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absorption-based optical sensors, 39

absorption-based sensors, 39

absorption fiber optic chemical sensors, 39

acetonitrile (ACN), 198-202

ACN. See acetonitrile

acoustic wave propagation, 27, 29

acoustic wave sensor, 24, 27, 29, 30

active and passive filters, 355

active surface area, 131, 134, 139, 140, 142

ADFETs. Se¢ adsorption-based FETS

adsorption, 9, 17, 20, 24, 32, 70,71, 75-77,
79-85, 88, 90, 94, 96, 98, 105, 112, 119, 120,
121, 124,129, 132, 135, 136, 186, 259, 260,
262, 263, 315, 320, 322, 326, 327, 332, 344,
348, 350, 356, 361, 363, 364, 365, 367
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adsorption-based FETs (ADFETs), 12

adsorption/desorption parameters, 79, 80—82,
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adsorption processes, 64, 76, 81

adsorption properties, 70, 124, 315

aerosol phase, 245, 246, 248, 249, 252

AFM. See atomic force microscopy

Ag, 90,171,172, 174, 218, 260, 265, 332, 345,
346, 348-350

agglomerate, 131, 140-142, 144, 219, 227, 229,
257, 318, 319, 324, 326

agglomerated, 140-142, 257, 258, 278, 285, 318,
319

agglomeration, 23, 121, 131, 140, 142, 144, 257,
269, 271, 282, 283, 285, 288, 318, 319, 321,
324, 347, 365

ALO,, 6668, 71-73, 76, 79, 85, 89, 90, 93, 109,
111, 112, 143, 188, 196, 218, 229, 233, 238,
239, 242, 243,254, 260, 271, 282, 283, 325,
338, 345, 346, 356, 357, 364

alcohol condensation, 273, 274

alloy, 83, 131, 161, 217, 220, 231, 241, 242, 351,
352

amperometric sensor, 2—4

analyte, 2, 3, 8,9, 17, 21-26, 33, 34, 3639, 42,
44, 64,74, 84,111,127, 177, 180, 182, 184,
186, 192, 194, 197-199, 201

aqueous solutions, 259, 260, 262, 272, 290, 351

atomic force microscopy (AFM), 32, 174, 327,
360

atomization techniques, 248

Au nanoparticles, 127,171, 174

band gap, 9, 69-71, 74, 106109, 169, 342
baseline sensor drift, 24

biological sensors, 32, 51, 169

bridging oxygen, 103, 317

bulk stoichiometry, 321

calcination, 135, 188, 277, 278, 284, 333, 336
calorimetric sensors, 48

cantlever, 9, 32, 33, 83, 177,179, 180
capacitance sensors, 8, 9

carbon-containing species, 320
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carbon nanotubes, 21, 330

catalyst, 19, 20, 23, 45, 46, 47, 82, 83, 105, 124,
125,127, 128, 131, 161, 186, 188, 202, 253,
260, 267, 274, 276, 291, 314, 320, 332, 337,
347, 351, 352, 353, 357, 358, 368

catalytic activity, 64, 70, 82, 84, 87, 88, 101, 105,
121, 127, 186, 215, 317, 331, 334, 339, 340,
349, 350, 356, 358

catalytic activity of sensing materials, 84

catalytic bead, 19

catalytic sensors, 19

cationic site, 75

CBD. Se¢ chemical bath deposition

CdS, 78, 271

CdSe, 165-168

CFS. See combustion flame synthesis

CH,, 40, 96, 121, 339, 350, 355, 356, 362, 368

charging agent, 270

chemFET, 1, 12, 15

chemFET-based sensors, 15

chemical activity, 92, 93, 235, 346

of metal oxides, 93

chemical bath deposition (CBD), 259-262, 264,
265, 269, 271, 272

chemical polymerization, 289, 292, 293

chemical precursor, 237, 241, 244, 284, 299

chemical sensitization, 349

chemical sensor, 1,17, 19, 25, 31, 32, 33, 34, 36,
37, 38, 39, 45, 52, 63, 64, 65, 69, 70, 78, 80,
84, 88, 90, 92, 94, 95, 96, 97, 103, 106, 107,
109, 110, 112, 113, 120, 144, 215, 216, 224,
229, 231, 245, 246, 267, 272, 275, 276, 279,
288, 289, 292, 294, 298, 301, 327, 328, 329,
330, 332, 336 :

chemical stability, 92, 229, 243

chemical vapor condensation (CVC), 280,
282284

chemical vapor deposition (CVD), 189, 235, 236,
237,238, 239, 241, 242, 243, 244, 245, 247,
253, 282, 289, 292, 294, 295, 298, 299, 300,
314, 322, 326, 346

chemical warfare agents (CWAs), 200

chemiluminescence, 33, 34, 35

chemisorption, 21, 22, 69, 76, 77, 79, 80, 88,
96-98, 101-103, 121, 124, 238, 315, 317,
318, 344, 361, 364

cladding-based chemical fiber-optic sensors, 37

Clark oxygen sensor, 3

CO, 3,9, 40, 70, 7984, 87, 96, 98,103, 111, 127,
128, 133, 135, 136, 139, 142, 188, 190, 191,
238, 323, 327, 339, 341, 349-353, 355, 350,
362, 368

coating design and tooling, 295

colotimetric sensors, 39

combinatorial experimentation, 165

combinatorial library, 163, 195

combinatorial materials screening, 160, 184

combinatorial screening, 160, 172, 177, 183, 186,
188, 196, 198, 200, 202

combinatorial technologies, 160, 165, 202

combustion flame synthesis (CFS), 280, 281,
283-285

complexant, 260, 261

composite, 101, 105, 186, 187, 215, 216, 232,
235, 288, 289, 291, 292, 297

conducting polymer, 110, 111, 169, 184, 245, 290,
292

conductivity, 1, 4, 5, 20, 21, 23, 24, 27, 28, 46, 47,
48, 64,70, 74,79, 80, 82, 92, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 114, 115, 128, 131, 169,
188, 226, 250, 252, 265, 320, 334, 339, 341,
343, 344, 356, 362

conductivity type, 101, 102

conductometric sensor, 4, 20-23, 107, 109, 196, 202

conjugated organic monomers, 169

corona spray pyrolysis, 250

CoTiO,, 191

counter electrode, 3, 4, 250, 265

Cr,  TixO,, 103

cracking effect, 276

crystal faceting, 318

crystallite, 88, 95, 98, 113, 115, 116, 118, 119,
120, 121,128, 132, 135, 136, 139, 141, 142,
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186, 219, 226, 227, 229, 254, 256, 257, 269,
314, 315, 318, 319, 321, 324, 325, 326, 332,
333,336, 338, 341, 354, 358, 364, 366

crystal shape, 120

crystal structure, 65, 67, 103, 104, 120, 226, 234,
241, 283, 313, 338, 341

CVC. See chemical vapor condensation

CVD. See chemical vapor deposition

CWAs. See cherical warfare agents

DC and RF sputtering, 222

Debye length (L), 114

dendrogram, 167

deposition from aerosol phase, 245

deposition parameters, 226, 232, 239, 240, 254,
257,315, 323

deposition process, 16, 124, 217, 218, 223, 231,
235, 239, 242, 245, 246, 249, 253, 265, 269,
270, 293, 295

deposition rate, 220-225, 232, 234, 237, 239, 241,
242,252, 253,264, 267, 270, 284, 294, 298,
300

deposition technology, 121, 215, 293, 297

desorption, 77, 79-82, 98, 119-121, 186, 238,
315, 322, 332, 334, 351, 352, 364, 365

detection mechanism, 38, 116, 361

device application, 358

dielectric constant, 8, 9, 43,106, 112, 114, 186

diffusion, 18, 20, 26, 67, 96-98, 100, 103, 120,
124, 131, 132, 138-142, 192, 196, 225, 227,
233, 236, 237, 239, 245, 252, 261, 313, 335,
353, 356, 359, 365

diffusion-layer thickness, 196

dimension effect, 114, 115

discrete arrays, 165, 166

dissociation, 18, 44, 75, 89, 105, 124, 138, 221,
236, 260, 345, 357, 360, 361

dissociative chemisorption, 124, 317

doping, 13, 23, 82, 105, 116, 126, 127, 130, 138, 169,
188, 191, 291, 314, 331, 333-342, 361, 364

doping process, 342

droplet size, 246-248

ED. See electroless deposition
EDOC. See electrochemical deposition under
. oxidizing conditions
electrical energy transduction, 183, 184
electrical energy transduction sensors, 183
electrochemical cell, 2-5, 98
electrochemical deposition, 259, 264, 267, 270
electrochemical deposition under oxidizing
conditdons (EDOC), 259, 267, 269
electrochemical polymerization, 288-291, 297
electrochemical sensors, 1-3, 38, 64, 94, 105, 110
electroconductivity, 69, 70, 74, 95, 107, 109, 110,
141, 342, 344, 351
electroless deposition (ED), 259, 260, 265, 269,
272
electrolyte, 2-5, 16, 95, 98, 169, 200, 266-268,
290, 297, 298, 300
electron-beam evaporation, 216, 234
electron configuration, 68, 69, 74, 87
electron exchange, 186, 332, 334, 340
electronic “nose,” 368
electronic properties, 71-73, 77, 78, 96, 186
of metal oxide surfaces, 77
electronic sensitization, 349
electronic structure, 68, 70, 74, 106, 129, 351
of metal oxides, 68, 70, 106
electrophoretic deposition (EPD), 270-272, 300
electrophysical properties, 68, 97, 113, 215
of sensing materials, 97
electrostatic spray deposition (ESD), 250-252
electrostatic spray pyrolysis. See electrostatic spray
deposition
environmental conditions, 358, 361
EPD. See electrophoretic deposition
ESD. See electrostatic spray deposition
cthanol (EtOH), 198, 199
EtOH. See ethanol
evaporation rate, 216, 281

Fe,0,, 66, 68-70, 72, 73, 78, 85, 87-91, 93, 105,
108, 111, 131, 238, 254, 260, 277, 331, 345,
346, 350
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Fermi level, 9, 77, 78, 109, 130, 315

Ferrite plating, 269, 272

FET. See field-effect transistor

F (flat) faces, 317

fiber, 34-39, 41, 109, 110, 112, 169-171, 173,
272, 273,292, 294-297

fiber Bragg gratings, 39

fiber coating, 294, 296

fiber optic chemical sensor, 36-39

fiber optic sensor, 36, 38

field-effect transistor (FET), 11-15, 51, 94

field-effect transistor sensors, 12

filament thermistor, 48

film agglomeration, 324

film deposition, 128, 216, 218-220, 224, 225,
232,233,239, 245, 247, 248, 250, 253, 260,
264, 269, 271, 290, 291, 294, 321, 324, 325,
340

by thermal evaporation, 218

film microstructure, 233

film texture, 23, 127-129, 256

film thickness influence, 128, 337

finely dispersed fraction, 118, 358

flame ionization detector, 49

flame ionization sensor, 49, 50

flammable gas, 19, 140

flexural plate wave (FPW), 25, 31

fluorescence-based optical chemical sensor, 38

fluorescence fiber optic chemical sensors, 38

fluorescent chemical sensors, 34

FPW. See flexural plate wave

Ga,0,,19, 66,7173, 85, 87, 89, 93, 98, 100, 102,
104, 109, 229, 243, 328, 334, 345, 356, 364

GaAs, 19, 78, 94, 95, 108, 111, 112

GaN, 19, 95, 108

gap plasmons, 177

gas condensation, 280

gas processing condensation (GPC), 280, 283

gas-sensing effect, 63, 79, 80, 115, 121, 123, 131,
140, 142, 318, 344, 347, 357, 358, 365

gas-sensing properties, 114, 115, 121, 129, 137,

188, 314-316, 319, 322, 334, 337, 339, 344,
354, 367
of metal oxides, 314, 315, 316, 348
of multicomponent metal oxides, 337

gas sensor, 2,9, 11, 13, 14, 18, 21-24, 27, 31,
45, 63, 64, 69, 70, 74, 77-79, 81, 82, 84, 87,
90, 92, 94-101, 103, 106, 107, 109-113,
116, 119-121, 123, 124, 127, 130, 132, 134,
135, 138, 139, 165, 167, 172, 225, 227, 243,
250, 270, 272, 276, 285, 313, 314, 315, 318,
322, 323, 325, 326, 329, 334, 337-339, 341,
343, 348, 351-353, 356, 358-361, 364, 365,
367-370

GCS. See grating coupler sensor

gelation, 276

GPC. See gas processing condensation

gradient arrays, 166, 192

gradient sensor material, 192

grain, 21-23, 88, 97, 98, 100, 107, 113-121,
127-135, 141-144, 188, 219, 225-227, 234,
238,255, 256, 264, 271, 277, 278, 286, 287,
314-316, 318, 319, 321, 323-328, 333338,
341, 343, 345, 347, 354-356, 358-367

grain boundary, 22, 98, 100, 115, 120, 121, 128,
188, 334-336, 338

grain faceting, 121

grain-growth inhibitors, 367

grain size, 23, 113-121, 129, 131135, 142144,
225-227, 234, 238, 255, 256, 271, 277, 278,
286, 287, 315, 316, 318, 319, 321, 324, 326~
328, 333, 334, 336-338, 345, 358-365, 367

grain-size growth, 256, 277

“grains” model, 113, 115

grating coupler sensor, (GCS), 35

growth directions, 328

H,,5, 70, 76, 81, 83, 87, 88, 90, 111, 117, 119,
124,133, 134, 137-139, 142, 188, 190,
191, 238, 327, 338-340, 348, 350, 352, 353,
355-357, 359, 360363, 368

H,S,3, 92, 105, 238, 341, 345, 350, 357, 358, 366,
368
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heat of formation of the most stable oxide, 88

humidity, 9, 24, 37, 39, 41, 48, 49, 64, 94, 96, 97, 99,
101-103, 106, 109, 111, 112,119, 121, 131,
139, 180, 200, 313, 343, 355, 361, 363, 364

hybrid materials, 279, 280

hydrolysis, 97, 117, 135, 237, 242, 260, 261, 264,
273,274,276, 277,279, 280, 292

hydroxyl groups, 77, 119, 269, 364

IBAD. See ion-beam—assisted deposition

IDTs. See interdigital transducers

In,05, 66, 72, 73, 74, 85, 89, 93, 96, 98, 101, 102,
109, 115-117, 119, 128, 129, 134, 136, 137,
139, 188, 190, 225, 226, 229, 238, 239, 243,
254, 255, 260, 265, 271, 276, 277, 325-328,
331, 333, 334, 339-345, 351-353, 357,
359-365, 367

indium tin oxide ITO), 373

initial reduction temperature, 88, 90

InP, 19, 94, 95, 108, 111, 112

interagglomerate contact, 141, 142, 144, 318, 319

interdigital transducers (1DTs), 27, 29-31

interdigitated electrode, 8, 23, 186, 187

intergrain contact, 115, 315, 343

ion-beam-assisted deposition (IBAD), 233-235

ionic drift, 95

ionosorption, 74

ion-selective electrode (ISE), 5-7

ion-sensitive field-effect transistor ISFET), 12,
15, 16

IR spectroscopy, 3941, 76, 111

ISE. See ion-selective electrode

ISFET. See ion-sensitive field-effect transistor

ITO. See indium tin oxide

Kelvin probe, 10, 11

kinetics of sensor response, 324, 364

K (kinked) face, 334

K-nearest-neighbor (KNN) cluster analysis, 167,
168

KINN. See K-nearest-neighbor cluster analysis

Knudsen cell, 217

TLamb wave sensors, 30

Langmuir-Blodgett (LB) films, 51, 52

Langmuir-Blodgett (LB) sensors, 1, 50

Langmuir-Blodgett (LB) technique, 292

laser ablation, 21, 229, 230, 232, 299, 300

lattice oxygen, 88, 103, 105, 106, 338, 344

LB. See Langmuir-Blodgett

Lewis acidity, 70

Lewis basicity, 71, 76

LFD. See liquid flow deposition

liquid flow deposition (LFD), 269, 272

liquid-phase deposition (LPD), 188, 259, 260,
264, 272,297

long-term stability, 25, 64, 91, 94, 95, 97, 99,
142, 160, 180, 188, 275, 358

Love-mode acoustic wave sensors, 30

lower explosive limit (% LEL), 20

LPD. See liquid-phase deposition

magnetron sputtering, 196, 222-224, 245, 252,
296, 298, 324, 326

MAPLE. See matrix-assisted pulsed laser
evaporation

mass-sensitive chemical sensors, 31

material selection, 182

materials engineering, 23, 313, 368

matrix-assisted pulsed laser evaporation
(MAPLE), 293, 294

mechanical energy transduction, 177

mechanical energy transduction sensors, 177

mechanical milling, 124, 142144, 280, 285-287

melting temperature, 67, 88, 91, 94, 216, 217,
219, 237, 286, 326, 336

membrane, 2, 3, 5-7, 9, 15, 16, 30, 31, 36, 47,
88, 101, 110, 196, 197, 355-357, 368

MEMS. See microelectromechanical systems

mesoporous materials, 216, 330

metal-ion coordination numbers, 65

metal-organic chemical vapor deposition
MOCVD), 242, 243, 245, 253, 299

metal-organic precursor, 237, 243, 275, 282,
283
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PECVD. See plasma-enhanced chemical vapor
deposition

pellistor, 19, 20, 48, 140

peripheral measuring device, 103, 368

phase modification, 332, 334, 343

of metal oxides, 331, 332, 343

photoacoustic sensors, 45

photo-assisted chemical vapor deposition
(PACVD), 244, 245, 299

photochemical deposition (PCD), 271

photochemical polymerization, 288, 289, 291

photolytic mechanism, 244

photothermal mechanism, 244

pH sensor, 2, 6, 272

physical sputtering, 220

physical vapor deposition (PVD), 232-235, 239,
294, 296, 298-300

piezoelectric material, 24, 28

plasma-enhanced chemical vapor deposition
(PECVD), 241, 242, 299

plasma polymerization, 288, 291

plasmonic nanostructure, 171

plasticizer, 169, 171, 172, 198, 200-202, 276

PLD. S¢ pulsed laser deposition

point defect, 6568, 97, 98, 107, 315, 326

polycrystalline film, 129, 141, 243, 318, 319, 363

polymer, 8,9, 21, 24, 30, 34, 36, 37, 47, 91, 92,
94,97,108, 110-112, 161, 166-173, 176,
180-183, 185-187, 192, 193, 200, 202, 224,
245, 259, 261, 262, 276, 288-294, 296, 297

polymer film, 9, 94, 166, 1806, 187, 276, 288, 292,
293

polymerization, 94, 107, 161, 166, 169, 184, 245,
252,273, 275, 280, 288-293, 297

polymer sensor, 94, 97, 110

polymer synthesis, 186, 288

polymer technology, 288

polypyrrole (PPY), 94, 108, 112, 245, 289, 291

porosity, 23, 121, 128, 131-135, 137-139, 142,
225,227,229, 272, 274, 276, 280, 318, 319,
324, 334, 338, 341, 345, 356, 360, 365

porosity and active surface area, 131, 134

postdeposition annealing, 326

post—transition-metal oxides, 68, 69, 74

potentiometric sensor, 3, 5, 6, 95

powder, 40, 116-118, 132, 133, 135, 136, 139, 140,
143, 215, 236, 250, 262, 264, 270-273, 278,
280-289, 292, 298, 338, 346, 351, 359, 364

powder technology, 280, 287

PPY. See polypyrrole

pressure of the saturated vapor, 216

pre—transition-metal oxides, 68

principal-components analysis (PCA), 182, 200

Pt, 13, 18-20, 23, 47, 82, 90, 91, 96, 109, 117,
125-127, 133, 138, 139, 189, 192-194, 196,
218, 238, 244, 253, 265-268, 271, 290, 332,
345-348, 350, 352, 355--358, 365, 368

pulsed laser deposition (PLD), 229-232, 293

pulsed magnetron sputtering, 223, 224

PVD. See physical vapor deposition

pyroelectric effect, 46

pyroelectric sensor, 47

pyrolysis, 21, 116, 119, 121, 129, 137, 140, 141,
237, 242, 243, 246-251, 253-259, 273, 280,
283, 288, 289, 292, 293, 298, 300, 315, 316,
321-325, 339-341, 347, 349, 353, 360-362

pyrolysis temperature, 119, 243, 256, 259,
321-324, 361, 362

QCM. See quartz crystal microbalance
QCM crystal, 25, 26
quartz crystal microbalance (QCM), 25, 26

radiant energy transduction, 165

radiant energy transduction sensor, 165

radio-frequency identification (RFID) sensor,
196, 198-202

rate of sensor response, 365

reaction chemistry, 237

reactivity of elements toward oxygen, 90

reagent, 37, 38, 41, 82, 92-94, 165, 192-194, 202,
259, 203, 264, 274, 276, 289, 290, 346

recovery time, 1, 80, 81, 99, 117, 128, 129, 139,
140, 142, 165, 180, 329, 365, 368
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“redox” mechanism, 101, 361

redox reaction, 10, 74, 368

reduction, 3, 28, 69, 74, 88-90, 95, 98, 102, 103,
120, 121, 125,127, 129, 135, 186, 224, 237,
263, 267, 269, 270, 276, 281, 317, 332, 333,
339, 344, 358

reference electrode, 2, 6, 7, 15, 16, 37, 95, 290

refractive index, 34-37, 39, 43, 44, 71, 111, 134,
172, 176, 296

refractometric fiber optic chemical sensors, 39

refractometric optical sensors, 39

reothaxial growth and thermal oxidation
(RGTO), 126, 131, 227, 229

response time, 44, 63, 98-100, 116, 128, 135, 137,
139, 140, 144, 186, 276, 324, 329, 345, 357,
361-363, 365

Rayleigh sensor. See surface acoustic wave (SAW)
or Rayleigh sensor

RFID. See radio-frequency identification sensor

RF sputtering, 222, 231

RGTO. See reothaxial growth and thermal
oxidation

Sauerbrey equation, 25, 27

SAW. See surface acoustic wave sensor

scanning light pulse technique (SLPT), 194, 195

Schottky barrier, 17, 18, 78

Schottky diode, 1, 16-18, 19

Schottky diode—based sensor, 16

screen printing, 21, 166, 292, 300

Seebeck effect, 45

selective ion-layer adsorption and reaction
(SILAR), 259, 260, 262

self-lithography, 244 .

semiconducting metal oxides, 96, 100, 186, 196

sensing film, 11, 141, 167, 177, 188, 192-194,
197-202, 244

sensing layer, 21, 22, 24, 31, 132, 135, 225, 276,
318, 325

sensing material, 38, 46, 63, 65, 77, 79, 84, 87, 88,
92,94,97,101,102, 107-112, 115, 130-134,
138, 140, 144, 159-166, 169-172, 177, 180,

