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A b s t r a c t 

Carefu l exper iments were done wi th isotonic and hypertonic e lectro ly tes in 

re ference e lect rodes as wel l as with different forms of accurately mak ing the l iquid 

junct ion (open junct ion, dialysis membrane and frit restr icted junct ions) in cell 

assembl ies involv ing ion selective electrodes. The ionic strength of test so lut ions was 

var ied add ing NaCI at concentrat ions which limit the physio logical range. The 

exper iments s h o w that dialysis membrane restr icted liquid junct ions fo l low the s a m e 

t rend as open junct ion w h e n NaCI concentrat ion varies, contrary to wha t had been 

found in exper iments made with modi f ied commercia l analysers by other authors . 

Solut ions wi th and wi thout added albumin were studied 

Clear ev idence that protein inf luences the liquid junct ion potent ia l and thus 

measuremen ts wi th ion select ive electrodes is presented. 

K e y w o r d s : Hyper tonic and isotonic salt br idge, calc ium, potass ium ion select ive 

e lect rodes, b lood electrolytes, protein effect on ion selective e lect rode measu remen ts , 

l iquid junct ion potent ial . 
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I n t r o d u c t i o n 

The advan tages of using ion selective electrodes to measure b lood electro lyte 

activit ies is wel l recognized and the large number of commerc ia l appara tus wh i ch use 

this techn ique ev idence this fact. However, in an a t tempt to min imize s o m e 

unreso lved prob lems, manufacturers offer different forms of the l iquid-l iquid junc t ion 

be tween the re ference electrode and the test solut ion, as wel l as di f ferent e lectrolyte 

reference solut ions, a m o n g other things, whi le a wor ldwide agreement is not reached . 

The inf luence of protein on the f inal result is one of the prob lems invo lved and 

its ef fect on the l iquid junct ion potent ial is the "most poorly unders tood a n d the mos t 

var iable feature a m o n g commerc ia l analyzers" (1). 

S o m e authors claim there is an inf luence of protein in measu remen ts of b lood 

electrolytes wi th ion select ive e lectrodes (2-6) whi le others say there is not (7-9). 

Payne has been mak ing a longstanding effort to clarify this s i tuat ion a n d has 

tr ied to in t roduce isotonic br idge electrolytes, c laiming that they min imize the prote in 

ef fect (10-13) . However the residual liquid junct ion potent ial is larger w h e n 

concentrat ion of equi t ransferent salts decreases as it happens w h e n chang ing f rom 

hyper tonic KCI to isotonic KCI and even larger if isotonic NaCI is used . Th is has been 

pointed out by D'Orazio, w h o criticizes Payne's point of v iew that isotonic br idges 

should be used and sustains that hypertonic KCI must cont inue to be used £1). 

Mate r ia l s a n d M e t h o d s 

Potass ium chlor ide; Sod ium chlor ide; Calc ium chloride - were Merck, preanalys is ; 

Va l inomyc in - S igma V 0 6 2 7 ; 2-Nitrophenyloctyl ether - Fluka, Se lec tophore ; P V C -

Fluka, pure; Potass ium Tetrakis (4-chlorophenylborate) - Fluka, Se lec tophore ; 

Tet rahydro furan - S igma T5267 ; A lbumin - chicken egg Grade V, A5503 , S igma 
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The solut ions were prepared with conduct iv i ty water, redist i l led f rom dist i l led 

water, to wh ich potass ium permanganate and sod ium hydrox ide w e r e a d d e d under a 

current of N 2 . 

E l e c t r o d e s 

The silver, si lver chlor ide electrodes were prepared by the thermal electrolyt ic 

me thod £14). Severa l e lectrodes were prepared at the same t ime and on ly those 

wh ich s h o w e d bias potent ials < 0.05 mV were used. 

The dialysis membrane restricted electrode was prepared app ly ing the 

membrane to a po lycarbonate s tem with an O ring. A silver, si lver chlor ide e lec t rode 

and 0.15 mol /L KCI or NaCI were then put inside the s tem. 

