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This invdntion 18 conceived by Gollaskota Prabhakara Rao, Navin
Chandra and Ganesa Ganapadligal Subramanian, all scientists of
Central Electrochemical Research Institute, Karaikudi and Indian

(a4

. &
citizeans and relates to hhtlmethod of making bromide and iodide

’Jhlitivc nanbeswe electrodes (ISE{'

fhe concentration of bromide :Eﬁ;iodide ions in solutions has
hitherto been estimated using a number of analytiéal methods
including electro analytical methods such as potentiometxry using
electrodes of se;ond kind viz. Ag/AgBr or Ag/ AgI electrodesr
The cohventionai methods.of analysis are time coﬂsuhing. Th&
Ag/AgBr and Ag/Agl electrodes are adversly affected in the
presence of redox species particularly oxidizing agents present
as constituent or impurity in solution and are also photowm’
’oncltive and ffagile. In recent years bromide andliodidefionu
sensitive electrédes which are sturdy and insensitive to the
presence of redox species in solutions have been reported in
literature for the direct determination of'bromide and iodide
;ona in solutioﬁ. The preparation of these electrodes involves
making of suitable membranes sensitive to ioﬁs to be estimated in
solution from a composite of inorganic salts and constructing
elctrode using such membranés. However, ﬁe%ther the actual‘
details the preparation and composition of the membranes nor the
conventional details of thése electrodes are fully described in
literature. |
The object of the present invention is to work out the details of
' Y

the procedure for making bromide aad iodide sensitive membranes

4itd to develop bromide and 1odide'sensitive electrodes making use

&
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of the meﬁbranés so prepared that would give steady and stable
éotcntialu in solution containing bromide/iodide ions.

’,To these ends the invention broadly consists of working out the
"details of the preparation of the Brw / Im ion sensgitive
membranes and the proceduré of constructing ion seﬂsitgvé
membrane electrodes using such membranes. '

The preparation of Aq2-s-AgBr and Ag2S~AgI composite, used as
active materiay for Brwand Im ISEs respectively, inm volves
preccpitation by addition of appropriate quantity of AgNo3d to a
mixture of aapropriate quantities of Na2 S« NaBr / Na2aNal. The
brocipitates are digested, washed} filtered, dried and powdered
to a particle size of about 75 microns.

In the next step, a sample of the active material is compresse&
in a die under vacuum to obtain a méchanically stable and

" substantially impervious membrane.

The membranes obtaind by above procedure are either mounted in
hollow cyllindrical glass/PVC tubes by fixed them toc one end of
the tﬁba of an eéoxy or mooulded using a suitable plastic. A
shielded wire is fixed to the inner surface of the membrane with
help of the conducting epoxy prior to incorporating it in the

electorde body.

The potential of the Ion Sensitive Electrodes so cdonstructed i§
recorded against a double junction reference electrode such as
Ag/RgC1 electrode using a high input impedance VPH/ millim
voltmeter (sensitivity + 0.1 mV) in solutions containing test

ions (Brw orm I= jions) in the background of an inert electrolyte.

3



The I= ISE is sensitive to cyanide and mercury ions also and the
response of fe ISE was recordaed seperately in these solutions

also.

Dntod thiu “ day of MiQBr :
- /62 E;;\f_k~i_‘;f—ékﬁwV\
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. JOINT ADVISER ‘(PATENTS) ,
" COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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This I8 an invention by Gollakota Prahhakara Rao, Navin cnandré
aﬁd Ganesa Ganapadigal Subramanian, all of ‘Central
électrochemical Ressarch Institute, Raralkudi, Taﬁil Nadu, India,
all Indian citizens and relates to a method of making bromide or
fodide fon sensitive electrodes.

The bromide and iodide ion-sensitive electrode, produced by'the
method of this invention is useful for the estimatioﬁ of
concentration of the reépective ion in solution. This electrode
have got varied applications. For examble, the bromide ion;
sensitive electrode can be used for the determination of/
‘concentration of cetyl trimethyl ammonium bromide (a surfactant{
used in metal finishing baths. Similarly, iodide ion sensitive
electrode is useful for estimapion of iodide ion concentration in
the process chemical industries. Iodide electrode is also
aensitive to hercury and cyanide ions in solutibn. Hence in the
absence of lodide and cyanide, mercury and in the absence of
iodide and mercury, cyanide ion concentration in solution can
also-be estimated using this electrode. This electrode is, thus,

very useful for pollution monitoring purposes.

