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Necessary basic knowledge

« Eletromagnetic radiation
* Interaction radiation/matter
- Absorption
- Fluorescence
- Reflectance
* Principles of optics
« Basics in electrochemistry
«  Semiconductors
 Biosensors
« Biomolecular interaction analysis
« Fundamentals in kinetics
« Data evaluation and statistics
« Some fundamental aspects of analytics
« Basic mathematics: differential equations, integration
» Lecture notes: Modul 4.5 Bachelor ,Medizintechnik: Biosensoren®
des Studienganges Stuttgart/Tubingen
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Lateral Flow Assay Architecture

Antibodies conjugated to Test Line Control Line
Analyte Gold Nanoparticles (Antibody) (e.g. anti-lgG Antibody

Sample Conjugate
ol bl Membrane Wicking Pad

\ \*@o%ﬁ\ﬁyﬁ/\/

clinchem.med.uni-goettingen.de

ﬁ%@ A

Test Line Control Line
(Positive) (Valid Test)

Esbiametrics

biomolecular interaction analysis

= http://www.cytodiagnostics.com/lateral-flow-immunoassays.php
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Basics
I
Spectroscopy

 Radiation
* Interaction radiation — matter
* Instruments
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Electric and magnetic field vector
are perpendicular to each other
and to the direction of propagation

At origin of radiation this dipole
radiation has a phase difference of
n/2 (near field) + 0
Beginning with a distance of 2 - 4 @ C
A of this point both the field (D
vectors are in phase — as long
G
N
\
\

e

there is no interaction with matter
(vacuum)

Perpendicular to the direction of
the dipole the magnetic field
propagates as a ring /

+

f

deBroglie:
Dualism of particle und wave

:%//////}////% ‘/////////////4
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Properties of electromagnetic radiation

=  Amplitude

*  Frequency (spectra)
* Phase

= State of polarisation
= Time dependence

= Absorption/Transmission
= Emission (Fluorescence,
Phosphorescence)
II‘ . .
= Scattering (Rayleigh, Raman)
= Reflection
= Refraction
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gL Different spectroscopy techniques
NMR/ESR  (AA)
(UV/Vis) Magnetteld (IR)
Strahl optische Achse [ 5 —~— | | X (Absorption)
(Sender) Probe Empfénger| (. Emission)
Wellenldngen- 2. Wellenlingenselektion
selektion o
- Luminiszenz
Spektroskopieart Empfinger [ poan (Streuung)

"Radiosender” (Fourien
ourier

Magnetfel Probenrdhrchen

Empfingerspule
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Bereich WL [nm] | Freq. [Hz] | WZ Energie Lichtquelle Dispersion Empfanger
[em”] | KJmol’ (Sender)
NMR (Kernspin) 10" 3107 10° | 1,2°10° | Schwingkreise FFT Spule
(10 m)
ESR 10° 3-10° 10" | 1,2-10° Klystron Magnet Diode
(Elektronenspin) | (10 cm)
MW 10° s " ,s Klystron Frequenzdiode Elektronik
Rotation (Resonanzkreis)
IR Atomschw 10* 310" 10° 12 Globar Gitter Thermoelement
V- . 2 . 14 . 4 . 2 _ .
- is 510 610 2°10" | 2,4°10 Wolfram . PM Photodiode
Elektronendichte | 780 - 380 halogen
uv 3°10° 10° 3°10" | 4710 | Hy/D,-Lampe PM
O_Elektron  |380-200 .
v . 17 7 . 5
Rontgen 1 310 10 1,210 Kathode Braggsche Geiger-Zahler
Rumpfniveaus Gleichung
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Optical spectroscopy

Wellenldnge Alem]

10 10 10 10 10 10° 10° 10 10
| | | | | | | | | | | | | | | | |
Fernes @ Fernes
Radiowellen - Radar ' Mittleres' & Nahes ' Rontgen
1 | Nahesi% Ultra- |
Fernsehen | Mikrowellen | Infrarot E violett
1 T ] T 1 T T ]
10* 10° 10" 10" 10%°
Frequenz

Wellenlinge A [nm]

900 800 700 600 500 400 3?0 2?0

Nahes Nahes
According to Infrarot Ultraviolett
wavelength or — |
frequency 4 5 6 7 8 910

