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1

REFERENCE ELECTRODE WITH IMMOBILIZED INTERNAL
ELECTROLYTE - |

Field of the Invention |
The present invention relates to the method of manufacturing of

maintenance-free miniaturized reference electrode for field deployrﬁent.

- Background of the Invention and Prior Art |

Reference electrodes are widely used in many different types of
electrochemical experiments including measurements with pH electrodes,
ion-selective electrodes and cathodic protection instrumentation to access

and control the corrosion rate of metallic structures. The role of the reference

electrode is to provide a stable potential against which other potentials are

‘measured or controlled. Reference electrodes based on silver-silver chloride

cell are among the most widely used. The conventional double junction
reference electrodes contain salt bridge and junctions separating the internal |
refereﬁce electrdlyte and the external analyte sdlutions. This type of
reference cell uses liquid electrolyte that contains chloride ion, and the ionic
species gradually migrate to the analyte sblution. Commerciallly available
conventional double junction silver-silver chloride reference electrodes are
Iarge, contains liquid electrolyte that must be regularly maintained and not
suitable for prolonged field deployment. Regular maintenance that includes

thorough cleaning and replacement of electrolyte solution is necessary to

ensure accurate measurement.

Unlike conventional reference electrode, the present invention
provides a junction-free reference electrode which is economically viable for
mass prbduction, maintenance-free, suitable for dry application such as in-
situ soil analysié and environmental monitoring. The present invention

proposes a maintenance-free silver-silver chloride reference electrode with

constant concentration of the chloride ion internal reference which is

achieved by immobilizing ionic monomer salts to moisture-retaining hydrogel |
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media wherein the cationic charge is immobilized through covalent chemical

bonding to hydrophilic polymer matrix, mixed with gel media. The proposed

- liquid-free reference electrode is expected to have a prolonged lifetime and

constant reference volfage because the reference chloride ion, in the gel |
media, undergoes negligible concentration variation over a long period of
operation. The proposed liquid-free reference electrode can be manufactured

at low cost and can be deployed for field applications.

United States granted patent No. 5,833,825 discloses a conventional
silver-silver chloride reference electrode using conventional metal chloride
(NaCl) reference electrolyte. This invention is equipped with protective
polyvinyl alcohol coating at the tip of the cell. This polymer cdating is
hydrolysable which means that it can be easiiy rémoved before use by
soaking in water. It helps prevent leakage and loss of electrolyte solution

after being manufactured but before use.

United States patent application No. 10/396,401 discloses a reference

electrode based on substituted acrylaté monomer. The substituents in the

~ acrylate monomer contain alkyl, ether, hydroxyl, amine and silylether groups. -

The electrolyte is based on conventional potassium chloride salt solution.

United States granted patent No. 4,908,117 discloses a siIvef-si_Iver

chloride reference electrode wherein the migratioh of chloride electrolyte is

. prevented by coating the electrode with chloride-containing polymer partially

quaternized by triethylamine. This layer is further coated by additional co-

polymer coating.

Summary of the Invention

The present invention discloses a maintenance-free silver-silver

chloride reference electrode which comprises platinum wire (1), epoxy (2),

~ silver wire (3), silver-silver chloride electrode (4), immobilized gel internal

electrolyte (5) and a micro-porous polymer (6). The platinum wire (1) is



WO 2009/082187 PCT/MY2008/000191

10 .

15

.20

25

30

designed for conducting chrrent from the reference electrode to the electronic
circuits. The end of the platinum wire (1) is soldered with gold.male connector
for connection to electronic board. The opposite end of the platinum wire (1)
is soldered with silver wire (3). The epoxy (2) such as silicone capsule is
designed for securing the silver wire (3) and the silver-silver chloride

electrode (4) suspended:in the immobilized gel internal electrolyte (5). The

" epoxy (2) is also designed for preventing loss of moisture of the immobilized

gel internal electrolyte (5) and for encapsulating the upper part of the -
reference electrode. The silver wire (3) is coated with silver chldride coating
and is designed for undergoing oxidation reaction to produce silver ion. The
silver-silver chloride electrode (4) is designed for ‘unde.rgoing reduction
reaction by silver ion to produce silver. The immobilized gel internal
electrolyte (5) is designed for providing constant concentration of chloride ion

