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Experiment detail

Material and method.

All starting materials and solvents were purchased from commercial sources and without further
purification. Element analysis was carried out by Elementar Vario Micro Cube. Fourier-transfer
infrared (FT-IR) spectra were recorded on a Thermo Scientific FT-IR Nicolet iS;, spectrophotometer
from 4000 cm! to 400 cm™'. The solid-state ultraviolet-visible (UV-vis) absorption spectra were
recorded on the Bio-Logic MOS-500 multifunctional circular dichroism spectrometer, while solution
UV-vis absorption spectra were measured by Agilent Cary 4000 UV-Vis spectrophotometer. Rigaku
Ultima IV X-ray diffractometer, using the Cu Ka (A = 1.5418 A, step = 0.02°), collected the data of
powder x-ray diffraction under the conditions 40 kV and 40 mA. Thermogravimetric analysis (TGA)
was performed on TGA Q50 V20.6 with N, atmosphere heating rate of 10 °C/min and temperatures
ranging from 40 ° C to 800 ° C. The NMR signals were recorded by Bruker Ascend 400, using CD,Cl,
as solvent. X-ray photoelectron spectroscopy (XPS) was performed by Thermo Scientific™ K-
Alpha™, ESI-MS spectra were recorded with a Waters Synapt G2-Si mass spectrometer and all the
samples were dissolved in HPLC-grade dichloromethane before performing mass spectrometric
analyses.

Horiba FluoroMax-4 fluorometer was used for steady-state photoluminescence spectra measurement
for all samples and Janis VPF-100 cryostat system was used for temperature-controlled measurement
by adopting liquid nitrogen. The Decay curves were recorded by an Edinburgh FLS920 spectrometer,
which is equipped with a uF900 ps flash lamp and a closed-cycle cryostat (Advanced Research
Systems) using liquid helium as a cooling medium. Hamamatsu C11347-01 absolute PL quantum yield
spectrometer was used for the absolute photoluminescence quantum yields measurement under room
temperature. The crystal samples were used for all photoluminescence measurements in solid sample
states, and the crystal phase purity of the samples was ensured by elemental analysis and powder X-
ray diffraction measurements.

Single-crystal data were collected on an Oxford Diffraction XtalAB [Rigaku (Cu) X-ray dual-
wavelength source Ka, A = 1.5418 A] equipped with a monochromometer and CCD plate detector with
a temperature of 100 K (CrysAlisPro CCD, Oxford Diffraction Ltd.). The structure was solved by the
ShelXT! direct method in OLEX2 program package? and all non-hydrogen atoms were refined with
anisotropically by the full-matrix least-square method on F2 by using the ShelXL program?. The
treatment of disordered guest molecules in cavities involves the SQUEEZE program using PLATON.
Crystal data and structure refinement parameters are summarized in Table S1. Selected bond lengths
and angles are given in TableS2 — S4. CCDC nos. 2182733-2182738. The data are available free of
charge from the Cambridge Crystallographic Data Centre.



Crystal structure and data

Qc

Fig. S2 The crystal structures of Cuyg-a and Cuyg-b, showing different Cu---Cu distance in Cuyg core.



Fig. S4 The packing mode of Cu;y viewed from (a) a axis, (b) b axis and (c) ¢ axis. Purple and cyan
represent for Cuyg-a and Cuyg-b, respectively.

Table S1. Crystallographic data for Cuyg and Cuyg

Cuy Cuyg
Empirical formula Co3H74ClsCu;oF36N 14 C127HgsC1Cu;gF36N 2
Formula weight 2919.76 3612.40
Temperature (K) 100.00(16) 293 (2)
Wavelength (4) 1.54184 1.54184
Crystal system Triclinic Monoclinic
space group P-1 P2(1)/n

a (4) 15.3985(3) 18.3419(2)



b (4)
c(d)
Volume (4°)
Z
Peac (Mg/cm?)
Rint
Completeness (%)
Data / restraints /
parameters
Goodness-of-fit on F?
Ry [I>2sigma(])]
WR,P (all data)
Largest diff. peak
and hole (e/A3)

18.9186(3)
18.9345(4)
5395.91(18)
2
1.797

0.0749
99.5
22099/9/1390

1.016
0.0953
0.2394

4.447 ,-2.192

17.1774(2)
20.5081(3)
6460.80(14)
2
1.863

0.035
99.7
13212/ 174 /787

1.064
0.0970
0.2587

2.637,-2.043

3Ry = X|Fy| - |F|l/Z|Fo|.b WRy = {[EW(F>-F ) /Z[W(FH)*} V% w = 1/ [6X(F,?) + (aP)> + bP], where P
= [max(F,?,0) + 2F?]/3 for all data.

Table S2. Comparisons of bond lengths (A) in Cuyy, and Cuyg

Bond type Cuyg-a Cuyo-b
Cu-Cu 2.491~2.741 2.503~2.671
o-type Cu-C 1.955 ~2.197 1.925~2.210
n-type Cu-C 2.028~2.243 2.024~2.299
Cu-N 1.939~1.994 1.931~1.995

Table S3. Comparisons of bond lengths (A) in Cuyy, and Cuyg

Bond type Cuy Cuys
Cu-Cu 2.4910(13)- 2.7406(14) 2.4905(13) - 2.7335(13)
Cu-C 1.955(6) - 2.4910(13) 1.852(7) - 2.509(7)
Cu-N

1.934(6) - 1.996(6) 1.891(6) - 2.017(6)
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Fig. S6 'H NMR spectrum of Cu;gin CD,Cl,.
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Fig. S8 Mass spectra (m/z range: 1500 — 4000) of (red) Cuyg and (black) Cuys.
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Fig. S9 Mass spectra of all nanoclusters corresponding to copper-containing species. Color
representation: black, simulation; red, Cuyg and blue, Cuyg.
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Fig. S10 Mass spectrum of counter cation (Et;NH") of Cuy9and Cu,g in positive mode.

Note: Unfortunately, the monodispersed Cu alkyl cluster can’t be observed in the test of the high-
resolution mass spectrum due to them tend to dissociate, resulting in one set of fragment peaks.
Therefore, only a series of heterogeneous peaks belonging to fragments are observed in the ESI-MS
spectra of Cuygand Cuys.



