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Section S1 — Equations and calculations for Platonic, Archimedean and Catalan solids

Platonic Solids

s—  lcosahedron

\ Vertices: 12
Faces: 20 [3]
Edges: 30
Dual solid: Dodecahedron
Dodecahedron
Vertices: 20
Faces: 12 [5]
Edges: 30
Dual solid: Icosahedron

Archimedean Solids

Truncated Tetrahedron

Vertices: 12

Faces: 8 =4[3] +4[6]
Edges: 18

Dual solid: Triakis Tetrahedron

Cuboctahedron

Vertices: 12

Faces: 14 = 8[3] + 6[4]

Edges: 24

Dual solid: Rhombic Dodecahedron

Truncated Octahedron

Vertices: 24
) Faces: 14 = 6[4] + 8[6]
| Edges: 36
Dual solid: Tetrakis Hexahedron

5(3+V5
V= ME =2.18213
12
V10 + 245
R, = VI0+2V5, _ oocias
4
15+ 7V5
= " 1%=7663L°
7
3+ V15
R, = Y3+V1s L =14013L

23
1% =E\/7L3 =2.71113

R, =

22
J;L =1.1726L

5
1% :Eﬁﬂ = 235713

R =1

v =8v2L® = 11.311°

10
R, = QL = 1.5811L

[s1]

$ = 5vV3L? = 8.660L>

1445 3v3+415
R = ‘/_L =0.8090L R; = QL = 0.7558L
4 12
§=3 }25 +10V5L? = 20.65L%
3+45 f
- \/'L=1_3090L ~ 10(25 + 11v5) ~
Z Rij=~————— 1 =1.1135L
20
S =7V3L% = 121212
3V2 5v6
Ry = T‘FL = 1.0606L [B]: R = 1\—2FL = 1.0206L
6
[6]: R; = 4L =0.6123L
S = (6+2V3)L? = 9.46412
3 6
R = ‘/T_L = 0.8660L [3): Ry = gL = 0.8165L
2
[4]: R; = gL =0.7071L
S =6(1+ 2v3)L? = 26.78L?
Ry = 1.5L [4]: R; = V2L = 1.4142L
6
[6]: R; = %L =1.2247L

V:Volume,S: Surface area, L: Edge length, R : Circumscribed radius, R,,: Midscribed radius, R;: Inscribed radius



o € o

@

Truncated Cube

Vertices: 24

Faces: 14 =8[3] + 6[8]
Edges: 36

Dual solid: Triakis Octahedron

Rhombicuboctahedron

Vertices: 24

Faces: 26 =8[3] +18[4]

Edges: 48

Dual solid: Deltoidal Icositetrahedron

Snub Cube (enantiomer)

Vertices: 24

Faces: 38 =32[3] +6[4]

Edges: 60

Dual solid: Pentagonal Icositetrahedron

Truncated Cuboctahedron

Vertices: 48 (48[3])

Faces: 26 =12[4] + 8[6] +6[8]
Edges: 72

Dual solid: Disdyakis Dodecahedron

S =2(6+ 6V2 +V3)L? = 324312

2v2
V=7 1+T L3 =13.56L%

V2 3v3+2v6
V7 +4v2 = X)L = VR =N AN,
R =Y ‘/_L=1,7789L R (1+ Z)L 1.7071L [3): R; 3 L = 1.6825L
142
[8]: R = 2‘/—L =1.2071L

V= é(e +5V2)L* = 8.7140L3

5+2v2 3V3++6
R, = VS22 sagon ,2(2 +2) [8): R = ————L = 12743L
2 R, = L = 1.3066L

S = (18 +2v3)L* = 214617

m 2 142
[4]: Ry =——L =12071L
3Wr—1+4VT+1
v=" " 3=7889513 S =(6+8V3)L?=1886L%
3W2-1 ( )
VaZF 2 1 Vaz 12
M Ry = ———1L = 1.2472L LR Y& L
R, 5 1.3437L e [3]: R; > 1.2134L
_ 1 12
T=@-XT-X-1) a=_"t [4]: R= 5 |d? - = 1.1426L
1 =
= §(1 + 3\]19 —2V33 + 3\]19 + z\/33) 2=t
= 1.83929

v = (22 + 14V2)13 = 41.7913 S =122+ V2 +/3)L? = 61.761*

13 + 6v2 12+ 6v2 3+2
R, = T‘/—L =23176L Ry = T\/_L =22630L [4]: Ry = ——=22071L
3+6
[6]: R; = 3 5 v 2.0908L
1+2v2
[8]: R, = vz 1.9142L



Truncated Dodecahedron

Vertices: 60
Faces: 32 =20([3] +12[10]
Edges: 90
Dual solid: Triakis Icosahedron

Rhombicosidodecahedron

e @

Vertices: 60

Faces: 62 =20([3] + 30[4] + 12[5]
Edges: 120

Dual solid: Deltoidal Hexecontahedron

Snub Dodecahedron (enantiomer)

Vertices: 60
Faces: 92 =80[3] +12[5]
Edges: 150
Dual solid: Pentagonal Hexecontahedron
o+ [6-5 o= 0=
1445 &= +
b=— N 2 2

Truncated Icosidodecahedron

Vertices: 120

Faces: 62 =30[4] +20[6] + 12[12])
Edges: 180

Dual solid: Disdyakis Triacontahedron

Icosidodecahedron V= 45+ 17‘/§L3 = 13.8413 S= (5\/§+ 3v5.[5 4 245 | 12 = 29.3112
| Vertices: 30 6
, Faces: 32 =20[3] + 12[5] 1
+48 7+ 35
Edges: 60 Re=-Sr=te180L g, s SERVE gy 3k R = [T = 1s1s
Dual solid: Rhombic
i 5+2V5
Triacontahedron [5]: Rin = : \/_L — 1.3764L
_ Truncated Icosahedron 125 + 435
\\ Vertices: 60 V= —+4 \/—L3 = 552913 §=3 (10\/5 +V5 5+ zﬁ) L* = 72.61L*
Faces: 32 =12[5] + 20[6]
. 3(1++5
Edges: 0 g = Y58+ 8VS e Ry = 45, oL flo(lzs +41V5)
Dual solid: Pentakis Dodecahedron 4 4 [5]: Ri= g = 23274L
3v5+ V15
[6]: Ri= %_ =22672L

5 [
V=15(99+ 47V5)L® = 85.04L  S§=5 <\/§+ 65+ 2\/§> 1% =100.99L2

5+3y5 93 + 5V15
’2(37 +15V5) R = V5 = 200711 B]: R = VBHSVIS _ 91281
N T =29695L 4 12

4
}2 254 115
[10]: R; = ¥

4

L =2499L

29
V= (20 + ?\/5) 13 =41.621> §=

30 + jso [10 +3V5 + }15(5 + 2\/57)]} [* =59.31L%

3v3 +2V15
~ /711+4\/5L ’z(5+2\/§)L [38): R = ———— = 2.1571L
T2 m=T 2445
=2.2330L =2.1763L [4]: R; = >— = 2.1180L
3 }5(5 +2v5)
[5]: R; =—— = 20653L

1262(3¢p + 1) — £(36¢ + 7) — (53¢ + 6)
V= =37.62L> §=20V3+3 ’zs +10V5 = 55.289
66— 523

Re= (¢ +¢) +¥ =21558L (3} p= 25V 3[E(§6+ $)+1]
=2.0771L
PEE+P) +1 2
Ry = ———————1L = 2.0971L [5]: Ri= jzo [5 ({ +;) Q¢+ 1)] + 11¢20+ 1
= 1.9809L

V = (95 + 50V5)L? = 206.80L3

N =30(1+\/2<4+\/§+ ’15+6\/3))L2 = 175.03L%

3+2V5
s 12‘/§L LeomaL [4]: Ry = =3.7361L
cTT 5 T 23 + 15
2 [6]: R = ‘/_T‘/_ = 3.6685L
/6(5 +2V2) fs(s +2v5)
Ry = ~————L = 3.7694L [12): Ry = ~———— = 34410L



Catalan Solids

Triakis Tetrahedron

Jertices: 8

Faces: 12 (isosceles triangles)
Edges: 18 =12L,+ 6L,

Dual solid: Truncated Tetrahedron

Rhombic Dodecahedron

Vertices: 14

Faces: 12 (rhombi)
Edges: 24

Dual solid: Cuboctahedron

Tetrakis Hexahedron

Vertices: 14

Faces: 24 (isosceles triangles)
Edges: 36 =24L,+ 121,

Dual solid: Truncated Octahedron
Triakis Octahedron

Vertices: 14

Faces: 24 (isosceles triangles)
Edges: 36 =24L,+12L,

Dual solid: Truncated Cube

Deltoidal Icositetrahedron

a:Edge length of dual solid, R,: Vertex radius, R.: Edge — scribed radius

Vertices: 26

Faces: 24 (tri-equiangular kites)
Edges: 48 =241, +24L,

Dual solid: Rhombicuboctahedron

82
¥t 3 3
V= 20 a 5.7276a
9IVe
[3]: Ry= %a =1.1023a
3v6
[6]: R, = Tfa =1.8371a
272
= 1‘6/_a3 = 2.3865a°

3vV6
[3]: Ry=—g—a = 0.9186a

32
[4]: Ry = T‘/_a =1.0607a

81vZ
V= T\/—a3 = 143243

92

[4]: Ry= g_a =1.5910a
36

[6]: Ry= Z_a =1.8371a

V =4(3 +v2)a® = 2331a®

[3]: Ry=V3a =1.7321a
[8]: Ry= (1+ V2)a = 2.4142a

27
S= ?\/ﬁaz =1791

32
R, = T‘/—a = 1.0607a

42 2 2
S= ?a = 9.5460a

242
Re = ——a = 0.9428a

275

= Ta2 = 30.19a?

