!ht on the applied 

potential difference for 0.1 mM 010 and 0.1 mM NO 46 
4 9 

18. Dependence of the peak heil(ht on concentra1~ion of 

CIO and NO 
4 9 

19. Dibenzo-18-crown-6 

20. Dependence of the peak height on the applied 

pot.ential difference for 0.1 roM K+ in the absence 

of DB-18-C-6 

21. Dependence of the peak height on the applied 

potential d t fference for 0.1 mM K+ and for 0.1 mH 
+ 

Na in the presence of DB-18-C-6 

22. Dependence of peak heilOiht on the concentration of K+ 

in the presence of D8-18-C-6. 

23. Calibration IOiraph for absorbance and peak current 
+ 1-

versus standard sample of K and Na in the presence 

of 08-18-C-6 

24. The peak currents for 5 standard samples of C10 
4 

and 1:3 measured peak currents of each samples 

26. Gradllsted wall .iet cell 

46. Dependence of the peak height on the concentrations 

50 

51 

52 

52 

57 

63 

76 

79 

of CI0 In the sample injected at low concentrations 81 

" 



- xi. -

Abstract 

Usin~ the voltammetric senor ',hich is constracted in 

our laboratory and the membrane stabilized interface between 

two immiscible electrolyte solution in a flow injection 
- -system the transfer of anions (CIO ,NO & 01 land catiol's 
4 '3 

+ + 
(i( Na lfrom the aqueous to the organic phase have been 

investiJ'(ated.ln order to determine the Horking potential 

region of the system the behaviour of the potential-current 

dependence of the support inA electrolytes Here studied. The 

iR drop resulting fron the dilution effect of tl,e distilled 

Ivate'!, at the interface has been investigated and it Has 

compensated by increasing 1;he concentration of the 

supporting electrolyte in t,he aqueous phase . Dependence of 

the peak current on the applied 

concentration of various ions (ClO , 
4 

been investigat,ed. The det,ermination 

potentials 
_. + + 

NO , K & Na 
3 

of K+ and Na+ 

in the presence of dibenzo-18-croHn-6 in the 

and on 

have 

Has made 

organic 
+ 

phase. The method "as applyed to t),e determination of Na and 
+ 

K in blood serum samples Hnd the values obtained \Vere in 

good agreement Iii th the values obtained by flame photometric 

method. The selectivity of the method Has also studied and 

lias found to be potential dependent and governed bv the 

partial sensitivity of the individual ion. A method has also 

been proposed for the deternd ngtion of a particu} ar ion in 

the presence of another ion. The detection 1 imi t of the 

detector has heen determined to be about 0.25 iJH for 

perchlorate ion. Thus the method is rapid, precise, 

sensitive for the determination of some anions and cations. 
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1.INTRODUCTION 

The first review on electrolysis at the interface of 

two immiscible electrolyte solutions (ITIES) was made by 

Koryta (1) in 1979, and since then there has been a rapid 

growth of research activities in both the experimental as 

well as the -theoretical aspect of ITIES (2). The range of 

applications has also broadened. 

Ion transfer across an interface between two electrolyte 

solution was first studied by Nernst and Hiesenfeld as early 

as in 1902 and Guasta11a (3) in 1956.Gausta1la and Gavach 

141 then pioneered, in 1968, the use of electrochemical 

methodology to show that the water-nitrobenzene interface 

could be polarized. This problem was also studied by Blank 

(5) and Joos (6,7) who used on~y one electrolyte and 

attempted to elucidate the polarization 

different numbers of ions transferred in 

phase (6). The basic properties of the system 

phenomena by 

the aqueous 

( ITIES ) \qere 

widely investigated in 1977 by Koryta, Vanysek and Brezina 

(8). In their theoretical discussions the conditions where 

an interface between two immiscible electrolyte 

solution behaves as an ideal polarized 

electrode were discussed.The basic 

current-potential dependence at the 

and non-polarizable 

equations for the 

interface have been 

deduced for the case of ion as well as electron transfer. 

These have been further investigated by various groups 

working in this field, the results of which have been 

summarized in a number of review articles 11,2,9-I7}. 

,I 



Ion transfer across the interface of two immiscible 

electrolyte solutions has beell investigated by several 

electrochemical techniques such as chronopotentiometry 

(18-21), cyclic vol tammetry and polarography (22-29). 

The basic quantity characterizing the equilibria at 

ITIES is the standard Gibbs energy of partition of 

individual ions between water to organic solvents. The 

value of these quantities Can be obtained using various 

extra thermodynamical assumptions. The most frequently us 

is the tetraphenyl arsonium-tetraphenyl borate (TPAsTPB) 

assumption of Parker (30) and Popovych (31), which 

assumes that the standard Gibbs energies of partition of 

tetraphenyl arsonium cation and tetra phenyl borate anion 

between any pair of solvents are equal. With this 

assumptioll a scale of standard partition Gibbs energies can 

be calcula',ed for any pair of solvents (28,32-34). A 

summary of standard Gibbs partition energies and 

standard Galvanic potential difference is given by Koryta 

(8,9) for various cations and anions in water/nitrobenzene, 

water/l,2 dichloroethane and water/l,l dichloroethane system 

and by Vanysek (35) 

potential difference, 

in .various sol vent.s. The Galvanic 

its components, as well as 

relationship and the di fferellce betlveell the Nernst and 

Donllan equilibria have been discussed by Koczorowski 

(36) for the case of an interface separatillg 

the 

two 

immiscible electrolyte solutions. Girault and Schiffrin 

(37) have proposed a new approach for the setting of 

Galvanic potential scales and ionic Gibbs energies of 

partition between liquid-phases. Their suggestion was based 
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that the Galvanic potential 

difference at the potential of zero char.e is zero. 

The water-nitrobenzene interface has been employed as 

the main model system in the voltammetric studies of ion 

transfer made hltherto(38) This is because of the high 

relative dielectric constant and density value of the 

solvent, conductIvity of its electrolyte solutions and its 

low solubility in water. However, studies have also been 

made on the interfaces for example, with 

water-l,2-dichloroethane (34,38-40), water-acetophenone(41), 

water-o-nitrophenyloctyl ether(42), water chloroform(11,4!), 

water-dichloromethane ( 32 ) and water-organic solvent 

mixtures (44,46).The mixture of solvents, studied were 

nitrobenzene + chlorobenzene (41) , nitrobenzene + 

benzonl.triJe and nitrobenzene + benzene (45). The choice of 

the ol'ganic sol vent is based on various factors, among IYhich 

are soJuhility of the solvent with water, ion pairing and 

solvation of ions in the solvent, its influence on the rate 

of chemical reaction and dielectric constant values of the 

solvent. 

The" potential windo,~", i. e the potential range where 

t.he ion t.l'ansfer of individual ions can be investi"lated 

lYithout interference of the transfer of the ions of the base 

electrolyte, depends on the hydrophilicity of the ions in 
'. 

the aqlleous base electrolyte and on the hydrophobicity of 

the ions of the base electrolyte in the organic phase (9) 

.The use of tetra butail ammonium tetra phenyl borate 

(TBA.TPBI as a supportinA electrolyte in the organic phase 

limits the applicable potential ranl1e of voltammetric 

studies by t.he transfer of tetra butail ammonium ITBA+) in 



- 4 -

the negative potential direction and by the transfer of 

(tetra phenyl borate) TPB to the positive potential side. 

Thus, transfer only of Ions with Gibbs energies of transfer 

between those of TBA" and TPB-can be investigated/ In order 

to extend the potential window towards negative potentials 

tetraphenyl arsonium and crystal violet cations have been 

used(S). The system with which extremely negative potentials 

can be reached contains NaF in the aqueous phase and 

crystal violet tn nitrobenzene (28). Further positive 

potentials can also bo obtained by using lithium salts in 

the aqueous phase and dicarbonYl cobaltate anion in 

nitrobenzene. 

The number of ionic species I"hich can be 

transferred across the water-nonaqueous solvent interface has 

so far beell limited by the rather narrow range of accessible 

potential differences between these two phases(2). However, 

the facilitated transfer of ions like alkali{46,47), and 
+ + 

alkaline earth metals(47), Na (21,49-52), K (1,18,52-54), 
+2 

Ca ( 55 ), H + (47,4 S , 52 ), L i" (52, 56) and Cd +2 ( 56 ) can be 

made possible in the presence of neutral carriers or 

ionophores which can form relatively stable complex \"ith a 

metal ion in the non - aqueous phase. These macrocyclic 

compounds are uncharged and contain a cavity in which a 

cation can be embedded. The most known compounds among these 

are crown ethers l'lhich are cyclic polyether compounds with 

oxyethylene groups CH -CH -0 z Z 
( 57 ) . In 1967, Pederson 

published his first paper (57) dealinG with cyclic polyether 

compounds. This was fol.lowed by other reports [58) dealing 

with crystalline salt complexes ( Na, K, NH , Rb, Cs and Ba 
____ ~~4c 
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salts) and some new crown ethers (59). Pedersen synthesized 

some 60 crown ethers (60) which contain from 3 to 10 oxygens 

in the rin1<. 

The most important application of electrolysis at ITIES 

has been the determination of standard Gibbs energy of 

transfer and stability constant of ionophore complexes (9). 

However, electrolysis at ITIES was applied to the 

elucidation of the response of ion selective electrodes 

(57,61-65), the estimation of the rate of the interfacial 

step of salt extraction(2) and the direct determination of 

ions{66-69). 

The problems connected with the analytical application 

of the interface between two immiscible electrolyte 

solutions as a voltammetric sensor al'e related to the 

meGhanical instability of the liquid/liguid interface and 

keeping the thickness of the diffusion layer constant (69). 