PXRD

Cu,, - Simulation

10 15 20 25 30
20 (degree)

Fig. S11 Powder X-Ray Diffraction of experimental and simulation of Cuy.
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Fig. S12 Powder X-Ray Diffraction of experimental and simulation of Cuyg.
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Fig. S13 FT-IR spectra of Pz, Cuyy and Cuyg.
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Fig. S14 XPS spectra of (a) Cuygand (c) Cuyg, XPS binding energies of copper regions for (b) Cuyg
and (d) Cllls_

Note: The alkynes in Cu;gexhibit a more complicated ligation mode compared to Cuyq (Fig. 2, Fig.
3), which results in multiple chemical environments of Cu(l), thus affecting the binding energy and
inducing the minor split of peaks (Fig. S14d).
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Fig. S15 Thermo gravimetric curves of Cuyg and Cuys.

Photoluminescence data

Table S4 The photoluminescence photophyscial parameters of Cuygand Cuyg in solid-state

Nanoclusters T/K  Ay/nm  Ay/nm Aem/NIM Tay/ pS ®@p. k, /s k,, /871
300 317 514, 556, 695 8.4 0.35 4.17X10* 7.74 X 10*
Cll]o 400
77 514, 565, 627 29.0
300 348 620 2.8 0.63 2.25X10°5 1.32 X105
Cll]s 500
77 644 58.8

Lifetime
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Fig. S16. Photoluminescence decay curve of (a) Cuyg and (¢) Cuyg under 300 K and 77 K.



Table S5 Summary of photophysical parameters of all reported atomically precise CuNCs, including
protected by S-, P~, I and C=C" ligand.

Aem PL
Cu-cluster Ligand T[us] kr(s™) ref.
(nm) QY
Cuy4S12(PEt,Ph);, PEt,Ph 680 0.390 1.45 2.69%x103 5
Cu,Ly(PPhy(CH,),(CH;),Si0Si-(CH;),(CH,),PPh,), 522 0.620 2.60 2.38%105 6
This work Phenylacetylene, 3,5-(CF3),Pz 620 0.630 2.80 2.25x10°
Cuyl4(PPhy), Triphenylphosphine 535 0.910 4.20 2.17x10° 7
Cugl(PPhy(CH,);PPh,)s b 655 0.390 2.125 1.84x10° 7
bis(diphenylphosphino)propane
[Cu1(TBBT)y(PPh;3)s](SbF¢), 4-tert-butylbenzenethiol 675 0.220 1.30 1.69x10° 8
Cu,Ly(PPhy(CH,),(CH;),Si0Si-(CH;),(CH,),PPh,), 571 0.670 6.10 1.10x10° 6
Cu2Se(dppo)s dppo =Ph,P(CH,)sPPh, 665 0.670 6.50 1.03x103 9
Cuy2Seq(dppo)s dppo =Ph,P(CH,)sPPh, 638 0.530 5.26 1.01x103 5
Cuyo(12-C=C-closo-CByH;)s(4-CH;Py)y 12-C=C-closo-CB,Hy, 670 0.560 6.37 8.79x104 10
Cug(12-C=C-closo-CB,;H,,)4(3-CH;Py)s(NHs;) 12-C=C-closo-CByHy 660 0.460 5.83 7.89x104 10
Cuy2Se(dpppt)s dpppt =Ph,P(CH,)sPPh, 648 0.480 6.10 7.87x104 9
Cuy4(C,B1oH;0S2)6(CH3CN)g C,B;oH;0S,H 663671 0.310 5.13 6.04x10% 11
[Cus(PCP);][BF4] PCP = 2,6-(PPh,),CeH; 518 0.500 9.800 5.10x104 12
This work Phenylacetylene, 3,5-(CF;),Pz 5515‘;7 0.350 8.40 4.17x10%
[Cug(C2CsHaNMe)4 {(PPhy);CH},](PFe), C,-4-C¢Hs-NMe, 658 0.015 0.447 3.36x104 13
Cusg(12-C=C-closo-CB1H; 1 )4(Py)s 12-C=C-closo-CB;Hj 650 0.130 5.43 2.39x10% 10
[(TripC=C)Culs 2,4,6-iPr3-C¢H, 599 0210  10.40 2.02x10* 14
Cu(3,5-lutidine)J[Cus(12-C=C-closo-CB 1 Hp)y(3,5-lutidine)s 12-C=C-closo-CB;;Hs 580  0.100 5.24 1.91x10* 10
[Cug(C2Ph)s{(PPhy);CH},](PF), Cy-4-C¢Hs 615  0.165 1148 1.44x10* 13
Cuy(12-C=C-closo-CB;H;;)2(PPhs)s 12-C=C-closo-CB;H; 494 0.990 75.64 1.31x10% 10
[Cug(C,CsH4OMe)4 {(PPh,);CH},](PF¢), C,-4-C¢Hs-OMe 621 0.041 3.175 1.29x10% 13
[Cug(CoCeH4Ph)4{(PPh,);CH},](PFs), C,-4-C¢Hs-Ph 624 0.075 6.80 1.10x10% 13
Cu(PPh);][Cus(12-C=C-closo-CByH;;),(PPh;)4 12-C=C-closo-CByH;s 490 0.570 51.95 1.10x10% 10
Cuy(12-C=C-closo-CBy;H;;)2(PiPr3), 12-C=C-closo-CByH;, 512 0.990 98.00 1.01x10% 10
[Cug(C,CsH4N)4{(PPh,);CH},](PF), C,CsHyN 508 0.037 4.695 7.88x103 13
Cuy(12-C=C-closo-CB;H;)2(PCys3) 12-C=C-closo-CByHy4 509 0.800 105.20 7.60x10° 10
[Cug(CoCeH4CF3)4{(PPh,);CH},](PFs), C,-4-C¢H4-CF; 579 0.117 17.80 6.57x10° 13
Cu(PMe3),]5[Cug(12-C=C-closo-CB, H;)4(PMes)s 12-C=C-closo-CB;H;; 640 0.030 7.00 4.29x103 10
(R/S)-2diphenyl-2-
R/S-Cuyy hydroxylmethylpyrrolidine-1- 726 0.082 61.15 1.34x103 15
propyne

Cuslg non 548 0.120 1580 7.59 16
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Fig. S17 Hydrogen bonding interactions in Cuyg-a (a), Cuyo-b (b), and Cuyg (c) (d).
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Fig. S18 Solid-state emission of polymethyl methacrylate film with 15% weight of Cuyg(a) and Cuyg

(b).



