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USING THE CHEMISTRY CASSETTE

This Chemistry Cassette learning programme has two components - an audio-
cassette and this book. The two are designed to be used together so always have
the book with you as you work through the cassette.

To help you to l?cate material in the book you will see that it has been divided
into numbered ‘frames’, each of which contains relevant diagrams, tables,

figures, etc. The speaker will give you the appropriate frame number when he
wants you to refer to anything.

This programme has been designed for individual, self-paced learning and you
can work through it at a rate related to your own needs and understanding.
Switch off the tape player whenever you want to think, to write some notes or to
answer a question. Use the rewind control to revise or to repeat material that you
may not fully understand on a first hearing. Whenever appropriate make notes
to supplement the material contained in the book; this will enable you to build
up a detailed set of personal notes which will serve as your own authoritative
guide to the subject.
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0 TOPICS TO BE COVERED

Part I h
a) Electroactive materials
b) Classification of ion-selective electrodes
¢) Construction of jon-selective electrodes
d) Gas sensors
e) Enzyme electrodes

Part II
a) Selectivity and interferences
b) Determination of selectivity coefficients
c) Measurements by i) direct potentiometry
i1) known increment methods
i1i) potentiometric titrations

Part IO
Some important ion-selective electrodes
i) fluoride
ii) nitrate
171) calcium
iv) potassium

Appendix I Conventional electrode classification
Appendix O Ionic strength

Appendix I Exercises




e SCHEMATIC OF ION-SELECTIVE ELECTRODE CELL

Reference
electrode 2

Solution 2

Reference
electrode 1

Solution 1

Membrane

GLASS ELECTRODE COMPARED WITH A SOLID
STATE TYPE ION-SELECTIVE ELECTRODE

screenin
1/ g\
o

inner reference
P f c \\\\\\\N
— electrode =

inner filling solution~\\\ B

=~‘membrane~—-__“_‘_~_

Solid state type
ion-selective electrode

Glass electrode

0 ELECTROACTIVE MATERIALS

1) Glass
ii) Insoluble inorganic salts
iii1) Organic ion-exchangers, chelating agents,
ionophores

(for examples see frames 9-11)

e ELECTRODE FORMS

Solid membranes
a) Homogeneous (single phase)

e.g. glass, a single crystal, polycrystalline
material )

b) Heterogeneous (two phase)

€.g. some glasses, insoluble materjals in PVC and

silicone rubber

Liquid membranes
a) Unsupported €.g.capillary tube

b) Supported e.g.cellulose ester, porous glass,

porous carbon
c) Gelled e.g.in PVC

0 ALL-SOLID STATE TYPE ION-SELECTIVE ELECTRODES

=1___reference

bridge solution 4] electrode

LA

=

membrane
ground glass conical
sleeve-type Liquid
junction

Single electrode Combination electrode




ION-SELECTIVE ELECTRODES

QUID ION-EXCHANGE '
a TWO TYPES OF -4 0 IMPREGNATED GRAPHITE ELECTRODE

stainless

inner steel rod
reference ’ ’ screening — ,//”///’
/el.ectf‘ode\\ ‘T
- .
JiE . : Teflon (PTFE) — |
( f tube hydrophobized
i graphite
reservoir of Liquid . = \\\\
il orese ~ sensitized porous
f/ ion-exchanger f surface / pellet
X i'? end cap”’//’/”’
M GLASS MATERIALS
\\ -
= membrane u+ : - . -
\\\\\(cetlulose ester) H -responsive soda-lime silicates eg. Corning 015
glass
Dip-type Flow through-type Lithia=baria-silicates
N§+-responsive

K™ -responsive sodium aluminosilicates,
o WICK-TYPE REPLACEABLE ELEMENT NH,-responsive Lithium aluminosilicates

LIQUID ION EXCHANGE ELECTRODE

Redox responsive Lithjum ferrisilicates

\i
I »
N G INSOLUBLE INORGANIC SALT MATERIALS
//’"//’ZTZE:?géereference | a) Related to electrodes of the second kind
gé Requirements: i) solubility less than 10-° mol dm—?
internal reference - ‘ ii) electrical conductivity
solution o ' Examples: silver chloride, silver bromide, silver
oz iodide, lanthanum fluoride
= b) Related to electrodes of the third kind

e
,////’//// Examples: CuS,Ag,S copper electrode

polymer foam impregnated hydrophobic CuS,Aqg,S,PbS,PbSO,  sulphate electrode
with electroactive material porous membrane LaF,,CaF, calcium electrode




