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Potcntiometric determination of Copper (II) and Nickel 
(II) ions iisin” Barium sulphate as an 

electro active material
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Abst ract

A lieu Araldite matrix membrane electrode for C ii’ ’ and N i" ' ion 
based on their liarium diehromaie ;is membrane carrier as prepared. I he 
Nernsiian lespon-ic lor ('u and Ni ion o\er a u ule eoneentraiion 

ranee ot ( 1 M - 1 \  I t ) '  .M) u nh tleleetion limits of the order o f 1 n '  \ l  | he 

response time ot the sens;ir is -to seconds for C ir  Ions and .‘'2  seconds 
for N I ions and membrane c>in be used for more than six month itlu'ut 
obsersiim .nu desiation the [sroposed membrane sensor sluuvs 
excellent discriminaiine abiht} touards C ir  and Ni" ions in comparison

. ____ to severtil alkali, alkaline earth, transition and hea\> metal ions, i'he
effect o f pH aiul effect o f  medium, seleetisits co-efficient calues ha\e 
been found to eise better res|ionses.

Key uni\ls Copper ( 11). Nickel ( 11). Araldite-matrix. seleetice 
membrane sensors.

Ii i tnu li ic tioM

CopjKn'tiiul Nickel isti irtice element, 
which is the both cssenlitil and to.xie lor 
animals and humans. Copper e;m inte'rriipt the 
activity in soils, as it ncgaticcl) inllticnces the 
activity o f  microorganisms :md ctirtlnwirnis. 
The decomposition oforgtmic ma\ seriousK 
slowdown bcctniseofthe Nickel is released into 
the air lyv power phmts and trash incinerators.

It w ill then settle to the ground or fall down 
alter retietions \s ith raindrops, fhe larger part 
ot till Nickel compounds that are released to 
the eiu ironment ill adsorbed sediment ofsoil 

les and become immobile as a result.

1 he field o f  ion-seleeti\e electrodes 
bridge fundamental host guest chemistry 
membrane science and specific application. 
IC'eause o f their simplicitx' low cost s tiff cieiitly



rclii ib lc aiul respectable measurements' *.

I he potentiometric titration becomes 
popular, as tbe_\ not onl> established equi\ alenee 
points o f  mans reactions. But also pro\ icie 
inlormation about concentration ofone or more 
o f  the rciietants during the titrations.

In the piescnt stud) a simple' ' hetero­
geneous preei|Htate based membrane base 
been prepareii along with the potentimnetrie 
performances o f  these sensors. 1-fTeet o f  p l l.  
elTeet ormedium. res|ionse time anti seleeti\ it_\ 
co-eiricient \tith  I'espeet ttulilTerent interl'ering 
ions hate also been studied.

M ethodology
Prepen'otion o f io noph o rc :

A White precipitate o f  BaSO. \tas 
prepared b\ adding 10 ml of IBarium Chloride 
( 1 M) (I.R Grade.l li-Pure fine chem) solution 
was mi.Netl with 10 ml eirSulphurie acid ( IN). 
The White preeipitttte obtained ttas filtered, 
wasbed w ith tKnibl) distilled water. It was drieil 
in air for 12 h ;md then powdered.

P rcp o ro lio ii of n ic inh ra iu ’^

■\ number ol membranes vs ere preptired 
using \ art mg aimnint ot'ptiwtlered precipitate 
(0.2.0 3.0.4cC0..s g) I'i.xed tmiount o f  (2 drops) 
of araldile matrix \tas mixed tlutroughh with 
fue l)  po\t tiered exchanger in \ ar_\ ing amiMints 
t(> make a homogenetnis paste w hich was then 
tipplietl on ;i \thatm;mn ll lter paper No. 42.
I he pastes I'btainetl for \ art mg amount o f  
precipHtates were spretitl um lm in l)  m e r  the 
f l i e r  paper so that O.P mm thickness of’ the 
eleclrt' aelite membrane were oblainetl. I'be 
membrane were air tirietl for 4S h. 
Preparation eif'lon Seleetit e eleetrotles;

