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L. An electrochemical reference element suitable for use with an
organic liquid, comprising a metal electrode and a solid electrolyte
in contact with the electrode, the electrolyte comprising a salt of an
organic ion with the metal of the electrode, the salt being
substantially insoluble in said organic liquid wund the anion being

sufficiently soluble in said organic liquid to form an electrochemical

couple.

3. An element according to Claim 1, wherein said anion is selected <&

from the yroup of aryloxyborates, i.e. anions of the general formula

S )
‘ (A‘rO_)u B, wherein each ArQ group, which may be the same or

diff‘e‘rent. represents an aryloxy group having up to 20 carbon atoms,

opt:ional‘ly substit‘utgzd by one or more halOgefx atoms or nitro groups.

8. An element according to any one of the ‘preceding claims, wherein
the metal of tha electrode is selected from the group consisting of -
silver, cadmium, cobalt, iron, lead and nickel. |
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- (57) Abstract

~_An electrochemical reference element is proposed having a metal electrode such as Ag coated with the tetraphenyl
(TPB) salt of the metal. The element may form the iriternal reference of an ion selective electrode with an ion selective
membrane carried directly upon the TPB coating. The element provides a thermodynamically reversible couple suitable |

for use in a non-aqueéous environnment,
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ELECTROCHEMICAL ELECTRODES

This invention felates to electrochemical electrodes and
particularly to electrochemical reference elements for use in solvents
other than water.

A good exampie of such usage is ion selective electrodes which
are based on organic ion exchangers or neutral carriers. The active
material can be in liquid form held in an inert porous membrane but
more conveniently the active material ﬁs incorporated within a
suitably plasticised polymer substrate. 1In the early designs, the
half cell was completed by immersing a silver wire in an internal
reference solution of the appropriate chloride salt (potassium for a
potassium ion selective electrode) forming a silver/silver chloride
internal reference electrode. The potential of this half cell is
usually measured against a reference electrode, with the silver/silver
chloride reference electrodsa hi;ing usually employed. It will be
understood that the ionic current/potential across the membrane is
thereby converted into an electronic current/potential at the internal
reference electrode, which can be measured. The advantages of using a
thermodynamizally~definable reversible electrode system as the
internal reference electrode will be apparent.

There are clear advantages in developing solid state versions of
these ion selective electrodes and considerable efforts have been made
in developingvso—called "coated wire" electrodes. Commonly, the
aqueous internal_reference solution is incorporated into a hydrophilic
polymer layer such as polyvinyl alcohol (PVA). These devices must be

very carefully constructed. For example, in order to prevent osmctic




PCT/GB88/00992
WO 89/04958

-2 =
effects across the membrane, this must be introduced when the water
content of the PVA layer is within a fixed range. Ideally, this
requires coating to be carried out at fixed relative humidities.

In some prior proposals, the use of a reversible electrode has
been abandoned with, for example, the membrane being coating directly
onto platigum. Even though potentials are measured using very high
input impedance volt meters, the ionic to electronic currents are
still likely to be high enough td cause problems of drift, noise and
lack of reproducibility, in the absence of any thermodynamically
reversible electrode. Surface oxides and contamination of the metal
can also lead to systematic errors.

A further approach that has been adopted in an attempt to solve
this problem is the use of oxidation/reduction processes at noble
metal electrodes (for example ferrocence/ferrocenium at a platinum
electrode). However, whilst this proposal achieves buffering of the
electronic part of the couple, this tends to be unstable.

It is an object of one aspect of this invention to provide an
improved ion selective electrode in which the above difficulties are
to a significant extent overcome.

Accordingly, the present invention consists in one aspect in an
electrochemical reference element suitable for use with an organic
liquid, comprising a metal electrode and a solid electrolyte in
contact with the electrode, the electrolyte comprising a salt of an
organic ion with the metal of the electrode, the salt being
substantially insoluble in said organic liquid and the anion being
sufficiently so}uble in said organic liquid to form an electrochemical
couple. | .

Preferably, said anion has a hydrophobic aromatic group.
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One class of anions comprises anions derived from aryloxyborates,
i.e. anions of the general formula (Ar‘O)L;-B+. wherein each Ar0O
group, which may be the same or different, represents an aryloxy group
having up to 20 carbon atoms, optionally substituted by one or more
halogen atoms or nitro groups. The aryl group Ar ‘may for example be a
phenyl. or nepthyl group which may be substituted by one or more
hydrocarbyl groups having up to 6 carbon atoms. In a particularly
preferred class of compounds, Ar is selected from phenyl and 4-halo
phenyl.

. Another class of anions incldes anions derived from
hydroxy-substituted aromatic compounds, for example phenols and
substituted phenols and napthols and substituted napthols. Such
compounds include mono-hydroxy phenols and mono-hydroxy nap’t'ihols each
of which may contain one or more electron-withdrawing groups, for
example NO2 groups, as in picrate anions and picraminate anions.

Preferably the metal is selected from the group consisting of
silver, cadmium, cobalt, iron, lead and nickel.

