ISE Info

Basic Theory

lon-selective elecirodes (ISEs) utilize an
iomphm-impmgnurgd membrane that
makes the electrode selactive for a partic ular
ion.

AS| manufactures four different ryﬁm of ISEs
ac

using H'uafo”ow'lng membrane t no|ogi95:

»  Glass membrene (such as Ma* or
pH)

+  Solid state membrane (such as PE*)

s Polymer membrane (such as K*)

*  Gas permeable membrane (such as
MH3)

An electrical potential develops across the
membrane wﬁen the electrode is placed
in solution. This potential is compared

to a reference polenricﬂ {from an infernal
or axternal rence elecirode) and the
differanca is measured b}r the meter, and
equated to the ion activity.
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The relationship between the maasurad
potential, E, and the ion activity in the
sample, a,, is mathematically described by
the Nemst equation:

E=E. +slopelog a
The slope term is equal fo 2.3RT/zF, where

R s the gas constant, 8.314 JK ' mel’
T is the absolute tempearature, K
F s the Faraday equivalent,

2.46487 104 Cmol!
z, is the charge of the measured ion
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The slope is equal fo 59.16 mV/z, at 25 °C.
If the measured ion is @ menovalent ion such
as potassium (z,= +1), a potential chung&
of 52.16 mV would be observed at 25 °C
for a ten-fold chunge in the concentration.
Similarly, the potential change for o 10 fold
chﬂng& in concentration for a divalent ion
such as calcium (z,= +2] would be half, or
2058 mV, also at 25°C.

Eo is an electrode constant porunﬁclL which

is Iyiicu| of every I5E/referance elacirods
combination. The ferm g, is the activity

of the ion, which is proportional to the
concentration. The achivity of the ion depends
on the ionic sdrengﬂ'i of the mmple, which is
determined b}-’ its ionic content.

Deviation from linearity occurs both at low
and high concentrations of the measured ion,
and determines the lower and |'|'|g|'19r limits
of defaction. Accurate deferminations can be
done for su:lmp|95 with concantrations as low
as 10¢ M. At high concentrations (usually
higher than 0.1 M) the deviation from
|in9ur'|t>v is due to the effect of the counter-
ion.

Calibration and I1SA/Buffers

In order to ensure the same ionic sl'rangth
in standards and 5c:|mp|as, itis strongb-'
recommended to use an lonic Strength
Adjustor (I15A), usually in a 50:1 sample to
ISA ratic.

Moreover, some ISEs (such as ammenia)
can be used only in a limited pH range. The
oddition of a bufer to some of the 154 will
odjust standards and semples to the desired
pH value. Meore complex 154 formulations
can include additives (like chelanficn agents)
that complax possibla interfersnces. The

15A can also contain preservatives such as
antioxidant agents.

In order to make accurate duferm'lnu’rions., it
is sfronghr recommended to use at least two
soluticns of known concentration (standards)
to calibrate the electrode. The standards are
usually prepared by dilution with deionized
water a 1000 ppm stock solution of the ion to
be measured. The sxpedad concentration of
the s«nmp|9 should be includad in the range
of concentrations covered by the standards.
Idaally, the slactreds should be calibrated as
often as possible, or at least once a week.
Every electrode needs its own calibration.
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A response curve of the ISE can be defined
b}' plolring the pctenliu| raod'lngs from

the two standards (mV std 1 and mV sid

2], versus the logarithm of the standard
cencenirations |Sid 1 conc and Std 2 conc).
Gr{:lphi-:u"y, the concentration of the ion in
the sample {sampls conc) can be datermined
by measuring the sample potential (mV
sample) and interpolating that value in the
response curve del ined b}-’ the two standards.
Mathematically, from the Mersnt equation:

mV sample = E_ + slope Log (sample conc)
or
sampla conc = 10°[[mV sampla}-E ]/ slope

where the E and the s|c:-|::-e terms can be
calculated from the standard concentrations
and mV readings.



