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– disadvantage 178
ordered mesoporous carbon (OMC)

material 357, 359–361, 363, 373
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– fabrication 363
– frameworks 431
– NCC-1 361
– physical/chemical properties 357
– structural parameters 360
– support, SEM images 371
– synthesis 357–360, 363
– via direct self-assembly approach 359, 360
– via nano-casting method 357–359

ordered mesoporous silica (OMS)
materials 357

organic fuel cells 511
– non-acid electrolytes, use 511
organic liquid fuels, characteristics 1
organic solvents 289
– 1,2 dichlorobenzene (DCB) 289
– synthesis 289
– xylene 289
oxophilic promoter metal 116
– bifunctional mechanism 115
oxygen molecules 35, 305, 498
– adsorption 141
– chemisorption 35
– containing species 81, 83, 317
– electrochemical reduction 498
– electroreduction current-potential

curves 305
– stoichiometry(ies) 463, 464
– cell polarization curves 463

oxygen reduction reaction (ORR) 33, 35, 66,
80, 103, 119, 249, 257–259, 261, 262, 269,
272, 276, 284–286, 288, 291, 301, 306,
337–340, 366, 417, 423, 454, 488, 498–506

– activity 100
– alternative cathode catalysts 37
– catalysts 423
– current-potential curves 291
– data analysis 269–272
– electrocatalysis process 33–39, 306
– electrocatalysts 261
– non-noble metal 35–37, 261, 502

– kinetics 258
– parameters 301

– mass activity 153
– methanol effect 504, 505
– nanostructured catalysts 272–296
– synthesis/characterizations 272

– paths 499
– performance 66
– at platinum electrode in DMFC 258–261
– polarization curve(s) 103, 276, 284, 286,

288, 301, 339
– polymer, role 285
– Pt-based catalysts 35–37, 152

– reaction mechanism 258, 259, 337
– Tafel plots 263, 501
– thermodynamics 258

p
palladium 538
– catalysts 502, 538
– chronoamperometric activity 540
– cyclic voltammograms 539
– forward/reverse scans 539

– monthly average price 538
particle size distribution (PSD) 207
particle size effect 81–82, 537
pattern recognition methodology 232
polymer electrolyte fuel cells (PEFCs) 558
– direct hydrazine anion-exchange, durability

test 558
perfluorinated polymers 25
– advantage 25
– types 25
perfluorosulfonic acid (PFSA) 22, 24, 66, 165
– membrane 22, 24
– polymer electrolyte 66
perfluorosulfonic membranes 26, 27, 31
– conductivity/performance 27
periodical activation effect 478, 479
phosphoric acid fuel cells (PAFCs) 33
platinum 34, 36, 80, 82, 89, 227, 229, 272,

277, 367, 538
– anisotropic growth 89
– based electrocatalyst, designing 87
– based electrodes 272–278
– carbon activity 151
– crystal structure 229
– cubic particles, molecular dynamic

simulations 83
– drawbacks 80
– electrocatalytic activity 34
– electrochemical oxygen reduction

reaction 135
– electronic state 277
– in situ XANES/EXAFS experiments 277

– gold nanoparticles, synergistic catalytic
effect 245

– lattice parameter, usage 206
– multipods 90
– morphologies 90
– synthesis 90

– MWCNT 322, 339
– HRTEM/TEM images 322

– nanostructure 125
– four-armed 91
– TEM images 91
– morphological control 125
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– SEM observations 125
– OMC-300 preparation method 371
– modified incipient wetness method
371

– ORR activity 82, 102
– properties 100, 367
– surface, oxide film growth 478
– XRD patterns 36
platinum alloys 238, 242
– activity evaluation 242–246
– Pt-based binary catalysts 243–246
– ternary Pt-Ru-based catalysts 246–248

– Au alloy 535
– anode catalysts 543
– cell voltage 543
– current vs. potential plot 536
– methanol oxidation 535

– Pd alloys 534
– formic acid electro-oxidation 534

– preparation methods 238–242
– supported catalysts 240–242
– unsupported catalysts 238–240
platinum-based catalysts 36, 44, 154, 166,