A Russel l saturated calomel electrode C R L / D W G 1213 (Fife, UK) w a s used as 

suppl ied. 

The potass ium ion sensit ive membrane was made dissolv ing 5 m g of 

va l inomycin, 167 .5mg PVC, 330mg NPOE (ni t rophenylocthyl ether) and 50 mole % 

with respect to val inomycin of potass ium tetrakis in f reshly dist i l led T H F 

( tet rahydrofuran) . The mixture was stirred overnight, cast on to a P T F E 

(polytet raf luoroethylene) mould and al lowed to dry. Membrane discs we re cut f rom 

this larger one a n d appl ied to polycarbonate stems. 

The ca lc ium ion select ive electrode was f rom Rad iometer F2002 

(Copenhagen , Denmark) . 

A Me t rohom saturated calomel electrode 60701.100, (Her isau, Swi tzer land) 

wi th 0.15 mol /L KCI subst i tuted for its internal saturated potass ium chlor ide solut ion 

was used after enough t ime had passed to get steady values (var iat ions of potent ia l 

were less t h a n 0 . 0 5 m V in 0 . 5 h ) . 
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M e t h o d 

1 . S o l u t i o n s w i t h o u t a l b u m i n ; Ion ic S t r e n g t h E f fec ts 

In order to .clarify the situat ion with modi f ied commerc ia l analyzers, carefu l 

exper iments we re done wi th isotonic and hypertonic electrolytes in re ference 

e lect rodes as wel l as wi th di f ferent forms of accurately mak ing the l iquid junc t ion . T h e 

open junct ion w a s fo rmed in a capil lary tube with cyl indrical geomet ry us ing a cell 

vessel wh ich gives very stable and reproducible results (15-19), a dialysis m e m b r a n e 

was used in a s tem wh ich conta ined silver, silver chloride e lect rodes of the thermal 

electrolyt ic type (14) and the isotonic br idge electrolyte. A Russel l Sa tura ted Ca lome l 

Electrode wh ich has the l iquid junct ion formed in a ceramic plug w a s also used. 

(These geometr ies of the junct ions are of the same type as used in the ins t ruments 

Payne modi f ied) . 

Either 0 .15mol /L KCL or NaCI were used as br idge electrolytes. Ca lc ium 

chlor ide solut ions at f ixed concentrat ions, with 100 or 150 mmol /L added NaCI we re 

the test solut ions. 

The emf of cells 

Ref. E lect rode 0.15 mol /L 

MCI 

x mol IL NaCI 

10" 3 mol /LCaCU 

Ca( ISE) I 

at 25°C 

where M = Na or K and x = 0.10 or 0.15, were measured wi th a 3421A Hewlet t 

Packard Data Acquis i t ion control unit (Loveland, CO) inter faced wi th a HP 85 

computer (Corvall is, OR) . An operat ional ampli f ier was in terposed be tween the 

e lect rodes and the measur ing system. The system was thermosta ted in a wa te r bath 

thermosta t at 2 5 . 0 ° C . 

The results obta ined are shown on Table 1. Each value is the average of th ree 

measurements , the error being always less than 0.2 mV. 
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Emf of cells (mV) 

A g l A g C I 0.15 m o l / L MCI 

T A B L E 1 

x mol IL NaCI 
1 0 " 3 mol IL C a C I 2 

Ca(ISE) 
at 25°C 

J 

MCI X c.l.j. d .m. 

NaCI 0.10 17.0 17.2 

0.15 18.4 18.4 

KCI 0.10 25.0 27 .0 

0.15 24.3 25 .9 

c.l.j. - cyl indrical l iquid junct ion; d.m. - dialysis membrane 

and cel ls 

S C E x mol IL NaCI 
10" 3 mol IL C a d . 

