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Supporting tables

Table S1 CNPs’ Kohn-Sham (KS) highest-occupied molecular orbital (HOMO) and
lowest-unoccupied molecular orbital (LUMO) energies and the corresponding KS
HOMO-LUMO gap values as calculated using DFT and the highest occupied (-IP) and
lowest unoccupied (-EA) quasiparticle states and the fundamental gap as calculated
using evGW. All values in eV and obtained with the def2-SVP basis-set for structures
optimised in the D, point group.

Nanoparticle KS- KS- KS-Gap -IP -EA Af
HOMO LUMO
CioHie -7.53 1.08 8.60 -9.91 3.33 13.24
CssHse -6.44 0.85 7.29 -8.12 2.81 10.93
CgqHeyq -5.82 0.81 6.63 -7.10 2.58 9.68
Cie5H100 -5.41 0.82 6.25 -6.44 2.50 8.91

Table S2 CNPs’ Kohn-Sham (KS) highest-occupied molecular orbital (HOMO) and
lowest-unoccupied molecular orbital (LUMO) energies and the corresponding KS
HOMO-LUMO gap values as calculated using DFT and the highest occupied (-IP) and
lowest unoccupied (-EA) quasiparticle states and the fundamental gap as calculated
using evGW. All values in eV and obtained with the def2-TZVP basis-set for structures
optimised in the D, point group.

Nanoparticle | KS-HOMO | KS-LUMO | KS- -IP -EA Af
Gap
CioHis -7.52 0.58 8.10 -10.21 2.4 12.61
CssHse -6.40 0.34 6.74 -8.38 1.84 10.22




Table S3 CNPs’ Kohn-Sham (KS) highest-occupied molecular orbital (HOMO) and
lowest-unoccupied molecular orbital (LUMO) energies and the corresponding KS
HOMO-LUMO gap values as calculated using DFT and the highest occupied (-IP) and
lowest unoccupied (-EA) quasiparticle states and the fundamental gap as calculated
using evGW. All values in eV and obtained with the def2-QZVP basis-set for structures
optimised in the D, point group.

Nanoparticle | KS-HOMO | KS-LUMO | KS- -IP -EA Af
Gap
CioHie -7.52 0.20 7.72 -10.38 1.70 12.08

Table S4 CNPs’ optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-SVP basis-set for structures optimised in the
D; point group.

Nanoparticle | AO (TDDFT) | AO (evGW-BSE)
CioHie 7.76 8.84
CssHse 6.64 7.65
CgsHes 6.10 7.29

CiesHi0o 5.79 6.70

Table S5 CNPs’ oscillator strength of the lowest optically active state as calculated
using TDDFT and evGW-BSE. All values in eV and obtained with the def2-SVP basis-
set for structures optimised in the D, point group.

Nanoparticle | Oscillator strength | Oscillator strength
(TDDFT) (evGW-BSE)
CioHis 0.00951 0.01518
CssHse 0.00015 0.00051
CssHes 0.00012 0.00030
CissHioo 0.00025 0.00049

Table S6 CNPs’ optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-TZVP basis-set for structures optimised in the
D; point group.

Nanoparticle | AO (TDDFT) | AO (evGW-BSE)
CioHie 7.23 8.31
CssHse 6.12 7.08




Table S7 CNPs’ oscillator strength of the lowest optically active state as calculated
using TDDFT and evGW-BSE. All values in eV and obtained with the def2-TZVP basis-
set for structures optimised in the D, point group.

Nanoparticle | Oscillator strength Oscillator strength
(TDDFT) (evGW-BSE)
CioHis 0.01350 0.01998
CssHse 0.00039 0.00132

Table S8 CNPs’ optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-QZVP basis-set for structures optimised in the
D; point group.

Nanoparticle | AO (TDDFT) | AO (evGW-BSE)
CioHie 6.93 8.03
CssHse 5.79

Table S9 CNPs’ highest occupied (-IP) and lowest unoccupied (-EA) quasiparticle
states and fundamental gap as calculated using gsGW and the optical gap as calculated
using qsGW-BSE. All values in eV and obtained with the def2-SVP basis-set for
structures optimised in the D, point group.