. to capture free silver ion for producing silver chloride precipitate. The

immobilized gelv internal electrolyte (5) comprises hydrogel monomers,
fluorinated quaternary ammonium chloride salts, cross-linking agents and

‘solvents. The cross-linking agents are N,N’-methylene—bisacrylamide,
- N,N,N’,N’-tetraethylenediamine and ammonium persulfate. The solvents are
' deionized water, glycerol and sorbitol. The immobilized gel internal —

electrolyte (5) is derived from fluorinated quaternary ammonium chloride salt
I, Iland . The immobilized gel internal electrolyte | comprises
dimethylacrylamide, fluorinated quaternary ammonium chloride salt 1, cross-
‘linker; deionized water and glycerol. The immobilized gel internal electrolyte
Il comprises acrylamide, fluorinated quaternary ammonium chloride salt I,
cross-linker, deionized water and sorbitol. The immobilized gel internal
electrolyte Ill comprises hydroxyethylmethacrylate, fluorinated qﬁaternary
ammonium chloride salt 1ll, cross-linker, deionized water and glycerol. The

micro-porous poIYmer (6) such as ceramic filter is designed for securing the

. immobilized gel internal electrolyte (5) at the tip of the reference electrode
from direct contact with analyte solutions and for encapsulating the lower end

. of the reference electrode.
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Brief Description of the Drawings

Figure 1 illustrates the maintenance-free silver-silver chloride reference

" electrode.

Detailed Description of the Invention

The present invention relates to the method of manufacturing of
maintenance-free sflver—silver chloride reference electrode, wherein the _
internal chloride ion concentration is maintained at constant level through
immobilization of fluorinated quaternary ammonium chloride salts. Migration
or loss of chloride ion is significantly reduced with the immobilization of
fluorinated quaternary ammonium chloride salts and the reference electrode
gives stable measurement in potentiometric setup. The maintenance-free
silver-silver chloride reference electrode is suitable for field deployment in the
following applications: |

i. In-situ soil macronutrient analysis.

ii. Plant nutrient uptake.

iii. Environmental analysis.

The maintenance-free silver-silver chloride reference electrode
consists of platinum wire (1), epoxy (2), silver wire (3), silver-silver chloride
electrode (4), immobilized gel internal electrolyte (5) and micro-porous

* polymer (6). The end of the platinum wire (1) is soldered with gold male

connector for connection to electronic board. The opposite end of the
platinum wire (1) is soldered with-silver wire (3). The upper part of the
reference electrode is encapsulated with epoxy (2) and other protectivé
materials, such as silicone capsule to secure the silver wire (3) and the silver-
silver chloride electrode (4) which are suspended in the immobilized gel

internal electrolyte (5). The silver chloride coating is deposited on the silver

wire (3) by means or electroplating process. The immobilized gel internal

electrolyte (5) comprises hydrogel monomers, fluorinated quaternary
ammonium chloride salts, cross-linking agents and solvents. The present

invention proposes an immobilized gel internal electrolyte (5) with constant



WO 2009/082187 PCT/MY2008/000191

10

15

20

25

.30

concentration of the chloride ion internal reference which is achieved by
immobilizing ionic monomer salts to moisture-retaining hydrogel media
wherein the cationic charge is immobilized through covalent chemical
bonding to hydrophilic polymer matrix, mixed with gel media. The
immobilized gel internal eIeCtronte (5) is derived from ﬂuorinated quaternary
ammonium chloride salt I, Il and lll. These fluorinated quaternary ammonium
chloride salts |, Il and lil can be immobilized to the hydrogel acrylic backbone
and used as key ingredient in the electrolyte compositions. These fluorinated
quaternary ammonium chloride salts |, I'and |1l are derived from fluorinated
acrylamide 1V, fluorinated acrylamide V and fluorinated amino acrylate VI
respectively. The immobilized gel internal electrolyte | compriseé _
dimethylacrylamide, fluorinated quaternary ammonium chloride salt I, cross-

