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Table S1: Optimised structural parameters of Cu,O clusters

Clusters Symmetry Bond distances (d)/A Reported  Angles Reporte
(d)/A d
(Cu0); Cy CU; cus—Oi cus- 1.765 @175 Z CUj cus—O1 cus™Cus 90.9°- ®@a7°
Cus cus—O1 cus - cus 93.1°¢
1.788
G
CUs cus—CUs cus 2516 @241 / 04 cus—CU, cus—CUs 44 5°"
2,61 cus 43°¢
16
(CUzo)z CZV CU2 CSAfol cu53 1.999 ® 1.91 / CLI2 CSAiol CUS:S*CUS 72.4°L
Cuzcsa —O1cus - CSA 74.2°¢
CU, csa —Oscus 2.026 Z CUy csa—O4 cus™—Cus
Cuscsa —Oscus’  ° -
£ 0, CUS37CUZ csa—0y 1075L ®) 109.6°
cus’ 105.3°
Z 01 cus™~Cls csa—0y4
cus’
CUs cus—O1 cus’ 1.830 ®1.76 Z 01 cus—Culscsa — Cu 53.8°-
Cus cus—Oas cus - 3CSA 52.9°¢
é'830 Z 0y cus3*CU3 csa— Cu
2CSA
Z Oy4cus™—Clpcsa — Cu
3CsA
Z 0y cus3*CU3 csa— Cu
2CSA
CU; csa—CUsz csa 2.361 Z CUj csa —O1 cus—Cug 82.6°-
t2.44 cus 87.4°¢
5C Z Cuzcsa —O4 cu53*CU6
cus
Z Cuycsp —Oscus—Cus
cus
Z Cuzcsa—Oy4 cuss_cus
cus
(Cu0);  Cy Cuz csa—Oicsa 2.026 £ ClUycsan—O1csa—Cus  75.1°"
Cuz csa—Os csa - CSA 74.4°¢
Cuscsa=O1csa 2.057 Z Cuycsa —Oscsp —Cusg
CUzcsa—Oacsa ¢ CSA
Z Ogcsa—Cupcsa —O4 104.8"
csA 105.5°
Z Oycsn—Cuzcsa =04
CSA
£ O1¢csa —Cuzcsp — Cu 52.4°"
52.8°¢

3CSA

Z O1csa —Cuzcsa— Cu

2CSA

Z O4csn—Cupcsa— Cu

3CSA

Z Oscsa —Cuzcsa— Cu

2CSA
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Cug cus—O1 csa 1.822 ©178 / CUycsa —Opcsp —Cug  141.1°
CuUg cus—Os csa - cus 138.7¢
%'828 Z Cuzcsa —O1csa —Cug
cus
Z Cuzcsa —O4csa —Cug
cus
Z Cuzcsa —O4gcsa —Cug
cus
CuUs csa=O1csa 1.956 Z CUs csp —O4csa —Cug 112.8"
CUscsa—Oucsa L1.96 cus 119.9°
6° Z CUgcsa —O1 csa —Cug
cus
Cu6 CSA707 CUS2 1.832 Z 04 CSA *Cll5 CSA — 07 1477L
CUs csa—O7 cus - cus 147.8¢
(]3--813 Z Oycspn —Cugcsa — O7
cus
Cuz csa—CUs csa 5470 Z Cus csa —O7 cus —Cug 85.8°
CSA L
2.488 87.2°¢
G
CU5 CSAfCUG CSA 5493
2.5°
(Cu,0); Cs, Clicsa—Oscuss  1.832 @101 / CUjcsan—Oscsa —Cug  136.15  109.6°
CuicsaOscuss - cUs 101.26
Cuz csa—04 CU33 1.912 Z Cu, csa =04 csa —Cug
CU csa—Os cus ¢ cus
Cus csa—Os cus’ £ Cujy csp ~Os csp —Cuy
Cus csa—Os cus’ cus
Z Cuzcsa —Oscsa —Cuy
cus
Z CU csa —Og csa —Cug
cus
Z Cuzcsa —Og csa —Cug
cus
Cuy cusOs cus 1762 ©®1.77 Z CUy csa —O4csa —Cus 87.7°"
Cug cus—Oacus - CSA 83.2°¢
Cug cus—Os cus (]3..811 Z CUy csa —Og csa —Cus
CSA
Z Cuzcsa —Oscsa —Cuy
CSA
Cu; csa—CUz csa 2.539 Z Oycsa—Cuycsa— 46°
CU2 CSA_CU3 CSA L CUZCSA 48.4°G
Cu; csa—CUs csa 2-539 Z O4csn—ClUycsa —
Cuicsa
V4 Oscsa —Cugcsa —
Cuscsa
Z Oscsa —Cuzcsa —
Cuicsa
Z Ogscsa —Cuzcsa —
Cuscsa
V4 Ogcsa —Cuzcsa —
Cuycsa
(CU20)3 CS CU2 CSA_Ol CUSZ 1776 Z CU2 CSA_Ol CUSZ_CUS 11420
Cuz csa—01 cus2 CSA
CU csa—Os cus’ 1.839 Z CUycsa —O4 108.3°
Cuzcsa —Orcus cus —CUscus
Z Cugesa —O7

cus —Clgcus
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CUg cus—Oa cus 1.857 Z CUpcsa —O4 cus—ClUs 96.6°
Cug cus—O7cus cus

Z CUzcsa

_O7cus3_CU9cus
CUs cus—Os cus 1.872 Z CuUs cus—04 cus"—Cug 86.2°

Cug cus—O7cus cus

Z Cugcys—O7
cus —Clgcus

(a) is from reference 100.