Computational detail

To figure out the absorption and emission, density functional theory (DFT) and time-dependent DFT
(TD-DFT) were performed. For detail, geometry optimization at the ground state was carried out by
DFT utilizing the AMS2018 program!”- '8 with the B3LYP-DJ!° function and triple zeta polarization
(TZP) basis set.?? Crystal structures were used as the initial guess for geometry optimization. Kohn-
Sham orbitals were obtained by Gaussian16 package?! under the level of PBE function in conjunction
with Def2-SVP basis set,?? and their maps and population analysis were conducted by Multiwfn 3.8,%
followed by visualized via VMD 1.9.3 program.?* To assign the electronic transition, TD-DFT was
performed through the AMS2018 program and the first 1500 singlets of optimized geometry (Sy) were
calculated using TD-DFT+TB (tight-binding) formalism for linear response, to simulate absorption
spectra at an affordable computational cost.?> All the calculations in the AMS2018 program are treated
with ZORA Hamiltonian for scalar relativistic effects.?6-28
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Fig. S19 The comparison between experimental solid-state UV-vis spectra with simulated UV-vis of
Cuyg(a) and Cuyg(b).
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Fig. S20 Natural transition orbitals (NTOs) for S, to S; of Cuyg(a) and Cuyg (b) (isovalue = 0.01 a.u.,
upper: side view, bottom: top view).
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Fig. S21. Frontier molecular orbitals of Cuyg (isovalue = 0.01 a.u., left: side view, right: top view).
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Fig. S22. Frontier molecular orbitals of Cuyg (isovalue = 0.01 a.u., left: side view, right: top view).
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Fig. S24. The UV-vis spectra of Cuy9and Cu;g in CH,Cl, (cluster concentration:6.7x10-% mol L1).

Table S6. Selected bond length (A) and bond angles (°) of Cuyy.

Cu(7)-Cu(6)
Cu(8)-Cu(9)#1
Cu(9)-Cu(6)
Cu(4)-Cu(2)#2
Cu(3)-Cu(2)
Cu(9)-Cu(9)#1
Cu(8)-Cu(7)
Cu(8)-Cu(6)
Cu(4)-Cu(2)
Cu(9)-Cu(6)#1
Cu(1)-Cu(4)#2
Cu(8)-Cu(9)
Cu(9)-Cu(7)
Cu(3)-Cu(4)
Cu(1)-Cu(2)
Cu(5)-Cu(4)
Cu(9)-C(76)
Cu(3)-C(23)
Cu(1)#2-Cu(4)-Cu(2)
Cu(1)#2-Cu(4)-Cu(2)#2
Cu(1)-Cu(2)-Cu(3)
Cu(1)-Cu(2)-Cu(4)

3.0361(14)
2.9964(14)
2.9790(13)
2.9667(14)
2.9515(13)
2.9423(19)
2.9102(13)
2.7406(14)
2.7318(13)
2.7138(13)
2.7026(14)
2.6990(13)
2.6850(14)
2.6754(14)
2.6706(14)
2.5029(13)
1.988(6)

1.974(7)

97.02(4)

55.97(3)

67.63(4)

71.78(4)

Cu(3)-N(2)
Cu(7)-N(9)
Cu(7)-N(8)
Cu(8)-N(10)
Cu(3)-N(4)
Cu(2)-N(3)
Cu(6)-N(7)
Cu(1)-N(1)
Cu(10)-N(12)
Cu(5)-N(5)
Cu(1)-C(30)#2
Cu(6)-C(83)#1
Cu(4)-C(39)
Cu(9)-C(84)
Cu(6)-C(75)#1
Cu(6)-C(84)#1
Cu(10)-C(84)
Cu(7)-C(68)

N(1)-Cu(1)-C(30)#2
N(1)-Cu(1)-C(31)#2
N(1)-Cu(1)-C(38)#2
N(1)-Cu(1)-C(39)#2

1.996(6)
1.994(6)
1.988(5)
1.984(6)
1.984(6)
1.973(6)
1.971(6)
1.962(6)
1.939(6)
1.934(6)
2.297(7)
2.241(7)
2.209(7)
2.196(7)
2.189(7)
2.170(7)
1.985(7)
1.955(6)
95.2(2)

126.2(3)
100.6(3)
134.7(3)

Cu(1)-C(39)#2
Cu(1)-C(31)#2
Cu(6)-C(76)#1
Cu(8)-C(84)#1
Cu(2)-C(38)#2
Cu(2)-C(39)#2
Cu(5)-C(22)
Cu(2)-C(31)
Cu(8)-C(83)#1
Cu(8)-C(76)
Cu(10)-C(67)
Cu(5)-C(23)
Cu(9)-C(68)
Cu(4)-C(23)
Cu(10)-C(68)
Cu(5)-C(39)
Cu(4)-C(31)
CA8:A59(23)-Cu(4)-Cu(2)
C(23)-Cu(4)-Cu(2)#2
C(23)-Cu(4)-Cu(3)
C(23)-Cu(4)-Cu(5)
C(23)-Cu(5)-C(22)

~ o~ X X

2.124(7)
2.118(7)
2.118(6)
2.080(7)
2.078(7)
2.077(6)
2.074(7)
2.068(7)
2.053(6)
2.046(6)
2.029(6)
2.027(7)
2.017(7)
2.013(7)
2.013(6)
1.996(6)
1.979(7)
113.2(2)
119.6(2)
47.2(2)
52.0(2)
35.3(3)



Cu(1)-Cu(2)-Cu(4)#2
Cu(10)-Cu(9)-Cu(6)
Cu(10)-Cu(9)-Cu(B)#1
Cu(10)-Cu(9)-Cu(7
Cu(10)-Cu(9)-Cu(8
Cu(10)-Cu(9)-Cu(8)#1
Cu(10)-Cu(9)-Cu(9)#1
Cu(2)-Cu(1)-Cu(4)#2
Cu(2)-Cu(4)-Cu(2)#2
Cu(3)-Cu(2)-Cu(4)#2
Cu(3)-Cu(4)-Cu(1)#2
Cu(3)-Cu(4)-Cu(2)
Cu(3)-Cu(4 (