The response of an ISE can be affected by the presence
of other ions in the sample. The effect of these interfering
ions can be quantified for every perticular ISE and i

the concentration of the interference is known, it can be
corrected for. In other cases it is possible to analyze the
sample by other methods, such as the Standard Addition
method. This methed in particular is very accurate

the sample matrix is complex or contains a high level of
interfering ions. Contact ASI for mere information on this

ology.

Cleaning
A good working ISE response stobilizes in typical samples
wiﬁ'ﬁn three minutes nding on activity. Howaver the
ISE can bacome sluggish if the mgmbrane becomes dirty
from grease or purhrﬂes in the sample. The fip of a glass
elecirode can be deaned with u:||mﬁo| or a mild detergent,
such as the one used fo clean lab glassware [see pH
cdleaning procedure on page 8). Polishing strips with very
ﬁn articles [e.g. 3 micron aluminum oxide) can be

to restora the surface of solid state ISEs. A PYC ISE
shou|d just be rinsed with water only. After thoroughly
rinsing with deionized water, the electrodes should be
reconditioned by soaking for 2-4 hours in the lowest
concentration standard used for calibration. If the slope or
the responsa time of the alectrods is out of spacification,
longer soaking times [e.g. avernight]) may be required
b;{ore a new calibration is attempted with solid state
styles.

Storage

Regarding storage, gloss 15Es should be stored in the
provided storage sclution. Solid state, PVC and gas 15Es
can be |mpl in a low concenirated standard betweean
s«nmp|95, otherwisa, thesa elactrodss should be stored dry
if not in use for several hours fer solid state and PVC
and several days for gas 15Es. Please refer to the
Instruction Manual for particular recommendations
for sach ISE.

ISE Quick Reference
Information

How do they work or what is an lon-Selective Electrode?
An lon Selective Electrode measures the potential of a specific ion

in solution. This poh;nﬁu| is measured against a stable reference
electrode of constant potential. The potential difference between

tha two elactrodas will depand upon the activity of the s.pec'rFic ion in
solution. This adtivity is related to the concentration of that spacific ion,
therefore C|||c::r'-\r'|ng the end-user to make an unu|}-'h'm| measurement of
that specific ion.

How Does the mV Reading Correspond to the
Concentration? Standard solutions of known concenirations must
be accurately prepared. These solutions are then measured with

the pH/mV meter. The mV reading of each solution is noted and o
graph log of concentration vs. mV reading must be plotted. Now the
unknown solution can be measured. The mV value of the unknown
solution is then located on the graph and the correspending solution
conceniration is determined. This is also dene in the calibration
program of most mV/ISE meters.

Several types of sensing electrodes are commercially
available. Thay ars classifisd by the naturs of the membrans
material used to construct the electrode. It is this difference in
membrane construction that makes an electrode selective for a
particular ion.

1. Polymer Membrane Electrodes (Organic lon
Exchangers and Chelating Agents) -- Polymer membrane
electrodes consist of various ion-exchange materials incorporated into
an inert matrix such as PYC, polysthylens, polyursthana or silicons
rubber. After the membrane is formad, it is sealed onto the end of a
PVC tube. The pofential developed ot the membrane surface is related
to the concentration of the species of interest. Electrodes of this type
include potassium, cu|c'|urn, Huorcborura, nifrate and parchr{:fe.

2. Solid State Electrodes -- Solid stafe elecirodss utilize relatively
inscluble incrganic salts within o membrane. Solid state electrodes
axist in homogeneous or heterogeneous forms. In both types, potentials
are dmk-ped at the membrane surface due fo the ion-exchunge
process. Exump|es indude silver/sulfide, lead, Cupric, q.rﬂnil:lu,

thiocyanate, chloride ond Rueride.