Osakai €. t a~ (69) as I"ell as Harecek and his c.o-workers ( 70) 

solidified the organic phases as PVC-gels, Hundhammer et at 

(69,70) stabilized the liquid/liquid interfaces by inserting 

a porous membl'ane betl"een the two 1 iquid phases. The 

interface is then formed by interfacial tension at the pores 

of the membrane. 

The thickness of the diffusion layer can be kept at a 

constant value by using a wall jet arrangement of the 

in a flow system(?l). The wall jet electrode was 

introduced by Glaurt(?2) to describe the flow due to 

sensor 

first 

a jet 
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of fluid which spreads out over a plane stlrface, the fluid 

outside the ,jet being at rest. Wall jet electrode offers 

high sensitivlty and low solution hold up, and thus appears 

suited for continuous electrochemical measurement in a 

flowing solution (71). Theoretical explanations, 

experimental results and the equations for the hydrodynamic 

boundary layer thickness, the diffusion layer thickness, the 

limiting current and other parameters have been described 

and evaluated (71-81), for vRrious solid electrode 

geometries and ,,,all jet cell arrangement. In some ree·ent 

,york solid IVall jet electrodes have been applied for 

amperometric detection in high performance liquid 

chromatography (HPLC) (78- 81) and in flow injection system 

(FIS) (82-84). The application of the wall jet cell to 

HPLC detector was first reported by Fleet and Little (76) 

and this technique has been used for the determination of 

phenols(78). Studies on the dependence of flow rate and 

column parameter of the amperometric detector response 

in HPLG, with electrochemical detection have been described 

(81). FIA technique was first reported by Ruzicka and 

Hansen(85) in 1975 and this method has been used for the 

determination of food colouring matters (83), for the 

determination of diffusion coefficiellts (84) in a IVai 1 jet 

at'rangement of the cell by using amperometric detector. 

Hundhammer et 01(69) and Marecek et at (68) have used 

the membrane stabilized ITIES and the solidified organic 

phase gel 

detHrmination, 

system. 

electrode, respectively, 

by using a wall jet cell 

for 

in flo", 

analytical 

injection 
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The present work deals with the determination of 

anions (ClO-& NO-
4 3 

+ + )and cations (K & Na ) across the membrane 

stabilized ITIES. Specifically sodium and potassium are 

determined in clinical samples and in water and the results 

obtained with this method are compared with photometric 

method. The selectivity as well as the behaviour and the 

detection limit of the voltammetric sensor are investigated. 
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2. 'rheory 

The Interface between immiscible electrolyte 

solution (ITIES), for example bett<een water (W) and an 

organic liquid (0) has several basic features analogous to 

the metallic electrode/electrolyte solution interface 

(1,8,&21). Between the liquid phases there is an electric 

potential difference. If both phases contain a common 

unl-univalent electrolyte B A then at equilibrium between 
1 1 

two phases the electrochemical potential is given by 

p (w) = IJ. (0) 
l l 

<) 

11 (~{ I + RT In Q (w) + ZF1' (\? ) 
l l 

= 1/ (0) + RT 1" <l. (0 I + ZF'P (0 ) 
t t 

o 0 
IJ. (WI - H. (0) 

t '. + 
ZF 

_flO GO 
w t l' , t 

= + 
ZF 

llO ° RT 
= + w'P. ZF 

RT 

ZF 

R1' 

ZF 

In 

In 
(j. (w) , 

Q (0) 
t 

<J.. (w) 
t 

In 
0., «(I) 

" 

c<. (w ) 
t 

a. (0 ) 
t 

where the 'P!s are inner electrical potentials 
,t t ' 

chemical potential and Q. s activities of the 
'. 

1 

2 

3 

4 

5 

o 
,11. s standard 

t 

ion ~ or 

A ) in each phase. 
1 

The 'quanti ty /:,.0 G . 
\-.' tr,l" 

is the standard 



- 9 -

Gibbs energy of transfer from the organic to the aqueous 

phase for the ion L. If equation (5) is summed up for the 
+ 

cation IB ) and anion (A ) as shown below, one can get a 
1 1 

further expression for inner electric potentials given by 

equation IS} 

"'B + (w ) 
nO 1:;0 RT 

in 
i rp := .f't + ,--

W ZF " + (0 I 
B B 

1 1 

'" - (w) A 

!J.
0 ACI 0 RT 

in 
1 

<P := ~) -
W Ii A ZF u - (0 ) 

1 A 
i 

summing of equation ( 6 ) and ( 7 ) 

0 CI " 2 t;, rp = n <p " 
W W B 

1 

but " t 
(W I B = i 

and ", t " B (O) := 
1 

Therefore 

+ L
O 

" Il) A + 

"- -
A 

1 

A (0) 
1 

i 

(W) 

+ !J.
0 

W 

2 

RT 
ZF 

" 'P -
(>, 

1 

In 

0, + a-
B (,;) A (0) 
1 i 

a..j. a-
(W) B (0) A 

i· 1. 

6 

7 

8 

The above equation was first calculated by Karpfen and 

Randles IS6) in 1953. 
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-2.1. Analogy between ideally polarized ITIES and metallic 

electrode - electrolyte solution interface. 

Let us consider a very hydrophilic salt (A B I which is 
1 :1 

practically confined only to the aqueous phase (W) and a 

ven' hydrophobic salt I A2 137.) present in the organic phase 

(0) Pig 1. 

Ii \ 
A B j 

;l 1 

o 

: A II 
:- 2 2 

Fil': 1 An ideaJ.ly polarized interface of two electrolyte 

solution 

If a charge is i.ntroduced to one of the phases from an 

external source land. simultaneously, a charge of oppoaite 

sign to the other phase Fig 2) then there exists a potentia.l 

range (.a potential window) where l'l'IES behaves like 

an ideally polarized electrode and the injected charge is 

used only for double layer charging (1.8.21). The 

equ; libdJI of the exchan.ge reaction. ~iven by 
- - - -

" {\-T I + A (0 I " A ((l ) + A (,,. I 
1 2 j 2 

9 

+ + + + 
B (,,) + B (0 ) :: R (W) + B (0 I 
~ 2 1. 2 

Are stroll"ly 8hift.ed to the left-hand side and the standard 

Gibbs energies of tranRfer of ionic components of' the 

system 

b?(t + 
W ir,B 

i 

i8 given by t.he 

+ /:"°G" 
w tr,A 

1 

following relationship. 

» 0 

« 0 10 

The above equations ( !ll and ( 10) indicate that the 



'<·-,'1 ,. -

\ 

(.j\ r,~\ ('t) (if\ ff' 
'@'-(!j)~{i:000T::f-- lotenilC" 

O"gJnic phase(~) 
'-".-"-~ r-- .'.----'':~.~~ 

Electi'Glyte SCdlltion(ES) 
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equilibrium distribution of both electrolytes between the 

solvents Wand 0 is such that the electrolyte A B is present 
1 1 

almost completely in the solvent W while A B is present 
2 2 

almost completely in the solvent O. Under these conditions 

the determination of the potential difference by the 

activities of the ions present in the system would be 

difficult since 0.- (0)",- (w),,,-+ (o)ando.+ (w) 
A A B B 

i 2 1 2 

are very small. 
a 

Then 1:. <p. is determined by the charge 
~, L 

in the double layer, I~hich can be changed by charging the 

phases from an external source. This is the condition 

where the ITIES Iwuld be analogous to an ideally polar i!led 

electrode (Fig 2). For the case of a metallic electrode/ 

electrolyte solution interface the charge supplied to 

or removed from the metallic side arc electrons, while in 

the case of an interface of two immiscible electrolyte only 

ion transport to and from the interface takes place. 

2.2. Current flow across the interface 

Let us consider another situation when s<1mi-hydrophobic 

ions (B+ or A ) are introduced in the previous system (Fig 3) 
3 3 

Iv 0 
+ + 

B B 
3 9 

A B A B 
1 i 2 2 

Fig.3 An interface of two immiscible electrolyte solutions 

under flow of current 
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at a 10\'1 concentrat.ion. The electrolytes AtB
t 
and AzBzare in 

excess over the semihydrophobic ions and functiol' as base 

electrolytes. If a potential difference (AV) in excess of 

n V "b.<p + K 
eq 

11 

the equilibrium potential difference A<p is imposed on the 
eq 

system from an external source, the charge introduced is 
+ 

used partly for the transfer of B across the interface and 
3 

partly for charging the double layer (Fig 4). The constant 

term K in the above equation depends only on the composition 

of the solution of base electrolytes in IV and 0, on liquid 

junction potentials and on the reference electrodes but is 

independent of the nature of the The Faradaic 

current flow across the ITIES is due to a simple charge 

transfer, which is just analogous to an oxidation reduotion 

reaction at a metallic ele~trode/electrolyte solution 

interface (Fig 4). The figures 1--4 are drawn based on Ref.1. 

2.3. Analytical application of ITIES 

2.3.1 Mechanically stabilized interface 

The metal electrode/electrolyte solution interface has 

been <;idely used in analytical investigation. However, 

there are some problems in using the interface between two 

immiscible electrolyte solutions as a voltammetric sensor in 

analytical applications, alUong ~lhich the mechanical 

inst.ability of the interface is the most important one (69). 

