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Motivation

B Non-aqueous solvents # water

Permittivity, Conductivity, Viscosity, Autoprotolysis constants, acidity,
basicity ...

B Concept of Brgnsted acid-base-theory can still be applied
pH = -log a(H*)

B Applications:
Acidity in fuel - quality criterion
Chemical reactions

B Measurements can be done with glass electrode but...
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Motivation

B glass electrode disadvantages

Bulb dehydration

Bulb contamination

Glass membrane

B leadto
: Solution @ @ ® ®® ® @ @ Solution with
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Motivation

B glass electrode disadvantages
Bulb dehydration
Bulb contamination

B Leadto
unstable readings

Long response times

ISFET fast response
Smooth surface can be cleaned well

ISFET can be incorporated in ceramic structure - stability

GaN surface chemically stable *
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Sensor principle

B 2D electron gas at GaN/AlGaN interface
B Native oxide at surface
“ - Hydroxyl groups - Proton selectivity
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Experimental setup
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pH-scales in different solvents

< >

[Tt Liquid
ammonia

[ pH — _I 0 g a(H+) [ ey Ethanol
Width pH-scales = pK

solv | S

Methanol

E-g- pKHZO :14’ pKAmmonia =22

s Glacial acetic acid

2o Pure formic acid

Hamann, Hamnett, Vielstich — Electrochemistry
(2007)
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pH-scales in different solvents
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pH-scales in different solvents
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Unified pH-scale

A Reference State
M for Absolute Acidity

Proton gas at 1 bar

o © Habs (H*, g) = 0 kJ mol-’

Interaction with 0 O Interaction with ’
solvent molecules '

Interaction with
gaseous particles

®

solid lattice
\' G H*l \ G H’,
mG(H" 9) sonG(H", 9) Gas phase
Solid phase . .
P Solution/pure acid
* For ApH = —Alga(H") = 1 holds: Au,(H%solv) =| Himmel, D., Goll, Sascha K., Leito, |. and Krossing, I. (2010), -
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Unified pH-scale

A Reference State
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X For ApH = —Alga(H?) = 1 holds: Au,(H%solv) =| Himmel, D., Goll, Sascha K., Leito, I. and Krossing, I. (2010), ?
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Acidity measurements in ethanolic solutions

Transfer characteristics of ethanolic solutions
with different acid/base concentrations
6,0m +
- =1M HCI
= = 100mM HCI
5,0m + 10mM HCI
= =1mM HCI
— =100uM HCI
= EtOH pure
4,0m + —— EtOH pure
—— EtOH pure
— + + + 100uM NaOH
< 30m4 © - 1mM  NaOH
2 ' 10mM_NaOH
2,0m +
1,0m S
0,0
T T T T
2 1 0 1 2
UREF[V]

B Evaluate sensitivity S, @ I = 250 mA
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Acidity measurements in ethanolic solutions

Transfer characteristics of ethanolic solutions
with different acid/base concentrations
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Acidity measurements in ethanolic solutions

e W Sensitivity S, = 40 mV/pH

with diff

m  Uref[A] @ IDS = 250mA L

URef [V]

oot &

"pHe" value

B Evaluate se
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Measuring different solvents

IIAirll

Isopropanol
Acetonitrile

Acetone
Methanol
Dl-water
pH-7 buffer

Output characteristics for several solvents
10,0m
8,0m -
6,0m —
<
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4,0m —
2,0m
0,0 -
I I I ! I I I
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Measurement without reference electrode
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Measuring different solvents

lAl

Output characteristics for several solvents

10,0m - "Air"
8,0m —
Isopropanol
6,0m - Acetonitrile
Acetone
4,0m - Methanol
Dl-water
2 0m - pH-7 buffer
0,0 -
I I I I ! I I I 1
0 1 2 3 4 5 6 7
UpslV]

Measurement without reference electrode
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Comparing the pH-scales
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pH 0 in water at p =-1105 kJ mol*

B pH Values adjusted by | _
1 pHunit 2 -5,71 kJ mol* *
para-toluenesulfonic acid in DMSO t HalHnSOW=A,GE(H )~ [pHX(S, 71K moD]
acetic acid in MeCN
B Comparison

Commercially available pH-buffer (aqueous)
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Analysis
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Analysis
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Analysis

1. Sensorin "dry state”
310p /2. Solution on Sensor surface
— 3. with installed Reference electrode
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Analysis

loslAl
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Results

los[Al
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Results

oslAl
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Conclusions

M Unified pH-scale

B Calibration in water based bhuffers

B Future work:

Investigate on solvent influence
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Thank you for your attention!
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