Matter is excited in

14
different ways Frequenz v [10 HZ]
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e UV 200 — 380 nm
200 nm 50000 cm™? 1,5 10 Hz
300 nm
ca. 30000 cm™?
ca. 1l 10 Hz
ca. 3,72 eV
ca. 358 kJ/mol 85,7 kcal/mol
e\is 380 —-780nm 5 1014 Hz
e NIR (IR-A) 780 — 1400 nm 3 10% Hz
R 1400 — 3000 — (300000)

1000000 nm
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linear circular elliptical

Ap # 0

Eyl#IE |

Ap =0
By [Ey=Ey
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Linearly polarised radiation

7

<Y
<Y

x

t= 0 T/4 /2 3m/4

x

Two linearly polarised
partial beams in phase
result in a new linearly
polarised radiation

If both amplitudes are
the same the direction
of new polarisation is on
bisecting line

Direction of polarisation
varies with difference in
amplitude

ORD
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RN circularly polarised radiation

Ay f

* Two linear polarised
beams with equal
amplitude and n/2
difference in phase
result in circularly
polarised radiation

X X X ‘( X
/2 31/4 T
y
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& Circularly and elliptically polarised radiation

f e=-T/2 ynd EOX<EOy

y y >

y y Ay y y
X X X X X
t= 0 T/4 /2 3m/4 T
two linearly

poaried boams <. < / % O\ O 0/

amplitude and/or /2 3m/4 T Sn/4  3mpy Im/4 2mW

phase result in

elliptically

polarised radiation  E o« /O Q Q \ Q Q O/
/2 3n/4 T Sm/4 3t/ /4 271
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specific rotation [05]/1 _ :/1
-C
molar rotation

[CZ]ZM 100&1
Dl = —
@], 100 d-c

180-d
a=——(ng—n,)

Cotton-Effect
2,303 180
®= -
4 T

(5e—gr)-c-d

Ellipsometry
Wafer control

Optical rotation-dispersion and radiation

anomaler
‘ Bereich ‘
| |

Absorption

Differenz der
Absorptionskoeff.

n

1
W Brechung

Differenz der
Brechungsindices

MW
n, - n.

R
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Interference

konstruktive Interferenz destruktive Interferenz

e\ \ N\ \ N\ N\ ]
| \VAVAVAVAVAY

Welle 1 ANVANVANYANYANWYAWYA ANV ANYANYANYANYA
clie vV vV VvV VvV vV \V VAR VAR VERVERVER VARV
NTRTIPS ‘ANIYA YA NYANYANYANYA ANVANVANYANYANYANYA
cle vV VvV VvV VvV vV \V \VARVERVARVERVERV/
Interferenz mit Schwebung dual slit
Interferenz- gr.atmg _
muster Michelson-interferometer
Schwebungs- Mach-Zehnder
frequenz Young-Interferometer
Welle 1 WUﬁUnUnUﬁUnunUﬁUﬂunUnununununununuﬂununuﬂunvﬁ\, Reflectometric interference
spectroscoy
welle 2 PAAAAAAAAAAAAAAANAN
cHe VVVVVVVVVVVVVVVVVV :
phase and amplitude
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« Coherence in time and space /\M\m
Effects in time: eg. beat frequency \/\M

* two points on the same wave front
(in e.g. dual slit)

Coherence

* Dependent by coherence of two

waves I
* Non correlated result intensity { o e AU *I[jl"}lm_.',',i,‘,‘,ikll‘i.ww H]\,M
5 "L""?I-:T]-'I’-Tw.‘-;il,5"“1' ."‘ ‘ |‘ TIT ‘ﬁ“ 1 u:
Zero as an average I HHLL
(a) z

Zo
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Interaction

radiation - matter
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Optical Detection

e Amplitude

e Frequency (spectra)
e Phase

e State of polarisation
e Time dependence

= Absorption/Transmission

= Emission (Fluorescence,
||~ Phosphorescence)

= Scattering (Rayleigh, Raman)

= Reflection

= Refraction
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Interaction radiation - matter