181, 183, 185, 186, 188, 191-193, 196-200,
202, 203, 231, 244, 254, 274, 276, 295-297,
318, 330, 361, 367
sensing properties, 21, 70, 114, 115,121, 129,
137, 188, 276, 314-316, 319, 322, 334, 339,
344, 354, 367
sensitivity, 1, 12-14, 16, 18, 21--25, 27, 28, 30,
32,34, 37-40), 44, 46, 63, 64, 78, 79, 81, 84,
86-88, 91, 92, 94-96, 98, 99-102, 104-1006,
109-112, 115117, 119, 124, 125, 127, 129,
131-134, 137-139, 142, 144, 166, 169,
172,177,183, 185, 186, 188-190, 194, 200,
202, 313-315, 319, 320, 324, 327, 329, 330,
338-342, 344-352, 355-359, 361, 362,
364-366, 368-370
to air humidity, 102, 119, 131
sensor array, 99, 177, 180184, 188, 190, 192,
196, 199, 244
sensor parameters, 95, 96, 119, 129, 140, 279,
280, 328, 366, 369
sensor response, 17, 18, 24, 28, 80-84, 86, 88,
114-117,121, 123,126, 128,129, 131, 134—
137, 140-144, 192, 193, 1906, 198, 200, 201,
314, 315, 318, 322-324, 327, 337, 340, 342,
345, 347, 348, 350, 353, 350, 364, 365, 367
control of, 331, 344
selectivity of, 198, 200, 367
sensor stability, 95, 195
serial scanning analysis, 165
SERS. See surface-enhanced Raman
Spectroscopic sensor
SH-APM. See shear-horizontal acoustic plate
mode (SH-APM) sensor
shear-horizontal acoustic plate mode (SH-APM)
sensor, 29
shear-hotizontal surface acoustic wave (SH-SAW)
sensor, 29, 30
SH-SAW. See shear-horizontal surface acoustic
wave (SH-SAW) sensor
Si, 19, 46, 72, 78, 90, 94, 95, 108, 111, 112, 196,
242,243,274, 279, 325, 332, 346, 347, 367
SiC, 14, 15, 19, 89, 95, 108, 112
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SILAR. See selective ion-layer adsorption and
reaction
SILD. See successive ionic-layer deposition
sintering, 21, 66, 115, 128, 134-136, 274, 275,
278, 282, 285, 298, 300, 334, 338
SLPT. See scanning light pulse technique
Sn0O,, 11, 23, 60, 68, 69, 72-74, 77-82, 85--87, 89,
91-93, 95, 96, 98, 101-105, 109, 111, 112,
115-119, 121-124, 126, 127, 129-144, 188,
189, 196, 225-227, 229, 233, 234, 238, 239,
242-244, 254, 256-262, 270, 271, 277, 278,
282, 315-329, 331, 333-345, 347-355, 357,
358, 360-366
crystallographic planes, 121
Sn0O,-CuO, 92, 341, 342
sol-gel method, 116, 140, 245, 246, 275-278, 333,
339
sol-gel polymerization, 275
solid electrolytes, 95, 298, 300
solid-state gas sensor, 63, 64, 78, 81, 87, 90,
95-98, 106, 113, 119, 121, 124, 130, 285,
313, 314, 322, 323, 334, 358, 359, 364, 365,
367-370
space-charge region, 115
specific-ion electrodes, 6
SPR. See surface plasmon resonance
spray nozzle, 246, 248
spray pyrolysis, 298, 300
spray pyrolysis deposition, 255, 341
sputtering, 21, 196, 217, 219-226, 231, 233, 234,
245,252,291, 293, 296, 298, 300, 314, 324,
326, 347, 355
rate, 220, 223, 224
techniques/technology, 219, 221, 224, 324
StF.O;, 100
stability, 21, 23-25, 44, 64, 69, 76, 78, 88-92,
94-97,99-102, 109, 111, 113, 118, 119, 121,
123,129, 131, 134, 140, 142, 160, 162, 167,
169, 180, 186, 188, 192-195, 200, 229, 243,
270, 271, 275, 293, 313, 314, 323, 326, 328,
329, 336, 338, 345, 346, 348, 353, 356, 358,
359, 361, 364, 366, 367, 369

structural engineering, 119, 314, 319, 321, 322,
327,334, 337, 359, 369
structural properties, 21, 100, 134, 333
successive ionic-layer deposition (SILD), 142,
144, 259, 260, 262-264, 272, 319, 349
surface acoustic wave (SAW) or Rayleigh sensor,
25, 27-30, 83, 84, 110, 196, 198, 294
surface additive, 355, 357
surface catalysis, 22, 96, 340, 348
surface charge, 15, 46, 79, 80, 129, 271
surface clustering, 125
surface clusters, 125, 349, 350, 353
surface diffusion, 124, 131, 353
surface-enhanced Raman spectroscopic (SERS)
sensor, 171, 172, 174
surface geometry, 23, 123-125
surface modification, 23, 103, 125, 231, 245, 264,
323, 326, 345-352, 354-357, 367
of metal oxides, 264, 344, 346, 350, 356
surface morphology, 124, 172, 234, 241, 354
surface plasmon, 1, 35, 43, 44, 111, 171, 178
surface plasmon resonance (SPR), 1, 4345, 111,
171,177
surface plasmon resonance sensor, 43
surface plasmon resonance technique, 43
surface poisoning, 82, 103
surface processes, 70, 369, 370
of sensing materials, 77
surface properties, 70, 77, 79, 94, 95, 118, 130,
139, 195, 296, 337, 338, 343, 367
surface reaction, 23, 83, 88, 98, 103, 121, 124,
270,317, 339, 348, 364, 366
surface segregation, 334-336
surface solubility, 335
surface state, 63, 74, 77-80, 121, 130, 186, 315,
332,342, 345, 346
surface stoichiometry, 130, 131, 342, 345, 346
disordering, 129
swelling, 8, 24, 184

technology readiness level (TRL), 162, 163
temporal drift, 95, 98
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thermal conductivity, 1, 47, 48

thermal conductivity sensor, 47, 48

thermal evaporation, 216-219, 221, 224, 227,
233, 280, 282, 294

thermalization, 224, 225

thermally activated CVD, 241, 242, 245

thermal program reduction (TPR), 88-90

thermal stability, 78, 89, 91, 94, 102, 131, 134,
293, 326, 336, 345, 348, 359, 366

thermodynamic stability, 64, 88-90

thermoelectric effect, 45

thermoelectric sensor, 45, 46

thick film, 118, 119, 138, 139, 188, 290, 359,
365

thick-film sensor, 21, 134, 140

thickness shear mode (TSM) sensor, 25, 27,
180-183, 196, 198

thin film, 21, 23, 28, 47, 50, 109, 116, 118, 119,
123, 141, 166, 196, 197, 219, 221, 229,
231-233, 242, 245, 246, 251, 259, 262, 264,
271-273, 275, 282, 290, 293, 300, 314, 324,
347, 359, 365

thin-film sensor, 21, 129, 144, 368

threshold voltage, 12-16

TiO,, 66, 68, 69, 72-76, 78, 85, 87, 89, 90, 93, 95,
98, 102,104,108, 111, 112, 125-128, 131,
220, 238, 242, 243, 254, 260, 265, 271, 277,
281, 297, 328, 331, 333, 334, 336

TPR. See thermal program reduction

transducer, 25, 27, 29, 45, 162, 177, 184, 341,
350, 358

transition-metal oxide, 66, 68-70, 74, 87, 1006,
127, 265, 331, 334, 345, 357

transmittance, 40-42

TRL. See technology readiness level

TSM. See thickness shear-mode sensor

ultrasonic agitation, 271

ultrasonic atomizer, 246

UV absorption, 42

UV irradiation, 94, 173, 291, 293, 346
UV spectroscopy, 42

vacuum deposition, 216, 293

vacuum evaporation, 216218, 245, 293, 346

vacuum polymerization, 289, 293

van der Waals interaction (force), 24, 177, 180

vapor pressure, 198, 200, 216, 217, 221, 236, 237,
281,291, 298

water adsorption, 119, 124, 363, 364

water condensation, 139, 273, 274

WE. See working electrode

Wheatstone bridge, 5, 19

witeless technologies, 196

WO,, 66,69, 70,72, 84, 85, 89, 93, 98, 100-102,
108, 111, 112, 115, 124, 260, 277, 331, 361

work function, 1,9, 10, 11, 13,15, 17, 18, 77, 78,
106, 194, 346

work-function sensor, 9, 84, 88, 109

working electrode (WE), 2-4

Zn0O, 30, 66, 68-70, 72-74, 78, 85, 87, 89, 90, 93,
102,109, 111, 112, 127, 128, 130, 131, 225,
226,229, 242, 243, 254, 260, 265, 269, 271,
328, 331, 345, 364

ZnS, 78

7:0,,66,72,73, 76, 78, 85, 89, 90, 93, 98, 108,
111, 112, 126, 127, 218, 238, 242, 243, 260,
277,281, 283, 356
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AAQ. See anodic aluminum oxide

absorption spectroscopy, 96, 158

activated tunneling model, 172

activation energy, 172, 173, 249, 323, 324

adsorbed oxygen, 51, 237, 321

adsorptivity, 311, 322

aerogel, 340

Ag. See silver

air quality, 291

ammonia (NH,), 54, 58, 59, 65, 66, 101, 102,
104, 105, 133, 175, 221, 228, 244, 245,
251, 266, 268, 269, 321, 322, 324, 325,
327, 342, 348, 349, 356

amperometric, 71, 127, 294, 327, 354, 361

analyte, 53, 70, 104-108, 121, 133, 134,
149-153, 158, 159, 165-167, 169-176,
178-181, 183, 185, 186, 188-190, 228,
234, 236, 242, 243, 245, 268, 269, 275,
311,319, 321-324, 342, 346-349, 354,
356, 360

anodic aluminum oxide (AAQ), 4447

anodic etching, 205, 209, 210

anodization process, 215

Au. See gold

auxiliary phase, 316

back gate, 47, 48, 95, 96, 112, 132

band gap, 4, 5, 52, 88, 89, 94, 220, 323, 340
BET (Brunauer-Emmertt-Teller) surface area, 299
biocompatibility, 151, 203

biocompatible CNT, 101

biological molecule, 54, 72, 98, 99, 101, 133,
188

biomolecule, 22, 23, 70, 71, 98, 111, 112, 142,
151, 158, 159, 181, 183, 336, 344, 347

biosensor, 53, 70, 112, 114, 123, 127, 128, 141,
142, 167, 181, 187, 188, 318, 339, 347,
349, 354

block co-polymer, 299, 301

Bohr radius, 47

bottom-up method, 15-17, 22, 30, 31, 68, 72,
145

Bragg mirror, 239, 240

Brust-Schiffrin method, 143

buckminsterfullerene (Cg), 7, 87, 88, 90, 91, 98,
132-134

bulk doping, 40

bulk material, 6, 7, 10, 13, 14, 19, 36, 142, 209,
225

Cqo. See buckminsterfullerene

cadmium oxide (CdO), 54, 58, 66

cantilever, 269, 271, 272

capacitance-type sensor, 226, 228, 229

capacitive sensor, 318

capillary condensation, 204, 227-229, 236, 238,
240, 265,292

capillary effect, 227

capping layer, 183

carbon, 2, 3, 5,7, 14, 18, 47, 53, 59, 68, 87-95,
98-101, 103, 108,110, 114, 116, 123,
124, 126-128, 131, 133, 134, 143, 145,
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169, 181-183, 220, 261, 266, 267, 291,
302, 303, 321, 324, 336-338, 342, 344,
347-350, 352-357, 360

carbon monoxide (CO), 2, 4, 20, 34, 54, 57-60,
66, 67, 69, 70, 89, 91-93, 96, 97, 100, 103,
104, 111, 113, 124, 125, 143, 144, 148,
149, 175, 93, 181, 233, 244, 245, 250, 251,
253, 254, 266, 268, 269, 291, 294, 295,
298, 302, 303, 319, 321, 322, 324, 342,
343, 347, 355

carbon nanotube (CNT), 2, 5, 7, 18, 47, 53,
68-70, 87-90, 92-105, 108-110, 115-117,
124, 126134, 337, 342, 348-350, 352-356,
358, 359, 361

carrier concencration, 40, 48—51, 247, 248

carrier mobility, 48, 50, 52, 63

cataluminescence, 327

catalysis, 20, 181, 294, 326, 336, 360

catalytic action, 344

catalytic activity, 4, 10, 12, 20, 311, 326-328,
355, 358

catalytic oxidation, 294, 295, 327

CdO. See cadmium oxide

cetyltrimethylammonium bromide (CTABr), 299

CgA. See chromogranin A

C,. See Hamada vector

CH,. See methane

charge carrier, 35, 40, 50, 51, 63, 207, 209, 220,
225, 249, 297, 323, 324

chelating ligand, 297

chemical composition, 3, 31, 147, 152, 226,
292, 313,314

chemical selectivity, 68, 108, 152, 159, 166, 169,
188, 190

chemical sensing, 23, 30, 41, 70, 107, 133, 142,
147, 148, 151-153, 185, 269, 311, 316,
360

chemical sensitivity, 61, 142

chemical sensor, 9, 12, 14, 20, 23, 29, 53-56,
59-62, 65, 66, 68, 71-73, 87, 105, 141,
147, 148, 151-153, 185, 188, 210, 230,
240, 243, 265, 269, 311, 312, 316, 324,

328, 335, 339, 341, 346, 347, 349, 353,
355, 359, 361

chemical vapor deposition (CVD), 31, 33-35,
36, 38, 39, 43, 47, 50, 91-93, 101, 103,
106, 118, 119, 130, 131, 212, 298

chemicapacitor, 105, 107, 108

chemiresistor, 104, 105, 107, 144, 149, 170,
171, 173-180, 186, 189, 291-293, 349

chromium atoms, 130, 131

chromogranin A (CgA), 111-114

clinical diagnosis, 361

CMOS. See complementary-metal-oxide
semiconductor device

CNT. See carbon nanotube

CNT sensor, 101, 133, 134

CO. See carbon monoxide

Co,0,, 303, 342

colloid, 155, 159, 345, 350, 357

colometric pH meter, 189

complementary-metal-oxide semiconductor
(CMOS) device, 134, 271

condensation, 32, 204, 227-229, 236, 238, 240,
247, 265, 292, 297-298

conducting polymer, 44, 346, 347, 349, 353-
355, 357, 358, 360

conduction band, 50, 51, 57, 94, 95, 154

conductivity, 7, 13, 18, 41, 49-51, 63, 69, 94,
98, 99, 101, 105, 112, 133, 169, 171-173,
175, 176, 178, 180, 183, 185, 187, 209,
213, 243, 247-250, 255, 258, 261, 263,
270, 273, 313, 318, 323-325, 346, 347,
352-354, 359, 360

conductometric detection, 57

conductometric glucose biosensor, 114

conductometric sensor, 244, 246, 247, 262, 323,
325

conductometric-type gas sensor, 243

contact barrier, 56, 63

contact formation, 50, 53

contact potential difference (CPD), 257, 258, 266

core—shell structure, 347

covalent functionalization, 100, 350
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CPD. See contact potential difference
crystallinity, 31, 59, 90, 303

crystallite size, 1, 6, 13, 297, 303

CTABr. See cetyltrimethylammonium bromide
cubic nanoparticle, 149, 176-178

CV. See cyclic voltammetry

CVD. See chemical vapor deposition

cyclic voltammetry (CV), 72, 124, 126, 127, 319

dark conductivity, 249

Debye length, 10, 13, 47, 53, 54, 62, 275, 297

density-gradient ultracentrifugation (DGU), 93,
94

detection of biomolecules, 159, 183

DGU. See density-gradient ultracentrifugation

dielectric constant, 48, 108, 157, 173, 174, 178,
228, 234, 247

dielectrophoresis, 55

differential pulse voltammerury (DPV), 124-126

diffusion, 12, 13, 31, 33, 56, 107, 108, 122, 127,
150, 227, 246, 254, 293-296, 303, 319,
326, 341, 346, 355

diffusion coefficient, 254, 293, 295, 296

diffusivity, 122, 294-296

dimethyl methylphosphonate (DMMP), 54, 58,
60, 61, 104-108

dip coating, 298

distributed Bragg reflector, 239, 240

DMMTP: See dimethyl methylphosphonate

DNA, 2, 96,99, 101, 104, 105, 108-110,
122-126, 133, 134, 144, 148, 150, 151,
159-162, 166-168, 183-185, 187-188,
347, 348, 354, 356, 359, 360

DNA hybridization, 108-110, 122-124, 126,
133, 134, 167, 168, 184, 188, 354

doping, 35, 40, 41, 50, 51, 95, 98, 100, 109,
114, 211, 213, 215, 225, 271, 275, 292,
340, 346

double cell, 211

DPV. See differential pulse voltammetry

drain (D), 48, 63, 95,96, 109, 111, 112, 114, 115

drop casting, 145, 149

drug delivery, 17, 101

electric arc discharge, 90, 92

electrical contact, 21, 53, 55, 56, 63, 111, 211,
247

electrical percolation, 353

electrical properties, 47, 51, 133, 151, 244, 247,
275, 341, 361

electrical transport properties, 47, 48, 50

clectrochemical etching, 208, 211, 216, 221, 226

electrochemical etching cell, 211

electrochemical sensor, 53, 120-123, 126, 180,
181, 183, 185, 189

electrodeposition, 44-46, 126

clectroless, 44, 45, 214, 221, 223, 224, 266, 268,
269

electroluminescence, 52, 99, 169, 240

electroluminescence sensor, 169

electrolyte, 44, 126, 178, 179, 181, 186, 187,
205, 206, 210-215, 217, 220-222, 225,
226, 244, 265, 325-327

electromechanical resonator, 130

electronic nose, 68, 70, 73, 152, 167, 185, 189

electropolishing, 205, 211, 218, 219, 224

electropolymerization, 354

electrospinning, 338

ellipsometric parameter, 238

endohedral doping, 98

environmental monitoring, 153, 169, 205, 361

enzyme electrode, 361

ethanol (EtOH), 213, 215, 235, 266

EtOH. See ethanol

ethyl alcolhol. See ethanol

exohedral functionalization, 99, 352"

explosive, 291

extrinsic doping, 50

Fabry-Pérot resonator, 226

Fermi level, 50, 51, 94, 98, 100

FET. See ficld-effect transistor

field-effect transistor (FET), 18, 47-52, 55,
63-66, 95, 96, 101, 108, 110, 111, 113, 247
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field-emission sensor, 128, 134

film deposition, 145, 146, 340

film morphology, 174, 175, 215, 264

filter, 19, 128, 129, 204, 239, 241, 242, 269,
273, 294, 295, 311, 315, 316, 319, 321,
327, 328

fluorescence, 6, 70, 97, 108, 119, 121-123, 134,
153, 163, 164, 168, 169, 188, 316, 317

fluorescence spectroscopy, 97

fluorescent MCNP sensor, 162

fluorophore, 100, 118, 120, 121, 134, 162, 317

formarion mechanism, 206

freeze-drying, 220

fullerene, 7, 87-90, 92, 98, 100, 132-134

functional (sensitive) phase, 322

functional coating, 18

functional material, 17, 19, 44, 311, 359

functionality, 22, 171, 312, 319, 325, 347

functionalization, 7, 23, 36, 66, 98-100, 114,
116, 134, 144, 147, 160, 267, 350, 352

Ga,0;. See gallium oxide

GaAs, 39, 47, 220-226, 250, 251, 253~255

gallium oxide (Ga,0,), 40, 42, 47, 50, 51, 58,
226, 295

GaN, 36-38, 220, 221, 223, 225, 250, 251, 253,
276

Gab 4, 5,7, 39, 52, 88, 89, 94, 219-222, 224,
225, 270,271, 273, 323, 341

gas density, 128, 134

gas diffusion, 293, 303, 355

gas selectivity, 258, 293-295, 303

gas sensitivity, 59, 62, 254, 264, 293, 302, 303

gas sensor, 54, 57, 59, 60, 63, 67, 68, 70, 72, 73,
103, 181, 189, 203-205, 220, 221, 226, 228,
232, 238, 239, 241, 243-245, 247, 248, 250,
251, 254-261, 263-265, 268, 269, 273-276,
291-294, 296299, 303, 316, 320, 322, 325,
327, 341, 344, 353, 355, 361

gas sensor platform, 273

gas-sensing characteristic, 256, 264, 265, 274

gate refreshing, 66

gating effect, 48, 63, 102, 112

gel, 298, 299

glucose, 71, 72, 108, 114, 115, 120-122,
126-128, 134, 318, 342, 347, 348, 354,
356, 360, 361

glucose oxidase (GOx), 71, 72, 114, 115, 126,
127, 318, 348, 354, 356, 360

glucose sensing, 114, 120, 121, 126

gold (Au), 2-4, 20, 23, 31, 32, 34, 35, 38, 39,
44, 47, 55, 56, 66, 67, 72, 96, 104, 105,
111,112, 115, 116, 126, 127, 131, 134,
142-146, 148-151, 154-165, 167, 169,
171-175, 178-184, 186-188, 212, 219,
245, 250-255, 262, 266, 268, 269, 294,
319, 325-327, 347, 348, 354-360

gold—platinum (Au-Pt) nanoparticles, 126

GOx. See glucose oxidase

grain boundary, 6, 12, 19, 60, 61, 296, 339

grain size, 6, 12, 21, 45, 60, 296, 297

granular metal theory, 172

growth direction, 22, 34-36, 40, 41, 43

growth method, 15, 31, 33, 41, 43, 47, 143, 156

growth parametets, 35

H,. See hydrogen

H,0,. See hydrogen peroxide

H,S. See hydrogen sulfide

H63D polymorphism, 109

Hamada vector (C,), 89

heavy-metal ion, 159, 189, 317

hemochromartosis, 108, 110

Her1/EGFR, 118

Her2/neu, 118

heterojunction, 37-39, 247, 256, 343

heterostructure, 38, 39, 204, 250, 251, 255, 256

HE 131, 205, 206, 209-216, 220-223, 225,
226, 244, 246, 265, 270, 302

HFE gene, 108, 110

hierarchical structure, 37

HiPco (high-pressure carbon monoxide), 93, 96,
119, 122

hole, 51, 65, 66, 94-96, 98, 100, 112, 114, 206,
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207,210, 213, 214, 236, 259, 261, 263,
271, 361 ‘

host material, 316

hotplate, 269, 270, 273, 274

humidicy sensing, 226, 227, 229, 318

hybridization, 23, 88, 108-110, 122-126, 133,
134, 150, 161, 167, 168, 184, 188, 354

hydrogen (H,), 18, 21, 35, 39, 54, 57-59, 62,
66, 67, 69,70, 91, 99, 103, 104, 114,
124-127, 146, 175, 181, 205, 206, 209,
212, 244, 245, 247, 248, 250-257, 260,
261, 266, 268, 294, 296, 298, 299, 302,
318, 321, 342, 357, 361

hydrogen peroxide (H202), 114, 126, 127, 214,
217,222, 223, 261, 263, 318, 342, 348,
356, 357, 360

hydrogen sulfide (H2S), 54, 58, 104, 181, 268,
294, 342, 343

hydrolysis, 90, 114, 132, 133, 167, 168, 297

hydrophobic surface, 294

hydrothermal, 42

hysteresis, 229, 230, 262, 266

IEC. See ion-exchange chromatography

immobilization, 23, 108, 111, 112, 125, 167,
181, 316, 317, 347, 354, 358, 360

impedance measurement, 178, 249

In,0;. See indium oxide

indium oxide (In,0;), 35, 38, 41, 42, 45, 47, 48,
50, 54, 57-59, 63, 70, 72, 298, 303, 304,
321, 339, 343

inorganic—inorganic nanocomposites, 337

InD, 5, 38, 39, 220-222, 224, 225

InP nanodot, 5

integrin o,B,, 118, 119

intrinsic doping, 50

ion-exchange chromatography (IEC), 93

ionic conductivity, 247, 323, 325

ionization gauge, 128

KIT-6, 304
Knudsen diffusion, 227, 293, 295, 296

Langmuir-Blodgett (LB) method, 146

Langmuir-Schaefer method, 146

LB method. See Langmuir-Blodgett method

laser ablation, 39, 92, 143, 340

layer-by-layer (LbL), 114, 115, 146, 150, 321,
354

LbL. See layer-by-layer

ligand, 119, 142-148, 150, 151, 159, 160, 166,
169, 171, 173-175, 178, 183, 187, 189,
297

ligand substitution, 144, 146

lithography, 14, 15, 54, 56, 131, 270, 358

“lock-and-key” sensor, 152, 189

macropore, 206, 292

mask technology, 212

MCNP film, 142, 144, 145, 170, 173, 174, 186,
189

MCNP-based chemiresistor, 170, 176, 178, 179

MCNP: See monolayer-capped nanoparticle

mean free path, 6, 47, 154, 164, 293

mechanical percolation, 353

medical diagnostics, 112, 151

membrane, 19, 44, 45, 60, 72, 111, 113, 117,
121, 122, 152, 181, 218, 219, 244-246,
269-274, 291, 294, 295, 303, 315, 316,
337, 344, 347, 360, 361

mesopore, 208, 216, 292, 293, 295, 298, 299,
302, 303, 312

mesoporosity, 292, 295, 302

mesoporous metal oxide, 297, 303

mesoporous silica, 301, 302, 317, 321, 322

metal core, 172, 173, 357

metal-core nanoparticle, 357

metal ions, 143, 159, 183, 189, 243, 317, 357

metal nanoparticle, 88, 92, 93, 103-105, 116,
142, 144, 153, 164, 338, 354, 355, 357-359

metal oxide, 7, 29, 30, 34, 37, 44, 47, 50-58,
60, 66, 68, 70, 72, 102-104, 171, 204,
205, 249, 256, 263, 265, 275, 291-293,
297-299, 302-304, 336, 338-344, 346,
347, 352, 353, 355, 357
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metal-oxide nanowire sensor, 57

metal oxide—based nanocomposite, 338-341,
357

metal salt reduction, 143

metallic, 4, 6, 17, 45, 46, 88, 89, 94, 95, 97, 103,
122, 123, 141, 143, 144, 147,152, 171,
175, 181, 188, 189, 211, 243, 352, 358

metalloprotein, 354

metal oxide, 30, 179, 204, 254

methane (CH,), 41, 93, 103, 104, 118,179,
244, 255, 268, 291, 294-296, 298, 302,
303, 361

micelle, 96, 143, 301, 315, 339, 358

micro hotplate, 269, 270, 274

microemulsion, 339

micromachining, 203, 269-272, 274

micropore, 205, 208, 227, 293, 299, 315, 326

microstructure, 6, 10, 210, 221, 238, 246, 254,
265, 339

mixed-potential sensor, 327

molecular recognition element, 103

molecular sieve, 93, 293, 294, 315

monodisperse, 43, 297

monolayer, 23, 108, 141, 142, 145-147, 152,
164, 174-176, 183, 184, 187, 239, 259, 357

monolayer-capped nanoparticle (MCNP),
142-147, 149-153, 158, 160, 162, 164, 166,
167, 169-178, 181, 184—186, 188-190

morphology, 4, 31, 35, 44, 62, 143, 174, 175,
205, 206, 208, 215, 217, 224, 225, 227,
230, 264, 297, 321, 337, 338

