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1(2:1)
—— Cul + L1 step stair case

Normalized intensity

Figure S1. PXRD pattern of 1(2:1), compared to the calculated pattern for the step-staircase motif
as reported by references 12,

—2(2:1)
Cul + L2 diamond

Normalized intensity

10 20 30 40 50
20 (%)

Figure S2. PXRD pattern of 2(2:1), compared to the calculated pattern for the diamond motif as
reported by this work. Large peaks at 25.7< 42.4< and 50.1<are due to the presence of excess
copper(l) iodide.



— 3(2:1)
—— Cul + L3 eared cubane

Normalized intensity

20 (%)

Figure S3. PXRD pattern of 3(2:1), compared to the calculated pattern for the eared cubane motif
as reported by reference 3. Large peaks at 25.7< 42.4< and 50.1 <are due to the presence of excess
copper(l) iodide.

—4(2:1)
—— Cul + L4 rhomboid

Normalized intensity

Figure S4. PXRD pattern of 4(2:1), compared to the calculated pattern for the rhomboid motif as
reported by references °. Large peaks at 25.7< 42.4< and 50.1 <are due to the presence of excess
copper(l) iodide.
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Figure S5. PXRD pattern of 5(2:1), compared to the calculated pattern for the rhomboid motif as
reported by references >6. Due to the large halo, no conclusive structural determination can be
made. Large peaks at 25.7< 42.4< and 50.1<are due to the presence of excess copper(l) iodide.

——6(2:1)

| |
|
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10 20 30 40 50

Figure S6. PXRD pattern of 6(2:1). Large peaks at 25.7< 42.4< and 50.1 “are due to the presence
of excess copper(l) iodide.
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Figure S7. PXRD pattern of 7(2:1). Large peaks at 25.7< 42.4< and 50.1 “are due to the presence
of excess copper(l) iodide.
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Normalized intensity
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Figure S8. PXRD pattern of 8(2:1), compared to the calculated pattern for the cubane motif as
reported by this work.
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——1(3:2)
—— Cul + L1 diamond
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20 (°)

Figure S9. PXRD pattern of 1(3:2), compared to the calculated pattern for the diamond motif as
reported by reference 7. Large peaks at 25.7< 42.4< and 50.1<are due to the presence of excess
copper(l) iodide.
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Figure S10. PXRD pattern of 2(3:2).
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Normalized intensity
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Figure S11. PXRD pattern of 3(3:2).

—4(3:2)
—— Cul + L4 rhomboid

Normalized intensity

Figure S12. PXRD pattern of 4(3:2), compared to the calculated pattern for the rhomboid motif as
reported by references *°. Large peaks at 25.7< 42.4< and 50.1 “are due to the presence of excess
copper(l) iodide.
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—5(3:2)
—— Cul + L5 rhomboid

Normalized intensity

Figure S13. PXRD pattern of 5(3:2), compared to the calculated pattern for the rhomboid motif as
reported by reference >8. This sample is concluded to be a mix of the rhomboid motif and another
unknown motif. Peaks at 25.7< 42.4< and 50.1 “are due to the presence of excess copper(l) iodide.
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Figure S14. PXRD pattern of 6(3:2) compared to the calculated pattern for the rhomboid motif as
reported by this work. This sample is concluded to be a mix of the rhomboid motif and another
unknown motif.
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Figure S15. PXRD pattern of 7(3:2).
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Figure S16. PXRD pattern of 8(3:2).
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Figure S17. PXRD pattern of 1(1:1), compared to the calculated pattern for the bipyramid motif

as reported by this work.
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Figure S18. PXRD pattern for 2(1:1).
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Figure S19. PXRD pattern of 3(1:1), compared to the calculated pattern for the rhomboid motif as
reported by references ®8.

—4(1:1)
——— Cul + L4 rhomboid

Normalized intensity

Figure S20. PXRD pattern of 4(1:1), compared to the calculated pattern for the rhomboid motif as
reported by references #°.
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—5(1:1)
Cul + L5 rhomboid

Normalized intensity

Figure S21. PXRD pattern of 5(1:1), compared to the calculated pattern for the rhomboid motif as
reported by references >°.