ORGANIC ION-EXCHANGERS, CHELATING i c o
AGENTS AND IONOPHORES @ P, S GHs
' CH ©O "CH O H cn\
a) Positively charged (anion-responsive) . 'ﬁ ° N'<<ocw
e.g.tetraalkylammonium salts for Cl~, NO3, COs, _ , : ¢ o g f
substituted o-phenanthroline salts for NOs, CLOy ene™ \;:\TH
| ° ‘a
CH o H
— - 2+ ‘ Ec"'?/ N e
Ti CH: ’r o \CH,
o>>\
CH. /écn
Fe 3 o N o 3
o N o H
‘ C{' "o e o CH\'
L _ 3 ‘ : CH, CHy Cp{:\c"' Clrl, CHy

a) The naturally occuring macrocyclic antibiotic, valinomycin
b) Negatively charged (cation-responsive)
e.g. L(C,,H,,0),P0,]1Ca for calcium.

potassium tetrakis(p-chlorophenyl)borate for
potassium,.

¢) Neutral carriers (cation-responsive)

e.g. valinomycin, monactin for potassium, ammonium.
polycyclic ethers (crowns) for sodium, potassium,
synthetic ionophores for calcium, Lithium,
potassium,

b) Dibenzo-30-crown=-10 coordinating one potassium ion

M

¢\N/\/\/\/\/\/\n/o\/

K(O
Me/N\v/“\//\v/“\/”\v/\\/i\o/“\

c) A synthetic ionophore for calcium:
N,N-di[(11-ethoxycarbonyl)undecylIN,N 4, 5-tetramethyl
3,6 dioxaoctane diamide




GAS ELECTRODES OR ENZYME ELECTRODES

QSCHEMATIC OF DOUBLE MEMBRANE (SENSITIZED) ELECTRODES.

Ion-
Qnﬁsze selective
° 1on electrode
N
Membrane’//
Solution

@ GAS—SENSING ION-SELECTIVE ELECTRODE SYSTEMS

Gas Reaction Sensor

co, OH™ + €O, » HCO; H*-glass

NH;  NH, + H,0 > NH{ + OH~ . H -glass

NO, 2NO, + H,0 » NO; + NO; + 2H H -glass, nitrate
H,S 20H™ + H,S + S2- + 2H,0 sulphide

HCN Ag(CN); Ag: + 2CN~ sulphide, silver
cL, Cl, + H,0 » 2? + ClLO™ + CL~™ H -glass, chloride
HF HF - H" + F~ fLuoride

S0, OH™ + SO, »+ HSO7 H -glass

O

reference electrode~

glass

GAS ELECTRODE

eLeCt Ode\
\_\

membrane thin film
of solution

electrolyte — |

referen;g,,///’
electrode

glass —"

AIR GAP ELECTRODE

. o

electrode ___.Qair gap
analate stirrer
solution e
bar
m ENZYME ELECTRODES
Enzyme for determination of Sensor
urease urea Nﬂf-glass
penicillinase penicillin H -glass
a~glucosidase amygdalin CN™-(Ag,S)
electrode




@ PRINCIPAL ION-SELECTIVE ELECTRODE SYSTEMS

Ion Material/form

H*+ glass/bulb

Li, glass/bulb

N glass/bulb; glass/disc . .

K glass/bulb; valinomycin/L(diphenylether) or PVC or SR; potassium tetrakis

. (p=chlorophenyl)borate/L

NH. glass/bulb; monactin-nonactin/L(diphenylether)

caz? caleium di-n=decylphosphate/L(di(n-octylphenyl)phosphonate) or PVC;
thenoyltrifluoracetone/PVC; CafF,-Laf,/disc; calcium(di-n-octylphenyl)
phosphate/G{(di(n-octylphenyl)phosphonate); SSL

Ca**/Mg?* calcium di-n=-decylphosphate/L(decanol)

Ba?* nony Lphenoxypolyethyleneoxyethanol /L

cu?* Ag,S + CuS/disc or SR; Cu,.,,S/disc; CuS/G; chalcogenide glass/disc;
(R=S=CH,C00) ,Cu/L

Fe3* chalcogenide glass/disc

Ag* glass/bulb; Ag,S/disc

Int* ZnSe + Ag,S/disc

Mt MnSe + Ag;S/disc

cd2* CdS + Ag,S/disc

Niz* NiSe + Ag,S/disc

Pb2* PbS + Ag,S/disc or SR; (R=§=CH,C00),Pb/L

F- Laf,/single crystal or SR

cL- AgCL + Ag,S/disc; AgCL/SR; AgClL + Ag,S/G; Hg,Cl,+ HgS/disc;
dimethyldistearylammonium chloride/L

Br~ AgBr + Ag,S5/disc; AgBr/SR; AgBr + Ag,S/G

I~ Agl + Ag,S/disc; AgI/SR; I,/G(CCL,)

s~ Ag,S/disc; Ag,S/SR; Ag,S/G

cLoy Fe(ll) tris(substituted 1,10-phenanthroline)perchloratelL;
tetra-n-heptylammonium perchlorate/L

