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1.  Introduction

Due to potential applications in novel nano-devices, low-
dimensional semiconductor nanostructures have been greatly 
attractive and intensively investigated [1]. Various hydroge-
nated group-IV nanocrystals (NCs) with sp3 hybridizations, 
such as diamond-NCs [2] and silicon-NCs [3], have been 
considered as the ideal model to demonstrate the quantum- 
confinement effect [4–6], verified by experimental observa-
tions on the electronic properties [7]. Recent studies showed 
that silicon carbide nanocrystals (SiCNCs) have bright pho-
toluminescence with a high quantum yield of 17% [8, 9], 
indicating potential applications in vivo imaging in biomed-
icine [10] and fluorescent biological labels [9] due to good 

biocompatibility [11, 12]. Hydrogenated SiCNCs (H-SiCNCs) 
with the size from 1 to 6 nm would emit UV-blue light [5], 
while the glycerol-bonded ones with similar sizes would exhibit 
broad and stable violet to blue–green emission [13].

Generally, the properties of nanostructures are dominated 
by the details of structure, such as the sizes, shapes and surface 
states [14–16]. According to the Wulff construction, the equi-
librium crystal shape is determined by surface energies which 
can be predicted by the first-principles method, depending 
on the chemical potential [17]. Theoretical calculations [18] 
showed that the C-terminated SiC-NCs have larger gaps, while 
the gap of SiCNCs systematically decrease when the surfaces 
terminated by Si under the H-poor condition. In addition, the 
gaps of SiC-NCs would decrease as the size increases due to 
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the quantum confine effect [19]. However, it is still a chal-
lenge to determine the stable nanostructures of SiCNCs from 
numerous possible candidates. Note that there are over 200 
crystalline structures for SiC with varying stacking sequences, 
in which the most important ones are 3C (pure cubic stacking) 
and 6H, 4H structures which exhibit a hexagonal symmetry 
with ABCB and ABCAB stack sequences respectively (we 
herein focus on H-SiCNCs with 3C stacking). On the other 
hand, the calculation of total energy is essential for the sta-
bility valuation and most time-consuming. To reduce the time 
cost, recent studies calculated the energies using classical 
potential in Hansel–Vogel (HV) formalism and searched the 
magic structures of group-IV nanostructures using genetic 
algorithms [20, 21].

In our previous studies [22, 23], we have demonstrated an 
effective model for the group-IV nanostructures and confirmed 
the magic diamond nanocrystals experimentally observed 
(C10H16, C14H20, C18H24, and C22H28) [24]. Searching the 
ground states of diamond-NCs and silicon-NCs can be 
achieved by the conventional stochastic algorithm, since the 
free energies are dominated by the number of H atoms and 
the stable nanostructures are determined as a function of H 
chemical potential for given carbon/silicon atoms [22, 23]. 
However, the model analysis of H-SiCNCs’ free energies is 
expected to be much more complicated, since the chemical 
potential of carbon and silicon atoms should also modulate the 
structural stabilities of H-SiCNCs. The parameters’ scanning 
for the phase diagram would induce expensive cost of compu-
tation, although the most stable H-SiCNCs could be found by 
simulated annealing with the traditional Monte-Carlo method 
for given chemical potentials in principle.

In this paper, we have adopted the Wang–Landau method 
[25, 26] to screen possible candidates of H-SiCNCs by the 
bond energy model and determined the stable H-SiCNCs 
with the convex analysis. The ground states of H-SiCNCs are 
dominated by the hydrogen and carbon chemical potentials, 
and the phase diagram indicates the dramatic shape evolution 
from octahedron to tetrahedron as the size increases. Both 
gap variations and charge distributions could be tuned by the 
shapes and sizes of H-SiCNCs.

2.  Computational methods

In general, the stable structures of H-SiCNCs could be 
determined by the analysis of phase diagram as a function 
of hydrogen/carbon chemical potential ( /µ µH C), according 
to the total energies from the first-principles calculations. 
However, the proper descriptor of configuration’s stabilities 
should be critical to enhance the screening efficiency of pos-
sible candidates, which is an important complement to the 
first-principles calculations for stability determination. In our 
previous studies, the cohesive energy of hydrogenated group-
IV nanocrystals  ( )=X H X C, Sim n  can be calculated [22, 
23] as ( )= − +E m n E nE2 0.5coh X–X X–H, where ( )E EX–X X–H  
is the bond energy of X–X (X–H) pair, respectively. The 
number of H atoms n can be used to distinguish the unequiva-
lent candidates with the same number of X atoms, since the 