183, 240, 243–246, 272–278, 291, 355, 369,
371, 423

– agglomeration effect 154
– colloid methods 240
– EDX/XRD analyses 276
– electrochemical characterization 275–278
– functions 166
– physicochemical characterizations 274
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route 273
– voltammogram(s) 276, 277, 278
platinum nanoparticles 83, 102, 103, 322,

323, 334, 366
– catalytic activity 83
– cyclic voltammetry curves 100
– d orbital vacancies 102
– formation 90
– modification 103
– SEM images 366
– size histogram 322
platinum nanotubes 99–101
– electron diffraction pattern 101
– SEM images 100, 101
– TEM image 101
platinum-ruthenium (PtRu) alloy 128, 419
– CNT clusters 316
– IR measurements 128, 439
– nanoparticles 97, 134
– synthesis 93

platinum–ruthenium (PtRu) catalysts 15–19,
89, 199, 214, 229–233, 248, 250, 345, 368,
370, 419, 420, 423, 425

– bimetallic catalysts 133
– black catalyst 217
– catalytic activity 206, 233, 246, 547
– ethanol electro-oxidation activity 547
– ex-situ Ru leaching amount 214
– high-throughput screening methods 250
– HRTEM/XRD analyses data 241
– KB crystallite size 205, 207, 208
– particle size distribution 208
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– TEM 205

– oxygen-containing species generation 419
– preparation methods 201
– SEM/TEM image 345
– stability 249
– alloying degree, role 249
– in DMFC environment 248–250

– structural/electrochemical properties 231
– structure/activity matrix 232
– structure-activity relationship 420
– thin-film libraries 186
– X-ray photoelectron spectra 17
platinum–ruthenium (PtRu)

nanoparticles 88, 124, 133, 370, 372
– binary alloy 124
– electron diffraction pattern 124
– face centered cubic (fcc) 124

– NMR spectrum 134
– thermal-treatment strategy 131
– XAS characterization 130
platinum–ruthenium (PtRu) nanowire

network 422
poison formation experiments 533
polarization
– behavior 36
– curves 5, 249, 408
– anodic/cathodic 5

poly(arylene ether ketone)s (PAEKs)
copolymers 379, 386

– sulfonated/unsulfonated structure 386
– sulfonation reaction 386, 388
poly(arylene ether)s 385, 397, 400
– pendant sulfonated groups 400, 401
– poly(arylene ether ether ketone)

(PEEK) 385
– poly(arylene ether sulfone) (PES) 379, 385,

386, 401
– structure 389
polybenzimidazole (PBI) membranes 514
poly(diallyldimethylammonium chloride)

(PDDA) 318
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polyethyleneimine (PEI) 513
– CPP membranes, water uptake 513
poly(ethylene oxide) (PEO) 22
polymer 30, 31, 285, 379
– electrolyte DMFC, open circuit voltage 4
– electrolyte materials, Nafion 508
– matrix, polyaniline 263
– membrane 30
– carbon nanotubes 317
– types 379
polymer electrolyte fuel cell technology 227
polymer electrolyte membranes (PEM)s 379,

380–385, 407, 410, 528
– aliphatic polymers, synthesis 380
– fuel cell 116, 249
– performance 403–412
– properties 380, 406, 409
– Pt/Ru-composite 439
– state-of-the-art 380
– sulfonated poly(aryl ether) copolymers

synthesis 385–403
– copolymerization 388–397
– post-sulfonation of polymers 385–388
– strategies 397–402

polynuclear cluster compound 289
– 13C NMR analysis 289
polyol synthesis method 89, 239, 240
poly(phthalazinone ether sulfone ketone)

(PPESK) 386
– structure/sulfonation reaction 387
polyvinyl alcohols (PVA)s 379
– membranes 381
poly(vinylpyrrolidone) (PVP) 317
– stabilizing agent 89
polytetrafluoroethylene (PTFE) 61
– based membranes, chemical

structures 382
pore-forming agent 432
porous carbon plate (PCP) 48
porous carbon spheres, BET analysis 431
porous hollow platinum nanospheres 102
– synthetic routes 102
porous materials 356, 363
– classification 356
– limiting factor, primary particle size 363
porphyrin compounds 282
– based electrodes 287
– ESR signal characteristic 282
– p-p� transition 282
post-deposition annealing treatment 174, 192
potassium ferrocyanide technique 153
potential conductors, see carbon nanotubes

