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hydrogenation  78–81
Matrimid® polyimide  166
[M(bpy)2X2]+  238
mbpyOH‐[IrIII]‐UiO  159, 160
mbpyOH‐UiO  159
mbpy‐UiO  159
[M(Cp*)(bpy)Cl]+  238
[MCl3(NO)(PNP)] complexes  83

MCM‐41‐supported catalyst  151
MeCN/H2O  238, 240, 242, 

252–253, 255–256
MeOH dehydrogenation  277–278,  

280–281
metal carbonyl clusters  93, 246, 254
metal catalyzed CO2 hydrogenation to 

formic acid/formate  118
metallic Ru nanoparticles  181
metal‐ligand cooperations 

(MLCs)  41–42, 64–65, 81–83, 
113, 126, 133, 137, 139, 141, 249

metal nanoparticles
based catalysts  179–180
stabilised by ionic liquids  182–183
stabilized by reverse 

micelles  183–184
supported on Al2O3  189–191
supported on carbon‐based 

materials  184–185
supported on nitrogen‐doped 

carbon  185–189
supported on surface functionalized 

materials  194–198
supported on titanium dioxide 

(TiO2)  191–194
without stabilizers  181–182

metal‐sulfur clusters  246
meta‐trisulfonated‐tris[2‐

(diphenylphosphino)
ethyl]phosphine sodium salt 
(PP3TS)  268

methanation  5–6, 93, 232
methanesulfonic acid (MSA)  97–98
methanol  4–5

carbon recycling and  89–91
economy  5, 90

methanol‐to‐gasoline (MTG) process  5
2‐MeTHF/H2O biphasic system  45
methoxy  98, 221, 223
methyl carbamates  94
methyl formates  4, 55, 70, 94, 97, 

223, 280
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methyl isobutyl carbinol (MIBC)  39
2‐methyltetrahydrofuran (2‐

MTHF)  44, 98
Mg10Al2(OH)24](CO3).mH2O  156
cis,trans‐[MH(NO)(CO)(PNP)]  83
MIL‐101(Cr)‐DPPB  159, 161
MIL‐101(Cr)‐NH2  159
MIL‐101(Cr)‐Sal  159
MLx(bpy‐CTF)X]X  164
[Mn(PNP*‐iPr)( η2‐H2)(CO)2]  80
Mn(I)‐bipy type complexes  80
Mn‐bound O‐coordinated formate  80
Mn(I)‐bromodicarbonyl complexes  81
[MnH(PNPH‐iPr)(CO)2]  79
[MnH(PNPMe‐iPr)(CO)2]  79
[MnH(RPNP)(CO)2] complex  81
Mn(I) hydridocarbonyl 

complexes  78–79
Mn(I)‐PNP pincer catalyzed sequential 

one‐pot homogeneous CO2 
hydrogenation  81

trans‐[M(NO)(CO)(PNP)(OCO)]  83
Mn‐Zn‐Fe‐Cu‐K and oxide 

catalysts  230
Mo(CO)6  93
cis,trans‐[M(NO)(CO)(OCHO)

(PNP)]  83
modified Fischer–Tropsch 

catalysts  227, 230–231
modified‐methanol synthesis 

catalysts  227–230
modified molybdenum‐based 

catalysts  232
[MoH4(PPh3)(l‐triphos)]  82
MoH(OCHO)(l‐triphos)  82–83
[MoH(κ4‐PNMeP)(C2H4)2]  84
molecular iridium complexes  159
molybdenum tetrahydride species  82
monoamine ([mammim][TfO])‐ and  

diamine ([DAMI][TfO])‐
functionalized  ILs  153

monoanionic nickel bis‐dithiolene 
complexes  245

morpholine mediated CO2 to methanol 
through formamide  101

[Mo(κ4‐PNMeP)(C2H4)(κ2‐OCHO)]  84
Mo(κ3‐PNMeP)Cl3  84
multidentate ligands  75, 260–261
multiple metal–metal bonds  250–253
mutated [Fe]‐hydrogenase  115

n
nano‐Ni catalyst  181
nanoporous N‐doped carbon  188
nanostructured heterogeneous catalysts 

for CO2 hydrogenation
embedded single‐atom 

catalysts  198–202
supported metal nanoparticle 

catalysts  184–198
unsupported bulk metal 

catalysts  180–181
unsupported metal nanoparticle 

catalysts  181–184
natural bond orbital charge 

analyses  186
N‐heterocycles  244
N‐heterocyclic‐carbene‐functionalized 

CTF (NHC‐CTF)  166
N‐heterocyclic carbene (NHC) 

ligands  13
N‐heterocyclic carbene moiety  161
[Ni2(biscyclam)]4+  244, 245
[Ni(2H‐qpdtx)2)]  246
[Ni(cyclam)]2+  244–245
(cyclam)Ni(II)  244
[Ni(OH)(tBuPCP)]  74
nickel‐catalyzed CO2 

hydrogenation  73–77
nickel complexes  244–246
[NiCl2(dcpe)]  73
[NiCl2(dppe)]  73
[NiFe]‐hydrogenase  114, 133, 136
[NiH(RPCP)]  74
Ni(II) hydride complex [Ni(L2)]