cohesive energies are determined by n. Similarly, the cohe-
sive energy of H-SiCNCs ( −Si C HN m m n) can be expressed as 
= + +E n E n E n Ecoh Si–C Si–C Si–H Si–H C–H C–H, where N is the total 

number of carbon and silicon atoms, / /E E ESi–C Si–H C–H are the 
bond energies of Si–C/Si–H/C–H, and / /n n nSi–C Si–H C–H are the 
number of Si–C/Si–H/C–H bonds, respectively. Considering 
that there are four nearest neighbors for C and Si atoms, we 
have ( )= − −n N m n4Si–H Si–C and = −n m n4C–H Si–C.

Given N for the total number of C and Si atoms, the most 
stable structures could be found by simulated annealing with 
the traditional Monte-Carlo method for each given chemical 
potential of C/H atoms. However, the parameters’ scanning 
for the phase diagram would induce expensive cost of compu-
tation. On the other hand, the cohesive energy of −Si C HN m m n 
are determined by the number of Si–C bonds (nSi–C) and C 
atoms (m). Thus, the unequivalent candidates are distin-
guished by the order pair of (nSi–C, m), which would greatly 
enhance the efficiency if these unequivalent candidates can 
be symmetrically pre-screened. In the Wang–Landau method, 
the accepted probability of the transmission among different 
structures are reciprocal to the degenerate degree of system 
(while degenerate degree can be persistently modified in the 
process of searching and convergence finally), allowing most 
of the unequivalent structures to be visited at the same prob-
ability. Without the parameters’ scanning, we can determine 
the stable structures from the whole unequivalent candidates 
according to the phase diagram of chemical potential, by 
either the bond energy model or first-principles calculations.

We performed the calculation of total energies for various 
H-SiCNCs by the density-functional theory (DFT) method 
implemented in the Vienna ab initio simulation package [27–30]  
(VASP). The projector augmented wave (PAW) method was 
adopted and the exchange-correlation functional was in the 
form of Perdew–Burke–Ernzerhof (PBE) within the general-
ized gradient approximation (GGA). The energy cutoff was 
set to be 450 eV with a k-point mesh of 1  ×  1  ×  1 and the 
vacuum distance was 10 Å, ensuring the convergence of the 
forces on each atom was less than 0.01 eV Å−1. For electronic 
properties, we focused on the energy gaps between the highest 
occupied molecular orbitals (HOMOs) and the lowest unoccu-
pied molecular orbitals (LUMOs). Since the GGA calculation 
underestimates the band gaps of semiconductors compared to 
the experimental results, we also performed the calculations 
with the function of Heyed–Scuseria–Ernzerhof (HSE06) 
[31–34]. The HSE06 calculated band gap for bulk 3C-SiC 
was 2.24 eV which is in good agreement with the experiment 
results [35]. Due to the expensive computational cost, we only 
employed the function of HSE06 for the HOMO-LUMO gap 
calculation of small H-SiCNCs.

3.  Results and discussions

We have screened the possible candidates of small H-SiCNCs 
with the Wang–Landau method and determined the ground 
states by the phase diagram from first-principles calculations, 
as shown in section  3.1. In section  3.2, we considered the 
structural evolution of large H-SiCNCs with typical shapes, 
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with respect to the variations of the hydrogen/carbon chem-
ical potentials. The electronic properties of the H-SiCNCs, 
including the gaps and the charge distributions of near-gap 
levels, are discussed in section 3.3.

3.1.  Screening candidates with Wang–Landau method

As shown in figure 1(a), we obtained the unequivalent candi-
dates of −Si C HN m m n (for N  =  10, 14, 18, 22, and 26), with var-
ious number of nSi–C and m. Taking N  =  10 for an example, there  
are 15 unequivalent candidates with six convexes, as shown in 
the inset of figure 1(a). The formation energy of −Si C HN m m n can 
be calculated as  ( ( ) )/µ µ µ= − − − − −E E N m m n Nf coh Si C H , 
where µH, µC and µSi are chemical potentials of H, C and Si atoms. 
As shown in the inset of figure 1(b), there are six stable structures 
according to the phase diagram with [   ]µ ∈ − −3.0, 2.3 eVH  
and [   ]µ ∈ − −10, 7.8 eVC , where the results from the bond 
energy model and first-principles calculations are shown in 
black and red respectively. Although there are some devia-
tions in the boundaries of the phase diagram, six ground 
states correspond to the convexes of Si C H6 4 16, Si C H4 6 16, 
Si C H7 3 20, Si C H3 7 20, Si C H7 3 22 and Si C H3 7 22 (shown in the inset 
of figure 1(a)). Thus, we can determine the stable structures of 
H-SiCNCs in a simple and fast way, which are in agreement 
with the first-principles calculations. Our candidate screening 
by the Wang–Landau method and the convex analysis is found 
to be of high efficiency, though the number of candidates 
would grow fast as the size increases,