(CNTs)
potential of zero charge (PZC) 319

printed circuit board (PCB) 51, 460, 480
proton-conducting ionomer impregnation 58
proton conductivity 58, 383, 384, 403–405,

421
proton exchange membrane (PEM) 30, 117,

249, 260, 264, 383, 433, 441, 487
– catalysts loading, breathing process 441
– degradation mechanisms 30
– methanol crossover determination

procedures 264
– Nafion 487
– water uptake 383
proton exchange membrane fuel cells

(PEMFCs) 1, 24, 35, 56, 228, 260, 261, 315,
417

– drawback 56, 260
– polarizations curves 261
– types 417
protonic electrolytes 21, 66
– based direct methanol fuel cell 3, 5, 7, 30
Pt-Co bimetallic system 155
– catalysts, carbon activity 151
Pt-Ni bimetallic system 155
– alloy catalysts, voltammograms 297, 298
PtRu/C catalyst 91, 92, 95, 131, 205, 209, 210,

223, 232
– anodic treatment 232
– carbon supported 87
– redox couples, standard electrical

potentials 92
– SAR for 232
– TEM image 205
Pt-Sn system 11, 532
– catalysts 233–235
– activity 234
– formic acid method 234, 532

– cyclic voltammograms 533
– forward/reverse scans 533

pulse electrodeposition method 104
3-pyridin-2yl-(4,5,6) triazolo-(1,5-a) pyridine

(PTP) complex 178

q
quadrupole mass spectrometry (QMS) 184,

185
quasi bifunctional mechanism 492
quasi-2-D models 451. see also direct

methanol fuel cell (DMFC) model

r
radiochemical grafting technique 25, 53
– application 25
rechargeable battery 40
reducing agents, types 87
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resorcinol-formaldehyde (RF) resin 359
reticulated vitreous carbon (RVC) 437
reversible hydrogen electrode (RHE) 5, 269
rotating disk electrode (RDE) 136, 146, 169,

263, 492, 506
– 3-electrode cell 146
– electrolytic solutions, diffusion 147
– equation 146
– experiment 151, 269
– electrochemical set-up 269
– Levich line 151
– LSV 147, 151

– linear sweep polarization curves 506
– mass transport correction 152
– Navier–Stokes equation 146
– Pine instrument setup, schematic

diagram 147
rotating ring-disk electrode (RRDE) 136, 148,

503
– current-potential curve 148
– electrode/solution interface 148
– LSV experiments 153, 269
– electrochemical set-up 269

– roughness factor (RF) 140
– thin-film 154
ruthenium
– based catalysts, ORR performance 502
– chalcogenide-based low temperature

synthesis 290
– flow chart 290

– leaching experiment 213

s
Samsung Advanced Institute of Technology

(SAIT) 46
– DMFC cell development 46
scanning electrochemical microscope

(SECM) 185–187
– electrochemical imaging technique 185
– electrochemical setup 186
– experiments 186
– usage 185
scanning electron microscopy (SEM) 122
scanning mass spectrometer 183–185
– principle 185
scanning QMS system, photograph 185
Scherrer�s equation 123, 275, 334, 366
secondary ionmass spectrometry (SIMS) 122
sedimentation method 440
selected area diffraction (SAD) pattern 344
semiconductor technology 69
semi-interpenetrating network (SIPN)

membranes 382
short-side-chain (SSC) polymer 27

silver catalysts, use 520
single channel cell 421, 476–480
– current-voltage curves 421
single/multiple-channel potentiostat 191
single-walled carbon nanotubes

(SWCNTs) 323, 331, 337, 338
– oxygen/carbon atomic ratios 331
– porosity 338
six-electron transfer reaction 331. see also

methanol oxidation reaction (MOR)
small organic fuels 84
– ethanol/formic acid 84
Sn negative effect, see methanol adsorption/

dehydrogenation
sodium dodecylbenzene sulfonate

(SDBS) 323
soft-templates 96, 357
– amphiphilic block copolymers 357
– surfactants 357
soft-templating approach, see direct self-

assembly approach
sol-gel type procedure 22
– tetraethyl orthosilicate (TEOS) precursor,

use 22
solid polymer electrolytes (SPEs) 289, 487
– fuel cells 62
solid polymer membrane 489
Solvay membranes 59, 267
– methanol permeability 267
– vs. Nafion membranes 267
spherical agglomerates, cross-section

image 204
spherical platinum clusters 104–105
spillover effect 141
spray conversion reaction (SCR) 200
– anode catalyst, performance 212
– cathode catalysts, comparison 220, 221
– electrocatalysts 203, 207
– development platform 203
– structure 207
– types 207