R 3 =15
e=za=15a

Li=a=18
s=ga=1l8a
L;=3a
922
P = ;{:a=0.9594a
3V6
L =Ta = 0.9186a
3
Ri=za=0.75a
9v2
L= T‘/_a =1.5910a
3V2
L, =%_a =2.1213a
9y10
= ‘Z/O_a=1.423a

Lg=2a

§=12 ’7 +4V2a? = 42690 |, = (2+ V2)a = 3.4142a

V2

Re=1+—-a=17072a

’17(23 +16v2)

R = ~————a =16383a

2J10 - V2
16(1 +2v2 _—— =
V= ’122 +7IV2I3 = %lﬁ s=6 {29 —2V212 =2151a2 Ls= 7——a =08372a

=8.7507a°

43 +/6
[3]: R,= #a =1.3397a
[4]: R,= V2a = 1.4142a

’2(2+\/7)

Re = ~————a = 13066a

L= fz(z —V2)a = 1.0824a
’34(7 +4v2)

7 a =1.2203a

Ri=



Rhombic Triacontahedron

V=4 f5+ 2V/513 = 12.3113

6

) f 10(5 +V5)

Vertices: 32

. S =12V512 = 26.8412 = 30.34a> L =X "4 =1.0633
Faces: 30 (rhombi) 25V5 + 2\/§a3 — 148043 8 @ a
Edges: 60 16 V34 S
Dual solid: Icosidodecahedron 5V3+ V15

[3]: Res= ——F——a = 1.5667a [5+2v5 5+3V5
¢ 8 Re= —+2 V5153880 Ri= o =14635a
/s(s +2V5)
[S5]: Res= a = 17204a
Pentagonal Icositetrahedron (enantiomer) 11(r — 4) 22(51— 1) Ls= ! a = 0.593465a
Vertices: 38 V= |smi—ea® a? T+ 1
F : 24 (mi " " ) 2(20t - 37) 47— 3 e
aces: mirror-symmetric pentagons, M 3 2 L= a = 1.0824a
= 7.4474 =19, 1
Edges: 60 =36L, +24L, “ 19.2999a 2
Dual solid: Snub Cube
3 3
s s Ja 7+ V199 +3V33 + V199 - 3V33
jz [6+ \/6(9+\/ﬁ)+\j6(9—\/§)] R = [ Ja= 1.2472a

j42 [78 + ’J66(6039 +49V33) + 3\/66(6039 —49V33 )J
R =

a=11577a

a =1.3614a i=

[3]: Ry= y a=1.2820L
jG [14 + 3‘]2(1777 +33V33) + ’\/2(1777 - 33«/ﬁ)]
[4]: Ry=

12

Disdyakis Dodecahedron

V- 144(1 +V2) o3

Vertices: 26 7
Faces: 48 (acute triangles) = 49.6638a’
Edges: 72 =24L,+24L,, + 24L,
Dual solid: Truncated Cuboctahedron
3(4+V7
[4]: Ry= #a = 23204a
[6]: Ry,= V6a = 2.4495a
3(2+3vV2
[8]: Ry= (T‘/—)a =26754a

L
Ro=Y— "4 =22630a 7

Ry =

84

61783 + 436V2
S =—‘/_L§

7
= 67.42a*

2 /3(10 -V2)
Ly = ———as= 1.4500a

3 ’6(2+\/§)
b =—"——
{6(z+~/§) l=2—\J6(10+ﬁ)

a=19397a

a = 2.3644a
€ 2

’1746(15 +8v2)
97

a=22097a



Pentakis Dodecahedron

Vertices: 32

Faces: 60 (isosceles triangles)
Edges: 90 =60L, +30L,

Dual solid: Truncated Icosahedron

Triakis Icosahedron

Vertices:

Faces: 60 (isosceles triangles)
Edges: 90 = 60L,+ 30L,

Dual solid: Truncated Dodecahedron

Deltoidal Hexecontahedron

Vertices: 62
Faces: 60 (kites)
Edges: 120 =60L, + 60L,

Dual solid: Rhombicosidodecahedron

405(9+V5) , 5(41+25V5
V= (7;- a® = ( ;6 \/_)L§=59.88a3
9(2v5 -1
Ly = 951 1 6447
3(v5 -1
Ll=—(‘/—2 )4 = 185414
3J1++5
R, = T‘/_a = 24271a

125(19 + 9V5
V= %[ﬁ = 111154

545
L= 2‘/—a = 3.6180a

5+3V5

R, = 7

a=29271a

100(5 + 4v5
V= (Tﬂcﬁ = 422643

’5(85 - 31Y5)
L= 11

fs(s —-5)
Ly =Ta = 1.2392a

’2(5+2\/§)
Re =~—F——

a = 0.8050a

a=21763a

5 421+ 635
S= 3 }T@ = 75.56a>

9465 + 22+/5
38

3v3
[6]: Ry= T‘/_a =2.5981a

9 ’109(17 +6v5)
Ri=—

i 218

75 f313+117 5
S=H —_— ‘ra2=115.s7a2

3]: Ry= 53 ;NE) a

[5]: Ry= a = 2.5309a

a=23771a

——————a=29414a
{5(5 +2v5)
[10): Ry=~————a = 3.4410a
5 ’61(4—1 +18V5)
R = Ta = 2.8853a
100
=—[79 — 16V5a? = 59.77a>
11
5V3 + 415
[3]: Ry= \/_1—1\/_“ =2.1957a
[4]: Ry= V5a = 2.2361a
fs(s +2V5)
[5]: Ry= —3 —a= 2.2940a
f205(19 +8V5)
Ri=————a=21210a

! 41



Pentagonal Hexecontahedron (enantiomer)

Vertices: 92 (80[3] + 12[5])
Faces: 60 (mirror-symmetric pentagons)
Edges: 150 = 90L, + 60L,
Dual solid: Snub Dodecahedron
1
Lg = Ea = 0.5829a
2
§Tp+2)+(5¢—3) +'§'(8_ 3¢)
L= a = 1.0200a
31
JEE+)+1
R, = Ma =2.0971a
3 3
+ J _s i _ J _5
LV e o+ |9 /27+ b= [b—>/27
=— \ 2 2

Disdyakis Triacontahedron

Vertices: 62 (30[4] + 20[6] + 12[10])
Faces: 120 (acute triangles)

Edges: 180 = 60L, + 60L,,, + 60L,

Dual solid: Truncated Icosidodecahedron

_ 5J[E2(11405¢ +287) + {(145284) + 8265) + (2363¢ + 131416)] ,

=37. 59a
S = 55.28a2
3(sp+o+1 +%)
3]: Ry=~—————=a=21172a
2[(1067¢ + 1009) + £(2259¢ + 1168) + (941¢ + 1097
[5]: Ry= V§2[(1067¢ ) +&( 62¢ ) + (9419 ) 220004
209[¢2(104¢ — 7) + £(153¢ + 52) + (195 —
_ §J/209[§7(104¢ — 7) + §(153¢ +52) + ( Dl 503990
418
180(5 + 4 180
_1805+45) 5 5rg1ga3 5= 180 {179 — 24502 = 183.20a?
11 11
3(5+4V5
15(85 31V5) [4]: R,= %a =3.8030a
4T 139 [6]: Ry= V15a = 3.8730a
3 15(65 +19V5) 3 fs(s +2v5)
————a=21902a  [10]: R,= ———F——a=412%1a
2 f15(5 xf)
————a =2.5755a
fe(s +2V5) f10845(39 +16V5)
=—————a=376%a Ri = ~——————a =37366a



Table S1. Overview and summary of parameters from equations for polyhedra in Section 1 above."

