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Table S1 Lowest vibrational frequency (ⅴmin) and bond lengths (dSi-Si, dSi-Ca, and dCa-Ca) of Ca4Si2
2− 
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computed at different levels. The CCSD(T)/cc-pVTZ level is set as the benchmark. The uncertainties 

for bond lengths are in parentheses.

method ⅴmin (cm-1) dSi-Si (Å) dSi-Ca (Å) dCa-Ca (Å)

VWN5/cc-pVTZ 16.9 2.26 (0.04%)
2.84 (6.27%), 2.88 (5.57%),

2.94 (8.97%)

3.56 (8.25%),

3.64 (6.67%)

PBEPBE/cc-pVTZ 22.5 2.28 (1.33%)
2.89 (4.62%), 2.94 (3.61%),

3.02 (6.50%)

3.67 (5.41%),

3.74 (4.10%)

B3LYP/cc-pVTZ 28.3 2.25 (0.00%)
2.92 (3.63%), 2.96 (2.95%),

3.09 (4.33%)

3.73 (3.86%),

3.79 (2.82%)

M06-2X/cc-pVTZ 34.2 2.22 (1.33%)
2.96 (2.31%), 2.99 (1.97%),

3.11 (3.72%)

3.74 (3.61%),

3.79 (2.82%)

CISD(full)/cc-pVTZ 40.3 2.21 (1.78%)
2.96 (2.31%), 3.00 (1.64%),

3.11 (3.72%)

3.75 (3.35%),

3.76 (3.59%)

CCSD(T)/cc-pVTZ 34.9 2.25
3.03, 3.05,

3.23
3.88,3.90

As revealed by Table S1, all these computations proved that the designed inspiring species, Ca4Si2
2, 

is a local minimum. Compared with the CCSD(T) benchmark, VWN functional does not perform 

very well for this system, whereas the others, specially M06-2X functional, perform satisfactorily. 
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Fig. S1 Top (upper) and side (bottom) views of atomic configuration of Ca4Si2H2 molecule computed 

at M06-2X/cc-pVTZ level.

Fig. S2 SSAdNDP chemical bonding patterns of CaSi monolayer. ON is short for occupation number.

S4



Fig. S3 Phonon spectrum of stretched planar CaSi monolayer ( = 3.4%).

Fig. S4 A snapshot of the equilibrium structure of CaSi monolayer at (a) 1000 K, (b) 1500 K, and (c) 

2000 K, respectively, at the end of 10 ps first-principles molecular dynamics simulation. 
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Fig. S5 Three low-energy isomers of 2D CaSi.

Fig.S6 Band structure of CaSi computed using PBE functional.
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Fig.S7 HSE06 band Structure of entirely planar CaSi monolayer. 

Fig.S8 Imaginary dielectric functions of CaSi monolayer along the x, y and z directions computed 

using PBE functional.
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