There are several constrains for µH, µC, and µSi: (i) 
µ µ µ+ =Si C SiC-bulk, where µSiC-bulk is obtained from the chem-
ical potential of bulk SiC; (ii) µC and µSi should be less 
than the chemical potential of bulk diamond and silicon;  
(iii) µ µ µ− 4,H CH C4

⩽ ( )/  ⩽ ( )/µ µ µ− 4H SiH C4
, and ⩽ /µ µ 2H H2

,  
where µH2

, µCH4
 and µSiH4

 are the chemical potential 
of H2, CH4, and SiH4 at the gas phase. Thus, we have 

⩽ ⩽µ− −8.35 eV 7.82 eVC  and ⩽µ − 2.63 eVH . Considering 
the above constrains, we found two stable structures of 

Si C H4 6 16 and Si C H3 7 20 in the phase diagram, which cor-
responds to the areas marked by blue shown in the inset of 
figure  1(b). For small H-SiCNCs, the chemical potential  
of Si and C atoms might not satisfy the equilibrium condition of 
bulk 3C-SiC. Thus, six stable structures at the convexes in the 
inset of figure 1(a) might be observed experimentally by the 
control of chemical potential without constraint. The unique 
structure of Si C H4 6 16 is the same as that of adamantane ( )C H10 16  
with the symmetry of Td, corresponding to the one with the least 
hydrogen atoms for the diamond-NCs containing ten carbon 
atoms. The maximal H number is +N2 2 for −Si C HN m m n with 
N  =  10, and Si C H3 7 20 have a hexagonal ring which reduces 
the hydrogen number by 2. Both these two stable structures of 
Si C H4 6 16 and Si C H3 7 20 contain more C atoms than Si atoms.

Similarly, we have screened the candidates of  −Si C HN m m n  
with N  =  14, 18, 22 and 26, through the Wang–Landau 
method. Figure  2 shows the stable structures and the phase 
diagram as a function of the chemical potential of carbon and 
hydrogen atoms. For N  =  14, there are five convex and the 
corresponding structures are Si C H ,  Si C H ,  Si C H ,7 7 20 4 10 24 10 4 24  
Si C H4 10 30, and Si C H10 4 30 (shown in figure  1(a)). According 
to the phase diagram, the stable structures are  Si C H7 7 20 and 
Si C H4 10 24 (shown in figure 2(a)). The shape of Si C H4 10 24 is a 
tetrahedron with the symmetry of Td, while Si C H7 7 20 is a hexa-
hedron with the symmetry of D3d as the diamantane of C H14 20. 
Note that both the structures of Si C H4 10 24 and Si C H7 7 20 are 
unique with no isomer.

As shown in figures 2(b)–(d), the structures of Si C H8 10 24, 
Si C H9 13 28, Si C H10 16 32 and Si C H13 13 30 are unique. The structures 
of Si C H8 10 24 and Si C H9 13 28 are the same as that of triamantane 
and tetramantane with the symmetry of C2v and C3v respec-
tively, which correspond to the ones with the least hydrogen 
atoms for the diamond-NCs. As the hydrogen chemical 
potential increases, the structures with more hydrogen atoms 
would also be stable. For example, Si C H13 13 30 is a hexahedron 
with the symmetry of D3d, while the tetrahedral Si C H10 16 32 
with the symmetry of Td would become more stable with the 

Figure 1.  Convex analysis and phase diagram for H-SiCNCs with various sizes. (a) Possible (nSi–C, m) for SiN−mCmHn, N  =  14, 18, 22, 26 
and the inset shows the case of N  =  10; (b) phase diagram for Si10−mCmHn as a function of carbon and hydrogen chemical potential. Yellow, 
cyan and white balls represent Si, C and H respectively.
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increasing of hydrogen and carbon chemical potentials. Note 
that the number of C atoms is greater than or equal to that of 
Si atoms in all these stable structures, where the surfaces are 
mainly occupied by C atoms instead of Si atoms. For small 
diamond-NCs experimentally found [24], there are no surface 
reconstructions and thus we focus on the stable H-SiCNCs 
without surface reconstructions in the following.