4 Platonic and Archimedean Solids ¢

Polyhedron vV S R, VeV S../S R Ve /V S, /S R ViV  S./S
@ Icosahedron 2.182 8.66 0.9511 1.65 1.31 0.8090 1.02 0.95 0.7558 0.83 0.83
6\' Dodecahedron 7.663 20.65 1.4010 1.50 1.19 1.3090 1.23 1.04 1.1140 0.76 0.76
‘\ Truncated
.» 2711 12.12 1.1726 2.49 1.43 1.0606 1.84 1.17 [3] 1.0206 1.64 1.08
Tetrahedron

[6] 0.6123 0.35 0.39
/ \
w Cuboctahedron 2.357 9.464 1.0000 1.78 1.33 0.8660 1.15 1.00 [3] 0.8165 0.97 0.89
[4] 0.7071 0.63 0.66
. Truncated
) 11.31 26.78 1.5811 1.46 1.17 1.5000 1.25 1.06 [4] 1.4142 1.05 0.94

Octahedron

[6]1.2247  0.68  0.70



i)f Truncated Cube 13.56 3243 1.7789 1.74 1.23 1.7071 1.54 1.13 [3] 1.6825 1.47 1.10
/
[8] 1.2071 0.54 0.56
Rhombicubocta-
8.714 21.46 1.3990 1.32 1.15 1.3066 1.07 1.00 [3]1.2743 0.99 0.95
hedron
[4] 1.2071 0.85 0.85
@ Snub Cube 7.890 18.86 1.3437 1.29 1.20 1.2472 1.03 1.04 [3]1.2134 0.95 0.98

[4]1.1426 079  0.87

) Icosidodecahedron 13.84 2931 16180 128 112 15388 110 102 [3]15115  1.05 0.8

[5]1.3764 079  0.81

Truncated
41.79 61.76 2.3176 1.25 1.09 2.2630 1.16 1.04 [4]2.2071 1.08 0.99
Cuboctahedron

[6] 2.0908 0.92 0.89

[8]1.9142 070  0.75

10



. Truncated
\ 55.29 72.61 2.4780 1.15 1.06 2.4271 1.08 1.02  [5]2.3274 0.96 0.94

Icosahedron
[6] 2.2672 0.88 0.89
>~ Truncated
) 85.04 100.99 2.9695 1.29 1.10 29271 1.24 1.07  [3]2.9128 1.22 1.06
Dodecahedron
[10] 2.4990 0.77 0.78
: \ Rhombicosido-
<I5 41.62 59.31 2.2330 1.12 1.06 2.1763 1.04 1.00 [3]2.1571 1.01 0.99
> decahedron
[4] 2.1180 0.96 0.95
[5] 2.0653 0.89 0.90
Snub
37.62 55.289 2.1558 1.12 1.06 2.0971 1.03 1.00 [3]2.0771 1.00 0.98
Dodecahedron
[5] 1.9809 0.87 0.89
Truncated
) ' 206.8 175.03 3.8024 1.11 1.04 3.7694 1.08 1.02  [4]3.7361 1.06 1.00
Icosidodecahedron

[6]3.6685  1.00  0.97

11



$ Catalan Solids <

Triakis

Tetrahedron

Rhombic

Dodecahedron

Tetrakis

Hexahedron

Triakis
Octahedron

Deltoidal

Icositetrahedron

5.7276

2.3865

14.32

23.31

8.7507

17.91

9.546

30.91

42.69

21.51

[3] 1.1023

[6] 1.8371

[3]0.9186

[4] 1.0607

[4] 1.5910

[6] 1.8371

[3] 1.7321

[8] 2.2414

[3] 1.3397

[4] 1.4142

0.98

4.53

1.36

2.09

1.18

1.81

0.93

2.02

1.15

1.35

12

0.85

2.37

1.11

1.48

1.03

1.37

0.88

1.48

1.05

1.17

1.0607

0.9428

1.5000

1.7072

1.3066

0.87

1.47

0.99

0.89

1.07

0.79

1.17

0.91

0.86

1.00

0.9594

0.7500

1.4230

1.6383

1.2203

0.65

0.74

0.84

0.79

0.87

0.65

0.74

0.82

0.79

0.87



Rhombic
Triacontahedron

~. Pentagonal

Icositetrahedron

. Disdyakis
Dodecahedron

\Pentakis
} Dodecahedron

Triakis

Icosahedron

14.80

7.4474

46.66

59.88

111.15

30.34

19.30

67.42

75.56

115.57

[3] 1.5667

[5] 1.7204

[3] 1.2820

[4] 1.3614

[4] 2.3204

[6] 2.4495

[8] 2.6754

[5] 2.5309

[6] 2.5981

[3]2.9414

[10] 3.4410

1.09

1.44

1.19

1.42

1.12

1.32

1.72

1.13

1.23

0.96

1.54

13

1.02

1.23

1.07

1.21

1.00

1.12

1.33

1.07

1.12

0.94

1.29

1.5388

1.2472

2.2630

2.4271

2.9271

1.03

1.09

1.04

1.00

0.95

0.98

1.01

0.95

0.98

0.93

1.4635

1.1577

2.2097

23771

2.8853

0.89

0.87

0.97

0.94

0.91

0.89

0.87

0.91

0.94

0.91



1~ Deltoidal
4226 59.77 [3]2.1957 1.05 1.01 2.1763 1.02 1.00 2.1210 0.95 0.95
Hexecontahedron

[4]12.2361 1.11  1.05

[5]2.2940 1.20 1.11

. Pentagonal
37.59 55.28 [3]2.1172  1.06 1.02 2.0971 1.03 1.00 2.0399 0.95 0.95
Hexecontahedron

[5]2.2000 1.19 1.10

- Disdyakis

7.20 [4]1.89 7.14 7.07 1548.4 91.1 92.0 89.6 R7.2 1.010 0.983

Triacontahedron
[6]1.86 7.01 6.95 1466.0 86.2 92.0 84.8 82.6 1.066  0.983
[10]1.74 6.57 6.52 1209.8 71.2 92.0 70.0 68.2 1.292  0.983

Section S2 — Data for polyhedra

Table S2A. Calculated numbers of gold atoms in various polyhedra assuming a radius of the circumscribed sphere of 10.08 A (i.e. a
Auy47 cluster with regular icosahedral shape) and ratios between the number of gold atoms in the volume described by the

circumscribed sphere (midscribed sphere or edge-scribed sphere) and the number of gold atoms obtained for each polyhedron
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assuming a sphere with vertex radius N./ N,, N, / N, or N;/ N,. N, is the number of gold atoms contained within the circumscribed
sphere, N, the number of gold atoms calculated from the volume of the polyhedron, and N,. is the number of gold atoms calculated
from the volume of the sphere with vertex radius in Catalan solids (Nye = Vzy,/ Vi), Ni 1s the number of gold atoms calculated from
the volume of the sphere with midscribed radius (N,, = Vgm / Vau), and N, is the number of gold atoms calculated from the volume of
the sphere with edge-scribed radius (Nes = Vze / V4,). R; = radius of the inscribed sphere, R,, = radius of the midscribed sphere, R, =
radius of the edge-scribed sphere, R, = vertex radius (numbers in square brackets denote faces of polygons, e.g., [3] for triangle, [5]
for pentagon, etc.), V' is the calculated volume of the polyhedron, L is the edge length of the polyhedron, a is the edge length of dual
solid in Catalan solids, and N; is the number of gold atoms in the inscribed sphere. Models taken from: Polyedres,

http://wwwmathcurvecom/polyedres/polyedresshtml

4 Platonic and Archimedean Solids ¢

Polyhedron R./A L/A R,/A R/A V/IA) N, N. N, N, N./N, Nu/N, N;/N,
@ Icosahedron 10.08 1060 857  8.01 2597.51 152.8 252.4 1553 1266  1.65 1.02 0.83
@ Dodecahedron 10.08  7.19 9.42  8.01 2852.25 167.8 252.4 205.7 1266  1.50 1.23 0.75

.
( | Truncated Tetrahedron 10.08  8.60 9.12 [3]877 1722.11 101.3 252.4 1867 1664  2.49 1.84 1.64
[6] 5.26 35.9 0.35

A
@ Cuboctahedron 10.08 10.08 8.73 [3] 8.23 2414.02 142.0 2524 1639 1374 1.78 1.15 0.97

