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Table S1. Structurally characterized homoleptic homometallic Fe carbonyl clusters (including
hydrides).

Cluster Reference
Fe;(CO)y 1
[Fe,(CO)s]* 2,3,4
[HFey(CO)s] 5
Fe;(CO)y, 6
[Fe3(CO) 1> 7,8
[HFe3(CO) 1] 9
[Fes(CO) 131> 10
[HFey(CO) 3] 11
[HFe4(CO) 2]~ 12
[HyFey(CO)p]* 13
[HFes(CO)14]* 13

Table S2. Structurally characterized oxides and hydroxides of group 8 transition metals.

Cluster Reference
[Fe3(CO)o(u3-0)]* 14
[{Fe3(CO)o(u3-0)}oH]* 15
[Fe;(CO)g(u3-O)(us3-AuPPhs) ]~ 16
[Fe;(CO)y(u3-O-CMes)|~ 17
Fe3(CO)o(u3-O-CMe;)(u-AuPPhs) 17
[Fe3(CO)o(u3-O)(3-AuPPhs)(p-AuPPh;) 18
[FesRh3(CO)po(p3-O)] 18
[FesMn(CO)1,(ps-0)]- 19
[FesRe(CO)1o(ps-0)]- 19
[FeaRuz(CO)p4(pg-O)] 20
FeRu,(CO)g(PPh;),(u-OH), 21
Ru3(CO)g(dpAsm);(p3-O) 22
Ru;(CO)4(dppm)s(u3-0) 23
[Ru3(CO)4(dppm)s(n3-OH)|* 23
Ruy(CO)s(u3-OH),(COEL)4(CF5S05), 24

S2




Ru4(CO);o(pt3-OH)»(CCH-iPr)(p-PPhy) 25
RugClg(CO)1a(p3-OH),(COER), 26
Rug(CO);5(1-OH)s(114-S) 27
054(CO)12(13-0)s 28
0s6(CO)16(p13-0) 29
Os5(CO)16(1-H)(13-O)(CsHsN)(u-n>-NCsHy) 30
Os3(CO)s(NMe;)(u-OH)(n-H)(p3-S) 31
Os3(CO)o(L)(u-OH)(pn-H) 32
055(CO)o(t-OH)(p-H)(113-C>CPhy) 33
055(CO);o(1-OH)(u-NCMe>) 34
05s4(CO);»(1-OH)H; 35
[054(CO)2(u-OH)H,]* 36
0s6(CO)15(1s-0)(u-OH), 37
Os6(CO)15(n-OH)(n-H)(14-S)(13-S) 31

Table S3. Structurally characterized homoleptic homometallic Ru carbonyl clusters (including

hydrides).

Cluster Reference
{Ru(CO)4} 38
[Ruy(CO)s]*~ 3,39
Ru3(CO),;, 40, 41
[Rus(CO) 11> 42
[HRu3(CO)y1 ] 43
[Ruy(CO) 131> 44
[HRu4(CO) 5] 45
H,Ruy(CO)y;5 46
[H,Ruy(CO) 5% 44,47
[H3Ruy(CO) 2] 48
H4Ruy(CO)y2 49
[Rug(CO) 51> 8,50
[HRue(CO);s]” 51
H,Ru6(CO) 5 52

S3




H,Rug(CO)y7 53
[HRu7(CO)y0]~ 54
[HaRug(CO)21 ] 55
[HaRuy(CO)as]* 56
[HRu,(CO)p7 ]+ 56

Table S4. Structurally characterized homoleptic homometallic Os carbonyl clusters (including

hydrides).

Cluster Reference
[0s,(COYs > 39
0s:(CO)1z 57, 58
H,0s3(CO) 1y 58
[HOs3(COY T 59
H,055(CO)1o 60
054(CO)15 61
054(CO) 1 62
[HOs4(CO) 131 63
H,054(CO)13 59
[H,054(CO) o] 64
[H30s84(CO)12]~ 48
H,054CO)1 65
055(CO)1e 66
O55(CO)15 67
055(CO)1e 63
H,055(CO)re 69
[HOss(CO);s] 70
H,0s4(CO)19 71
O56(CO)15 7
[Os6(CO)1s]* 73
[HOse(CO) 5]~ 74
H,056(CO)1s 73, 74
H,087(CO)22 75
Os7(CO)2 76
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H,0s7(CO),; 75
[0s7(CO)0]* 77
H,0s7(CO)10 78
Osg(CO)13 79
[Oss(CO)2]* 79
[HOsg(CO)yo]™ 80
[Os9(CO)oal* 81
[HOso(CO)24] 81
[Os10(CO)6 ] 82
[H40s19(CO)24]* 83
[H50810(CO)a4] 84
Os12(CO)3o 85
[0s17(CO)s36]* 86
[0520(CO)40]* 86