“multicolored” Raman probe, 117, 118

multiwalled nanotube (MWNT), 87, 88-93,
100, 101, 124126, 348, 349, 353, 354,
356, 361

MWNT. See multiwalled nanotube

Nafion, 99, 104, 105, 124, 127, 342, 356, 361
nanocasting, 302

nanocluster, 2, 6, 7, 32, 34, 104, 337
nanocomposite, 17, 335-349, 352-361
nanocrystalline, 7, 18, 19, 335, 343

nanodot, 5

nanoelectronic device, 17, 18, 30, 349

nanofiller, 336, 337, 355

nanomaterial, 1-3, 5-8, 10-15, 17-23, 29-31,
35-37, 44, 45, 52, 53, 55-58, 60, 66, 72,
98, 114, 141, 335, 337-339

manufacturing, 14, 15

properties, 12, 13

nanoparticle (NP), 1-3, 6,7, 10-12, 16-21, 34,
35, 41, 66, 67, 87, 88, 92,93, 103-105,
115, 116, 119, 121, 124, 126, 127, 134,
141-151, 153-184, 186-190, 268, 298,
321, 335-339, 344-348, 354-361

nanophotonics, 18

nanopore, 44, 241, 242

nanoporosity, 292

nanoporous membrane, 19

nanorod, 3, 18, 29, 46, 66, 147, 155-158

nanoscale material, 22, 23, 338, 341

nanoscience, 7, 22

nanoshell, 149, 156158

nanosphere, 154-156, 159

nanostructure, 1, 3, 7-10, 13, 14, 16-19, 22,
23,29-31, 35, 36, 38, 41, 42, 47, 52, 57,
58,62, 67,70,71, 154, 157, 186, 187, 243,
261, 292, 336-339, 341, 343, 344, 349,
354, 358, 359

nanotechnology, 1, 7, 8, 17-19, 21-23, 190

nanotools, 17

nanotube, 2, 5, 7, 14, 17, 18, 29, 30, 4447,
53, 54, 56, 57, 59, 68, 72, 87101, 103,
105-108, 110, 114, 116-118, 120, 122—
124, 128, 130-134, 335-337, 344, 349,
350, 352, 353, 355, 360, 361

nanotube field-effect transistor (NTFET), 95-97,
101, 105, 108, 110-114, 133

nanotube resonator, 130132, 134

nanowire, 2, 3, 5,7, 13, 17, 18, 21, 23, 29-57,
59-73, 117, 335, 336, 339, 361

diameter, 35, 48, 60

nanowire field-effect transistor, 47

nanowire sensor, 56, 57, 59, 60, 63, 68-71
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network, 56, 68, 95, 100, 104-110, 130, 181,
208, 225, 249, 296-299, 338, 357

network sensor, 68

NH,. See ammonia

nitrogen dioxide (NO2), 57-61, 63-66, 69, 70,
101-105, 133, 134, 232, 233, 235, 236,
244, 245, 250-252, 256, 258-263, 266,
268, 298, 303, 321, 327, 342, 343, 353

nitric oxide (NO), 17, 20, 22, 23, 35, 68, 87, 93,
100, 103-106, 112-114, 123, 125, 126,
132, 133, 165, 167, 168, 174, 175, 211, 216,
219-221, 225, 228, 233-236, 240, 244, 248,
250, 251, 253, 254, 258, 266, 268, 270, 271,
275, 316, 319, 324, 327, 339, 345

NO. See nitric oxide

NO,. See nitrogen dioxide

noble metal, 338

noble meral-based nanocemposite, 355

noise, 127, 133, 169, 176

noncovalent interactions, 99, 122, 160

NP, See nanoparticle

NTFET. See nanotube field-effect transistor

n-type semiconductor, 51

O,. See oxygen

“OFF state,” 95

ohmic contact, 50, 247

oligomer, 144, 347

oligonucleotide, 144, 148, 150, 160, 163

“ON state,” 95

optical characteristics, 47, 204

optical glucose sensing, 120, 121

optical measurement, 237, 239, 241

optical properties, 5, 30, 41, 50, 52, 98, 118,
134, 141, 144, 153, 154, 164, 170, 209,
238, 344, 346

optical sensing, 154, 157, 158, 161, 164, 169,
237,317

optical sensor, 53, 120-122, 134, 153, 159, 169,
188, 189, 237-240, 243, 323, 327

organic ligand, 142, 143, 151, 159, 169, 171,
189

organic—organic nanocomposite, 337

oxidizing gas, 57

oxidizing reagent, 211

oxygen (Q,), 2, 4, 18, 21, 35, 41, 49-51, 54, 57,
58, 60, 62, 63, 66, 67, 91, 94, 102-105,
127,217-219, 235-237, 244, 245, 250,
253-255, 257, 260, 266, 291, 294, 312,
316, 317, 319, 321, 324, 327, 340, 357

oxygen deficiency, 54

P123, 299

PANI, 338, 346-349, 354, 356, 357, 360

Pd, 3, 66, 67, 93, 104, 106, 143, 144, 148, 175,
183, 245, 247, 250, 251, 254-257, 266,
268, 292, 295, 356, 357, 360, 361

pentane drying, 220

peptide, 96, 101, 112, 118, 160

performance enhancement, 63

pH test, 162

photolithography, 14, 30, 56, 111, 114, 272

photoluminescence, 5, 6, 52, 70, 118, 210, 216,
226, 232-237, 240, 258, 260, 261, 267,
318

photoluminescence quenching, 232-234, 236,
267

photoresist, 55, 212, 219

physisorption, 99, 103, 292, 293

piezoelectric MCNP sensor, 188

piczoelectric sensor, 185, 186

plasma etching, 205, 272

plasmonic coupling, 158

platinum (Pt), 3, 20, 60, 61, 66, 67, 70, 104,
124, 126, 127, 143, 144, 148, 149, 169,
171, 175, 177, 205, 211, 214, 221, 223,
250, 251, 255, 256, 273, 292, 294, 295,
315, 319, 325-327, 342, 348, 355-358,
360, 361

PLD. See pulsed laser deposition

polarization interferometry, 243

poly(ethyleneimine) (PEI), 99, 104, 105

poly(mewaphenylenevinylene) (PmPV), 99

poly{(5-alkoxy-m-phenylenevinylene)-co-
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[(2,5-dioctyloxy-p-phenylene)-vinylene]}
(PAmPV), 100
polymer, 7, 13, 16, 18, 44, 46, 53, 66, 68, 96,
98-100, 103-105, 107, 110, 133, 134,
144, 160, 175, 184, 187, 267, 298, 299,
317, 318, 336-338, 344-350, 352-355,
357-361
polymer-based nanocomposite, 337, 338, 344,
345, 347, 357
polystyrene sulfonate (PSS), 99, 114
polyvinyl pyrrolidone (PVP), 99, 349
pore, 44, 47, 59, 93, 204-210, 213, 215-218,
220, 221, 224, 225, 227-230, 237, 238,
240, 241, 243, 247, 253-256, 261, 264,
265, 268, 272, 275, 292-299, 302, 303,
315, 316, 323, 326, 327
porogen, 298, 299, 302
porosification, 205, 206, 210-214, 216, 218,
220, 221, 225, 226, 240, 265, 267, 272, 275
mechanism, 206
porosity, 60, 204, 205, 207-210, 212-221, 240,
246, 249, 250, 264, 265, 275, 292-298,
303, 311, 312, 328, 339, 344
porous films, 150, 205, 215, 221, 264, 293
porous layer, 205, 207, 211, 213, 216-221,
224-227,229, 241, 243, 246, 247, 249,
258, 261, 262, 264, 265, 275, 295
porous material, 204, 208, 210, 220, 237, 243,
245, 248, 249, 255, 256, 258, 259, 261,
264, 265, 274-276, 292, 293, 298, 302, 328
porous membrane, 303
porous semiconductor, 203-203, 208, 209,
220, 221, 226, 227, 229, 237, 238, 245,
246, 250, 254, 255, 259, 261, 264, 265,
274-276
porous semiconductor gas sensor, 259
porous silicon (PSi), 203-213, 215-220,
226-230, 232-252, 255-276
humidity sensor, 228-230
luminescence, 260
microcavity, 240
oxidation, 268

surface modification, 267
thermal conductivity, 209
porous silicon layer, 204, 208, 210, 212, 213,
215, 216, 229, 238-240, 242, 243, 247
PPy, 348, 353, 354, 356-358, 360
precipitation, 145, 150, 176, 188, 297, 298
processability, 344, 347
protein detection, 110, 118, 134
protein, 99, 101, 108, 110-112, 114, 117, 118,
121, 133, 134, 148, 151, 160, 163, 166,
181, 235, 347, 359, 361
PSi. See porous siliconPSS. See polystyrene
sulfonate
Pt. See platinum
p-type doping, 51
-type semiconductor, 100, 112, 325
pulsed laser deposition (PLD), 31, 340
PVP. See polyvinyl pyrrolidone

QID. See quasi-one-dimensional

Q1D nanomaterial, 30, 44, 53, 57, 58, 60

Q1D nanostructure, 29-31, 35, 36, 41, 42, 52,
57

Q1D structured sensor, 70

QCM. See quartz crystal microbalance

QCM biosensor, 187

QCM sensor, 185-187

quantum dot, 5,7, 17, 18, 29, 117, 121

quantum effece, 13, 142

quartz crystal microbalance (QCM), 161,
185-189

quasi-one-dimensional (Q1D), 29-31, 35-38,
40-42, 44-58, 60, 68, 70, 72

quenching effect, 235-237

Raman scattering, 115, 117, 118, 170

Raman sensor, 115

Raman spectroscopy, 70, 98, 118-121, 134, 209

recovery time, 65, 68, 102, 103, 105, 107, 108,
230, 237, 244, 250, 257, 267, 353

redox, 23, 124, 126, 181, 183, 186, 188, 319,
343, 357
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reducing gas, 57, 103

refractive index, 70, 116, 157, 158, 165-167,
169, 204, 216, 218, 237, 239-243, 258

replication, 302-304

resistance, 6, 56, 57, 59-62, 70, 72, 103, 106,
170-176, 178,179, 209, 211, 225, 246,
249, 254-256, 261, 264, 268, 343, 347,
349

resistive gas sensor, 291-293, 296, 299, 303,
319,320

resistivity measurement, 102

reverse micelle, 143, 339, 358

ripening, 297

RNA, 151, 160, 167, 168, 359

Rugate filter, 241, 242

sacrificial layer, 270-273

SAW. See surface acoustic wave

SB. See Schottky barrier

SBA-15, 295, 318

scanning probe electrochemical method, 338

scanning tunnel microscope (STM), 4, 8, 9

Schottky barrier (SB), 62, 66, 95, 97, 250, 251,
253-255, 275

Schottky barrier—type junction, 66

Schottky barrier—type sensor, 250, 253, 255

Schottky contact, 250, 254, 255

Schottky diode, 254, 255

Schottky diode sensor, 250

SEC. See size-exclusion chromatography

selective gas sensing, 293

selectivity, 20, 57, 63, 66, 68-70, 72, 103, 108,
110, 112, 114, 126, 127, 133, 134, 142,
147,152, 159, 166, 169, 171, 183, 188,
190, 233, 243, 253, 254, 258, 263, 268,
271, 274, 275, 293-296, 302, 303, 315,
316, 319, 320, 327, 341, 361

self-assembled monolayer, 23, 183, 184, 187

self-assembly, 16, 17, 22, 31, 43, 132, 146, 147,
150, 160, 174, 299, 338

semiconducting, 5, 7, 44, 49, 57, 70, 88, 89,
93-97, 101-103, 109, 114, 122, 123, 207,

291, 293, 298, 299, 303, 319-321, 323,
352

semiconductor, 1, 5, 7, 14, 16, 22, 30, 35, 39,
41, 44, 50, 51, 54, 70, 94, 95, 100, 103,
112, 203-210, 213, 220-222, 224, 226,
227,229, 237, 238, 240, 245, 246, 250,
251, 253-255, 257-259, 261, 264, 265,
274-276, 292, 297, 319, 321, 325, 337,
339-341

semimertallic, 88, 89, 94

sensing behavior, 57-59, 65, 69, 70, 174, 175,
304, 360

sensitiviry, 20, 23, 56, 59-64, 66—68, 70, 72,
102-105, 108, 110, 112, 115, 118, 123,
124, 126, 127, 130, 132134, 142, 147,
149, 152, 157, 158, 160, 162, 164, 166,
169-171, 176, 183, 185-189, 226, 228—
230, 232, 236-238, 240, 241, 243-248,
250, 253-257, 259-261, 264-268, 275,
293, 295, 297, 302, 303, 318, 321, 327,
339, 340, 343, 344, 347, 349, 353, 354,
361

sensor array, 23, 69, 70, 73, 104, 105, 134, 152,
171, 185, 189, 273,274

sensor device, 55, 71, 325

sensor recovery, 65

sensor refreshing, 230

sensor sensitivity, 59, 232

SERS. See surface-enhanced Raman scattering

SiC. See silicon carbide

silicon carbide (SiC), 220, 221, 223, 225, 228,
265, 276

silica, 149, 156, 157, 171, 294, 295, 301-304,
315,317, 318, 321, 322, 337, 342, 350,
351, 356, 360, 361

silicon porosification, 210, 213, 214

silver (Ag), 18, 66, 104, 115, 116, 124, 126, 127,
134, 143, 144, 145, 148, 154, 155, 156,
158, 164, 169, 184, 185, 247, 254, 321,
322, 342, 357, 358, 360

simultaneous monitoring, 258

single cell, 211
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single-stranded DNA (ssDNA), 99, 104, 105,
108, 122, 124, 125, 160, 348, 356

single-MCNP optical sensor, 169

single-nucleotide polymorphism (SNP), 109, 110

single-walled carbon nanotube (SWCNT), 88,
89, 92,93, 337, 353, 354

single-walled nanotube (SWNT), 5, 69, 70, 88,
89,92-112, 114, 115, 118—123, 131, 342,
348-351, 353, 356

sintering, 297, 298, 352

Si0,, 38, 47, 49, 52, 55, 56, 60, 95, 96, 102, 106,
108, 111, 112, 114, 131, 217, 240, 262, 268,
294, 301, 302, 342, 356, 358, 360

size control, 35

size effects, 13, 48, 52

size-exclusion chromatography (SEC), 93

size-dependent properties, 2, 355, 358

size-dependent thermal melting, 3

Sn0O,. See tin oxide

SNP. See single-nucleotide polymorphism

sol, 45, 297-299, 302

sol-gel, 45, 296-299, 337, 340, 342, 350

method, 45, 296, 297, 337

synthesis, 298, 299

solid—solid interface, 296

solution-phase growth, 30, 41, 43, 72

sonication, 345, 350

source (S), 48, 63, 95, 96, 109, 111, 112, 114, 115

specific surface area, 10, 19, 209, 267, 292, 293,
299, 302, 353

spectroscopic properties, 96, 122, 134

spin coating, 145, 149, 298, 302, 345

SPR. See surface plasmon resonance

spray coating, 149

spray pyrolysis, 298, 340

ssDNA. See single-stranded DNA

stability, 9, 14, 17, 36, 63, 67, 68, 72, 105, 127,
128, 142, 144, 151, 180, 187, 190, 233,
234, 255, 260, 262-264, 266-268, 270,
274,275, 298, 318, 337, 339-341, 345,
347, 354, 359-361

stabilization, 10, 21, 262, 263, 267, 268, 350

standard semiconductor, 220, 222, 250
starch, 99, 104, 105
stepwise self-assembly, 146, 147
STM. See scanning tunnel microscope
structure director, 298, 299
structure matrix, 302, 303
structure replication, 302-304
substitutional doping, 98, 100
substrate, 23, 33, 36, 37, 41, 43, 47, 49, 55, 56,
60,91, 92, 95, 101, 103, 106, 108, 111,
112, 130, 131, 145-147, 158, 167, 174,
189, 204, 205, 209, 211-215, 217-219,
221, 226, 228, 247, 270, 271, 273, 298,
338, 347, 353, 357, 358, 360
supercritical drying, 216, 220, 298, 340
superlattice, 39, 70, 145
supramolecular aggregate, 299, 302
supramolecular structure direction, 302
surface acoustic wave (SAW), 132134, 185,
189, 322
surface acoustic wave (SAW) device, 132, 134
surface area, 10, 18, 19, 38, 56, 68, 71, 72, 94,
124, 127, 166, 176, 180, 204, 208, 209,
241, 243, 267, 292, 293, 299, 302, 311,
312, 321, 337, 339, 353, 360
surface atom, 10
surface-enhanced Raman scattering (SERS),
115-117, 119, 170
surface functionalization, 7, 144, 147, 352
surface passivation, 51, 52
surface plasmon, 6, 116, 142, 153-155, 158,
164-166, 169, 358
surface plasmon resonance (SPR), 116, 142,
154, 155, 164, 165, 358
biosensor, 167
imaging, 166168
sensor, 164—167, 170, 188
surface reaction, 237, 241, 248, 297
surface-to-volume ratio, 3, 30, 47, 53, 56, 61,
103, 147, 187, 204, 217, 292, 293, 303
surfactant, 42, 43, 93,94, 110, 111, 122, 143,
213, 299, 318, 338, 344, 350, 352
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SWCNT. See single-walled carbon nanotube

SWNT. See single-walled nanotube

synthesis, 7, 8, 14-17, 20, 23, 29-31, 33-35,
38, 40—42, 55, 72, 89-93, 100, 141-144,
147, 150, 156, 176, 291-293, 296-299,
302-304, 315, 316, 318, 321, 338, 339,
341, 344, 345, 349-351, 357

synthetic polymers, 99

Taguchi sensor, 292

TEM. See transmission electron microscopy

temperature, 2, 3, 6, 9, 19, 34, 35, 38, 41, 42,
45, 46, 49, 53, 54, 59-61, 69, 87, 92-94,
102, 103, 105, 122, 133, 146, 153, 154,
160, 171, 172, 179, 180, 188, 204, 209,
212,213,217, 219-221, 227, 228, 230,
234, 245, 247, 249, 250, 253, 254, 256,
257, 259, 260, 264, 270, 272-274, 292,
297-299, 302, 303, 322-325, 339, 341,
343, 345, 352, 353, 361

template, 30, 31, 4347, 60, 70, 93, 160, 298,
299, 302-304, 315, 316, 321, 338, 339,
344, 354, 357, 358, 360

synthesis, 338

template-based growth, 31, 43

thick film, 267, 295, 298

thin film, 7, 18, 29, 103, 115, 133, 167,
171, 238, 241, 298, 302, 323, 343, 346,
354

three-dimensional structure, 204

threshold voltage, 48, 63, 64, 108, 112

tin oxide (SnQ,), 36-38, 41, 43, 48, 50, 54,
57-62, 66, 67, 69,70, 72, 255, 256, 292,
294, 295, 298, 299, 302, 319, 321, 322,
339, 342-344, 347, 355, 356

TiQ,. See titanium oxide

titanium oxide (Ti0,), 4, 42, 44—46, 52, 54,
57-59, 69, 240, 251, 298, 337-339, 342,
343, 346-348, 354, 356, 360

top-down method, 14-16, 22, 30

toxic organic vapor, 132, 134

transmission electron microscopy (TEM), 3, 31,

32, 34, 35, 39, 42, 43, 149, 154, 155, 225,
298, 304

triode sensor, 128

valence band, 94, 95

van Hove singularity, 94, 96

vapor deposition technique, 358
vapor—liquid-solid (VLS), 31, 33, 35, 37, 38
vapor—solid (VS), 31, 41, 62, 63, 129, 222
vapor—solid growth, 41