' linker, deionized water and glycerol. The immobilized gel internal electrolyte

Il comprises acrylamide, fluorinated quaternary ammonium chloride salt I,
cross-linker, deionized water and sorbitol. The immobilized gel internal

- electrolyte Il comprises hydroxyethylmethacrylate, fluorinated quaternary
“ammonium chloride salt Ill, cross-linker, deionized water and egcerél. The

lower end of the reference electrode can be protected by micro-porous
polymer (6) such as ceramic filter to secure the immobilized gel internal
electrolyte (5) and minimize the direct contact of the cell surface of reference

electrode with analyte solutions.

The platinum wire (1) is designed to conduct current from the

reference cell to the electronics circuits.

The epoxy (2) is designed to secure the silver wire (3) and the silver-
silver chloride electrode (4) suspended in the immobilized gel internal -

electrolyte (5) and to prevent loss of moisture of the immobilized gel ;intemal

- electrolyte (5). The epoxy is also designed to encapsulate the upper part of

the reference electrode.
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The silver wire (3) is designed to undergo oxidation reaction to

produce silver ion.

The silver-silver chloride electrode (4) is designed to undergo

reduction reaction of the silver ion to produce metallic silver.

The immobilized gel internal electrolyte (5) is designed to provide
constant concentration of chloride ion to capture free silver ion for the deposit

of silver chloride.

The micro-porous polymer (6) is designed to secure the immobilized
gel internal electrolyte (5) at the tip of the reference electrode from direct

-contact with analyte solutions. The micro-porous polymer is also designed to -

encapsulate the lower end of the reference electrode.

Preparation of silver-silver chloride electrode:

The 1.5 cm silver wire (3) is soldered to the 2 ¢m platinum wire (1),
washed with isopropyl alcohol and dried in the oven for 2 hours. Silver
chloride coating is deposited on the silver wire (3) by electrochemical means

~ wherein the silver wire (3) is immersed in 1M of potassium chloride solution

with regulated 3.0V supply over 2 minutes to produce a silver-silver chloride

electrode (4).

vSyr'\thesis of fluorinated quaternary ammonium chloride salt |:

The fluorinated quaternary ammonium chloride salt | is synthesized
from fluorinated acrylamide |V, allyl chloride and tetrabutylammonium fluoride
(BugNF). The silyl protection group is removed following a standard

procedure using tetrabutylammoniuh fluoride.
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An oven-dried 250-mL three-neck, round-bottomed flask is equipped
- with rubber septum, a reflux condenser, mechanical stirrer and a nitrogen
5 inlet. The flask is flushed with steady flow of nitrogen and charged with 0.075
mol of fluorinated acrylamide IV in 50 mL of freshly distilled tetrahydrofuran
(THF). The flask is chilled in an ice-water bath and 0.08 mol of allyl chloride
in'30 mL of freshly distilled THF is added dropwise over 30 minutes. The
mixture is stirred for additional 1 hour at ice-water bath temperature and then
‘10 the bath is removed to allow the mixture to warm to ambient temperature.
" The reaction is heated at gentle reflux for 20 hours. Deionized water (50 mL)
is added, the layers are separated and the orgahic layer is washed twice with
25 mL portion of brine. The organic layer is dried with sodium sulfate and the
solvent is removed by distillation. The residue >is recrystallized in ethanol to

15 .give 0.06 mol of fluorinated quaternary ammonium chloride salt I.

The fluorinated acrylamide IV as used in the preparation of fluorinated
quaternary ammonium chloride salt | is synthesized from fluorinated amine I,
acrylic acid, coupling reagent BOP-C| and triethylamine.