Tﬁe concentration of bromide or iodide ion in solutions has
hitherto been estimated using a number of analytical methods such
as potentiometry using electrodes of second kind vi;; Ag/AgBr or
- Ag/ Agl). These electodes are, however, adversly affected inr
the presence of oxidizing agénts present as impurity in solution

and are fragile. The conventional methods of analysis (e.g.

titrimetry) are time consuming and can not go down to the

6

| detection limits achisved by the ion sensitive electrodes of the
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present invention. The bromide and iodide ion sehsitive
electtodes for the direct determination of bromide and lodide
2 ions in solution, which are sturdy and insensitive to oxidrquing
species present in solution, have been reported in literature in
recent years. The preparation of this eléctrbde’involves'making
of suitable membranes, sénsitive to ions. to be estimated in
solution, from a composite of inorganic salts and constructing

elctrode using such membranes.

The object of the presentuinvention is to provide a procegs for
making bromide ahd iodide sensitive membranes and also to provide
a process for making bromide and jodide ion sensitive electrode
making use of the membranes. The membranes so prepared would give'
steady and stable potentials in sdlution containing

bromide/icdide ions.

According to this invention, there is provided a method of making
bromide or iodide ion sensitive electrode which,cohprises
preparing a composite of Ag Br and Ag,S in the case of bromide
ion sensitive electrodes and AgI and Agésﬂin the case of iodide
ion sensitive electrodes by adding AgNO3 to a slight excess of -
mixture of the Na,S and NaBr or NaI, digesting the resulting
precipitate and washing the precipitate thoroughly with water
and/or acetone Slurqing the digested precipitaté with>carbon 
disulphide,washing the slurry formed with waﬁer, drying and
powdering the resultant product’compressing the powder under
vacuum to obtain non—poroué membrane, incorporating the wmembrane

inte an electrode body using a epoxy sealant after fixing a

7
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ehlelded wire contect leed to the 1nner aurtace ot the membtene;

with the help of e conductive epoxy meteriel.

The preperetlon of Agz S-AgBr end Ag S-AgI compoeite, used as. i.

ective material for Br~ end ) A ISEs respectively, involvee‘
precipltation by addition of appropriate quantity of AgNo3 to al
nixture of appropriate quentities of Nazs- NaBr/Nazs -Nal. The.
_compoeition of Nezs-NeBR/Nezar/Nezs-Nal mixtures is so chosenp
:thet the precipitate contains 30 to 70 mole percent of Ag,S. The
\.preclpitetce are digested, waehed.‘filtered, dried and powdered

to a particle size of about 75 microns.

i
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tn ths next step, a sampla of the actlve matorial (abcut 1-’ gms)
s conpressed for 5-10 minutes at 6-8 tons/cm pressure in a dio
under vacuum to.obtain a mechanically stable and subetantially

impervious membrane of 13‘mm.diameter.and 2-3 mm thi¢k“°9'ﬂ fr

The msmbtanes obtained;by the above'procedure were either mounted
in hollow cylindricai :glass/PVC tubes by £fixing them to one end v
of the tube with the help of an epoxy ormoulded usinp a»suitable
plastic. A shielded wire is fixed to the 1nner surface of the
‘membrane with the help of the conducting epoxy . prior to )

incorporating it in the electorde body.

“The potentiel ofitheVIon Sensitive Electrodes so constructed was,
recorded against a double junction reference electrode;such as;
’Ag/AgCI_electrode using'a high input impedance PH)miili#voltmeterf
(sensitivity + 0.1 mV) in solutions containinp test ions~(Br“or?
I” ions) in the background of an inert electrolyte. ’The I;ISB is
sensitive to cyanide .and mercury ions also and ‘the response of 1~

ISE was recorded seperately in these solutions also.

The potential (E) of the eleétrodes, when.plotted versus the-
logrithm of the concentrationi(c) of the test ion in solution"
gave a straight line. | | | -

Example-I
-The Br~ISe based on Agzs-AgBr composite membrane was prepared
- v \_‘ .
'followng_the procedure given below:;"' N
A composite of 1:1 mole ratio AgBr—Agzs was prepared by adding .
AgN03 to a slight excess of a mixture of appropriate quantities

" of, Nazs and NaBr. The . precipitate formed was digested and washed

Q.
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thﬁtbughly with water followed by acetone. After slﬁrcying with
| carbon disulphide the precipitate was again washed thorquqhiy
.with water followed by acetone and driéd at 80°C. The dried
precipitate was powdered to a particle siée_of about 75 micron.
1.5 gms of the bowdered sample was cdméréssea at 7 tons/cm?
pressure for 10 minutes under vacuum to obtain a substantiélly
non-porous membrane of 13 mm diameter, Part No.l in Fig.l of the
drawing accompanying this specification which repfesents the
schematic diagram of the electrode of the present invention. The
membrane was incorporated in a glass electrode body (4) using an
epoxy sealant after fixing a shielded wire contact lead, (2) to

the inner surface of the membrane with the help of a conducting

epoxy (3).

