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Theoretical absorption spectra of silicon carbide nanocrystals
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Abstract

In this article, we report on theoretical absorption spectra of 3C–SiC nanocrystals with different sizes and different surface termination foreign

atoms using the semiempirical PM3 localized-density-matrix method. Pronounced size dependence of the absorption spectra is clearly

demonstrated. Besides size effect, the influence of the surface configurations on the optical property of SiC nanocrystals is also studied. The

absorption spectra of 3C–SiC nanocrystals terminated with OH or NH2 species are calculated. Compared with H-terminated case, the absorption

edge of OH-terminated or NH2-terminated 3C–SiC exhibits a significant red shift. It is also found that there are some fine structures appearing at

the lower energy side of the dominant absorption peak (¨4.4 eV) for OH-terminated 3C–SiC nanocrystals.
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1. Introduction

Silicon carbide (SiC) is a wide gap semiconductor with

many outstanding physical and chemical properties and has

important applications in high-temperature electronics [1–5].

Currently, its nanostructures are attracting a considerable

interest since they are expected to exhibit novel physical

properties such as enhanced luminescence efficiency [6–9].

Stable and efficient light emission may make SiC nanostructure

to be a promising material for optoelectronic applications [10].

Due to huge surface-to-volume ratio, the surface states have

been recognized to play a key role in determining physical and

chemical properties of semiconductor nanocrystals. Available

studies show that the green/blue luminescence which is found

in oxidized nanocrystalline and ‘‘porous’’ silicon is associated

with the presence of OH groups adsorbed on structural defects

in SiO2 network [11]. Similarly, optical properties of SiC

nanostructures are expected to be sensitively dependent on

their surface states. In this work, we investigate theoretically

the optical absorption of the SiC nanocrystals with different

sizes and different surface adsorbents using localized-density-

matrix PM3 (LDM-PM3) method [12,13]. The LDM-PM3
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method has been developed to calculate the ground- and

excited-state properties of very large systems containing

thousands of atoms. It is based on the truncation of reduced

single electron density matrix and thus its computation time

cost reduces substantially. The method has been successfully

employed to calculate the absorption spectra of polymer

[13,14] and carbon nanotubes [15].

2. Method

It is known that SiC has many polytypes. In this study, 3C–

SiC nanocrystals are considered. Fig. 1 shows the tetragonal

bonding of a central C atom and 4 nearest Si atoms. The
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Fig. 1. The tetragonal bonding of a carbon atom with the four nearest silicon

neighbors.



Fig. 2. Geometric structures of the 3C–SiC nanocrystals with 81 C and Si atoms used in the calculations: (a) terminated by –H; (b) terminated by –OH; (c)

terminated by –NH2.
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distances, a and b, are approximately 3.08 Å and 1.89 Å for

3C–SiC, respectively. The LDM-PM3 method adopted in the

present calculations has been previously described elsewhere in

detail [12,13], which is successfully used to calculate the

excited-state properties of very large electronic system [14,15].

Here we employ this method to compute the absorption spectra

of 3C–SiC nanocrystals in the radiation field with the electric

field along with the [100] crystal direction of the nanocrystals.

The geometry optimization is performed by Molecular Me-

chanics method force field. The geometric structures of SiC

nanocrystals with 81 atoms and three kinds of surface-

terminating species used in the calculation are shown in Fig. 2.
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Fig. 3. (a) Enlarged lower energy parts of the absorption spectra shown in (b).

(b) Calculated absorption spectra of SiC nanocrystals consisting of different

numbers of atoms.
3. Results and discussion

To investigate the size effect, the absorption spectra of the

3C–SiC nanocrystals with 51, 81, 111 and 201 atoms were

calculated. The surfaces of the four nanocrystals are terminated

with H atoms. The calculated absorption spectra are depicted in

Fig. 3. From Fig. 3, it can be seen that there are three main

structures, denoted by a, b, and c, in the absorption spectra. As

the nanocrystal size increases, red shift of the three absorption

peaks can be observed, which is a typical quantum size effect

expected. It is also found that an additional peak labeled by ‘‘d’’
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Fig. 4. (a) Enlarged lower energy parts of the absorption spectra shown in (b).

(b) The absorption spectra of 81-atom SiC nanocrystals terminated by H, OH

and NH2 species.
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develops at the lower energy side of the peak a as the

nanocrystal size increases.

Calculations on the H-, OH-, and NH2-terminated SiC

nanocrystals with 81 atoms of C and Si were performed,

respectively, in order to investigate the surface effect. The

results are shown in Fig. 4b. As expected, the absorption

spectra of 3C–SiC nanocrystals depend strongly on their

surface terminating configurations. It comes from the strong

variation of electron structures of the SiC nanocrystals

terminated by different foreign atoms. We are particularly

interested in the shift of the lowest absorption peak and the

absorption edge because they are closely related to the

luminescence. Enlarged lower energy parts of the absorption

spectra in Fig. 4b are shown in Fig. 4a. Compared with the

spectrum of the H-terminated SiC nanocrystal, the absorption

edge and the lowest absorption peak of the OH- and NH2-

terminated SiC nanocrystals exhibit a large red shift. Moreover,

two additional structures located at ¨4.1 and 3.3 eV appear for

the OH-terminated case. The red shift of the lowest absorption

peaks and the appearance of the new structures in the lower

energy side of the lowest absorption peak originate from the

substantial change in electronic structures of the SiC nano-

crystals terminated with different species. It is found that the

number of these foreign atoms ‘‘covering’’ SiC nanocrystals is

comparable with that of Si or C atoms which chemically

combine into the nanocrystals. It is not difficult for one to

image that the electronic structure of the tiny nanocrystal is

significantly modified when its surface atoms absorb many

foreign atoms. The exact physical origin causing the red shift

of the absorption edge for the OH- and NH2-terminated SiC

nanocrystals are not clear at present. Solving the problem

requires further investigations.

4. Conclusions

We have applied the semiempirical PM3 localized-density-

matrix method to evaluate the absorption spectra of 3C–SiC
nanocrystals with different sizes and different surface states.

The results show that the optical properties of SiC nanocrystals

depend strongly on their surface configurations or adsorbents.

Modification of SiC nanocrystal surfaces may be a useful way

to tune their optical properties.
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