)
)
)
)

)-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C
)>-C

(
(
(
(
(4)-Cu(2)#2
Cu(4)-Cu(2)-Cu(3)
Cu(4)-Cu(2)-Cu(4)#2
Cu(4)-Cu(3)-Cu(2)
Cu(5)-Cu(4)-Cu(1)#2
Cu(5)-Cu(4)-Cu(2)
Cu(5)-Cu(4)-Cu(2)#2
Cu(5)-Cu(4)-Cu(3)
Cu(B)#1-Cu(9)-Cu(6)
Cu(B)#1-Cu(9)-Cu(8)#1
Cu(B)#1-Cu(9)-Cu(9)#1
Cu(6)-Cu(8)-Cu(7)
Cu(6)-Cu(8)-Cu(9)#1
Cu(6)-Cu(9)-Cu(8)#1
Cu(7)-Cu(8)-Cu(9)#1
Cu(7)-Cu(9)-Cu(8)
Cu(7)-Cu(9)-Cu(6)#1
Cu(7)-Cu(9)-Cu(8)
Cu(7)-Cu(9)-Cu(8)#1
Cu(7)-Cu(9)-Cu(9)#1
Cu(8)-Cu(6)-Cu(7)
Cu(8)-Cu(6)-Cu(9)
Cu(8)-Cu(7)-Cu(6)
Cu(8)-Cu(9)-Cu(6)
Cu(8)-Cu(9)-Cu(6)#1
Cu(8)-Cu(9)-Cu(8)#1
Cu(8)-Cu(9)-Cu(9)#1
Cu(9)#1-Cu(6)-Cu(7)
Cu(9)#1-Cu(6)-Cu(8)
Cu(9)#1-Cu(6)-Cu(9)
9)
9)

Cu(9)#1-Cu(9)-Cu(6)
Cu(9)#1-Cu(9)-Cu(8)#1

57.00(3)
127.14(5)
96.66(4)
97.80(4)
159.90(5)
81.92(4)
135.91(6)
67.02(4)
113.13(4)
109.19(4)
159.67(5)
66.16(4)
139.80(5)
56.00(3)
66.87(4)
57.84(3)
95.69(4)
163.62(5)
82.63(4)
99.15(4)
117.97(4)
57.10(3)
63.41(4)
64.92(3)
56.25(3)
85.12(4)
106.83(4)
64.59(3)
157.86(5)
65.44(4)
141.87(5)
114.82(5)
60.24(3)
56.13(3)
54.84(3)
57.47(3)
96.61(4)
118.05(4)
64.00(4)
111.04(4)
66.64(4)
62.04(4)
54.55(3)
54.05(4)

N(1)-Cu(1)-Cu(2)
N(1)-Cu(1)-Cu(4)#2
N(10)-Cu(8)-C(83)#1
N(10)-Cu(8)-C(84)#1
N(10)-Cu(8)-Cu(6)
N(10)-Cu(8)-Cu(7)
N(10)-Cu(8)-Cu(9)
N(10)-Cu(8)-Cu(9)#1
N(12)-Cu(10)-C(67)
N(12)-Cu(10)-C(68)
N(12)-Cu(10)-C(84)
N(12)-Cu(10)-Cu(9)
N(2)-Cu(3)-Cu(2)

N(2)-Cu(3)-Cu(4)
N(3)-Cu(2)-C(31)
N(3)-Cu(2)-C(38)#2
N(3)-Cu(2)-C(39)#2
N(3)-Cu(2)-Cu(1)
N(3)-Cu(2)-Cu(3)
N(3)-Cu(2)-Cu(4)
N(3)-Cu(2)-Cu(4)#2
N(4)-Cu(3)-Cu(2)
N(4)-Cu(3)-Cu(4)
N(4)-Cu(3)-N(2)
N(5)-Cu(5)-C(22)
N(5)-Cu(5)-C(23)
N(5)-Cu(5)-C(39)
N(5)-Cu(5)-Cu(4)
N(7)-Cu(B)-C(75)#1
N(7)-Cu(6)-C(76)#1
N(7)-Cu(6)-C(83)#1
N(7)-Cu(6)-C(84)#1
N(7)-Cu(6)-Cu(7)
N(7)-Cu(6)-Cu(8)
N(7)-Cu(6)-Cu(9)
N(7)-Cu(6)-Cu(9)#1
N(8)-Cu(7)-Cu(6)
N(8)-Cu(7)-Cu(8)
N(8)-Cu(7)-Cu(9)
N(8)-Cu(7)-N(9)
N(9)-Cu(7)-Cu(6)
N(9)-Cu(7)-Cu(8)

N(9)-Cu(7)-Cu(9)
C(22)-Cu(5)-Cu(4)

113.89(18)
171.54(18)
113.8(3)
148.4(3)
126.69(17)
66.76(16)
103.87(17)
164.28(17)
111.3(3)
146.6(3)
104.3(3)
156.19(18)
107.12(17)
117.94(17)
107.2(3)
108.7(3)
142.6(3)
125.23(18)
65.74(17)
103.05(17)
169.12(18)
66.84(16)
102.63(18)
127.4(3)
111.2(3)
145.6(3)
105.1(3)
157.65(18)
103.0(2)
135.7(2)
93.3(2)
126.3(2)
64.51(17)
108.66(18)
114.47(17)
175.09(18)
64.76(16)
102.72(16)
124.65(17)
117.7(2)
119.34(16)
67.22(16)
101.67(16)
86.73(19)