.\ eireular piece Irom etieh ol the 
membrane were cut ant! fixed with resin at 
one enti o f  hollow glass tubes o ft l iam eter 2 
cm anti length 10 cm. The tubes \terc f l le t i  
w ith  IM  solution o f  Barium cbloride anti 
reference copiper metal wire o f  tbametcr 0..s 
mm anti length 12 cm \tas inserletl thrmigh 
the other eiul o f  tube in sueb a \ta> that it 
remainetl tiippetl in the 1 M solution (d'Barium 
ChliMitle. fhe eleetrotles \tere then kept in 
tIoubK tlistil letl \sater for a tteek anti later the 
I M l  metisuiements \tere earrietl out using 
the folKw'. ine cell assembK

Internal Internal reference f.leetreiactise Sample
reference solution [T'lCI, membrane .solution
l-dectrotie solution
(Cu w ire)

fxternal reference 
electrode (SCI-)

Results and Discussion

11 Opiiniizolion of mcnihroiw coinpo\ilion
Potential measurements were tieter- 

minctl for eoneenir;iiit''ns of C i r  ;ts well as 

N i‘ " ion solutions to find theellect of membrane

compiwition cm the resi-Kinse td'ihe electrtHles.
 ̂,

The eleelrtule g i \e  linear response to C i r  

AN  o' ion ct'iieenlration in the range id 1 M- 

1x10 'M  ( fable 1 N 2). fbese Cu-'-lSp; anti 
N i - ' - IS f  resealeti near Nernstian slopes 30m\-/ 
tiectitie (Cirtiph-1 ).
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Plot o fCe ll I'.Ml- (Volts) Versus l.og o f C i r ’ ion Coneentration 

Electrode Response forN i** ions

Loucd'N'i'* ion Coneentration (M)

Plot ot Cell EME (Volts) Versus l.o rto fN 'i '*  ion Concentration



Table 1. Comparison ofclectrodc potentials for lour electrodes in Copper sulphtite solution
with \ ar_\ ing composition o f membranes

b led rode 
number

F3aCr;0' 
(gram)

[binder Slope
(m\ 'decade)

.Measurement
Range

Response time 
(^ecomls)

1 0.2 .‘\raldite -p 'S l \10-Al M 80
0.3 •A raldite 24 l\ l()- '-I .M 70
0.4 .Araldite 23 l \ l ( ) - ' - lM 55

4 0.5 A raldite 30 l\ l( ) - '- l .M 40

Table 2. Comparison of'eleclrode [potentials loi' four electripcles in Nickel sulphtite solution

Electrode
number

BaCr:07
(gram)

Binder Slope
(m\.'dccade)

Measurement
Range

Response time 
(seconds)

I 0.2 Araldite 28 Ix lO ’- l M 85
0.3 Araldite 29 Ix lO 'C lM 74

0.4 A raldite 28 lx l ( ) - - IM 65

■ 4 0.5 .A raldite 30 Ix lO -'- IM 52

Elec!rode re\ponse:

A series ofaqueous solution ot'CuSOj 
o f  different concentration ranging from 1 M to 
lx  I O’'  M were prepared. .A linear response 
w'as obseiA ed from 1 M to 1x1 O'"' M o f CuSOa 
and NiSOj solution the \alues are tabulated in 
Table 3 and 4.

Table 3. lilectrode response fo r C i r '  ions

Standard Idect'ode potentitil ( l i" )  
determined h_\ e\tra|Polation method \pas found 
to be -0.151 V. The slope \alue was found \o 
be 28im deciide. I bis sIupps s thtit the electrode 
beha\es acccPi'ding to Nernst ecjuation.