_ Dispersion
A=A .
10 {_ Absorption I <Iy

A <% Emission

|

- Rayleigh

scattering _ g.ran

® 1 Particle diameter - <<

er <A/10 Rayleigh
~ A4 Mie
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A L«
e Absorption/Transmission I, (0) /;;/ a ()
OF e
E —— 0] _}
|/1(d)=|/1(0)-exp[d-8/1-0] —r,lL ‘oo
T
L
I (0)
— > T 1% ©)
e Fluorescence Lo | {15
1IF®)=1,(x)-¢,-c(t)-f, 7T : w 4 )
- Reflection, diffuse
(remission) Lambert cosine law
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Jablonski-Termscheme with electronic and vibrational energy levels,

radiation and radiationless transitions:

absorption, fluorescence, phosphorescence

A2
f| ¢
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Jablonski-Termscheme

[em™]

Wellenzahl

rel. Intensitdt oder
rel. Absorption
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e Reflection regular ™~
o> f3

1,(0)

L,(d)

evanescent field

oY /!

total reflection from® Total Internal Reflection Fluorescence

rit
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Orbitals and transitions

Discussion of orbitals, term symbols for single- and multi-
electron states of atoms and molecules.
Possible transitions between states depending on symmetry of

states and dipole momentum in transition integral
o'

i )
> anti-bonding
) X
AN T
nw'
B e | B non-bonding L)
X
T
(@&
3 e e T
. > bonding
cGC
y, o
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Band shift in dependence on solvent

TUBINGEN
S 5=
Rotverschiebung 2 S SO ?
A n—o>* f

/’\\ _ Chromophor Losungsmitteldipole
Blauverschiebung ¢ F4AL

Cyclohexan
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Instrumentation
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Halogenlampe

FiIter-
rad

Deuterium- £ ’

lampe

Monochromator

V/QAVAV
Strahlenteiler

Absorption
Absorption

k ’B_X>D SEV

#

Referenz
| 4 | Photo-
17— ¥ ]diode
Probe
1 a4 |Photo-
| " ldiode
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UVIKON 810/820

Spharischer Spiegel
Referenz
1

—

"‘*-n_\ Probenraum-
T Fenster
s
e — ] )
S| | Transferspiegel
= ___{ pieg

Spharischer Spiegel

Lichtquellenumschalter

Transferspiegel

Rotierender Spiegel

/ Feldlinse
il

. . . ___\

==
v, ; u
/ | Iﬂ.usgangsspall
I

Toroidspiegel

Konkav holo-
graphisches Gitter
1500 |/mm FB
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i
regnen (75 ﬁ"&f.ﬂ'“'
uv A

i /% Visible Lamp / f

Op @ Flattening Filter / '_L’

\—ﬁ@ Condenser Lenses / f .r

" : 1\' Source / 1 Field

Mirror

Spectirograph
Ellipse

Cube Corner
Mirrors

uv u r Fence
Bz‘;?“ Window
Holegraphic Director
Graling Mirror
4 7
Spectrograph /

N
—r"'"'-_r—_*.;__ N\ Window

/

Vis (
i Lower Beam
Spectrograph Slit - :
and Detector Arrays ®_ _x Ulrector Mirror
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Fluoreszenz
"AT A
L n-A ~_ \\\\ / o
® A ex -~ B -~ ///i/ >
< B
M 1 / ﬁf"" \\ \\\
// y‘/f | \\\
/ "f \ X
T/ ey
SEV M,
Emissionsspektren a
Anregungsspektren

SEV
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Fluorescence spectrometer

Optischer Aufbau Schaltbild

Automatic zero adjustor

N ) Xe
PM3_~ ‘L AT om0 —AMP 1
-~ . B & e
I 3 PMs to recorder
CH L] |
Quantum counter \ ] !
{option) f  L|J
sy - i Excita- aioy
Ex . Excitation monochro- S, : Excitation beam slit tion Eriion
mator i s " moncehro. 4 monochro-
Eixis Efilaiioni h' S; . Emission beam slit e matar
M e i L, : Condenser lens Vg
et (Dotted line: position - Quantum _ Gv-. L
FC ?-::g:rgﬂuw«hru cell for micro cell) CGU“'IEF,:E‘.E‘:‘
e I PM1: Monitor photomultiplier N Micro flow-thru cell [
Xe . Xenon lamp = .. PM2; Measuri hot Iti De-by
A Variable aperture . ’ plier aod _0 umg ™ . Sorveney
- ¢h ; Chopper 0 : _[_—"—'AMP
; Stan
: QP ; Quartz plate Oped v_oftage Vs FLos
QC ; Rhodamine B cell ;
PM3: Photomultiplier for
- e s Ly i, QUGDNTUM cOuNter - . 3
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S Hydrogen-/deuterium source
Strahlungsintensitéat Hp =486,12
A

y H

200 300 400 [nm]