3. Gas Sensing Electrodes -- Gas sensing electrades are
available for the measurement of dissohved gas such as ammenia,
carbon dioxide, dissolved oxygen, nifrogen oxide and sulfur dioxide.
Thesa elacirodes have a gas permeabls membrane and an intemal
buffer solution. Due to their construction, gas sensing electrodes do
not require an axternal reference electrode.

4, Glass Membrane Electrodes -- Glass membrane electrodes
are formed by doping the silicon dioxide glass matrix with varicus
chemicals. The mest common of the glms membrane electrodes is the
pH elecrode. Glass membrane electrodes are also available for the

measurement of sodium ions.




ISE Applications

Species used by Industry

Agriculture: Nitrate, calcium, sodium, potassium, bromide, chloride, ammonia & flucride
Plant Tissue: Nitrate, chloride, fluoride, iodide, cyanide, calcium, sodium and potassium
Ferilizer: Nitrate using the ammonia elecirode, potassium and flucride
Agquaculture: Ammonia, nitrate, calcium and dissolved oxygen
Biomedical Research: Calcium, carbon dioxide and ammonia
Education: ‘Various ISEs electrodes are used in most colleges and universities
Food Processing: Chlorides, nitrate, sodium and fluoride
Milk and Dairy Products: Chiloride, calcium, fluoride, sodium and iodide
Soft Drinks: Chiloride, fluoride, carbon dioxide and residual chlorine
Alcohol: Potassium, sodium, COz, fluoride, bromide, calcium, and residual chlorine
Vegetables: Nitrate, chloride and sodium
Geology and Mining: Fluoride, calcium and cyanide
Metallurgy and Metal Plating: Fluoride, cupric, cyanide, fluoroborate and nitrate
Plating Baths: Chiloride, residual chlorine and ammonia
Pulp and Paper: Sodium, chloride, calcium and sulfate
Petroleumn Refining: Ammonia andchloride
Pharmaceuticals: Fluoride and =oldium
Sewage Treatment Nitrate, ammonia, residual chlorine and dissolved oxygen (BOD)
Steam and Power Generation: Chiloride, sodium, residual chlorine, fluoroborate and dissolved oxygen
Drinking Water: Total, free & residual chlorine, nitrate, calcium, chloride, and fluoride
Natural Water: Bromide, calcium, chloride, fluoride, nitrate, potassium, silver, sodium & cupric
Sea Water: Sodium, chioride, fluoride, nitrate and ammonia
Standard Methods & Applications
SPECIES ASTM EPA APHA AOAC UsSGS
ALKALINITY D1087-88 3101 2308 87343 1030
AMMONIA D1428-89 3503 4500-NH3 (F). (G) - - - 1524
BROMIDE D1248-88 G0 FR 37974 (8) - - - - - - - - -
CARBON DIOXIDE D513-88A === === === ===
CHLORIDE D512-80 BOFR 37974 (8) 4500-CL (D) 871.27, 6B0.25 - - -
CHLORIDE BY TITRATION S S S m-%ﬁﬁég&ﬁ?m -
CHLORINE RESIDUAL - - - 50 FR 02456 4500-CL () - - - - - -
CYANATE -- - - - - 4500-CM (L) -- -
CYANIDE D2036-B0A 60 FR 37074 (8) 4500-CN (E) (F} - - - -
DISSOLVED OXYGEN === === 4500-0 ===
FLUORIDE ?ﬁ%ﬁ}ﬂﬂ' ﬁﬁﬁgg}ﬁa{h 4500-F (C) 0B4.37, 075,08, 073.10 -1327, 12337
I0DIDE 3860 === === ===
KJELDAHL NITROGEN D3580-E0A 3514 4500-NORG (A) (B) - - - - - -
NITRATE === ﬁﬁ:;?ﬁfﬁm 4500-M03 (D) () === ===
POTASSIUM - - - - - - 3500-K (E) - - -
S0DIUM O27et - - - 87825 - - -

SULFIDE D658 60 FR 37974 (8) - - - - - - - - -