15



Q Truncated Octahedron 10.08

‘% Truncated Cube 10.08

@ Rhombicuboctahedron 10.08
@ Snub Cube 10.08

o
@ Icosidodecahedron 10.08

6.38

5.67

7.21

7.50

6.23

9.56

9.67

9.41

9.36

9.59

[4]7.13

[4] 9.02

[6]7.81

[3]9.53

[8] 6.84

[3]19.18

[4] 8.70

[3]19.10

[4] 8.57

[3]9.42

[5] 8.57

16

2930.67

2467.10

3259.46

3330.61

3346.43

172.4

145.1

191.7

195.9

196.8

252.4

252.4

252.4

252.4

252.4

215.5

223.0

205.6

201.8

217.1

89.2

180.6

117.3

213.5

78.8

190.7

162.1

185.8

155.2

205.7

155.4

1.46

1.74

1.32

1.29

1.28

1.25

1.54

1.07

1.03

1.10

0.63

1.05

0.68

1.47

0.54

0.99

0.85

0.95

0.79

1.05

0.79



N

Truncated

Cuboctahedron

Truncated Icosahedron

Truncated

Dodecahedron

Rhombicosido-

decahedron

Snub Dodecahedron

10.08

10.08

10.08

10.08

10.08

4.35

4.07

3.39

4.51

4.68

9.84

9.87

9.94

9.82

9.81

[4] 9.60

[6] 9.09

[8] 8.33

[5]19.47

[6] 9.22

[3]19.89

[10] 8.48

[319.74

[4] 9.56

[5]19.32

[319.71

17

3438.26

3721.55

3326.25

3828.40

3845.70

202.3

218.9

195.7

225.2

226.2

252.4

252.4

252.4

252.4

252.4

234.9 218.0

185.3

142.2

237.1 209.1

193.3

241.7 238.2

150.4

233.6 227.5

2153

199.7

232.3 225.7

1.25

1.15

1.29

1.12

1.12

1.16

1.08

1.24

1.04

1.03

1.08

0.92

0.70

0.96

0.88

1.22

0.77

1.01

0.96

0.89

1.00



[5]9.26 195.8 0.87

> Truncated
10.08 2.65 9.99 [4]19.90 3852.64 226.6 252.4 2458 2394 1.11 1.08 1.06
Icosidodecahedron

[6]9.73 226.6 1.00

4 Catalan Solids ¢

Polyhedron R,/A alA R./A Ri/A V/IA* N, N. N. N Nye! N, Ne!N, N;/N,

Triakis Tetrahedron 10.80 [3]9.14 9.70 8.77 4379.81 257.6 2524 2249 1664  0.980 0.873 0.646

[6] 5.49 5.82 5.26 946.14 55.7 2524 48.6 35.9 4.534 0.873 0.646
. Rhombic
C‘N 10.80 [3]10.97 10.35 8.23 3153.29 185.5 2524 272.8 137.3 1.361 1.471 0.740
> Dodecahedron
[4]9.50 8.96 7.13 2048.17 120.5 252.4 177.2 89.2 2.095 1.471 0.740

| Tetrakis Hexahedron ~ 10.80 [4]6.34  9.50 9.02 3641.78 214.2 2524 211.5 180.6 1.178 0.987 0.843

[6] 549  8.23 7.81 2365.52 139.1 2524 137.4 117.3 1.814 0.987 0.843
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e &€ ¢

@ e

Triakis Octahedron

Deltoidal

Icositetrahedron

Rhombic

Triacontahedron

Pentagonal

Icositetrahedron

Disdyakis

Dodecahedron

10.80

10.80

10.80

10.80

10.80

[3]5.82

[8] 4.50

[3]7.52

[4] 7.13

[3]6.43

[5] 5.86

[3] 7.86

[4] 7.40

[4] 4.34

[6]4.12

[8]3.77

9.94

7.68

9.83

9.31

9.90

9.02

9.81

9.23

9.83

9.31

8.53

9.53

7.37

9.18

8.70

9.42

8.57

9.10

8.57

9.60

9.09

8.33

19

4594.15

2120.09

3727.36

3168.78

3941.72

2976.84

3620.11

3022.94

3825.37

3251.84

2495.72

270.2

124.7

219.3

186.4

231.9

175.1

212.9

177.8

225.0

191.3

146.8

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

241.6 213.5

111.5 98.5

234.1 190.7

199.0 162.1

239.1 205.7

180.6 155.3

2324 185.8

194.0 155.2

234.1 217.9

199.0 185.3

152.7 142.2

0.934

2.024

1.151

1.354

1.088

1.441

1.185

1.419

1.121

1.319

1.719

0.894

0.894

1.068

1.068

1.031

1.031

1.091

1.091

1.040

1.040

1.040

0.790

0.790

0.870

0.870

0.887

0.887

0.873

0.873

0.969

0.969

0.969



Pentakis

Dodecahedron

Triakis Icosahedron

Deltoidal

Hexecontahedron

2\ Pentagonal

Hexecontahedron

Disdyakis

Triacontahedron

10.80

10.80

10.80

10.80

10.80

[5]3.98

[6] 3.88

[3]3.43

[10] 2.93

[3]4.59

[4] 4.51

[5]4.39

[3]4.76

[5]4.58

[4] 2.65

[6] 2.60

9.67

9.42

10.03

8.57

9.99

9.81

9.56

9.98

9.61

9.99

9.81

9.47

9.22

9.89

8.45

9.74

9.56

9.32

9.71

9.35

9.90

9.73

20

3783.02

3497.00

4473.31

2794.07

4088.76

3871.13

3585.34

4056.66

3615.65

4248.94

4022.69

222.5

205.7

263.1

164.4

240.5

227.7

210.9

238.6

212.7

249.9

236.6

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

252.4

222.6 209.1

205.7 193.3

248.7 238.2

155.3 148.8

245.7 227.5

232.7 215.4

215.5 199.5

245.2 225.7

218.6 201.2

245.7 239.4

232.6 226.6

1.134

1.227

0.959

1.535

1.049

1.108

1.197

1.058

1.187

1.010

1.066

1.000

1.000

0.945

0.945

1.022

1.022

1.022

1.028

1.028

0.983

0.983

0.940

0.940

0.905

0.905

0.946

0.946

0.946

0.946

0.946

0.958

0.958



[10]2.44 9.20 9.12 3319.66 1953 2524 192.0 187.0 1.292 0.983 0.958

Table S2B. Calculated numbers of gold atoms in various polyhedra assuming a radius of the circumscribed sphere of 7.20 A (i.e. a
Auss cluster with regular icosahedral shape) and ratios between the number of gold atoms in the volume described by the
circumscribed sphere (midscribed sphere or edge-scribed sphere) and the number of gold atoms obtained for each polyhedron
assuming a sphere with vertex radius N./ N,, N, / N, or N;/ N,. N, is the number of gold atoms contained within the circumscribed
sphere, N, the number of gold atoms calculated from the volume of the polyhedron, and N,. is the number of gold atoms calculated
from the volume of the sphere with vertex radius in Catalan solids (Nye = Vzy,/ Vi), Nim 1s the number of gold atoms calculated from
the volume of the sphere with midscribed radius (NV,, = Vgm / Vau), and N, is the number of gold atoms calculated from the volume of
the sphere with edge-scribed radius (N, = Vg, / V4,). R; = radius of the inscribed sphere, R,, = radius of the midscribed sphere, R, =
radius of the edge-scribed sphere, R, = vertex radius (numbers in square brackets denote faces of polygons, e.g., [3] for triangle, [5]
for pentagon, etc.), V' is the calculated volume of the polyhedron, L is the edge length of the polyhedron, a is the edge length of dual

solid in Catalan solids, and N; is the number of gold atoms in the inscribed sphere. ©*"!