Nanoparticle -IP -EA Af Ao
CioHis -10.20 3.29 13.49 9.09
CssHse -8.46 2.77 11.23 7.94

Table S10 GeNPs’ Kohn-Sham (KS) highest-occupied molecular orbital (HOMO) and
lowest-unoccupied molecular orbital (LUMO) energies and the corresponding KS
HOMO-LUMO gap values as calculated using DFT and the highest occupied (-IP) and
lowest unoccupied (-EA) quasiparticle states and the fundamental gap as calculated
using evGW. All values in eV and obtained with the def2-SVP basis-set for structures

optimised in the D, point group.

Nanoparticle KS- KS- KS-Gap -IP -EA AF
HOMO LUMO
GeioHie -7.23 -0.65 6.57 -8.56 1.26 9.82
GessHae -6.40 -1.39 5.09 -7.25 0.15 7.52
GegsHes -5.94 -1.86 4.08 -6.44 -0.66 5.78
GeiesHioo -5.64 -2.11 3.52 - - -




Table S11 GeNPs’ Kohn-Sham (KS) highest-occupied molecular orbital (HOMO) and
lowest-unoccupied molecular orbital (LUMO) energies and the corresponding KS
HOMO-LUMO gap values as calculated using DFT and the highest occupied (-IP) and
lowest unoccupied (-EA) quasiparticle states and the fundamental gap as calculated
using evGW. All values in eV and obtained with the def2-TZVP basis-set for structures
optimised in the D, point group.

. KS- KS-
Nanoparticle HOMO LUMO KS-Gap -IP -EA AF
GeioHis -7.25 -0.83 6.42 -8.90 0.69 9.59
GessHse -6.43 -1.48 4.95 -7.62 -0.41 8.03

Table S12 GeNPs’ Optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-SVP basis-set for structures optimised in the
D, point group. The values in parentheses are the gap for the first bright excited-state
for particles where the lowest excited-state is non-bright.

Nanoparticle AO (TDDFT) AO (evGW-BSE)
GeoHis 5.74 (5.90) 5.74 (6.23)
GessHsg 4.44 4.75 (4.82)
GegsHe4 3.61 3.83
Geqs5H100 3.09 -

Table S13 GeNPs’ oscillator strength of the lowest bright state as calculated using
TDDFT and evGW-BSE. All values in eV and obtained with the def2-SVP basis-set for
structures optimised in the D, point group. Asterisks have been added to those
nanoparticles who have a non-bright lower excited state.

Nanoparticle | Oscillator Strength | Oscillator Strength
(TDDFT) (evGW-BSE)
GeioHis 0.00685 0.01875
GessHse 0.00543 0.00861
GegsHey 0.00012 0.00060
GeiesHi00 0.00003 -




Table S14 GeNPs’ Optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-TZVP basis-set for structures optimised in the
D, point group. The values in parentheses are the gap for the first bright excited-state
for particles where the lowest excited-state is non-bright.

Nanoparticle AO (TDDFT) AO (evGW-BSE)
Geg5H36 4.40 466 (474)

Table S15 GeNPs’ Optical gap values as calculated using TDDFT and evGW-BSE. All
values in eV and obtained with the def2-QZVP basis-set for structures optimised in the
D, point group. The values in parentheses are the gap for the first bright excited-state
for particles where the lowest excited-state is non-bright.

Nanoparticle AO (TDDFT) AO (evGW-BSE)
Geg5H36 436

Table S16 GeNPs’ highest occupied (-IP) and lowest unoccupied (—EA) quasiparticle
states and fundamental gap as calculated using gsGW and the optical gap as calculated
using qsGW-BSE. All values in eV and obtained with the def2-SVP basis-set for
structures optimised in the D, point group. The values in parentheses are the gap for
the first bright excited-state for particles where the lowest excited-state is non-bright.

Nanoparticle -IP -EA Af Ao
GeioHie -9.10 0.95 10.05 | 6.19 (6.52)
GessHse -7.75 -0.33 7.42 4.79
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Fig. S1 Plot of fundamental gap versus particle radius for the different group 14
nanoparticles, where carbon is represented by green triangles, silicon is represented by
blue hexagons and germanium is represented by yellow circles, calculated using DFT
(right panel) and evGW (left panel). All calculations use/start from the B3LYP
functional and use the def2-SVP basis-set and the D, point group.
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Fig. S2 Plot of optical gap versus particle radius for the carbon nanoparticles as
calculated using the different basis-sets as calculated by TD-DFT and evGW-BSE. All
calculations use/start from the B3LYP functional and the D, point group.
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Fig. S3 Plot of optical gap versus particle radius for the germanium nanoparticles as