VLS. See vapor—liquid-solid

VS. See vapor—solid

WO,, 42, 44, 45, 59, 294, 299, 303, 339
work function, 50, 56, 95, 175, 257

x-ray diffraction (XRD), 298, 341
XRD. See x-ray diffraction
zeolite-modified electrode (ZME), 321
zeolitic framework, 313
zeolites, 6, 294, 299, 300, 311-328, 344
adsorptivity of, 311
applications based on, 325
as conductometric sensors, 324
as filters, 311, 315, 319, 327, 328
as high-surface templates, 316
as host materials, 316
as humidity sensors, 318
as preconcentrators, 321
catalytic activity of, 326
chemical sensors based on, 311, 312
classification of zeolite-based chemical sensors, 312
in mixed potential sensors, 327
ionic conductivity of, 323
lattice, 313, 324
membrane, 315
properties of, 312
zinc oxide (ZnQ), 5, 8, 18, 21, 30, 34-38,
40-43, 45-58, 61, 63-68, 70-72, 292,
302, 303, 321, 339, 342, 344
ZME. See zeolite-modified electrode
ZnQ. See zinc oxide
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actinides, 139, 142
air—fuel ratio, 294, 310, 311, 315
alkali metal ion, 134, 135, 137, 138, 147, 158, 292
alkaline earth metal ion, 133, 134, 136
alumina, 19, 36, 37, 105, 233, 296, 356
B-aluminas, 291, 332, 333, 336, 337, 343
Na B-alumina, 296, 332-337, 339, 340, 343
Sr B-alumina, 296, 332, 336, 337, 339-341,
344
aluminum, 9, 26, 44, 316, 319, 324-331, 339
amine, 7, 8, 31, 38, 43, 81, 144, 153, 167,
176-178, 210, 234, 242, 276
ammonia gas sensor, 34
amperometric sensor, 18, 19, 45, 156, 204, 211,
214,293, 294, 313, 314, 353
antibody, 9, 77, 84, 98, 204, 206, 212, 221, 223,
226, 229, 231233, 239, 243, 244
aqueous solution, 10, 96, 98, 127, 139, 150,
206, 216, 245, 246, 268, 281, 336, 355
artificial cell membrane, 206
artificial receptor, 96, 219

B-aluminas, 291, 332, 333, 336, 337, 343
bacteria, 34, 90, 91, 93, 95, 206209, 212, 221,
226, 230, 232, 234, 236, 247
bilayer lipid membrane, 213
bioelectronics, 239
biological membrane, 213, 219
biological system, 4, 84, 161, 232, 234, 247
biomaterials
antibody, 204, 206, 212, 221, 223, 226, 229,
231-233, 239, 243, 244

DNA, 203, 221, 223, 225, 227-229, 232,
233, 236, 238-241, 243
lipid, 207, 209, 213-222, 226, 229, 231,
234, 236, 241, 242, 244-247
lipid bilayer, 213, 214, 216, 218, 220, 222,
229, 236, 241, 244
protein, 207, 211, 215, 220-224, 230,
232-234, 236, 241, 243, 244
green Huorescent protein, 232
whole cell, 212, 230, 231
biomimetic sensor, 82, 96, 202, 221, 223, 232,
234, 239, 241, 248
biomimetic system, 201-262
biomolecular interaction, 81, 243, 244
biosensor, 92, 93, 201-204, 206-208, 211,
212,215, 216, 218-225, 227-230, 232—
239, 243, 244, 247, 263-265, 267, 268,
274-276, 279-283, 351, 354, 355
bulk polymerization, 80, 107
bulk polymer monolith, 89

calcium zirconate, 322
calixarenes, 117-200
calixarene, 123, 127, 130, 132, 133, 136,
138, 139, 142-144, 147, 155, 156, 158,
164, 167, 169-176, 179-181, 222, 247
calix[4)arene, 121, 124, 127, 129~131, 133,
134, 137139, 141-144, 149-151, 153,
155-159, 161, 165, 167, 169-171,
173-175, 177, 181
calix[6larene, 123, 131, 134, 155, 172
calix[8]arene, 132, 134
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calix[n]arene, 121-124, 128, 129, 132, 139,
152,153
conformation, 119, 121, 129-132, 134, 138,
144, 154, 165, 170, 174
infrared spectra, 128
nuclear magnetic resonance (NMR) spectra,
129,172,174
physical properties, 48, 127, 201, 227, 265,
268, 356
synthesis, 4, 7, 8, 27, 77, 81, 83-85, 88,
89, 100, 105, 107, 108, 117, 119, 120,
123-125, 132, 139, 144, 149-152, 155,
167,173, 212, 225, 226, 233, 283, 305,
324, 335, 336, 361, 366, 368
ultraviolet spectra, 128
capacitance sensors, 354
carbohydrate array, 230
carbon dioxide sensor, 337-339
carbon monoxide sensor, 37, 56
carbon nanotubes, 228, 367, 368
cell-based sensors, 238
cerium oxide, 296, 343
cesium, 53, 133, 134, 142, 144, 147
chain-growth polymerization, 7
CHEMEFET, 57, 59, 266, 267, 280, 354
chemical polymerization, 8, 47
chemical recognition, 6, 79, 266, 282
recognition cavities, 103
recognition site, 46, 77, 80, 84, 103, 108,
147, 228, 229
chemisorption-adsorption technique, 10
chemoresistive sensor, 357
chloroform, 17, 23, 32, 36, 42, 44, 45, 53, 58,
88, 124, 146-148, 180
chromogenic material, 137, 143
chromophoric heterocyclyl azocalix[4]arene, 153
CO sensor, See carbon monoxide sensor
CO, sensor. See carbon dioxide sensor
colorimetric vesicles, 217
conductometric sensors, 39, 100, 354, 356
ammonia sensor, 31

carbon dioxide sensor, 337-339

carbon monoxide sensor, 37, 56
hydrogen sensor, 291, 294, 324-326, 329,
331, 337
nitric oxide sensor, 55
volatile organic compounds, 23, 24, 32, 37,
40, 60, 360, 364, 365
copper, 37, 99, 133, 151, 308, 316, 318, 329
covalent imprinting, 81-83, 88, 89, 107, 108
covalent interaction, 81, 82, 85, 101, 108, 233
cross-linker, 83, 86-88, 99, 102
CTO, 359-361
CTO (titanium-substituted chromium oxide).
See CTO
CTO-based sensor, 360
current-reversal mode, 316, 317

debutylation, 126
defect chemistry, 298, 304, 320, 332
dendrimer-based sensor, 232
deoxidation control, 308, 318
diamond, 133, 273-277, 283
dip coating, 10, 23
ditopic molecular receptor, 175
ditopic receptor, 135, 161, 170, 175
DNA, 79, 221, 223, 225, 228, 232, 233, 2306,
238, 276
hybridization, 203, 227, 277
sensing, 203, 229, 239-241, 243
double calix[4]arene, 177
dual probe, 139

dummy molecule, 84

electroactive sensing material, 156
electrochemical cell, 6, 16, 51, 292, 293, 316,
336
electrochemical gas sensor. See electrochemical
sensor
electrochemical polymerization, 8, 11, 34
electrochemical sensor, 19, 28, 51, 53, 56, 82,
106, 135, 216, 327
ammonia sensor, 31
nitric oxide sensor, 55
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pH sensor, 21, 26, 27, 54, 266, 351, 354
polyvinyl chloride-based sensor, 52
electrodeposition, 12
electronic nose, 34, 41, 354, 355, 359, 362
electropolymerization, 9, 12, 82, 90, 100, 101,
203
emulsion polymerization, 89
enzyme, 9, 20, 80, 92, 96, 204, 205, 211, 212,
215, 218, 223-225, 231, 233, 237-239, 241
enzyme-based sensor, 223, 224
enzyme-embedded hydrogels, 211
enzyme immobilization, 211

fiber optic sensor, 6, 23, 27, 80, 355
fluorescence, 21, 24, 98, 133, 136-138, 149,
154, 167, 172, 203, 206, 212, 222, 247,
283, 365, 367
dye, 20, 22, 23, 26, 27,217, 225-227,
229-231
marker, 217, 226, 237
resonance energy transfer, 224, 282
fluorescence-doped vesicles, 217
fluoroionophore, 135, 140-142, 162, 163
functionalization of polymers, 13

Ga,O;-based sensor, 360

gallium nitride
applications, 274, 279
properties, 274, 279

green fluorescent protein, 232

H, sensor. See hydrogen sensor
HCl sensor, 23
heavy metal ion, 52, 142
humidity sensor, 16, 351, 355-357
hydrogel, 27, 46, 54, 87, 210-212, 221, 362,
365
enzyme-embedded hydrogels, 211
enzyme immobilization, 211
hydrogel matrixes, 211
swelling-responsive biosensor, 211

hydrogen, 3, 6, 8, 17, 29, 30, 33, 37, 54, 56,

57, 80, 88, 89, 101, 123, 128, 129, 131,
155, 161, 164, 167, 170-175, 205, 233,
266-268, 274, 278, 291, 292, 294, 313,
316, 320, 322, 324-332, 337

hydrogen sensor, 51, 291, 294, 324-326, 329,
331, 337, 355

implantable biosensor, 236, 237
imprinting, 77-116
control of, 92
covalent, 80-83, 85, 88, 89, 91, 92, 101, 104,
107, 108
cross-linker, 83, 86-88, 99, 102
dummy molecule, 84
in situ, 82, 90, 99, 100, 106
initiator, 80, 83, 88
matrix, 77, 81, 84-87, 91, 98, 99, 102, 103
methods, 79, 80, 82, 86, 89, 96, 103, 105,
107
molecular, 77-80, 82-84, 86-88, 91, 92, 96,
98, 101, 103-108
monomer, 81, 83, 85-88, 99, 101
noncovalent, 80-82, 91
polymerization, 79-93, 100-102, 104, 105,
107, 108
porogen, 88, 89, 91, 92, 101
principles, 79, 93
protocol, 89, 90, 107
target molecule, 77, 82-84, 101, 105
imprint molecule, 79-82, 89, 90
In,0;-based sensors, 360
indium nitride, 280
infrared spectra, 128
in sitw imprinted polymers, 82
in sity molecular imprinting, 82
integrated chemical sensor, 23
intracellular nanobiosensor, 230
in vivo biosensing, 204, 237
ion conductor, 291-350
defect chemistry, 298, 304, 320, 332
ionic conductivity, 292, 295, 296, 302, 304,
305, 324, 332, 333, 337
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mixed conducror, 325, 329
oxygen ion—conducting solid electrolyte, 322
proton conductor, 294, 320, 322, 326, 327,
329
high-temperature, 319, 320, 343
low-temperature, 291, 319, 331, 343
superionic conductor, 292
ionic conductivity, 16, 47, 51, 292, 295, 296,
302, 304, 305, 324, 332, 333, 337
ionics, 319, 332
ionophore, 4648, 52, 53, 134-136, 140, 141,
150, 162, 163, 215, 220, 357
ionophoric calix[4]arene, 134
ion-selective electrode, 6, 10, 45, 46, 49, 50, 52,
53,99, 106, 120, 133-136, 138-142, 147,
162, 163, 237, 351
ion-sensitive field-effect transistor, 6, 120, 138
iron, 18, 147, 227, 296, 319, 337, 339-344

IR spectra. See infrared spectra

lambda sensor, 308
Langmuir-Blodgett film, 86, 181, 202, 207,
245-247
of polymers, 11
in biosensors, 244
lanthanide, 142, 155
layer-by-layer self-assembly, 11
LB film. See Langmuir-Blodgett film
LBL self-assembly. See layer-by-layer self-assembly
ligand/receptor interactions, 214, 220, 244
lipid, 207, 209, 213-222, 226, 229, 231, 234,
236, 241, 242, 244-247
lipid bilayer, 213, 214, 216, 218, 220, 222, 229,
236, 241, 244
liquid metals
molten aluminum, 324-331
molten copper, 318, 329
molten iron, 296, 319, 339, 340, 343, 344
molten steel, 318, 319
process control, 340, 343
hydrogen, 3, 6, 8, 17, 29, 30, 33, 37,
54, 56, 57, 80, 88, 89, 101, 123,

128, 129, 131, 155, 161, 164, 167,
170-175, 205, 233, 266-268, 274,
278, 291, 292, 294, 313, 316, 320,
322, 324-332, 337
oxygen, 3, 6, 15, 22, 206, 32, 35, 39,
55, 56, 147, 156, 172, 217, 223,
231, 233, 274, 276, 278, 291-294,
296-299, 301, 304, 305, 308-322,
324-326, 329, 337, 339-341, 343,
344, 352, 357, 359, 360, 364, 365,
368
sulfur, 3, 6, 17, 56, 123-125, 128, 129,
139, 147, 318, 319, 336, 337,
339-344
low-temperature proton conductor, 331
luminescent conjugated polymer, 205

magnetic relaxation, 227
magnetoresistive biosensor, 235
mass-sensitive sensor, 356
membrane, 10, 18, 19, 26, 43, 46-49, 52-58,
95, 96, 98—100, 104-106, 120, 133-136,
138, 141, 142, 150, 205, 207, 209, 221,
229-231, 234, 236-238, 244, 246, 247,
330, 352, 362
artificial cell, 206
bilayer lipid, 213
biological, 201, 202, 204, 206, 210-219
chemical, 210-212, 215
hydrogel, 210-212
enzyme immobilization, 211
enzyme-embedded hydrogels, 211
hydrogel matrixes, 211
swelling-responsive biosensor, 211
sol-gel matrix, 212, 219 .
solid-supported membrane, 216
mesoporous material, 368
metallurgical sensor
deoxidation control, 308, 318
sulfur sensor for molten iron, 339, 340
microfabrication, 93, 103, 203, 235, 238, 243
MIP. See molecular imprinting polymer
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MIP-based chemical sensors
advanrages, 92
applications, 92, 93, 98, 103, 106
biomimetic sensor, 82, 96
capacitance sensor, 94
conductometric sensor, 100
detection principle, 93
electrochemical sensor, 82, 99, 106
mass-sensitive device, 96
optical sensor, 95, 98
quarez crystal microbalance (QCM), 95
quartz crystal microbalance (QCM
biomimetic sensor, 82
quartz crystal microbalance (QCM) devices,
90
surface plasmon resonance spectroscopy, 98
mixed conductor, 325, 329
molecular biomimetics, 234
molecular imprinting, 77-116, 228, 229
molecular imprinting polymer, 78, 87, 94, 97, 108
advantages, 80-82, 92, 100, 101, 106
applications, 79, 80, 82-84, 86, 88-91, 93,
98, 103, 106
bulk polymer monoliths, 89
chemical characteristics, 80, 88
heterogeneity of binding sites, 102
in situ imprinted polymers, 82
morphology, 77, 86, 88, 101, 104, 107
nanostructurization, 103
porosity, 88, 96, 101, 102, 106
polymer-imprinted beads, 82, 83
preparation, 82, 86, 89, 99, 101, 102, 104,
105, 107
molecular recognition, 21, 87, 88, 103, 105, 119,
206-208, 212, 216, 217, 221, 222, 235,
236, 243, 245
molecular template, 79, 203

Na B-alumina, 296, 332-337, 339, 340, 343

Nafion, 10, 15, 16, 18-20, 22, 26, 49-51,
55-57, 291, 296, 319, 330, 331, 343, 352,
353, 356, 362, 364, 365

nanobiosensor, 225, 228-230, 241, 248
nanobiotechnology, 229
nanocomposite, 18, 32
advantages, 34, 367, 368
nanofabrication, 103, 230, 235, 241, 243
nanoparticle, 96
gold, 8, 10, 36, 45, 47, 95, 100, 181, 215,
221, 224, 227, 229, 240-244, 264
magnetic, 129, 227, 235, 236
metal, 2, 5, 10, 15, 16, 22, 48, 52, 53, 60,
80-82, 94, 98, 99, 118, 133144, 146
150, 153, 156-158, 160, 208, 215, 223,
226, 227, 234, 235, 240, 244, 266, 267,
272,273,276, 278, 279, 283, 292, 297,
311-313, 318-320, 325, 328, 332, 336,
339-341, 351-355, 357-361, 364-369
nanopore, 105, 220
Nasicon, 292, 332, 337, 339, 352, 356
natural receptor, 77
neutral anion receptor, 161, 165
NH; sensor. See ammonia sensor
nitric oxide sensor, 55
NMR spectra. See nuclear magnetic resonance
spectra
noncovalent imprinting, 81, 82
noncovalent interaction, §0-82, 120
novel semiconductor materials, 263—290
nuclear magnetic resonance spectra, 129, 172, 174
nuclear waste management, 141

O, sensor. See oxygen sensor
optical sensor, 24, 27, 136, 142, 230, 362
HCl sensor, 23
oxygen sensor, 26, 217, 233, 294, 308,
311-315, 317, 318, 329, 340, 341
pH sensor, 21, 26, 27, 54, 266, 351, 354
organic semiconductor, 60, 351, 357, 363
oxidative coupling polymerization, 8
oxygen, 3, 6, 15, 22, 26, 32, 35, 39, 55, 56, 147,
156, 172,217, 223, 231, 233, 274, 270,
278, 291-294, 296-299, 301, 304, 305,
308-322, 324326, 329, 337, 339-341,
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343, 344, 352, 357, 359, 360, 364, 365,
368
oxygen ion—conducting solid electrolyte, 322
oxygen sensor, 26, 314, 329, 338, 341
air—fuel ratio, 294, 310, 311, 315
current-reversal mode, 316, 317
lambda sensor, 308

p-tert-butyl-tetrathiacalix[4]arene, 123-127, 129
p-tert-butyl-thiacalix[5]arene, 125
p-tert-butylcalix[4]arene, 123, 124, 127, 129,
131, 132, 149, 152, 180
p-tert-burylcalix[6]arene, 123, 124
p-tert-butylcalix[8]arene, 123, 124, 127, 131
p-tert-butylchiacalix[6]arene, 125
p-tert-butylthiacalix[8]arene, 125
PDA. See polydiacetylene
peptide, 79, 82, 84, 86, 94, 95, 206, 208, 209,
211,215, 216, 218, 220, 221, 224, 234,
240, 241, 243, 244
perovskite, 291, 296, 319-326, 343, 352
pH sensor, 21, 26, 27, 54, 266, 351, 354
phenomenological modeling, 369
photopolymerization, 100, 101, 106
photo-responsive ionophoric calix[4]arene, 134
planar sensor, 51
plasma polymerization, 9, 14
platinum electrode, 12, 82, 100, 233, 294, 327,
328
polyaniline—calixarene composite, 181
polydiacetylene (PDA), 204-210, 215, 217-222,
231, 245-247, 352
polymer, 1-76
conducting, 3, 4, 6-9, 11-16, 21, 22, 26-34,
37-40, 46-48, 50, 54, 58, 60, 61
deposition, 8-12, 14, 15, 18, 34, 36, 54
by chemical modification, 9, 56
by chemisorption-adsorption, 10
by covalent attachment, 9
by dip coating, 23
by electrodeposition, 12
by Langmuir-Blodgett film casting, 11

by layer-by-layer self-assembly, 11
by radio-frequency polymerization, 12
by solvent evaporation, 10
by spin coating, 44
diffusion, 5, 6, 20, 22, 30, 32
functionalization, 8, 13
modification, 9, 10, 21, 23, 56
by composition modification, 15
by structure modification, 13
by surface modification, 14, 15
strategies, 13
permeability, 6, 12, 26, 50
properties, 2, 4-7, 12, 13, 15, 16, 20, 21, 23,
24, 26, 30, 32, 34, 40, 41, 45, 47, 48,
51, 57, 61
stability, 4, 6, 12-14, 16, 20, 23, 26, 34, 40,
48, 50, 54, 55, 61
synthesis, 4, 27
by chain-growth polymerization, 7
by chemical polymerization, 8
by electrochemical polymerization, 34
by oxidative coupling polymerization, 8
by plasma polymerization, 9
by ring-opening polymerization, 7
by step-growth polymerization, 7
polymer-based biosensor
bacterial sensing, 206, 208, 209, 247
colorimetric approaches, 209
conductive polymer, 201-204, 353, 357
DNA hybridization, 203, 227, 277
DNA sensing, 203, 229, 239-241, 243
luminescent conjugated polymer, 205
molecular imprinting, 77-80, 82-84, 86, 92,
96, 98, 103, 104, 106, 107, 228, 229
peptide, 79, 82, 84, 86, 94, 95, 206, 208,
209, 211, 215, 216, 218, 220, 221, 224,
234, 240, 241, 243, 244
polymer-based sensor, 5, 13, 20, 40, 43, 45, 57,
61, 357
polymeric calixarene, 143
polymeric chemical sensor

advantages, 20, 34, 39, 59, 60
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conductometric gas sensor, 27, 28
ammonia sensor, 31
carbon monoxide sensor, 37, 56
materials, 27, 32-34, 38, 39
problems, 27, 39-40
mechanism, 29, 31-33, 38, 40
volatile organic compounds, 32, 37, 40
electrochemical sensor, 19, 28, 51, 53, 56
“electrochemical gas sensors, 51, 55
ion-selective electrode, 45, 46, 49, 50, 52, 53
nitric oxide sensor, 55
pH sensor, 54
polyvinyl chloride-based sensor, 52
fabrication, 20, 51, 61
fiber optic sensor, 23, 27
optical sensor, 20, 23, 24, 27
HCl sensor, 23
materials, 20, 23, 27
mechanism, 20-22
oxygen sensor, 26
pH sensor, 21, 26, 27
volatile organic compounds, 23, 24
polymeric field-effect transistors
chemically sensitive field-effect transistor, 366
insulated-gate field-effect transistor, 57
polypyrrole, 7, 8, 12, 14, 18, 19, 24, 26, 29, 31,
33-35, 37, 39, 49, 50, 57, 58, 86, 202-204,
362, 365
polyvinyl chloride-based sensors, 52
porogen, 91, 92, 101
function, 88, 89, 93, 98
solvent, 80, 81, 88-90, 100, 105
chloroform, 17, 23, 32, 36, 42, 44, 45, 53,
58, 88, 124, 146-148, 180
choice of, 81, 85-87
porous semiconductor, 351
positively charged anion receptor, 161
potentiometric sensor, 45, 135, 232, 293, 294, 327
precipitation polymerization, 89
protein, 77, 80, 84, 86, 94-96, 105, 206-207,
211, 212, 215, 217, 219-225, 228, 230,
232-234, 236, 239, 241-245, 276

protein receptor, 220

proton conducror, 26, 294, 322, 326, 327, 329
high-temperature, 319, 320, 343
low-temperature, 291, 319, 331, 343