The responée of the above electrode was evaluated in NaBr
solutions (in 1.0 M NaNOj background) by measuring the potential
of the electrode against a doubl junction Ag/AgCl reference

electrode. The results are given below in Table-~I,

- TABLE-1
Concentration of Br™ (M) Potential versus Ag/AgCl
in solution \ (mV)
10-1 B . -66.7
10“2 - 9.5
10’3“_ . » 47.4
1074 | © o 104.2
107 ~ 160.1
1076 S 201.3

(o



Exanple IX | 1645 |
Ancther eléctrode based on Ag,S5-AgBr composite meembrane was

prepared by following procedure:

Rg,S~-AgBr composite containing 40. mole percent Ag,5 was
precipitated by adding AgNOj to 2 slight excess of a mixtﬁre'cf

appropriate quantities of Na,S and NaBr,

The precipitate wés digesteé=with water séverél,timas and,then;T
washed with acetone. - After siUrrying with carbon disulphide the:
precipitate was again washed with water followed by acetone and
dried at 80°C., The drieé composite was ﬁowdered to about 75
micron particle size. 1,8 gms. of the powdered sample was
compressed at 7 ton/cm2 pressure-for-io minutes under vacuum éo‘
obtain a éubstantially non-porous membrane of 13 mm diameter (1).
After providing thé inner contacﬁ lead (2) with the help of a
conducting epoxy (3) the membrane was mdulded.in A.B.S, piastic

body (4)..

The résponse of the above electrode was recorded in NaBr
solutions in the background of 1.0 M NaNO3 by measuring the

potential of the electrode against a double junction Ag/AgCl

: | 1
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'reference electrOde; The results‘are;given below in Table~Il.

TABLE-II
Concentration of'hr‘(H) Potential versus Ag/AgCl
in solutionA S o (mv). .
B S S
Sy  -es
1073 518
ST A 108.0
105 - 164.2
1076 - ~ 204.8
Example-IIf

An Agzs-AgI‘compositgkﬁéﬁbfane“based Ion Sensitive Electrode was
prepared by following procedure. |

: mole ratio Agzs—AgI composite was prepared by slowly adding
AgNo3 to a slight excess of a mixture of Nazs NaI. jTheb
precipitate was digested with' water and washed thoroughly with'
water followedvhy acetone., After slurryiﬁg with carbon
pisulphide the preCLpitate was again washed with water followed
hy acetone. The precipitate was then dried at 80°C and powdered'
to about 75, micron size. 1.5 gms of the prec1p1tate were
'compressed at 7 0 tons/cm under vacuum for 10 minutes to obtain
a substantially non-porous membrane of l3mm diameter (1L After
fixing a shielded cable (2) to the 1nner surface of the membrane

with the help of a conducting epoxy (3) the membrane ‘was’ moulded

in A,B S. plastic body (4).;_‘ Lo
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-The respense of the electtode was evaluated 1n KI solutions in

'l 0 n NaN03 backgtound by measuring 1ts potential egalnst a

double junceion Ag/AgCl reference electrode on a digltnl pn/mv

'meter. The tesults are given below in Table-III._

TABLB—III

‘Conoentratlon ot Br~ (M)

in solution

1071
10-2

103

10"4

10~5

10‘5 .

The I~ electrode is sensitive to CN

.

Potential versus Ag/AgCl

(mV)

-311.2

-254.2
"19506

-136.9

bt 80.0

- 21,9

24, 9’

’

and mercury ions also in‘

,solution. The response of the electrode was measured in NaCN

vsolutions in 0. 10M KOH background and Hg (N03)2 solutions 1n.

O.IOM NaN03 background.w

'freepectively.

Conen.of CN~

ions (M)

- G A s . G i S T - - 4 - - —

TABLB-IV

e

Potential versus Ag/AgCl
S electrode (mV)

L e S - P > > S i S B S —" B s S v

‘,-240;0

-116.7
- 58.6

The results are given 1n Table-IV and V
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TABLE-V
Concn.of Hg?t " Potential versus Ag/AagCl
ions (M) : . : electrode {mV)
10-3 - 0 426.8
1074  367.0 '
1073 ' 1305.8
106 o 251.9
w07 | 22007

EXAMPLE-1V | |
Another Agzs-Agl composite based membrane electrode was pfepared
as follows : |

- 111 mole ratio Ag,S - Agl composite was pecipitated by addinq
AgNOj3 to a sliéht excess of a mixtufe of.appropriate'quantities
of Na,S + Nal. The precipitate was digested, washed with water
followed by acetone, slurried with carbon disulphidé and again
washed thoroughlx with water followeé by acetone and dried at
80°c. After’powdering to about 75 micron size, 1.8 gms of the
. precipitate we?e compressed at 8. 0 tons/cm2 pressure for 10
minutes under vacuum to obtain a substantially non-porous
membrane of 13mm diameter (1). The membrane was fixed to one end
of a PVC tube (4) with the help of an epoxy binder after
.providing contact lead wire (2) to the inner surface of the

' membrane with the help of silver epoxy (3).

