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Abstract 
With the non-equilibrium Green’s function method and density functional theory, we have studied 
the electronic properties of trigonal graphene nanoribbons, with Fe terminal and H terminal, 
coupled to gold electrodes. Rectification behavior can be observed when the electrode-molecule 
contact distance is larger than 2.2 Ǻ. The electronic transport is greatly improved in case of Fe 
terminal which is analyzed in terms of transmission spectra and density of states. 
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1. Introduction 
Carbon-based nanostructures have emerged as one of the most promising candidates for nanoelectronics in re-
cent years. Much attention has been paid to developing graphene electronics. Due to their interesting electronic 
properties, such as the giant carrier mobility at room temperature [1], the anomalous quantum hall effect [2], and 
quantum blockade [3], narrow graphene nanoribbons (GNRs) has a promising prospect of application in gra-
phene-based devices. 

With the development of experimental technology, it has become possible to tailor a GNR into well-defined 
shapes by cutting a grapheme along specific single crystallographic directions [4]. By tailoring GNRs into a tri-
angular shape, Chen et al. have designed a rectifying and perfect spin filtering electronic device based on 
AGNRs [5]. Deng et al. investigated the effects of side groups on the electronic transport properties of the tri-
gonal grapheme flake and found that the rectifying rations and direction could be significantly tuned by the type 
and the attached positions of side groups [6]. A similar triangular GNR nanostructure has also been investigated 
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in which the vertex carbon of the GNR is substituted by B and N. The rectification behavior was observed be-
cause a potential barrier similar to the p-n junction was formed in the B-N region of the central molecule [7]. 

The presence of metal atoms adsorbed on GNRs changes its electronic and magnetic properties and thus is of 
great interest in physics. Wang et al. investigated the structure, electronic and magnetic properties of met-
al-terminated zigzag GNR (ZGNR) [8]. Cao et al. investigated the magnetic line defects located at the ribbon 
edge and spin-filter effect was observed [9]. 

In this paper, we aim to construct a two-probe nanodevice based on Fe-terminated triangular ZGNR and 
compare the transport properties of Fe-terminated triangular ZGNR system and H-terminated triangular ZGNR 
system. As it turns out, it is interesting to find that in the presence of Fe-terminal, the electronic transport is 
greatly enhanced compared with H-terminal. 

2. Model and Method 
Our modeling setup is depicted in Figure 1. Fe-terminated and H-terminated triangular ZGNR system are de-
noted as Z-H (Figure 1(a)) and Z-Fe (Figure 1(b)), respectively. The vacuum layers between two adjacent im-
ages along x and y directions are set to 10 Ǻ. The molecular device we studied is divided into three regions: left 
electrode, right electrode and scattering region. The scattering region involves central molecule and the first 
three gold layers near it. 

The geometry of these two systems is first optimized with a residual force of 0.05 eV/Å. After the structure 
relaxation, we calculate the electronic transport properties of the system by the well test ATK package [10], 
which adopts a non-equilibrium Green function (NEGF) method combined with density functional theory (DFT). 
The single-zeta polarization (DZP) basis set for valence electrons is adapted. The Perdew-Burke-Ernzerhof 
(PBE) formulation of the generalized gradient approximation (GGA) exchange correlation function is used. 
Core electrons are modeled with Troullier-Martins nonlocal pseudopotential. An energy cut off of 200 Ry is 
used to define the real-space grid for numerical calculations in the electron density. The electronic Brillouin 
zone integration is sampled with a 1 × 1 × 100 uniform k-point mesh. The current is calculated using the widely 
accepted Landauer-Büttiker formula [7]: 

( ) ( ) ( )2 , db L L R R
eI T E V f E f E E

h
µ µ= − − −  ∫  

where T(E, Vb) is the transmission coefficient for electrons with energy E at bias voltage Vb, fL/R the Fermi func-
tion, and μL/R the electrochemical potential of the left/right electrode. 
 