QCM sensor. See quarez crystal microbalance
sensor

quantum dot, 211, 225, 281, 283

quartz crystal microbalance sensor, 41, 45, 97,
98, 180

radioactive wastes, 133

radio-frequency polymerization, 12

recognition site, 84, 147

redox switch, 135

reference electrode, 8, 46, 55, 56, 160, 293, 310,
312,313, 318, 324-328, 336-340

ring-opening polymerization, 7

SAW sensor. See surface acoustic wave sensor
self-assembled monolayer, 10, 100, 223, 242
semiconductor, 5, 14, 29, 31, 42, 57, 58, 60,
202, 211, 225, 226, 241, 263-265, 267,
268, 270, 274, 275, 279, 280, 356, 359,
367, 369
advantages, 266, 277, 282, 283
applications, 264, 265, 269, 270, 271,
273-277,279, 281-283
band gap, 271-273, 277, 279
conductivity, 264, 270, 272, 274, 277,278,
281
surface chemistry, 265, 266, 269, 270, 276,
280, 282
semiconductor-based nanostructure, 281
semiconductor-based sensors
advantages, 266
CHEMEFET, 266
parameters, 266
sensing layer, 20, 36, 37, 39, 96, 367
sensing membrane, 43, 46, 48, 54, 214
sensor poisoning, 317
SERS. See surface-enhanced Raman scarttering
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SiC. See silicon carbide

silicon carbide, 273-275, 278, 279, 283, 351,
352, 354

properties, 277

silicon dioxide sensor, 356

sintering, 301, 302, 305, 307, 312, 324, 335

SnO,-based sensor, 358, 360

SO, sensor. See silicon dioxide sensor

soft lithographic technique, 14, 90

sol-gel matrix, 208, 212, 219

solid electrolyte, 2, 16, 45, 291-294, 296, 297,
305-308, 312-314, 317, 319, 320, 322~
327,329, 330, 332, 336-340, 343, 351,
355, 356, 363

solid-supported membrane, 216

solvent evaporation, 10

space-charge effect, 265

spin coating, 11, 44, 101, 106

SPR. See surface plasmon resonance

St B-alumina, 296, 332, 336, 337, 339-341, 344

steel, 8, 12, 294, 308, 318, 319, 327, 339, 340,
343

step-growth polymerization, 7

sulfur, 3, 6, 17, 56, 123-125, 128, 129, 139,
147,318, 319, 336, 337, 339-344

sulfur sensor, 337, 339, 340, 342, 343

superionic conductor, 292

surface acoustic wave sensor, 40, 41, 44, 357

surface-enhanced Raman scattering, 227, 231

surface plasmon resonance, 23, 98, 214, 221,
233, 243, 351, 355, 359, 365

surface plasmon resonance spectroscopy, 98

surface potential, 32, 265-268, 270, 281

swelling-responsive biosensor, 211
synthetic receptor, 77, 220-222

target molecule, 77, 81-84, 101, 105, 119, 232,
233, 235

templating, 77-116

tetrathiacalixarenes, 127

thiacalixarenes, 120, 123, 129, 130, 132, 181

three-way catalyst, 311

transition metal ion, 135, 137-141, 147, 149,
153, 208

ultraviolet spectra, 128, 144
UV spectra. See ultraviolet spectra

vesicle, 206-210, 213222, 229, 234, 241, 242,
244, 245

VOCs. See volatile organic compounds

volarile organic compounds, 23, 24, 32, 37, 40,
60, 360, 364, 365

WO;-based sensors, 360

yttria-stabilized zirconia, 293, 296, 300, 301,
317, 356, 363

zirconia, 292, 293, 296, 297, 298, 301, 303,
306, 307, 313, 317, 324, 356, 363
stabilized, 291, 294, 299, 300, 302, 304, 305,
308, 312, 318, 322, 340, 343
zirconia-based solid electrolyte, 314
cation diffusion, 301, 303
fluorite structure, 297, 298
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AC measurement, 43

ADC. See analog-to-digital converter

adsorbate, 25, 56, 60, 66, 156, 244, 334, 343,
344, 418

adsorbent, 56, 60, 343, 470

adsorption, 4, 5, 7, 20, 22-25, 27, 29, 55-57,
59-61, 64, 66, 70, 74, 81, 91, 94-96, 133,

134, 140, 145, 149, 151, 155-157, 189-194,
196, 197, 201, 202, 211, 216, 217, 223, 231,
241, 243, 244, 250, 261, 269, 271, 272, 274,
275, 301, 322-324, 327, 331, 334, 342-345,
351, 356, 360, 362, 363, 379, 380, 393,

412414, 423, 425, 427, 428, 463, 469, 503

affinity measurement, 423, 424

agglomeration, 80, 132

AIN. See aluminum nitrate

AIPO,. See betlinite

aluminum nitrate (AIN), 381, 382
microfluidic channels, 382
thin-film—based FBARs, 382

aluminum phosphate (AIPO,). See berlinite

AMS. See Austrian Microsystems

analog-to-digital converter, 40, 493

anisotropic wet etching, 497

ANN. See artificial neural network

annealing, 64, 75, 79, 80, 86, 88, 96-98, 109,

118, 119, 125, 132, 139, 151, 155, 158-160,

214, 243, 267, 268, 300, 303
antibody-antigen reaction, 380
aromatic hydrocarbon, 466, 471
artificial neural network, 50, 303, 305, 413,
429, 469

AT-cut quarrz, 385, 386, 388, 390, 396, 397,
405, 406, 425

Au/Co,0 catalyst, 280

Austrian Microsystems, 490, 504

Au/TiO, catalyst, 279

automated detection, 447

ball milling, 80

band bending, 56, 64

band gap, 67, 156, 194, 204, 209, 510

barium titanate (BaTiO,), 383, 448

BaTiOj;. See barium titanate

BAW. See bulk acoustic wave

Behrndt, 378

berlinite (aluminum phosphate, AIPO,), 384

biofilm, 380

biomolecular detection, 493

biosensor, 1, 3, 5, 7-10, 12, 15, 19, 315, 321,
324, 326, 328, 348, 360, 368, 377, 379~
383, 389, 396, 416, 417, 421425, 428,
493, 494

boron implantation, 496

breath analysis, 282

Bruckenstein and Shay, 379

BT-cut quartz, 385 .

bulk acoustic wave (BAW), 471

bulk leakage current, 205

bulk micromachining, 32, 119, 121, 122, 488,
497

calibration, 22, 32, 39, 44, 45, 48-50, 67, 117,
153, 154, 288, 313, 324, 343, 390, 474

515


si4-5
Typewritten Text
660.283 CHEs V.4



516 « INDEX

calixarene, 343, 345, 412, 459, 460, 462, 466
calorimetric sensor, 5, 261, 266, 267, 269, 272,
283, 287-289, 292, 293, 312, 314, 490492,
510
cantilever, 5, 32, 244-249, 322-331, 333-338,
340, 342-352, 354-365, 367, 368, 383,
491, 492, 501, 503-507, 510
microcantilever, 245, 249, 321-332, 335-338,
340, 342-344, 3406, 348-351, 353-362,
364, 367, 368
nanocantilever, 322, 345, 363, 364, 367
cantilever-based sensor, 351, 360, 368
cantilever bimorph sensor, 247, 249
capacitance-type sensor, 229, 234, 255
capacitive-coupled field-effect transistor. See
CC-FET
capacitive detection, 249, 335, 336, 507
capacitive sensor array, 493
carbon monoxide (CO), 11
carbon nanotube (CNT), 413
catalysis, 54, 59, 76, 94, 140, 293
catalyst, 4, 31,74,81,101, 112, 114, 115, 139,
140, 142, 147, 149, 193, 261, 266-268,
271-274, 276-280, 283, 287, 288,
290-296, 299-303, 305, 308, 313, 310,
359, 463
Au/Co,0,, 280
AWTIO,, 279
film thickness, 277
Pt/ALO,, 280
Pt/alumina, 277
size, 268, 276, 277, 279
catalytic activity, 27, 133, 272, 277, 287, 302
catalytic combustion reaction, 272
caralytic reaction, 65, 81, 84, 209, 213, 305, 464
cavity length, 274
CC-FET, 200
CCD. See charge-coupled device
cell-surface interactions, 380
ceramic film, 342, 345
ceramic integration, 267
ceramic sensor, 78-80, 90, 111, 117

CH,. See methane

charge-coupled device (CCD), 328

chemical cross-linking, 349

chemical solurion deposition, 381

chemical vapor deposition (CVD), 23, 25, 83,
91, 92, 109, 119, 125, 149, 206, 265, 381,
498

chemiresistance effect, 58

chemiresistor, 18-20, 28, 55, 64, 65, 70, 75,77,
78, 102

chemisorbed species, 56, 57

chemisorption, 4, 5, 22, 30, 56, 60, 65, 66, 70,
94, 151, 190, 243, 343, 344, 364

Christoffel, 378

cluster analysis, 75, 475

CMQS, 124, 126, 128, 188, 196, 205, 221, 234,
253,265,271, 276, 338, 347, 348, 350,
356, 485487, 489-498, 500-511

CMU CMOS MEMS, 498, 500, 502-504

CNT. See carbon nanotube

CO. See carbon monoxide

coating material, 22, 239-241, 390, 411, 415,
457, 458, 463, 465, 467, 473

colonic flora, 282

combustion engine, 209, 211

complementary metal oxide semiconductor. See
CMOS

composite resonator, 379, 403

conducting polymer, 19, 20, 413, 429

conductometric gas sensor, 8, 20, 54, 67, 70, 73,
88, 89,99, 118, 126, 128, 129, 134, 138,
139, 149, 150, 153, 154, 156, 160, 161

conductometric sensor, 9, 17, 53, 71, 96, 99,
105, 147, 160

core—shell nanostructure, 138

Curie, Pierre and Jacques, 378, 448

CVD. See chemical vapor deposition

cyclodextrin, 452, 453

damping effect, 331, 332
data processing, 3, 43, 45, 365
DC measurement, 43, 270
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Debye length, 58, 61, 63, 64, 81, 100
deep reactive-ion etching (DRIE), 395, 488, 497,
505
deflection, 33, 245, 246, 249, 262, 323-328,
330, 333-335, 337, 338, 340, 342, 345,
351, 356, 358, 360, 362, 365
dehumidifier, 282
delay line, 449, 456, 464, 466, 469, 470, 508
desorption, 20, 64, 66, 68, 74, 77, 81, 84,
94-96, 133, 140, 151, 190, 191, 216, 219,
223, 241, 242, 271, 300, 302, 305, 324,
331, 359, 412, 464
dielectric excitation, 335
differential scanning calorimetry, 312
differential thermal analysis, 312
diffusion, 23, 59, 65, 66, 68, 70, 75, 80, 94-96,
138, 148, 153-155, 193, 194, 197, 199,
209, 213, 217, 219, 222, 223, 241, 242,
250, 278, 292, 415, 456
diffusor, 308, 309
dissipative QCM-D technique, 379, 396
impulse excitation, 389
in situ measurements, 377, 380, 423, 425
interfacial friction, 416, 418, 421
liquid measurement, 399
viscous shear friction, 421
DNA, 322, 324, 342, 343, 346, 348, 360, 361,
364, 422, 493
doping, 19, 20, 25, 27, 55, 68, 69, 79, 80, 84,
100, 108, 111,112, 116, 117, 124, 138,
139, 141, 142, 144, 147, 154, 199, 206,
207, 265, 326, 339, 340, 458, 488
DRIE. See deep reactive-ion etching
drug discovery, 10, 12, 312
dynamic mode, 245, 246, 322-324, 331, 360

electret membrane, 250, 254

electric field lines, 232

electrochemical cell, 9, 65, 415, 474, 493
electrochemical QCM (EQCM), 415, 428
electrochemical sensor, 5, 8, 20, 22, 492, 493
electronic filter, 508

electronic nose, 8, 9, 66, 90, 364, 365, 382, 411,
412, 428, 429, 470

electrophoretic deposition, 149

electrospinning, 103

electrostatic actuation, 335, 503, 504, 507

electrostatic excitation, 335

e-nose. See electronic nose

enthalpy of combustion, 271

epitaxy, 83, 124, 206

EQCM. See electrochemical QCM

etching, 32,83,109,112,113,119, 121-124,
149, 198, 209, 234, 237, 238, 243, 247,
251, 268, 269, 272, 277, 337, 339, 341,
365, 395, 429, 450, 488, 490, 491, 493,
495-498, 500, 505, 508, 509

etch stop, 491, 496

ethanol, 13, 18, 24, 25, 68, 116, 144, 147, 149,
234, 250, 252-254, 275, 303, 305-307,
310, 354, 357, 462, 492, 507, 510

explosion, 280, 308, 312

explosives, 2, 322, 358, 359, 413, 462

Fabry-Pérot interferometer, 274
F.-binding proteins, 348
Fermi level, 56, 57, 59, 69, 140, 190, 191, 193,
194
FET. See field-effect transistor
FG-FET, 188, 189, 198, 200-202, 205-207,
211,213, 214, 219, 220, 222, 223
field-effect transistor, 5, 9, 61, 64, 188, 189, 194,
195, 197, 198, 200, 202, 203, 429
figure of merit, 147, 264, 265
film deposition techniques, 345
chemical vapor deposition (CVD), 23, 206, 265
low-pressure chemical vapor deposition
(LPCVD), 498
plasma-enhanced chemical vapor deposition
(PECVD), 92
radio-frequency (RF) magnetron sputtering,
276
film thickness, 60, 83, 91, 92, 94-96, 132, 134,
242,277,403, 408, 412, 452, 453
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first-order sensor, 44

flammable gas, 30, 114-116, 287
flexible substrate, 237, 238, 252
floating-gate field-effect transistor. See FG-FET
flue gas sensors, 209

force-field calculations, 460

free carrier concentration, 60, 61
Frenkel-Kontorova model, 419
Freon-12, 353, 354

Freundlich isotherm, 56, 64, 243
fuel cell, 312

Fullerene, 8, 21-25, 27

GaAs, 29, 204, 212, 263, 466, 467, 494, 510

gallium orthophosphate (GaPO,), 383, 430

GaP 67, 69, 70, 72-74, 109, 113, 114, 123,
124, 139, 156, 194, 197-200, 204, 209,
232, 234, 235, 238, 245-247, 510

GaPQ,. See gallium orthophosphate

gas adsorption, 7, 22, 23, 55, 56, 59, 60, 64, 91,
140, 189, 192, 202, 211, 503

gas chromatography, 282, 350

GAS-FET, 8

gasoline, 68, 305, 312

gas pump, 282

gas-sensing devices, 161, 192

gas sensing effects, 54

gas-sensitive field-effect transistor. See GAS-FET

gas sensor, 5, 7-9, 19, 20, 27, 31, 33, 44, 50,
53, 54, 60, 64, 65-67, 69-73, 75, 77-79,
81-84, 86-91, 93, 97-109, 111-119, 121,
122,125, 126, 128, 129, 132, 133, 134,
138-141, 143-145, 147-154, 156, 157,
160, 161, 187-189, 198, 205, 209, 211,
214,222,223, 242-244, 264, 270, 272,
274,276, 278-280, 282, 283, 287, 288,
292,293, 299, 301-303, 305, 308-310,
312, 313, 315, 381, 382, 388, 410, 459,
463-466, 471, 487, 489, 490492, 494,
496499, 503-505, 507, 508, 510

ceramic sensor, 78-80, 90, 111, 117
high-temperature gas sensors, 67

hot-wire sensors, 105, 114
integrated gas sensor, 118, 499
one-electrode sensor, 105, 107, 109-113,
115-117
oxygen sensor, 7, 9, 23, 69
pellistor, 5,7,105, 114-116, 118, 261, 267,
268, 273, 283, 287, 288, 290-294, 302,
303, 308
planar sensors, 81-85
solid electrolyte—based gas sensor, 65
thick-film sensor, 82, 89, 90, 96,131, 153
thin-film sensor, 9, 90, 94, 96, 99, 131, 151
gas sensor fabrication, 77, 96
glucose, 2, 8, 12, 314, 322, 353, 362, 424, 460,
493
grain size, 62-65, 79, 80, 90-92, 95, 97, 98,
109, 129-133, 142, 153, 154, 156-160

H,. See hydrogen

H,0,. See hydrogen peroxide

halogenated hydrocarbon, 459

hazardous area, 280

HCIL. See hydrochloric acid

HCN. See hydrogen cyanide

heater, 20, 69, 78, 79, 81-83, 85, 88, 90, 100,
105, 107, 108, 112-115, 117, 119, 120,
122, 124, 144, 145, 147, 155, 222, 232,
244, 253, 266, 268, 272, 287, 288, 290,
291, 293-298, 300, 303, 496, 498

herbicide, 2, 355

HE See hydrofluoric acid

high-temperature gas sensors, 67

high-temperature operation, 54, 66, 67, 203, 205

Hooke’s law, 329

host—guest chemistry, 459, 475

hot-wire sensor, 105, 114

HSG-FET, 198-200, 202

human breath, 13, 282

humidity, 2, 8, 9, 18, 22, 67, 72, 94, 109, 110,
129, 148, 151, 155, 156, 187, 192, 211,
223, 230, 232, 234, 237, 238, 241, 243,
244, 247, 249, 250, 252-254, 278, 282,
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292, 312, 356, 359, 381, 409, 411, 425,
454, 455, 458, 463, 464, 474, 508

humidity effect, 156, 454, 458

hybrid suspended-gate field-effect transistor. See
HSG-FET

hydrocarbon, 2, 8, 13, 14, 29, 65, 116, 148, 194,
209, 212, 261, 283, 303, 342, 343, 360,
459, 466, 471

hydrochloric acid (HCI), 11, 137, 458

hydrofluoric acid (HF), 11, 71, 123, 353, 354,
508

hydrogen, 8, 11, 14, 24, 69, 101, 116, 134, 149,
161, 189, 192-197, 209, 211-223, 239,
240, 247, 250, 254, 261, 268, 270, 273,
276-283, 294, 295, 300, 301, 303, 307,
312, 342, 351, 353, 355, 356, 358, 360,
361, 423, 455, 457, 459, 462, 464, 469,
474, 475

hydrogen-bonding interactions, 239

hydrogen cyanide (HCN), 353, 355, 472, 474

hydrogen peroxide (H,0,), 12, 149, 314, 358,
361

hydrogen (H,) selectivity, 148, 282

hydrogen sensor, 101, 196, 211, 213, 220, 223,
268, 278, 280, 281, 295, 303, 351

hydrogen station, 278, 280-282

immobilization, 348, 349, 425

immunosensor, 379, 382

impregnation, 134, 277

impulse excitation, 389

In,0;. See indium oxide

indium oxide (In,O,), 18, 19, 25, 28, 66, 70-72,
91, 94, 102, 104, 107-111, 116, 129, 130,
132, 138, 142, 144, 148,154, 156-160,
276, 463

indium tin oxide (ITO), 113, 129

injection molding, 342

ink-jet spotting, 346

integrated gas sensor, 118, 499

interdigital transducer, 449

interdigitated electrode sensor, 232

interfacial friction, 410, 416, 418, 421

interferometry, 328

international standard, 280

intrinsic carrier density, 204

intrinsic fundamental noise, 330, 331

ion implantation, 139

ionic layer deposition, 149

Ion! Iy ratio, 207

ionosorption, 54

isotherm, 56, 64, 191, 243, 469
Freundlich isotherm, 243
Temkin isotherm, 56
Wolkenstein isotherm, 56

ITO. See indium tin oxide

Jazz Semiconductor, 505
Jazz SiGe BiCMOS, 487, 504, 505

junction isolation, 205, 206

Kanazawa and Gordon, 379, 408

Kelvin probe, 192, 202, 203, 215

key—lock principle, 459

kinetics, 20, 93, 94, 96, 98, 138, 140, 146, 151,
153, 211, 290, 365, 423, 425, 427, 456,
458, 462

KOH etching. See potassium hydroxide etching

La,GaSiO, . See langasite

lab-on-a-chip (LoC), 321, 322, 382, 472, 493

langasite (La,GaSiO, ), 383

langasite crystal microbalance, 383, 429

laser ablation, 23, 91

laser pulse deposition, 381

Lawson, 378

LCM. See langasite crystal microbalance

lead zirconate titanate (PZT), 262-264, 266,
267,272, 275, 358, 381-383, 448, 449

LEL. See lower explosive limit

length-to-thickness ratio, 336

LiNbO;. See lithium niobate

linear solvation energy relationship (LSER), 457

lipoprotein, 362
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Lippmann, Gabriel, 378, 448

liquid measurement, 399

LiTa0O;. See lithium tantalate

lithium niobate (LiNbO;), 383, 448

lithium tantalate (LiTaOj;), 448

LoC. See lab-on-a-chip

long-term stability, 33, 45, 81, 91, 98, 108, 141,
223,277,279, 464

loss modulus, 399

lower explosive limit (LEL), 30, 288

low-pressure chemical vapor deposition
(LPCVD), 498

low-temperature operation, 55

LPCVD. See low-pressure chemical vapor
deposition

LSER. See linear solvation energy relationship

Lundstrom FET, 189, 195, 196, 197, 221

Lundstrom field-effect transistor. See Lundstréom

FET

2-Mercaptoethanol, 353, 358

Mason, 378, 384, 403

mass resolution limitations, 330

mass sensitivity, 249, 330, 364, 381, 382, 387,
397, 452

Maxwell model, 398

mechanical transducer, 363, 380

membrane, 4, 7-9, 15, 17, 19, 20, 22, 23, 87,
119-123, 126, 135, 142, 145, 148, 149,
243-247, 249-251, 253-255, 264, 268,
269, 272, 276, 277, 293, 294, 298, 300,
357, 362, 382,412,413, 415-417, 422,
488, 491

membrane bimorph sensot, 249, 251 -

MEMS. See microelectromechanical system

metal cluster, 140, 141

metal ion, 2, 7, 74, 149, 343, 355, 356

metal-organic chemical vapor deposition
(MOCVD), 381

metal oxide, 8, 17, 18, 19, 25-27, 50, 207, 232,
234, 265, 279, 350, 358, 413, 417, 429,
457, 458, 463, 485, 498

indium oxide (In,0;), 18, 19, 25, 28, 66,
70-72,91, 94, 102, 104, 107-111, 116,
129, 130, 132, 138, 142, 144, 148, 154,
156-160, 276, 463
indium tin oxide (ITO), 113, 129
perovskite, 55, 68-70, 262, 263
tin oxide (SnQ,), 8, 18, 19, 28, 59, 60,
62, 65, 66, 68, 70-77, 79, 80-82, 84,
90-94, 97, 101, 102, 108-113, 116,
129-132, 137, 138, 140-144, 148-160,
267, 275, 276, 295, 300, 310, 463, 498
titanium dioxide (TiO,), 18, 19, 25, 27,
28, 55, 59, 67, 68, 70-72, 75, 104,
137-139, 141, 144, 279, 300, 310, 311,
463, 465
tungsten oxide (WO5,), 18, 19, 28, 67, 70-72,
97,129, 132, 138, 148, 459, 463465,
467
zinc oxide (ZnQ), 381, 448, 509
metal oxide—based sensor, 54
metal oxide gas sensor operation, 54
metal oxide—semiconductor field-effect transistor.
See MOS-FET
metallic film, 91, 149, 267, 330
methane (CH)), 2, 13, 18, 30, 69, 71, 77, 110,
116, 147-150, 152, 161, 274, 275, 282,
287, 288, 290, 299, 300, 302, 303, 305,
310, 464
microbalance, 5, 19, 324, 349, 353, 377-380,
382, 383, 385-388, 390, 391, 393, 395,
398, 410, 429, 447, 471, 504
microcantilever deflection detection methods,
324
capacitive method, 327, 351
charge-coupled device detection method, 328
interferometry method, 328
optical diffraction grating method, 328
optical method, 325
piezoelectric method, 328
piezoresistive method, 326
microcantilever excitation
dielectric excitation, 335
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electrostatic excitation, 335
piezoelectric excitation, 335
resistive heating excitation, 335
microcantilever functionalization
immobilization, 348, 349, 425
silanization, 342
surface functionalization, 342
microdropping, 267, 346
microelectromechanical systems (MEMS), 125,
126, 268, 269, 292-294, 300, 302, 305,
312, 315, 321, 327, 351, 382, 429, 485
492, 494498, 500-508, 510, 511
microfabrication techniques, 488, 508
micro-hotplate, 99, 118-121, 124, 125, 138,
145, 151, 267, 268, 496498
micromachining, 31, 32, 67, 118, 119, 121-126,
161, 292, 298, 337, 386, 395, 486490,
496-498, 500, 501, 505, 511
anisotropic wet etching, 497
boron implantation, 496
bulk micromachining 32, 119, 121, 122,
488, 497
CMOS technology, 126, 128, 188, 196,
205, 234, 276, 338, 347, 348, 485487,
489, 490, 493, 495, 496, 498, 500, 505,
508-511
CMU CMOS MEMS, 498, 500, 502-504
deep reactive-ion erching (DRIE), 395, 488,
497, 505
etch stop, 491, 496
erching, 32, 83, 109, 112, 113, 119, 121,
122, 123, 124, 149, 198, 209, 234, 237,
238, 243, 247, 251, 268, 269, 272, 276,
277,337, 339, 341, 365, 395, 429, 450,
488, 490, 491, 493, 495, 496, 497, 498,
500, 505, 508, 509
Jazz SiGe BiICMOS, 504, 505
NIST CMOS MEMS technology, 494498
photolithography, 81, 83, 90, 109, 113, 123,
125, 234, 251, 338, 340, 395, 450, 488,
489
post-CMOS micromachining, 490, 496, 505