calculated using the different basis-sets as calculated by TD-DFT and evGW-BSE. All

calculations use/start from the B3LYP functional and the D, point group.
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Fig. S4 Change in the predicted optical gap with increasing basis-set size when going
from def2-SVP to def2-QZVP (closed symbols) and from def2-SVPD to def2-QZVPD for
C1oHis calculated using TDDFT, D2, B3LYP (left panel) and evGW-BSE, D2, B3LYP
(right panel). Dashed lines are linear fits to the predicted optical gap values.
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Fig. S5 Change in the predicted optical gap with increasing basis-set size when going
from def2-SVP to def2-QZVP (closed symbols) and from def2-SVPD to def2-QZVPD for
GeoHis calculated using TDDFT, D2, B3LYP (left panel) and evGW-BSE, D2, B3LYP
(right panel). Dashed lines are linear fits to the predicted optical gap values.



Fig. S6 Highest occupied (top) and lowest unoccupied (bottom) molecular orbitals of
the four CNPs studied. From left to right: CioH;s, C35Hss, CssHsqand CissHioo, Wwhere the
phase of the orbitals is shown as red and blue, respectively. The highest occupied
molecular orbital is triply degenerate and only one of the three degenerate orbitals is
shown per particle. All results obtained using DFT, D, symmetry, B3LYP and the def2-

SVP basis-set.



Fig. S7 Highest occupied (top) and lowest unoccupied (bottom) molecular orbitals of
the four SiNPs studied. From left to right: Si;oH;s, SissHss, SigsHssand SiissHigo, Where
the phase of the orbitals is shown as red and blue, respectively. The highest occupied
molecular orbital is triply degenerate and only one of the three degenerate orbitals is
shown per particle. All results obtained using DFT, D, symmetry, B3LYP and the def2-

SVP basis-set.



Fig S8. Highest occupied (top) and lowest unoccupied (bottom) molecular orbitals of
the three GeNPs studied, Ge;oH;s (left), GessHss (centre) and GegsHss (right), where
the phase of the orbitals is shown as red and blue, respectively. The highest occupied
molecular orbital is triply degenerate and only one of the three degenerate orbitals is
shown per particle. All results obtained using DFT, D, symmetry, B3LYP and the def2-

SVP basis-set.



Fig. S9 Leading natural transition orbitals (NTOs) of the four CNPs studied. From left
to right: C1oHis, C35sHss, CssHsq and CissHigo, Where the phase of the orbitals is shown
as red and blue, respectively. Occupied orbitals are shown in the top row, virtual
orbitals in the bottom row. The occupied orbital is triply degenerate and only one of
the three degenerate orbitals is shown per particle. All results obtained using
TDDFT, D, symmetry, B3LYP and the def2-SVP basis-set.



Fig. S10 Leading natural transition orbitals (NTOs) of the four SiNPs studied. From
left to right: Si;oHs, SizsHss, SigaHss and SijssHioo, Where the phase of the orbitals is
shown as red and blue, respectively. Occupied orbitals are shown in the top row, virtual
orbitals in the bottom row. The occupied orbital is triply degenerate and only one of
the three degenerate orbitals is shown per particle. All results obtained using
TDDFT, D, symmetry, B3LYP and the def2-SVP basis-set.



Fig. S11 Leading natural transition orbitals (NTOs) of three of the GeNPs studied.
From left to right: Ge;oH:s, GessHss, and Geg,Hes, Wwhere the phase of the orbitals is
shown as red and blue, respectively. Occupied orbitals are shown in the top row, virtual
orbitals in the bottom row. The occupied orbital is triply degenerate and only one of
the three degenerate orbitals is shown per particle. All results obtained using
TDDFT, D, symmetry, B3LYP and the def2-SVP basis-set.
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Fig. S12 Fourier transform of the leading natural transition orbitals (NTOs) as
calculated using evGW-BSE, with D2 symmetry, B3LYP and def2-SVP. Top; hole.
Bottom; electron. C;oH;s (left), SijoHis (centre), GejoHis (right).
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Fig. S13 Fourier transform of the leading natural transition orbitals (NTOs) as
calculated using evGW-BSE, with D2 symmetry, B3LYP and def2-SVP. Top; hole.
Bottom; electron. Cg,He, (left), SiguHsy (centre), GegsHeq (right).