20
. H ' : o)
| Acrylic Acid, BOP-C, Et;N (CH2)7CH3
2N — N N/
CH,(CH,)7 CH2CF3 \ |
: CHaCF3
v | : CHz _ '
: BN\

The fluorinated aminé | as used in the preparation of fluorinated acrylamide
IV is synthesized from trifluoroacetic acid, boric acid, NaBH,-BF3.Et,O and
25 primary amine NHy(CH.),CH; wherein n = 7, 11.
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- 1.CFsCO.H,B(OH); N

NH,(CH,);CHs — > CHyCHpY  “CHyCF3
2. NaBH4-BF3.Et20

Synthesis of fluorinated quaternary ammonium chloride salt II:
5 The ﬂuprinated quaternary ammonium chloride salt Il is synthesized
~ from fluorinated acrylamide V and allyl chloride.

o
CF
| A~ Q s
- N"CF ” ' i+ CF
. I L 3 . N 3
v CFs

-
lcrj\
N

An oven-dried 250-mL three-neck, round-bottomed flask is_equippéd

10  with rubber septum, a reflux condenser, mechanical stirrer and a nitrogen
inlet. The flask is flushed with steady flow of nitrogen and charged with 0.075
‘mol of fluorinated acrylamide V in 50 mL of freshly distilled tetrahydrofuran
(THF). The flask is chilled in an ice-water bath and 0.08 mol of allyl chlo}ide

| in 30 mL of freshly distilled THF is added dropwise over 30 minutes. The

15 mixture is stirred for additional 1 hour at ice-water bath temperature and then
the bath ié remdved to allow the mixture to warm to ambient temperature.
The reaction is heated at gentle refiux for 20 hours. Deionized watef (50 mL) |
is added, the layers are separated and the organic layer is washed twice with

- 25mL portion of brine. The organic layer is dried with sodium sulfate and the
20 = solventis removed by distillation. The residue is recrystallized in ethanol to -

give 0.06 mol of fluorinated quaternary ammonium chloride salt I

The fluorinated acrylamide V as used in the preparation of fluorinated
quaternary ammonium chloride salt 1l is syhthesized from fluorinated
25  hydroxylamine 1l, acrylic acid, coupling reagent BOP-CI and triethylamine.
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H : o .
_ | Acrylic Acid, BOP-CI, Et;N (CH2)gOTBS

Y, \ - H N/ .

TBSO(CH,)q 'CH2CF3 \ .

' CH2CF3
' I CHz
v v

The fluorinated hydroxylamine Il as used in the preparation of fluorinated
acrylamide V is synthesized from trifluoroacetic acid, boric acid, NaBH-
5 BF3.Et;0 and hydroxylamine NH;(CH,),OH whereinn =9, 11.

H

1. CF3CO,H, B(OH); N |
NH,(CH,),0TBS , > CFiCH;  (CHp)gOTBS
2. NaBH4-BF3.Et20 I .

10 Synthesis of fluorinated quaternary ammonium chloride salt lli:
The fluorinated quaternary ammonium chloride salt lll is synthesized

from fluorinated amino acrylate VI and alkyl chloride (RCI).

0 cu'o

~ . RCI ' R
Om N0 O/H( OO J\”/
) ’")

Vi H
' 59
7,9
C

59 .m
7.9 n
R

H3(CHp)14, CH3(CH,) 45
15
An oven-dried 250-mL three-neck, round-bottomed flask is equipped
with rubber septum, a reflux condenser, mechanical stirrer and a nitrogen
~inlet. The flask is flushed with steady flow of nitrogen and charged with 0.075
mol of fluorinated émino acrylate VI in 50 mL of freshly distilled '
20 tetrahydrofuran (THF). The flask is chilled in an ice-water bath and 0.08 mol
of alkyl chloride (RCI) in 30 mL of freshly distilled THF is added dropWise
~ over 30 minutes. The mixture is stirred for additional 1 hour at ice-water bath

temperature and then the bath is removed to allow the mixture to warm to
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ambient temperature. The reaction is heated at gentle reflux for 20 hours.’