(BF4)2  74
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[Ni(tBuPCP){OC(O)OH}]  74
nitrogen‐doped carbon  185–189
nitrogen‐rich graphitic carbon stabilized 

cobalt nanoparticles  188
N‐methylpyrrolidone (NMP) 

solution  93
N,N‐bidentate picolinamide 

derivative  241
N,N–chelated ligands  13, 122
N,N‐chelated Ru complex cis‐[Ru(6,6’‐

Cl2bpy)2(H2O)2](CF3SO3)2  40
n,n’‐dihydroxy‐2,2’‐bipyridine 

(nDHBP)  26
N,N’‐dimethyl‐3,4‐ethylenediamino, 

bis(dipheyl) 
cyclopentadienone  63

N,N‐dimethyl piperazinium 
linkage  240

N,N‐ligands with NH group  30–32
N5,N10‐methenyl‐

tetrahydromethanopterin  115
(N–N’)RuCl(PMe3)3  38, 122
noble‐metal‐derived catalysts  149
non‐dissociated CO  230
non‐dissociating catalyst  231
non‐innocent pincer ligands  13
non‐noble metal‐based homogeneous 

catalyst system  268
non‐noble metals  128–133
non‐pincer type iron complexes  56–63
non‐pincer type Ni complexes  74
non‐precious metal‐based catalysts  279
non‐renewable sources  89
normal insertion mirrors  248
NP3 (tris(2‐(diphenylphosphino)ethyl)

amine)  75

o
tris(4‐octylphenyl)phosphine  46
o‐(diphenylphosphino)

benzaldehyde  153, 155
OH‐substituted pyridinyl imidazoline 

analogs  32

organic and metal–organic 
nanocapsules  183

organic solvent systems
Fe  268–270
iridium  266–267
ruthenium  260–266

organophosphines  54
[Os(bpy)(CO)H]+  242
outer sphere insertion  248, 250
oxazolidinone/formamides  100
oxazolidinones  97, 100
oxyanionic ligands  168

p
P123  157
PdAg alloy nanoparticles  193, 194
Pd‐containing interfacially cross‐linked 

reverse micelles  183
PdCu/CeO2 catalyst  225
Pd/mpg‐C3N4  188
Pd nanoparticles  183–186, 188, 189, 

225, 231
PdNi alloy nanoparticles  185
Pd/peptide composite  225
Pd sponge catalyst  180
Pd‐supported mesoporous g‐C3N4 

(mpg‐C3N4)  186
Pd@ zeolitic imidazolate framework 

(ZIF‐8) precursor  225
PEI‐based Ir catalysts  162
PEI‐PN/Ir  154, 155
pentaethylenehexamine 

(PEHA)  69, 102
1,10‐phenanthroline  14, 77
phenanthroline‐functionalized porous 

organic polymer (phen‐POP)  172
Phen‐POP‐Ir  172
phenylamine‐functionalized mesoporous 

carbon  197
phenylamine‐grafted PdAg/

SBA‐15‐Amine‐5  197
6,6’‐(phenyl)‐2,2‐terpyridine (TPy)  268
phosgene‐free technology  3
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phosphorous ligands  13, 38–40
picolinamide  33, 34, 241
pincer ligands  13, 35–37, 41–45, 65, 82, 

119, 122, 130, 157, 267, 
270, 278–280

pincer ruthenium complex  265
pincer‐type iron complexes  63–69
pincer‐type Ni complexes  74
pincer‐type PNP ligands  54
platinum group metals (PGMs)  54, 192
P–N‐coordinated Ir catalyst  153
[(P2N2)2Ni]2+ catalysts  249
PNP‐Ir(III) trihydride complex  119
polyamine pentaethylenehexamine 

(PEHA)  102
polyethylenimine (PEI)  104, 106, 107, 

154, 198
poly(acrylic acid) (PAA)‐grafted 

polyethylene (PE) 
membranes  198

polymeric structured graphitic carbon 
nitride (g‐C3N4)  186

polystyrene (PS) support  151
porous, mechanically rigid CTF‐based 

spheres  166
porous organic frameworks (POFs)  163
porous organic polymers (POPs)  161, 

164–165, 167, 171
porous phosphine polymers  169
precious metals  118
primary H/D kinetic isotope effect 