4 Platonic and Archimedean Solids ¢

Polyhedron R./A L/A R,/A R/A V/IA) N, N. N, N, N./N, Nu/N, N;/N,

946.62 557 92.0 56.6 46.2 1.652 1.016 0.829

@ Icosahedron 7.20 7.57 6.12 5.72

,,\\
G Dodecahedron

7.20

5.14 6.73 5.72 1039.45 61.1 92.0

21

75.0 46.1 1.504 1.226 0.755



O Truncated Tetrahedron 7.20 6.14 6.51 [3]16.27 627.59 369 92.0 68.1 60.6 2491 1.843 1.643

[6]3.76 13.1 0.355
% Cuboctahedron 720 720 624 [3]5.88 879.75 517 92.0 597 501 1777  1.154  0.967
[4] 5.09 32.5 0.628

Truncated Octahedron  7.20 4.55 6.83 [4] 6.44 1068.03 62.8 92.0 785 65.8 1.464 1.250 1.048

[6] 5.58 42.7 0.680
‘f Truncated Cube 720 4.05 691 [3]1681 899.09 529 920 813 778 1739 1537 1471
[8] 4.89 28.7 0.543

@ Rhombicuboctahedron 7.20  5.15 672 [3]6.56 1187.85 69.9 92.0 749 69.5 1316 1.072  0.995
[4] 6.21 59.1 0.845

@ Snub Cube 7.20 5.36 6.68 [3]16.50 1213.78 714 92.0 735 67.7 1.288 1.030 0.949
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&

@
}

Icosidodecahedron

Truncated

Cuboctahedron

) Truncated Icosahedron

Truncated

Dodecahedron

Rhombicosido-

decahedron

7.20

7.20

7.20

7.20

7.20

4.45

4.35

4.07

3.39

4.51

6.85

7.03

7.05

7.10

7.02

[4]6.12

[3]6.73

[5]6.12

[4] 6.86

[6] 6.50

[8] 5.95

[5] 6.76

[6] 6.59

[3]7.06

[10] 6.06

[3] 6.96

23

1219.55 71.7 92.0 79.1

1253.01

1356.25

1212.19

1395.19

73.7

79.8

71.3

82.1

92.0

92.0

92.0

92.0

85.6

86.4

88.1

85.1

56.5

75.0

56.6

79.4

67.5

51.8

76.2

70.4

86.8

54.8

82.9

1.282

1.248

1.153

1.290

1.121

1.103

1.162

1.083

1.235

1.037

0.792

1.045

0.789

1.078

0.916

0.703

0.955

0.883

1.217

0.769

1.010
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[4] 6.83 78.5 0.956
[5] 6.66 72.8 0.887
Snub Dodecahedron 4.68 7.00 [3]16.94 140149 824 82.3 0.998
[5] 6.62 71.4 0.865
. Truncated
) 2.65 7.14  [4]7.07 1404.02 82.6 87.2 1.056
Icosidodecahedron
[6] 6.95 82.6 1.000
4 Catalan Solids ¢
Polyhedron al A R./A Ri/A V/A N; Nye! N, Nel!N, N;/N,
" Triakis Tetrahedron [3] 6.53 6.93 6.27 1596.1 60.6 0.646
[6]3.92 4.16 3.76 344.8 13.1 0.646
Rhombic
[3]17.84  7.39 5.88 1149.2 50.1 0.740
Dodecahedron



[4] 6.79 6.40 5.09 746.4 439 920 64.6 325 2.095 1.471 0.740
D\

| Tetrakis Hexahedron 7.20 [4]4.53 6.79 6.44 13272 78.1 920 77.1 65.8 1.178 0.987 0.843
[6] 3.92 5.88 5.58 862.1 50.7 92.0 50.1 42.7 1.814 0.987 0.843
% Triakis Octahedron 7.20 [3]4.16 7.10 6.81 16743 985 920 88.1 77.8 0.934 0.894 0.790
[8]3.21 5.48 5.26 772.6 454 92.0 40.6 359 2.024 0.894 0.790

. Deltoidal
\ 7.20 [3]5.37 7.02 6.56 13584 799 920 853 69.5 1.151 1.068 0.870

Icositetrahedron

[4] 5.09  6.65 6.21 11548 679 920 725 59.1 1.354 1.068 0.870

Rhombic
7.20 [3]14.60 7.07 6.73 1436.5 84.5 920 87.1 75.0 1.088 1.031 0.887
Triacontahedron
[5]14.19 6.44 6.12 10849 63.8 92.0 65.8 56.6 1.441 1.031 0.887
~ Pentagonal
@\ 7.20 [3]5.62 7.00 6.50 1319.3 77.6 920 84.7 67.7 1.185 1.091 0.873
"~ Icositetrahedron

[4]5.29  6.60 6.12 1101.7 64.8 92.0 70.7 56.6 1.419 1.091 0.873
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. Disdyakis
7.20 [4]3.10 7.02 6.86 1394.1 82.0 920 853 794 1.121 1.040 0.969
Dodecahedron

[6]2.94  6.65 6.50 1185.1 69.7 920 725 675 1.319 1.040 0.969

[8]2.69  6.09 5.95 909.5 53,5 92.0 557 518 1.719 1.040 0.969

Pentakis
7.20 [5]2.84 6.90 6.76 1378.7 &81.1 92.0 81.1 76.2 1.134 1.000 0.940

“ Dodecahedron

[6]2.77 6.73 6.59 12744  75.0 92.0 750 70.4 1.227 1.000 0.940

' Triakis Icosahedron 7.20 [312.45 7.16 7.06 1630.2 959 92.0 90.6 86.8 0.959 0.945 0.905

[10]2.09 6.12 6.04 1018.2 599 92.0 56.6 542 1.535 0.945 0.905

= Deltoidal
7.20 [3]13.28 7.14 6.96 1490.1 87.7 920 89.6 829 1.049 1.022 0.946
Hexecontahedron

[4]3.22  7.01 6.83 1410.8 83.0 92.0 84.8 78.5 1.108 1.022 0.946

[5]3.14 6.83 6.66 1306.6 769 92.0 785 72.7 1.197 1.022 0.946

/-

Pentagonal
7.20 [3]13.40 7.13 6.94 14784 87.0 920 894 823 1.058 1.028 0.946
Hexecontahedron
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[5]13.27 6.86 6.68 1317.7 775 92.0 79.7 733 1.187 1.028 0.946

Disdyakis
720 [4]1.89 7.14 7.07 15484 91.1 92.0 89.6 87.2 1.010 0.983 0.958

Triacontahedron

[6] 1.86  7.01 6.95 1466.0 86.2 92.0 84.8 82.6 1.066 0.983 0.958

[10] 1.74 6.57 6.52 1209.8 712 92.0 70.0 68.2 1.292 0.983 0.958

Section S3 — Data for Archimedean Icosahedra

Table S3. List of Archimedean icosahedron clusters (for abbreviations see Table 4 in the main text).

Polyhedron G  Cluster Surface D./nm D,/nm D;/nm N, N, P N; Ny/N N./N Nu,/N Ni/N
Icosahedron 13 1 13 12 0.864 0.735 0.687 12.0 19.9 12.2 10.0 0.93 1.53 0.94 0.77
‘Dodecahedron33 2 33 20 1203 1.124 0956 357 537 438 269 108 163 133 082
Icosidodecahedron

I 43 30 1.268 1.206 [3] 1.184  49.0 62.8 540 512 1.14 1.46 1.26 1.19

(4] 1.079 38.6 0.90

Icosahedron 55 2 55 42 1.440 1.225 1.144 55.7 92.0 56.6  46.2 1.01 1.67 1.03 0.84
‘Dodecahedron75 3 75 2 1.680  1.570 1335 97.1  146.1 1191 733 130 195 159 098
Rhombicosido- 3 115 60 1.717 1.674 [3] 1.659  139.2 156.0 1444 1406 1.21 1.36 1.26 1.22
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decahedron 115

[4] 1.629 133.1 1.16
[5] 1.588 123.4 1.07
Truncated
135 80 1.758 1.722 [5] 1.651 145.1 167.3 1572 138.6 1.07 1.24 1.16 1.03
Icosahedron 135
[6] 1.608 128.1 0.95
Icosidodecahedron
145 3 145 90 1.867 1.776 [3] 1.744 156.4 200.5 1725 1635 1.08 1.38 1.19 1.13
[5] 1.588 123.4 0.85
Icosahedron 147 3 147 92 2.016 1.715 1.602 152.8 2524 1553 1266 1.04 1.72 1.06 0.86
Dodecahedron 165 3 165 110 2.175 2.031 1.728 210.6 316.7 2582 1589 1.28 1.92 1.56 0.96
“Truncated
4 195 140 2.119 2.089 [3]12.078 227.2 293.0 280.6 276.5 1.17 1.50 1.44 1.42
Dodecahedron 195
[10] 1.783 174.6 0.90
Rhombicosido-
4 207 72 2.119 2.065 [3]12.047 261.5 293.0 271.2 264.1 1.26 1.42 1.31 1.28
decahedron 207
[4]2.010 250.0 1.21
[5] 1.960 231.8 1.12
Icosidodecahedron
237 4 237 102 2.268 2.157 [3]2.119 280.3 3594 309.2 293.0 1.18 1.52 1.30 1.24
[5] 1.930 221.3 0.93
Sub-Rhombicosi- 4 267 120 2.182 2.126 [3]12.107 2854 319.8 296.0 2883 1.07 1.20 1.11 1.08
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dodecahedron 267

