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ELEKTROCHEMICKE s kapalnym elytem
SENSORY s tuhym elytem

SENSORY ZALOZENE NA metaloxidové sens.
MERENI EL. VODIVOSTI chemirezistory
'SENSORY HMOTNOSTNI | BAW, saw
SENSORY ZALOZENE NA pelistory, pyroel.
MERENIi TEPLOTY sensory, TCD

'SENSORVIOPTICKERRIINN optrody (optody)

SENSORY S MIKROELEKTRO-| ISFET, CSFET
NICKOU STRUKTUROU work-function sens.




1.1 AMPEROMETRICKE MEMBRANOVE SENSORY S KAPAL-
NYM ELEKTROLYTEM
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Leland C. Clark

O, +4e + 4H* 5 2H,0 (Pt katoda)

Ag + KCI 5 AgCl + K* + e (Ag anoda)
H,O 5 H* + OH-
indikaéni

g'rfs'{é%‘}a“é elektroda O, + 4Ag + 4KCl + 2H,0 S 4AgCl + 4KOH

permeabilni
membrana




[




Sensory s filmem elektrolytu a pokovenou membranou
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Soubor individualné adresovatelnych sensoru Clarkova typu
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H. Hinkers et al, Sens. Actuators B24 (1995) 300




1.2 AMPEROMETRICKE SOLID-STATE SENSORY

H, H, - 2H* + 2e
CO CO + H,0—CO,+ 2H* + 2e
O, O, + 4e — 207
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Anorganicke tuhé elektrolyty
dostate¢na iontova vodivost uz za normalni teploty:

LaF, F-
Ag,S Ag*
Zr(HPO,),.nH, O H*
HUO,PO,.4H,0 H*

lontova vodivost az za zvysene teploty:
Agl Ag* (350 K)
PbCl, Cl-
ZrO, (Ca0, Y,0,) 0% (1000 K)

Nasicon, Na,Zr,Si,PO,, Na* (600 K)
Perovskity, A(lIl)B(IV)O, O%

(SrTiO,, SrSn0;...)

B-Al,O,(Ag*) Ag* (400 az1000K)

B-ALO,(Na") Na* (500 K)



Organickeé tuhe elektrolyty

gely:
PMMA, zmekc. PVC,

elektrolyty ,rozpustene” v
polymeru:

(PEO),LiCIO,

polymerni ,soli:
iontoménice, NAFION

kopolymer polytetrafluoroethylenu
s polysulfonylfluor-vinyletherem




Sensory s protonovym vodi¢em

referencni prostredi

analyzovane prostredi NAFION =

N

CO+H,0 St W—1/20,+2H* +2¢
—
CO, +2H" +2¢ ; H,O
T Fx . : s

H,—2H"+2e 1/202+2i1+_+2e—»rk|_n —
O,+4H*+4e—2H,0 2|-|2—>4|-|_++4e-_ __—
NO,+2H*+2e—-NO+H H,O—2I{*+2e+1/; E

02 e O 20 20 1_*&%1_ PtCIEE
C,H.OH— CH,CHO +2H*+2e | 1/20,+4IH+2e=H

Nafion



.

Au katoda: NO,+2H*+2e~NO+
Pt anoda: H,0—22H*+2e+1/20,




Ampeéerometrické solid-state sensory s pomocnou fazi

priklad: stanoveni chloru:
| @ &"--...'_‘! i + | 1
Ag | B-Al,O; Cl,

I '
AgSAgt+e AgCISAg*+CI- 1/2Cl,+Ag*+eSAgCI

bez pom. vrstvy: 1/2Cl,+e— CI-

s pomoc. vrstvou: 1/2Cl,+Ag — AgCI



2.1 POTENCIOMETRICKE MEMBRANOVE SENSORY S KA-
PALNYM ELEKTROLYTEM

CO,(g) + H,O0 5 H,CO, |
K - [H,CO3]
.=

pCO;

. o
H,CO, + H,0 5 H,0* + HCO.- ﬁ

[H;0" J[HCO3] |
Ky = / John W. Severinghaus

[HyCO3]

KS Kl SO,+ H,0 5 HSO, + H*
pCO, NH. + H.O 5 NH.* + OH-
3 2 4
2NO, + H,0 5 NO,- +NO," + H*
H,S S 2H* + 2

CO, + H,0 5 HCO, + H*

[H30"]=

[HCO3]



2.2 POTENCIOMETRICKE SOLID-STATE SENSORY

Sensory kysliku na bazi dopovaného ZrO,

Oz(g)tde—  20%(ZrOy)—

20%(Zr02)  —O2(g)+ae

p(1) 4 p(2)

analyz. ref. a) potenciometricky élanek

plyn prostfedi 0,059 p(l)
(vzduch) AE = K + —=——""log

4 p(2)



