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M~llons e.g., Ag 1, Ba++, Ca+l- and Mg+" present singly or in their mixture were estimated 
po~enhometricallr by an assembly of two Dlembrane electrodes, one cationic and the other anionic. 
Thts method avosds the disturbance of reference electrodes due to adherence of precipitates on 
the111, it a precipitation occurs during titration. 

MEl\IBRk~E electrodes can be used as indicator 
electrodes in potentiometric titrations.t-e :Mcm­
bram•s prepat'ed from simple inorga.u.io com­

pounds like barium arsenate, have been used for 
aeid-ba.se titration~. In thi~ investigation membrant>S 
prepared from ion-E:'xchange resin, simple inorganic 
compound<;, and complexe-s embedded on a resin 
hed have been usec:l as indicator electrodes in the 
<'Stimation of metal ions (Ag+, Bal-•, Ca++, Mg++) 
potentiometrically by precipitation or complexo­
metl"ic titration. 

Materials Ul'led for the pt'epal'ation of cationic mem­
hrant"s were Dowex 50'VX8 cation exchanger resin, 
Dowex 50WX8 impregnated with copper-dipyridyl 
complex {mentioned 8.'3 RDC"), and calcium oxalate 
(cationic t"xchanger8). For anionic membranNI. Dowex 
l X 8 anion <'xchange rc."lin and calcium fluoridf' anion 
t"xf'hangc>r8 wert" u~f'd. 

ThC' following c•l('(ltroclwmieal celJ was set up : 

Calomel MC'L 
e}(l('troclo: Solution 

I 

Sample ::\teL Calomel 
Solution 1 Solution. electrode 

I (A) 
IT 

Cationic 
membranl:' 

Anionic 
membrane 

Experimental 

Ba .. ium wa~ titratell with pota'lsium ch,romate, 
silver with potas.~ium chloride, and calcium and 
roagnt>h..;ium "ith EDT~\. All the reagents u:-lt>.d 
were:> nf P-nalytical reagt"Jlt grarle (B.D R. o1· E. ::\-ferd>). 

AJ>1mmtu.., : A Leed-,l-Northrup K 2 type potentio­
meter and galvanomott'r was used. 

Procedure; RDCu wa.'l prepared hy t.reat.ing the 
Do\Wx 50Wx8 rE-sin powder (<200 mesh) with 
CuCiz solution and refluxing thE:' copper reflhl thus 
obtain.ed with dipyridyl solution (20%) in alcohol. 
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The resultant material was then vacuum dried. 
Calcium oxalate and calcium fluoride were preparrd 
in the usual way (Vogel9 and Macdonald1°). 

The membranes were prepared by vigorously 
Rhaldng 0.4 gm membrane mate:riaJ ( <200 meah) with 
a solution of 0.6 g polystyrene in 10 ml oftolueno 
containing 0.05 ml dibutyl phathalate. The sua­
pension was poured over a stainless steel plate and 
allowed to dry slowly. The solid membranes were 
cut into suitable sizes with a sharp blade and fixed 

' on the t"nd of pyrex tubes of internal diameter 5.6mro. 
The adh.esive used was polystyrene dissolved in toluene. 
The membranes, after being test('d for leaks, were 
soaked both in<Ude o.nd out with approximately N/20 
aqueous pot.assium chloride. After 24 hr, the mem· 
branes wero thomughly washed with distilled water, 
tlwn a dHute potassium chlo1·ide solution was placed 
on both sides of the membrane aJtd two tiny calomel 
f'lectrodes, with KCI-agar agar tip'l, were dipped into 
the solutions on each side. Tho membranes, which 
showed zero asymmetry pmmtial, W('re acceptabl£>. 

For exchan_ging two F~ides of a membrane with 
two different ion<~, tlu.• procedure followcrl was similar 
to that just. mentioned, except. tha" the two solution.<J 
urted'on the two sides were of two different electrolvt<'R 
having tho ion.~ concerned. • 