The respdnse of the membrane was evaluated in KI solutions in
1.0M NaNO3 background by measuring its potential against a double
junction Ag/AgCl reference electrode. The results are given in

Tabe~VI.

e
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TABLE-VIII
Conen,of Hgdt ' Potential versus Ag/AgCl,
~ions (M) NI electrode (mV)

1073 S e

1074 3594

1075 . 300.3

1076 | 242.3

1077 o . 209.0

It is clear from the data preSented in iables I'tb VIII that the
’Br ISE, responds to concentration of Br~ ions 1n solution and I”
1E responds to I°, CN” and ng+ 1ons in solution. Plot

lof potential of the ISE's versus concentration of that of 1ons is
' shown in Fiq‘zt The reproducibility of -the: potential data for @

given electrode is better than + 0 5 m1111volts.

\é



WE CLAIM ‘ 1 645 656
1. A method ef making bromide or iodide 1on sensltiva electrode
'whieh compriees pteparing a composite oi Ag Br and Ag29 in the
casa of bromide ion eensitlve electrodes or AgI and qus 1n the
case of lodlde ion sensitive electrodes by adding AgN03 te a
slight excese of mixture of the Nazs and NaBr or NaI, digesting
the resulting precipitate and waehing the precipitate thoroughly
with water and/or acetone elurgﬁng the digested precipitate with
'carbon dieulphide washing the slurry formed with Water,. drying
and powdering the resultant product compreesing the powder under
“vacuum to obtain non~porous membrane, incorporating-the,membrane
d;nto an electrode body using a eboky’sealant'after figihg.a
'shieldediwire contact'lead to the 1nnet surfacefot the~membrahe
with the help of a conductive epoxy materiali
'2. A hethcd as cieimed in’ claim 1 wherein the precipitate
obtained is dried at 80°C. |
3. A method as claimed in claims 1 and 2 wherein the dried
precipitate is powdered. to abeut'75'micron,partiéle“eice.
4. A method as clafmed in cldiﬁsllfj wherein the’powdered_d-
precieitate,is compressed at:7 to-n/cm2 pressure forilo minutee.
undet vacuem;' : | '
S.AA'method of"making a'bromidevor iodide ioh‘sensitive,
_ electrode substantially as herein descrzbed with reference to the‘
fﬁexamples.>'
Dated this 3rd day of October 1986
J‘ :?~‘ /f? ~S:::Lkel_av~4ag-n~:k
-*?f"'”*(u R. SUBBARAH) - i

S JOINT ADVISER (PATENTS) -
couucu. OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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WE CLAIM 1 645 65 i

1. A method of making bromide or iodide ion sensitive electrode

.which comprises preparing a composite of Ag Br and Agzs in the

case of bromide ion eensitive electrodes or AgI and Agzs in the
case of icdide ion seneitive .electrodes by adding AgNQakto.a
siight excess of nixtere of the Na,S and NaBr'or NaI, digesting
the resulting precipitate and washing the precipitate thoroughly
with water and/or acetone elurrjlng the digested precipitate with
carbon disulphide washing the. slurry formed with water, drying

and powdering the resultant product compressing the powder under

‘vacuum to obtain non-porous membrane, incorporating-the membrane

into an electrode body using a epOvasealant after firing.a

_shielded wire contact lead to the inner sUrface'of the membrane

‘with the help of a conductive epoxy material.

2r A method as claimed in' claim 1 wherein the precipxtate’
obtained is dried at 80°c.

3. A’method’as'claimed in claims 1 and 2 wherein the'dried
precipitate is powdered to about 75 micron particie size. _

4, A’ method as claimed in claims 1- 3 wherein the powdered .
precipitate is compressed at 7 ton/cm pressure for 10 minutes

under vacuum.,

‘5;‘A'method of making a bromlde or iodide ion sensitlve,v

electrode substantially as herein descrrbed with reference to the‘

'examplesn '

~Dated this 3rd day of}October 1986

R

~——""(N.R. SUBBARAM)
. JOINT ADVISER (PATENTS)
COUNCIL OF SCIENTIFIC AND INDUSTRIAL' RESEARCH
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