Ca( ISE) 

X emf/ mV 

0.10 58.5 

0.15 56.3 

2. S o l u t i o n s w i t h a l b u m i n ; P ro te in Ef fec t 

Tak ing into account the fact that Ca binds to a lbumin whe reas K does not 

signif icant ly do it (20-21) and that ultrafi l tration is argued to g ive rise to a D o n n a n 

distr ibut ion of the ions {81, an exper iment that avoids these compl icat ions w a s 

des igned. Thus : a lbumin concentrat ion was varied by di lution of a concen t ra ted one 

and potass ium select ive electrodes were used together wi th po tass ium chlor ide 

solut ions in combinat ion wi th dif ferent geometr ies of the junct ion of the re ference 

electrode as wel l as dif ferent concentrat ion of the br idge electrolytes ( isotonic a n d 

hypertonic) . 
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Five po tass ium ion-select ive electrodes were prepared f rom the same initial 

membrane and only those wh ich showed good Nernst ian response to K + and a 

negl igible drift we re used. The emf of cells 

Ref. e lect rode 0.01 mol /L KCI 

x g/L A lbumin 

K(ISE) 

at 25 .0°C 

were measured wi th a Hewlett Packard Data Acquis ion control unit in ter faced wi th a 

HP 85 computer . A n operat ional ampli f ier was interposed be tween the e lec t rodes a n d 

the measur ing sys tem. Measurements were first taken in a lbumin f ree so lut ions and 

then in the most concent ra ted a lbumin solut ion which was subsequent ly d i lu ted wi th 

0.01 mol /L KCI. The sys tem w a s thermostated in a water bath thermosta t at 25 .0°C. 

Three di f ferent k inds of reference electrodes were used. O n e of t hem w a s a 

si lver silver chlor ide electrode, prepared in this laboratory, d ipped in a 0.15 mol /L KCI 

solut ion conta ined in a po lycarbonate stem onto which a dialysis m e m b r a n e w a s 

appl ied. The other two are the previously referred commercia l e lect rodes - Me t rohom 

ca lomel e lect rode 60701 .100 wi th 0.15 mol/L KCI and a Russel satura ted ca lomel 

e lect rode C R L / D W G 121B. 

The results obta ined are shown on Table 2. 
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T A B L E 2 

Study of the a lbumin and liquid junct ion effect on ise measurements 

Emf (mV) of cell: Ref. el. 0.01 mol/L KCI 
x g/L A lbumin 

K(ISE) 
25 .0°C 

Reference Electrode x = 

0 40.1 59.6 101.3 

Ag /AgCI 0.15 mol/L KCI 
(Dialysis membrane) 

65.7 59.0 57.8 55 .3 

Cal . 0.15 mol /L KCI 
(ceramic plug 

51.9 45.9 45 .1 43 .0 

S C E 
(ceramic plug) 

93.6 92.0 90.7 89 .0 

R e s u l t s a n d D i s c u s s i o n 

1. S o l u t i o n s w i t h o u t a l b u m i n : i on ic s t r e n g t h e f fec ts 

It w a s observed that there was an increase in the emf of cel ls conta in ing 0.15 

mol/L NaCI as br idge electrolyte both with the junct ion with cyl indrical symmet ry a n d 

the dialysis membrane w h e n NaCI added to the C a C I 2 solut ion increased f rom 100 to 

150 mmol /L . O n the other hand, both geometr ies of the junct ion gave an emf va lue 

wh ich dec reased w h e n added NaCI increased as before, w h e n 0.15 mol /L KCI was 

used as br idge electrolyte. Saturated KCI and a ceramic plug also fo l lowed the s a m e 

t rend as the latter referred case. 

These results are consistent wi th wha t can be theoret ical ly pred ic ted w h e n 

taking into account the effect of added NaCI on the activity coeff ic ient of C a 2 + a n d on 

the l iquid junc t ion potent ial , as shown on Table 3. 
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T A B L E 3 
Var iat ion of l iquid junct ion potent ial and activity coeff ic ient contr ibut ions to the global 

cell emf w h e n sample electrolyte varies 

f rom : 1mmol /L C a C I 2 + to : 1mmol /L C a C I 2 + 
+ 100mmol /L NaCI +150mmol /L NaCI at 25 .0°C 

Calculated (mV) Exper imenta l (mV) 

Br idge 

electrolyte 

AEj(150-100) 

(A) 

RT YCa(150 NaCI) 

2 F Yca(100 NaCI) 

(B) 

A + B c.p. c.l.j. d.m. 