Deionized water (50 mL) is added, the layers are separated and the organic
layer is washed twice with 25 mL portion of brine. The organic layer is dried .
with sodium sulfate and the solvent is removed by distillation. The residue is

recrystallized in ethanol to give 0.06 mol of fluorinated quaternary ammonium

- chloride salt Il1.

The fluorinated amino acrylate VI as used in the preparation of

- fluorinated quatefnary ammonium chloride salt Il is synthesized from

10

15

20

25

fluorinated hydroxylamine I, tetrabutylammonium fluoride (BusNF),

methacryloyl chloride and triethylamine.

CH,)7CH CH
~ (CH,),CH, (ol Cis 2
| 1. Bu,NF 0
3 N
AN - cren] ), CHs
CF3CH;  T(CH)9OTBS 2.Methacryloyl Chloride, — 3 2 5

T EtN - vi

- The fluorinated hydroxylamine Hi as used in the preparation of fluorinated
amino acrylate VI is synthesized from fluorinated hydroxylamine Il, boric acid,
NaBH4-BF3.Et;O and carboxylic acid CH3(CH,),COOH wherein n = 6, 10.

(CH3);CH;4

|
N 1. CH3(CH,)gCO,H, B(OH), N

CF3CH2 - (CHZ)QOTBS 4’_ CF3CH2 (CHz)gOTBS .
. - 2. NaBH,-BF;.Et,0 ' m ‘ _

Synthesis of fluorinated amine |, hydroxylamines Il and lil: .
| An oven-dried 250-mL three-neck, round-bottomed flask is eqUipped
with rubber septum, a Dean-Stark trap topped with a reflux condenser fitted
with a nitrogen inlet, and a Teflon-coated magnetic stirring bar. The flask is
flushed with steady flow of nitrogen and charged with appropriate'carboxylic
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acids such as trifluoroacetic acid (30 mmol), boric acid (0.30 mmol), and 100
mL of toluehe. The colorless reaction mixture is stirred for 30 minutes and

solution of appropriate amines such as excess of n-octylarhine (32 mmol) is
added dropwise to the reacﬁon mixture. The mixture is heated at gentle reflux -

for 20 hours. The mixture is allowed to cool to ambient temperature and then

the mixture is poured with stirring into a 200 mL of hexane. Precipitation of a

white solid is observed. Stirring is continued for an additional 30 minutes and

‘then the precipitates are filtered off under vacuum suction.

‘ The diamide intermediate is reduced to the correspondingAamines-
using NaBH,4-BF3.Et,O mixture as described in the following:

A solution of boron trifluoride etherate (BFs.Et;0) (0.007 mmol) in
freshly distilled anhydrous tetrahydrofuran (THF) (20mL) is added cautiously
to a solution of sodium borohydride (NaBH,) (0.02 mmol) and amide
intermediate (0.015 mmol) in 30mL of anhydrous THF. The flask is flushed
with steady flow of nitrogen flow and the addition is done at ambient'
témperature. The reaction mixture is heated to gentle reflux. Thin'Layer
Chromatography (TLC) is performed to monitor the progress of the reaction.
Upon completion of the reaction, the flask is chilled in an ice-water bath and
the reaction mixture is quenched with dropwise of water. Aftér stirring for an

additional 30 minutes, water is added and the organic layer is separated,

“ washed three times with brine and dried with magnesium sulfate (MgSO4).

The amine-borane complex is dissolved in 50 mL of water and 10~m‘L of 10%
of sodium hydroxide solution is added followed by 10 mL of 30% hydrogen

] peroxide. The reaction mixture is extracted with ethyl acetate and the solvent

is removed by distillation to yield fluorinated amines.