For the estimation of a mt>tal ion, a known volume 
of sample solution was taken in compartment II of 
cell (A) and then diluud to 100 mi. The cationic and~ 
anionic membrane tubos wore then dipped in the 
Rolution. Both the tubes contained the same dilnte 
BaCI2 solution in case of the Ba+ .. estimation and the 
same dilute KCl solution for the rest of me titlavion.s. 
'fho in~idc and outside of the cationic membrsnes 
wore exchanged previously ·with Ba++ and K+. K+ 
and Ag+, 1{+ and Ca++, K+ and Mg-++ for Ba++, Ag+, 
Ca+-1 and Mg++ estimations r<'specliively. The inside 
and outside of the anionic membranes were exrhangt>d 
previollflly with Cl' and Cr04" for Ba+-~ t".Stinla.tion, 
01' and N03' for Ag+ estimation, and Cl' o_n both 
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sides for Ca.++ or Mg++ estimation. Only membranes 
giving reproducible potenvials wore used. 

corro&ponded to a barium concentration of 0.0775.11-f 
while the strength of this sohuion estimated. ioclo­
met.rically was 0.0771M. 

'£able I. Membranes used for determinations 

Species estimated Cationic Anionic 
membrane membrane 

Ba++ Dowex 50W )( 8 Dowex IxS 

Ag+ RDCu Dowex 1x8 

Ca.++ Calcium oxalate Calcium fluoride 

1\Ig++ 
" 

Ca~ + and Mg++ in a mixture 
" " 

In the til;ration of silver, the potential incroascd 
steadily whh ~tee per slopE' ufte.r the md-point (Fig lb). 
The strength of Ag+ was found to be 0.01021Jl using 
1 ml of AgN03 solution and KCl of O.lM as tittant. 
From vohunetric estimation of thi.o:~ AgN03 solution 
with K 2Cr04 as internal indiC'ator the strength ·was 
O.Ol051Jf. 

In case of Ca.++, wilih the gradual addition of EDTA • 
lihere was an increase in the e.m.f. The rata of 
increase of e.m.f. was initially con.'ltant (0.30 m V 
to 0.35 mV per ml of EDTA added), but aftezward'l 
the rate of increase was much reduced showing a 

•.rable 2 

Species Ba++ Ag+ Ca.~+ :\Ig++ Ca++in l\tg ~+in a 
estimated mixture mixture 

Expected molarity 7.71 )) 10-2 1.05 X I0-2 1. 225x 10-5 9.0 X I0-4 6.125x 10-4 4.5x 10-' 

1!'ound molarity 7. 753X 10-2 1.02 X I0-2 1.205x J0-3 8.23 xi0-4 6.025x 10-4 4.6x 10-4 

' 
Deviation 4.3 X 10-4 3x I0-4 

Two tiny calomel elee:trodes with KCl-aga.r agar 
tips were dipped into the membrane tubes. Afwr 
each addition of titraut, the solution was well Htirred 
and tll,e cell potential was measured. A time of 5-15 
ll'tin was necessary for equilibrium to be o~tablished, 
before making the e.m.f. measurements. 

Results and Discussion 
FigtU'e Ia ffhows the curve obtained when titrating 

barium with chromate. A break was obtained 
whicl1 corre.~ponded to end-point. The ond-point 

> e 

60 

0.2 xi0-4 0.75 X 10-4 0.1 X 10-4 O.Ixi0-4 

break in tho curve (]'ig. lla) thereby indicating tho 
enrl-point. For 2 ml of CaCl2 solution 2.41 ml of 
0.00111..£ EDTA was necessary for complete complexa­
tion of Ca++ but in the ca8e of volumetric titraliion 
with oalcon C as indicator 2.45 ml of the same ED1'A 
Holu;tion was necessary under tho same condition. 

> 
E 

~ . 

2 

... 

0. ,., ,.. 
VOLUME OF TITtlE '" ML ------~ ........... - .. ___ ........ ..., ~""'W'S.T~~ 

Figs. II a., b, c,~d. 

1"0 2·0 
VOI.UME OF TITRE IN mt 

l?igs. I a, b. 
1&: 

Ib: 

Est-imation of Ba2+ . 
1.27 ml K 13Cr01 solution 1·equired for 1 ml Ba2+ soluhon 
Estimation of Ag+ . 
1.02 ml KCI solution l'equired for 1 ml Ag+ solution 

IIa: 

lib: 

He: 

lid: 

Estimation of ca•+ 
2.41 ml EDTA solution 1-equired for 2 ml Ca11+ solution 
Estimation of Mgll+ 
0.825 ml EDTA solution required for 1 ml Mg2+ solution 
Estimation of Ca.2++l\lgll+ ' 
4.25 ml EDTA solution required for 4 ml mixture 
Estimation of Call+ in mixture a.t pH > 12.5 
2.41 ml EDTA solution required for 4 ml mixture 