[4] 2.069 272.9 1.02
[5]2.018 253.0 0.95
Icosahedron 309 4 309 162 2.592 2.205 2.060 3247 5364 330.1 2692 1.05 1.74 1.07 1.01
Sub-Truncated
4 327 180 2.453 2.403 [5]2.304 3944 4547 4272 3767 1.21 1.39 1.31 1.15
Icosahedron 327
[6] 2.244 348.2 1.06
“Truncated
5 357 120 2.627 2.589 [3]2.577 432.8 5582 5347 5269 1.21 1.56 1.50 1.48
Dodecahedron 357
[10]2.211 332.7 0.93
Sub-Rhombico-
sidodecahedron 5 387 120 2.493 2.430 [3]2.409 426.0 4774 4419 4303 1.10 1.23 1.14 1.11
387
[4] 2.365 407.3 1.05
[5] 2.306 377.7 0.98
Truncated
5 417 180 2.738 2.699 [3]12.686 490.0 632.0 6054 596.5 1.18 1.52 1.45 1.43
Dodecahedron 447
[10] 2.304 376.7 0.90
Sub-Rhombico-
sidodecahedron 5 429 132 2.667 2.600 [3]2.577 521.6 5845 541.1 5269 1.22 1.36 1.26 1.23
429
[4] 2.530 498.7 1.16
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[5] 2.467 462.4 1.08

Truncated Icosido-

PR 5 437 140 2.671 2.647 [4]2.624 5269 586.7 5715 5565 1.21 1.34 1.31 1.27

[6]2.577 526.9 1.21

[12] 2.417 434.8 0.99
Dodecahedron 467 5 437 210 3.086 2.883 2452 602.0 9054 738.0 4543 138 207 1.69 1.04
Sub-Truncated 5 489 192 2.738 2.681 [5]12.571 5482 632.0 593.8 523.6 1.12 1.29 1.21 1.07
Icosahedron 489

[6] 2.505 484.0 0.99
Sub-Icosahedron
509 5 509 200 3.028 2.576 2.407 5179 8554 5264 4293 1.02 1.68 1.03 0.84
Py 5 561 252 3.168 2.695 2.517 5929 9793 602.7 4914 1.06 1.75 1.07 0.88
Sub-Truncated 5 599 290 2918 2.858 [5]12.740 663.6 765.0 7189 6339 1.11 1.28 1.20 1.06
Icosahedron 599

[6]2.670 585.9 0.98

Snub

Dodecahedron 6 629 200 3.149 3.064 [3]13.034 862.5 9622 8857 860.6 1.37 1.53 1.41 1.37
(enantiomer) 629

[5]2.894 746.5 1.19
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Truncated

Dodecahedron 669

Truncated Icosido-

decahedron 689

Rhombicosido-

decahedron 789

Sub-Truncated
Icosidodecahedron

839

Truncated

Icosahedron 851

Icosahedron 923
Dodecahedron

1019

669

689

789

839

851

923

1019

240

260

360

402

302

362

570

3.093

3.064

3.114

3.182

3.228

3.744

4.349

3.049

3.037

3.035

3.155

3.161

3.185

4.063

[3]3.034
[10] 2.603
[4] 3.010

[6] 2.956
[12] 2.772

[3]3.008
[4] 2.953
[5] 2.880
[4]3.127
[6] 3.070
[12] 2.880
[5]3.031

[6] 2.953
2.975

3.456

706.9

795.3

829.8

891.5

898.4

978.7

1685

911.7

885.6

929.9

992.8

1034

1616

2534

873.2

862.7

860.9

967.1

973.1

994.8

2066

860.5

543.4

840.1

795.3
656.3

838.3

793.5

735.7

941.7

891.5

735.7

858.1

793.2
811.1

1271

1.06

1.15

1.05

1.06

1.06

1.06

1.65

1.36

1.29

1.18

1.18

1.22

1.75

2.49

1.31

1.25

1.09

1.15

1.14

1.08

2.03

1.29

0.81

1.22

1.15
0.95

1.06

1.01

0.93

1.12

1.06

0.88

1.01

0.93
0.88

1.38
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Section S4 — Data for Archimedean Cubes

Table S4. List of Archimedean cubes (for abbreviations see Table 5 in the main text).

Polyhedron G Cluster Surface D./nm D,/nm D;/nm N, N, f N; Ny,/N N./N Nu/N N;i/N
Cuboctahedron 13 1 13 12 0.983 0.852 [3]0.803 16.5 29.3 19.0 15.9 1.27 2.25 1.46 1.23
[4] 0.695 10.4 0.80
Truncated Octahedron
38 2 38 32 1.233 1.169 [4] 1.103 394 57.7 49.3 41.3 1.04 1.52 1.30 1.09
[6] 0.955 26.8 0.71
Rhombicuboctahedron
3 2 43 30 1.278 1.193 [3] 1.164 48.8 64.3 52.4 48.6 1.14 1.49 1.22 1.13
[4] 1.103 41.3 0.96
Cuboctahedron 55 2 55 42 1.559 1.350 [3]1.273 65.7 116.8  75.8 63.6 1.19 2.12 1.38 1.16
[4] 1.103 41.3 0.75
Truncated Cube 62 2 62 48 1.625 1.559 [3] 1.537 76.0 132.1 116.8 111.8 1.23 2.13 1.88 1.80
[8] 1.103 41.3 0.67
“Sub-Truncated
3 79 60 1.688 1.601 [4] 1.510 101.2 148.2 126.5 106.0 1.28 1.88 1.60 1.34
Octahedron 79
[6] 1.308 68.9 0.87
Sub-Rhombicubocta-
3 92 54 1.750 1.634 [3] 1.594 1254  165.0 134.5 124.7 1.36 1.79 1.46 1.36
hedron 92
[4] 1.510 106.0 1.15
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Snub Cube 111 3 111 56 1.776 1.648 [3]11.603 1339 1724 1379 127.0 1.21 1.55 1.24 1.14

[4] 1.510 106.0 0.96
Sub-Truncated
3 116 78 1.688 1.601 [4] 1.510 101.2 148.2 126.5 106.0 0.87 1.28 1.09 0.91
Octahedron 116
[6] 1.308 68.9 0.59
Truncated
3 135 80 1.828 1.764 [4] 1.741 150.8 188.2 169.0 162.5 1.12 1.39 1.25 1.20
Cuboctahedron 135
[6] 1.649 138.2 1.02
[8] 1.510 106.0 0.79
Sub-Rhombicubocta-
140 78 1.750 1.634 [3] 1.594 1254  165.0 134.5 1247  0.90 1.18 0.96 0.89
hedron 140
[4] 1.510 106.0 0.76
Cuboctahedron 147 3 147 92 2.135 1.849 [3] 1.743 168.7 299.9 194.8 163.2 1.15 2.04 1.32 1.11
[4] 1.510 106.0 0.72
Truncated Cube 164 3 164 102 2.225 2.135 [3]2.105 195.1 3393 299.9 287.1 1.19 2.07 1.83 1.75
[8] 1.510 106.0 0.65
Sub-Truncated Cube
71 3 171 108 2.225 2.135 [3]2.105 195.1 3393 299.9 287.1 1.14 1.98 1.75 1.68
[8] 1.510 106.0 0.62
“Sub-Truncated
4 140 96 2.143 2.033 [4] 1.917 207.2 303.3 259.0 217.0 1.48 2.17 1.85 1.55
Octahedron 140
[6] 1.660 141.0 1.01