(a) (b)
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Tungsten and halogen sources

x"”'\ Skoog, Leary, Principles of Instrumental Analysis, Saunders College Publishing

relative
Cartan am Energich
i .-__."' _"\-.\_ Tiiiagutes L 3.0 l 1 [
b L (e Halogenlampe

""'-— GO0 |
2.0
T a0
/ ||'_||:-|] b

[

i | 5K T ] | B} i

Pavaipn@l®, [nm]

Wawnlengit, rem e s 200 h ] fol 000 2000 a000 fo00 tO000  SOGGE 40000
|
Speciml region -'.n"ll.-ljlll.l' uy -_L'.'l.r.ﬂu F'I__‘ NEAH IR L‘ i# MR
(8 Sources [ | Argen
il Eanon @wimg
_Ha oDy |
Caminutus = lamp Tanigslaq HI.lT:.p
Mearrsi giower (Zr0; + Voly)
Michrome wies [N + C-'T_!
Dkt '5.:,. i
f Halkrw cathods I
Lrus % Inrrm:u
3 1
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Xenon source

Spectral emission for Xenon Compact Arc Lamps

100 100
WAVELENGTH 5,
90 NANOMETERS CUTPUT
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300 - 350 3 502
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— [ \ A i
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! 1250 - } J
m;_/ \ ‘h\ J 130«8 - 13% 0.708
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e I \ E .
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. \\J. 1700 - 1750 0428
/ ﬁ\ 1750 - 16800 D.3a8
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http://de.wikipedia.org/wiki/Xenonlicht http://www.muller-elektronik-optik.de/s4.pdf
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Laser in the visible

commercial lasers

wsSRE
- 2 — Jpu. |
r W
O Q
2 N
3 38
3 ................... - Ar' 4880 nm
- YN =, _, Copper vapor 510.5
0 Art 514.5 nm Nd:YAG (doubled) 532 nm
? ........... He-Ne 543.5 nm Xe’' 5395 nm
B
& o O
3 § He-Ne 594.1 nm
o He-Ne 611.9 nm
e 3 " He-Ne 632.8.nm
g o - Kr* 647.1 nm
& >
PiD
O P, ————————— Ruby 694.3 nm
- P 3::
o o I )
122 un

35 | WS 2017/2018 Novel Bioanalytical Approaches Prof. G. Gauglitz © 2017 University of Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

LED: light emitting diodes

Epoxidharz-Linse / -Geh&use

Bonddraht
Reflektorwanne
Halbleiterkristall E # E 4
E"_ - El"l- -_
é K } Lead Frame E'L \A E'L “—
Y +4 +4F
™~ 1 N | |
I ﬂ Y kt k kl‘ k" k
Anode r f] Kathode
Band gaps of two semi conductors
left: direct (z. B. Galliumarsenid)
right: indirect semi conductor (z. B. Silicium)

http://de.wikipedia.org/wiki/Leuchtdiode
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LEDs colours

Vihile

Blue LED (InGaN)

Spectrum of a red, green, blue
and white LED

3 Phosphore

Blaue 1
Q@mu i)

LED

White light by a blue LED and a broad  White light by an ultra violet LED
band fluorescent dye and red, green and blue fluorescent

RGB-SMD-LED

dyes
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Prism monochromator

J Brenn-
I ebene
P Wi
Eingangs-  Kollimator- Prisma
ﬁﬂalt linse ‘ Ausg Engg.
Fokussier- spalt

linse

violett + rot

violett . Hp 51.11";:
a833%3
8’ = X 536 WS 2017/2018 Novel Bioanalytical Approaches Prof. G. Gauglitz © 2017 University of TUbingen
S 8 w35 !
o 0 ) :
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Anna-Lina Hahn
Problems: 
more in UV, less in IR
not equivalent distance -> not linear��
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— Konkav- - /
spiegel /
N7
/
/