Potenciometricky lambda-sensor

A aktualni pomer vzduch/palivo
~ stechiometricky pomér vzduch/palivo

A>1 chuda smeés <
A=1 stechiom. smes m
A<1 bohata smés <

0,5F

08 1,0



smernice=
V[R+R(ZrO,)] i)

-|l'

d) amperom.
sensor

I=kp(1)




LAMBDA SENSOR 8 KYSLIKOVOU PUMPOU
vyfukove

\ g 9
.Z:.--..-. . = g +
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ele ktrody

poreznl
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o o I glazura

vystupni
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f=0 100mA 200 mA

LLLL

potenc. Clanek

zdroj proudu, f

1,9 % pomér



3.1 SENSORY ZALOZENE NA MERENI ELEKTRONOVE
VODIVOSTI — METALOXIDOVE SENSORY

aktivii Cisty vzduch: 1/20,(g) + 2e- S O?%(ads)

materiél (SnQz) Vyhiivaci . .
vigkno v pritomnosti analytu:

lektroda~_ > - -
" w,, RH,(g) 5 R(g) + 2H(ads)

=4 2H(ads) + O%(ads) 5 H,0(g) +2e-

/mhéfent
vodivosti

1l
vyhifvani'|'



Citlivost metaloxidovych (SnO,) sensoru v zavislosti na
velikosti zrn oxidu.
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N. Yamazoe, Sensors and Actuators B 5 (1991) 7



priklady pouziti:
CH,(g) + O*(ads) 5 CH,O(g) + 2H(ads)
CH,CH,0H(g) 5 CH,CHO(g) + 2H(ads)
CO(g) +20%(ads) S CO, + 2¢

ovlivnéni se
* pri
* prac

* che
me

* pou



Table 9-4. The different types of Tagushi sensors and their specifications [1].

Type of sensor
former types

Compound (decreasing sensitivity for identical partial
pressures)

Detection range

TGS 109, TGS 109M
TGS 813, TGS 8I13C,
TGS 816, 7GS 911
TGS 812, TGS 817
TGS 711

TGS 712D |
TGS 100, TGS 800
TGS 203

TGS 822, TGS 823

TGS 814D, TGS 824
TGS 825

TGS 880, TGS881
TGS 830

TGS 831

Iso-CH,, > C;Hg > CH,> CH; >0H > H, » CO

H, >iso-CH,,> CH,> C,H;,OH » CO
C,H,OH > H, > iso—CH; > CO

C,H,OH > H, > CO

C,H,OH > H, > CO

C,H,OH > H, > iso—C,Hg > CO

CO » H, » C,H,OH

CH,COCH, = C;H;0H = C,H, =~ n—C¢H,, >
iso-CHz; > CO» CH,

NH,

H,S>H,

Volatile compounds during cooking of foods
Freon 113

Freon 21, freon 22

500-10000 ppm

500-10000 ppm
500-5000 ppm
50-500 ppm
20-200 ppm
1-300 ppm
50-1000 ppm




Soubor metaloxidovych sensoru pro elektronicky nos




Tenkovrstvé metaloxidové sensory

sensor ethylenu, det limit < 0,1 ppm



Soubor metaloxidovych p-sensoru s teplotnim gradientem

front side gradient technigue rear side
2 nm 350°C ' .
o |
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8 nm 300°C |s ‘“!h ) IWUL




€ NH,, H,S, xylen, akrolein < 10 vppb

€ Ethanol, methanol, aceton, ethylacetat, toluen, DMF, NO,, SO, < 100 vppb
€ Methan, propan, benzen, CO < 1 vppm

€ CCl,, CHCI,, C,HCI, < 100 vppm



Apérometricky sensor s tepelné modulovanym viaknem
T. Otagawa, J. Stetter, Sensors and Actuators 11 (1987) 251
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aromat. benzen 0,05
toluen 0,075
alifat. methan 0,211
cyklohexan 0,3
obs. N amoniak 0,701
akrylonitril 0,742




3.2 CHEMIREZISTORY
Chemrezistory s filmem chemickeé latky

aktivni material

’ SRS
A

elektrody inertni substrat EEEEETTN.

Aktivni materialy:  oxidy kovu (SnO,, Fe,0,...);
metaloftalocyaniny;
org. vodive a polovodivé polymery;
filmy kovu....