This problem can be overcome by solidifying the organic 

phases as PVC gels (68) or by inserting a porous membrane 

between the two liquid phases (69,70) 



• .-

-, 

• 
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2.3.2 Constant diffusion layer thickness 

The thickness of the diffusion laYer can be kept 

constant by using a wall jet arrBngemellt of the sensor in a 

flow stream system (71, 73). Wall jet electrode was first 

introduced by GlaureL (72) to describe the flow due to a jet 

of fluid Ivhich spreads out over a plane surface, the fluid 

out side the jet being at rest. The wall jet may be used as 

a useful tool in hydrodynamic voltammetry, by allowing a jet 

of solution issued from a circular nozzle to impinge 

normally on B disk electrode (indicator eJectrode) and 

setting a counter electrode at an appropriate position 

remote from the wall jet. Such an electrode arrangement is 

a wall jet electrode (711. 

The linll tin« current attained in hydro--dynami c 

voltammetry, in which a sample solution is presented 

continuously to a stationary electrode arises from the 

establishment of B steady state, constant diffusion layer 

thickuess maintained by the flol-l of the solution. The 

magnitude of this current is determined in part, by the 

geometric factors governing the cell and electrode and by 

the hydro-dynamic parameters of the flOlv. Explicit 

expressions have been derived and verified experimentally in 

a number of well defined instances (871. Yamada and Matsuda 

(711 described the limiting diffusion current in terms of 

the hydrodynamic parameters of the flowing solution by the 

equation 

o. 2/'3 k·5/12 \ 3/4 -1/2 3/4 
l - 1 .. 38nFc D "J '" R 

1. 
12 

This equation defined the performance of the lVall ,jet 
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electrode in terms of the volume flow rate (VI diameter of 

the nozzle (a) and radius of the electrode (RI, and 

kinematic viscosity (v). The same equation was also derived 

by Gunasin\\hulll and Fleet (78) based on calculation of the 

hydrodynamic boundary layer-thickness. Equations that 

relate the diffusion layer characteristics to hydrodynamic 

parameters are centred on solving the three dimensional 

equation describing convention diffusion (38' 

Ge 

at 
+ 

,,2 
<J C 

2 ay 
+ a ~J ) _ (v x ae + v y ae + v z ae) 
ai ax ay az 

13 

This equation takes into account the hydrodynamic 

characteristics of the flowing solution, arising from 

diffusive mass transfer and from mass transfer due to 

convective processes. 

2.3.2.1 Calculation of the hydrodynamic boundary layer 

thickness (ObI) 

When a fluid flows over a surface, a very thin layer is 

formed adjacent to the surface in which the velocity 

gradient normal to the surface is very large. 

layer is termed the hydrodynamic boundary layer. 

This thtr, 

In this 

layer the major part of the radial velocity profile is 

found. Aceording to Glaurt, the radial velocity component 

(UI is given by the expressioll. 

:1/?' 
f'I))) 

U ( 15M_) - 14 
3 

lUX 

1/4 

"here ( 
1~5M 

"f) " ----- y 
3 5 

15 

32'U X 
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anci X slld Y denote distance Ulollg, and normal to, the disk 

\~all X beinOl measured from the centre of the disk, 'J is the 

kinematic viscosity and M is the flux of exterior momentum 

flux, Hhlch is const.ant and can be estimat.ed b~' the equation 

( 16) 

M = 1/2 (typical velocity) (volume floH/radian) 16 

D is the radial velocity function which is constant. t.hrough 

the whole wall jet and f is the function of dist.ance from 

t.he disk surface. If the typical velocity is assumed to be 

proportional to the mean velocity in a circular nozzle 

M " 1/2K (~)( 
i 2 

rI<1 2r1 

K 
;( 

3 
2f{ 

17 
0) 

) (V ) 
2 

Hhere K is proportionality fact.or, V the volume flow 
1 

rate of the solution issued from the circular nozzle. 

Inspection of the radial velocity profil~ plotted by using 

equations defined by Glaurt shows that near the end of 

the profile D = O. This point approximately defines the 

limit of the boundal'y layer. Substitut.ing equation (17) in 

(15) for n = 6 und simplifying the resulting equation for y 

(6 ) one can obtain the equation describing the boundary 
bl 

layer thickness 

parameters. 

c5 
bl 

3./4 1/2 
::KIT 0; 

1 

( c5 ) 
be in terms of various hydrodynamic 

18 
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2.3.2.2 Estimation of the diffusion-layer thickness (6
d 

) 
I, 

For a solution floHing over a body (indicator 

electrode), there is a region in the immediate vicinity of 

the surface, Hhere a rapidly changing concentration profile 

is found,. This region is termed the diffusion layer. 

According to Levich (78) the thickness of the diffusion 

layer for floH past a flat plate is given by 

(; 
cll 

)) 
(-.. _-) 

0, 
" 

1/3 

<5 
bl 19 

The diffusion layer thickness of the Hall jet is then given 

by 

- k z 
o 

(---) 
'V 

us 
6 • bl 

and substituting 0
bl 

from equation (16) 

£_. j( 1 9/4 1/9 
o = <IT D 
~ dL i 2 

1/2 
« 

~/12 
V 

f.i/4 -9/4-
X V 

2.3.2.3 Derivation of the limiting current equations 

20 

21 

From Ficks first laH (89) the current due to diffusion-

controlled electrolysii is given by 

nFAD 22 

y " 0 

where A " area of the electrode 

y = perpendicular distance to the electrode surface. 
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The above equation may be simplified to give 

L :: 
l 

nFADe 
r5 

dt 

, Z/3 -1/2 -!5/12 9/4 3/4 
~ K nFD c (j, 'l) x V 

1/4 
T1 

K K 
! 2 

23 

24 

The value of K was determined experimentally by Gunasinghum 

and Fleet to be 1.38. Substituting this for K' in eq (24) 

1 38 
2/3 -1/2 -5/12 3/4 V 3/4 12 

it = • nD G" 'J )( 

Based on the above relations (equation 12) solid wall 

jet electrodes have been applied for amperometric detec'tor 

in liquid chromatography and in flow injection analysis (43) 

for application which require continuous or au'tomated 

moni'toring. Ilundhammer et aL(60) and Harecek and his 

co-workers (68) have used the membrane stabilized ITIES and 

the solidified organic phase gel electrodes, respectively 

for analytical determination by using the same relation 

giVen in equation(10). 

2.4. Facilitated ion transfer 

2.4.1 The need for facilitated ion transfer 

The narrow range of accessible potential differences 

(potential window) between the two phases is another problem 

which can limit the number of ionic species transferred 

ariross the interface. However, the transfer of some ions 

like alkali and alkaline earth elements can be facilitaLed 
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by the presence of ionophores (neutral carries) in the 

orManic phase.The principle of ionophore-facilitated ion 

transfer was first described by Koryta (1). An ionophore is 

a strul.gly hydrophobic particle which possesses acceptor 

properties for ions or ,~hich is a complex former or a proton 

acceptor. The 1000phore-ion associate must be also 

hydrophobic.The investigation of ionophore-facilitated ion 

transfer can be carried out in two ways. In the first case 

the concentration of the metal cRtion in the aqueous phase 

is considerably higher than that of the ligand in the 

nitrobenzene phase. Under these conditions, the peak or 

limiting current is proportional to U,e ligand concentration 

in the nitro-benzene phase. In the second case the 

concentration of ligand in the organic phase is considerably 

higher than that of the metal cation ill the aqueous phase. 

Under these conditions the peak or limiting current is 

proportional to the metal cation concentration in the 

aqueous phase. 

2.4.2 Mechanism 

The \~ay in which the strong hydrophobic ionophore L 

mediates the translocation of the metal cation M from the 

aqueous (\~) to org~I1ic (0) phase can be described as the 

formation of the complex between N+ and L (47) 

N+(W) + L(O) '" ML+(O) 

the steps which may be involved are the partition reaction 

M+(W) '" ~t(n) 

followed by the formation or dissociation of the complex in 

the bulk of the organic phase. i.8. 
• + 

H (0) .. L ( 0) " ~IL (0) 
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In egullibrium we have 

or in 

RT 
t 

ZF 

+ 
[M (o)J 

In ------
+ . 

[M (w)] 

terms of the stability constant K where:
HL 

+ . r ML (0) j 
KN1 = - + 

[N (0)[1(0)] 

RT 
+ --- In 

ZF' ;. - . 
[ 1.1 0 )] KM1 [N (W)] 

25 
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3. Experimental 

Figure 5 shows the scheme of the experimental set up 

used as a flow injection system. The wall-jet electro

chemical cell employed is shown in Fig 6. 

The variable voltage source, an amperometric detector 

and tI,e four electrode potentiostat with iR drop 

compensation wel'e constructed in the laboratory and all of 

them were tested employing an electrical equivalent of ITIES 

(Dummy cell) before, using thelrr in the flow system at ITIES. 

3.1. Construction of the variable voltage source:-

The variable voltage source ,~as constructed by using 

Zener diodes as a voltage stabilizer (90). This source was 

constructed (Fig 7) to give a variable voltage ranging from 

+2V to -2V and the required voltage could be adjusted by the 

he 1" of a polarity SNitch and a 50k ohms multiturn 

potentiometer. Each turn of the 10 turn potentiometer was 

calibrated using a digital multimeter (Tektronix Model 

DM501) and the results are indicated in table 1. The lay 

out of the variable voltage source is shoNn in Fig 8. 
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Table 1. The volatage obtained for each term of the 

potentiometer. The readings were taken from a 

digital multimeter. 