- i

| 7
I
7
i /
C
Reflexions- A . B
T E gitter < S > Brennebene
Eingangs- Ausgangs-
spalt spalt
smoc+smB:E-7»:m-n-7n A=A+B=d-(sma+smB)=m-k
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ction, differences
ism: the most
ference in the red
, how linear

have many orders,

T T L T
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Anna-Lina Hahn
reflection, differences to prism: the most interference in the red area, now linear
you have many orders, is super imposed, filter necessary to filter unnecessary wave lengths out�
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Photomultiplier PMT
Typical PMT QE curves

e C5- T (S5) mmmmm B gllkali {S20) === Multialkali (S25) s AG-O-CS (S1) s Gg-AS e nP-InGaASP

100

“IMN

cool down photomultiplier to reduce noise

% QE (log)

01

0,01

0,001 : - . - - - - - - - - - - . . - - - - : - -
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1200 1400 1600 1800

nm
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cool down photomultiplier to reduce noise
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CCD und CMOS

CCD -> charge coupled device conventional
CMQOS -> complementary metal oxide
semiconductor modern

_ produces voltage:

- linearly proportional to intensity

100

of incident light “ccp,_—~
- not linearly proportional of UViblue enhanced)  CCD fred enhanced)
wavelength

=
=1

Vidicon

- Silicium is senitive to light
- Layer structure allows laterally
varying functionality

Quantum Efficiency (%)

0.
200 400 G600 a00 1000

Wavelength (nm)
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Anna-Lina Hahn


Anna-Lina Hahn
conventional

Anna-Lina Hahn
modern
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Basics
IN
Electrochemistry
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* Phase equilibrium
* Galvani-voltage
 Half cell

Ay =l

Galvani voltage between the

A¢O _ ¢ M — ¢L two interfaces ( e.g. liquid,

metal)

Mﬁ+zi F¢ﬂ::‘4a+zi F o

dependent on solution and metal of electrode

Electrode potentials
single electrode potentials

/n
................. _Zn2+
0" 9%+
Tl el

44 | WS 2017/2018 Novel Bioanalytical Approaches Prof. G. Gauglitz

© 2017 University of Tlbingen


Anna-Lina Hahn
Galvani voltage between the two interfaces ( e.g. liquid, metal)

Anna-Lina Hahn
dependent on solution and metal of electrode


EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Electrochemical Potential

 Chemical Potential

u=u +RTIlna

 Addtitional potential, called Galvani-Potential ¢ (also named
internal potential)

» Results in electrochemical potential

=+ 7 F gt

T Number of charges
(lons, electrons)

i=pu+RTIna’ +z F ¢°
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* According to Stockholm
convention:

 |n case reaction runs to
the right side, then E_
positive

usually hydrogen reference electrode,
two properties: hydrogen of 1 bar pressure on
electrode, within an acidic solution of pH=1 ->
In(1)=0

Daniell-Element

Zn + Cu*

pA— Zn** + Cu

Elektronen I\

I/ J
Kathode

Anode

Oxidation

_|_

/n — Zn*" +2e

Reduktion

Cu? +2¢ — Cu

46 | WS 2017/2018 Novel Bioanalytical Approaches Prof. G. Gauglitz

© 2017 University of Tlbingen


Anna-Lina Hahn
usually hydrogen reference electrode,
two properties: hydrogen of 1 bar pressure on electrode, within an acidic solution of pH=1 -> ln(1)=0�


EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Standard-Reduction-
Potential-table
(Stockholm-Convention)

take more positive - less positive
e.g. Zn and Cu: 0.34 - (- 0.76) = 1.1

Reduktions-Halbreaktion

F,

S,0F

Au’

Pb4+

C e4+

MnO;, +8H"
Cl,

Cr,07 +14H"
0,+4H"

Br,
Ag'

2
Hg;
F63+

I
0, +2H,0

Cu2+
AgCl

2H"
F e3+
0O, + H,0

Pb2+
S n2+
F e2+
7 n2+
2 H,0

A13+
M g2+

C a2+
K+
Li'

+2¢€

+2¢

+e

+2¢

+e

+5¢

+2¢
+6¢

+4¢e

+2¢

+e

+2¢e

+e

+2¢€
+4¢

+2¢

+e

+2¢e
+3¢e
+2¢e

+2¢
+2¢
+2¢
+2¢
+2¢

+3¢
+2¢

+e

+2¢e

+e
+e

-2 F

-2 807

— Au

— Pb*"