I'able 4. Tlectrode response for N i ‘ * ions

S. Concentrati(Pn (pf CuS().i i:.Mb
No. solution ( 1 M ) (\'olls)

1 1 -0,136
1x10' -0,124

IxlO'- -0.1 12

4 IxK)-' -0.100

5 1x10- -0.088

6 IxlO-' -0.076

S. Concentration t)f CuSO.) I-MF
No. solution (1 M ) (Volts)

1 1 -0.148
1x10-' -0.136

,5 1x10'- -0.125
-i l.xio'' -0.113
N 1X1 ()“• -0.101

6 l.xlO' -0.089

Standard Hlectrode potentitil (hi' 
detennined b\ extrapolation method was fouiu 
to be -0.1 56 V. The slope value was found tc



l^oicntiomctric determination o f Copper (II)— as an electro acti\c material.

50%, 75% partially non-aqiieoiis solvent.

141

be 29 mv/deeade. I'liis shows that the electrode 
behaves according to Nernst equation.

Effect o f pH cun/ effect o f medium:

To study the elTect o f  pH, a standard 
solution containing lM C u ( l l )a n d  IM N i( l l )  
ion were prepared in which a series o f  buffer 
solution 2-4 was added. It was found that the 

I p ntial remained unchanged with in the pi 1 
I  range o f2  to,4 which is found to be the uorking 
^ pH range tor the electrode.

S To study the effect o f  medium, a
standard solution containing 1M Cu (II) &  1M 

, Ni (II)  ion in a series o f  25%, 50%, 75% 
fc Acetone, ethanol and propanol medium was 
^ studied. It was found that the Cu (II) electrode 
I  was good in 25% partially non-aqueous solvent 
, and for Ni (II) electrode was good in 25%.

Selectivity:

The selectivity which is an important 
characteristic o f  a membrane sensor is 
measured in terms o f  the potentiometric 
selccti\'ity K. it measures the response o f  the 
sensor towards the primary ion in the presence 
o f  secondary ions present in the sample 
solution. The selectivity co-efficient have been 
determined using tl.xed interference methods 
(F 'fM ) based on semi empirical N icolskii- 
Eisenman equation. In this method, the 
concentration o f  primary ion,Cu(lI) ion &  
N i(I l) ion is varied where as the concentration 
o f  secondary' interfering ions is kept constant 
in the test solution which is 1x10'' M, concen­
tration o f  interfering ion present case.

Table 5.

J ^

vNo.

Cation (Interfering 

ion)

p o t

K l c c t r o ( J e  2* 
N i  ,M ■i Anion 

(Interfering ion)

IX"
K l e c t r o d c  *'x 2* 

Ni ,M

N IC ' -0.145 Br -0.1451 2 Zn-^ -0.144 Soy- -0.144

Na* -0.145 NO'- -0.145

r
Mg-’ -0.146 C r,0 ,- -0.146

'>•
! >i Li* -0.145 Cl -0.145

u K ’ -0.145 F- -0.145

P f' i'C o -0.143 S.O.y'- -0.143
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Table 6.

s .

N o .

C a t i o n  ( I n t e r f e r i n g  

i o n )

. I'” '
E l e c t r o d e  2* 

N i  .M A n i o n

( I n t e r f e r i n g  i o n )

. IM»I
E l e c t r o d e  K  2* 

N i  .

1 N H TJ - 0 . 1 3 7 B r - 0 . 1 3 7

2 Z n ‘ * - 0 . 1 3 6 S 0 4 -- - 0 . 1 3 6

j N a * - 0 . 1 3 4 N O ' " - 0 . 1 3 4

4 M g - ‘ - 0 . 1 3 5 C r : 0 7 -- - 0 . 1 3 5

5 E i ‘ - 0 . 1 3 7 C l - - 0 . 1 3 7

6 K ‘ - 0 . 1 3 3 F- - 0 . 1 3 3

7 C o - * - 0 . 1 3 2 S ; 0 3 - ' - 0 . 1 3 2

To assess tlie app licab ility  o f  the 
sensor to real samples an attempt was made 
to determine Cii and Ni ion in soil anal\sis. 
w'ater anaKsis and in a llo \ analNSis.fhe 
reco\eiA o fC u  (11) and Ni (11) from different 
analysis was found to be almost qiiantitatisc 
w'ith in the maximum reco\ er>' o f 99%.
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