3.2.  Shape evolution of H-SiCNCs

As shown above, we have determined the ground states of 
small H-SiCNCs combining the first-principles calculations 
with the Wang–Landau method, demonstrating the shape evol
ution with various symmetries of −Si C HN m m n, such as tetra-
hedron and hexahedron, whose surfaces are mainly enclosed 
by the (1 1 1) facets. Thus, we focus on three typical kinds 
of H-SiCNCs in the shape of tetrahedron, hexahedron and 
octahedron, where the truncated tetrahedron and octahe-
dron clusters as the spherical structures are also considered  
for comparison. The formula for the hexahedron H-SiCNCs is  

= + + + + + +n n n n n n n nSi :C:H 3 3 : 3 3 : 6 12 23 2 3 2 2 , where  
the number of Si and C atoms is the same. The formulas are 

= + + + + + + +n n nSi :C:H 1 : : 2 10 4n n n n n
6

2 11
6 6

3
2

13
3

23 3 2
 

and = + + + + + +n n Si :C:H 4 4 : 4n n n n2
3

2 22
3

2
3

2 25
3

3 3   

+ + +n n6 : 4 16 162  for the tetrahedron and octahedron 
respectively, where the number of Si and C atoms can be 
exchanged to obtain the other kinds of H-SiCNCs with the 
same shape. Due to the computational expense, we focused on 
the clusters with the total number of Si/C atoms less than 300, 
where the number n is in the range of [1, 4] for hexahedron 
and octahedron, in [1, 7] for tetrahedron.

As shown in figure 3(a), we have demonstrated the shape 
evolution of SiC-NCs as the size increases, in various carbon 
chemical potential and hydrogen chemical potential. All the 
stable H-SiCNCs contain more C atoms than Si atoms, and 
there are three regions (I, II, III) in the phase diagram, where 
the interpolation method has been applied to determine the 
boundary. In region I, the octahedron clusters are more stable 
compared to the tetrahedron and hexahedron ones, while 
the tetrahedron clusters are most stable in region III. Under 
the chemical potential of C and H in these two regions, the 
shape would be uniform in either octahedron or tetrahedron 
as the size increases. In region II, there would be concurrence 
of tetrahedron and octahedron H-SiCNCs, depending on the 
sizes of clusters. For given chemical potential of C and H, the 
shape of H-SiCNCs would be changed from tetrahedron to 

Figure 2.  Phase diagrams and stable H-SiCNCs of SiN−mCmHn, for N  =  14, 18, 22, 26. The hydrogen chemical potential is less than  −2.63 eV 
and the range of carbon chemical potential is  −8.35 eV to  −7.82 eV. Yellow, cyan and white balls represent Si, C and H respectively.
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octahedron as the sizes increase. Note that there is no region 
in which the hexahedron clusters are most stable.

To verify the phase diagram, we showed the variation of for-
mation energies of H-SiCNCs as a function of sizes under cer-
tain C and H chemical potentials as shown in figures 3(b)–(d).  
The total energies of typical H-SiCNCs with various sizes 
were obtained by the first-principles calculations. Taking 
µ = −8 eVC  and µ = −4 eVH  in region I of figure  3(a) as 
an example, the formation energies decrease as the size 
increases (as shown in figure 3(b)) and the octahedron clusters 
are almost the most stable structures, in good agreement with 
the results obtained from the bond energy model shown in 
the inset of figure 3(b). Although there is a deviation about 
0.1 eV in the formation energies compared to the first-prin-
ciples calculations, the trend predicted by the bond energy 
model is verified, indicating that the stable structures are the 
octahedral ones with more C atoms. In region II of figure 3(a) 
with µ = −8 eVC  and µ = −3.5 eVH , there is an intersection 
(around N  =  38) in the formation energies for octahedron 
and tetrahedron clusters (shown in the inset of figure 3(c)). 

According to the results for first-principles calculations, we 
have found that the tetrahedron H-SiCNCs would become 
unstable when the total number of C and Si is larger than 38. 
Note that a spherical cluster (Si52C68H88) will be more stable 
compared to the octahedral and tetrahedral ones. For region 
III of figure  3(a), the tetrahedral clusters will be the most 
stable, as confirmed by both the bond energy model and the 
first-principles calculations (shown in figure 3(d)). Thus, we 
show the shape evolution of H-SiCNCs as a function of the 
chemical potentials, where the truncated tetrahedron is found 
to be a transition structure with a spherical shape between the 
tetrahedral and octahedral clusters.