Tho e.m.f. decreased with the gradual addition of 
EDTA in case of estimation of Mg++ and afterwards 
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an increase in e.m.f. with addition of EDTA was 
observ·ed, thuf. producing a break in the c11rve (Fig. 
lib), which was COILsidered as the endpoint. Fig. 
Ilb showed the enrl-poim at 0.825 ml of 0.0011Jti 
EDTA for 1 ml of Mg++ solution but from volumetric 
estimation using eriochrome black T as indicator 
the value was found to be 0.90 mi. 

The difference in the nature of t.he cw ves is due to 
the difference of tho ex<'hange (selectivit.y) of the 
ion~ on the particular membrane interface. In ta.se 
of Ba.++, K + a.nd Ag+, K + sysr.ems t.he initial dec ending 
and ascending branches of t.he Figs. are due to the 
diffrerence in the mobilities of the ion pairs. 

..-\n attempt wad made to esliimate the individual 
concentration of Ca.++ and 1\fg++ "'hen present. in 
mixture. Firstly, a porentiometrio curve (Fig Uc) 
of e.m.f. vs volume of titirant (EDTA) added was 
obtained for a mixture of 2 ~~ of CaCI2 and 2 ml 
of.MgCJ2 diluted to 100 ml. A second curvE (li'ig. Ild) 
was obtained for the mixture of Ca.++ and MF++ in the 
same proportion but changing the pH of this solution 
w 12.5. The pH was adjusted by adding NaOR 
solution. In the :first case, the e m.f. was found 
(Fig. IIc) to remain constant initially but afterwards 
with the addition of EDTA, a gradual increase in 
c.m.f. wa.<J noticed. This change over of the nature of 
the curve incUcat-es the end-point corresponding to 
the total amount of Oa-r+ and Mgt+. In the second 
case, the rate of increase of o.m.f. with addition of 
EDTA W&fi constant (Fig. lid) at the beginning but 
later on thf rate changed sho\ling a break in the 
curve. This break point was the end-point for Oa++ 
only as at pH> 12, only Ca.++ formed compleX! with 
EDTA. For a mixture of 2 ml of Ca++ and 2 ml 
of Mg-1-+ the end-points corresponded to 4.25 ml for 
the first case (Fig. He) and 2.41 ml for the second 
case (Fig. lid) using O.OOIM EDTA as titrant; with 
the same mixture of Ca""~"+ and Mg++, when estimated 
volumetrically using erioohrome Black T arid Calcon 
C a.s indicators for the first anfl. second cases respec­
ti'Vely, the end-points were at 4.25 ml for the :first 
case am\ 2.45 ml for the second case with the same 
EDTA as titrant. Thus, the amount of EDTA 
required for complexation with Mg++ only was 
1.84 ml {4.25-2.41) accordjng to the potentiometric 
values (Figs He and IId) and 1.80 ml (4.25-2.45) from 
volumetric estimation using indicator. 
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The nature of the Fig. lie is due to the superim­
po<Jition of Figs IIa and IIb. At pH > 12, EDTA 
formS-complex with Cat•l- only; hence, the identiral 
nature o£ Figs IIa and IId was noticed. 

The l'esultsobtained can be summarised Min 'fable 2, 
The results obtained were fairly reproducible 

Tli.e maximum deviation observed from expected 
molarity was found to bo 4.3 x 10-4 (in case of :Sa++) 
and the minimum deviation was 0.1 X I0-4 (iu cll.'lo 
of Ca.++ and Mg++ in a mixture). Calcium oxalate­
calcium fluoride membrane pair (used for Ca.++ and 
Mg++ estimation) was found to be more sensitive 
to small concentration changes in solutions, as revealed 
from the above Table . 

The advantage of this method is thali during titra­
tion the reference electrodes are leaSli disturbed and 
the cha.nce of gaining asymmetry potentials by the 
adhered precipitates on the electrode surface is totally 
removed. Moreo'Ver, the method is applicable to 
coloured RQluliions also, where indicators can not be 
used. 

Conclusion 
An assembly of a cationic and anionic membrane 

can be used as indicator electrodes in the potentio­
metric titration of metal ions in solution. 
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