 
Figure 1. The geometric structures (a) Z-H and (b) Z-Fe.                         
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3. Results and Discussion 
First, we calculate the self-consistent current-voltage (I-V) characteristic for Z-H system in a bias range from 
−2.0 V to 2.0 V which is shown in Figure 2(a). We have discussed the effect of the electrode-molecule contact 
distance on the electronic transport and found that when the left and right contact distance varies from 1.8 Ǻ to 
2.2 Ǻ, no obvious rectifying behavior is observed although the central molecule itself has asymmetric structure. 
Four I-V curves corresponding to different contact distances are taken for example, among which three ones are 
obtained with electrode-molecule contact distance less than 2.3 Ǻ and the fourth with the right contact distance 
equal to 2.3 Ǻ. In the whole, the I-V curves are asymmetric due to the asymmetric molecule structure and they 
have similar features in the bias range from −1.0 V to 1.0 V. In such a bias range, there is no obvious current 
through the GNR. The current shows remarkable enhancement until the bias increases to 1.0 V (−1.0 V). The 
situation in negative bias is similar so that no rectification is observed. However, when the right and left contact 
distances are changed to 2.3 Ǻ and 1.8 Ǻ respectively, obvious rectifying behavior is observed. This is reasona-
ble because the strength asymmetry of the right and left electrode-molecule coupling could lead to current recti-
fication. 

Next we turn to the Fe-terminated system. In order to illustrate the effect of Fe-terminal on the electronic 
transport, we plot in Figure 2(b) the I-V curves for Z-H and Z-Fe for comparison. The I-V curves are obtained 
numerically in the bias range (−2.0, 2.0) V with an interval of 0.2 V. The I-V curves of Z-Fe are also calculated 
with the contact distance varying from 1.8 Ǻ to 2.2 Ǻ and one I-V curve is chosen as an example. It is found that 
the electronic transport is greatly enhanced in Z-Fe compared with Z-H. The current of Z-Fe increases by one 
order of magnitude. 

Transmission spectra analysis provides us a most intuitive picture for understanding the I-V characteristic. We 
have calculated transmission spectra in the bias range (−2.0, 2.0) V with an interval of 0.2 V. Without loss of 
generality, we plot in Figure 3 the transmission spectra for Z-H and Z-Fe at bias 0, 1.0 V and 2.0 V as repre-
sentative ones. As the current is obtained from the Landauer-Büttiker formula mentioned above, the magnitude 
of current in fact depends on the transmission coefficient in the integral regions, namely, the size of the integral 
area in the bias window. The dashed lines denote the corresponding bias windows at different biases. As can be 
seen from Figure 3(a), Figure 3(c) and Figure 3(e), no transmission peaks appear around the Fermi level at Vb 
= 0. In case of Vb = 1.0 V one peak appears and enter the bias window. Therefore, there is relatively weak en-
hancement in current. When the bias is further increased to 2.0 V, the peak inside the window splits into two 
ones and the current is larger than that at Vb = 1.0 V. The change of transmission spectra with the increase of bi-
as is different for Z-Fe. From Figure 3(b), Figure 3(d) and Figure 3(f) it can be found that much more peaks 
appear no matter at lower bias or at higher bias. As the bias increases more and more transmission peaks enter 
the bias window, which leads to continuous enhancement in current as shown in Figure 2(b). As a result, the 
current of Z-Fe is much larger than that of Z-H. 

To further rationalize the significant difference in the electronic transport of these two kinds of systems, we 
plot in Figure 4 the density of states (DOS) at Vb = 0, −1.0 V, 1.0 V. It is clear that there are more electronic 
states around the Fermi level in Z-Fe than that in Z-H, which undoubtedly contributes to the stronger transport 
 

 
Figure 2. Calculated I-V curves for Z-H and Z-Fe systems.                                                       
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Figure 3. Transmission spectra for Z-H (the left panel) and Z-Fe (the right panel) at different bias voltages Vb = 0, 1.0 V, and 
2.0 V. (a) Vb = 0; (b) Vb = 0; (c) Vb = 1.0 V; (d) Vb = 1.0 V; (e) Vb = 2.0 V; (f) Vb = 2.0 V.                               
 

    
Figure 4. Density of state for (a) Z-H and (b) Z-Fe at different bias voltages 0, −1.0 V, 1.0 V.                                   
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ability of Z-Fe. 

4. Summary 
We have constructed two-probe nanodevices based on triangular ZGNR. Effect of electrode-molecule contact 
distance on the electronic transport is discussed and it is found that when the left and right contact distance va-
ries from 1.8 Ǻ to 2.2 Ǻ, no obvious rectifying behavior is observed although the central molecule itself has 
asymmetric structure. The transport properties of Fe-terminated and H-terminated triangular ZGNRs are com-
pared. As it turns out, it is interesting to find that in the presence of Fe-terminal, the electronic transport is 
greatly enhanced compared with H-terminal. The significant difference in the electronic transport of these two 
kinds of systems is attributed to the much more transmission peaks around the Fermi level in Fe-terminated sys-
tem. 
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