The reference element according to this.inyention may be used
within an ion selective electrode with the solid electrolyte
establishing contact with an ion selective membrane.

Problems occur with the silver/silver chloride electrode (and the
other commonly used reference electrode - calomel), in applications
where it is required to operate in non-aqueous solvents/solutions.
Since these reference electrodes require an aqueous salt solution
(e.g. KC1 NaCl), it is necessary to provide an aqueous bridge solution
from the electrode and a liquid junction to the non-aqueus solvent.

This is a complicated arrangement which can lead to difficulties.
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The reference element of this invention can accordingly be used
with advantage within a refeence electrode for use in non-agueous
solutions. The skilled man will appreciate that there are wide variety
of further applications for the reference element accowiing to this
invention, including electrodes‘for sensing proteins, ¢2lls§ or
viruses.

A preferred form of reference element according to this inventio
is silver/silver te££aphenylborate and there will now be described by

way of example two methods for producing a electrode in this form.

METHOD 1:
-Heat platinum gauze in a hydrogen/oxygen flame to clean the surface
-Dip the clean platinum gauze in silver oxide powder and flame gently
until the oxygen has been removed and a greyish colour remains.
Repeat this step until a sufficiently thick layer of porous silver
has formed on the platinum gauze.
-Electrolyse the porous silver coated platinum gauze in a saturated
solution of tetraphenylborate in 1, 2 dichlorethane (or othér

appropriate solvent) for 12 to 18 hours at low current (approx 1mA).

METHOD 2:
-Heat silver wire in a flame to clean (as above)
- Electrolyse the cleaned silver wire in a saturated TPB solution for
12 to 18 hours at low current {as above)

In the case of ion selective electrodes, the membrane can be
coated directly onto the Ag/AgTPB electrode. This not only provides a
reversible electrode (the electronic part) without an internal agueous
filling solution, but provides ionic buffering (as well as electronic

buffering) within the device.
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TPB~ itself can be used as an ion exchanger in ion selective
electfodes. More commonly, it is also used as a counter ion with
mgmbranes using carrier—type_sensing ligands (e.g. for.K.NHCu, Na,
Ca, Mg). In these'caées ﬁhe membrane compositions do not need to be
significéntly changed for use with the internal reference electrode
§ccordihg to tﬁis invention. This does nét mean, however, that
alternative neutral carrier membranes caﬁnot be developed with the.
addition of TPB. |

The invention will further be described by way of'e#ample with

reference to accompanying drawings in which:

Figures 1, 2 and 3 are diagrams illustrating alternative forms of

ion selective electrodes according to this invéntion;
Figure 4 is a cyclic voltamogram of an Ag/Ag TPB electrode;

‘Figure 5 is a plot of the response of an Ag/‘z TFR;

electrode to changes in concentration of the anion;
Figure 6 shows plots of measured potential against time for
respective like ion selective electrodes of the form shown in Figure 1

in samples subject to defined Steb changes in ion concentration, and

Figure 7 is an electrode calibration plot.
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In tne arrangement shown in Figure 1, an AgTPB
applied to an Ag wire 12, for example by Method 2 above. An ion
selective membrane 14 is then applied over the AgTPB coating and the
assembly suitably encapsulated as shown at 16.

The arrangement of Figure 2 is similar but includes a silver
plate 18 in place of the silver wire of the Figure 1 embodiment.
cher components are shown with the saﬁe reference numerals, primed.

In the arrangement shown in Figure 3, the Ag electrode is formed
by an Ag film 20 suitably deposited upon a plastics or’ceramic
substrate 22. The AgTPB coating 24 is then applied over the Ag film
so as completely to'cover the same. A permsel:ctive membrane 26
covers the AgTPB coating and a ring of encapsulation material 28 is
applied so as to avoid edge effééts.

Utilising the structure of Figure 3, a plurality of ion selective
electrodes may be formed on the same substrate using, for example,
printing processes such as screen printing. A number of electrodes of
the same selectivity may be incorporated to accommodate failure of any
individual device or for the purpose of increasing accuracy by
allowing simultaneous multiple measurement, with an appropriate
statistical processing technique.

Alternatively, one or more of the printed electrode devices may
be a reference electrode against which the potential of the working io
selective half cells may be measured. The reference electrode may be
of a conventional type or may preferably be constructed in the manner
of an ion selective electrode with, for example, the neutral carrier
of the membrane omitted so that the electrode does nou respond to the
ionic species of interest and serves as a reference. It will be
understood that the location in this way of the referenne electrode in

close proximity to the szlective electrode will improve,
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for example. common mode rejection. Alternatively, the reference
élecﬁroae may be constructed as an ion selgctive electrode to act
additionally to null electrochémicél interference. For instance, in
the case where the selective electrode responds both to the ionic
species of interegt and‘to an intérfering species; thé reference
electrdode may be’ arranged to respond to the'or each interferent.