No.of 

turns 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

postive negative 

polarity (V) polarity(V) 

0.032 0.026 

0.230 0.224 

0.427 0.422 

0.624 0.619 

0.821 0.817 

1.018 1. 044 

1. 216 1.213 

1. 414 J.'111 

1.611 1.608 

1.808 1. 806 

2.004 2.003 

The mean voltage difference between two consecutive terms 

is 0.1972 for postive polarity and 0.1977 for negative 

polarity and the standard deviation is O.7071mV for postive 

polarty and 0.6749mV for negative polarity 
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Fin·a. The \;;y out of thf' vnri.)blc volt8\,W SOUl'ce (-2V to + 2V) 
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3.2. Construction of the amperometric detector and the 

four electrode potentiostat with iR drop Compensation. 

A potentiostat is an important device which 

automatically maintains the working electrode potential at a 

chosen (programmed) value irrespective of the current 

passing through the electrolytic vesseI(91). The 

potentiostat used for the experiment was constructed by 

using the electronic circuit diagram (,16) shown in Fig 9. 

The potentiostat is represented by the operational 

amplifiers Oil 1-3. I{hen the voltage from the variable 

voltage source is applied to the summing input of the 

potentiost.at, the same volt.age of the opposite sign appears 

at the contact to the reference electrode REIW) Khile the 

contact to the reference electrode REIO) is all,aye held at 

virtual ground. Because each reference electrode is 

connected to the high impedance input of the operational 

amplifier (OA2 or OA 3) only a negligible current can flow 

through each of them. The current flowing through the 

interface is supplied by the outputs of the operational 

amplifiers OA1 and OA3 by means of the counter electrodes 

CE(ln and CE(lI') and CE(O). Its value can be measured £tS the 

floating \'01 tage drop across -the resistor R . The variable 

resistor R can have a value of 1 K, 10 H, 100 K or 1000 K 

Ohms and these are connected by the help of a switch, so 

that a shift from a lower voltage to higher vollage or 

vice-versa would be possible.For our experiment 10 K ohm 
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resister was used for all measurements. The combination of 

the operational amplifiers OA 4-6 h'ere used to COllvert the 

floating voltage drop into a voltage versus groul0. The 

out put of the operational amplifier OA6 was connected to 

tile input of a Yt recorder (Pedersen Dlodel 27MR) to record 

the output vol tage against time, or to a digital pH meter 

(Philips PW 9409) to record the voltage. This voltage is 

proportional to the current flowing throllgh the interface. 

By the help of a positive feedback a part of this voltage is 

fed back to the potentiostat, which can be adjusted by the 

help of a 10 K ohms multiturn potentiometer. This voltage 

is exactly equivalent to the iR voltage drop resulting from 

the resistance of the solution. The iR drop compensation 

Has set to the nearest point before oscillation. ~'he layollt 

of the amperometric detector and the four electrode 

potentiostat Hith iR drop compensation is shoHn in Fig 10. 

3.3. The floH system and the sample loop 

The flow system Has realized by utilizing a gravity 

flow. A container filled Hith a carrier solution 

(supporting electrolyte of the aqueous phase) was positioned 

at the required heig/lt and the soilltion was made to pass 

through the tubing to the sample loop. A 2.5 met~r stand 

was made to adjust the required height. Using this 

adjustment a floH rate ranging from 2-5 mil/min can be 
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obtained. For our experiment a flow rate of 3.2 ml/min was 

used for all measurements. A sample loop which can injeet 25 

I" 1 sample sol ulion to the carrier stream was made by S. 

Wilke and his generous gift is gratefully acknowledged. In 

order to see the relative position of the jet of solution La 

the interface and how this solutjon impinge on the surface 

of ITIES, a jet of coloured solution la solution of 

potassium permanganatel was injected to a 

colourless carrier solution. 

3.4. Wall jet electrochemical cell 

stream of 

The wall jet electrochemical cell arrangement is shown 

in Fig 6. Two auxiliary electrodes (one platinum wire for 

the organic phase and the other one a stainless steel needle 

which was also the jet inlet in the aqueous phase) served as 

source and drain of current while the potential difference 

across the interface \,as controlled by means of b,o 

reference electrodes. The reference electrode in the 

aqueous phase was Ag/AgcI/Kel sat'd whereas a silver wire 

electrode was used jn the organic phase. The tip of this 

reference electrode was placed near to the interface. 

A hydrophilic acetyl celllliose membrane (PT325) having 

a thickness of 45 pm was used to stabilize the water 

/nitrobenzene interface. A disk of this membrane, 1.5 cm in 



- 32 -

diameter was fit onto a glass tube (inner diameter 0.6 cm) 

by the help of a plastic O-ring.The glass tube was filled 

ldth 10 mN solution of CY-TPB in nitrobenzene lvhich IvaS used 

as a supporting electrolyte in the organic phase. The 

support.ing electrolyte in the aqueous phase was 100 mN 

solution of H<{S04' 

In order to compare the results obtained by the 

voltammetric censor with the flame photometric method a 

Gallenkamp Flame Analyser FGA-330 lvas used for the 

determination of Na and K in blood serum samples. 

The chemicals were of analytical grade and were used 

without further purifications. The CY-TPB was prepared by 

mixing equimolar amounts of eYCl and NaTPB, both dissolved 

in met.hano] and t.he resulting mixt.ure was diluted with 

distHed lvater. The precipitate of' GY-TPB was filtered off 

and washed with dist.iled water until a test for chloride in 

t.he filtrate l'laS negative. 

Stock solutions were prepared at a concentration of 0.1 

H for all the studied electrolytes, and were diluted with 

redistilled water as necessary. The measurements were made 

+ 2°0 at a laboratory temperature of 22 _ 
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Table 2 Cost break do\<n of the instrument 

1. Four Electrode Potentiostat 
\ / , , 

Items Stock No Qty Price ( i) 

1. High stability carbon film 

0.5 11 resistors 12 KO 132-763 8 0.208 

1 KII 132-494 1 0.(126 

10 KCl 132-731 1 0.026 

100 J«l 132-977 1 0.026 

1 Mil 133-217 1 0.026 

2 • Multiturn helical 

potentio-meter 

10 turn 10 J«l 173-518 1 8.640 

3 • Polystyrene capacitors 

10,00 PF 113-409 4 0.580 

4. BIFET Op-amps 'l'L082CA(dual) 304-217 1 1.050 

" " TL0840N(quadj 304-201 1 1.770 

5 • d. Ll aplifier socke'ts 

, 8 ways 401-683 1 0.526 

d. i.l amplifier 14 ways 401-655 1 0.640 

6. 4 nun insulated terminals 412-201 2 1. 060 

7. Banana plugs 444-179 2 0.414 

8. 'bnc' plugs 435-624 4 4.880 

9. 'bnc' sockets 455-674 4 4.880 

10. H.B.C. (main fuses) 414-257 1 0.520 

11. 15A Toggle S.P.ST.T. 315-822 1 1. 310 

12. 11 turn analogue dial , -

mechanism 508-885 1 8.300 

13. HIDG W/C SlY 1pole 12 \,ay 32'1-642 1 0.680 

14. Control knobs 3/4 jn 4~9-040 1 0.746 

15. Knob skirts 3/4 in 499-832 1 0.392 -- ~_..o....-... ./. 
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Items Stock No Qty Price (e) 

16. Encapsulated fixed voltage 

pOl'er supply -15 V/240 V 591-124 1 44.470 

17. miniature cable 367-280 3 m 0.6504 

18. Laminated sheet (10x15x3.2)433-523 1 0.453 

19. Hetal casesstandard 501-828 1 0.453 

(204x152x76) 

20. Houlded plug and socket 487-031 1 2.800 

21. Silicon rubber wire 359-627 3 m 0.391 

22. Hiniature standard wire 357--334 3 m 0.071 

Total 99.095 
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2. Variable Voltage Source (-2v + 2v) 

Items Stock No. (~ty Price 1L') 

1. Hilth stability carbon film 

resistors 150 Kn 130-U15 2 0.052 

8~ KO l:J2-956 1 0.026 

2. Cermet trimmer 50 K<;l 162-259 2 1.500 

10 Kll 162-23'1 1 0.750 

a. Multiturn helical 

potentiometer 17:3-530 1 8,n40 

10 turn 50 KO 173-530 1 8.640 

4. PolYstyrene capacitors 6800 

PF 113-386 2 0.290 

5. Zener diode BZY88 series 

6.2 V (500 ,ow) 282-101 2 0.240 

6. LM'125 On Instrumentation ~HJfi-31l 0.358 

4 !Ill> I i f je1's '/4 ) 28~-101 
, 0.358 ~. 

7. d. tol amplifier sockets 

8 wav 401-683 0.526 

8 . 11 turn analogue dia.! 

mechanism 508-885 1 8.300 

9. Laminated sheet(tOxJ5x3.2mm) 433-523 1 o .45~i 
tu, 4mm in",ulated terminals 423-2Ul 3 l.n90 

11. Banana Plu!,{s 444-1'18 3 O. 6~! 1 

1 2 • S iJ icon rubber wire 359-627 2 In 0.261 

Total 23.507 

Total SUJll )22.602/8irr 392) 

/ 
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The cost of the instrument which contains the variable 

voltage source, the amperometric detector and the four 

electrode potentiostat with iR drop compensation was 

calculated and it was about C125 (Birr 400). This cost 

includes all electronic components, casing, sockets, plugs 

cables control knobs, switches etc. See Table 2 for the 

cost break down of the instrument. The Picture of the 

instrument is shown in Fig 11. 
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4. Results and Discussion 

4.1. General Aspects 

Using the membrane stabilized ITIES the transfer of 
- - - + + 

anions (Cia. NO & Cl ) and cations (K & Na 
4, 9 from the 

aqueous to the organic phase have been investigated. 