— 6(1:1)
—— Cul + L6 rhomboid

Normalized intensity

Figure S22. PXRD pattern of 6(1:1) compared to the calculated pattern for the rhomboid motif as
reported by this work.
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Figure S23. PXRD pattern of 7(1:1).
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Figure S24. PXRD pattern of 8(1:1).
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Figure S25. PXRD pattern of 1(2:3).
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— 2(2:3)
—— Cul + L2 diatomic linear
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Figure S50. UV-Vis absorption and PL spectra of 2(3:2). Left : 293K. Right : 77K
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Figure S51. UV-Vis absorption and PL spectra of 3(3:2). Left : 293K. Right : 77K
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Figure S52. UV-Vis absorption and PL spectra of 4(3:2). Left : 293K. Right : 77K
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Figure S53. UV-Vis absorption and PL spectra of 5(3:2). Left : 293K. Right : 77K
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Figure S54. UV-Vis absorption and PL spectra of 6(3:2). Left : 293K. Right : 77K
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Figure S59. UV-Vis absorption and PL spectra of 3(1:1). Left : 293K. Right : 77K
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Figure S60. UV-Vis absorption and PL spectra of 4(1:1). Left : 293K. Right : 77K
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Figure S61. UV-Vis absorption and PL spectra of 5(1:1). Left : 293K. Right : 77K
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Figure S62. UV-Vis absorption and PL spectra of 6(1:1). Left : 293K. Right : 77K
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Figure S64. UV-Vis absorption and PL spectra of 8(1:1). Left : 293K. Right : 77K
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Figure S65. UV-Vis absorption and PL spectra of 1(2:3). Left : 293K. Right : 77K
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Figure S66. UV-Vis absorption and PL spectra of 2(2:3). Left : 293K. Right : 77K
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Figure S68. UV-Vis absorption and PL spectra of 4(2:3). Left : 293K. Right : 77K
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Figure S70. UV-Vis absorption and PL spectra of 6(2:3). Left : 293K. Right : 77K
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Figure S72. UV-Vis absorption and PL spectra of 8(2:3). Left : 293K. Right : 77K
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Figure S73. UV-Vis absorption and PL spectra of 1(1:2). Left : 293K. Right : 77K
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Figure S74. UV-Vis absorption and PL spectra of 2(1:2). Left : 293K. Right : 77K
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Figure S75. UV-Vis absorption and PL spectra of 3(1:2). Left : 293K. Right : 77K
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Figure S76. UV-Vis absorption and PL spectra of 4(1:2). Left : 293K. Right : 77K
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Figure S77. UV-Vis absorption and PL spectra of 5(1:2). Left : 293K. Right : 77K
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Figure S78. UV-Vis absorption and PL spectra of 6(1:2). Left : 293K. Right : 77K
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Figure S81. Photoluminescence and quantum yield of 1(2:1).
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Figure S82. Photoluminescence and quantum yield of 2(2:1).

47



Intensity (Cts) Intensity (Cts)

Intensity (Cts)

1000000

1000000

1000000

QY =8.82927 %

C i i 1 1 1 1 1 i
350 400 450 500 550 800 B850 700
r QY =7.97604 %

C i i 1 L L 1 L L
350 400 450 500 550 600 650 700
i QY =7.48782 %

C i I 1 1 1 1 1 i
350 400 450 500 550 600 650 700

Wavelength (nm)

Figure S83. Photoluminescence and quantum yield of 3(2:1).
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Figure S84. Photoluminescence and quantum yield of 4(2:1).
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Figure S85. Photoluminescence and quantum yield of 5(2:1).
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Figure S86. Photoluminescence and quantum yield of 6(2:1).
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Figure S87. Photoluminescence and quantum yield of 7(2:1).
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Figure S88. Photoluminescence and quantum yield of 8(2:1).
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Figure S89. Photoluminescence and quantum yield of 1(3:2).
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Figure S90. Photoluminescence and quantum yield of 2(3:2).
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Figure S91. Photoluminescence and quantum yield of 3(3:2).
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Figure S92. Photoluminescence and quantum yield of 4(3:2).
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Figure S93. Photoluminescence and quantum yield of 5(3:2).
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Figure S94. Photoluminescence and quantum yield of 6(3:2).
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Figure S95. Photoluminescence and quantum yield of 7(3:2).
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Figure S96. Photoluminescence and quantum yield of 8(3:2).

