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Abstract. Single walled (6,0) gold doped SiC nanotube systems were studied by first 

principles modeling. We observed the electronic structures of SiC nanomaterials are 

significantly modified by the introduction of gold, and these systems exhibit magnetic 

properties. While the configurations of single walled (6,0) gold doped SiC nanotubes, 

the energy gap width of the spin-up states decreases, and these systems exhibit a semi-

metallic character. Partial density of states analysis shows that the electron orbitals 

arise from contributions from the C p orbitals and the 4d  transition metal d orbitals. 

First principles results of total energy predicted the stability of the antiferromagnetic 

phase. 

 

Keywords: SiC:Au, nanotube, chiral, antiferromagnetic, half-metallic 

 

1. Introduction 

 

SiC is one of the semiconductors that has attracted considerable attention from researchers in technical 

applications [1–6]. Recently, researchers have focused on the study of SiC with nanoscale materials 

due to their larger flexibility coefficient and specific surface area than those of bulk configurations. 

The nanostructure of SiC is also applied for energy harvesting for biocompatibility studies, biomedical 

research, and sensing [7-9]. Doped TM SWCNTs have  potential for technical fabrications in chemical 

sensors, and nanoscale devices [1, 3, 4]. The impurities lead to charge redistribution and forced 

magnetic behavior nearby the atoms of SiC nanostructures. The ferromagnetic (FM) behavior for TM 

atoms is due to the occupancy mode of d-orbital hybridization of the dopants [10, 11].  

The electronic properties and magnetism for SiC:Fe NT were studied based on the DFT using the 

LSDA approach by Zhang et al. [1] and obtained this system of semi-metallic antiferromagnetic and 

ferromagnetic material depending on the doping sites. [12] reported the adsorption analysis of some 
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TM atoms doped on SWSiCNT using DFT methods. It is found that  impurities can be chemically 

adsorbed on the external surface of SWSiCNT with binding energies in the range of (1.17-3.18) eV 

from Cu to Pt. Heydarzadeh [13] studied of electronic structure of c and doped cubic SiC supercell and 

a band gap of 2.2 eV was obtained for undoped SiC and a metallic nature for the Co-doped system. 

The electronic properties of (8, 0) doped SWSiC:(Mn, Fe) NTs were investigated by DFT method and 

these systems exhibit semi-metallic properties with potential spintronic applications [14]. [15] 

calculated the band structure for armchair SiCNTs by DFT-GGA method, and their results indicated 

that armchair systems are indirect-gap semiconductor materials, and SiCNTs with (11,11) chirality 

have a large band gap. [16] performed first-principles DFT calculations of electronic properties of SW 

armchair (6,6) SiNTs and obtained results indicating that this system is indirect-gap with 0.314 eV. 

Studies have shown that the chirality of NT systems profoundly affects their chemical and physical 

properties, opening up potential for specific technical applications. The most interesting aspect of 

single-walled nanotubes is that their electronic structure can become either semiconducting or semi-

metallic or metallic behaviors depending on the chirality. It is also interesting that the width of the 

energy gap also depends on the chirality. 

 

2. Computational details 

 

Using the Atomistic ToolKit (ATK) simulation code and using LSDA approach, we performed a DFT 

study of ferromagnetism in SWSiC:Au NT systems consisting of 24 atoms. The specific sample points 

k were generated using a 1×1×5 Monkhorst-Pack grid. The cutoff energy was taken at 50 Ha and the 

geometry of studied nanostructures was optimized, and for this case the strain and force tolerances 

were smaller than 0.1 GPa and 0.05 eV/Ǻ. To predict the correct gap value and fit the experimental 

data, we applied the U parameters for the 4d states of Si atoms (5 eV) and 2p states for C atoms (4.8 

eV) according to Refs. [17] and [18].   

Using the Mulliken population analysis, we investigated the ferromagnetism in SiC:AuNT 

systems. To investigate the FM and AFM behavior for diluted SiC nanotubes, the cations were 

randomly substituted by magnetic ions Au↑↑
x and Au↑↓

x, where the signs ↓↓ and ↑↓ refer to the 

direction of the spin of gold atom.   