C(23)-Cu(5)-Cu(4)
C(30)#2-Cu(1)-Cu(2)
C(30)#2-Cu(1)-Cu(4)#2
C(31)#2-Cu(1)-C(30)#2
C(31)#2-Cu(1)-C(38)#2
C(31)#2-Cu(1)-C(39)#2
C(31)#2-Cu(1)-Cu(2)
C(31)#2-Cu(1)-Cu(4)#2
C(31)-Cu(2)-C(38)#2
C(31)-Cu(2)-C(39)#2
C(31)-Cu(2)-Cu(1)
C(31)-Cu(2)-Cu(3)
C(31)-Cu(2)-Cu(4)
C(31)-Cu(2)-Cu(4)#2
C(31)-Cu(4)-C(23)
C(31)-Cu(4)-C(39)
C(31)-Cu(4)-Cu(1)#2
C(31)-Cu(4)-Cu(2)
C(31)-Cu(4)-Cu(2)#2
C(31)-Cu(4)-Cu(3)
C(31)-Cu(4)-Cu(5)
C(38)#2-Cu(1)-C(30)#2
C(38)#2-Cu(1)-Cu(2)
C(38)#2-Cu(1)-Cu(4)#2
C(38)#2-Cu(2)-Cu(1)
C(38)#2-Cu(2)-Cu(3)
C(38)#2-Cu(2)-Cu(4)
C(38)#2-Cu(2)-Cu(4)#2
C(39)#2-Cu(1)-C(30)#2
C(39)#2-Cu(1)-C(38)#2
C(39)#2-Cu(1)-Cu(2)
C(39)#2-Cu(1)-Cu(4)#2
C(39)#2-Cu(2)-C(38)#2
C(39)#2-Cu(2)-Cu(1)
C(39)#2-Cu(2)-Cu(3)
C(39)#2-Cu(2)-Cu(4)
C(39)#2-Cu(2)-Cu(4)#2
C(39)-Cu(4)-Cu(1)#2
( 4)-Cu(2)
( 4)-Cu(2)#2
( 4)-Cu(3)
( )
( )
( )

)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-
)-

C(39)-Cu
C(39)-Cu
C(39)-Cu
C(39)-Cu
C(39)-Cu
C(39)-Cu

4)-Cu(5)
5)-C(22)
5)-C(23)

= A A A A A

51.47(19)
124.93(18)
78.14(18)
31.9(3)
132.9(3)
99.1(3)
99.83(19)
46.54(18)
144.2(3)
109.0(3)
105.78(19)
97.43(18)
46.18(18)
63.17(19)
146.1(3)
100.7(3)
51.0(2)
48.9(2)
94.1(2)
109.2(2)
138.0(2)
13)
49.57(18)
86.35(19)
52.43(18)
98.12(18)
124.20(19)
81.24(19)
129.6(3)
34.5(3)
49.76(18)
52.84(19)
35.6(3)
51.30(18)
117.60(19)
108.47(19)
48.06(19)
50.00(17)
145.64(17)
44.39(16)
148.14(17)
49.65(16)
143.6(3)
108.4(3)



Cu(9)-Cu(6)-Cu(7) 53.01(3) C(23)-Cu(3)-Cu(2) 106.2(2) C(39)-Cu(5)-Cu(4) 57.50(19)
Cu(9)-Cu(7)-Cu(B) 62.40(3) C(23)-Cu(3)-Cu(4) 48.5(2) C(67)-Cu(10)-Cu(9) 88.08(18)
Cu(9)-Cu(7)-Cu(8) 57.51(3) C(23)-Cu(3)-N(2) 109.3(3) C(68)-Cu(10)-C(67) 36.3(3)
Cu(9)-Cu(8)-Cu(6) 66.41(4) C(23)-Cu(3)-N(4) 122.8(3) C(68)-Cu(10)-Cu(9) 51.89(19)
Cu(9)-Cu(8)-Cu(7) 57.05(3) C(23)-Cu(4)-C(39) 101.1(3) C(68)-Cu(7)-Cu(6) 91.33(19)
Cu(9)-Cu(8)-Cu(9)#1 61.95(4) C(23)-Cu(4)-Cu(1)#2 145.9(2) C(68)-Cu(7)-Cu(8) 105.87(19)
C(68)-Cu(7)-Cu(9) 48.45(19) C(76)-Cu(8)-C(83)#1 141.2(3) C(83)#1-Cu(8)-Cu(9)#1 80.69(19)
C(68)-Cu(7)-N(8) 119.7(3) C(76)-Cu(8)-C(84)#1 105.8(3) C(84)#1-Cu(6)-C(75)#1 129.1(3)
C(68)-Cu(7)-N(9) 122.2(2) C(76)-Cu(8)-Cu(6) 103.06(19) C(84)#1-Cu(6)-C(83)#1 33.4(2)
C(68)-Cu(9)-C(84) 100.6(3) C(76)-Cu(8)-Cu(7) 98.57(18) C(84)#1-Cu(6)-Cu(7) 107.62(18)
C(68)-Cu(9)-Cu(10) 51.76(18) C(76)-Cu(8)-Cu(9) 47.10(18) C(84)#1-Cu(6)-Cu(8) 48.43(18)
C(68)-Cu(9)-Cu(6) 91.79(18) C(76)-Cu(8)-Cu(9)#1 60.79(19) C(84)#1-Cu(6)-Cu(9) 91.75(17)
C(68)-Cu(9)-Cu(6)#1 147.21(18) C(76)-Cu(9)-C(68) 144.5(3) C(84)#1-Cu(6)-Cu(9)#1 52.00(18)
C(68)-Cu(9)-Cu(7) 46.51(18) C(76)-Cu(9)-C(84) 101.1(2) C(84)#1-Cu(8)-Cu(6) 51.31(18)
C(68)-Cu(9)-Cu(8) 111.85(19) C(76)-Cu(9)-Cu(10) 135.62(18) C(84)#1-Cu(8)-Cu(7) 115.01(19)
C(68)-Cu(9)-Cu(8)#1 117.2(2) C(76)-Cu(9)-Cu(6) 96.80(18) C(84)#1-Cu(8)-Cu(9) 102.17(19)
C(68)-Cu(9)-Cu(9)#1 143.81(19) C(76)-Cu(9)-Cu(6)#1 50.72(18) C(84)#1-Cu(8)-Cu(9)#1 47.12(19)
C(75)#1-Cu(6)-C(83)#1 162.0(2) C(76)-Cu(9)-Cu(7) 107.82(19) C(84)-Cu(10)-C(67) 144.4(3)
C(75)#1-Cu(6)-Cu(7) 104.20(18) C(76)-Cu(9)-Cu(8) 48.93(18) C(84)-Cu(10)-C(68) 108.4(3)
C(75)#1-Cu(6)-Cu(8) 130.89(19) C(76)-Cu(9)-Cu(8)#1 97.82(19) C(84)-Cu(10)-Cu(9) 57.45(19)
C(75)#1-Cu(6)-Cu(9) 76.97(18) C(76)-Cu(9)-Cu(9)#1 62.35(19) C(84)-Cu(9)-Cu(10) 49.62(17)
C(75)#1-Cu(6)-Cu(9)#1 79.89(18) C(83)#1-Cu(6)-Cu(7) 89.66(17) C(84)-Cu(9)-Cu(6) 127.56(18)
C(76)#1-Cu(6)-C(75)#1 33.6(3) C(83)#1-Cu(6)-Cu(8) 47.38(17) C(84)-Cu(9)-Cu(6)#1 51.14(18)
C(76)#1-Cu(6)-C(83)#1 130.9(2) C(83)#1-Cu(6)-Cu(9) 103.41(17) C(84)-Cu(9)-Cu(7) 147.12(18)
C(76)#1-Cu(6)-C(84)#1 97.9(3) C(83)#1-Cu(6)-Cu(9)#1 84.42(17) C(84)-Cu(9)-Cu(8) 147.27(18)
C(76)#1-Cu(6)-Cu(7) 108.37(18) C(83)#1-Cu(8)-C(84)#1 35.8(3) C(84)-Cu(9)-Cu(8)#1 43.96(17)
C(76)#1-Cu(6)-Cu(8) 102.73(18) C(83)#1-Cu(8)-Cu(6) 53.44(18) C(84)-Cu(9)-Cu(9)#1 92.22(18)
C(76)#1-Cu(6)-Cu(9) 60.68(18) C(83)#1-Cu(8)-Cu(7) 97.08(18) C(83)#1-Cu(8)-Cu(9) 119.71(19)
C(76)#1-Cu(6)-Cu(9)#1 46.61(18)
Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+1,-z+1 #2 -x+1,-y+1,-z
Table S7. Selected bond length (A) and bond angles (°) of Cuys.
Cu(8)-Cu(6) 2.9923(14) Cu(6)-N(1) 2.017(6) Cu(4)-C(9) 1.986(7)
Cu(5)-Cu(1) 2.9252(13) Cu(3)-N(3) 1.972(6) Cu(5)-C(41) 2.111(7)
Cu(7)-Cu(8)#1 2.8718(15) Cu(5)-N(5) 1.972(5) Cu(5)-C(42) 2.055(6)
Cu(2)-Cu(1) 2.8412(15) Cu(9)-N(6) 1.971(6) Cu(5)-C(54) 2.434(7)
Cu(9)-Cu(8) 2.7335(13) Cu(2)-N(4) 1.958(6) Cu(5)-C(55) 2.191(6)
Cu(7)-Cu(3)#1 2.7302(14) Cu(1)-N(2) 1.891(6) Cu(6)-C(8) 2.031(7)
Cu(4)-Cu(8) 2.7174(13) Cu(1)-C(42) 1.852(7) Cu(6)-C(9) 2.141(7)
Cu(4)-Cu(7)#1 2.7096(14) Cu(2)-C(10) 2.509(7) Cu(7)-C(29)#1 2.428(9)
Cu(4)-Cu(9) 2.7056(12) Cu(2)-C(41) 2.255(7) Cu(7)-C(56) 1.919(7)
Cu(4)-Cu(2) 2.7018(13) Cu(2)-C(42) 2.023(7) Cu(7)-C(8) 1.934(7)