54



i 1000000 & QY =0.68885%
Q
2
B
c
2
[ =
s o0, L N L M 1 1
350 400 450 500 560 600 650
-— 1000000 [
2 QY =0.69858 %
9
=
‘m
[ =
-
| =
- L i L n 1 L 1 L
350 400 450 500 550 600 650
— 1000000
2 QY =0.71709 %
o
=
‘@
c
o
c
7. o, 1 L L n 1 n
350 400 450 500 550 600 650

Wavelength (nm)

Figure S97. Photoluminescence and quantum yield of 2(1:1).
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Figure S98. Photoluminescence and quantum yield of 3(1:1).
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Figure S99. Photoluminescence and quantum yield of 5(1:1).
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Figure S100. Photoluminescence and quantum yield of 7(1:1).
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Figure S101. Photoluminescence and quantum yield of 8(1:1).
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Figure S102. Photoluminescence and quantum yield of 3(2:3).
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Figure S103. Photoluminescence and quantum yield of 4(2:3).
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Figure S104. Photoluminescence and quantum yield of 5(2:3).
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Figure S105. Photoluminescence and quantum yield of 7(2:3).

Intensity (Cts) Intensity (Cts)

Intensity (Cts)

1000000

1000000

1000000

Wavelength (nm)

Figure S106. Photoluminescence and quantum yield of 8(2:3).
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Figure S111. PL decay of 3(2:1) at 293K.
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Figure S122. PL decay of 2(3:2) at 293K. Left : short lifetimes. Right : long lifetimes.
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Figure S124. PL decay of 3(3:2) at 293K.
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Figure S126. PL decay of 4(3:2) at 293K.
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Figure S128. PL decay of 5(3:2) at 293K.
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10000 F
= Decay
— R s
8000 — Fit = 025
293K 6(3:2) e i
he= 378 nm ; 020
> 6000 - hom= 585 nm ~
@ Exponential component &5 015
Qo analysis (reconvolution) 40
(= e =
—= 4000 | 1 =1.024 5 ol 040
2000
;\3 0
o 2
So
o
-‘5 _2
g . e : ¢ Ty
0 10 20 30 40 50
Time (ps)

Figure S130. PL decay of 6(3:2) at 293K.
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Figure S131. PL decay of 6(3:2) at 77K.
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Figure S132. PL decay of 7(3:2) at 293K.
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Figure S133. PL decay of 7(3:2) at 77K.
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Figure S134. PL decay of 8(3:2) at 293K.
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Figure S136. PL decay of 1(1:1) at 77K.
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Figure S137. PL decay of 2(1:1) at 293K.
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Figure S138. PL decay of 2(1:1) at 77K.
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Figure S139. PL decay of 3(1:1) at 293K.
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Figure S140. PL decay of 3(1:1) at 77K.
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Figure S143. PL decay of 5(1:1) at 77K.
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Figure S144. PL decay of 6(1:1) at 77K.
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Figure S148. PL decay of 1(2:3) at 293K.
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Figure S152. PL decay of 3(2:3) at 293K.
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Figure S154. PL decay of 4(2:3) at 293K.
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Figure S163. PL decay of 8(2:3) at 77K. Left : short lifetimes. Right : long lifetimes.
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Figure S164. PL decay of 1(1:2) at 77K.
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Figure S165. PL decay of 2(1:2) at 77K.
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Figure S166. PL decay of 3(2:1) at 77K.



Intensity

10000

8000

6000

4000

2000

OoON O

Residues (%)
N

Figure S167. PL decay of 4(1:2) at 77K.
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Figure S168. PL decay of 5(1:2) at 77K.
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Figure S169. PL decay of 6(1:2) at 77K.
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Figure S170. PL decay of 7(1:2) at 293K.
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Figure S172. PL decay of 8(1:2) at 77K.



Table S1. PL decay lifetime components for all compounds.?