— Ce*

— Mn*" + 4H,0

—2Cl
—2Cr" +7H,0

— 2 H,0

—2 Br’
— Ag
— 2 Hg

— Fe**
—>2T

—4 OH”

— Cu
—>Ag+ CI

—)Hz
— Fe

— HO; "+ OH

— Pb
— Sn
— Fe
—7Zn

—H,+2 OH"

— Al
— Mg
— Na
— Ca
—> K
— Li

E”/V

+2,87
+ 2,05

+ 1,69
+1,67
+1,61
+1,51

+ 1,30
+ 1,33

+1,23
+0,81 beipH="7
+1,09

+0,80
+0,79

+0,77
+0,54
+0,40

+0,81 beipH=7
+0,34
+0,22

0, nach Definition
-0,04
-0,08

-0,13
-0,14
-0,44
-0,76
-0,83

- 0,42 bei pH =7
- 1,66
2,36
2,71
2,87
2,93
-3,05
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EMK measurement

* Poggendorf compensation

« Digital voltmeter (extremely high internal resistance 10" Q)

GleiChIStl‘quuelle Rheostat

voltage
1in
small

Schleff@riht

A C

move B so that voltage 1 =
voltage 2 -> no difference

voltage 2 in big circuit

Normalelement

L J zweipoliger
Umschalter

unbekannte EMK

Galvanometer
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Sensors
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Monitoring of bio-signals

* Temperature

- Caused by heat of reaction
* Pressure

- Acting on joints or implants
* Evoked potentials

- Electric spikes at neurons
« Biomolecular interactions

- Biofilms

- Drug screening

_ Dignostics Sensors
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TUBINGEN
7N aln
. . . °c \ / c>|:\\I
»A sensor is a device that receives and \ BOILING POINT 5
. . . . 220
responds to a signal or stimulus* 100==300 °C - 212 °F==|210
%0 OF WATER -
80 180
. 170
It can be: 70 160
150
« A Thermometer ° 150
50 120
- A thermometer has two important 40 08
elements: = 80
20 70
» the temperature sensor ] [—
= some means of converting this 0 |— 0°C - 32 F—oi 10
physical change into a numerical 10 OF WATER >
value 20 %
30 20
\\1_// ¥/
CELSIUS FAHRENHEIT
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Sensor components

* Physical sensors
(temperature, pressure, photoelectric barrier)
« Chemical or biochemical sensor Recog,. .
.91711-,'017

(ion-sensitive electrode, opt(r)ode) ’
Rezeptor

’ interesting
analyt

‘ non-specific
optics ‘ ‘ analyt
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Sensors in Nature

All living organisms contain biological sensors with functions similar
to those of the mechanical devices described. Most are specialized
cells that are sensitive to:

* Physical aspects of the external environment: Light, motion,
temperature, magnetic fields, gravity, humidity, moisture,
vibration, pressure, electrical fields, sound, ...

« Physical aspects of the internal environment, such as stretch,
motion of the organism, and position of appendages

« Environmental molecules, including toxins, nutrients, and
pheromones

* Internal metabolic milieu, such as glucose level, oxygen level, or
osmolality

 Internal signal molecules, such as hormones, neurotransmitters,
and cytokines
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Transducer

* Depending on transducer the sensors can be divided into several

groups:

- Optical sensors
- Electrochemical ANALYTE

Sensors \ smﬁmesamW
- Mass sensitive Selective recognition event change in j

a measurable parameter?
SenSOI'S Diffusi:nnnf:l-mmfnc[ivgﬂr ;" i1|.
charged species .

