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ABSTRACT 
Geometrical structure, nuclear magnetic resonance (N1,1It) chemical shielding tensors, and chemical shifts 
of silicon and carbon 	le are 	t g led f tw fruit 	gang and armchair single-walled silicon 
carbide nanotabes (SiCNTs). Geometrical structures of SieNTs, Sit bonds and bond angles of St and C 
vertices in both zigzag and armchair nanotubes, Indicate that bond lengths are approximately constant in 
the armchair model but vary in the zigzag model. The NAIR parameters of C nuclei change more in the 
zigzag model as compared to the armchair model in agreement with geometrical structure changea. The 
calculations were performed with H3LYR OFT method and 6-310 (d) standard basis sets using the 
Gaussian 03 package. 
Gaussian 03 package. 
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INTRODUCTION 
Since the discovery of carbon [I] and non-carbon 
[2-3] nanotubes, an extensive research field in the 
nano scale opened up because of the exceptional 
electronic, mechanical, thermal and transport 
properties of these systems. An important class of 
such materials is the silicon carbides (Sic) which 
ham a solid through primarily covalent bonding. 
These compounds have various outstanding 
properties including: (I) large band gap from 2.2 t 
3.3 eV[4], (2) very high decomposition temperature 
of about 2545 °C[5], (3) high thermal conductivity 
up to about 500 110(m K) at room temperature [6], 
and (4) thermal expansion coefficient smaller than 
640( [7]. It is therefore not surprising that SiC is 
finding application in high temperature electronics, 
high temperature anon environment [8], and high 
strength composites [9]. 

Carbon nanotubes (CNTs), depending on their 
chirality, have been found to be either metallic or 
*.Cerraspothimg Author AhmacenVgyahoo.com  

semiconducting. CNTs are highly aromatic 
systems. Replacing one-half of the C atoms 
in CNTs by Si atoms decreases the 
aromadcity of each six-membered ring and 
cads to the formation of sihcon carbide 
nanotubes (MCNTs). The decrease in 
aromaticity leads to a decrease in stability. 
Therefore, the exterior surface of MCNTs is 
more reactive than that of single-walled 
CNTs. For example, the electronic structures 
of SICNTs can be altered by selective 
hydrogenation [19]. 

Recently silicon carbide nanotabes 
(SiCNTs) f 10, I I], SiC nanobelts [12], SiC 
nanowires [13-14] and Sic nanowebs [15] 
have been synthesized The structure and 
stability of SiC nanotubes have been 
investigated in detail using ab initio density 
functional theory [16]. Such studies show 
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that the SIC nanolubes with alternating Si—C 
bonds are more stable than the forms which 
contain C—C or Si—Si bonds [16]. SiCNTs are 
always semiconductors with direct band gaps 
for the zigzag tubes and indirect band gaps for 
the armchair and chiral tubes, as calculations 
indicate [17]. The nature of the chemical 
bonds in CNTs and SiCNTs are different As 
a consequence, SiCNTs are polar materials 
due to the higher electronegativity of unison 
atom with respect to the silicon atom in the 
SiCNTs. Hence, physical properties of 
SiCNTs are different from those of the 
covalently bonded homo polar CNTs. For 
example zigzag SiCNTs may become 
piezoelectric, and also show second-order 
nonlinear optical response [18]. 

Nuclear magnetic resonance (NMR) 
spectroscopy is among the most versatile 
techniques to study the electronic structure 
propefties of matter [20]. Nuclei with nuclear 
spin angular momentum]  greater than zero 
(magnetic nuclei) e.g. 59Si and 13C, are 
detected by NMR. The chemical shielding 
(CS) tensors are very sensitive to the electronic 
density at the sites of magnetic nuclei, and feel 
changes by any perturbations. Both 
experimental and theoretical NMR studies, 
carried out on CNTs, successfully reveal that 
NMR parameters am powerful tools to 
determine and characterize structures of 
nanotubes [21-22]. In recent years, aluminum 
and boron nanolubes (AINNTs and BIRNTs) 
have been theoretically and experimentally 
studied using NMR spectroscopy [23-24]. 

