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Table S1. Theoretical ADE (in eV) values of Co; at various theoretical levels, and the
experimental data is also included for comparison.

Cos Theor. Exp.
Functionals Basic sets ADE ADE
def2-TZVP 0.92 1.40°

TPSSH LANL2DZ 0.61

SDD 0.68

def2-TZVP 0.94

MO6L LANL2DZ 0.67

SDD 0.94

def2-TZVP 1.34

BPWII LANL2DZ 1.18

SDD 1.50

def2-TZVP 1.32

BPBE LANL2DZ 0.73

SDD 1.46

def2-TZVP 0.91

B3LYP LANL2DZ 0.93

SDD 0.96

def2-TZVP 1.47

PBE LANL2DZ 1.26

SDD 1.54

4 Experimental data extracted from Phys. Rev. B., 64 (2001) 153402,

Table S2. Cartesian coordinates of optimized Co4P, (n = 1-10) clusters.
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Table S3. Theoretical and experimental VDEs of the ground state structures of CoSi,
(n = 3-5) are obtained from their photoelectron spectra.

VDE (eV)
Cluster AVDE
Theor. Exp.
CoSi; 2.01 2.03 0.02
CoSiy 2.14 2.16 0.02
CoSis 2.75 2.72 0.03

aExperimental data extracted from Phys. Chem. Chem. Phys., 21 (2019) 6207-6215.
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Table S4. Theoretical first VDE values of Co4P, with n=1-10. All energies are in eV.

Clusters VDE (eV)
CosP; 0.51
CosP, 1.84
Co4P; 2.25
CosP, 2.56
Co4Ps 2.40
CosPs 2.37
CosP; 2.94
Co4Pg 2.93
CosPy 2.72
Co4Pyo 2.88
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Table SS5. Spin contamination analysis of the Co4P, (n = 1-10) clusters.

Clusters  Configuration  Theoretical (§2)  Calculated (S?) A(S?)

Co4P Octet (S = 8) 15.7500 15.7524 0.0024
Co4P, Septet (S=7) 12.0000 12.0028 0.0028
Co4P; Octet (S = 8) 15.7500 15.7523 0.0023
Co4P4 Triplet (S = 3) 2.0000 2.0485 0.0485
Co4Ps Doublet (S = 2) 0.7500 0.7925 0.0425
Co4Ps Triplet (S = 3) 2.0000 2.0085 0.0085
Co4P; Octet (S = 8) 15.7500 15.7518 0.0018
Co4Pg Quintet (S =5) 6.0000 6.0106 0.0106
Co4Py Doublet (S = 2) 0.7500 0.7955 0.0455
Co4Pyy Quintet (S =5) 6.0000 6.0037 0.0037

Threshold - - - <0.1000

a. Theoretical (S2) = S(S+1)
b. A(S?) = Calculated (S?) — Theoretical (S2). Values <0.10 indicate negligible spin
contamination.
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Table S6. Analysis of the composition of the superatomic orbitals of the Co4P, cluster.

Orbitals Co4(%) P4(%)
57-1S 25.97 74.03
58-1P 15.95 84.05
59-1P 15.20 84.80
60-1P 17.23 82.77
61-2S 65.88 34.12
62-1D 59.90 40.10
64-1D 58.76 41.24
65-2P 56.09 43.91
66-2P 55.72 4428
67-2P 54.14 45.86
68-1D 68.32 31.68
69-1D 67.12 32.88
70-1F 66.03 33.97
71-1F 62.57 37.43
72-1F 64.23 35.77
73-3S 50.89 49.11
74-1D 57.96 42.04
75-2D 61.59 38.41
76-1F 90.70 9.30
77-1F 80.55 19.45
79-2D 76.75 23.25
80-2D 73.93 26.07
81-1F 94.92 5.08
82-1F 94.90 5.10
84-2D 68.26 31.74

85-2D 69.84 30.16
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Fig. S1. Calculated TDOS and PDOS for the ground states of Co4P,, (n = 1-10). Lorentzian
HOMOs and the bottom side refer to B-HOMOs.



(a) - —
CoSi, CoSi,

N | VA

CoSi; CoSi, CoSi;

e

00 05 10 15 20 25 30 35 4000 05 1.0 15 20 25 3.0 35 4000 05 1.0 15 20 25 30 35 40
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

CoSi;

G

Intensity (arb. units)

Fig. S2. Comparison of (a) experimental and (b) theoretical PES for the lowest-energy
structures of the CoSi, (n= 3-5) clusters. Experimental data are adapted from Phys. Chem.
Chem. Phys., 21 (2019) 6207-6215.
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Fig. S3. Deformation density analysis of NOCV pairs (orbital contributions) based on the
ETS-NOCV method. Regions of charge depletion are shown as yellow translucent surfaces

and regions of charge accumulation as cyan translucent surfaces. The figure only lists
eigenvalues > 0.4.
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Fig. S4. (a) Variations of the total energy of Co4P,4, and (b) average bond length of Co-P

in Co4P4 at 400 and 800 K, respectively. The inset shows the structures of the cluster at
different times.
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Fig. SS. Simulated infrared spectra of the Co4P, (n = 1-10) clusters.
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Fig. S6. Simulated Raman spectra of the Co4P,, (n = 1-10) clusters.
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