Table S5. Structurally characterized homoleptic homometallic Co carbonyl clusters (including
hydrides).

Cluster Reference
Cox(CO)s 87, 88
[Co3(CO)10]- 89
HCo3(CO)y 90
Co4(CO) 12 91
[Cou(COYT* 92
Cos(CO)16 93
[Cos(CO);5]* 8,93, 94
[HCos(CO);5] 95
[Cos(COal* 93
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Table S6. Structurally characterized homoleptic homometallic Rh carbonyl clusters (including

hydrides).

Cluster Reference
Rhy(CO),, 96
[Rhy(CO)11]* 97
[Rhs(CO)1s]- 99
Rhg(CO)s6 99
[Rh7(CO);6]* 100
[Rho(CO)19]* 101
[Rho(CO) > 102
[Rh;(CO)3]*- 8, 103
[Rhi2(CO)30]* 104
HoRh2(CO)as 105

[Hs 2Rhy3(COYal™ (n = 2-4) 106-109
[Rh4(CO)a6]* 107,110
[H4nRh14(CO)ys]™ (n =3-4) 111-113
[Rh;5(CO)30]* 114
[Rh;5(CO)27]*~ 113,115
[Rhi7(CO)37]* 115
[Rhy7(CO)s30]* 116
[Rhy»(CO)37]* 117
[Hs«Rhop(CO)35]" (n = 4-5) 118
[Rh33(CO)47]> 119

Table S7. Structurally characterized homoleptic homometallic Ir carbonyl clusters (including
hydrides).

Cluster Reference
Iry(CO)1, 120
[HIry(CO)y 1T 121
A COME 122
[HIrs(CO) 21> 123
Irs(CO)16 124
[Irs(CO)s]* 125
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[Irs(CO)a]* 126
[Irs(CO)1s]* 8

[Irg(CO)y0]>~ 127
[HIrg(CO)o]* 128
[Ir1o(CO)a1 I 128
[Ir11(CO)3]* 129
[Ir2(CO)s6]* 130
[Ir12(CO)oal* 131
[Ir14(CO)27]" 132

Table S8. Structurally characterized homoleptic homometallic Ni carbonyl clusters (including

hydrides).

Cluster Reference
[Nis(CO)2]* 133, 134
[Nig(CO)i2 135
[Nig(CO);5]* 136
[Nig(CO)16]* 137
[Nij2(CO)21]* 138
[HNi;»(CO), 1> 139
[HyNi;(CO), > 139

Table S9. Structurally characterized high nuclearity heterometallic Ni carbonyl clusters.

Cluster Reference
[NiRh;3(CO)as]> 140
[NiRh;4(CO),5]* 141
[Ni,Rh;5(CO),s]* 140
[NisRho(CO)os5]" (n =3, 4) 140
[NigRhs(CO) ] 142
[NigRh3(CO)oJ* 143
[Ni;(Rh(CO)9]* 143
[Nij3Pdi3(CO)3q]* 144
[Ni;6Pd;6(CO)s0]* 145
[Niz xPd2+(CO)gs]® (x = 0.62) 146
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[NizsPd(CO)s4]® 145
[NizoxPde-(COY]® (x = 0.09) 146
[NizoraPde(COYI* (x = 0.27) 146
[Ni3sPds(CO)as]® 147
[Ni;4Pt;o(CO)30]* 148
[H,NigzPt1a(CO)ma]* 148
[HexNizsPt7(CO)ar]™ 149
[Ni32Ptr4(CO)s6]% 149
[Ni35Pto(CO)4s]® 147
[NizoPt(CO)as]® 150
[Niz7Pt(CO)a]® 150
[He.nNi3gPts(CO)4g]™ (n = 4-6) 151
[Ni3s5.xCuy(CO)40]> (x =3 or 5) 152
[NipAu(COYml 153
[NijAug(CO)l 154
[NisyAug(CO)aal® 155

Table S10. Structurally characterized Ni carbide carbonyl clusters.