Cu(7)-Cu(Q)#1
Cu(4)-Cu(5)
Cu(4)-Cu(3)
Cu(7)-Cu(B)
Cu(4)-Cu(B)
Cu(7)-Cu(8)

Cu(9)-C(8)#1
Cu(2)-Cu(1)-Cu(5)
Cu(2)-Cu(4)-Cu(7)#1
Cu(2)-Cu(4)-Cu(8)
Cu(2)-Cu(4)-Cu(9)

Cu(3)#1-Cu(7)-Cu(8)#1

Cu(3)-Cu(4)-Cu(2)
Cu(3)-Cu(4)-Cu(5)
Cu(3)-Cu(4)-Cu(7)#1
Cu(3)-Cu(4)-Cu(8)
Cu(3)-Cu(4)-Cu(9)

Cu(4)#1-Cu(7)-Cu(3)#1
Cu(4)#1-Cu(7)-Cu(8)#1

Cu(4)-Cu(2)-Cu(1)
Cu(4)-Cu(3)-Cu(7)#1
Cu(4)-Cu(5)-Cu(1)
Cu(4)-Cu(6)-Cu(7)
Cu(4)-Cu(6)-Cu(8)
Cu(4)-Cu(8)-Cu(6)
Cu(4)-Cu(8)-Cu(7)#1
Cu(4)-Cu(8)-Cu(9)
Cu(4)-Cu(9)-Cu(8)
Cu(5)-Cu(4)-Cu(2)
Cu(5)-Cu(4)-Cu(7)#1
Cu(5)-Cu(4)-Cu(8)
Cu(5)-Cu(4)-Cu(9)
Cu(6)-Cu(4)-Cu(2)
Cu(6)-Cu(4)-Cu(3)
Cu(6)-Cu(4)-Cu(5)
Cu(6)-Cu(4)-Cu(7)#1
Cu(6)-Cu(4)-Cu(8)
Cu(6)-Cu(4)-Cu(9)
Cu(6)-Cu(7)-Cu(3)#1
Cu(6)-Cu(7)-Cu(4)#1
Cu(6)-Cu(7)-Cu(8)#1
Cu(6)-Cu(7)-Cu(9)#1
Cu(7)#1-Cu(4)-Cu(8)
Cu(7)#1-Cu(8)-Cu(6)

2.6884(13)
2.6625(13)
2.6406(14)
2.5600(13)
2.5263(13)
2.4905(13)

2.128(6

66.21(4
133.06(5

(

162.95(5
(
(

)
)

122.92(4
115.18(4
72.94(4)
132.22(4)
61.35(4)
123.96(5)

)
)
)
)

59.95(3)

71.92(4)
133.83(4)
94.75(4)
74.30(4)
105.65(4)
105.89(5)
114.03(5)
96.83(4)
69.48(4)
129.94(5)
159.31(5)
136.98(5)
78.99(4)
102.63(4)
63.90(4)
83.82(4)