33



Sub-Rhombicubocta-
hedron 165

Truncated Octahedron

201

Sub-Cuboctahedron
260

Sub-Truncated

Cuboctahedron 236

Sub-Rhombicubocta-

hedron 249

Sub-Snub Cube 249

Sub-Snub Cube 268

Sub-Truncated
Cuboctahedron 297

165

201

260

236

249

249

268

297

86

122

144

120

114

114

128

162

2.222

2.143

2.711

2.321

2.222

2.255

2.255

2.321

2.075

2.033

2.348

2.239

2.075

2.093

2.093

2.239

[3] 2.024
[411.917
[411.917
[6] 1.660
[3]12.214
[411.917
[4]12.211

[6] 2.094
[8] 1.917

[3] 2.024

(4] 1.917
[3]2.036
(4] 1.917
[3]2.036
(4] 1.917

[4] 2.211

34

256.7

207.2

3454

308.7

256.7

274.0

274.0

308.7

337.9

303.3

613.9

385.2

337.9

353.0

353.0

385.2

275.3

259.0

398.7

3459

275.3

282.3

282.3

3459

255.3

217.0

217.0

141.0

334.2

217.0

332.7

282.8
217.0

255.3

217.0
259.9
217.0
259.9
217.0

332.7

1.56

1.03

1.33

1.31

1.03

1.10

1.02

1.04

2.05

1.51

2.36

1.63

1.36

1.42

1.32

1.30

1.67

1.29

1.53

1.47

1.13

1.05

1.16

1.55

1.32

1.08

0.70

1.29

0.83

1.41

1.20
0.92

1.03

0.87
1.04
0.87
0.97
0.81

1.12



[6] 2.094 282.8 0.95

[8] 1.917 217.0 0.73
Cuboctahedron 309 4 309 162 2.711 2.348 [3]2.214 3454  613.9 398.7 334.2 1.12 1.99 1.29 1.08
[4] 1.917 217.0 0.70
Sub-Truncated
4 316 152 2.321 2.239 [4] 2.211 308.7 3852 3459 3327 0.98 1.22 1.09 1.05
Cuboctahedron 316
[6] 2.094 282.8 0.90
[8] 1.917 217.0 0.69
Sub-Rhombicubocta-
4 321 150 2.222 2.075 [3]2.024 256.7 3379 2753 255.3 0.80 1.05 0.86 0.80
hedron 321
[4] 1.917 217.0 0.68
Cuboctahedron 340 4 340 176 2.711 2.348 [3]2.214 3454  613.9 398.7 334.2 1.02 1.81 1.17 0.98
[4] 1.917 217.0 0.64
Truncated Cube 357 4 357 186 2.825 2.711 [3]2.672 399.5 6946 613.9 587.7 1.12 1.95 1.72 1.65
[8] 1.917 217.0 0.61
Sub-Cube 364 4 364 192 3.321 2.711 1.917 414.5 1127.8 613.9 217.0 1.14 3.10 1.69 0.60
Sub-Octahedron 225 5 225 ] 140 2324  1.644 1342 123.1 386.8 1368 744 055 172 061 033
Sub-Rhombicubocta-
5 266 126 2.694 2.516 [3]2.454 457.5 602.2 490.5 455.1 1.72 2.26 1.84 1.71
hedron 266
[4] 2.324 386.8 1.45
Sub-Truncated
5 314 174 2.599 2.465 [4] 2.324 369.3 540.5 461.6 386.8 1.18 1.72 1.47 1.23

Octahedron 314
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Sub-Rhombicubocta-
hedron 369

Rhombicuboctahedron

394

Sub-Snub Cube 394

Sub-Truncated
Octahedron 405

Snub Cube 429

Sub-Truncated

Cuboctahedron 466

Sub-Cuboctahedron

490

Sub-Truncated

369

394

394

405

429

466

490

501

168

158

158

204

132

230

230

204

2.694

2.694

2.733

2.599

2.733

2.814

3.287

2.814

2.516

2.516

2.537

2.465

2.537

2.715

2.847

2.715

[6]2.013
[3]2.454
[4]2.324
[3]2.454

[4]2.324
[3] 2.468
[4]2.324

[4]2.324

[6]2.013
[3]2.468
[4] 2.324

[4] 2.680

[6] 2.539
[8]2.324

[3] 2.684

[4]2.324
[4] 2.680

36

457.5

457.5

488.4

369.3

488.4

550.2

615.6

550.2

602.2

602.2

629.1

540.5

629.1

686.5

1094.1

686.5

490.5

490.5

503.0

461.6

503.0

616.5

710.5

616.5

251.2

455.1

386.8

455.1

386.8
463.2
386.8

386.8

251.2
463.2
386.8

592.9

504.0
386.8

595.5

386.8
592.9

1.24

1.16

1.24

0.91

1.14

1.18

1.26

1.10

1.63

1.53

1.60

1.33

1.47

1.47

2.23

1.37

1.33

1.25

1.28

1.14

1.17

1.32

1.45

1.23

0.80

1.23

1.05

1.15

0.98
1.18
0.98

0.96

0.62
1.08
0.90

1.27

1.08
0.83

1.22

0.79
1.18



Cuboctahedron 501

Sub-Rhombicubocta-

hedron 514

Sub-Cuboctahedron
549

Cuboctahedron 561

Sub-Truncated

Cuboctahedron 586

Sub-Truncated
Cuboctahedron 605

Sub-Cuboctahedron
610

514

549

561

586

605

610

198

240

252

246

248

270

2.694

3.287

3.287

2.814

2.814

3.287

2.516

2.847

2.847

2.715

2.715

2.847

[6] 2.539
[8] 2.324

[3] 2.454
[4] 2.324
[3] 2.684

[4]2.324
[3] 2.684
[4]2.324

[4] 2.680

[6] 2.539
[8]2.324

[4] 2.680

[6] 2.539
[8] 2.324

[3]2.684

[4]2.324
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457.5

615.6

615.6

550.2

550.2

615.6

602.2

1094.1

1094.1

686.5

686.5

1094.1

490.5

710.5

710.5

616.5

616.5

710.5

504.0
386.8

455.1

386.8

595.5

386.8
595.5
386.8

592.9

504.0
386.8

592.9

504.0
386.8

595.5

386.8

0.89

1.12

1.10

0.94

0.91

1.01

1.17

1.99

1.95

1.18

1.13

1.79

0.95

1.29

1.27

1.06

1.02

1.16

1.01
0.77

0.89

0.75

1.08

0.70
1.06
0.69

1.02

0.86
0.66

0.98

0.83
0.64

0.98

0.63



Sub-Truncated Cube
6l 5 641 284 3.425 3.287 [3] 3.240 711.9 1238.0 1094.0 10474 1.11 1.93 1.71 1.63
[8]2.324 386.8 0.60

Sub-Truncated Cube
5 658 294 3.425 3.287 [3] 3.240 711.9 1238.0 1094.0 1047.4 1.08 1.88 1.66 1.59

658

[8]2.324 386.8 0.59
Sub-Octahedron 338 6 338 | 192 2732 1932 1577 199.9 6279 2220 1208 059 1.8 066 036
Sub-Octahedron 399 6 394 174 2.732 1.932 1.577 1999 6279 222.0 120.8  0.51 1.59 0.56 0.31
Sub-Truncated

6 459 234 3.054 2.898 [4]2.732 599.4 877.5 7493 627.9 1.31 1.91 1.63 1.37

Octahedron 459

[6] 2.366 407.8 0.89
Rhombicuboctahedron
57 6 579 210 3.166 2.957 [3]2.884 7427 9775 7963 738.7 1.28 1.69 1.38 1.28

[4]2.732 627.9 1.08
Truncated Octahedron
536 6 586 272 3.054 2.898 [4]2.732 599.4 877.5 7493 627.9 1.02 1.50 1.28 1.07
[6] 2.366 407.8 0.70
Sub-Truncated
6 675 270 3.308 3.191 [4] 3.150 893.1 1114.4 1000.8 962.5 1.32 1.65 1.48 1.43
Cuboctahedron 675
[6] 2.984 818.2 1.21
[8]2.732 627.9 0.93

Sub-Rhombicubocta- 6 730 264 3.166 2.957 [312.884 74277 9775 7963 73877 1.02 134 1.09 1.01
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hedron 730

Rhombicubocta-hedron

755

Snub Cube 755

Sub-Truncated
Octahedron 802

Truncated

Cuboctahedron 863

Sub-Truncated

Octahedron 898

Sub-Cuboctahedron
911

Cuboctahedron 923

755

755

802

863

898

911

923

254

254

312

314

312

350

362

3.166

3.213

3.054

3.308

3.054

3.863

3.863

2.957

2.982

2.898

3.191

2.898

3.346

3.346

[4] 2.732
[3]2.884

[4] 2.732
[3]12.901
[4] 2.732

[4] 2.732
[6] 2.366
[4] 3.150

[6] 2.984
[8]2.732

[4] 2.732
[6] 2.366
[3]3.154

[4] 2.732
[3]3.154
[4] 2.732
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742.7

792.8

5994

893.1

5994

999.4

999.4

977.5

1021.2

877.5

1114.4

877.5

1776.0

1776.0

796.3

816.6

749.3

1000.8

749.3

1153.5

1153.5

627.9

738.7

627.9
752.0
627.9

627.9

407.8

962.5

818.2
627.9

627.9

407.8

966.8

627.9
966.8
627.9

0.98

1.05

0.75

1.03

0.67

1.10

1.08

1.29

1.35

1.09

1.29

0.98

1.95

1.92

1.05

1.08

0.93

1.16

0.84

1.27

1.25

0.86

0.98

0.83
1.00
0.83

0.78

0.51

1.12

0.95
0.73

0.70

0.46

1.06

0.69
1.05
0.68



Sub-Truncated
Cuboctahedron 970

Sub-Truncated Cube

1043

Truncated Cube 1074

Sub-Truncated Cube
1091

970

1043

1074

1091

360

402

416

426

3.308

4.026

4.026

4.026

3.191

3.863

3.863

3.863

[4] 3.150

[6] 2.984
[8] 2.732

[3] 3.808

[8] 2.732
[3] 3.808
[8] 2.732

[3] 3.808

[8] 2.732

893.1

1155.7

1155.7

1155.7

1114.4

2009.7

2009.7

2009.7

1000.8

1776.0

1776.0

1776.0

962.5

818.2
627.9

1700.3

627.9
1700.3
627.9

1700.3

627.9

0.92

1.11

1.08

1.06

1.15

1.93

1.87

1.84

1.03

1.70

1.65

1.63

0.99

0.84
0.65

1.63

0.60
1.58
0.58

1.56

0.58
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Section S5 — Example calculations

The expected structures (closest or best match) of several gold nanoparticles synthesized by
our group>>> are summarized in Table S5 (high resolution TEM images are available free of
charge in the electronic supporting information in most cases). The models used are listed and
those highlighted in red font were considered the closest match to the gold nanoparticles
experimentally observed in the TEM images. The gold nanoparticles Aul, Au2, Au4, AuS,
Aul0, and Aull (No. 7, 8, 10, 11, 16, 17) had TEM images with sufficiently high resolution (see
images in the original papers and their supporting information), making the choice for the most
appropriate model easy (as outlined in the main text, a sufficiently high quality of TEM images
is important). The structures and compositions of the other gold nanoparticles were estimated
from their size distribution histograms.