In this work, calculations of NMR 
parameters are applied for the first time to 
study the electronic structure and properties of 
two SiCNTs including (10,0) and (5,5) types. 

COMPUTATIONAL METHOD and 
GEOMETRICAL STRUCTURES 
In this work, all computations are carried out 
via Gaussian 03 package [25] at the level of 
density functional theory (DFT) using the 
hybrid exchange-functional B3LYP method. 
NMR values calculated using density 
functional theory are only somewhat 

sensitive to the basis set [26], and 6-310(d) 
basis set have been recommended [27]. Our 
considered models of SiCNTs are (I 0; 0) 
zigzag and (5, 5) armchair types (designated 
as model I and model 2, respectively). 
Model I is the (10, 0) SiCNT consisting of 
40 Si and 40 C atoms where the two ends of 
the tube are capped by 20 H atoms 
(Figurel.). Model 2 is the (55) armchair 
SiCNT consisting of 40 Si, 40 C atoms 
where the two ends of the tube are capped by 
20 H atoms (Figure 2.). Firstly, I the 
considered models were allowed to fully 
relax during the geometrical optimization by 
the B3LYP exchange-functional method and 
the 6-310(d) basis set. Secondly, the natural 
population analysis (NPA), natural bond 
orbital (NBO) analysis and the quantum 
chemical calculations were perfoemed on the 
two geometrically optimized 'Models by 
B3LYP method and the aboydlmentioned 
standard basis sets were used do evaluate 
natural charges, bond order and the Si-29 
and C-13 NMR parameters. The quantum 
chemical calculations yield the chemical 
shift (5) tensors in the principal aim system 
(PAS) @1< 22< OA; therefore;  equations 
(I), (2) and 3 are used to evaluate the 
isotropic 	chemical 	shielding 8 (ICS), 
anisotropic chemical shielding (ACS) and 
chemical shifts (6) parameters [28]. • 
ICS (ppm)= (5 I i t- o 22+ 33)13 	 (I) 
ACS (ppm) —533 —(oii+ 5 22)/2 : , 	(2) 

(PPrn) 2103 rekrenrmICS 	• 	(3) 

RESULTS AND DISCUSSION 
As a first step, each of the considered zigzag 
and armchair representative model of 
SiCNTs were allowed to fully relax during 
the geometrical optimization at the ley I of 
the B3LYP DFT method and 6-310 (d) 
standard basis set. The results of Tab e 1. 
indicate that Si-C bond lengths in the zi zag 
nanotube am not equivalent. Specifically the 
1,6 bond (designated as 'a') is 1.09 A which 
is shorter than the 5, 6 bond (designat d as 
'b' with a length of 1.84 A). 	11 
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(I) 

Fig. I. (1)20 view of zigzag (10,0) SiCNT and (II) 3D view of zigzag (10,0) SiCNT. 

(IV) 

Figs. 2 (111) 2D view of =chair (5, 5) SiCNT and (IV) 3D view of armchair (5.5) SiCNT 

Natural bond orbital (N130) analysis 
shows that bond orders for a bonds and b 
bonds are 0.85 and 1.06, respectively. The 
C-Si-C bond angles at the Si-end of zigzag 
tube is 120"; however, this al 	as t 
123°  at the C-end. It is worth mentioning that 
the optimized tube diameters at the two ends 
of zigzag SiCNT considered here are not 
equal; at the C-end this value is 10.20 A and 
at the Si-end this is 10.07 A. This, of course 
means that the C atoms are relaxed outward 
while Si atoms are relaxed inward in contrast 
to CNTs where all the atoms are placed on 
the same surface of the nanotube. However, 
the geometrical propenies of those nuclei in 
the center of the tube are ahnost similar and 
show small differences. 