Sat KCI 0.27 -2.02 -1.75 -2.2 

0.150 mol /L NaCI 2.12 -2.02 +0.12 +1.4 +1.2 

0.150 mol /L KCI 1.08 -2.02 -0 .94 -0.7 -1.1 

c.p. - ceramic p lug; c.l.j. - cyl indrical l iquid junct ion; d.m. - dialysis m e m b r a n e 

The express ion used for the determinat ion of the activity coef f ic ient of C a 2 + 

w a s the ex tens ion of the Debye-Hucke l equat ion 

| 0 g f = ^ + 0 . 2 I 
1 + VI 

due to Davies as referred by Robinson and Stokes (22) .The equat ion used for the 

liquid junct ion potent ial w a s the Henderson equat ion. It can be seen that the 

ag reement be tween this work exper imental values and the calcu lated ones is very 

good , despi te the l imitat ions of the equat ions used. (Henderson equat ion cons iders a 

l inear concent ra t ion profi le of the limiting solut ions in their mix ing reg ion and 

concentra t ions instead of activit ies). 

Resul ts wi th sod ium chlor ide bridge solut ions show larger var iat ios be tween 

calcu lated va lues and exper imenta l ones, then potass ium chlor ide does. Despi te this 
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fact, wh ich deserves further studies, it is important to notice that the results wi th the 

dialysis m e m b r a n e restr icted liquid junct ion fol low the same t rend as the open 

junct ion. That is, both cells wh ich include those junct ions and 0.15 mol /L NaCI as 

br idge electrolyte, have a global emf wh ich increases w h e n NaCI added to CaCI 2 

•solutions increases f rom 100 to 150mmol/L. This is contrary to wha t h a p p e n e d w h e n 

commerc ia l analyzers where modi f ied (12) to study the same effect. As a mat ter of 

fact, looking at Payne's results - as shown on fig. 1 - page 236 of ref .(12): "Relat ions 

be tween repor ted ionized calc ium activit ies and the sodium chlor ide concent ra t ions of 

aqueous solut ions conta in ing the same amount of calc ium. Nova NaCI, Corn ing NaCI 

and Corn ing KCI indicate analysers that have been modi f ied by subst i tu t ing 150 

mmol /L NaCI or KCI for the manufacturer 's reference e lect rode solut ions" - a 

d iscrepancy be tween the behaviour of the modi f ied inst ruments Nova NaCI and 

Corn ing NaCI (the first one shows an increase of calc ium ion activity w h e n NaCI 

added to ca lc ium chlor ide solut ion increases f rom 100 to 150mmol / l , whi le the second 

one shows a decrease) seems to be strange. Note that Nova ins t rument has a 

reference e lect rode wi th an open junct ion and Corn ing has a dialysis m e m b r a n e 

junct ion. 

2. S o l u t i o n s w i t h a l b u m i n ; P ro te i n Ef fec t 

Most commerc ia l ion-select ive electrodes analyzers have concen t ra ted 

electrolyte br idge solut ions in an at tempt to decrease the l iquid junc t ion potent ia l . 

Thus, Kone Microlyte uses 3.0 mol/L KCI; Ciba Coming-Sa tu ra ted KCI at 37°C, 

Rad iometer - 4.6 mol /kg sod ium formate, Nova 2.0 mol/L KCI, etc. Tab le 4. The 

prob lems assoc ia ted wi th the unavoidable leakage of the salt of the br idge electrolyte 

to the sample and interference wi th protein and erythrocytes led some peop le to 
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choose isotonic br idge solut ions with respect to physio logical f lu ids w h e n 

measuremen ts are to be taken in these media. 