The estimated core structures of the gold nanoparticles reported by Negishi ez al.>® are shown
in Table S6. Their structures have previously been estimated via DFT calculations. Our models
and tables help analyze them and select the best match for the core structure.

Table S5. Lists of gold nanoparticles and their model structures.

No. Ref. Au-NP D/ Model D./! D,/ D;/ hi w/
nm nm nm nm nm nm

1 [S2] Au-R1 247+ Truncated 2.671 2.647 [4]

0.18 Icosidodecahedron 437 2.624

[6]

2.577

[12]

2.417

Sub-Truncated 2.814 2715 [4]

Cuboctahedron 466 2.680

[6]

2.539

(8]

2.324

Sub-Truncated 2.738 2.681 [5]

Icosahedron 489 2.571

[6]

2.505

2 [S2] Au-R2 213+ Sub- 2.182 2.126 [3]

0.18 Rhombicosidodecahedron 2.107

267

(4]

2.069

[5]

2.018

Sub-Truncated 2.321 2.239 [4]

Cuboctahedron 297 2.211

[6]

2.094
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(8]
1.917

Icosahedron 309 2.592 2205 2.060
3 [S2] Au-R3 124+ Icosahedron 55 1.440 1.225 1.144
0.28
Ino’s Decahedron 55 1.44 1.32
Cuboctahedron 55 1.559 1.350 [3]
1.273
[4]
1.103
4 Au-S1 1.73+  Icosidodecahedron 145 1.867 1.776  [3]
0.20 1.744
[5]
1.588
Icosahedron 147 2.016 1.715 1.602
Cuboctahedron 147 2.135 1.849 [3]
1.743
[4]
1.510
Dodecahedron 165 2.175 2.031 1.728
5 [S2] Au-S2 1.08+  Marks’ Decahedron 29 1.15 1.09
0.24
6 [S2] Au-S3 1.09+ Dodecahedron 33 1.203 1.124 0.956
0.23
Truncated Octahedron 38  1.233  1.169 [4]
1.103
[6]
0.955
Ino’s Decahedron 39 1.15 1.32
7 [S3] Aul 1.65+  Ino’s Decahedron 116 1.73 1.83
0.39
Marks’ Decahedron 146 1.73  2.12
Truncated Icosahedron 1.758 1.722 [5]
135 1.651
[6]
1.608
Sub-Truncated 1.688 1.601 [4]
Octahedron 116 1.510
[6]
1.308
Cuboctahedron 147 2.135 1.849 [3]
1.743
[4]
1.510
8 [S3] Au2 1.54+ Ino’s Decahedron 71 1.73 1.32
0.38
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Marks’ Decahedron 75 1.44 1.61
Dodecahedron 75 1.680 1.570 1.335
Sub-Truncated 1.688 1.601 [4]
Octahedron 116 1.510
[6]
1.308
9 [S3, Au3 350+ —
S4] 0.81
10 Au4 1.20+  Marks’ Decahedron 29 1.15 1.09
0.23
Ino’s Decahedron 39 1.15 1.32
Icosidodecahedron 43 1.268 1.206  [3]
1.184
[4]
1.079
Truncated Octahedron 38  1.233  1.169 [4]
1.103
[6]
0.955
11 [S3] AuS 1.75+ Marks’ Decahedron 146 1.73  2.12
0.40
Ino’s Decahedron 147 2.02 1.83
Icosahedron 147 2.016 1.715 1.602
Cuboctahedron 147 2.135 1.849 [3]
1.743
[4]
1.510
Truncated Octahedron 2.143  2.033 [4]
201 1.917
[6]
1.660
12 [S3] Au6e —
13 [S3] Au7 158+ Marks’ Decahedron 101 1.44 1.83
0.44
Rhombicosidodecahedron 1.717 1.674  [3]
115 1.659
[4]
1.629
[5]
1.588
Sub-Truncated 1.688 1.601 [4]
Octahedron 116 1.510
[6]
1.308
14 [S3] Au8 193+ Marks’ Decahedron 238 230 2.12
0.47
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Icosidodecahedron 237 2.268 2.157 [3]
2.119
[5]
1.930
Truncated Octahedron 2.143  2.033 [4]
201 1.917
[6]
1.660
Sub- 2222 2.075 [3]
Rhombicuboctahedron 2.024
249
[4]
1.917
15 [S3] Au9 1.31+ Ino’s Decahedron 71 1.73 1.32
0.29
Icosahedron 55 1.440 1.225 1.144
Cuboctahedron 55 1.559 1.350 [3]
1.273
[4]
1.103
16 [S3] Aul0 1.57+ Marks’ Decahedron 101 1.73 1.61
0.43
Rhombicosidodecahedron 1.717 1.674  [3]
115 1.659
[4]
1.629
[5]
1.588
Sub-Truncated 1.688 1.601 [4]
Octahedron 116 1.510
[6]
1.308
17 [S3] Aull 1.61+ Marks’ Decahedron 101 1.73 1.61
0.42
Truncated Icosahedron 1.758 1.722 [5]
135 1.651
[6]
1.608
Icosahedron 147 2.016 1.715 1.602
Sub-Truncated 1.688 1.601 [4]
Octahedron 116 1.510
[6]
1.308
Cuboctahedron 147 2.135 1.849 [3]
1.743
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1.510

18 [S5] AuNP1 4.09 Cuboctahedron 1415 4439 3.844 [3]
3.625

[4]

3.139

Sub-Truncated 3.801 3.667  [4]

Cuboctahedron 1416 3.619

[6]

3.429

[8]

3.139

“ Could not be isolated in pure form (and analyzed here) due to amphiphilicity of the resulting
mixed-monolayer-protected Au NPs.

Table S6. Lists of gold nanoparticles and their core structures.

No. Ref. Au-NP D/ nm Model D./nm g’r”n / D;/ nm
19 2.0+ [4]
[86] Au~226(SC12)~76 0.5 Truncated Octahedron 201 2.143 2.033 1.917
[6]
1.660
Sub-Truncated [4]
Cuboctahedron 236 2321 2.239 2211
[6]
2.094
[8]
1.917
2.1+ Sub-Truncated [4]
20 [S6] Auasi(SCi)w 4 Cuboctahedron 236 23212239 55Hq
[6]
2.094
[8]
1.917
Sub- [3]
Rhombicuboctahedron 249 2222 2.075 2.024
[4]
1.917
22+ Sub-Truncated [4]
21 [S6]  Ause(SCi2)ss 0.4 Cuboctahedron 297 2321 2.239 2211
[6]
2.094
[8]
1.917
[3]
Cuboctahedron 309 2.711 2.348 2914
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Sub-Truncated [4]
Cuboctahedron 316 2321 2.239 2211
[6]
2.094
[8]
1.917
22+ [3]
22 [86] Au~356(SC12)~112 03 Cuboctahedron 340 2.711 2.348 2214
[4]
1.917
Sub-Truncated Octahedron [4]
314 2.599  2.465 5324
[6]
2.013
2.4+ Sub-T ted 4
23 [86] Ausn(SCr)use ", Cubl;ctalrlggssne466 2814 2715 2.[65]%0
[6]
2.539
[8]
2.324
[3]
Sub-Cuboctahedron 490 3.287 2.847 7634
[4]
2.324
Sub-Truncated [4]
Cuboctahedron 501 2.814 2715 2.680
[6]
2.539
[8]
2.324

Section S6 — xyz Coordinates
The xzy-coordinates for all gold nanoclusters are provided as separate electronic supplementary
materials. These xyz-coordinate files are provided in standard format that can be analyzed just

like crystal structures using CIF format.
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