reactive-ion etching (RIE), 234, 247, 277,
395, 429, 488, 491, 500, 501, 505, 508
surface micromachining, 32, 119, 121, 123,
124, 488, 489, 501
micromachining technology, 67, 118, 122, 125,
161, 487, 498, 501
microstructure, 60, 61, 64, 68, 70, 80, 86, 87,
91, 96, 141, 152, 247, 278, 488, 500
miniaturization, 105, 118, 161, 245, 292, 321,
326, 350, 355, 364, 367, 382, 394, 428, 473
MISiC-FET, 189, 210
missile storage and maintenance, 359
MLP. See multiple-layer perceptrons
MLR. See multivariate linear regression
MOCVD. See metal-organic chemical vapor
deposition
molecular recognition, 4, 324, 360, 449, 457,
461, 462, 466
moment of inertia, 329, 332
monolayer, 73, 74, 91, 103, 149, 159, 242, 251,
269, 342, 345, 346, 348, 359, 364, 410,
417419, 421, 425, 429, 457, 462, 463,
467, 469, 475
monolithic integration, 119, 511
MOS-FET, 9, 195, 196, 198-200, 206, 208,
210,212
MOSIS, 494, 497, 508
MQCM. See multichannel QCM
multichannel QCM (MQCM), 392-394, 414,
429
miniaturization and integration in arrays, 394
multiple-layer perceptrons (MLP), 50
multisensor array, 48, 51, 71, 81, 90, 103, 469
multisensor environment, 39, 48, 49
multivariate linear regression (MLR), 49

myoglobin, 353, 362

n-well, 200, 491
nanoarray, 28
nanocomposite, 27, 243

nanoelectromechanical systems (NEMS), 32,

321, 322, 364
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nanoparticle, 157, 300, 360, 429

nanorods, 25, 125, 381

nanotips, 381

nanotribology, 379, 416, 418, 429
nanowire, 8, 102-104, 242, 243

NEMS. See nanoeleccromechanical systems
nerve agent, 457, 504

NIST CMOS MEMS technology, 494-498

nitrogen oxide (NO,), 2, 12, 18, 59, 65, 71, 113,

209, 212, 359, 463, 464

noise, 39, 42, 43, 45, 126, 161, 188, 246, 251,
270, 272, 282, 313, 314, 326, 327, 330,
331, 340, 342, 351, 382, 504, 507

noise equivalent power, 272

NO,. See nitrogen oxide

on-chip integration, 335, 485, 486

one-electrode sensor, 105, 107, 109-113,
115-117

optical chemical sensor, 509, 510

optical diffraction grating, 328

organic vapor, 18, 22, 60, 145, 147, 231, 251,
457-459, 466, 467, 469

organophosphorus, 469

organosulfur, 469

oxidizing gas, 28, 59

oxygen sensor, 7, 9, 23, 69

p-# junction, 204, 206

packaging, 1, 32, 98, 99, 118, 123, 128, 129,
148, 266, 305, 308, 309, 321, 351, 485,
486,491,492, 511

paracyclophane, 460

parallel plate, 229, 253, 254, 336

parallel-plate sensors, 231

partial least square, 49, 50

PCA. See principal component analysis

PCP. See principal components plot

PCR. See principal component regtession

PDMS. See polydimethylsiloxane

PECVD. See plasma-enhanced chemical vapor
deposition

pellistor, 5, 7, 105, 114-116, 118, 261, 267,
268, 273, 283, 287, 288, 290-294, 302,
303, 308

permicttivity sensor, 229-231

perovskite, 55, 68-70, 262, 263

perovskite oxide, 69, 263

pH, 2, 5,7, 8,12, 14, 92, 334, 342, 359, 360, 419

photodetector, 325, 326, 361, 510

photoexcitation, 145

photolithography, 81, 83, 90, 109, 123, 125,
234, 251, 338, 340, 395, 450, 488, 489

physical sensor, 1, 3, 266

piezoceramics, 383

piezoelectric effect, 328, 378, 383-385, 448, 458

piezoelectric excitation, 335

piezoelectric material, 43, 328, 335, 384, 455, 509

piezoelectric method, 328

piezoresistive method, 326

piezoresistor, 326, 338, 340, 504

planar sensors, 81-85

planar template, 135

plasma-enhanced chemical vapor deposition
(PECVD), 92

PLS. See partial least square

poisoning, 21, 31, 148, 155, 287, 288, 292,
301-303, 308

Poisson equation, 64

polydimethylsiloxane (PDMS), 87, 234, 249,
250, 273, 469

polymer, 8,9, 17, 19-21, 23, 27, 28, 87, 134,
135, 147, 213, 214, 230-234, 238-242,
244, 247-254, 263, 266, 272, 273, 300,
301, 311, 322, 337, 340-348, 356, 357,
359, 361, 362, 364, 365, 377, 379, 381,
383, 395, 399, 403, 410, 412416, 422,
428, 429, 455, 457459, 461, 462, 464,
466, 467, 469, 470, 472, 475, 485, 490-
492, 503, 504, 507

advantages of polymer-based sensors, 20
conducting polymers, 19, 20, 413
polymer coatings, 234, 377, 412, 414
polymer membrane, 251, 272
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polysilicon, 200, 232, 238, 247, 253, 254, 268,
270, 271, 295, 299, 359, 486, 488, 489,
495, 496

poly(vinylidene fluoride) (PVDE), 263, 264,
273, 381, 383, 429

porosity, 75, 80, 83, 95, 97, 114, 132, 134, 142,

153, 154, 243, 302, 303, 460

potous alumina, 242, 243

porous silicon, 120, 122, 123, 242, 244

porous silicon carbide, 242

position-sensitive detector, 325, 328, 365

post-CMOS micromachining, 490, 496, 505

postprocessing, 232, 490, 491, 493, 496, 498,
501, 502, 508-510

potassium hydroxide etching (KOH etching),
269

potential barrier, 60, 61, 63, 140

power consumption, 20, 43, 81, 82, 89, 90, 99,
102, 105, 109, 111, 114, 116, 118, 119,
124, 129, 152, 161, 188, 244, 245, 267,
288, 292, 298, 299, 305, 315, 490

PPR. See projection pursuit regression

preconcentrator, 145148, 470

pressure-proof enclosure, 280

principal component analysis (PCA), 252, 469

principal components plot (PCP), 50

principal component regression (PCR}, 50

projection pursuit regression, 50

prostate-specific antigen, 361

protective coating, 303

protein, 15, 134, 135, 313, 314, 324, 346, 348,
349, 353, 356, 361, 362, 379, 380, 395,
416, 417, 422-425, 428

protein adsorption, 380, 425

PSA. See prostate-specific antigen

PSD. See position-sensitive detector

Pt/Al,O; catalyst, 280

Pt/alumina catalyst, 277

PVDE See poly(vinylidene fluoride)

pytoelectric constant, 262

pyroelectricity, 261-263, 280, 381

pyroelectric material, 262, 263, 448

lead zirconate titanate (PZT), 262-264, 266,
267,272, 275, 358, 381-383, 448, 449

lithium tantalate (LiTaO,), 18, 263, 266, 272,
274, 275, 448, 449, 456, 470, 471

PZT. See lead zirconate titanate

QCM biosensor, 421, 422, 425
afhnity measurements, 423, 424
antibody—antigen reactions, 380
cell-surface interactions, 380
deposited biofilms, 380
immunosensor, 379, 382
principle of biosensoring, 380
protein adsorption, 380, 425
supported lipid membrane, 412
QCM. See quartz crystal microbalance
QCM-D technique, 379, 380, 395, 396, 421,
424426
QCM electrode, 391
QCM in tribilogy
nanotribology challenges, 416
superconductivity-dependent friction, 419
surface corrugation, 419
Q factor, 246, 324, 363, 379, 388, 389, 391,
394, 397
reciprocal, 379
quartz, 5, 8, 18, 19, 22, 84, 135, 147, 262, 263,
276, 335, 349, 353, 377-398, 401-407,
409412, 414-416, 418, 421-425, 427~
430, 447450, 452, 454, 455, 462-468,
471, 497
AT-cut crystal, 390, 391
elastic stiffness, 384, 401
natural, 378
single crystal, 378, 386
synthetic, 378
quartz crystal microbalance (QCM), 353, 378,
390, 395, 447, 471
acoustical (mechanical) impedance, 403, 406
acoustic parameters, 390
analytical models, 379
applications, 377-383, 385-389, 392, 394,
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396, 402, 406, 409, 412, 413, 415-417,

422, 425, 426, 428430
basic principle, 380, 411
coeflicient of amplification, 411
construction and stability, 387
disadvantages, 397
electrical impedance, 403, 404
electrochemical QCM (EQCM), 415, 416,
425,428, 430
electronic circuitry, 389
equivalent circuit models, 403
fabrication, 381, 382, 386, 393, 395
force-frequency and stress stability, 388
Frenkel-Kontorova model, 419
inherent sensitivity, 388
mesa-shaped, 388, 392-394, 428
multichannel QCM (MQCM), 392-394,
414, 429

miniaturization and integration in arrays,

394
pure mass loading, 411, 412

Q facror, 246, 324, 363, 379, 388, 389, 391,

394, 397
reciprocal, 379
QCM resonance frequency, 406, 411
unloaded, 387, 390, 391, 404, 405, 419
shift in the resonance frequency, 379, 418
soft materials, 398, 415, 421
temperature stability, 382, 388
Voight model, 398, 422
quartz resonator, 378, 379, 382, 385, 388,
391-395, 397, 403407, 409, 410, 423,
425,429

radio-frequency (RF), 112, 276, 381

radio-frequency (RF) magnetron sputtering, 276

Rayleigh, Lord, 378, 449
Rayleigh-type SAW, 471

reactive-ion etching (RIE), 234, 247, 277, 395,

429, 488, 491, 500, 501, 505, 508
recovery rate, 41

reducing gas, 18, 30, 59, 60, 64, 65, 68, 72,

74-76, 94, 109, 114, 116, 131, 140, 142,
161, 289-291

resistive heating excitation, 335

resolution, 17, 32, 33, 39, 42, 86-88, 90, 112,
125, 126, 206, 270, 271, 326, 330, 340,
348, 351, 353, 356, 362, 388

resonance frequency, 230, 245, 324, 329-332,
336, 342, 346-348, 350, 356, 358, 363,
364, 378, 379, 385, 387-391, 394, 396,
397, 399, 402, 405408, 410412, 414,
415, 418, 419, 422, 425-427, 451, 452,
471, 504, 509

resonant frequency, 245, 322, 323, 332, 337,
361, 391, 507, 508

resonant membrane, 246, 251

resonant microbeam, 503

resonant operating mode, 329

resonating cantilever, 249, 351, 492

response rate, 139, 153

response time, 15, 17, 22, 33, 39, 41, 65, 67, 69,
77,82,111, 119,128, 129, 142, 150, 151,
154, 203, 221, 222, 231, 232, 242, 243,
247, 252, 253, 262, 289, 292, 305, 309,
355, 362, 452, 456, 462, 464, 466, 474,
491

reverse leakage current, 204

reversibility, 25, 68, 219, 239, 242, 358, 362,
448, 456, 457, 475

RE See radio-frequency

RF magnetron sputtering. See radio-frequency
magnetron sputtering

rheotaxial growth and thermal oxidation, 91

RIE. See reactive-ion etching

rutile, 72, 73

safety sensor, 189, 280

saturation, 33, 39, 42, 215, 220, 357, 510
Sauerbrey, Giinter, 379, 387, 451

Sauerbrey equation, 451, 452

SAW. See surface acoustic wave

SAW resonator. See surface acoustic wave (SAW)

resonator
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Schottky diode, 18, 193, 194, 208-210, 212
Schottky equation, 57
screen printing, 83, 86, 87, 112, 149, 267, 300
second-order sensor, 44
Seebeck coefficient, 262, 264-266, 269, 270, 276
selectivity, 4, 10, 19-22, 24, 3941, 48-50, 66,
72,77,81,102, 116, 119, 129, 139, 142,
145, 147-150, 153, 154, 161, 188, 193,
238-242, 247, 255, 272, 276, 279, 282,
296, 300, 301, 303, 305, 312, 315, 348,
359, 367, 411413, 424, 456460, 462,
464, 469-471, 473, 475, 488, 498, 510
self-assembly, 100, 103, 346, 461
semiconductor, 7, 9, 10, 11, 18, 21, 24, 25, 28,
53, 54, 56-61, 64, 67,69, 72, 74, 75, 78,
105-116, 118, 124, 126, 129, 132, 133,
139- 141, 148, 149, 188, 193-195, 197,
198, 202, 204, 234, 264, 265, 276, 288,
289, 350, 381, 413, 429, 463, 485, 486,
487, 488, 494, 505, 510
GaAs, 29, 204, 212, 263, 466, 467, 494, 510
Gal, 204
SiC, 25, 204, 205, 209, 212, 242, 243, 311,
337
sensing effect, 24, 25, 54, 213, 214
sensing material, 4, 9, 15, 17, 18, 21, 24, 25, 28,
29, 42,67,71,79, 87,119, 138, 147, 148,
155, 223, 231, 239, 243, 298, 310, 355,
498
sensing parameter, 39
sensitivity, 4, 14, 15, 19, 21, 22, 25, 31-33,
39-42, 44, 48-50, 55, 58, 59, 61-65, 67,
68, 70-72,74-77,79, 81-82, 86, 89-91,
93, 96, 104, 105, 107-109, 111, 112,
114-116, 129, 132, 134, 138-141, 144,
147, 148, 151, 154, 156, 157, 160, 188,
193, 196, 200-202, 206, 210, 220, 229,
231, 232, 234, 238-240, 242246, 249,
250, 252, 255, 262, 263, 275, 276, 279,
283, 289, 292, 293, 296, 300, 302, 303,
310, 312-314, 322-324, 326, 330, 331,
336-338, 340, 346, 348, 353-359, 361,

363, 364, 367, 368, 381, 382, 387, 388,
390-392, 394, 397, 413, 414, 416, 452,
456, 458, 460, 464—4G7, 469, 471, 474,
475, 498, 507
sensor array, 49, 50, 66, 82, 100, 119-121, 128,
150, 230, 234, 238-240, 245, 255, 321,
337, 346, 351, 357, 365, 413, 469, 470,
493
sensor selectivity, 119, 145, 147, 148, 153
SG-FET, 9, 189, 196-199, 202, 211, 214,
220-222
shear modulus, 386, 399, 401, 403, 404, 408,
411, 412, 414, 415, 425, 452
signal analysis, 303
signal processing, 1, 3, 16, 29, 31, 32, 40, 43, 48,
493, 507
multisensor environment, 48, 49
single sensor, 41, 48, 49
signal sampling, 43, 45
signal-to-noise ratio, 42, 340, 351, 452, 485
silanization, 342, 462, 463
silica gel, 282
immunity to humidicy, 282
silicon-based microcantilever, 337
silicon carbide-based field-effect transistor. See
MISiC-FET
silicon dioxide (SiO,), 18, 19, 71, 85, 90, 102,
123, 142, 148, 195, 196, 200, 232, 234,
264, 269, 276, 277, 299, 303, 358, 360,
384, 465, 470, 486, 488, 493, 497, 495,
508
silicon membrane, 250, 254
silicon nitride (SiN), 206, 251, 269, 293, 322,
334, 340, 349, 356, 358, 360, 364, 4806, 488
silicon-on-insulator (Sol), 128, 205, 251
SiN. See silicon nitride
SiN membrane, 293
SiO,. See silicon dioxide
smart sensor, 29, 31, 32, 43, 211, 469
advantages, 29
definition, 29
SMR. See solidly mounted resonator
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SnO,. See tin oxide

Sol. See silicon-on-insulator

sol-gel, 79, 80, 83, 109, 130, 134, 262, 266,
343, 463

solid electrolyte—based gas sensor, 65

solidly mounted resonator (SMR), 381

solid-state sensor, 25

solid-state surface, 56

solubility interactions, 239, 240

sorption-induced effect, 343

sorption model, 343, 345

space-charge region, 206

specific surface area, 79, 80, 132

spill-over, 84, 140

spray pyrolysis, 83, 91-93, 130, 131, 143,
157-159, 381

spray pyrolysis deposition, 381

spring constant, 245, 329-331, 336, 337, 365

sputtering, 83, 90-92, 97, 102, 112, 113, 119,
130, 132, 139, 149, 214, 242, 243, 265,
267, 269, 276, 345, 382, 450, 457

static mode, 322-324

stoichiometry, 54, 55, 65, 66, 91, 97, 132

Stoney’s formula, 333

storage modulus, 399

structure control, 129

sulfur, 13, 155, 302

supported lipid membrane, 412

surface acoustic wave (SAW), 8, 22, 447, 508

Love mode, 381
thickness shear mode, 379, 386, 390, 397,
429, 471

surface acoustic wave (SAW) resonator, 403, 447,
449, 450, 452, 454, 455, 464, 466, 469,
470, 508

surface charge region, 57, 64, 139

surface coverage, 56, 57, 74, 145, 191, 211,
216-218

surface electric potential, 57, 58

surface functionalization, 15, 28, 342

surface micromachining, 32, 119, 121, 123, 124,
488, 489, 501

surface reaction, 54, 59, 66, 77, 84, 94, 114,
140, 153, 154, 209, 211, 216, 217
surface stress, 244-247, 249, 251, 322-324,
332-334, 344, 345, 351, 360-362, 364
surface stress transduction, 247
suspended mass, 245
suspended-gate field-effect transistor. See SG-FET

target gas, 30, 31, 76, 98, 104, 105, 108, 147,
153, 154, 156, 189, 192, 193, 197, 201,
202,211,213, 214, 272,279

Temkin isotherm, 56

temperature-controlled phase-transition FET. See
TPT-FET

temperature effect, 251

temperature modulation, 69, 270, 292, 296, 310,
312, 315

temperature programs, 303

temperature resolution, 270, 271

temperature uniformity, 120, 296

tetramethylammonium hydroxide, 497

TFBARs. See thin-film bulk acoustic resonators

thermal conductivity, 7, 119, 124, 264-266,
270, 271, 276, 300, 301, 305, 311,

312

thermal conductivity sensor, 301, 305

thermal cycling, 117, 154

thermal evaporation, 91, 101, 345

thermal imaging, 271, 296, 297

thermal modeling, 298

thermal treatment, 86, 96, 97, 109, 157, 158

thermocouple, 82, 262, 265, 270, 295, 311

thermoelectric, 5, 8, 261-268, 270, 274-280,
282, 283, 295, 296, 310

thermoelectric hydrogen sensor, 268, 278

thermoelectricity, 262

thermoelectric material, 264, 265, 266, 268, 276,
295

SiGe, 264-268, 275, 276, 280, 487, 504,
505, 510

Zn0, 7, 18, 19, 25, 26, 59, 70, 71, 80, 102,
109, 129, 142, 144, 148, 263, 264, 272,
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328, 335, 381-383, 448, 449, 463, 4065,
469, 470, 509

thermoelectric sensor, 5, 261, 267, 274, 275,
278,282, 283

thermopile, 270, 271, 276, 295, 300, 301, 305,
310, 311, 313, 314

thermopower, 270

thick-film sensor, 82, 89, 90, 96, 131, 153

thin-film bulk acoustic resonators (TFBARs),
381, 382

thin-film sensor, 9, 90, 94, 96, 99, 131, 151

thin-layer deposition, 337

thiol chemistry, 342, 348

THS. See thermoelectric hydrogen sensor

Tiersten, 378

tin oxide (SnO,), 8, 18, 19, 28, 59, 60, 62, 65,
66, 68, 70-77,79, 80-82, 84, 90-94, 97,
101, 102, 108-113, 116,_.129-132, 137,
138, 140-144, 148-160, 267, 275, 276,
295, 300, 310, 463, 498

TiO,. See titanium dioxide

titanium dioxide (TiQ,), 18, 19, 25, 27, 28, 55,
59, 67, 68, 70-72, 75, 104, 137--139, 141,
144, 279, 300, 310, 311, 463, 465

TLM. See transmission line model

TMAH. See tetramethylammonium hydroxide

toxic gas, 30

TPT-FET, 211, 213, 214, 220-222

transducer, 3-5, 20, 144, 187-189, 192-194,
197-200, 202, 203, 205, 211, 214, 223,
240, 251, 266, 267, 269, 270, 275, 283,
330, 344, 350, 351, 363, 364, 368, 380,
383, 385, 386, 413, 447, 449-452, 456,
489, 490, 492, 493, 495, 503, 508

transducer film, 266

transient response, 44, 93, 152

transmission line model (TLM), 403405

transverse shear wave, 397

tributyrin, 353, 359

tungsten oxide (WO,), 18, 19, 28, 67, 70-72,
97, 129, 132, 138, 148, 459, 463-465,
467

vertical meral oxide—semiconductor field-effect
transistor. See vertical MOS-FET
vertical MOS-FET, 206, 208
VIBRIT, flexural piezoceramics, 383
viscoelasticity, 388, 398, 408, 410
compliance, 399, 407
Maxwell model, 398
shear modulus (storage modulus and loss
modulus), 399
Voight model, 398, 422
viscoelastic loading, 379
viscoelastic properties, 410, 457
viscous shear friction, 421
VOCs. See volatile organic compounds
Voight model, 398, 422
volatile organic compounds (VOCs), 2, 13, 24,
28, 161, 230, 232, 234, 249, 272, 273, 312,
322, 356, 357, 413, 469, 470, 490
voltage responsivity, 270

Wheatstone bridge, 105, 114, 290, 291, 327,
336, 340, 351, 504

Wheatstone bridge circuit, 291, 327, 336

wide-gap material, 204, 205, 223

wireless sensing, 161, 252

WO,. See tungsten oxide

Wolkenstein isotherm, 56

work function, 18, 19, 140, 187-194, 196, 197,
199-203, 211, 213-223

x-ray photoemission spectroscopy, 300
Young’s modulus, 245, 326, 329, 331, 332, 337