4.1.1 The behaviour of the supporting Electrolyte. 

'fhe potential current curve shown in Fig 12 was 

obtained for the electrolyte 10 mH CV-TPB in nitrobenzene 

and 10 mH HgSO in water. This curve was obtained as 
4 

follol·/S. The potential was changed in steps of 20 mV 

At each potential the current output from the potentiostat was 

monitored on a digital pH meter The current was then 

plotted versus potential From this curve (Fig 12) the 

working potential region of the system can be determined. 

The sharp increase in the curve at the positive potential 

end may be due to the transfer of +2 
Hg from the aqueous 

to the organic phase or of TPB from the organic to the 
aqueous phase. At the negative potential end the sharp 

decrease may due to the transfer of 

to the organic phase or from 

-2 
SO 

4 

the 

from the aqueous 

organic to the 
aqueous phase. Therefore the working regions of the 

sensor i.e. the determination of other ions would be 

limited between the two ends of the curve where the transfer 

of the ions supporting electrolyte becomes negligible. 
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4.1.2 Effect of redistilled water on the resistance of 

the solution. 

In flow i.njection analysis, the axial concentration 

profile of the ion being investigated, which is caused by 

dispersion of the injected sample in the laminar flo~ing 

carrier stream, was monitored by the current time response. 

This is shown in Fig 13 and 14, when a 25 ~l sample solution 

of 1 mM NaC10 was injected into a carrier solution of 10 mM 
4 

MgS04. Fig 13 l"as obtained as a result of the transfer of 
+ GI0 and Fig 14 due to the transfer of Na across the 

<£ 

interface from the aqueous to tho organic phase in the 

presence of neutral carrier dibenzo 18-crown-6 IDB-18-C-6) 

in nitro benzene.The detector response shown in Fig 13 and 
o 

14 were at a potential (6 E 
W 

of 30 mV and 350 mV 

respectively. 

The downward spike for the cation shown in Fig 14 

was observable for concentrations below 0.5 mM, though the 

lleight of the spike was low at high concentration and high 

at low concentration. In addition to this anomalous peak, 

the peak currents obtained for lower concentration of anions 

( < 1 pH were almost equivalent. In order to investigate 

this anomalous situation redistilled water was injected into 

the carrier stream. A peak which is equivalent to the peak 

currents obtained for lower concentration < l!-1~l) 0 f 

anions were obtained, and this has an effect on the 

detection limit of the detector. When the peak currents 

(ip) of these peaks were plotted against the applied 

potential difference, Fig 16 was obtained. The effect of 
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redistilled water on various concentratioll of the supporting 

electrolyte was studied. The current peak was low for high 

supporting electrolyte concentration and almost negligible 

for the concentration of the supporting electrolyte grater 

than 100 mM MgSO . The possible explanation for these . 4 

observation is given below. 

Under normal condition the total applied potential(E ) 
ap 

to the cell consist of the working potential lEW) of the 

cell and a potential drop through the solution owing to its 

resistance (iR). 

E = E + iR 
ap Iv 26 

The iR voltage drop can be compensated by the positive 

feed - back of the four electrode potentiostat as ShOWll in 

Fig 9 section 3.2. When a Jet of redistilled water is 

injected into the carrier stream of the supporting 

electrolyte (10 mN of NgS04 I the resistance of the 

solution will increase at the TTIES due to the dilution of 

the carrier solution at the interface. 

This leads to a change in iR drop and this potential 

drop would be a maximum when the maximum amollnt of 

redistilled water reaches the interface, as a result a peak 

current would be obtained. This current can be a capacitive 

(charging) current, since it is not a result of ion transfer 
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and it can be given by 

E - E ) = 
ap W 

i R = c 

Hultiplying both sides by a constant C(capacitance) 

C iUlE = i RC 
c 

but 

---
il t 

i 
c 

CAE 

= i RC 
c 

q 

1 ;j q = ---- _._-
RC ;j t 

The charging current i increases with potential and 
c 

reaches a maximum value at the -ve and +ve ends of the 

applied potential as shown in Fig 16. The amount of 

27 

28 

29 

charging current would be minimized if the concentration of 

the supporting electrolyte increases, for example 100 mN of 

NgSO At thIs concentration the dilution effect of 
,1 

redistilled water is minimized. Fig 15 shows the detector 

response to an injected sample of 
t 

Na in the 

presence of neutral carrier (DB-18-C-6) in the organic phase 

Hhen the concentration of the aqueous supporting electt'olyte 

\ofaS 100 mH HgSO 
- 4 

o 
A E Has the same as in Fig 14 .J 

w 
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4.1.3 Dependence of peak current on the applied potentials. 

When the output current maximum lip) as shown in Fig 

13, 14 and 15 was plotted against the applied potential 

difference ( lIoE 
w 

) Fig 17 is -obtained for 0.1 mH CL04 and 

0.1 mH NO .Tables 3,4 
3 

and 5 compiles the values of 

(ip) obtained for other concentration of these anions and 

for Cl . As shown from the diagram and the tables , l;hen 
a 0 

the applied potential (-lI E or + A E increased over a 
~I W 

particular potential range, the peak current increases, due 

to the transfer of anions (-ve current) and cations (+ve 

current) across the interface from the aqueous to the 

organic phase. Subsequent to tl,is potential range, a region 

is reached where the current is independent of the potential 

and has a limiting value which is the limiting current. 

This limiting current depends on the concentration of the 

ion being transferred across the ITIES . As a result an S 

shaped i-E curve as shown in Fig 17 is obtained. 

One of the most important parameter from Fig 17 is the 

hal f wave Gal vani potential eli fference II 
0 

'P which is given 
W 1/2 

by 

+ 
RT 

2ZV 
In 

RT 
+ 

ZF 
In 

w r 
o r 

30 

This is a potential on a polarographic curve at which 

the current reaches half of its limiting value, and mainly 
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Table 3 Dependence of peak current (ip) on the applied 
- ( potential and concentraion for CIO . Potential 
4 

in volt (V) concentration ln millimolar (m~l ) and 

current in nanoampere (nA) ) 

0 
b_ E(V) 1 mH 0.5 mH 0.1 mH .05 mH .01 mH .005 mH .001 mN 

w 

+.200 82 38 8 4 

+ .160 495 250 51 :d6 5 3.0 

+.140 805 430 84 42 8 4.5 2.8 

+.120 1095 550 U5 57 12 6.0 3.0 

+.100 1385 710 143 72 14 7.5 3.5 

+.080 1490 785 158 79 16 8.0 4.0 

+.060 1540 805 170 85 17 8.6 4.0 

+.025 1630 855 172 86 17 8.6 4.0 

-.030 1640 855 172 86 17 8.6 4.0 
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Table 4 Dependence of peak cltrrent ( ip ) on the applied 
-potential and concentration for NO ( Potential in 
3 

volt (V) concentration in mi.llimolar (ruM) and 

current in nanoampere (nA) ) . 
1I0g1V) 1 mt-I 0.5 mM 0.1 

W 
ruM 0.05 mM 0.01 mH .OO5mM .0OlmM 

+.040 60 36 6 4 

+.060 75 36 8 4 3 

+.025 16H 90 18 9 3 

+.oao 920 505 100 51 10 6 3.0 

+.050 1350 702 141 'I'? 14 8 3, 5 

+.070 1640 850 170 86 17 9 3.6 

-.090 1710 910 182 91 18 9 4.1 

- .110 1 '120 935 187 94 19 9 4.2 

-.120 1'130 935 187 94 19 9 4.2 

'fable 5 Dependence of peak current ( ip) on the applied 
-potential and conccn1orat i on for Cl . ( Potential in 

volt(V),concentration in rui J.J. imolar ( mM ) and current 

in nanoamperes(nAI ) . 
1I0g(V) 

w 
ImM O.bmH o .lmM 0.05mH O.OlmM 0.005mM 

-.(lOO 92 46 10 7 

-.070 145 '14 16 8 

-.090 196 115 22 l~ J 3 0 

- .110 :110 172 34 1'1 4 3.5 

-.120 398 216 42 22 5 3 .5 

- . .140 602 324 65 33 7 4.0 

-.160 896 478 96 48 10 6.0 
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depend on the nature of the ion to be transferred across 

ITIES. The half wave Galvanl potential difference is 

closely related to the standard Galvani potential 

difference.Ll.°".,o Both of them can be used for qualitative 
w'r( 

determination of the substance. For two ions the difference 

in the standard Galvani potential difference is constant. 

Based on this fact the difference between; 

D.<p Ll.E --I1E -
- W 1/2010"" '" W 1/2NO I,. 1/2CIO 31 

434 

waS calculated. The value obtained based on this 

calculation is -0.170V which is in a good agreement with 

those reported in Ref. 0 and 35.namely - 0.163V and - O.171V 

respectively 

4.2. Quantitative Determination of Perchlorate and Nitrate 

The application of the detector for the quantitative 

determination of anions is shown in Fig 18 for CIO and NO 
4 3 

In both cases a linear relationship between the limiting 

current (it) and the concentration of the analyte was 

obtained. But a sligllt deviation from linearity was 

observed for concentrations higher than 0.5 mH and lower 

than 0.001 mHo This limiting current usually depends on the 

amount of ion transferred across the ITIES. The ion 

transfer process was found to be diffusion controlled. 
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4.3. Determination of Sodium and Potassium by facilitated 

ion transfer with Dibenzo-18-Crown-6. 

Dibenzo-18-crown-6 (DU-18-C-6) is an nromatic cyc] 1e 

polyether (Fi~ 19) which can form a staille complex 

FiR. 19 Dibenzo.-18-crown-6 

+ + with Na and K . This complex is formed by ion dipole 

interaction batwee!l Ghe cation and Lhe oxygen atoms 

symmetrically placid in the polyother ,"jng . 