 

3. Results 

3.1. Electronic properties of SiC:Au nanotube 

 

We calculated the majority and minority spin band structures and the density of states (DOS) for 

SWSiC:AuNT. From the calculated first-principles band structures, we estimated band gap of these 

systems. The results of the first-principles band structure and DOS diagrams for SWSiC:AuNT 

systems are shown in Figs. 1 and 2. From the calculated band structures, we found the width of band 

gap and obtained the majority (0.8 eV) and minority spin states (0 eV). 
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Figure 1. The calculated band structures for SWSiC:AuNTs. 
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Figure 2. The calculated DOS diagrams for SWSiC:Au NTs.  

From first-principles simulations, the minority spin band gap of the Au-doped (6,0) SWSiCNT is 

reduced to 0 eV, and this nanosystem becomes metalized. The bands that are located nearby the Fermi 

energy overlap with the another conduction band and cross the Fermi level. An  investigation of the 

projected DOS curves for the Au-doped (6,0) SWSiCNT system shows  these states mainly due to the 

contribution of the p orbitals of the host carbon and d electrons of the gold atom. From first-principles 

calculations, we obtained the states located at the Fermi level are dominated by the 4d-states of gold, 

demonstrating the presence of hybridization between 2p-states of C and 4d-states of Au. 

 

3.2. Magnetism in SiC:AuNT 

 

In this paper, we also studied the magnetism in gold-doped SWSiCNT systems from Mulliken 

population analysis using ATK code. The introduction of an Au into the structure of a SiC NT leads to 

magnetization of the studied systems. The spin-polarization view of Au-doped SiC NT are given in 

Fig. 3 and in this figure, the green arrows show the spin moments and the overall magnetization of the 

SWSiC:AuNT is 3.174 µB. The analysis of the results shows that a large  contribution to the 

magnetization of Au-doped SiCNT systems comes from 3 carbon (~ 6.3 µB), which are chemically 

bonded to the dopant. The density of states for three carbon atoms chemically bonded with dopant is 

plotted in Fig. 4 and we observed strong asymmetry in this figure that indicate magnetization of the 

Au-doped SiCNT system. 
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Figure 3. Spin-polarization view of SiC:Au NT: gray-carbon, beige-silicon, and yellow-gold.  

 

Figure 4. Spin-polarization DOS diagrams for 3C atoms chemically bonded with Au.  
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The other host carbon and silicon atoms of SiC NT structure give positive (~1.7 µB) and negative (~4.8 

µB) contributions to the magnetization of systems. The local spin moment of Au is equal to -0.8 µB 

(~0.3 µB from d electrons). As can be seen from Fig. 3, two Si atoms weaken the magnetization of the 

SiC:AuNT with a magnetic moment of ~1 µB. 

To analyze the FM and AFM behavior of Au-doped SiC nanotubes, we also calculated the total 

energies for these states. We found that the total energy difference between the FM (- 6205.37207 eV) 

and AFM (-6205.48002 eV) states is positive and this result indicates that for the SWSiC:Au NT, the 

AFM state is more stable than the FM state.  

 

4. Conclusion 

 

In this work, we report the study of the electronic and magnetic properties of and Au-doped (6,0) 

SWSiCNTs using DFT simulations. We found that these physical properties of investigated systems 

are changed significantly by transition metal functionalization. The (6,0) SWSiCNTs exhibit half-

metallic characteristics for gold-doped on Si sites. The spin-polarized electron density results for Au-

doped SiCNT indicate that the overall magnetic moments (~3.2 µB) of the systems are mainly 

generated by three carbon atoms (~6 µB) that are chemically bonded to the  gold atom. The total 

energy results of SiC:AuNTs show the stability of the antiferromagnetic state.  

Our study demonstrates the application of Au-doped (6,0) SWSiCNTs in optoelectronics and 

spintronics, and provides a reference information for the analysis of magnetism in graphene-like 

semiconductor compounds.  All first-principles results of our studies show that the TM doped 

SWSiCNT could be a potential material to produce important magnetic materials for application in 

optoelectronic and spintronic devices. 
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