The results of our calculation for the 
armchair SICNTs are shown in Table 2. The 

Si-C bond lengths have almost negligible 
fluctuations with average values of 1.81 A 
along the length of armchair tube (Table 2.). 
On the other hand, the C-Si-C bond angles 
educes ft 	122 t the end of the tube to 

11T at the center while the change of Si-C-
Si bond angels from the end of tube to the 
center is negligible. However, in contrast to 
the zigzag SiCNTs which have two different 
ends, the ends ot the armchair SICNTs are 
similar to each other having both Si and C 
nuclei. Hence, the diameters of the tube at 
both ends are the same as well in the 
armchair model but the ends of the tube are 
elliptically oriented. At each end, the C-C 
diameter is 8.51 A and that of Si-Si is 8.42 
A. Meanwhile, natural bond orbital (N120) 
analysis show that bond order for Si-C bond 
is almost 0.96 in the armchair model. 
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Table 1.Structure parameters in the zigzag (10,0) SiCNT 
Bonding nuclei Bond 

lengths (A) 
Bonding 
nuclei 

Sand finless 
(dug) 

Bonding 
nuclei 

I 1Boad.hgws 
11 1 	(de6) 

S1-C Si-C-Si 1 ' 
a=(1-2)=(I-6)=(3-4)=(5-4) 1.79 120 7-2-1 120 
-(9-10)=(l1-10)=N 1-16) 8-3-4 120 3-4-5 	ji 118 
=(13-114)15-14)-(1 3-12) 10-11-16 120 9-10-11 I 117 

12-13-14 123 13-14-15 119 

11-14) 1.84 
(b=(13-10)=115-10' ,1 

111 
Table 2. Structure parameters in the armchair (5,5) SiCNT 1 

Bonding 
nuclei 

Bond 
lengths (A) 

Bonding 
nuclei 

5!S 
(dug) 

Bonding 
nuclei en 	m  Id nege 	I 

Si-C Si-C-Si r  

All of those 1.81 2-1-6 122 17 
2-3-4 119 18 
4-5-6 117 19 
4-7-8 119 17 
8-9-10 120 17 	1. 
8-9-14 119 9-14-15 17 	.1  

Table 3. The NINA parameters in the (10,0) SiCNT 
Layers Si 

ics(ppm) ACS(ppm) 8(ppm) ICS(pm) ACSIPP00  d(P13111  
Layer! 297 133 113 125 89 
Layer 2 300 122 110 119 96 

69  
Layer 3 300 121 110 118 '35 70  I 
Layer 4 290 122 120 86 149 11[107 

Table .4. The NMI parameters in the (5.5) SiGN 1- 1 
Layers 

1CS(ppm) ACS(ppm) 8(ppm) 1CS(pprn) ACSIpP00 3(p1rm) 
Layer! 292 145 118 III 109 77 
Layer 2 289 140 121 120 97 68 
Layer 3 289 141 121 113 98 75 
Layer 4 290 138 120 119 92 69 
Layer 5 290 139 120 119 92 69 
Layer 6 289 141 121 113 98 75 
Layer 7 289 140 121 120 96 h68 
Laver 8 292 145 118 III 109 77 

Table 5. The 29Si and It Natural Chargeu in the zigzag (10.0) SiCNT , 

Layers 	-9Si 	 DC  
Natural Charge Natural Charge  

Layer I 	1.4241 	-1.4731 
Layer 2 	1.8413 	-1.8466 
Layer 3 	1.8369 	-1.8430 
Layer 4 	1.7175 	-1.7780 
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Table 6. The ”Si and L3C Natural Charges in the an:aches!' (5,5) SiCNT 

	

Layers 	asi 	"C  
Natural Charge Natural Charge  

	

Layer I 
	

I4241 	-I5055 

	

Layer 2 
	

18119 	-I8403 

	

Layer 3 
	

18477 	-1.8363 

	

Layer 4 
	

18571 	-1.8620 

	

Layer 5 
	

1.8573 	-1.8620 

	

Layer 6 
	

1.8477 	-1.8363 

	

Layer 7 
	

1.8123 	-1.8401 

	