(b) is from reference 101.

Table S2: Partial DOS (PDOS) data of Cu,O clusters with increasing size at C,, symmetry

Clusters Sy P MOs. involved in MOs. Contribution of AOs of Cu Contribution of AOs
mm e Transition atom in forming MOs. of O atom in
etry a (%) forming MOs.(%0)

k

S

Occupied Virtual S p d S p

(Cu0); C, 1 5A1 5B1 5A1 30 2.1 30 34.08
5B1 50 35.6 13.04
(Cu0), C, 1 10B2 17A1 10B2 8 55.5 1.1 28.2
17A1 61.6 255 6.4 21.01
(Cu,0); C,, 1 14A1 13B2 14A1 26 25 44.41
13B2 57.17 20.27 4.59 13.81

Table S3: Partial DOS (PDOS) data of Cu,0O clusters with fixed size at different symmetries

clusters Sy p MOs. involved in MOs Contribution of AOs of  Contribution of
m e Transition Cu atom in forming AOs of O atom in
met a MOs. forming MOs.
ry kK (%) (%)
s
Occupied  Virtual S p d S p
(Cu0); Cs 2 20AAA 22AAA 20AAA 179 221 35.9 37
22AAA 596 28 9.06
(Cu0); C,, 2 14A1 13B2 14A1 26 25 44.41
13B2 57.17 20.27 459 13.81
(Cu0); Cs 2 95A 100A 95A 2.58 40.7 44.3
100A 62.1  13.6 14.7
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Table S4. Vibrational frequencies of clusters of different size and symmetry calculated using
GGA as exchange and BLYP as correlation functional.

Clusters

Symmetry

Frequencies (cm™)

(Cuz0)1

C2v

vi=99.011, v, = 566.589, v3 = 594.664

(CUzO)z

C2v

v =15.04, v, =49.45, v3 = 59.767, v4 = 74.66, vs = 123.785, vg
=150.66, v;=165.108, v§=241.094, v9=317.499, vio= 413.617,
v11=525.733, v1, =547.473

(CUzO)g

C2v

v1=113.422,v,=17.442, v3=25.247, v4=45.538, vs = 60.975, v
=97.623, v7=99.626, vg=103.112, vg= 116.452, v10 = 153.383,
V11 :195809, V12 = 197193, Vi3 = 199533, Vig = 206.058 V15
=221.477,v16=316.122, vi7=334.313, vig= 506.849, vi9 =
597.349, Voo = 607.34, V21 =612.904.

(Cux0)3

C3v

i |17692, V2 :10.035, V3 =11.067, v4= 21.395, V5 = 27.751, Ve
=30.145,v7=103.919, v¢ = 104.917, vo = 133.134, v1p =
147.902, v11 = 148.521, v12 = 200.889, v13 = 342.961, vi4 =
344.991, vi5 = 408.415, vi6 = 449.01, vi7 = 484.134, vig =
486.374, V19 = 563.883 Vo0 = 566.764, Vo1 = 584.341.

(Cux0)3

Cs

v1 = 111.756, v, = 1.781, v3=7.733, va = 12.833, v5 = 26.312, vg
=34.469, v7 = 43.984 vg = 86.646, vg = 107.612, v1o = 119.286,
Vi1 = 141953, Vi2 = 144.674, Vi3 = 193337, Vig = 421.759, Vi5 —
425.993, vig = 442.952, vi7 = 472.448, v1g = 517.353, vi9 =
529.809, voo = 590.120, vo1 = 714.755.
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Table S5: Partial DOS (PDOS) data of larger Cu,O clusters with different size at fixed

symmetries
clusters Symmetry p| MOs. involved in MOs Contribution of Contribution
e | Transition AOs of Cu atomin | of AOs of O
a forming MOs. atomin
k forming
s (%) MOs.(%)
Occupied | Virtual S p d S p
[CuO1s]™ | Ty 117172 38A1 71T2 40 47
38A1 | 7438 15.4 10.75
6 5
[CuuO:s]™ | Ty 1] 19A1 43T2 19A1 | 76.0 20.9
7
43T2 62.0 2.24 15.01
8
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Figure S1: TDDFT valence excitation spectra (intensity vs wavelength) of (Cu,0); (black),
(Cuz0), (red) and (Cu,0); (green) clusters having same symmetry (C,,). Only the most
intense discrete transitions are reported and labelled as 1. In the inset the intensity of peak 1
of (Cu0); is displayed distinctly.
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Figure S2: The representation of MOs participating in the electronic transitions to form the
most intense peaks labelled as 1 (a) [Cuzs015]°* and (b) [CuasO30]®* in Ty symmetry.