3.3.  Electronic properties for stable H-SiCNCs

In the following, we would focus on the electronic proper-
ties of H-SiCNCs, including the energy gaps and the charge 
distributions of HOMOs and LUMOs. For small −Si C HN m m n 
with N  <  30, we have employed the HSE06 method for 
the calculation of HOMO-LUMO gaps. Figure  4(a) shows 

Figure 3.  Shape evolution of H-SiCNCs as a function of size and chemical potentials. (a) Phase distributions as a function of carbon and 
hydrogen chemical potential; (b)–(d) formation energy as a function of the total number of silicon and carbon. The black, red, blue and olive 
empty shapes are spherical clusters which are derived from truncated tetrahedron (nSi  >  nC and nSi  <  nC) and octahedron (nSi  >  nC and nSi  <  nC). 
These three grams are obtained by first-principles while the insets are calculated by the bond model. For (b) μC  =  −8 eV, μH  =  −4 eV, for  
(c) μC  =  −8 eV, μH  =  −3.5 eV, for (d) μC  =  −8 eV, μH  =  −2.95 eV. Yellow, cyan and white balls represent Si, C, and H respectively.
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the variation of gaps as a function of the ratio of /m N and 
 =m N0,  is considered for comparison which corresponds 

to the diamond and silicon nanocrystals in the same shape 
respectively. In all cases, the gaps of diamond nanocrystals 
are largest, while the ones of silicon nanocrystals are smallest. 
For N  =  10, the energy gaps increase with the ratio of m/N 
increases, while the energy gaps have a local maximum at 

/ =m N 0.5 for N  =  14, 26, corresponding to Si C H7 7 20 and 
Si C H13 13 30. For N  =  18, 22, the local maximum of energy 
gaps is at around / =m N 0.6 and the corresponding structures 

are Si C H8 10 24 and Si C H9 13 28 respectively. The energy gaps 
from the DFT-GGA/PBE calculations are also shown in the 
inset of figure 4(a) for comparison, with their values about 
1 eV lower than that from the HSE06. Note that both these 
two methods indicate the similar trend of gaps’ variation, 
though the ones from the HSE06 are more accurate. Due to 
the expensive cost of computation, we only use DFT-GGA/
PBE calculations for larger H-SiCNCs.

Figure 4(b) shows the variation of energy gaps as a func-
tion of size for various typical H-SiCNCs including the 

Figure 4.  (a) The energy gaps of small H-SiCNCs as a function of nC/(nC  +  nSi) ratio calculated with the function of HSE06 and the ones 
calculated with the function of PBE are shown in the inset. The number of C and H atoms are listed with the increment of C atoms, e.g. 0/16 
and 7/20 for NSiC  =  10 corresponds to C0Si10H16 and C7Si3H20 respectively. (b) The energy gaps of typical H-SiCNCs as a function of N 
(total number of silicon and carbon) calculated with the function of PBE. The tetrahedron and octahedron H-SiCNCs with more carbon 
atoms are presented with full lines, while the other ones are presented with dash lines.

Figure 5.  (a) Charge distributions of HOMOs and LUMOs of small H-SiCNCs. The isosurfaces compared to the peak amplitudes are 
25%/25%/50%/40%/30% for Si4C6H16/Si7C7H20/Si9C13H28/Si13C13H30/Si10C16H32. (b) Charge distributions of HOMOs and LUMOs of 
tetrahedral, octahedral and hexahedronal H-SiCNCs. The isosurfaces compared to the peak amplitudes are 30%/35% for tetrahedron (small/
large clusters), 40%/30% for octahedron, and 35%/30% for hexahedron. The charge distributions of HOMOs and LUMOs are represented 
by blue and red respectively. Yellow, cyan and white balls are for Si, C, and H atoms.
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spherical structures. The values decrease as the total number 
of Si and C atoms increase. According to the phase dia-
gram, the tetrahedral and octahedral H-SiCNCs with more 
C atoms would be more stable under proper hydrogen and 
carbon chemical potential. We have found that the energy 
gaps of tetrahedral clusters are larger than that of octahedral 
and spherical ones, for the clusters with the similar sizes. For 
comparison, we have also calculated the energy gaps of hexa-
hedral H-SiCNCs, tetrahedral and octahedral ones and their 
spherical structure with more Si atoms. The gaps of hexahe-
dral ones are smallest for the clusters with the similar sizes. 
Thus, both the size and shape have an important effect on the 
energy gaps.

