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29.01.2024 Common sessions for all Students Consortium Students Consortium 02.02.2024
08.00-09.00 Breakfast Breakfast Breakfast Breakfast
Alumni presentations (AR,
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students, alumni and professors

with possibility to participate remotely (Zoom)




INTRODUCTION



ION-SELECTIVE ELECTRODE

K *- selective electrode

Ag/AgCI

Ag + CI' = AgCIl + e

lon-selective membrane

Potentiometry

|

Sample solution

Reference electrode

Ag/AgCl

Ag + CI = AgCl + e

K
\* LIC]UId junction
Il
K+



Potentiometric response (cationic)

Nernst equation

E_Eo, 2.303x RT loga
n.F
C When n. = +1

Slope = +59.16 mV / log &

N

When n; = +2
_ Slope = +29.58 mV / log &

log a [ a; = activity of ion ”’i” }

detection limit




Potentiometric response (anionic)

Nernst equation

E_Eo. 2.303x RT loga
n.F
4 —
When n,=-1

Slope =-59.16 mV / log a;

A

When n, = -2
_ Slope =-29.58 mV / log a;

—— log a

[ a; = activity of ion ”’i” }

detection limit




YOUR TASK
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Experimental

1. Measure the potential (E/mV) of your electrode in
three different solutions (S1, S2, S3) with known
composition, and two solutions with unknown E>
compositionS (X1, X2). Write down the potentials.

2. Based on your potential values in solutions S1-53 you
can conclude for which ion your electrode is selective.

3. Calculate the activity (a) of your ion in solutions $S1-S3
and produce a calibration plot (E vs. log a) for that ion. E>

4. By using the calibration plot and the measured
potentials in solutions X1 and X2, calculate the activity E>
of your ion in the unknown solutions X1 and X2.

Results

Solution E/mV

S1
S2
S3
X1
X2

lon =

E
L» log a

a(X1) = mol/L
a(X2) = mol/L




Presentation (ca 12 min / group)

1. Describe shortly the principle of potentiometric
measurements and the working principle of
your ion-selective electrode.

2. Show a photo of your experimental setup for
potentiometric measurements

3. Present your experimental results, including the
calibration plot (E vs. log a) and the determined
activity of your ion in the unknown solutions.



SUPPORTING INFORMATION

Reference:
E. Bakker, P. Bihlmann, E. Pretsch, Chem. Rev. 97 (1997) 3083.



Activity (a;) vs. concentration (C;)

a; = 7; G
activity coefficient
- can be calculated based on
. S the Debye-Huckel theory
a; = activity of ion " o
o o _ - depends on the ionic
Vi — activity coefficient of ion 7" strength of the solution
C, = concentration of ion ;" - depends on ion size (ay;e)




J = 1onic strength

Calculation of activity
a =7,C

]1=15"C n? C, = concentration of ion k
2 k™ 'k n, = charge of ion k




Kjelland parameter (a;,) = hydrated ion size (A)

Table 9.1 Kjelland parameter values (according to [9])

lon S axjel
H” 9
Ex* 6
Rb*, Cs*, NH,", TI*, Ag" 2.5
K*, ClI-, Br—, I, CN™, NO,~, NO;~ 3

OH™, F~, SCN~, NCO, HS, ClO; ™, CIO, ", BrO;~, 10,~, MnO,~ 35
Na*, CdCI*, ClO,™, 10;~, HCO; ™, H,PO, ™, HSO;~, H,As0,~ 4
Hg,**, S0;27, $,05%", Se0,>", CrO,%~, HPO,*" 4
Pb**, CO5%~, SO52~, Mo0,*~ 4
Sr**, Ba®*, Cd**, Hg**, 8*~, WO,>~, Fe(CN)2~ 5
Ca**, Cu**, Zn**, Sn**, Mn?*, Fe*, Ni*, Co** 6
Mng. Be.’!+ 8
PO, ", Fe(CN)a~ 4

Konstantin N. Mikhelson

A|3+, Fe"*. Cl"h. La?t, et 9 | lon-Selective
HCOO™, Citrate 3.5 Electrodes
Acetate, Cl-acetate ", (CH3)4N*, (C,Hs),NH,", Citrate®~ 4.5

Cls-acetate, (C5Hs);NH", Citrate™~ S




Example 1: Calculate the activity of Na* in 0.01 M Na,SO,

n
J=41 Z C n2 Chnar=002M=2x102M=10170M Cgo,2- = 0.01 M
2 k=1 k™'k nNa"‘ =+1 nSO42' - '2

J=0.5[0.02x(+1)2 + 0.01%(-2)2] = 0.03 M

0g 7 — 0.512n2+/0.03
' 1+a,,0.3280.03 Ao = 4.5
097na = 0071 ya =085

Ay, = 0.017 M =1.7x10° M =101""M
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