Zener tunneling, 206, 207

zeolite, 19, 29, 148, 301, 310, 354, 358, 359,
413, 458

zero-order sensor, 44

zinc oxide (ZnO), 7, 18, 19, 25, 26, 59, 70, 71,
80, 102, 109, 129, 142, 144, 148, 263, 264,
272, 328, 335, 381-383, 448, 449, 463,
465, 469, 470, 509

nanoarray, 28
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nanoparticle, 157, 300, 360, 429 nanowire, 8, 102-104, 242, 243
nanorods, 25, 125, 381 ZnO-functionalized QCM surfaces, 381
nanotips, 381 ZnO. See zinc oxide
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p-TAS. See micro total analysis system
2,4-D, 490

absorption-based optical sensor, 360
absorption-based sensor, 321, 324, 360
gas analyzers of absorption type, 333
global remote control using absorption
spectroscopy, 338
infrared absorption, 324
near-infrared absorption, 324
UV absorption, 330
absorption spectroscopy, 324, 325, 332-334,
338,352
accuracy, 23, 31, 33, 47, 48, 59, 62, 73, 76, 101,
104, 105, 112, 113, 116, 142, 159, 297,
333, 334, 337, 338, 340, 344, 350, 390,
393, 406, 411, 430
acetylcholine biosensor, 246
acid—base reaction, 12
acridinium derivarive, 483
adenosine sensor, 247
adenosine triphosphate (ATP), 247-249,
265, 450
sensor, 247
Ag. See silver
Ag*. See silver ion
Al O;. See aluminum oxide
aliphatic amine, 492
aluminum oxide (Al,O;), 36, 145, 173, 206—
208, 211, 231, 247, 286, 373, 407

ammonia (NH;), 2,9, 10, 12, 23, 29, 53, 55, 57,
74,75, 144, 206, 208, 248, 251, 306, 325,
329, 330, 339, 346, 348, 360, 366, 367,
387,401, 410, 427, 428, 433, 441, 442, 445

ammonia sensor, 251, 306

ammonium ion (NH/*), 36, 145, 146, 239, 248

amperometric gas sensor, 15, 17, 18, 41, 45-49,
53,62, 67-70, 102, 104

accuracy, 47, 48

potentiometric zirconia-based, 102
precision, 47, 48

range of linear response, 48

amperometric sensor, 14, 15, 18, 20-22, 25-28,
32, 40, 46, 48, 49, 53, 59, 67, 68, 70, 76,
102-105, 127, 252

amperometry, 5, 6, 24, 28, 39, 41, 127, 287~
290, 488

amphoteric site, 193

aqueous clectrolyte, 17, 24, 25, 27, 38, 39, 62,
72, 160, 208

ATP See adenosine triphosphate

Au. See gold

auxiliary electrode, 38, 41, 43, 47, 69, 290, 294

avalanche breakdown, 212

Ba. See barium

back-side connected ISFET, 174

barium (Ba), 64, 141, 142, 146, 151, 246, 492
Bi. See bismuth

biological reaction, 14
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biomolecule, 171-173, 177, 237, 238, 246, 347,
449, 451
biosensor, 77, 171, 173, 177, 204, 237, 238,
242, 246-251, 263, 264, 290, 296, 297,
299, 302, 312, 380, 407, 408, 428, 435,
438, 447449, 451, 452
acetylcholine, 246
iron (Fe3*) ion, 242
mercuric ion (Hg?"), 242, 243
BIOSPICE, 203
bismuth (Bi), 158, 159, 289, 304
breakdown voltage, 173, 212, 213, 227, 265
buffer amplifier, 226, 227
stages, 226

-V curve, 177

Ca. See calcium

Ca?*. See calcium ion

cadmium (Cd), 146, 155, 236, 239-242, 265,
289, 304, 331, 436, 437, 443

cadmium ion (Cd?**), 146, 154-156, 234, 239,
241, 242, 263

calcium (Ca), 126, 128, 134, 142, 150, 233,
234, 236, 240-242, 244, 263, 328, 437

calcium ion (Ca?*), 126, 147, 149, 150, 159,
233, 234, 236, 239-242, 263, 438

calibration, 19, 47, 48, 51, 52, 61, 70, 72, 73,
138, 141, 159, 160, 240, 252, 253, 256—
259, 297, 303, 348, 377, 380, 388, 391,
400, 420, 425, 427, 430, 431, 454, 495

calibration plot, 159

capacitance, 107, 173, 178, 180, 185, 193, 198—
200, 202, 203, 213, 221, 223, 265, 266

carbamate, 449, 489

carbon dioxide (CQO,), 13, 17, 23, 25, 26, 28,
29, 46, 59, 60, 64, 68, 70, 75, 91, 95, 109,
113,114, 116, 152, 172, 238, 252, 259,
306, 324, 325, 329, 330, 337, 339, 340,
341, 345, 346, 352, 360, 378, 386, 425,
428, 433, 438, 441, 453, 454, 487, 489

carbon monoxide (CQO), 2, 4, 9, 10, 11, 13,
14, 17, 23, 26, 27, 4548, 50-52, 60, 64,

74-77,91-93, 95, 96, 101, 103-105, 107,
108, 113, 114, 152, 251, 324, 325, 329,
330, 339, 378, 428, 443, 477, 488
carrier accumulation, 182, 184, 185
carrier depletion, 182, 184
carrier inversion, 182, 184
cartalysis, 14, 291
catalytic activity, 103
catalyzed SE/gas reactions, 113
cationic surfactant sensor, 240
cavity ring-down (CRD) spectroscopy, 372, 377
Cd. See cadmium
Cd?*. See cadmium ion
cesium (Cs), 148, 149, 266
channel aspect ratio, 213, 215
charge, 3, 5-7, 9-11, 18, 22, 24, 34, 68, 92,
95, 127, 129, 135, 140, 149, 179, 181,
184, 186, 187, 189, 191-194, 196-198,
200-202, 212, 225, 233-235, 248, 267,
346, 349
chemical oxygen demand, 488, 489
chemical potential, 3, 35, 95, 194, 268
chemiluminescence, 319, 316, 321, 347, 348,
360, 362, 421423, 437, 448, 477, 478,
481, 482, 484494
chemical sensing, 477
chemiluminescence sensing, 477-502
application for water pollutants control, 485
chemical oxygen demand, 488
estrogens, 493
fungoids, 494
hydrogen peroxide, 488
metals, 486
nitrogen compounds, 491
aliphatic amines and polyamines, 492
nitrites and nitrates, 491
nitroamines, 493
pesticides and herbicides, 489
2,4-D, 490
carbamate insecticides, 489
DDT, 490
phenols, 491
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chemiluminescence reagents, 481
acridinium derivatives, 483
luminol, isoluminol, and analogs, 481
peroxyoxalate chemiluminescence, 484
fundamentals, 478
CL analysis, 478
methodology of chemical analysis, 484
outlook, 494495
chemiluminescence sensor, 484—486, 491
chloride ion (Cl-), 53, 128, 145, 153, 154, 172,
192, 193, 234, 244, 321, 322, 347, 348,
358, 422, 477481, 484495
chloride ISFET, 244
chromium ion (Cr®*), 241
Cl-. See chloride ion
CMOS technology, 229
readour circuits, 229
CN-. See cyanide ion
Co. See cobalt
CO. See carbon monoxide
CO,. See catbon dioxide
cobalt (Co), 2, 4,9, 10, 13, 14, 17, 23, 26,
4548, 50-52, 60, 64, 74-77,91-93, 95,
96, 101, 103-105, 107, 108, 113, 114, 152,
251, 324, 325, 329, 330, 339, 378, 410,
428, 443, 445, 477, 488
conductance, 7, 9, 38, 63, 173, 177, 185, 186,
215, 266
conductive polymer, 9, 11, 30, 407
conductivity, 1, 7-12, 22, 24, 28, 29, 33-39,
61-64, 71,127, 132, 179, 208, 306, 407
conductometric gas sensor, 7, 8, 22
conductometric sensor, 7, 15, 22, 127
conductometry, 7, 24, 38, 306
control, 14, 19, 23, 55, 59, 63, 70, 71, 76, 105,
116, 117,177, 208, 224, 231, 263, 264,
276, 277, 283, 285, 297, 304, 338, 342,
346, 347, 381, 399, 433, 434,477, 478,
485, 486
copper (Cu), 42, 43, 69, 146, 153, 154, 241—
243,331, 348, 409, 411, 412, 437, 442
coulometry, 6, 287, 288

Cr®*. See chromium ion

CRD spectroscopy. See cavity ring-down
spectroscopy

creatinine biosensor, 248

cross-sensitivity, 52, 74, 100, 101, 416, 425, 434

Cs. See cesium

Cu. See copper

Cu?. See cupric ion

cupric ion (Cu®), 139, 146, 153, 154, 159, 236,
241,242, 263, 437, 438, 486, 487

cyanide ion (CN-), 127, 145, 155, 244, 410, 492

DDT, 490

detection limit, 22, 29, 40, 45, 68, 69, 127, 134,
153, 157, 158, 237, 240-245, 247-251,
290, 295, 298, 338, 339, 352, 377, 422,
436, 439, 442, 444, 449, 478, 486-490, 493

DIAL. See differential absorption LIDAR

diamond-like carbon (DLC), 208, 209, 266

different electrode equilibria, 92, 94, 118

differential absorption LIDAR (DIAL), 340-342

differential double-layer capacitance, 198, 199,
265

diffuse layer, 193, 198, 202, 204

diffuse-layer capacitance, 198

diffuse-layer model, 192

direct potentiometry, 141

DLC. See diamond-like carbon

DNA sensor, 248, 299, 448, 452

dopamine sensor, 248

double-layer model, 191, 193, 200

drift, 48, 51, 57, 61, 143, 159, 172,173, 177,
204-207, 222, 255, 264, 265, 338, 344,
394, 402

rate, 205
dual-gun magnetron sputtering, 208, 211

ED. See electrochemical detection
EGFET. See extended-gate FET
readout circuit, 228
electrochemical detection (ED), 2, 29, 282, 283,
285, 290, 294, 295, 297, 299-302, 306
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electrochemical gas sensor, 1,2, 7,9, 15, 16, 23,
25, 27-31, 33-35, 42, 44, 49, 62, 67,71,
72,74-77,91,92

analytical characteristics, 44, 45
precision and accuracy, 47
selectivity, 46
sensitivity (lower detection limit), 45
stabilicy, 48
designs and materials, 23
electrodes, 38
auxiliary electrode, 41
fabrication of electrodes, 43
materials for electrodes, 41
sensing electrodes, 38
characteristics for sensors with liquid
electrolytes, 39
electrolytes, 24
jonic liquids for electrochemical gas
sensors, 28
liquid electrolytes, 24
nonaqueous electrolytes, 27
polymer electrolytes, 33
solid electrolytes, 35
two-dimensional gas sensors with ionic
liquids, 31
membranes, 38
examples, 49
H, sensors with liquid electrolytes, 49
H, sensors fabricated using polymer
electrolytes, 53
characteristics, 53
methods to improve H, sensor
performance, 59
high-temperature H, sensors, 62
fundamentals, 15
amperometric gas sensors, 15
conductometric gas sensors, 22
potentiometric gas sensors, 19
market, 74, 75
MEMS and nanotechnology in fabrication,
67-70
electrochemical potential, 3, 43, 44, 95, 194, 268

electrochemical sensing, 2, 275, 282, 285, 286
microfluidic platforms, 282
designs and applications, 282
detection alternatives, 282
electrochemical detection (ED), 282
electrochemical sensor, 2, 3, 7, 14, 17, 23-25,
31, 33-35, 40, 42-47, 53, 55, 67-72,
74-77, 125, 171, 235, 283, 285, 290, 312,
372, 485
advantages, 76
applications, 70, 71, 76, 77
shortcomings, 76
electrochemistry, 2, 3, 29, 30, 42,77, 118
electrochemistry for gas sensors, 2
fundamentals, 2
conductivity/resistance and conductometry, 7
current, charge, and amperometry, 5
coulometry, 6
galvanometry, 6
voltammetry, 5
potential and potentiometry, 3
electrode, 2-8, 12-25, 27, 29-33, 35, 38-51,
53-56, 58, 60-62, 65-70, 76, 77, 91, 92,
94-97,99, 101-110, 114, 118, 126-131,
133-139, 141-160, 171-173, 175, 177,
179, 184, 200, 204, 207, 208, 221, 224—
226, 228, 229, 231, 234, 235, 241, 249,
252-258, 260-262, 264-267, 281-292,
294, 295, 297-306, 370, 371, 382, 398, 452
fabrication, 43, 44
glass, 128, 131, 144, 145, 152, 153, 155
heterogeneous solid-state, 131, 146
homogeneous solid-state, 131, 145
internal reference, 160
liquid membrane, 128, 131, 150, 152, 153,
155, 156, 158
materials of choice, 41-43
potential, 137
Procedure I, 137
Procedure 11, 137, 138
preconditioning, 141
reference, 94, 95, 97

O



INDEX o 507

selectivity, 136
sensing, 91, 109, 118
solid-state, 131, 150, 153, 158
electrolyte, 2, 3, 5, 6, 8-15, 17-20, 22-25,
27-31, 3349, 51, 53, 55, 56, 58, 61, 62,
64, 67-69, 71-73, 76,77, 91, 95, 108,
114-116, 128, 132, 135, 155, 160, 175,
177,191, 193, 198, 200, 203, 204, 208,
224, 234, 239, 252, 253, 255, 266, 305, 453
aqueous, 17, 24, 25, 27, 38, 39,62, 71,72
nonaqueous, 24, 27, 28
polymer, 2, 9, 24, 27, 33-35, 40, 43, 53, 55,
61
solid, 11, 13, 24, 27, 28, 33-37, 43, 62, 64,
68, 69, 71
cllipsometry, 355
EME 35, 57, 64-67, 95-97, 99-102, 112-114,
116, 135, 160, 236
ENFET. See enzyme FET
enhancement-mode FET, 179
environmental monitoring, 68, 118, 263, 302,
312, 382, 433, 434, 486, 488
enzyme FET (ENFET), 173, 249, 250, 266
evanescent spectroscopic sensor, 365, 368
extended-gate FET (EGFET), 175, 176, 180,
205, 210, 211, 228, 246, 265, 266
extrinsic type of fiber optic chemical sensor, 364
Fe?*. See iron ion
Fermi level, 97, 181, 184, 186, 266
FET. See field-effect transistor
FET-based sensor, 127
fiber Bragg grating, 366, 377, 416
fiber optic chemical sensors, 311476
absorption-based, 360
advantages, 380, 381
cavity ring-down (CRD) spectroscopy, 377
chemiluminescence-based, 347, 361
cladding-based, 363
classification, 360
disadvantages, 380
evanescent spectroscopic, 365, 368, 369
extrinsic type, 364

fiber Bragg grating, 366, 367, 377, 378, 416
fluorescence-based, 343, 360
hollow-core fiber-based, 378
hybrid intrinsic, 380
intrinsic, 364
microbent, 372
optical fiber, 356
optode, 370
photonic bandgap fiber, 379
refractometric, 362
surface plasmon resonance (SPR), 349, 374
surface-enhanced Raman scattering, 353, 372,
373
field-effect transistor (FET), 29, 126, 127, 171,
173, 175-180, 229, 231, 239, 240, 242,
247,250, 255, 266, 267, 285, 479
FIM. See fixed interference method
fixed interference method (FIM), 138, 236, 241
flac-band voltage, 181, 186, 187, 267
fluorescence, 314-316, 319, 321, 343-348,
352, 353, 360-362, 369, 370, 380, 382,
386, 387, 410, 411, 421-423, 425, 430,
434, 435, 441, 444, 448, 449, 451, 455,
477-479, 481, 484, 492
fluorescence optical chemical sensor, 360
fluoride (F-) ISFET, 244
front-side connected ISFET, 174
fuel-cell electrode technology, 39

galvanometry, 6
gas, 1-4, 6-20, 2242, 44-58, 60-62, 64,
67-77,91-98, 100-114, 116-118, 125,
171-173, 180, 206, 208, 209, 217, 235,
251, 252, 264, 288, 297, 298, 306, 319,
325-330, 333-342, 344, 346-348, 353,
364-367, 369, 377-381, 401, 410, 413,
426, 427, 429431, 433, 439445, 453,
480, 486, 491
oxidation, 9, 13
reduction, 9, 13
gas concentration, 29, 47, 54, 102, 110, 334,
336, 381
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gas diffusion electrode (GDE), 26, 27, 39-42,
44, 47, 48, 58. See also fuel-cell electrode
technology

gas/electrode interactions, 12

gas-phase decomposition, 98, 109

gas sensor, 1-4, 7-10, 13-20, 22, 23, 25, 27-42,
44-49, 53, 55, 60-62, 64, 67-72, 74-77,
91-94, 96-98, 100-102, 104, 105, 108-
112,116-118, 173, 208, 251, 252, 326,
380, 431, 439

hydrogen, 11, 12, 18, 19, 22, 28, 30, 32,
36, 38, 41, 45, 47, 49, 50, 51, 53-56,
58-60, 6264, 68, 76

two-dimensional, 8, 31, 32

gas sensor application, 71

parameters, 71

calibration, 72

humidity, 72

pressure, 72

sensor failure mechanisms, 73
blocking mechanisms, 73
poisoning mechanisms, 73

sensor life, 74

temperature, 71

gate dielectric, 173, 177, 180, 191, 192, 205,
208, 210, 212, 215, 221, 254

Gauss’s law, 181

GDE. See gas diffusion electrode

glass electrode, 128, 131, 144, 145, 207, 234,
260-262, 265

glucose biosensor, 249, 448

glutamate biosensor, 249

gold (Au), 8, 14, 25-27, 29, 31-33, 42, 43, 46,
47, 62, 64, 67, 68-70, 91, 93, 101-103,
156, 221-223, 255, 286-292, 298-300,
303, 304, 349, 351, 407, 408, 411, 412,
432,437, 440, 441, 443

Gouy-Chapman-Stern model, 173, 193, 198, 202

gradual channel approximation, 189

H,. See hydrogen
H, gas sensor, 36, 252

H, sensor. See hydrogen sensor

H,0,. See hydrogen peroxide

H,PO;-. See phosphate ion

hazardous pollutants, 101

Helmbholez layer, 193, 198, 203, 204, 268

Helmholtz plane, 192, 193, 266

herbicide, 156, 489, 490

herbicide 2,4-D, 490

heterogeneous solid-state electrode, 131, 146

Hg. See mercury

Hg?*. See mercuric ion

high-temperature H, sensor, 62, 66

advantages, 62

hollow-core fiber, 378

homogeneous solid-state electrode, 131, 145

hot embossing, 280, 287, 288

HSPICE, 204

humidity, 32, 34, 43, 61, 62, 68, 72-74, 101, 108,
117, 363, 367, 426, 427, 431, 433, 443445

hydrocarbon, 34, 69, 70, 330, 373

hydrogen (H,), 9-11, 12, 17-23, 25, 26, 28-30,
32, 34-36, 38, 40-43, 45, 47, 49-68, 72,
74-77,91, 95, 104, 105, 133, 145, 151,
172, 194, 195, 201, 204, 206, 234, 236,
237, 242,252,267, 288, 291, 294, 297,
298, 332, 351, 389, 417, 440, 441, 443,
446448, 481, 483, 484, 488, 490, 492

hydrogen bonding, 11, 30, 417

hydrogen peroxide (H,0,), 249, 286-288, 291,
294, 297, 298, 339, 446448, 450, 477,
481, 483, 484, 487-490, 492, 493

hydrogen sensor, 19, 22, 36, 38, 49, 51, 53, 56,
58,59, 62, 63, 68,76, 252

immobilization, 173, 237, 244, 247, 248, 286~
288, 382,416-418, 420, 442, 484, 490

immunosensor, 290, 291, 306, 449, 451, 490

impedance-based gas sensor, 105, 118

impedance-based sensor, 108

impurities, 34, 45, 92, 134, 216, 217, 233, 255,
383, 414

incremental methods, 141
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industrial applications, 71, 91, 92, 95, 101, 112
infrared (IR), 324-329, 331, 338, 340, 352-354,
373, 407, 413, 414, 430, 432
spectroscopy, 324, 325, 328, 352, 430, 432
injection molding, 280, 281
insecticide, 264, 489, 490
integrated optical sensor (10S), 324, 393-395,
399, 400
intercrystalline barrier, 92
interference, 31, 46, 75, 103, 125-127, 129, 137—-
139, 142, 145, 149, 151-154, 157, 159,
160, 172, 235, 236, 241, 242, 314, 319,
325, 345, 354, 362, 366, 372, 391, 392,
401, 414, 415, 423, 431, 437, 442, 486, 491
interfering ion, 130, 136-140, 142-144, 150,
160, 235-237, 241, 242, 266
internal reference electrode, 136, 160
internal solution, 136, 160
intrinsic buffer capacity, 198, 267
ion exchange, 128, 133, 140, 236, 383, 395, 436
jon-exchange membrane, 40, 135, 157, 436
potential, 135
ionic liquid, 14, 24, 28-32, 39, 76, 441
electrochemical gas sensors, 28
two-dimensional gas sensors, 31
ion implantation, 60, 206, 231, 244, 383, 395
ionophore, 128-135, 146-158, 160, 207, 233,
236, 238-241, 243-246, 411, 435
ion-selective electrode (ISE), 22, 126-131,
134-1306, 141-144, 146, 148, 154, 159,
160, 172, 207, 231, 241, 266
ion-selective membrane, 128, 130, 134, 180,
231, 233, 239, 246
ion-sensitive field-effect transistor (ISFET),
171-175, 177—-181, 188, 189, 191, 200,
203-208, 210, 212-231, 233-266, 285
IOS. See integrated optical sensor
IR. See infrared
iron ion (Fe3*) biosensor, 152, 159, 241, 242, 487
ISE. See ion-selective electrode
classification, 130, 131
design, 128-130

analyte recognition, 129
membrane composition, 129
sensing elements/ionophores, 128—129
transducers/detecting system, 129
direct potentiometry, 141
experimental aspects, 141
precautions, 144
sources of error, 142
diffusion, 143
interferences, 142
pH, 144
potential drift, 143
sample ionic strength, 143
temperature, 143
incremental methods used, 141
literature, 144
alkali metal ions, electrodes, 146
Cs*-selective electrodes, 148
K+-selective electrodes, 147
Li*-selective electrodes, 146
Na+-selective electrodes, 147
Rb*-selective electrodes, 148
alkaline earth metals, electrodes, 149
Ba?*-selective electrodes, 151
Be?*-selective electrodes, 149
Ca?*-selective electrodes, 150
Mg?*-selective electrodes, 149
Sr2*-selective electrodes, 150
glass electrodes, 144
heavy metals, electrodes, 151
Ag*-selective electrodes, 154
Bi3+-selective electrodes, 158
Cd2-selective electrodes, 155
Co?*-selective electrodes, 152
Cu?*-selective electrodes, 153
Hg?*-selective electrodes, 156
Ni?**-selective electrodes, 152
Pb?-selective electrodes, 157
UQ,**-selective electrodes, 158
Zn?*-selective electrodes, 154
heterogeneous solid-state electrodes, 146
homogeneous solid-state electrodes, 145
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ISE (continued)
maintenance and storage, 142
potentiometric titrations, 142
utility, 135
ISFET, 171-274
adverse storage environment effects, 259
applications and market, 263264
biasing, 225
biotechnological process monitoring, 264
buffer solutions, 256-259, 261
pH changes in ambient atmosphere, 259
chloride ion (Cl-), 234
circuit models, 203
creatinine, 248, 265
design, 173, 175, 179, 204, 210, 212, 213,
215,222, 224, 229, 235, 242, 248, 266
parameters and procedure, 210
specifications, 213
deviation rate, 258
encapsulation materials, 222
fabrication process, 213215
CHIP fabrication, 215
fluoride (F), 244
fluoride-ion, 234
glucose, 172, 179, 249, 263, 264
glutamate, 249, 251, 264, 267
lactate, 172, 250
light effects/sensitivity, 254
measurements by the same or different
ISFETs, 260
malfunctions, 172, 262, 264
identification, 262
penicillin, 250, 264, 267
pH sensitivity, 191, 200
readout circuit and instrumentation, 225
storage in air, 257
storage-time effects, 256
triglyceride, 250
trypsin, 250, 251
urea, 172, 251
use in soil analysis, evaluation, and agriculture,
264