(KIE)  248
12 principles of green chemistry  223
pristine SBA‐15  195
2‐propionate  83
proton coupled electron transfer 

(PCET)  244
proton‐responsive half‐sandwich 

Cp*Ir(III) complexes  125
proton‐switchable iridium 

catalyst  123, 124
proton transfer (PT)  115, 124, 202, 

240, 251

pseudo trigonal bipyramidal 
amido‐complexes  83

p‐tolyl group  99
pyridine‐based PNP pincer ligand  82
pyridine‐based PNP pincer motif  66
pyridinol  13, 26, 27, 139
pyridin‐2‐ol  35
2‐pyridinol’s oxygen  115
pyridinylazolato Ru(II) complexes  122

q
quasihomogeneous systems  181
quaternary ammonium‐based 

surfactants  183

r
random PdAg alloy nanoparticles (PdAg/

TiO2)  193
Raney Ni catalyst  180
cis‐[Re(tBuPNP)(CO)2(OCHO)]  83
cis‐[Re(tBuPNP*)(CO)2]  82
cis‐[Re(tBuPNP–COO)(CO)2]  82
reduced graphene oxide (r‐GO)  184
cis‐[ReH(tBuPNP)(CO)2]  82
renewable feedstocks  53
renewable hydrogen (H2)  211, 259
renewable sources  8, 89, 90
reverse micelles  183–184
reverse water‐gas shift reaction 

(RWGS)  3, 71, 183
Rh4(CO)12  93
Rh‐based catalysts  231
[Rh(diphos)2Cl]  238, 241
Rh(diphoshpine)2 complex  47
Rh complexes  46
rhenium complex [ReBr(H)(NO) 

(PR3)2]  82
rhodium‐hydrotalcite (Rh/HT)  200
RPNMeP‐based catalysts  68
Ru3(CO)12  93
[Ru(bpy)2(CO)2]2+  241–242
[Ru(cod)(methallyl)2]  39
Ru(IV)(OHLDH)3(OH)(H2O)2  156
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[Ru(Me‐allyl)2(COD)]  182
Ru/Al(OH)3  199
Ru/Al2O3  199
Ru‐ and Ir‐based catalysts  150
RuCl2(benzene)2  56
[RuCl2(C6H6)]2  260
RuCl2(PMe3)4  38
RuCl2(PPh3)3  260
[RuCl2(PTA)]2  39
[RuCl2(tppms)2]2  39
RuCl3  161
[RuCl3(NO)(PPh3)2]  39
[Ru(C6Me6)Cl2]2  161
[RuCl(H)(tBuPNHP)(CO)]  69
cis‐RuH2(PH3)4  118
cis‐Ru(H)2(PMe3)3  118
[Ru(Mesbpy)(CO)2Cl2]  243
(N–N’)RuCl(PMe3)3  122
RuCl(OAc)(PMe3)4  38
cis‐[Ru(dppm)2Cl2]  39
RuCl3@MIL‐101(Cr)‐DPPB  159, 161
RuCl3@MIL‐101(Cr)‐R  162
Ru complexes

with N,N‐ and N,O‐ligands  40–41
with phosphorous ligands  38–40
pincer ligands  41–45

[RuCp*Cl2]2  161
Ru dihydride complexes  128
RuH2(PMe3)4  38
[RuH(PhPNHP)(CO)  69
RuHCl(CO)(PPh3)3  157
[Ru(diphosphine)2H2] complexes  128
Ru/LDH  156
Ru‐MACHO‐BH  69
Ru‐Macho‐BH  101–103
Ru/MgO  199
Ru/Mg(OH)2  199
Ru nanoparticles  181
Ru3‐NHC‐MOF  162
Ru@pDPPE  169
Ru‐PNN complex  41
Ru‐PNP catalysts  105
Ru–PNP complex  45

Ru(II)‐PN3P pincer complex  45
Ru–PNP pincer complexes  41
ruthenium  260, 264, 270, 278
ruthenium based pincer complexes  94
ruthenium catalyzed hydrogenation of 

CO2 to formic acid  118
ruthenium formate species  98
ruthenium hydride  98
ruthenium‐hydrotalcite (Ru/HT)  200
ruthenium PNP pincer 

complexes  95–96

s
Sabatier process  5
salicylic aldehyde  159
σ‐bond metathesis mechanism  118
Schiff‐base modified Au 

nanocatalyst  197–198
Schultz–Flory (SF) probability  

law  230
secondary coordination sphere  240
silanes  92
silica‐tethered iminophosphine (P‐N)‐

functionalized hybrid 
material  153

[2,5‐(SiMe3)2‐3,4‐CH3CHSCH2 
(η5‐C4COH)]Fe(CO)2H 
(1Fe‐Casey‐S‐CH3)  139

[2,5‐(SiMe3)2‐3,4‐(CH2)4(η5‐
C4COH)]Fe(CO)2H  137

six‐coordinate Fe(III)‐containing 
[Fe(dophen)L2]+  243

slightly modified triphos ligands  99
small‐sized PdZn alloy particles  225
sol–gel‐derived silica‐supported 