Laver 8 
	

1.4239 	-1.5054 

Next, the calculated chemical shielding 
(CS) tensors at the sites of uC and 29Si nuclei 
in both models of SiCNTs, zigzag and 
armchair, are converted to the NMR 
parameters (ICS,ACS and 8 ) which are 
shown in Tables 3-6. along with the computed 
natural charges for the above mentioned 
nuclei. Almost no significant difference is 
observed in die calculated NMR parameters 
and the natural charges for the atoms of each 
layer; therefore, just the average calculated 
values in each layer for 3C and ”Si nuclei am 
reported in Tables 3-6. In the case of SiCNTs, 
carbon atoms possess negative and silicon 
atoms have positive charges because 
electroneganvity of C (cc =2.5) is larger than 
that of Si (eSi = 1.8). This difference in the 
electronegativity values lead to a charge 
transfer from Si to C such that the electronic 
charge density distnbution along the Si-C 
bond becomes asymmetric. Therefore, Si 
atoms act as cations whereas C atoms act as 
anions in SiC nanotubes. 

As Table 3. shows, Si.4 layer is at the C-
end of zigzag tube and its WS, ACS and 8 
show no important vatiation from other 
layers, while their values for the Si. layer 
change about 7, 11 and 7 ppm, respectively. 
C.I layer is at the C-end of the tube. The 
maximum ICS, 125 ppm, minimum ACS 89 
ppm and minimum 3, 63 ppm of C 1 layer 
remain approximately constant in the middle 
of the tube; their actual values are found to  

be about 119, 96 and 69 ppm for ICS, ACS 
and 6, respectively. 

By going from Si-end to opposite end in 
the zigzag model of SiCNT, the ICS 
parameters of Si nuclei. i.e. 297, 300, 300, 
and 290 port, change in agreement with the 
trend in the natural charges, 1.4241, 1.8413, 
1.8369, and 1.7175 On units of electron 
charge). In this model. the ICS values for C 
nuclei reduce from C-end to Si-mouth (125, 
119, 118, and 86 ppm) which parallels with 
C-Si-C bond angels and goes against the 
trend of the natural charges see Table I.). In 
other words, C-Si-C bond angels' role is 
more important than the role of natural 
charge in this model. 

The NMR parameters of (5. 5) SiCNT 
are shown in Table 4. There are 40 Si and 40 
C atoms in our (5.5) model of SiCNT which 
could be separated into 8 layers (Figure 
2(11I).). For Si atoms, those atoms located at 
the edges of the armchair nanotubc, namely 
layers I and 8, have the largest WS (292 
ppm) and ACS (145 ppm) values but the 
smallest 8 value (118) among all the other Si 
layers. The values of ICS and ACS decrease 
from the edge of the nanotube to the center 
while that of 8 increases going in die same 
direction. On the other hand, the ICS 
parameters change in agreement with C-Si-C 
bond angless' changes (not natural charges). 

Also in Table 4., different behaviors are 
noticed for C atoms; layers I and 8, have the 
smallest ICS (Ill ppm) value but the largest 
ACS (109 ppm) value among other C layers. 
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Since the electrostatic properties are mainly 
dependent on the electronic densities at the 
sites of C nuclei, the C atoms saturated by H 
atoms, plays a significantly different role 
among the other layers in the considered 
armchair model. The NMR parameters of this 
layer are the smallest which means that the 
electronic densities at the sites of these nuclei 
are less than those of other C layers. By going 
from the mouth of the armchair nanotube to 
the center, the values of I3C's ICS 
parameters (111,120,113,119 ppm) vary in 
parallel with the change in the natural 
charges (-1.5055, -1.8403, -1.8363, -1.8620). 
In our previous work, the variations of the 
NMR parameters of N nuclei along the 
zigzag A1NNT was found to be larger than 
that of C nuclei in the SiCNTs, which we 
attlibuted to the lone pair of elections in the 
valance shell of N [29]. 

CONCLUSION 
DFT theory and hybrid functional B3LNT 
are applied to study geometrical structure, 
NMR parameters of the zigzag and armchair 
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