ISEET. See ion-sensitive field-effect transistor
ISFET-based biosensor, 173, 204, 237, 263
ISFET-based sensor, 203, 239, 244, 246
ISFET-REFET combinations, 255
isoluminol, 481

K. See potassium
K. See potassium ion

lactate biosensor, 250

Langmuir-Blodgett film, 417

LAPS. See light-addressable potentiometric sensor

laser micromachining, 281

layer-by-layer nano self-assembly ISFET, 177

LDL. See lower detection limit

lead (Pb), 9, 31, 33, 68, 97, 110, 114, 116, 130,
143, 144, 146, 157, 158, 209, 210, 236, 241,
289, 294, 304, 331, 341, 405, 408, 430, 436

lead ion (Pb?*), 146, 154, 157, 158, 234, 241,
242, 263, 408

leakage current, 207, 212, 254

Li. See lithium

LIDAR, 340-342

light-addressable potentiometric sensor (LAPS),
177, 178, 266

limit of detection, 19, 25-27, 59, 158, 160, 241,
246, 353, 437, 439, 448

linear range, 129, 154, 160, 200, 240-242, 245,
249, 401, 489

lipophilic additive, 131, 134, 233

liquid electrolyte, 19, 22, 24, 27-29, 33-35, 39,
49, 67,71

liquid environment, 125, 126, 128, 130

liquid junction potential, 143, 160

liquid membrane electrode, 128, 131, 150, 152,
153, 155, 156, 158

lichium (Li), 2, 13, 15-17, 27, 28, 39, 45, 46,
53, 60, 68, 70, 92, 96, 126, 145-148, 210,
211, 236, 331, 383, 389, 398, 423, 424,
487489, 491

long-term stability, 55, 66, 92, 96, 101, 110,
118, 175, 245, 246, 282, 432
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lower detection limit (LDL), 22, 29, 45, 69, 240,

290, 298
sensitivity, 45

low-pressure chemical vapor deposition
(LPCVD), 177, 208, 209, 217, 221, 266

LPCVD. See low-pressure chemical vapor
deposition

luminol, 316, 347, 348, 448, 450, 477, 478,
481483, 486, 488—494

macroporous silicon, 175, 180

magnesium (Mg), 36, 40, 41, 49, 50, 147, 150,
155, 239, 240, 243-246, 249, 251, 331,
441,487, 491

match potential method, 140

matrix, 34, 41, 42, 92, 98-100, 110, 128, 129,
131-134, 142, 146, 148, 151, 154, 155,
157, 158, 233, 238, 244-246, 275, 343,
361, 405,416, 417, 419, 420, 425, 428,
437, 439, 441, 443, 444, 447, 448, 450, 493

membrane FET (MEMFET), 243, 266

membrane potential, 129, 135, 136, 233-235

membrane selectivity, 134, 235

MEMFET. See membrane FET

MEMS. See microelectromechanical systems

mercuric ion (Hg?), 146, 151, 153, 154, 156,
157, 242, 243, 263, 437

mercury (Hg), 6, 145, 156, 157, 243, 252, 304,
338, 340, 411, 422, 431, 436, 437, 492

metal-oxide semiconductor field-effect transistor
(MOSEFET), 171-173, 175, 180, 181, 189,
191, 203, 204, 206, 210, 215, 228-231,
253, 254, 266

methodology, 38, 135, 141, 173, 210, 212, 484

Mg. See magnesium

microbent chemical sensor, 372

microelectromechanical systems (MEMS), 67,
76,77, 109, 116, 221, 266, 400, 423

microelectrode, 30, 68, 146, 153, 263, 294, 297,
301, 302, 305

microfabrication, 67, 76, 173, 278-281,
283-285, 299, 306, 307, 324, 394

microfluidic device, 285, 290-292, 294, 295,
297, 298, 300, 303, 307, 401, 420422
aptamer-based sensor, 302
chemical sensor, 303
conductometric sensor, 306
configurations, 283
DNA sensor, 299
electrochemical detection (ED), 282
electrochemical sensor, 283
enzyme biosensor, 297
future trends, 306
immunosensor, 290
potentiometric sensor, 305
strengths, 306
voltammetric sensor, 290
weaknesses, 306
microfluidic platforms, 275-310
casting, 280, 281, 286
fabrication, 277, 280, 283, 285, 306
hot embossing, 280, 287, 288
injection molding, 280, 281
laser micromachining, 281
microfabrication, 278, 280, 281, 283, 2853,
299, 306, 307
molding, 280, 281, 286-289
polymer machining, 281
microfluidics, 276, 285, 294, 306, 307, 312, 389
micro total analysis system (u-TAS), 275, 285
mixed-potential gas sensor, 98
mixed-potential sensor, 64, 99, 101, 118
mixed-solution method (MSM), 136-138
molecular recognition element, 312, 313,
319-321, 362, 370, 403, 408—411, 416,
417, 437
MOSFET. See metal-oxide semiconductor field-
effect transistor
MOSEFET operation, fundamentals
channel conductance, 185
concept, 180
depletion- and enhancement-mode
MOSFETs, 188
flat-band and threshold voltages, 186
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MOSEFET operation, fundamentals (continued)
MOS capacitor, 173, 181-183, 185, 186
applied gate voltage, 181
capacitance, 185
zero gate voltage, 181
MOS transistor, 189, 206
static characteristics, 189
cutoff region, 191
linear region, 189
saturation region, 190
technology, 180
MSM. See mixed-solution method

Na. See sodium

Na. See sodium ion

nanoparticle thin film, 177

nanostructured oxide, 91, 109, 110

nanotechnology, 67, 76, 77, 110, 307, 455

near-infrared (NIR), 313, 319, 322, 324, 325,
327, 328, 330, 338, 346, 352, 353, 365,
430, 441, 454

spectroscopy, 324, 325, 328

negative ion, 244

Nernst equation, 20, 21, 35, 58, 95, 102, 135,
140, 160, 235, 306

Nernstian behavior, 22, 92

Nernstian response, 128, 135, 145, 148, 152,
153, 157, 158, 160, 180, 210, 234, 240-242

NH,. See ammonia

NH,*. See ammonium ion

Ni. See nickel

nickel (Ni), 42, 43, 56, 71, 152, 153, 181, 184,
186, 213, 266, 410, 445

Nicolsky equation, 136, 138, 140

limitations, 139

NIR. See near-infrared

nitrate, 126, 144, 245, 263, 264, 267, 289, 305,
329, 491, 492

nitrate ion (NO;"), 30, 172, 236, 245

nitrate (NO5") sensor, 245

nitrite, 305, 409, 491, 492

nitroamine, 493

NO;". See nitrate ion

noble metal, 42, 53, 54, 92, 99, 109, 221

nonaqueous electrolyte, 24, 27, 28

Non-Nernstian behavior, 58, 96, 97

NO,, 9, 91-93, 96, 97, 99, 101, 102, 104-110,
116, 117, 441

O,. See oxygen
optical chemical sensor
absorption, 313
application, 433
anion sensing, 438
biomedical sensors, 452
gas sensing, 439
humidity sensing, 443
metal-ion sensing, 435
molecular sensors, 447
optical biosensors, 447
pH sensors, 434
vapor sensors, 445
chemiluminescence, 315
configuration, 321
fabrication, 400
fiber gratings, 415
fiber preparation, 414
fiber selection, 412
immobilization, 416
adsorption, 417
covalent bonding, 418
electrostatic attraction, 418
entrapment in polymeric structures, 419
interaction of reagent and support
matrix, 419
Langmuir-Blodgett film, 417
optode in solution, 420
sol-gel procedure, 419
light source, 318, 319, 321, 322, 326, 332,
334, 338-340, 344, 348, 352, 355,
362, 364, 370, 373, 377, 384, 385,
387, 391-393, 399, 401, 404, 422, 425
optical components, 318, 320, 321, 328,
355, 394, 404, 406, 422, 423, 433, 438



INDEX « 513

photoreceiver, 396, 430
sensing materials, 407
colorimetric, 408
luminescent, 410
surface plasmon resonance (SPR) probe
design, 411
uncontrolled intensity modulation, 406
fluorescence, 314
instrumentation, 318
molecular recognition element, 320
optical transduction principles, 312
reflection, 317
refraction, 317
scattering of radiation, 316
optical chemical sensor, integrated (I0S}, 393
fabrication, 394-396, 399, 400
integrated optics (10}, 393-396, 398—400
materials, 394, 395, 400
optical chemical sensors for flowing systems, 420
optical chemical sensors for portable instruments,
429
optical multiple-chemical sensing, 423
optical planar waveguide chemical sensor
{(PWCS), 382
absorption-based, 387
application, 384, 385, 393, 394, 399, 400
fabrication, 400
fluorescence-based, 386
integrated optical sensor, 393
interferometric, 391
material, 382384, 388, 389, 391, 393-397,
399, 400
refractometric, 388
optode, 360, 365, 370, 371, 382, 387, 388, 404,
416, 419-421, 444
optoelectronic nose, 425
organic anion sensor, 246
organic-based field-effect transistors, 179
O-ring packaging, 223, 264
oxidation, 6, 9, 11-14, 18, 19, 27, 29, 30, 39,
41, 45-47, 56, 58, 59, 66, 93, 96, 102, 109,
127, 142, 204, 208, 211, 215, 250, 265,

266, 281, 286-289, 295, 297, 302, 316,
347,349, 412, 437, 445, 448, 449, 477,
478, 480, 483, 484, 486, 488—490, 493

oxygen (0,), 2,4, 7,9-11, 13, 14, 17-19, 23, 26,
29, 31, 38, 45, 56, 58, 60-62, 64, 68-71,
73-76, 91, 94-105, 108-110, 112-117,
133, 172, 206-209, 217, 249, 252, 255,
281, 325, 329, 339, 343, 346, 348, 386,
405, 410, 419, 423425, 431, 433, 439,
440, 442, 444, 448, 450, 453-455, 481,
483, 488, 489

oxygen probe, 112-116

partial redox, 10, 11
passivation, 208, 215
Pb. See lead
Pb?*. See lead ion
PECVD. See plasma-enhanced chemical vapor
deposition
penicillin biosensor, 250
peroxyoxalate, 316, 478, 484, 489, 491, 492
pH, 126, 144, 145, 149, 154, 156, 157, 160,
171-173, 175, 177-179, 191, 194, 197,
198, 200-211, 225-229, 231, 234, 237,
238, 240, 242-244, 247-253, 255-265,
267,277,311, 324, 345, 360, 386, 387,
407-409, 418, 424, 427, 433435, 437,
441, 445, 446, 449, 450, 453, 454, 492
range, 177, 205, 207, 225, 226, 240, 265
sensitivity, 173, 175, 179, 180, 191, 200, 206,
207,210, 215, 221, 226, 240, 242, 246,
252, 253, 255, 261, 265
sensor, 171-173, 175, 177, 204, 207, 210,
231, 234, 237, 244, 252, 263, 264
fabrication, 171, 175
pH/CO, sensor system, 252
phosphate ion (H,PO,), 246
pH,.., 200, 201, 267
pH-standard buffers, 256
physical sorption, 8, 13
planar technology, 153
planar waveguide chemical sensor (PWCS), 323,
382, 383, 386-388, 391
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plasma-enhanced chemical vapor deposition
(PECVD), 179, 208, 209, 211, 267

plasticizer, 34, 131, 134, 154, 233, 243, 245, 246

plug-type sensor, 92

point of zero charge (pzc), 200, 201, 267

polyamine, 492

polymer, 2,9, 11, 12, 20, 22, 24, 25, 27, 30, 33—
36, 39, 40, 43, 53, 55-57, 60-62, 68, 131,
133, 134, 144, 147, 177, 179, 223, 233,
234, 238, 239, 244, 245, 247, 255, 265,
278, 280, 281, 286, 291, 294, 343, 344,
362, 363, 374, 379, 384, 389, 394, 395,
399, 404, 405, 407, 410, 413, 417420,
423, 425, 427, 434438, 443, 455, 484, 485

conductive, 9, 11, 30

polymer electrolyte, 2, 25, 27, 33-35, 40, 43, 53,
55, 61

polymer machining, 281

polymeric matrix, 129, 133, 244

polymeric membrane, 129, 131, 134, 151, 241

positive ion, 234, 239

potassium (K), 2, 20, 34, 43, 44, 53, 125, 126,
145-150, 157, 158, 171, 184, 209, 213,
227,228, 233, 234, 236, 239, 240-245,
251, 266, 299, 311, 328, 331, 332, 336,
338, 349, 388, 426, 427, 438, 453, 489, 491

potassium ion (K*), 2, 20, 34, 43, 44, 53, 125,
126, 145-150, 171, 184, 209, 213, 227,
228, 234, 236, 239, 241-244, 251, 266,
311, 328, 331, 332, 336, 338, 349, 426,
427,438, 453

potentiometric gas sensor, 3, 4, 19, 20, 22, 61

potentiometric selectivity coefhicient, 136, 235,
241, 242, 266

potentiometric sensor, 15, 19, 21, 22, 35, 57, 68,
76,102, 103, 126-129, 147, 151, 153, 177,
252, 266, 305

potentiometry, 3, 4, 13, 21, 24, 39, 41, 141,
142, 285

direct, 141

precision, 15, 18, 23, 47, 48, 56, 324, 377, 399,

431

principles, 2, 3, 285, 290, 312, 394, 425, 430,
438, 448, 480

probe deterioration, 114

Procedure I, 137

Procedure I, 137

pulsed laser deposition, 153, 207, 209, 239

PWCS. See planar waveguide chemical sensor

pzc. See point of zero charge

radiation, 223, 281, 313-320, 323, 325, 327,
328, 330, 334, 337, 338, 340, 346, 350,
352, 353, 361, 362, 370, 371, 373, 382,
387, 398, 413, 414, 416, 438, 455, 484

Raman scattering, 352, 353, 372, 373, 455

reagents, 74, 142, 277, 303, 305, 311, 312, 320,
328, 347, 362, 364, 370, 382, 408, 410,
417, 419, 420, 423, 437, 441, 447, 448,
477, 478, 480, 481, 484486, 495

recovery time, 100, 101, 108-110, 112

reduction, 6,9, 11-13, 18, 27, 29-32, 39, 43,
45, 46, 55, 56, 58, 62, 68, 92, 96, 101, 102,
127, 254, 286288, 290, 291, 295, 301,
305, 313, 315, 395, 397, 438, 489, 491, 493

reference electrode, 4, 6, 7, 13, 15, 17, 19, 20,
23, 25, 30, 4143, 48, 51, 53, 54, 61,

62, 65, 68, 94, 126, 135, 136, 141, 143,
160, 171-173, 177, 200, 204, 207, 221,
224-226, 229, 231, 234, 252, 253, 255—
258, 264, 265, 267, 290, 294, 297, 298,
301-306, 371

problems, 255

reference FET, 173

reflection, 313, 314, 317, 318, 323, 328, 341,
349, 356, 359-362, 367, 369, 371, 377,
380, 383, 390, 397

refraction, 317, 318, 362, 366, 368, 375, 383

refractometric sensor, 362

region ion-sensitive field-effect transistor
(RISFET), 178,179

reproducibility, 29, 71, 101, 110, 112, 153, 157,
160, 238, 240, 251, 278, 337, 386, 400,
429, 480
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resistance, 7, 9, 22, 38, 106108, 114, 116, 118,
127, 134, 155, 211, 222, 223, 226, 231,
262, 351, 384

response time, 4, 9, 23, 27, 29, 38, 39, 44,
53-55, 59, 67, 68, 102, 148-150, 152-160,
207, 238-242, 246, 247, 250-252, 275,
312, 351, 370, 400, 403405, 407, 420,
431, 441, 443445, 447, 448

RISFET. See region ion-sensitive field-effect
transistor

Ru. See rubidium

rubidium (Ru), 17, 55, 99, 348, 439, 441, 450, 493

selectivity coefficient, 128, 136-140, 142, 143,
145, 160, 173, 235-237, 241, 242, 266
selectivity coeflicient value, 138, 139, 242
semiconductor, 2, 9, 10, 14, 72, 76, 92, 99-104,
109, 118, 155, 171, 178-182, 184, 186,
187, 211, 223, 233, 262, 265-268, 327,
337, 341, 393-395, 399403
sensing: gaseous interactions in, 7
sensing electrode, 8, 12, 13, 15, 18, 20, 23, 25,
35, 38, 39, 41-45, 53, 61, 64, 6668, 91,
109, 118, 179, 298, 305
characteristics for sensors with liquid
electrolytes, 39
sensing mechanism, 14, 101, 102, 118, 393, 495
sensor array, 7, 31, 32, 48, 68, 71, 77, 299, 304,
395, 423, 425, 426, 428, 429
sensor failure mechanisms, 73
sensor for dissolved oxygen, 252, 410
sensor life expectancy, 74
sensor operation, 23-25, 36, 38, 48, 92, 110, 113
fundamentals, 92-98
sensor performance, 37, 53, 55, 58-60, 109,
113, 386, 403, 407
methods to improve, 59-62
sensor technology, 53, 76, 112, 116, 117, 400,
434, 455
separate-solution method (SSM), 136, 140, 150
silicon dioxide (SiO,), 145, 173, 175, 177,
179, 180, 181, 188, 193, 196, 206-210,

212-214, 217, 221-223, 233, 238, 239,
247,249, 251, 267, 268, 357, 383, 394,
396, 440, 443

silicon nitride, 173, 204, 206, 208, 211, 213,
217,219, 221, 222, 267

silicon oxynitrides, 206

silver (Ag), 27, 31, 42, 43, 46, 51, 53, 54, 103,
128, 139, 145,146, 153-157, 177, 207,
221, 224, 234, 243, 249, 252, 255, 263,
264, 289-291, 294, 297-299, 304-306,
331, 338, 349, 351, 353, 354, 373, 374,
383, 408, 411,412, 432, 441, 445

silver ion (Ag®), 27, 42, 43, 46, 51, 53, 54, 103,
139, 145, 146, 153-157, 177, 207, 221,
224,234, 243, 249, 252, 255, 264, 290,
291, 294, 297-299, 304, 306, 331, 408, 412

sintering, 98-100, 109, 110, 117

conditions, 99

SiO,. Seessilicon dioxide

SO,. See sulfur dioxide

SO, See sulfate ion

sodium (Na), 8, 27, 70, 126, 143, 145-148,
150-152, 156, 172, 184, 212, 213, 223,
234-236, 239, 244, 266, 328, 331, 357—
360, 367, 373, 383, 438, 453

sodium ion (Na*), 8, 70, 126, 143, 145—148,
150, 152, 172, 184, 212, 213, 234236,
239, 244, 266, 328, 331, 357-360, 373,
383, 438, 453

sol—gel, 208, 209, 211, 239, 246, 286, 294, 389,
417, 419, 420, 435, 439, 441, 443, 445,
447, 450

solid electrolyte, 11, 13, 24, 33, 35-37, 43, 62,
64, 68, 69,71, 91, 108, 132

solid-state electrode, 131, 145, 146, 150, 153, 221

source follower circuit, 225, 226

SPICE, 203, 204

SPR. See surface plasmon resonance

Sr. See strontium

SSM. See separate-solution method

stability, 19, 23, 28, 29, 32, 34, 36-38, 42, 43,
48, 53-55, 59, 62-64, 66, 67, 69, 76, 77,
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92, 96, 101, 110, 116, 118, 133, 134, 146,
153, 175, 206, 207, 212, 222, 224, 225,
238, 239, 243, 245, 246, 251, 275, 282,
302, 312, 323, 340, 350, 384, 400, 404,
407, 412, 413, 416, 420, 432, 436, 456,
483, 484
long-term, 92, 196, 101, 110, 118

static ISFET model, 203

Stern capacitance, 198, 202, 266

strontium (Sr), 64, 150, 151, 288

successive dilution, 160

sulfate ion (SO,%), 17, 29, 141, 142, 151, 154,
157, 236, 246

sulfur dioxide (SQO,), 2, 14, 17, 23, 26, 28-30,
46, 47, 60, 74, 75, 92, 329, 339, 346, 427,
433, 443

surface charge density, 196, 197

surface chemistry, 95

surface-enhanced Raman scattering, 353, 372,
373

surface plasmon resonance (SPR), 1, 324,
349-352, 372, 374377, 388, 390, 404,
407,411, 412, 427, 432, 440, 443, 445,
449, 451

surface potential, 177, 178, 182, 184, 195, 200,
226, 248, 253, 256, 268

Ta, ;. Ser tantalum pentoxide

Ta,O; gate ISFET—reference electrode assemblies,
256

tantalum pentoxide (Ta,0), 42, 173, 206-209,
222,231, 242, 247, 249, 250, 256, 259,
264, 265, 383, 394, 395

TAS. See total analysis system

tertiary amines, 207

thermal model, 204

threshold voltage, 173, 187, 188, 191, 200,
203-206, 210, 212, 213, 215, 225, 226,
229, 231, 248, 253, 254, 258, 267

titration, 142, 151, 155, 157, 158

potentiometric, 142
total analysis system {TAS), 275, 285

TPB. See triple-phase boundary
trace metals, 486
transconductance, 173, 210, 213, 231, 266
transcutaneous CO, sensor, 252
triglyceride biosensor, 250
triple-phase boundary (TPB), 41, 53, 95-97, 102,
110, 113, 240, 267
trypsin biosensor, 250, 251
two-dimensional gas sensor, 31
types of gaseous interactions in sensing, 7
gas/electrode interactions, 12
biological reaction, 14
catalysis and other gas interactions in
sensing, 14
gas oxidation and reduction, 13
physical sorption, 13
gas/electrolyte interactions, 8
acid-base reaction, 12
gas oxidation and reduction, 9
hydrogen bonding, 11
partial redox, 11
physical sorption, 8

U. See uranium

ultraviolet (UV), 217, 223, 239, 245, 251, 281,
321, 329, 330, 332, 333, 338, 340, 352,
382,389, 403, 412,415, 416, 421, 430—
432,436, 492

uranium (U), 38, 48, 156, 158, 251, 265, 266,
365, 491

urea biosensor, 251

UV. See ultraviolet

voltammetry, 5, 6, 14, 125, 127, 285, 286,
288-290, 292, 304

water pollutants, 477, 485, 486
control, 477, 485

YSZ. See ytria-stabilized zirconia
yttria-stabilized zirconia (YSZ), 36, 37, 62, 64,
65, 67,70, 91-95, 106-110, 112-114, 118
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zinc (Zn), 114, 154, 211, 328, 331, 407, 410, 437 used in heat treatment industry, 113

zirconia, 2, 37, 62, 64, 67, 91, 92, 94-97, 104, three major factors affecting accuracy,
106-110, 112117 113-116
zirconia-based sensor, 92, 95, 96, 98, 100, 102, zirconia sensor, 94, 95, 104, 106, 107, 109, 110,
104-106, 110, 116-118 112,116
markets, 116, 117 industrial applications, 112, 113

zirconia oxygen probe, 113 Zn. See zinc
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