Cluster Reference
[Ni;C(CO)1o]* 156
[NigC(CO)16]* 157
[NigC(CO)i7 > 157
[Nijo(C2)(CO)16]* 157
[Ni;1(C2)(CO)is]*+ 156
[Niio(C2)(CO) )™ 156
[Ni2C(CO)is]* 159
[Nij6(C2)2(CO)2s]* 160
[Nij6x(C2)2(CO)azi]* (x = 0.12-0.96) 161
[Ni(C2)4(CO)psCIJ* 160
[Nizo(C2)a(CO)ps(EtaS) > 159
[H4nNips5(Cr)a(CO)3z ] (n=3,4) 161, 162
[Ni3,C6(CO)36]* 163
[Ni31xCe(CO)364x]¢ (x = 0.16) 164
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[HNi34C4(CO)35]>~ 165
[NizsCa(CO)sarel® (x = 0.09) 166
[Ni3sCa(CO)ss]% 167
[He.aNizgCo(CO)a2]™ (5, 6) 166
[NigsCio(CO)as]* 164
NiFesC(COY10(Cp)s 167
NiFe,C(CO);5(MeCN) 168
NiFesC(CO)1(MeCN), 163
NiFesC(COYpe 1768
NiFesC(CO),s(NHs) 168
NiFesC(CO);5(McCN) 163
NiyFe,C(CO)1s 168
[NLRUSC(CO) - 169
NiRusC(CO)(PPhs)s 170
NiRusC(CO)re 171
NiRusC(CO),5(NH;) 171
NiRu;C(CO),5(McCN) 171
NiRusC(CO)13(CoHsR) (R = H, Me) 171
[Ni;05;C(CO) 5] 172
[Ni,Cos(C2)(CO) 6] 173
[Ni,Cog(C,)(CO)14(MeCN), >~ 173
[NigCo(C,)(CO)16x]* (x = 0.58) 174
[Ni;Co3(C2)(CO)6]* 175
[Ni;qC0,C(CO)p]* 176
[NigCo3C(CO)p0]*~ 176
[NiyCosC(CO)n]* 177
[He.nNi22C06C6(CO)36]™ (n =4, 6) 174
[NizsCosCs(CO)as]® 178
[Ni;QRh,C(CO)a]* 179
[NisRh;C(CO)so]* 179
[NigRhg(C2)2(CO)aa]* 179
[HaNi3oCa(CO)34 {Cu(MeCN) 2]+ 180
[HaNizgCy(CO)34{Cu(MeCN)}, ] 180
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[Ni3sCs(CO)36(MeCN)s{Cu(MeCN)} 5, ]* (x = L64
0.17)

[HNi2Cs(COYaa(CuChH] - 164
[ANis212:C5(CO)asa( CUCH 1] (x = 0.17, 0.30) | 181
[HyNig3:xCs(CO)as42x(CuCl) % (x = 0.72) 181
NigC(CO)yo(AuPPh;), 182
[NigC(CO)g(AuPPh;)g]** 183
[Nij(C)(Co)(CO)17(AuPPhy)s]~ 184
[HyNij5(C3)4(CO)25(CdBr), > 184
][;iégl\hsoc4(co)34((:dx)2]“ (n = 4-6; X = Cl, 185, 186
[H>Niz22Ca(CO)3on(CABOT (x = 0.22) 186
[HNiz3.Ca(CO)57(CACH]* (x = 0.86) 186
[Ni3Cs(CO)36(CdrCl3)]> 187
[NizoxCa(CO)3ax(MeCN)5(Cd2CIL) P (x = 0.61) | 187
[NigzraCa(CO)ar( CACH](x = 0.19) 187
[ANig2rCs(CO)as(CABO]® (x = 0.19) 187

Table S11. Structurally characterized homoleptic homometallic Pt carbonyl clusters.