., .; 

The transfer of K and Na across th~ lYlES can be 

facilitated t'hrough complexation w.ith LIds li,o;and (69 & 45). 

Fig 20 and 21 and also Table~ (i and 7 demonstrate the effect 

of the neuU"al synthet.ic ligand on the transfer of the mono-
-+ • + 

valent cations K and Na aCl"O"S the Nater/ni tnJbell?elle 

interface. The positive peak curl'ellt similar to Fi!( 15 

obtained during the measurement CHn be.Hscrlbed to the 

transfer of the metal iOIl from hater to llitroben7.ene 

induced by tI,e complex formation at the illtepface. Vailies 

of the positive peak currents obtained at different 
+ + 

potentials Rnd different concentrations for K and Na are 

summarized ill tables 6 and 7. 
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Table 6a Dependence of peak current ( i:, ) on the applied 

po"tential and concentration for 
+ 

K in the Ilbesence 

of DD-18-C-6.IPotential in volt (V) concentration in 

millimolar (mN) and current in nanoampere (nA) ) . 

~oE(VJ 
W 

1 m~l 0.5 mH 0.1 mH 0.05 mH 0.01 mH 0.005 mH 

.206 120 48 13 3 3.0 

.227 162 62 17 10 5.0 

.246 173 82 18 12 6.0 2.8 

.265 198 155 20 12 7.0 3.0 

.286 246 215 25 12 7.5 3. 5 

.306 453 265 46 23 8.0 3.8 

.326 648 330 66 34 8.2 4.2 

.346 682 380 69 39 8.2 4.5 

.366 818 430 83 42 9.0 4.8 

.386 834 470 85 45 9.2 5.1 

.405 840 480 8(; 45 9.2 5.2 

.426 846 480 86 45 9.2 5.2 
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Table 6b Dependence of peak current ( ip ) on the applied 

potential and concentration for K 
+ 

in the presence of 

DB-18-C-6.( Potential in volt (V) concentration in 

millimolar (mH) and current in nanoampere (nA) ) • 

n 
Li.-E(VI 1mH 0.5mH O.lmN 0.05mM O.OlmH 0.005mH O.OOlroM 

\'i 

.087 155 71 15 8 

.108 198 138 20 10 

.130 240 255 25 13 6 

.149 610 300 63 31 7 

.168 950 445 96 45 10 6 2.5 

.187 1010 620 126 63 13 7 3.0 

.206 1480 778 154 78 15 8 3.0 

.226 1610 820 166 83 17 9 3.2 

.245 1790 910 185 93 19 10 3.4 

.264 1880 950 194 96 20 10 3.5 

.286 1910 1000 200 100 20 11 3.6 

.307 1950 1020 202 102 21 11 3.8 

.327 1960 10~O 204 102 21 11 4.5 

.347 1960 1020 204 102 21 11 5.0 
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Table 7 Dependence of peak current ( ip ) on the applied 

potential and concentration for Na 
+ . 

of In presence 

DB-18-C-6.( Potential in volt (V) concentration in 

mill illlolar (IIlH) and current in nanoammpere (nA) ) . 

lloE(V) 
w 

1 IIlH O. 511lH 0.1 mH 0.05 mH 0.01 rnH 

.130 64 18 6 

.150 74 21 7 

.168 81 38 8 

.187 128 56 13 'I 

.206 178 82 18 9 

.225 241 120 25 13 

.244 362 175 37 19 5.0 

.264 471 245 48 25 7.0 

.386 665 325 68 36 10.0 

.306 807 410 88 44 12.0 

.327 995 480 102 54 12.1 

,346 1005 510 105 56 12.2 

.366 1010 530 108 58 12.2 

.386 1030 540 110 58 12.2 

.406 1030 540 110 58 12.4 
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+ 
The quantitative determination of K is shown in Fig 

22. As one cart see from the graph the limiting current is 

directly proportional to the concentration of the injected 

hydrophilic cation. The concentration of DB-18-C-6 in the 

ni trobenzene lias 10mH \;hich was much greater than the 
+ + • concentration of K or Na 1n the aqueous phase. This 

indicates that the limiting current (it) is controlled by 
+ + 

the diffusion of K or Na from the bulk aqueous to the 

membrane stabilized interface. 

Fig 20 and 21 or Tables 6a and 6b show the currellt -
+ 

potential dependence for tne transfer of K through the 

interface in the absence and presence of the electro neutral 

carrier DB-18-C-6 in the nitrobenzene phase. As one can see 
+ 

from the diagram the transfer of K in the presence of 

neutral carrier starts at a more negative potential than the 
+ . transfer of K In the absence of neutral carrier. This is 

+ 
because the transfer of K in the presence of nelltral 

carrier is facilitated through complex formation with this 

ligand. Because of this the limiting current obtained for 
,. 

K in facilitated system will not be influenced by the 
+2 -

transfer of the support.ing electrolytes (MS or TPB ). 

As a result a higher limiting current is obtained as shown 

in Fig 21. 
+ 

For Na in the absence of neutral carrier a 

voltamogram similar to Fig 20 WBS not obtained since 

the transfer oC TPB 
+2 

from the nitrobenzene and Mg from the 
+ aqueous phase interfere with the transfer of Na from water 

to nitrobenzene. As Olle can See from Table 8 
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Table 8 Values of standard Galvnni-potential difference 

b. !.A) ,'. 
Ions 'P;-(V) 

0 

Hg 
+2 

.370 

'l'PB .372 

Na + 
.358 

+ 
K .252 

the value of the standard Galvani potential difference 
.;. _0 +2 

of Na is very close to 'J'PB and NI;( while in the case 
+ . 

of K there IS R difference of.118V botween the value of 
+2 - + 

Mg and TPB .The transfer of K may therefore be 

, hI ' h h' f f + 7. d P POSSI e WIt alIt t e Inter.erellce a Mg an T B. 

4.4. Application to artificial standard and blood serum 

samples 

Sodium is the major cation of extracellular fluid. As 

a resuI t. all the blood sodium is found in the serum. 1'he 

normal range of sodium levels in serum is about 130 - 150 mM 

,.,hile potassium is the major intracellul.ar cation, having an 

average cellular concentration of 105 mM in red cells (921. 

The normal range of potassium levels in serum is about 3.5 

to 5 mM which 'is about 0.04 times lower than the 

concentratIon of potassillrn in intracellular fluid. 
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Low serum sodium level(Hyponatremia) and increased 

serum sodium level (Hypernatermia) as well as low serum 

potassium levels (Hypokalemia) and increased serum potassium 

level (Hyperkalemia) can cause various diseases (see Ref 

92 and 93). For example, levels of potassium around 10 m~! 

may be fatal. For these reasons the serum sodium and serum 

potassium determination have become a most important 

diagnostic tool in situations in which extremely high or low 

serum potassium levels are suspected. 

Although a number of gravimetric and titrimetric 

methods for the determination of sodium and potassium in 

body fluids are available, these are outdated, slow and 

require large amounts of specimen. Almost all laboratories 

today employ either emission flame photometry or atomic 

absorption spectrophotometry for this test because of the 

speed and simplicity of these method. A neW and promising 

approach to the determination of sodium and potassium in 

body fluids makes use of ion selective electrodes, an 

extension to this method for the determination of these 

cations have been proposed using the transfer of these 

cations across the membrane stabilized ITIES. 

Specimens for serllm potassium analY3is must be free 

from hemolysis, since any release of potassium from red 

cells can significantly increase the serum levels and thus 

invalidate the test results. In addition to this if the 



- 60 -

serum is not separated from the blood shortly after 

collection of the blood, there is some movement of potassium 

ions out of the cells la shift of potassium from the cell to 

the serum) which can cause an increase in potassium level of 

the serum. Therefore in order to overcome this problem t.he 

serum should be separated from the blood shortly after 

collection of the blood. 

For this experiment the serum was separated from the 

blood immediately after collection of the blood and diluted 

to a ratio of 1:50 i.e. 0.5 ml of the serum was diluted with 

45 ml of redistilled water. Before the serum and the 
. ~ ~ 

artificial samples ( a mlxture of Na and K of different 

concentration) were analyzed for t.heir Na~and ](+ 

concent.ration a series of standard solution of ](+and Na' 
+ 

were prepared. Fig 23a shows the absorbance of K at wave 
+ 

length 767 nanometrer(nm) and Na at. a Kave length 589 

nanometer (nm) in flame analyzer and Fig 23 bed &. e the 

peak current value of these cations obtained in voltammetric 

sensor at two different potentials for a series of standard 

solution of these cations. In both cases linear calibration 

graphs as shown in Fig 23 were obtained. 

The analytical resilits obtained by a voltammetric 

sensor, along Iv! th those obtained by the flame photometry 

methods are summarized in Tables 9,10, and 11. Table 9 

indicates the absorbance of potassium at a wave length of 

767 
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Table 9 Peak current and absorbance for aritificial and 

blood serum samples. Current in nanoampere (nA) 

and Wave length in nanometer (nm) 

Samples No. +ip (nA) at +ip (nA) at absorbance at 

170 mV 238 mV 767 nm 589 nm 

K Na 

1 147 590 12 73 

2 150 510 24 50 

3 189 674 24 74 

4 195 595 35 50 

5 205 645 33 59 

6 187 650 26 69 

7 165 610 20 72 

8 160 595 18 70 

9 180 650 24 69 

10 185 660 23 10 

11 155 I 580 16 70 

12 158 600 17 69 

N.B No 1-6 artificail samples and from No 6-12 blood 

serum samples 
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Table 10 Concentration + + • 
of K and Na 111 artificial samples 

. + + . 
(lluxtures of Na and K ) by vol tammetrlc sensor and 

flame analyser. ( Concentration in millimolar(mM) ) 

Sample No. 