Sample  T1(%) 12(%) 3(%) 14(%) X2 Notes
1('33;4‘)5 629886;‘)5 na na 1.032 293K
10D Gy wee e M M e
3(718(;'; n.a. n.a. n.a. 1.053 7|i7fl:t7irlrc1)23
299ns L7718 01418 Aa 1367 203K
22:1) @77 @2.0) (50.2)
1(52_’65'7“;; (22;11-55 ?375(;) ‘;)s na. 1.000 77K
- ?6912? 2(374155 %3975 na. 1.100 293K
S I
1(47;;5 52'3817_;5 ‘g;g na 1.011 293K
42:1) 7(53845.;S ?géz.f ?:ffiﬁ na 1.024 YI?flz{ii:];)srt
s e, (e
o 5(31&_)3; ?6148‘1? n.a. n.a. 1.000 293K
2(238;‘)5 7(23055 ?1522')5 na 1.003 77K
6(2:1) 5.05) 92'571?5 7@?2? na 1.062 293K
7(2:1) 1(3335 5(5069;')5 na. na. 1.088 293K
8(2:1) 1(41;53 5(5152_;‘)3 na. na. 1.071 203K
T L e e
162 oy e @b @ T it
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28.816
(21.2)

86.85
(78.8)

n.a.

n.a.

1.009

77K short
lifetimes
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77K _lon
L T

(25%55 %3%3? na. na. 1.071 Iifle\t’irr:;sg
T T m

2(3:2) 139ns 704ns 3.256 o 076 293K, long
(11.5) (27.5) (61.0) < ' lifetimes
8.8216 41.018 16016

a 1.094 77K
(72.7) (14.0) (13.3) na 09
611ns 2.8918 6.138

a 1. 203K

@2 @3 @1y @5 M 0 >
9.6215 51.9¢5 16015
(21.5) (45.4) (33.1) na 1.036 K
6.5418 17.9¢5 91315 na. 1.011 293K
(19.3) (56.7) (24.0)

4(3:2) 308ps 1.23ns 4.85ns na 1.069 77K, short
(16.1) (53.9) (30.0) o ' lifetimes
12016 1.6ms 8.7ms 77K, long

n.a. 1.045 e
(5.08) (8.03) (86.9) lifetimes
23115 7.3015
a. n.a. 1.016 293K

53:2) _ (185)  (815) e

19.35 61.9p5 20018
n.a. 1.081 77K
(23.0) (52.0) (25.0)

6(3:2) 705ns 3.9916 8.3918 na 1,024 203K
(2.93) (23.8) (73.3)

262 6P na na na 0.098 203K
(21.7) (15.6) (24.3) (38.5) 1011 K
572ns 29418 6228 1005 503K

ey (6.26) (24.4) (69.3) na |
13318 62745 18048 1039 K
(16.3) 42.7) (41.0) na '

1(1:1) ovme 24245 67545 535 .
(1.76) (61.5) (36.7) na '
51.0ns 903ns 42418 1095 503K

s (307) (29.8) (39.5) na '
841LE 53.61LE 170}_{5 1033 K
(2L.7) (33.2) (45.1) na '

3(1:1) e 1.58L6 6.0516

v +b N na. 1,036 793K
(11.9) (33.00 (55.1)
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12.018 S4.718 16018 na 1.051 77K
(23.3) (46.8) (29.9)
a1y SO9ks 11018 38018 na. 1.059 77K
(22.2) (47.3) (30.6)
127ps 982ps 2.25ns 293K, short
a. 993 .
(8.96) (64.2) (26.8) na 0 lifetimes
] 199ns 1.398 293K, long
5(1:1) (18.3) (81.7) n.a. n.a. 1.056 lifetimes
38.315 13018 38018 na 1.012 77K
(25.4) (39.5) (35.1)
294ns 55.818 11018
: n.a. 1.036 77K
6(1:1) (20.1) (49.6) (30.3)
158ps 942ps 3.42ns na 1.049 29.3K., short
(14.0) (28.0) (58.0) ' lifetimes
292ns 1478 5.0916 na 1.006 2??K long
7(1:1) (4.59) (26.0) (69.4) ifetimes
529ps 1.05ns 4.00ns na 0.994 77K, short
(46.5) (45.2) (8.27) lHTeumes
77K, lon
99915 44.515 13018 na 1.059 7, 1ong
(25.1) (38.4) (36.6) lifetimes
23.418 96.318 3106
: a. 0.991 77K
8(1:1) (13.4) (34.1) (52.4) na
205ns 896ns 3.2316 na 1,010 203K
1(2:3) (10.6) (35.8) (53.5)
7885 46.115 19018 na 1.049 77K
(23.3) (38.4) (38.3)
584ns 3.3816 14.618 N 1,052 293K
(55.1) (28.2) (16.7)
2(2:3) 144ps 705ps 3.18ns na 1038 7?K,_short
' (21.6) (41.6) (36.7) lifetimes
77K, lon
21.318 14018 48018 na 1.072 %, 1ong
(4.31) (43.9) (51.8) lifetimes
51.0ns 622ns 2.8918 9.818 1077 993K
(5.50) (12.9) (30.9) (50.7) '
656ps 1.61ns 5.61ns
3(2:3
2:3) (46.0) (31.3) (22.7) A 1,007 7I?fI:'['i§:§srt
77K, lon
70.9;8 20015 n.a. n.a. 1.038 . g
(42.9) (57.1) lifetimes
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4(2:3)