Synthesis of fluorinated acrylamides IV and V: |
An oven-dried 250-mL three-neck, round-bottomed flask is equipped
with rubber septum, a Deah-Stark_ trép topped with a reflux condenser fitted

with. a nitrogen inlet, and a Teflon-coated magnetic stirring bar. The flask is
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charged with 30 mmol of acrylic acid, 30 mmol of appropriate fluorinated
amines such as amine | and 40 mmol of triethyl amine in 50 mL of freshly
distilled dichloromethane. Coupling reagent BOP-CI (30 mmol) in 20 mL of
anhydrous dichloromethane is added. The colorless reaction mixture is
heated at reflux for 20 hours. The mixture is washed twice with 20 mL
portions of sodium bicarbonate and twice with 20 mL portions of distilled
water. The solvent is removed by distillation through Vigreaux column. The |
residue is purified by running through silica gel column to give 25\mmol of

white solid of fluorinated acrylamides.

Synthesis of fluorinated amino acrylate VI:

An oven-dried 250-mL fhree-neck, round-bottomed flask is equipped
with rubber septum, a Dean-Stark trap, a reflux condenser, addition funnel
and a Teflon-coated magnetic stirring bar. The flask is charged with
appropriate hydroxyl amines such as hydroxylamine lil (20 mmol) and 25 mL
of freshly distilled THF. Freshly distilled triethylamine (23 mmol) is added to
the mixture. Methacryloyl chloride (20 mmol) is added dropwise while the

flask is chilled in an ice-water bath. The mixture is stirred for 1 hour and the

reaction is quenched with 50 mL of sodium bicarbonate solution. The organic
layer is washed twice with 50 mL portions of deionized water and dried with

" anhydrous magnesium sulfate (MgSO,). The solvent is removed by

distillation through Vigreaux column and the residue is purified through silica

gel column to yield 18 mmol of fluorinated acrylates.

Preparation of immobilized gel intérnal electrolyte I:

The immobilized gel internal electrolyte | is prepared with the use of
fluorinated quaternary ammonium chloride salt |. The ﬂuorinvated quaternary
ammonium chloride salt | is freshly prepared and purified beforé being
immobilized to hydrogel media. The fluorinated quaternary ammonium -

R chloride salt | has the formula:
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0 :,CF3

:+NOR '
N

| cn‘j\
x

|
R = H, CH3, CH,CHs, CF5

4 mL of deionized water and 6 mL of glycefol is added into a 50-mL.

* beaker. The mixture is stirred gently with a Teflon-coated mégnet bar.for 10

minutes and 5 mL of dimethylacrylamide is added to the étirred mixture. The
freshly prepared fluorinated quaternary ammonium chloride salt I (24% of
total weight) is added gradually to the mixture under gentle stirring over 10
minutes. Stirring is continued until solid material is completely dissolved.
0.2g of N,N’-methylene-bisacryla'mide, 0.05 mL of N,N,N’,N’-
tetraethylenediamine and 0.01g of ammonium persulfate are added to the
mixture while gentle stirring is continued. Stirring is continued for additional 2
hours before the gel mixture is transferred into the reference electrode

chamber.

Table 1. Composition of immobilized gel internal electrolyte | based on

fluorinated quaternary ammonium chloride salt I.

Component | | % Weight
Dimethylacrylamide 25%
Fluorinated quaternary ammonium chloride salt | 24%
Cross-linker ' 3%
Deionized water A ' 20% -
Glycerol ' 28%

Preparation of immobilized gel internal electrolyte II:
The immobilized gel internal electrolyte Il is prepared with the use of
fluorinated quaternary ammonium chloride salt il. The fluorinated quaternary

ammonium chloride salt Il is freshly prepared and purified before being
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immobilized to hydrogel media. The fluorinated quaternary ammonium

chloride salt Il has the formula:

5 . /4 mL of deionized water and 9 mL of sorbitol is added into a 50-mL
beaker. The mixture is stirred gently with a Teflon-coated magnet bar for 10
minutes and 5 mL of acrylamide is added to the stirred mixture. The freshly
prepared fluorinated quaternary ammonium chloride salt I (15% of total

| weight) is added gradually to the mixture under gentle stirring over 10
10 _minutes. Stirririg is continued until solid material is completely dissolved. 0.4g'
of N,Nf-methyléne—bisacrylamide, 0.1 mL of N,N,N’,N’-tetraéthylenediarhine
B and 0.01g of ammonium persulfate are added to the mixture while gentlé
- stirring is continued. Stirring is continued for additional 2 hours before the gel
mixture is transferred into the reference electrode chamber.
15 ' _
Table 2. Composition of immobilized gel internal electrolyte Il based on

fluorinated quaternary ammonium chloride salt Ii.