T A B L E 4 

Compar ison of s o m e C a 2 + analyzers 

Model Output lonophore Reference 
Electrode 

Reference 
Electrolyte 

Liquid 
Junc t ion 

A V L 980 C a 2 + ETH 1001 Calomel 1.2 mol /L KCl O p e n Stat ic 

Corn ing 6 3 4 C a 2 + , pH 
C a 2 + (7.4) 

ETH 1001 Ag/AgCI Sat. KCl Dialysis 
M e m b r a n e 

Kone 
Microlyte 

C a 2 + , K + 

Na + 

ETH 1001 Ag/AgCI 3mol /LKCI Ceramic 
PI 
ug 

NOVA 8 C a 2 + , pH 
C a 2 + (7.4) 

ETH 1001 Ag/AgCI 2mol /L KCl F lowing 

Rad iometer 
ICA 1 

C a 2 + , pH 
C a 2 + (7.4) 

ETH 1001 Calomel 4.6 mol /kg 
C H O O N a 

O p e n 
Stat ic 

However the advantages of having an isotonic rather than concent ra ted br idge 

solut ion are not wel l clari f ied and the procedure has not found accep tance yet (11-12,  

23-24) . 

Payne (12) made measurements of ionized calc ium with several commerc ia l 

inst ruments wi th their concent ra ted bridge solut ions and wi th subst i tu ted, isotonic 

br idge solut ions. He used a calc ium chloride solut ion with bovine serum a lbumin a n d 

increased the concentrat ion of this solut ion by ultrafi l tration. Payne f ound that the 

measured C a 2 + activity increased with increasing protein concent ra t ion w h e n 

analysers wi th their concent ra ted bridge solut ions were used. The isotonic sys tems 

did not show a signif icant change of C a 2 + activity with protein concent ra t ion . 
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However, Payne himself is puzzled with the interpretat ion of this results. He says "The 

difference between hypertonic and isotonic junctions is readily explained if it is due to 

protein denaturation at hypertonic reference electrode liquid junctions. On the other 

hand, if the increase in Ca2 + activity recorded with hypertonic junctions is due to a 

Donnan equilibnum, then when isotonic junctions are used the true increase in Ca2 + 

activity must be fortuitously closely matched by a change of the same magnitude but 

opposite sign in the residual liquid junction potential caused by protein". 

In order to clarify the protein effect we studied a system wh ich used po tass ium 

ion select ive e lect rodes and potass ium chloride solut ions conta in ing a lbumin, because 

potass ium ion is recognized not to bind signif icantly to a lbumin (21) wh ich does not 

interfere with the K + selective membrane either (25). The concent ra ted a lbumin 

solut ion was subsequent ly di luted with potass ium chloride solut ion of the same 

concentrat ion as the initial one. 

W e found a decrease of the overall cell potential when a lbumin increases. The 

variat ion is larger w h e n isotonic reference solut ions are used then w h e n hyper ton ic 

are, wh ich is wha t should be expected taking .into considerat ion a l iquid junc t ion 

potent ial effect. . 

Moreover the variat ions observed when transferr ing the e lect rodes f rom 0.01 

mol/L KCI wi thout a lbumin to the a lbumin containing KCI solut ion ev idence that there 

is an effect of protein on the liquid junct ion potential. As a matter of fact, subtract ing 

the appropr iate d i f fe rences .be tween emf of cells contain ing a lbumin solut ions f rom 

those ones wi thout a lbumin, the protein effect on the liquid junct ion potent ia l is 

ev idenced. Tak ing values f rom Table 3, if we consider E j , as the emf of celis II, whe re 

i refers to the reference electrode and j to the albumin concentrat ion in the KCI 

solut ions, with 
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i Réf. Electrode 

1 Ag /AgCI / 0 .15mol /L KCI (dialysis membrane) 

2 Cal . EI./0.15 mol /L Kcl (ceramic plug) 

3 S C E 

j = 0 40.1 59.6 101.3 g/L albumin in 0.01mol/L KCI 

w e have, for instance,: 

(E 3,0 - E 2 ,0 ) " (E3,101.3 - E2l101.3 ) = (EK3,O - ESCE + E j 3 ,o -EK2,O + E R e f 2 - E j 2 l o ) -