Cluster Reference
[Pts(CO)12]> 188
[Pto(CO):s]* 188-190
[Pt12(CO)]? 188, 189, 191-193
[Pt14(CO)5]* 194
[Ptis(CO)so)* 188, 189, 192
[Pti5(CO)19]* 195
[Pt3(CO)36]* 189, 192, 196
[Ptio(CO)x]* 197
[Pt21(CO)p]* 189
[Pt23(CO)27]* 194
[Pt24(CO)as]* 192, 198
[Pt24(CO)30]* 194
[Pt2s(CO)32]* 194
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[Pt26(CO)32]" 194
[Pt33(CO)3s]* 196
[Pt36(CO)aa]* 194
[Ps(COYml> 191,194, 199
[Pts0(CO)a0]* 200
[Ptas(CO)as]™ 194
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Figure S1. Molecular structures of [CosFe(CO)i,]~ (yellow, Fe, blue, Co; grey, C; red, O),
[PtRhs(CO);5]~ (purple, Pt; blue, Rh) and [CogPt;C,(CO)4]* (blue, Co; orange, disordered Pt/Co)

Figure S2. Molecular structures of Fey(CO)s(py)s(blue, Fe; green, N; red, O; grey, C) and
[Mn][Mn5(thf)s(CO)1,], (purple, Mn). Hydrogens have been omitted for clarity.
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Figure S3. Molecular structure of [Os;3Pd;C,(CO)4,]> (orange, Pd; blue, Os; red, O; grey, C).

Figure S4. Molecular structure of [ {(Et,0);Ln[Co4(CO);1]}s (yellow, Yb or Eu; blue, Co; red, O;
grey, C). Hydrogens have been omitted for clarity.
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(b)

(d)

Figure S5. The molecular structures of (a) [Ni;nGa(CO)pn]*-, (b) [Ni;;Sby(CO) 5], (c)
[Ni;3Sby(CO),4]%, (d) [Ni3;Sby(CO)40]¢and () [NijoSbs(CO)y6]*(green, Ni; orange, Ga; purple
Sb; grey, C; red, O).

S14



(© (d)
Figure S6. Formation of Lewis acid-base adducts of Chini clusters: (a) The molecular

structure of [Pty(CO);5(u3-CdCl,),]> and (b) a chunk of the 1-D {[Pto(CO);5(13-CdCl;)2]% }

superwire (purple, Pt; orange, Cd; yellow, Cl; red, O; grey, C). The molecular structure of
(c) [Pts(CO)12(AglPr),] and (d) [Pto(CO),5(AglIPr),] (purple, Pt; yellow, Ag; blue, N; red, O;
grey, C; white, H).
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nPd(OAc); + (xtn)CO + yPR3 + nH,O  ————> Pd,(CO),(PR3), + nCO, + 2nHOAc

me S1. Synthesis of Pd-CO-PR; clusters.

Synthesis of [HFe3(CO);;]

NEt; + H,0 <> [NEH]" + OH"
Fe(CO)s + 30H" <= [Fe(CO)J* +HCO5™ + Hy0

[Fe(CO)4]*> + H,0 »

[HFe(CO),]” + Fe(CO)s <= [HFey(CO)s] +CO

[HFe)(CO)g]™ + Fe(CO)s > [HFe;(CO);]” +2CO

Synthesis of [Fe4(CO)13]2'

100 °C 5
> [Fey(CO) 3]~ +

5Fe(CO)s + 6solv

solv = DMF or pyridine
Scheme S2. Synthesis of [HFe3(CO);;] and [Fe,(CO)13]>.

HF64N(CO)12

Fe//N\\ Fe

¥

]

\

Fe3(CO)y," [Fe(CO)3(NO)I +H'

<> [HFe(CO),]” + OH™

——N—__ _| i
130 °C Fe Fe 145 °C
[Fe,(CO)s]> + NO* > \\ 4
diglyme Fe diglyme
Y
[FesN(CO)po]
[Fey(CO)sI™ / \_|

\/N

[FegN(CO), 5T

Scheme S3. Synthesis of Fe nitride carbonyl clusters.CO ligands have been omitted for clarity.
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BiO5”
FG(CO)S

BiO; + OH

co [Fes(us3-B)(CO);0]

[Bi {Fe(CO)y} 4]

[BisFey(CO), 51>

Scheme S4. Synthesis of some Fe-Bi carbonyl clusters (yellow, Bi; blue, Fe; red, O; grey, C).