Soubor chemirezistoru
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Chemirezistor s filmem kovu
ﬁl\r\n Al ‘

vyhfivany
myer‘t 4

ubs trat
kertémika}

100 R

10

Au + H,S = AuS + H, Au + Hg — AuHg
AuS + O, = Au + SO, (250°C) AuHg — Au + Hg (250°C)

0,003 - 50 ppm H,S (5% RSD) 0,003 — 0,999 mg Hg/m3 (5% RSD)



4. HMOTNOSTNI SENSORY

Langasﬁ,
La;Ga;SiO,

LiTaO;, LiNbO, 4,4’ -dihydroxyazobenzen



4.1 QCMB — KREMENNE MIKROVAHY

kfemenny vyfez

- ~—— (AT-cut)
. U/
2{’ ] chemicky citliva

vrstva ¢ o
(@]

pfivody ac napéti
k elekirodam

f
. 0
ref. oscilator
f
mer. oscilator

kovova (Ag)
elektroda




pro AT vybrus plati:
Af = — konst. f,2 Am /A

Af = zména frekvence [Hz], konst. = 2.3x106,
f,= resonancni frekvence [MHz],

A = plocha krystalu [cm?],

Am = zména hmotnosti [g];

fO =10 MHz, Af=0,1 Hz = Am » 10-10 glcm2 opt. psa




Priklady pouziti QCMB (det. limity 1 — 10 ppm):

Analyt Aktivni vrstva

H, Pd

Hg Au (regenerace 400°C)

SO, triethanolamin

NH, Kys. sorbova, polyvinylpyrolidon

H,O LiCl imobiliz. v hydrogelu

O, Mn-thiokyanato-tributylfosfin-tetrahydrofuran-
polyvinylalkohol

CO, /,10-dioxa-3,4-diaza-1,5,12,16-hexadekatetrol

uhlovodiky | chromatografické stacionarni faze




4.2 HWOTNOSTNI SENSORY: SAW — SENSORY S POVRCHO-
VOU AKUSTICKOU VLNOU

piezoelektricky chem. citliva
vybrus vrstva

elel

c(S105) = 3000m/s
pro f =30MHz je
A=0,1mm
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SEM mikrofotografie Rayleighovy povrchoveé viny

e

Interdigital Transducer, IDT sSurface Acoustic Wave, SAW

http://www.ewh.ieee.org/tc/sensors/Tutorials/reindl-tutorial-NewOrleans.pdf



Rozmery interdigitalnich elektrod SAW sensoru

100 MHz:
finger width = 8 pm

290 MHz:
finger width = 3 um

human hair:
gdum thick

-
n
#

L a
| 200 MHz:
finger width = 1 um




Pfiklady pouziti SAW (det. limity 10 — 100 ppb):

Analyt Aktivni vrstva

H, Pd

NO, Pb-ftalocyanin
SO, triethanolamin
H,S WO,

H,O polyimid

styren [Pt(ethylen)(pyridin)]Cl,

uhlovodiky | chromatograficke stacionarni faze




Soubory sensoru (pro elektronicky nos)
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lonizacni mikrosensory

Cathode

MWNT film
anode

Glass insulator MWNTSs (um) A. Modi et al, Nature 424 (2003) 171



> LoD, pob Fotoakustické sensory
N,O 30

Halothan |20

Co, 1500

SF, 6

Freon 10

rezonator

mikrofon

A d

lock-in
modulator H zesilovad




Vodivostni sensory s poréznim kfremikem

-

0, 5. - i | ,:I-':!'l ..‘_._'h"' F..H"IJ:-;'P‘# -*I_'J-r —'--. v i 3 :
PR Wi T R I A P AN Sk
il - !3‘-’#1 o g & -'" ‘ﬂ?'t-,: M
-I-llL.LT‘;- A ‘__-*:bhﬁ'ih' 1._7*1- : f'.-l. I~ - ’r*"'i“.‘.‘
. .” :'_"_'.._4* y e ‘—"'t'_' - 1 "‘ 1' ‘Ll;‘-"_ e
i y ‘:.._r:.'_l:_!. " ..-_ 7 R : R e, A ‘-:"',‘.r;._'.‘.."
Ry P P i (U R PR 5 4

i;"_rh' '-l-.'-'.;_‘_-" i w -
. o, _I"_.i. i -'t:- = T !r"'""..r_:'-'l _"I\-"_ -.._.;fi;.-

; e -
b H..,';‘E"l-;-*q" ’&ﬂ'ﬁ. :F"ll- '-t‘.rF ""1"“" "f' A
g 4 = o d T8 o ¥ ¥ o o . ;
Lo o N ﬂ* a.:‘h" o S o
1 g ba .1 - ] - ]

NH;, HCI, NO,, ~ 10 — 100 ppm

N~
~

ne  Dalw 24 Mary 2005
Phaoto Mo vﬁ 1r~1-eEIII:I:II.'-

EHT = I i kY Signal A = In

Wh= 4mm

L.Seals et al, J. Appl. Phys. 91 (2002) 2519