RuCl2[P(CH3)3]4  150
solvent‐assisted H–H bond splitting  80
solvent dependence of hydricty  255
Soxhlet‐type reflux system  159
star polymers  183
strong metal‐support interaction 

(SMSI)  191
substituted triarylphosphines  271
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supported metal nanoparticle 
catalysts  184

surface functionalized materials  194

t
tautomerizable ligands  13
tautomerizable N,N‐ligands

with amide group  33–34
with NH group  30–32
with OH and NH groups  32–33
with OH groups  14–30

TB‐MOP‐Ru  162, 163
terephthalaldehyde (TPAL)  189
terminal hydride insertion pathways  248
terminal hydrides  247–248
2‐tert‐butyl‐1,1,3,3‐tetramethylguanidine 

(TMG)  72
tertiary amine  179
tertiary amine‐based surfactants  183
1,4,8,11‐tetraazacyclotetradecane  244
tetradentate ligands  56, 264
tetraethoxysilane  157
4,4’,6,6’‐tetrahydroxy‐2,2’‐

bipyrimidine  29
tetrakis[3,5‐bis(trifluoromethyl) 

phenyl]borate  250
2,2,6,6‐tetra‐Me‐4‐OH piperidine  180
N,N,N’,N’‐tetramethylethylenediamine 

(TMEDA)  55
4,4’,5,5’‐tetramethyl‐2,2’‐biimidazole  30
tetramethylguanidine (TMG)  44
1,1,3,3‐tetramethylguanidine (TMG)  63
3,4,7,8‐tetramethyl‐1,10‐

phenanthroline  77
2,2,6,6‐tetramethylpiperidine (TMP)  82
tetraphos‐ligated cobalt complex  115
thermochemical considerations in 

catalyst design  253
thiol‐functionalized catalyst  151
titanate nanotubes (TNTs)  155
titanium dioxide (TiO2)  191
trans‐ and cis‐[Fe(MeCN)2(meso‐P4)]

(BF4)2  59

trans‐[RuCl2{P(OMe)3}4]  38
trans‐[(tBu‐PNP)Fe(H)2(CO)]  268
2,4,6‐triaminopyridine  

(TAP)  189
tribenzylphosphine (PBn3)  268
triblock copolymer surfactant  157
tricarbonyliron[η5‐ 

-(1,3‐bis(trimethylsilyl)‐4,5,6,7‐
tetrahydro‐2H‐inden‐2‐one)]  60

tridentate pincer framework  168
1,1,1‐tri(diphenylphosphinomethyl)

ethane (triphos)  70, 75, 77, 260
triflimide (HNTf2)  97–98
trihydrido iridium complex  

[Ir(PNHP)H3]  240, 250
2,8,9‐triisobutyl‐2,5,8,9‐tetraaza‐1‐

phosphabicyclo[3.3.3] 
undecane  47

(3‐aminopropyl)trimethoxysilane  197
trioctylphosphine  46
triphosphinoiron species  57
tripodal ligand‐based, phosphine‐free Ni 

catalysts  74
Troger’s base (TB‐MOP)  162
tunable, multifunctional PEI‐based Ir 

materials  154
turnover frequencies (TOF)  29, 54, 94, 

109, 119, 153, 180. 260
turnover numbers (TON)  26, 54, 94, 

109, 119, 182. 219, 240, 260

u
unsupported bulk metal 

catalysts  180–181
unsupported metal nanoparticle 

catalysts  181–184
unsupported nanoporous nickel 

(NiNPore) material  181
ureas  92, 189

v
Verkade’s base  47, 48, 71, 75, 76, 133
Vulcanol  91
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W(CO)6  93
water‐soluble chelating diphosphine  74
water‐soluble half‐sandwich Cp*Co(III) 

complexes  128
water‐soluble η5‐

pentamethylcyclopentadienyl 
(Cp*) complexes  70

water‐soluble Ir(III) complex  122, 124
water‐soluble iron catalyst  268
water‐soluble phosphine ligands  271

water‐soluble phosphine Ru 
complexes  39

water‐soluble rhodium and iridium 
complexes  128

water‐soluble Ru‐TPPTS  
system  270

wild‐type [Fe]‐hydrogenase  114–115

x
X‐ray absorption near edge spectra 

(XANES)  188
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