<100ps
(5.94)

612ps
(16.2)

2.24ns
(41.6)

6.15ns
(36.3)

1.075

293K
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487ps 1.61ns 5.25ns na 1.040 77K, short
(20.3) (39.3) (40.4) o ' lifetimes
19018 1.10ms 10.0ms 77K, long
(9.86) (11.4) (78.7) na 1.003 lifetimes
<100ps 324ps 1.30ns 4.76ns 0.997 293K, short
(15.2) (16.6) (30.2) (38.1) ' lifetimes
19.0ns 285ns 1.578
2.
C s @eny @4 na Losg  258long
226ps 1.00ns 3.96ns Itetimes
(11.6) (49.4) (39.0) na. 1.079 77K
129ps 1.01ns 4.62ns
(6.42) (213) (72.3) na. 0gg3  293K.short
lifetimes
) 561ns 3.1318 293K, long
6(2:3) (24.6) (75.4) n.a. n.a. 1.046 lifetimes
12.915 89.815 28015
a. 1.053 77K
(17.9) (31.9) (50.1) na
131ps 643ps 2.20ns 7.33ns 1.068 293K, short
(14.1) (17.8) (32.1) (36.0) ' lifetimes
121ns 441ns 1.5618 10.618 1,082 293K, long
7(2:3) (2.80) (16.6) (38.7) (41.9) ' lifetimes
560ps 1.81ns 5.64ns
(309) (389  (302) na. 1069 SO
59216 38.916 13045 Itetimes
@6 @88 (22 M qey (G
<100ps 611ps 1.69ns (17.7) Ifetimes
(14.7) (£4.9) (34.6) 6.33ns 1.083 293K, short
=19ns 21448 17518 (26:0) ' lifetimes
469ps 1.90ns 6.00ns < : lifetimes
(23.2) (39.6) (37.2)
A} 7 AN AN 77K, short
93.918 240LE 580LE n.a. 1.022
(19.7) (58.2) (22.0) ITETES
AN 7 AN 7 A} 7 n.a 1 0R0 77K, IOng
1(1:2) 6.2515 28.018 8235 lifetimes
: (2.42) (74.9) (22.7)
(1:2) (16.2) (64.2) (19.6)
' (27.3) (53.6) (19.0)
a2 LW 68.116 29018 9
' (19.9) (50.7) (29.5)



n.a.

n.a.

1.013

1.063

77K

77K
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83.516 23018 61018
5(1:2 a. .
2 197 (57.9) (22.5) na Lozt e
19.218 14018 38018
RI1 -2\
(4.59) (44.8) (50.6) ne 1035 e
254ns 1.086 44518
n.a. 1.031 293K
201 (12.0) (43.3) (44.7)
13.518 74.716 27018
(20.8) (34.2) (45.0) n.a. 1.078 77K
82.1. 20018 48016
Qr1-7\ n.a. 1.008 77K
(16.5) (53.4) (30.2)
4Some percentage totals may not be equal to 100%, due to rounding error.
5000 [ —— Time = 1.700 ns
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Figure S173. Absolute time-resolved emission spectra of 5(1:1) at 293K. Aex = 378nm.
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Figure S174. Normalized emission spectra of 5(1:1) dependent on the temperature.
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Figure S175. 400 MHz *H NMR spectrum of L7 in CDCls.
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Figure S176. 162 MHz 3P NMR spectrum of L7 in CDCl.
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