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2.2 M50 (Semiconductor) [59, 60]
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World Market for Gas Measurement in 2004 *

Solid Electrolyte
for all gases

Semiconductor Sensor
Solid Electrolyte for flamable gases

for other gases

Semiconductor Sensor
for other gases

Other

Solid Electrolyte
for O

Total Market: 1.7 bn Euro
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Tan [64]

232 Tnssaananvesiivlaeenlad (Crystal Structure of Sn0,) [60]
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= ¢ & X2 o o A & A ™ B 9
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51 2.16 Tasea$raluminoiwad uag supercell Y94 SnO, [63]

319 2.2 Uszanang q ves Iassadwaninuesarsdsznouleosiin [60]

Tassa¥a Sadm ¥ed(hole) i $1MIu¥esil¥  Stoichiometr gas
(structure) Sad 1% Aadnnuman 1)y il
Cesium chloride > 0.732 cubic 1 1:1 MX
Sodium chloride  0.732-0.414  octahedral 1 1:1 MX
Zinc blende 0.414-0.225 tetrahedral 7 1:1 MX
Wurtzite 0.414-0.225 tetrahedral s 1:1 MX
Fluoride ~0.732 tetrahedral 1 1:2 MX,
Antifluoride ~0.732 tetrahedral 1 2:1 M, X
Rutile 0.732-0.414  octahedral Y2 1:2 MX,

[ Y
asilsznevulessuiinnilassadanuuil 1dun
4 a
- msilszneungee 13a (fluoride) ¥09 Mg™, Ni*', Mn™, Zn®* 800U
J a
- msilsznoueenlud (oxide) ¥94a Ti'', Mn*, Sn*", Pb* Bo0U
9 F4
A 9 o [ v 1 g
Taseadvesansiseznevlosotinng 7 Usznn wuw) aaldnainuiudst saduilu
Taseadndnezwoluasisznovdeetinwiamiilsznousiag (binary compound) 1711
Y oA P A a 1 v A ) A A
wonanUueal Inseadetsemnou q onwu Tassaiauvatume, Taseasauunidion

4 9 d I 9
pon loa, Taseaanumesena lng ludu
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2.4 matamsltinnsdeudenszualil¥ (current heating technique) [65]
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waaalugll 2.17

Linear
motion

+
B Tin(ll)oxide-c fod
supply —Nanowires

Chamber

Ar gas (Glass tube)

51 2.17 uwunmuaasaauilszneuginsel lumadianisTdanuieudronszua T (65]
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2.5 lavanlsdlwlsa%a (Flame Spray Pyrolysis: FSP) [88-97]
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O
or —_— 8& o ——> @% —_
Gas
: Coagulation and Agglomerate Formation Coagulation
N ; g
ucleation Condensation by Coagulation Coalescence

T W kY 1 4] <
31.] 2.18 ﬂiz‘mumimiﬂammmmgmﬂslmmﬂaumﬂ 9 mﬂﬁmum!,ﬂﬁ”lﬂ!,ﬂummgmﬂ

AzIDeN (gas-to-particle conversion) Iﬂﬂ%kﬂﬁﬂﬁlﬂiﬁwjia@ﬁ [88, 98]

Droplet-to-Particle Route

Solution
or Slurry

Atomization
1]
“. @ Droplets
(g
urface
Evaporation rencton
o, O
o® ~
9
°,° @
Reaction
(Pyrolysis) Orying
o [ J
2 C
® . .
Powder

9
T W @ 1 Y 3
31] 2.19 ﬂsz‘mum’im’iﬂ@mm’mmgﬂmclumumﬂuma il mﬂaﬂymzazamvlaﬂ"lﬂtﬂum

Ellgﬂ”lﬂazl,?)ﬂﬂ (droplet-to-particle conversion) Tﬂﬂ?%Maansé"lesE% [98]
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Type Classification Phenomena Materials Gases
Gas Semiconductor | Surface Sn0O, , ZnO LPG, CO
adsorption Conductivity y-Fe,0,, V,0; Alcohol
Bulk Ti0,,Co0,MgO- 0,
Conductivity CoO
Surface Surface potential Pd-gate FET, H,, CO
potential Ag,0, Pd-TiO,
Conductivity Ni,Fe,,,, ZnO, H,O
Humidity MgCrO,, Al,O,
Piezoelectric Polyimide UU H,S, NH,
Other quartz oscillator
Gas reaction Catatytic combustion heat Pt wire, Pt, Flammable
combustion Pd+ALO, gases
Potentisotatic electrolytic current | gas electrode CO, NO, NO,,
s,
Galvanic cell cell current noble cathode (Pt, | O,
Au) & base anode
(Pb)
Others fluorescense Propylene+tsilicone
membrane
Selective Solid electrolyte | EMP Zr0,-Ca0, ThO,- | O,
membrane Y,0, PbCl,, PbBr,,

K,SO,
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2.7.4.3 uimasuwa suuulwmuiloma@n (Potentiostatic electrosysity gas sensor)
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2.7.4.7 uREBUIBOSUVY FET (Field Effect Transistor type gas sensor)
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2.7.4.9 upmssosuunl¥nodnes (Polymer membrane gas sensor)
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2.7.4.11 whewa suuvInlsotdnn3n (Pyroelectric gas sensor)
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. T & 4 A o = A A
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EL) logS=1loga+blogc (2.19)
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Example of Layer Response to gases
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The intensities of the bands are indicated by s for strong, m for medium, and w for weak

Functional group Range of wavenumber shift, cm™ Comment
Acetylene 23002100 (s) C=C stretch
Alcohol 3650 - 3000 (0-w) O-H stretch
Alkane 3000- 2800 (s) C-H stretch
1475 - 1450 (s) CH; antisym bend
13501300 (m-s) CH; bend
400-230 (s) C-Cbendn =3-12
Alkene 3100- 3000 (m-s) C-H stretch
1900 - 1500 (m ) C=C stretch
1450 - 1200 (s) C-H in-plane
Amine 3550-3300 (w-m) N-H stretch
1380 1070 (m - ) C-N stretch
Aromatic 1620 1580 (m-s) C=C stretch
10451015 (m) C-H in-plane
1010-990 (s) Mono-, meta-, and 1,3,5 derivative
750-1700 (s) 1,2, 1,3, 1,2,4 substituted
655 - 645 (s) 1,2,3 substituted
630-610 (s) Monosubstituted
570- 550 (s) 1,3,5 substituted
Bromo 700 - 490 (s) C-Br stretch
Carbonyl 1870 - 1650 (w -s) C=0 stretch
Chloro 850550 (s) C-Cl stretch
Disulfide 550-430 (s) S-S stretch
Ester 1100- 1025 (s) C-0-C stretch
Ether 1140- 800 (m-s) C-0-C stretch
Nitrate 1285-1260 (s) ONO stretch
Nitrile 2260- 2220 (s) C= stretch
Nitrite 16601620 (s) . N=0 stretch
Nitro (-=NO,) 15901530 (w—m) N=0 stretch
1380 - 1340 (s)
920- 830 (s) C-N stretch
650- 520 (m) NO; bend
Peroxide 900 - 845 (w-5s) 0-0 stretch
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uay %A = 100 — %T (2.33)
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gﬂ 2.69 LeA3 Electromagnetic spectrum [99]
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