1 

2 

3 

4 

5 

6 

Certified 

Concentration 

+ 
K 

0.05 

0.10 

0.10 

() .15 

0.14 

0.11 

(mH) 

+ 
Na 

3.00 

2.00 

3.00 

2.00 

2.26 

2.72 

Concentration found 

voltammetric 

sensor (mH) 

; 
K 

0.05 

0.90 

(). 10 

0.15 

0.14 

0.11 

~ 

Na 

2.96 

2.10 

2.96 

2.05 

2.35 

2.76 

flame analyser 

(mH) 

K Na 

0.05 2.98 

0.10 2.00 

0.10 3.00 

0.15 2.00 

0.14 2.40 

0.11 2.80 

Artificial samples were obtained from B08hringer Manheim 

company for control sera (after 1:50 dilution of the 

t.he recommended accepted range is 0.127mH - 0.15mH for 

sample 
+ 

K and 

2.12mH - 2.4mH for Na ,t.he value given for No.5 and 6 is the 

average value.) 
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Table 11a. Concentrations of ;. + . 
K and Na Ln blood serum 

sample No. 

7 

8 

9 

10 

11 

12 

sample after 1:50 dilution in voltammetric 

sensor and flame analyser. ( Concentration in 

millimolar (mN) ). 

Voltammetric sensor Flame analyser 

+ + 
K Na K Na 

0.079 2.80 0.083 2.92 

0.075 2.75 0.075 2.84 

0.092 2.90 0.100 2.80 

0.098 2.90 0.096 2.84 

0.071 2.70 0.069 2.84 

0.069 2.84 0.071 2.80 
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·1 + . 
Table lib. Determined values of K and Na.o artificial and 

blood serum samples using yoltanunetric sensor 

and flame analyser when the result shown in table 

11 a are multiplied by 50.Concentration in 

mililmolars (ruM) 

Sample No. Voltammetric sensor Flame analyser 

5 

6 

7 

8 

9 

10 

11 

12 

No.5 

No.6 

7.0 

5.3 

3.95 

3.75 

4.6 

4.9 

3.55 

3.45 

+ 
Na 

117.5 

138.0 

140.0 

137.5 

145.0 

145.0 

135.0 

132.0 

K Na 

7.00 120 

5.40 140 

4.15 146 

3.75 142 

5.00 140 

4.80 142 

3.45 142 

3.55 140 

Standared samples prepared by Boehringer Hannheim for 

controls sera 
+ 

: [K 1 av " 6.92 mM accepted range 6.37 - 7.43 mN 
+ 

[Na lay " 113 mM accepLed range 106 - 120 mM 
., 

: [K ] aY " 5.28mH accepted range 4.86 - 5.70 mH 
+ [Na lay " 136mH accepted range 128 - 144 mH 

Sample Nos.7-12 are blood serum samples Normal range 
+ 

of Na in blood serum :130-150mM Normal range of 
., 

K in blood serum :3.5-5.6mH 
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nm and sodium at a wave length 589 nm in flame analyzer 

and the peak current values of these cations in voltammetric 

sensor fOJ: the artificial prepared samples and 

blood serum samples. As one can see from table 10 and 11 

the values obtained by the two methods are in a good 

agreement with each other as well as with the values for 

the control sera samples (samples No 5 & 6) given by 

Boehringer Nannheim. All are in the range of the normal 

levels of sodium and potassium in blood serum (see Table 

llb) 

When the voltammetric sensor is used for the 
+ + 

de"termination of Na and K in the mixture of the two 

cations the interference of sodium in the determination of 

potassium and vice versa was observed. Because of this to 

determine the concentration of each cation in the sample 

solutions the assumption given in section 4.5.1 specifically 

equation 34 was used (see the details in section 4.5.1). 

Rased on this assumption the values of the partial 

sensitivity of the cations at two different potential was 

determined from the slope of the graphs shown in Fig 23b,c,d 

and f. 

+ ' The equation used for the determination of K and Na 

in the artificial and blood samples by using a voltammetric 
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sensor is given by 

+ + 
b [k 1 + b rNa 1 .. ip at b.E 

1 7.. 1 1 

b' [k
t 

J + b'[Na+j = ip at f1E 
1 7.. 2 2 

which is based on equat.ion 34 section 5.1 l"here 1p and ip 
i 7.-

the peak current.s obtained at. liE and liE ,b a.nd b' is the 
17..1 i 

+ 
partial sensitivity of K ,bzand b; the partial 

+ 
sensitivity of Na at bE and 6E respectively. The values 

( 2 

obtained from the slope of the graph Fig 23b,c,d and 

e,which are t.he partial sensitivities are given below 

b =0.00085 b = 0.000035 
J 2 

b' =0.00170 b' = 0.00017 
1 2 

Subst.ituting these values in the above equation 

0.00085[K
t

] + 0.000035[Na
t 

]= ip at 170 mV 
1 

0.OOI70fK+j + 0.OOOI7[Na+] = ip at 238 mV 
2 

if the values in Table 9 are substituted for lp 
1 

we can get 

and ip 
:>. 

• + + 
the concentratIon of K and Na can be determined. Table 11 

and 12 are compiled based on this calculations. 

If one wants to determine the potassium level in the 

absence of sodium, it may be pOBsible to use the blood red cell 

sample instead of the blood serUm. 
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4.5. Selectivity 

When the detector is applied for the determination of 

an ion A in the presence of interfering ions B, C ... r, each 

ion will contribllte to the current ip, taken as the signal 

proportional to the concentration. Thus one can write (69). 

where b is the partial sensitivity of the i ion in the 
'. 

sample and -!.Vi2 ·-1/2 R 3/4 \g/4 
l< ~ 1. 3 BnF1J,~ r 33 

The value of b for a particillar ion is potential dependent 
t 

and it is constant at the limiting current potential of the 

ion. 

In order to evaluate the influence of the partial 

sensitivity of the method, the effect of NO and Cl on the 
a 

determination of CIO ,the effect of CIO and CIon the 
4 4 

+ determination of NO and the effect of Na on the 
3 

+ determination of K have been investigated. These 

investigations were made by preparing a mixture of these 

anions and cations as shown in 'rabIes 12 13 and 14. As one 

can see from this table the interference of CI in the 

determination of CIO is negligible. rt is possible to 
4 

determine 0.01 mN of CIO in the presence of 1mH of CI 
4 

wi th out the interference of CI. This can be taken as the 

tolerance limit (permissible level) of CI in the 
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Table 12. Selectivity studies on CIa. Concentration in 
4 

millimolar (mM), current in nanoampere InA) 

* 1 2 3 4 5 (; 7 8 

0.100 143 14.5 4 145 28 

0.080 158 16.0 21 :1. 0 160 32 

0.060 162 16.4 50 6.0 165 65 

O.O'!O 170 17.3 6 75 8.4 176 81. 

0.025 172 17.4 12 168 18.4 180 185 

-0.030 172 17.4 20 920 100.0 268 935 

* /'/' ) CIa 0.01 1 " E(V 2 " 0.1 mN 3 - CIO mH w 4 4 

4 '" 1.0 C1 mM 5 '" 1.0 NO mM 6 " 0.1 NO mM 
9 3 

7 = 0.1 mM CIO + 1.0 mN C1 + 0.1 mM NO 
4 3 

8 " 0.01 mM CIa + 1.0 mM Cl + 1.0 mN NO 
4 S 

9 = 0.1 mM CIO + 1.0 mM C1 + 1.0 mM NO 
4 3 

9 

160 

170 

210 

240 

340 

1085 
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Table 13. Selectivity studies on NO concentration in 
3 

milli molar (mN) ,current in nanoampere(nA) 

* 1 2 3 4 5 6 7 8 9 

0.03 100 51 172 1640 1780 1680 186 

0.05 141 72 92 172 1645 1840 1750 192 

0.07 170 86 145 172 1650 1890 1780 203 

0.09 182 91 195 171 1640 1950 1810 208 

0.11 187 94 310 171 1640 2030 1900 220 

0.12 187 94 398 171 1630 2120 2070 226 

* 0 
1 " 6. E(V) 2 " 0.1 NO m~j 3 '" 0.01 NO mN 

Iv 3 3 

4 " 1.0 Cl roN 5 " 0.1 CIO mH 6 '" 1.0 CIO roN 
4 4 

-
7 - 0.10 m~t NO + 1.0 mH Cl + 1.0 roH ClO 

3 4 
-

8 " 0.01 mN NO + 1.0 mH CI + 1.0 roN CIO 
3 4 -

9 " 0.01 m~t NO + 0.1 mB Cl + 0.1 mH CIO 
3 4 
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+ 
Table 14. selectivity studies on K. concentration in 

millimolar (mN), current in nanoanIpere InA) 

* 1 2 3 4 5 6 7 8 9 

0.175 92.0 9.5 30.0 4.0 93 120 III 40 

0.188 110.0 11. 2 51.0 5.2 113 160 15 52 

0.200 145.0 14.8 90.0 9.2 153 232 22 100 

0.220 160.0 16.0 135.0 13.6 170 289 28 148 

0.240 175.0 17.6 178.0 18.0 188 35(; 34 182 

0.250 185.0 18.7 240.0 24.0 205 420 41 254 

0.270 200.0 20.2 340.0 34.2 228 535 53 362 

0.290 205.0 20.6 467.0 47.0 240 675 65 478 

0.310 210.0 21.3 600.0 60.0 256 805 79 613 

0.330 210.0 21. 2 700.0 70.2 275 895 80 718 

* LlOEI\'l + + 1 " 2 " 0.1 K nIH 3 = 0.01 K nIH w 
+ + 

4 " 1.0 Na mH 5 " 0.1 Na mH 
+ 6 " 0.1 mH Na + 0.1 mH 

t 
K 

7 " 1.0 
+ 

ntH Na 
+ 

+ 0.1 m~J K 

8 = 0.1 
;-

mH Na + 0.1 mN 
+ 

K 
+ + 

9 = 1.0 mN Na + 0.1 mH Ie 



det~rmination of CIa 
.{ 

~ 7 3 ~ 

While the interference of NO 
3 

the determination of CIa is considerable even at equal 
4 

concentrat ion of both anions. In the determination of NOs 

the interference of CIa is very high even at its lowest 
4 

on 

concentration. This is because the transfer of CIO across 
4 

the interface starts before NO 
9 

Though the transfer of Cl 

ion will start after NO there is a considerable 
9 

~ ~ 

interference of Cl in the determination of NOg even at 

equal concentration of both anions. A similar sit.uation was 
+ +. 

also observed for K and Na catIons (table 14). This can be 

taken as one of the drew backs of the detector. 