Cu(2)-C(9)
Cu(3)-C(29)
Cu(3)-C(56)#1
Cu(3)-C(57)#1
Cu(4)-C(29)
Cu(4)-C(55)
N(1)-Cu(6)-C(8)
N(1)-Cu(6)-C(9)
N(1)-Cu(6)-Cu(4)
N(1)-Cu(6)-Cu(7)
N(1)-Cu(6)-Cu(8)
N(2)-Cu(1)-Cu(2)
N(2)-Cu(1)-Cu(5)
N(3)-Cu(3)-C(29)
N(3)-Cu(3)-C(56)#1
N(3)-Cu(3)-C(57)#1
N(3)-Cu(3)-Cu(4)
N(3)-Cu(3)-Cu(7)#1
N(4)-Cu(2)-C(10)
N(4)-Cu(2)-C(41)
N(4)-Cu(2)-C(42)
N(4)-Cu(2)-C(9)
N(4)-Cu(2)-Cu(1)
N(4)-Cu(2)-Cu(4)
N(5)-Cu(5)-C(41)
N(5)-Cu(5)-C(42)
N(5)-Cu(5)-C(54)
N(5)-Cu(5)-C(55)
N(5)-Cu(5)-Cu(1)
N(5)-Cu(5)-Cu(4)
N(6)-Cu(9)-C(29)
N(B)-Cu(9)-C(7)#1
N(6)-Cu(9)-C(8)#1
N(6)-Cu(9)-Cu(4)
N(6)-Cu(9)-Cu(7)#1
N(6)-Cu(9)-Cu(8)
C(42)-Cu(1)-Cu(5)
C(42)-Cu(1)-N(2)
C(42)-Cu(2)-C(10)
C(42)-Cu(2)-C(41)
C(42)-Cu(2)-C(9)
C(42)-Cu(2)-Cu(1)
C(42)-Cu(2)-Cu(4)
C(42)-Cu(5)-C(41)

(
(
(
(
(
(

2.316(6)
2.182(12)
2.047(6)
2.119(7)
2.000(12)
1.993(7)
117.4(2)
107.7(3)
125.90(16)
109.16(17)
120.82(18)
139.8(2
133.9(2
(
151.6(3
117.6(3
114.83(19)
156.30(17)
94.6(2)
121.2(2)
152.0(3)

(
(
105.3(2)
(
(
(

)
)
100.8(4)
)
)

162.07(18)
114.20(18)
113.7(2
147.4(3
98.9(2)
105.9(2)
168.88(18)
114.78(17)
110.9(3)

(
(
109.7(3)
(
(
(

)
)

144.4(3)
113.10(16)
170.06(18)
120.52(19)

44.2(2)

174.9(3)

110.1(3)

33.4(3)

102.7(3)

40.6(2)
85.86(18)

34.8(3)

Cu(8)-C(55)
Cu(8)-C(56)
Cu(8)-C(7)#1
Cu(8)-C(8)#1
Cu(9)-C(29)
Cu(9)-C(7)#1

C(10)-Cu(2)-Cu(1)

C(10)-Cu(2)-Cu(4)

C(29)#1-Cu(7)-Cu(3)#1
C(29)#1-Cu(7)-Cu(4)#1

C(29)#1-Cu(7)-Cu(6)
C(29)#1-Cu(7)-Cu(8)

C(29)#1-Cu(7)-Cu(8)#1
C(29)#1-Cu(7)-Cu(9)#1

C(29)-Cu(3)-Cu(4)
C(29)-Cu(3)-Cu(7)#1
C(29)-Cu(4)-Cu(2)
C(29)-Cu(4)-Cu(3)
C(29)-Cu(4)-Cu(5)
C(29)-Cu(4)-Cu(6)
C(29)-Cu(4)-Cu(7)#1
C(29)-Cu(4)-Cu(8)
C(29)-Cu(4)-Cu(9)
C(29)-Cu(9)-C(8)#1
C(29)-Cu(9)-Cu(4)
C(29)-Cu(9)-Cu(7)#1
C(29)-Cu(9)-Cu(8)
C(41)-Cu(2)-C(10)
C(41)-Cu(2)-C(9)
C(41)-Cu(2)-Cu(1)
C(41)-Cu(2)-Cu(4)
C(41)-Cu(5)-C(54)
C(41)-Cu(5)-C(55)
C(41)-Cu(5)-Cu(1)
C(41)-Cu(5)-Cu(4)
C(42)-Cu(1)-Cu(2)
C(55)-Cu(8)-Cu(4)
C(55)-Cu(8)-Cu(6)
C(55)-Cu(8)-Cu(7)

C(55)-Cu(8)-Cu(7)#1

C(55)-Cu(8)-Cu(9)

C(56)#1-Cu(3)-C(29)
C(56)#1-Cu(3)-C(57)#1
C(56)#1-Cu(3)-Cu(4)

2.042(7)
2.035(7)
2.380(7)
2.175(7)
2.129(15)
2.074(7)
69.76(17)
74.76(15)
49.6(3)
45.4(3)
149.5(3)
135.9(2)
90.9(4)
48.8(3)
47.9(3)
58.0(3)
85.6(3)
54.0(4)
91.9(3)
153.7(3)
59.8(2)
105.9(4)
51.1(4)
104.6(3)
47.0(3)
59.2(2)
101.7(3)
143.4(2)
129.9(2)
73.67(18)
94.98(17)
144.7(3)
137.3(3)
73.73(19)
99.70(19)
45.2(2)
46.92(19)
61.25(19)
110.49(19)
103.94(19)
75.72(18)
102.3(3)
34.9(3)
93.0(2)