We have also investigated the charge distributions of 
HOMOs and LUMOs of various H-SiCNCs. For Si C H4 6 16, 
the charge of HOMOs is mainly located around the carbon 
of Si–C and the hydrogen of Si–H bonds, while the charge 
of LUMOs is concentrated inside the clusters (shown in 
figure  5(a)). We have also calculated the charge distribu-
tions with the HSE06 method. It is found that no remark-
able difference for the LUMOs of Si4C6H16, though the 
charge distribution of HOMOs at some H atoms decreases in 
the HSE06 result (not shown). We did not calculate all the 
charge distribution of HOMOs and LUMOs with HSE06 due 
to the expensive computational cost. For Si C H8 10 24, Si C H9 13 28 
and Si C H10 16 32, the charges of HOMOs are also distributed 
around the carbon of Si–C and hydrogen of Si–H bonds, while 
the charges of LUMOs tend to be located around –SiH2/–CH2 
besides the inside of clusters. Note that the charge of HOMOs 
for Si C H13 13 30 is mostly distributed around the C–H bonds, 
instead of the Si–H bonds.

Similar analysis of HOMOs and LUMOs has been applied 
to the typical H-SiCNCs. For tetrahedral ones, four surfaces 
are enclosed by –CH bonds and six edges are by –CH2 bonds 
with four –SiH at the four vertexes. Taking  Si C H20 31 52 and 
Si C H35 52 76 as examples, the charges of HOMOs are largely 
around the carbon derived from –CH2 and –CH bonds as 
shown in figure 5(b). Meanwhile, the charges of LUMOs are 
mainly distributed inside the clusters and the one for Si C H35 52 76 
is more localized compared to Si C H20 31 52. The eight surfaces 
of octahedral H-SiCNCs are enclosed by both –CH and –SiH 
bonds. The charges of HOMOs are mainly around the carbon 
atoms inside and –CH bonds on the edge, while the LUMOs 
are concentrated inside the clusters, such as Si C H16 19 36 and 
Si C H40 44 64. Taking Si C H26 26 50 and Si C H63 63 92 as examples 
for hexahedral H-SiCNCs, the left part is enclosed by –CH 
bonds and the right one is by –SiH bonds. Interestingly, the 
charges of HOMOs are mainly distributed on the left and that 
of LUMOs are concentrated on the right, indicating a charge 
separation of HOMOs and LUMOs. In general, the spatial 
charge distributions of HOMOs and LUMOs are crucial in the 
design of the optical nano-device. It can be achieved by the 
control of morphology, such as the tapered Si NWs [36, 37]. 
According to the phase diagram, the hexahedral H-SiCNCs 
are not ground states compared to the tetrahedral and octa
hedral ones, which might be obtained by the unequilibrium 
growth in the experiments.

4.  Summary

In summary, we have systematically investigated the struc-
tural stabilities of H-SiCNCs through the high efficient 
approach from first-principles calculations combined with the 
Wang–Landau method and bond energy model. Without the 
parameters’ scanning, the stable H-SiCNCs for various sizes 
have been determined with the convex analysis and verified 
by the first-principles calculations, as the configurations are 
dominated by the hydrogen and carbon chemical potentials 
according to the phase diagram. There are three typical regions 
in the phase diagram indicating the shape evolution from octa-
hedron to tetrahedron for large H-SiCNCs: octahedral and tet-
rahedral H-SiCNCs are stable in regions I and III respectively, 
while the shape changes from tetrahedron to octahedron when 
the total number of C and Si is larger than 38 in region II. 
The energy gaps of tetrahedral H-SiCNCs are larger than that 
of octahedral ones at similar sizes, and in hexagonal ones 
there is a charge separation for HOMOs and LUMOs. Our 
finding indicates the possibility of designing electronic nano-
devices by modulating the configurations with the control 
of hydrogen and carbon chemical potential. Until now, most 
SiCNCs observed experimentally are larger than 1 nm in size, 
which indicates the difficulty of obtaining smaller SiCNCs.  
However, the novel properties of small SiCNCs might generate  
experimental interest and efforts to realize such systems, 
exploring the possible application with the luminescence of 
small SiCNCs.
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