However if the concentration of the interfering ions 

can be determined by other methods, t.he signal can easily be 

corrected. In addition to this if the partial sensitivity 

of the two ions are determined at two different potential 

one can have a simultaneous equation based on equation 32. 

ip = b c + b c at M 
t 1 A 2 B 1 

34 
ip = b'c + b'c at ~E 

2 J A 2 B 2 

\;here ip and ip are the peak currents at L'.E and tiE , b 
1 2 1 2 1 

and b' 
1 

the partial sensitivity of the ion c , band b' 
A 2 2 

sensitivity of the ion c at a potential ~E and 
B 1 

partial the 

tiE respectively. 
2. 

Since the 

part.icular ion is constant at 

partial sensitivity (~J of a 
~ 

the limiting current potential 

of the ion, at least one of the equation should not be at 

t.his region. The value of ~ for a particular ion can be 
c 
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determined from the linear calibration graph of current vs 

concentration of the ion at a given potential. The slope of 

this graph is equal to the partial sensitivity (b.) of the , 
ion, so that if the values of ~ are calculated, based on 

t 

equation 34, the value of c and c can be determined. 
A B 

4.6 Precision:-

In order to investIgate the reproducibility of the 

method, 13 peak currents were run for the determination of 

the same coneentration of perchlorate. The same t~'pe of 

measurements were also taken for five different 

concentration of perchlorate( 0.1, 0.08, 0.06 0.04 and 0.02 

mN of CIO ) . 'l'he peak currents obtained are shown in Fig 
4 

24. Table 15 indicates the mean and standard deviation of 

these peaks. These observations depict that the method 

developed gives reproducible results. 

However the limiting or the peak current can be varied 

if the relative position and the relative distance between 

the membrane stabilized and the tip of the nozzle is 

changed. These changes can have an effect on the flow rate 

parameter (a) and the radius of the electrode surface (R) 

1· = constant VaH 
I. 35 

One of the factor which can determine the value of a is the 

relative distance between the tip of the nozzle and the 

electrode surface (interface)(94) and it is maximum equal to 



Con Co 0, 02 ",II 
Sensitivity 51llV 

Cone. 0,06 nJ1 
Sensitivity lDmV 

Cone, 0.1 1Ill>! 
Seils it i v Hy l/lIlIY 

Co"e 0, 3'! m/'I 
Sensitivity 5mV 

Cone, 0, 08 n~,j 
Sensitivity lC1 mV 

Fi~.24, The peak (1H'I'eots for 5 stanrial'd sampl,}s of ClOt and 13 
meastH"ed p~j.!k clU'rent~, of each samph~s 

, .. 

"', ,) 
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Table 15. The peak current lip) obtained for 5 standard 

No. of 

sample of CIO and 
4 

for 13 measurements of each 

samples. ( Con0~ntration in millimolar(mN), current 

in nanoampere(nA) ). 

0.1 mM 0.08 m~! 0.06 mH 0.04 mH 0.02 mH 

measurements 

1 177.5 144.0 107.3 73.0 37.9 

2 175.5 142.4 108.5 72.0 37.9 

3 177.1 142.4 108.5 73.0 38.3 

4 176.7 142.0 108.5 73.0 38.3 

5 177.5 142.0 108.5 73.0 38.7 

6 176.7 142.0 108.5 73.0 37.9 

7 177.5 142.0 109.7 73.0 37.9 

8 178.3 142.0 109.7 73.0 37.5 

9 178.3 142.0 109.7 73.0 37.5 

10 177.5 142.0 108.5 72.0 37.5 

11 175.5 142.0 109.7 73.2 37.5 

12 174.4 142.0 108.5 73.0 37.5 

13 175.5 140.0 108.5 73.0 37.5 

mean 176.77 142.08 108.59 72.86 37.84 

S.D. 1.2037 0.8357 0.6588 0.3863 0.3948 

S.D = standard deviation 
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0.75 for a wall Jet cell arrangement.The impinging jet of 

solution should fall at the centre of the surface of the 

electrode (ITIES). If these parameters are not kept constant 

the reproducibility of the detector can be changed. To 

overcome this problem a wall jet cell shown in Fig 25 is 

recommended. As shown in the diagram the reference 

electrode for the aqueous phase, the compartment of the 

organic phase to which the membrane stabilized 

interface is attached I, the nozzle (jet inlet and 

counter electrode for the aqueous phase) and the outlet can 

be so fixed that one can have a fixed relative distance 

and position between the interface and the tip of the 

nozzle. Through the hole indicated by number 5 in the 

dia~ram a thin plastic covered wire of the type shown by 

No.4 can be inserted and bubbles can be removed if they 

are formed during the measurement. By the help of the fixed 

outlet the level of the supporting electrolyte in the cell 

can be kept constant. The cell is graduated in order to check 

the flow rate during the measurement time. 

Another factor which can influence the reproducibility 

of a detector is the condition of the porous membrane. The 

porous membrane may be blocked by the precipitates formed if 

it is used for more than three ",eeks. 
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3 

{it'3du3tQd Wdn j{'t (1}11 which is c.overed fit the top and bottonl 
;Hld 311 the cO!llpolleilt~. are fixed at the covers, ll}and (3) 
Reference 1!1e(.troues ... ~~) countO:I~ elech'ode in t\.e Onlanic i1has(!l 
(11) p 1 J,~ U c c.overed ,;;1 rc wh kh is rie~ i .;ened t.tJ (t;lllOVe th(' 
buhbles at the 11lembt'(tI1e ;;urface)(o) an inlet fl J" thC! I)lastic, 
covcred wirej(fi} membl<iJne "'(?} jet inlet- (stt'] 'ass !>teel needle) 
:"el· ... 0::> fl.:i (:oullter (~hKtt<od!3 ~(8) outlet <1 

, 
• .-

l 
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4.7 Detection limit 

The detection limit of an analytical system as 

recommended by the Analytical Methods Committee( 95 I, can 

be defined as the concentrfltion (cLlor amount (qL) 

corresponding to a measurement level 30 units above the 
B 

value of zero analyte. Where 

of the responses of the field 

30 is the standard deviation 
B 

blanks. The value of 0 
B 

obtained for the peaks of redistilled water (zero flnalyte 

concentration) was 0.833. 

30 = 3(0.833) 
B 

" 2.5 

36 

This value corresponds to 0.25 ~M CIO (Fig. 26), which is the 
4 

detection limit of the method obtaind for perchlorate ion. 



" 

.".,.J.~7. __ .~~_.A_._~. _L~~ ____ ..t~ __ J.._~~_~~"""~~"",,, 

1.0 20Q :l«l C(t;M ) 

\)(;11cnJcnce of the p~<'\k ;wlghr. 011 th~'! conc.entratioll of C10,; in the ~ilh)plc: 
injN.tf:1j at 1ml conn'ntTdtions. 'i'he v0l:tical bax;-3 show the! stiH'J(laI'(l 
(1C!vi;\ti::)ns oht<linerl f)·OF,! 11 runs fo~ c<lch (:0 \cenb:-ation, 

" 



- 81 -

5 Conclusion 

The analytical application of the voltammetric sensor 

which is constructed in our laboratorv is based on the 

transfer of anions and cations across the membrane 

stablJized interface of two immiscible electrolyte solutions 

in a flow injection system. HydrophIlic cations like sodium 

and potassium have been determined in t.he presence of 

neutral carrier in the organic phase. The iR drop resulting 

from the dilution effect of the distiled water at the 

interfoce has been compensated by increasing the 

concentration of the supporting electrolyte in the aqueous 

phase. Qualitative determination of the ions have been made 

based on the half- wave Galvani potential difference of the 

S-shaped polarographic curves and quantitative 

determinations were based on the limiting current values. 

The effect of interfering ions can be corrected if the 

concent.ratioll 01' the ion is determined by other methods or 

if the partia] sensitivity of the ion is determined at two 

different applied potentials. The method lIas been tested 

by applying it to the det"erminatlon of sodium and 

potassium in blood serum samples in the presence of a 

neut.ral carrier and the result,s obtained by the method 

are in a good agreement with the flame photometric met.hod. 

The results obtained from the various stUdies and 

statistical evaluation of the method indicates that the 

proposed method is sensitive, rapid, simple, reliable, 

reproducible and reqllires small amount of specimen. 

Therefore the method can be used for the determination of 

SOme anions and cations ill various samples 
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