Component % Weight
Acrylamide | 25%
Fluorinated quaternary ammonium chloride salt il 15%
Cross-linker , - 4% _
Deibnized water ‘ | .20%
Sorbitol ’ v 36%

20 Preparation of immobilized gel internal electrolyte Iii:
The immobilized gel internal electrolyie Il is prepared with the use of

fluorinated quaternary ammonium chloride salt lll. The fluorinated quaternary
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~ ammonium chloride salt Ill is freshly prepared and purified before being
immobilized to hydrogel media. The fluorinated quaternary émmonium

chloride salt Illi has the formula:

cr 0
N \
Ro\/\NM'/i/\OJH’/
F3C m

R = H, CHj,, CH,CHj, CF,4

4 mL of deionized water and 7.5 mL of glycerol is added into a 50-mL
beaker. The mixture is stirred gently with a Teflon-coated magnet bar for 10
~ minutes and 6.5 mL of 2-hydroxyethyl methacrylate is added to the stirred
mixture. The fréshly prepared fluorinated quaternary ammonium chloride salt

0 N (20% of total weight) is added gradually to the mixture under gentie stirring

15

~over 10 minutes. Stirring is continued until solid material is completely .
dissolved. 0.2g of N,N'-methylene-bisacrylamide, 0.05 mL of N,N,N’,N'-
tetraethylenediamine and 0.01g of ammonium persulfate are added to the |
mixture while gentle stirring is continued. Stirrin‘g is continued for additional 2
hours before the gel mixture is transferred into the reference electrode

chamber.

Table 3. Composition of immobilized gel reference electrolyte 11l based on

fluorinated quaternary ammonium chloride salt Ill.

Component ' % Wéight | ‘
Hydroxyethyl ﬁwethacrylate | ' 27%
Fluorinated quaternary ammonium chloride salt 1l | 20%
Cross-linker - 3%
Deiorﬁzed water , 20%
Glycerol | : 30%

20
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Assembly of maintenance-free silver-silver chloride reference |
electrode: |

The end of the platinum wire (1) of the reference electrode is soldered
to gold male connector. The silver-silver chloride electrode (4) is fitted into a
5-ul pipette tip and secured at the silver-platinum junction with acrylic and |
epoxy encapsulation materials (2). The lower end of the reference electrode
is temporarily closed with paraffin film wherein the immobilized gel internal
electrolyte (5) is transferred into the reference electrode under vacuum
through the opened upper part of the reference electrode. The immobilized

' gel internal electrolyte (5) is polymerized into gel form at room temperature

within a few hours.

Characterization of reference electrode performance: ‘
An electrode setup comprises commercially available double-junction

Orion reference electrode and the maintenance-free silver-silver chloride

- reference electrode of the present invention wherein both the electrodes are

connected to Orion ionmeter. The double-junction Orion reference electrode
is used as a stable reference for the above said combined electrodes.

Potential difference of the electrode setup is observed through a period of 60
hours to record thé reSponse variation. If the present invention is stable, less

than 2mV variation is observed in buffered solutions at le 4,7 and 10 and in

- potassium chloride and potassium nitrate solutions over 10" Mand 1 M

. concentration range. .
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Claims

. A silver-silver chloride reference electrode comprising:

- aplatinum wire (1);

- anepoxy (2);

- asilver wire (3);

- asilver-silver chioride electrode (4);

- an immobilized gel internal electrolyte (5); and

- a micro-porous polymer (6).

. A silver-silver chloride reference electrode according to claim 1 which is

maintenance free.