~
[HOss(CO)ys]

0s6(CO)15 Os6(CO)z1.n(MeCN), (n = 0-2)
Os7(CO)y,

Osg(CO)y3 [Osg(CO)pl*
< [HOsy(COYl>

[0s10(CO)s6>  [0s16C(CO) 41>
[0s,7(CO)36]*
9 [0820(CO)40]*

100-300°C, vacuum

0Os3(C0O)19(MeCN),

Scheme S5. Synthesis of Os carbonyl clusters by pyrolysis of Os;(CO);o(MeCN)s,.

Na2T62

H,0, 110 °C

Ru3(CO);;

2-
[Rug(Te)7(CO)5]
Scheme S6. Synthesis of [Rug(Te;)7(CO),,]> (blue, Os; yellow, Te; red, O; grey, C).
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Sb
Ru” P SbPh,Cl SbPh,Cl __Ru Ru
/N >ShPh, <~ [HRuy(CO) | — o R\ AT
Ru Ru THF CH,Cl, \ /H H\ Ru
Ru /
___—Ru
Sb
Ph,

Scheme S7. The reaction of [HRu3(CO);]~ with SbPh,C1.CO ligands have been omitted for clarity.

3C0,(CO)s + 12s0lv — 2[Co(solv)s][Co(CO)4], + 8CO
7[Co(so0lv)s][Co(CO)4],—> 3[Co(solv)e][Cos(CO);5] + 11CO
7C0(CO)s + 8py — 2[Co(py)4][Co3(CO);0]2 + 16CO
Scheme S8. Disproportionation of Co,(CO)s.

1) Amount of [Au(PPh;)Cl]

+2-3 [AuPPh)CL] o [C0,C(CO);5(AUPPhy),

i)

4 [Au(PPh,)C1
[CosC(COY 5P | WERIA L 1e0.0(CO), (AuPPhy),] + INMey(CH,P)|CUH0

FSOLAUPPRIC o 100,C(CO) o(AuPPhs))] ~<€——

2) With free PPh;

[CogC(CO), s> ”[Al“f):hﬂc” > [C0sC(CO);1(AuPPhy),]
+ 3

3) Silver salts

+ 1 PPhy
[Co5C(CO)1(PPh3)(AuPPhy)]
(CoC(COy P + 1 [Au(PPh;)CI]
O¢ 15
+1 AgNO3 +2 PPh3
L 3 [C0osC(CO);(PPh3)y(AuPPhsy)]

4) Other methods
+2 [Au(PPh3)C1] [C05C(CO)12(AuPPh3)]

AuCl,|™
[CoeC(COY 5P M o 1 CosC(CO) 1} AUl

[CosC(CO);1(AuPPhs)s]
+4 [Au(PPh;)CI]

Scheme S9. Synthesis of Co-carbide carbonyl clusters decorated by AuPPh; fragments.
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Rhy(CO);;, Iry(CO) o

NaOH, RT

[Rh;5(CO)30]* [HIr,(CO)y, ]

¢ NaOH, RT ¢

[Rhg(CO)ys]> [Ir(CO)y 1>
NaOH, RT

[Rh7(CO), 6] HIry(CO);o]*
NaOH, RT

[Rhy(CO),]* [Ir4(CO);o]*

¢ NaOH, RT ¢

[Rh(CO)4J" [Ir(CO)4I
Scheme S10. Reduction of My(CO);; (M = Rh, Ir) with NaOH.

Rhy(CO),,

NaOH, ‘PrOH, N, NaOH, ‘PrOH, H,
[Rhy4(CO)z6]* [H3Rh,3(CO)ys]* [H3Rh3(CO)ys]*
[Rhy5(CO)7]* [HyRhy3(CO)ps]* [HoRhy3(CO)ys]*
[Rhy7(CO)30]* [Rh;3(CO)471> [Rh33(CO)47]>
[Rhyo(CO)3; ]

[Rh>(CO)571* glyme, CH,COOCs

CO + H,, 200-400 atm

Rh(CO),(acac)

Scheme S11. Thermolysis of Rhy(CO);s».
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