- Calorimetric sensors g (E'““‘“’”‘“g““““)

( Ele-ch'uch:micalj ,""
Absorption and collection of
/ [ clectromagnetic radiation

- Mass andior microviscosity
Amperometric alverations of wave propagatio
[ Conductimetric ) Optical
Potentiometric -
Mlass

Amplification

Amplification

} Signal Processing j
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* Electrochemical * Optical
- Potentiometric - Absorption
= |[SFET = IR, UV, vis
" 2102 | - Emission
- Amperometric = Fluorescense
- Conductometric * Mechanical
- Chemiresistor - Piezoelectric
" SMOx - Resonant
= Cond-Polymer
= Nanotube e Thermal
- TCD
- Catalytic
- ThermoEL

- Pyroelectric
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General requirements

* Selectivity

* Accuracy

* Repeatability

* Reproducibility
 Linear scale

* Respond quickly

Ruggedness / Reliabilit
* Reversibility 99 ¢

either reversible and non selective or selective but no reversible

« Small
* Cheap
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» The idea of using semiconductors
as gas sensitive devices leads
back to 1953 when Brattain and
Bardeen first reported gas
sensitive effects on Germanium

 Later (1954), Heiland found gas
sensing effect on metal oxides

 Taguchi finally brought
semiconductor sensors based on
metal oxides to an industrial
product

Brattain, W. H., Bardeen, J. Bell Syst. Tech. J., 32 (1953) 1.

G. Heiland, Zum Einfluss von Wasserstoff auf die elektrische
Leitfahigkeit von ZnO-Kristallen, Zeit. Phys. 138 (1954) 459-464.

Historic approach

A B
GAS 5
2 S ﬁ
112 o 2
o—E E—0 SOLHTION
o O
o =]
INSULATING SUBSTRATE CONTACT
Iyl 4
RS
CMCAGE 1 L [iHEeh
AN
RC1 HEi HCE R Cc3 HSOL RCtI
HI

Two types of conductometric sensors with
their corresponding equivalent electrical
circuit diagrams: (A) chemiresistor
configuration typical for gas sensing; (B)
conductometric biosensor.

N. Taguchi, U.S. Patent 3,631,436 (1971).

Janata, J. - Principles of Chemical Sensors, Springer, 2009.
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Applications

 used in gas leakage detection
(propane, butane)

* ambient air quality monitoring

« in traffic (CO, NOx)

* foxic gas detection

* smoke gas monitoring in houses
and buildings

Sensing

Chamber iren

E2008 HowStuffWorks
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Working Principle

 Similar to solid electrolytes, but as the name states the electrolyte is liquid

Derived from the Nernst equation: E=E,+ Z’”}; In ;Ox
e red

The emf can be calculated as: emf = E.qthode — Eanode
1
To obtain: emf = :71; lnzggziz
e 2
Gas Molecules  Micro Ammeter E: potential difference
\_. NP E,: standard potential
—= —= R: gas constant
;’lnodf I S .S l Ea:fhnde a: activity or ox./red. Speci

T: temperature

F: Faraday constant
Electrolyte z,: amount of e- per ion/atom
- 050 P(O,): oxygen pressure

O, 0000 g0
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Schematic cell Hydrophobic membrane
. + . Water'and Gas
Electrolyte ., :~,'l-"_+- " .,
,f/ | Membrane R T
Counter electrode / ‘
. Rﬁ"“u_ 1 .
+
«—— (Gas
1 <—
Reference electrode "'xx
, * Faraday law:

* Fick's law

Measuring electrode

- Diffusion and

Chou, J. - Hazardous Gas Monitors: A Practical Guide to Selection, Operation, and Applications,
McGraw-Hill Professional, 1999. m aSS tra n Sfe r
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» Measured is the electrical potential of an electrode when no
current is flowing

» signal is measured as the potential difference between working
and reference electrode

Elecirolyte
— /
- | Membrane
Counter electrode /
. HHE'“H_ 1 i
f
«—— Gas
___—'-_ =] F
Reference electrodé HH.
|
T Measuring elecirode
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ab hier nicht behandelt!
a <« Shear mode vibrations in a thickness-
) shear-mode (TSM) device.
// AUARTZ w, |, Incremental increase AA
/ is due to increased thickness
b
3,
My |
c
M t
Pq
) " [q

Janata, J. - Principles of Chemical Sensors, Springer, 2009.
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Based on piezoelectric effect (electrical signal

converted into an acoustic wave)

Sinusoidal electrical input

= alternating polarity between the fingers of an
interdigitated transducer

— mechanical wave (surface acoustic wave)

* Interdigitated transducer

Af = (ky + k) fho'

clength of IDT __piezoelectric substrate

acoustic
absorber

interdigitated
transducer

length of delay line
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Laboratory Techniques and Medical
Device Approvals |

Gauglitz Part |: Detection and Sensor Principles

End
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