3. Asilver-silver chloride reference electrode according to claim 1 wherein

the platinum wire (1) is designed for conducting current from the

reference electrode to the electronic circuits.

. A silver-silver chloride reference electrode according to claim 1 wherein

the end of platinum wire (1) is soldered with gold male connector for

. connection to electronic board.

. A silver-silver chloride reference electrode according to claim 1 wherein

the opposite end of platinum wire (1) is soldered with silver wire (3)-

. A silver-silver chloride reference electrode according to claim 1 wherein

the epoxy (2) is designed for |

- securing the silver wire (3) and the silver-silver éhloride electrode (4)
suspended in the immobilized gel internal electrolyte (5). |

- preventing loss of moisture of the immobilized gel internal electrolyte
(5). '

- encapsulating the upper part of the reference electrode.
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7. A silver-silver chloride reference electrode according to claim 1 wherein

* the epoxy (2) is silicone capsule.

8. A silver-silver chloride reference electrode according to claim 1 wherein
the silver wire (3) is designed for undergoing oxidation reaction to

produce silver ion.

9. A silver-silver chloride reference electrode according to claim 1 wherein
the silver wire (3) is suspended in the immobilized gel internal electrqute

©).

10. A silver-silver chloride reference electrode according to claim 1 wherein

the silver wire (3) is coated with silver chloride coating.

11.A silver-éilver chloride reference electrode according to claim 1 whérein
the silver-silver chloride electrode (4) is designed for un'dergoing

reduction reaction of the silver ion to produce metallic silver.

12. A silver-silver chloride reference electrode according to claim 1 wherein
the silver-silver chloride electrode (4) is suspended in the immobilized gel

internal electrolyte (5).

13. A silver-silver chloride reference electrode according to claim 1 wherein
the immobilized gel internal electrolyte (5) is designed for providing
~ constant concentration of chloride ion to capture free silver ion for

producing silver chloride precipitate.

~ 14.A silver-silver chloride reference electrode according to claim 1 wherein

the immobilized gél internal electrolyte (5) comprises hydrogel monomers,
fluorinated quaternary ammonium chloride salts, cross-linking agents and

solvents.
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15. The immobilized gel internal electrolyte (5) according to claim 14 wherein
the cross-linking agents are N,N’-methylene-bisacrylamide, N,N,N’,N’-

tetraethylenediamine and ammonium persulfate.

16. The immobilized gel internal electrolyte (5) according to claim 14 wherein

the solvents are deionized water, glycerol and sorbitol.

17.A silver-silver chloride reference electrode according to claim 1 wherein
the immobilized gel internal electrolyte (5) is immobilized gel internal

electrolyte |.

18. The immobilized gel internal electrolyte | according to claim 17 comprises
dimethylacrylamide, fluorinated quaternary ammonium chloride salt I,

cross-linker, deionized water and glycerol.

19. A silver-silver chloride reference electrode according to claim 1 wherein
the immobilized gel internal electrolyte (5) is immobilized gel internal

electrolyte 1l

20.The immobilized gel internal electrolyte II according to claim 19 comprises
acrylamide, fluorinated quaternary ammonium chloride salt ll, cross-linker, .

deionized water and sorbitol.

21.A silver-silver chloride reference electrode abcording to claim 1 wherein
the immobilized gel internal electrolyte (5) is immobilized gel internal

electrolyte II.

- 22.The immobilized gel internal electrolyte Il according to claim 21

comprises hydroxyethylmethacrylate, fluorinated quaternary ammonium -

chloride salt I, cross-linker, deionized water and glycerol.
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23. A silver-silver éhloridev reference electrode according to claim 1 wherein
the micro-porous polymer (6)'is designéd for
- securing the immobilized gel internal electrolyte (5) at the tip of the
reference electrode from direct contact with analyte solutions.

5 - encapsulating the lower end of the reference electrode.

- 24.Assilver-silver chioride reference electrode according to claim 1 wherein

the micro-porous polymer (6) is ceramic filter.
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Figure 1
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