– platform 202
– supported catalysts 206, 209, 213, 217
– high resolution TEM results 206
– PtRu catalyst 206, 209, 213, 217

sputtering technique 44, 438
sputter system, chamber lay out 175
square-shaped cell 480–482
– activation 480–482
– power-current/voltage-current

characteristics 482
stabilizing agents 88
standard hydrogen electrode (SHE) 258
state-of-the-art cathode catalysts 33–39
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state-of-the-art DMFC electrolytes 24–32
– alkaline membranes 29–32
– development aspects 24
– high temperature application

membrane 26–29
– performance/efficiency, crossover

effects 32
– proton conducting membranes 24–26
styrene, radiation-grafting 31
sulfonated aromatic polymers, types 397
sulfonated hydrocarbon polymer

membranes 410
sulfonated monomers 388–397, 400
– aromatic nucleophilic substitution

polycondensation 389
– direct copolymerization 388
– poly(arylene ether ketone)s 391
– poly(arylene ether nitrile)s 396
– poly(arylene ether sulfone)s 390
– structure 390, 392
sulfonated poly(arylene ether nitrile)

copolymers 405
– structures 405
sulfonated poly(ether ether ketone)

(S-PEEK) 23, 53, 267–269
sulfonation reaction 385–388
sulfonic acid-based membranes 25
– water uptake properties 25
sulfosuccinic acid (SSA) 382, 514
surface oxidation process 496
surfactant molecule 94
– protected monodisperse nanoparticles 94
– role 94

t
Tafel slope 151, 152, 155, 259, 260, 271, 501
– extraction 152
– kinetic parameter 151
Tekion Inc. 50
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Temkin adsorption isotherm 7, 259, 500
temperature programmed reduction

(TPR) 135
templates 95
– based synthesis 95–99
– types 95
tetraethylammonium perchlorate (TEAP)

electrolyte 285
tetrahexahedral platinum

nanostructures 106–108
– electrochemical preparation 108
thin film rotating disc electrode (TFRDE)

catalyst characterization methodology
208–210

– advantage 208
thin gold films, electrocatalytic activity 495
through-plane model 451, 453
tip generation-substrate collection

(TG-SC) 186
transition metal 37, 261, 289, 304
– chalcogenide 38
– catalysts/electrodes 289–294
– electrocatalytic activity 304
– metal chalcogenides synthesis 289
– physicochemical characterizations
292–294

– electrode activity/selectivity/stability
282–289
– preparation/characterization 282

– macrocycles 166
– characterization/synthesis 278–289

– phthalocyanines synthesis 279
– porphyrins synthesis 280
– structure 279
– sulfides 38
– tetraazaannulenes synthesis 281
transition region (TR) 469
– hydrogen transport mechanism 469
transmission electron microscopy (TEM)

121, 292
– images 292
– use 292
trifluoromethanesulfonic acid (TFMFSA) 22
two-electrode cells 181
– batteries 181
two-electron pathway 287, 338

u
ultrasonicating, see ball-milling method
ultrasonic spray pyrolysis (USP) 431
uncompressed graphite felt (UGF) 437
underpotential deposition (UPD) 143
– of copper 137
unsupported platinum nanostructures 95
– synthetic methods 95–108

v
Vegard�s law 123
vinylbenzylchloride (VBC) 32
– radiation grafting 32
voltage efficiency, definition 9
Voltalab PGZ-402 potentiostats 269
Vulcan XC-72 carbon 87, 273, 282, 290, 295

w
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system 240
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x
X-ray absorption near-edge structure
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– particle size effect 129
X-ray absorption spectroscopy (XAS) 122,

126–132, 249
X-ray diffraction (XRD) 122, 240, 274,

292–294, 515
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– data 236
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X-ray radiation 132
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