NOT Ni(I) tris(substituted 1,10-phenanthroline)nitrate/L or PVC;

- tridodecylhexadecylammonium nitrate/L or PVC

BF3 Ni(I) tris(substituted 1,10-phenanthroline)fluoroborate/L

SCN- AgSCN + Ag,S/disc; Agl/SR

so2- PbsSO, + PbS + Ag,S + Cu,S/disc .

coz- Tril(n-octyl)methylammonium chloride/L(trifluroacetyl-p-butylbenzene)

Key

L, Lliquid ion-exchange form; G, graphite SeLectrode(:);
SR, silicone rubber heterogeneous membrane; PVC, polyvinyl chloride membrane;
SSL, specially synthesized Ligand.

- .

THE NERNST EQUATION

20,

E = constant + RT (ln 10) log c;
nF

where E is potential

R is the gas constant

T is the absolute temperature

F is the Faraday constant

n is equal to the charge on ion i

cj is the concentration of the jon i

By convention the + sign refers to catjon-responsive
electrodes and the - sign to anion~responsive electrodes.

¢i should really be replaced by the effective ionic
concentration of the ion (its activity) but often ion-
selective electrodes are used under conditions where
changes in activity effects are made small by working in
the presence of an added inert electrolyte.

* For a conventional electrode it is the number of
electrons appearing in the electrode reaction.

CALIBRATION CURVE

21

200

E/mv 0

-200

-Llog(c;/mol dm-2)




@ SELECTIVITY AND INTERFERENCES

) . . SELECTIVITY COEFFICIENT DETERMINATION
Nicolsky-Eisenman equation: BY THE MIXED SOLUTION METHOD:
E = constant * 59.16 log(cq + kij¢;) eee (D , E.G.INTERFERENCE ON A CALCIUM ELECTRODE

for i,j singly charged ions at 25°C-where kij is the
selectivity coefficient.

E = constant * 59.16 log (¢ + kijcjz) eee (2)
==

100
for j singly charged and i doubly charged.

curve for particular
eg. Kcana = 0.001 means that the electrode is 1000 times interferent

more responsive to calcium ions than to sodium; or, concentration
in other words, that it can tolerate about 1000 times
higher concentration of sodium jons than calcium

. without suffering interference. E/mV 0

29.5 mV/dec

‘ \ SEPARATE SOLUTION METHOD FOR ‘
DETERMINING SELECTIVITY COEFFICIENTS ¢

_ -100

If measurements are made in two solutions, each 1 1 l 1 1

containing only one of the ions 5 4 3 2 1
eg. ¢ = 0.1; cj = 0.1 mol dm-3, then '

Ej - Ej = £59.16 log kijcj/cj = £59.16 log kyj pea

where E; is the reading of potential in the solution

= -tog c¢3*

containing i only
and E; is the reading of potential in the solution
containing j only




SELECTIVITY DETERMINATION
BY THE MIXED SOLUTION METHOD

a) Constant level of interfering ion j
For i,j singly charged
E; = constant £ 59.16 log c;
Ej(j)= constant % 59.16 log (ci + kijcj)

+59.16 log (cj + kjjejr/cq

So, AE = Ej(j) — Ej

From the results (see frame 24) find the condition AE = 0,

that is, the value of cj, called cj(j), which has the
same value of potential as the horizontal Limit in the
presence of a fixed concentration of interfering ion j.

Under these conditions cj << kjjcj and hence

kjj = cj(j>/cj = value of c5 for horizontal Limit
value of fixed concentration of j

If the horizontal Limit is difficult to detect exactly,
it may be possible to locate it by extrapolating the
calibration slope to a point k Log 2 or 18 mV below the
mixed response line. For a divalent=-responsive electrode
the value is half this, that is 9 mV as shown on

frame 24. ‘

SELECTIVITY DETERMINATION BY
THE MIXED SOLUTION METHOD

b) Constant level of primary‘ion

This is essentially the opposite of the previous method.
A calibration graph is first constructed with varied
interferent ion j and then repeated with the addition of
a fixed high concentration of primary ion i.

For i,j singly charged

Ej = constant # 59.16 log cj
Ej(i) = constant * 59.16 log (Cj + kjici)
So AE = Ej(j) — Ej = ¥59.16 log (cj + kjici)/cj
and as before the condition AE = 0 is found, the value

of cj(j) which has. the same potential as the horizontal
limit in the presence of primary ion.

Under these conditions cj<< kjici, and hence
This method sometimes has to be used when it is not
possible to use the first mixed solution method: for
instance, hydrogen ijon interference may be done in
this way. A disadvantage is that the electrode may
not show theoretical slope in the presence of

interfering ion j alone. Some interfering ions exhibit
irreversible and time dependent effects on electrodes.

= cj(i)lci = 1/kij'

'