Cu(7)#1-Cu(9)-Cu(4) 60.31(3) C(42)-Cu(5)-C(54) 110.3(3) C(56)#1-Cu(3)-Cu(7)#1 44.6(2)
Cu(7)#1-Cu(9)-Cu(8) 63.96(4) C(42)-Cu(5)-C(55) 106.6(3) C(56)-Cu(7)-C(29)#1 97.8(4)
Cu(7)-Cu(B)-Cu(8) 52.60(3) C(42)-Cu(5)-Cu(1) 39.0(2) C(56)-Cu(7)-C(8) 161.5(3)
Cu(7)-Cu(8)-Cu(4) 102.78(4) C(42)-Cu(5)-Cu(4) 86.29(19) C(56)-Cu(7)-Cu(3)#1 48.47(19)
Cu(7)-Cu(8)-Cu(6) 54.75(3) C(54)-Cu(5)-Cu(1) 72.15(16) C(56)-Cu(7)-Cu(4)#1 93.9(2)
Cu(7)-Cu(8)-Cu(7)#1 93.84(4) C(54)-Cu(5)-Cu(4) 77.27(18) C(56)-Cu(7)-Cu(6) 111.1(2)
Cu(7)-Cu(8)-Cu(9) 150.68(5) C(55)-Cu(4)-C(29) 125.4(4) C(56)-Cu(7)-Cu(8) 53.1(2)
Cu(8)-Cu(7)-Cu(3)#1 92.56(4) C(55)-Cu(4)-Cu(2) 114.65(19) C(56)-Cu(7)-Cu(8)#1 128.0(2)
Cu(8)-Cu(7)-Cu(4)#1 98.68(4) C(55)-Cu(4)-Cu(3) 172.38(19) C(56)-Cu(7)-Cu(9)#1 146.2(2)
Cu(8)-Cu(7)-Cu(6) 72.65(4) C(55)-Cu(4)-Cu(5) 53.86(18) C(56)-Cu(8)-C(55) 116.8(3)
Cu(8)-Cu(7)-Cu(8)#1 86.16(4) C(55)-Cu(4)-Cu(6) 72.01(19) C(56)-Cu(8)-C(7)#1 109.3(3)
Cu(8)-Cu(7)-Cu(9)#1 144 .58(5) C(55)-Cu(4)-Cu(7)#1 111.31(19) C(56)-Cu(8)-C(8)#1 117.1(3)
Cu(9)#1-Cu(7)-Cu(3)#1 97.78(4) C(55)-Cu(4)-Cu(8) 48.43(19) C(56)-Cu(8)-Cu(4) 145.2(2)
Cu(9)#1-Cu(7)-Cu(4)#1 60.16(3) C(55)-Cu(4)-Cu(9) 77.10(19) C(56)-Cu(8)-Cu(6) 93.2(2)
Cu(9)#1-Cu(7)-Cu(8)#1 58.78(3) C(55)-Cu(5)-C(54) 30.3(3) C(56)-Cu(8)-Cu(7) 48.9(2)
Cu(9)-Cu(4)-Cu(7)#1 59.53(3) C(55)-Cu(5)-Cu(1) 69.81(17) C(56)-Cu(8)-Cu(7)#1 131.5(2)
Cu(9)-Cu(4)-Cu(8) 60.54(3) C(55)-Cu(5)-Cu(4) 47.28(18) C(56)-Cu(8)-Cu(9) 154.9(2)
Cu(9)-Cu(8)-Cu(6) 111.72(4) C(55)-Cu(8)-C(7)#1 115.7(2) C(57)#1-Cu(3)-C(29) 134.8(3)
Cu(9)-Cu(8)-Cu(7)#1 57.26(4) C(55)-Cu(8)-C(8)#1 124.7(3) C(57)#1-Cu(3)-Cu(d)  122.75(19)
C(57)#1-Cu(3)-Cu(7)#1 78.95(18) C(8)#1-Cu(8)-Cu(7)#1 42.31(19) C(8)-Cu(7)-Cu(9)#1 51.75(19)
C(7)#1-Cu(8)-Cu(4) 105.35(18) C(8)#1-Cu(8)-Cu(9) 49.81(16) C(9)-Cu(2)-C(10) 28.9(2)
C(7)#1-Cu(8)-Cu(6) 154.09(19) C(8)#1-Cu(9)-Cu(4) 92.48(18) C(9)-Cu(2)-Cu(1) 65.33(18)
C(7)#1-Cu(8)-Cu(7) 133.68(16) C(8)#1-Cu(9)-Cu(7)#1 45.52(19) C(9)-Cu(2)-Cu(4) 45.83(17)
C(7)#1-Cu(8)-Cu(7)#1 71.79(19) C(8)#1-Cu(9)-Cu(8) 51.32(19) C(9)-Cu(4)-C(29) 119.0(5)
C(7)#1-Cu(8)-Cu(9) 47.23(17) C(8)-Cu(6)-C(9) 111.9(3) C(9)-Cu(4)-C(55) 114.1(3)
C(7)#1-Cu(9)-C(29) 139.4(3) C(8)-Cu(6)-Cu(4) 116.7(2) C(9)-Cu(4)-Cu(2) 56.78(18)
C(7)#1-Cu(9)-C(8)#1 34.8(3) C(8)-Cu(B)-Cu(7) 48.1(2) C(9)-Cu(4)-Cu(3) 68.9(2)
C(7)#1-Cu(9)-Cu(4) 115.62(19) C(8)-Cu(6)-Cu(8) 90.87(19) C(9)-Cu(4)-Cu(5) 114.5(2)
C(7)#1-Cu(9)-Cu(7)#1 80.3(2) C(8)-Cu(7)-C(29)#1 100.5(4) C(9)-Cu(4)-Cu(6) 55.11(19)
C(7)#1-Cu(9)-Cu(8) 57.4(2) C(8)-Cu(7)-Cu(3)#1 149.22(19) C(9)-Cu(4)-Cu(7)#1 111.2(2)
C(8)#1-Cu(8)-C(7)#1 31.6(3) C(8)-Cu(7)-Cu(4)#1 96.9(2) C(9)-Cu(4)-Cu(8) 123.77(18)
C(8)#1-Cu(8)-Cu(4) 91.14(18) C(8)-Cu(7)-Cu(6) 51.47(19) C(9)-Cu(4)-Cu(9) 168.3(2)
C(8)#1-Cu(8)-Cu(6) 125.94(19) C(8)-Cu(7)-Cu(8) 110.17(19) C(9)-Cu(6)-Cu(4) 49.52(18)
C(8)#1-Cu(8)-Cu(7) 113.27(17) C(8)-Cu(7)-Cu(8)#1 49.2(2) C(9)-Cu(6)-Cu(7) 143.1(2)
C(9)-Cu(6)-Cu(8) 107.19(18)

Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1 #2 -x+1,-y+1,-z
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