- (E«3,ioi.3 - ESCE + Ej3,ioi.3 - EK2,IOI.3 +ERef2 - Ej2,ioi.3 )• 

S ince E K 3 ,o = EK2,O and E K 3 , io i .3 = EK2,101,3 (because these terms refer the response 

of the K ion select ive electrode in solut ions of 0.01 mol/L KCI wi th 0 and 101.3 g/L 

added a lbumin respect ively), they cancel each other and so do the terms re lated to 

the reference electrode itself (excluding the liquid junct ion potent ial wh ich is usual ly 

inc luded in the reference electrode potential). Thus , the above ment ioned d i f ference 

is reduced to the l iquid junct ion potential terms, that is , in this case, = 

(E j 3,o - E j 2 , o ) - (E j 3 , ioi.3 - E j 2 l i o i . 3 ) = -4-3 mV 

The same type of calculat ion yields -5.8mV when SCE and Ag/AgCI 0 .15mol /L KCI 

(dialysis membrane) are used. If there was no inf luence of a lbumin on the l iquid 

junct ion potent ial the di f ferences between the liquid junct ion potent ial terms, as shown 

above, should cancel out and the final differnce should be zero, wh ich is not the case 

for all the a lbumin concentrat ions studied, which include the normal physio logical 

value. 
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It is , t h u s , c lea r l y d e m o n s t r a t e d t h a t a l b u m i n i n f l u e n c e s t h e l i qu i d j u n c t i o n 

p o t e n t i a l . Exper iments in progress with other types of a lbumin also conf i rm that 

in f luence. A deeper insight into this problem is being pursued. 

It was also observed (results not shown) that the subst i tuted ca lomel e lec t rode 

a l though hav ing a s teady potent ial response dur ing the t ime that an exper iment 

lasted, must be cont inuously chang ing (bias potent ial wi th repect to S C E w a s 

di f ferent f rom day to day) and the actual KCI concentrat ion at the m o m e n t of the 

exper iment must have been dif ferent f rom the initial solut ion 

C o n c l u s i o n s 

Emf of cel ls consist ing of a calc ium select ive e lect rode a n d re ference 

e lect rodes conta in ing isotonic reference electrolytes (0 .15mol /LKCI or 0.15 mol /L 

NaCI) fo l low the same t rend w h e n the ionic strength of the sample solut ion var ies 

whe the r an open junct ion or a dialysis membrane restricted junc t ion is used. , that is, it 

decreases w h e n NaCI added to a f ixed concentrat ion of C a C I 2 var ies f rom 100 to 150 

mmol /L if the br idge electrolyte is 0.15 mol/L KCI and increases w h e n it is 0 .15 mol /L 

NaCI. Both fo rms of l iquid junct ion fol low the same trend. Exper iments wi th mod i f ied 

inst ruments(12) , wh ich give dif ferent patterns of variat ion w h e n open junc t ion and 

dialysis membrane restr icted one are used, must have added an extra cont r ibut ion to 

the global emf wh ich was not accounted for. 

It was ev idenced that a lbumin inf luences the liquid junct ion potent ia l . 
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Effect of Water - Organic Solvent Mixtures on 
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ABSTRACT 

The pitting corrosion of mild steel was studied in 0.1 M NaCI + 0.015 M 

NaOH in water-glycerol, water-ethylene glycol, water-ethanol and water-

dioxane solutions with various composit ions (from 0.0 to 60 %v/v of the 

organic solvent component). The results obtained from the potentiodynamic 

and potentiostatic measurements show that the pitting corrosion is inhibited 

by the organic components in the medium. The inhibition percentage was 

increased with the increasing of the concentration of the organic solvent in 

the medium and reached about 80%. 

It is suggested that the organic solvents inhibited the pitting corrosion 

of mild steel by (i) increasing the viscosity of the medium, which leads to a 

decrease in the diffusion coefficient of the corrosion products. It a lso 

decreases the dielectric constant of the medium, which lowers the basicity of 

the solution, and (ii) adsorption of solvent molecules on steel surface. 
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