Referring to Figure 4; a cyclic‘voitaiogram is shown, produced by
varying the potential applizd to a Ag/Ag TPB electrode and measuring
the current. This demonstrates the reversibility of the electrode..
The compressed form of the plot is explained by the low conductivity‘
of the non-aqueous solvent solution of the TPB used in making the
measurements (10-3M tetrabutyl ammonium tetraphenyl borate in
1,2-dichloroethane). |

There 'is shown in Figure 5 a plot of the measured potential of an
Ag/Ag TPB electrode against concentration. Measurements were taken
against a saturated calomel electrode using the tetrabutyl ammonium
(TBA) cation as a bridge between the aqueous and non-aqueous phases.
In barticular, the cell can be defined as:-

SCE| TBACL 107™M | TBA TPB xM | Ag TPB/Ag

l (aqueous) (dichloroethane)

The plot is "super-Nernstian" in fhat a slope of around -126mV is
aobserved rather than -60mV as expected for a ronovalent anion. This
can be explained by the conﬁribution from the aétiQity of the TBA
cation in the liquid junction equilibrium:-

+, .. N\ o ‘
TBA (dichloroethane) — TBA (aqueous)
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Using the structure illustrated in Figure 1 and conventional
membranes, ion selective electrodes according to this invention were
prepared with selectivity to potassium. A batch of like electrodes was
used to measure the concentration (activity) of a sample of potassium
ion, the sample being subject to step-wise concentration changes. The
experimental results are plotted in Figure 6. It will be seen that
the electrodes generally exhibit fast response and reasonable
stability.

Figure 7 presents the respcnse of the same. batch of electrodes in
a Jorm in which the calibration points of the elelctrodes can be
assessed in terms of sensitivity or slope expressed in change in
potential in millivolts per decade change in concentration or activity
and offset expressed in millivolts.

Ammonium, sodium, hydrogen, lithium, calcium, magnesium, nitrate,
chloride, phosphate and other inorganic cation énd anion selective
electrodes nay be constructed by coating the appropriate permselective
membrane on to the Ag/AgIPB electrodes. In a similar fashion the
Ag/AgTPB electrode may algo be used for organic cation and anion
selectivities. Electrodes bised on the binding of proteins, DNA, RNA,
viruses and cells to an affinity ligand incorporated into the
appropriate membrane may also advantageously use the Ag/AgTPB
electrode.

This invention has peen more particularly described with
reference to the Ag/Ag TPB electrode and this is the preferred form.
It is considered, however, that TPB electrodes could be formed with
other non-noble. metals. Moreover, whilst TPB has the advantage of
being an anion currently-used within certain ion exchanger membranes,
it is considered that electrodes according to the invention can

usefully be constructed using other solvent soluble anions which form
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an insoluble salt of a metal. Preferred metal salts other than TPB
are of tetrakis (4-fluorophenyl) borate, tetrakié (4-chlorophenyl)
borate, dipicrylaminate, picrate and dicarbolyl cobalate. Preferred
metals in addition to silver are cadmium, cobalt, iron, lead and

nickel.
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CLAIMS

1. An electrocherical reference element suitable for use with an
organic liquid, comprising a metal electrode and a solid electrolyte
in contact with the electrode, the electrolyte comprising a salt of an
organic¢ ion with the metal of the electrode, the salt being
substantially insoluble in said organic liquid and the anion being

sufficiently soluble in said organic liquid to form an electrochemical

couple.

2. An element according to Claim 1, wherein said anion has a

hydrophubic aromatic group.

3., An element according to Claim 1, wherein said anion is selected &
from the group of ~ryloxyborates, i.e. anicns of the general formula
(ArO)u-B+. wherein each ArO group, which may be the same or

different, represents an aryloxy group having up to 20 carbon atoms,

optionally substituted by one or more halogen atoms or nitro groups.

4, An element according to Claim 3, wherein the aryl group Ar is
phenyl or napthyl which may be substituted by one or more hydrocarbyl

grops having up to 6 carbon atoms.

5. An element according to Claim 4, wherein Av is selected from

phenyl and 4-halo phenyl.

[}

’
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6. An element according to Claim 1, wherein said anion is selected
from the group of hydroxy-substituted aromatic compounds.

7. An element according to Claim 6, wherein said anion is selected
from the group of phenols and substituted phenols and napthols and
substituted napthols.

8. An element according to any one of the preceding claims, wherein
the metal of the elactrode is selectad from the group consisting of
silver, cadmium, cobalt, iron, lead and nickel.

9. An electrochemical reference element comprising a metal conductor

10 coated with a tetraphanyl borate salt of said metal forming a solid

electrolyte.

10.  An jon selective electrode comprising a reference element according
to any one of the preceding claims with the solid electrolyte
establishing contact with an ion selective membrane.

15 11.  An eiectrochemical reference element for use with an organic

Tiquid, substantially as hereinbefore described with reference to Method
1 or Method 2 or any one of Figs 1 to 3.

DATED this TENTH day of MAY 1991
Public Health Laboratory Service Board

Patent Attorneys for the Applicant
SPRUSON & FERGUSON

LMM/1361y
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