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Abstract  

Bulk Iridium ditelluride (IrTe2) is a layered material and is known for its 

interesting electronic and structural properties, such as large spin-orbit 

coupling, charge ordering and superconductivity. However, so far there is 

no experimental study about the fabrication of monolayer IrTe2. Here we 

report the formation of IrTe2 monolayer on Ir(111) substrate by direct 

tellurization method. Scanning tunneling microscope (STM) images show 

the coexistence of 1/5 phase and 1/6 phase structures of IrTe2 under room 

temperature. We also obtained STM images showing distorted stripe 

feature under low temperatures. This stripe feature is possibly induced by 

the strain between the IrTe2 monolayer and the metal substrate. Density 

functional theory (DFT) calculations show that the IrTe2 monolayer has 

strong interaction with the underlying Ir(111) substrate. 
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1. Introduction 

Two dimensional materials have been widely investigated since the 

mechanical exfoliation of graphene in 2004.[1-5] Since then, many kinds of 

2D materials have been studied, including graphene family (i.e. 

silicene,[6,7] germanene[8] and stanene[9]), transition-metal dichalcogenides 

(TMDs)[10,11] and others.[12] Among them, Te-based 2D materials have 

attracted a lot of attention. For example, monolayer tungsten ditelluride 

(WTe2) is a topologically nontrivial insulator and can be tuned to a 

superconductor by electric field.[13] Monolayer MoTe2 has the property of 

structural phase transition.[14] Recently, IrTe2 is widely studied because of 

its interesting electronic properties.[15-18] IrTe2 has large spin-orbital 

coupling (SOC) which is considered as an origin of new physics such as 

topological phases.[17,19-21] Quasi-one-dimensional charge density wave 

(CDW) like stripe phase states are observed below 280 K with a wave 

vector q=(1/5,0,-1/5) (i.e., 1/5 phase).[15,16,22] Superconducting gap is also 

observed below 3 K.[23] Although the bulk IrTe2 crystals has been 

extensively investigated experimentally, the study of monolayer IrTe2 has 

not been reported. 

In this work, we report fabrication of monolayer IrTe2 by direct 

tellurization of Ir(111) substrate. We find the coexistence of 1/5 and 1/6 

stripe phases of the IrTe2 film at room temperature (RT) using scanning 

tunneling microscope (STM). However, in bulk IrTe2, the 1/5 phase can 
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only be observed below 280 K[15,16,22], and the 1/6 phase has been 

reported to exist below 85 K.[15] After cooling down the sample 

temperature to 190 K and 80 K, the 1/6 phase structure can still be seen, 

but the shape of the stripes tends to distort. The disordered stripes are 

found to cover the whole Ir(111) surfaces. Density functional theory 

(DFT) calculations show that IrTe2 monolayer is metallic and it 

hybridizes strongly with the underlying Ir(111) substrate. 

 

2. Methods  

All the experiments are conducted in a homebuilt ultra-high vacuum 

variable temperature STM system, equipped with flowing fluid-cooling 

head, as described elsewhere.[24] The base pressure of the chamber is 

3×10-10 mbar. The single crystal Ir(111) surface is cleaned by repeated 

cycles of Ar+ ion sputtering and annealing at 1470 K, till clean Ir(111) 

surface is verified by STM image and low electron energy diffraction 

(LEED) pattern. Tellurium (Te) (99.999%, Sigma-Aldrich company) is 

evaporated onto Ir(111) directly by a Knudsen cell (K-cell) evaporator at 

480 K for 5 min. The substrate is kept at 780 K during evaporating. The 

deposition rate of Te is calibrated by depositing Te onto Ag(111) substrate. 

The STM characterization is conducted at room temperature (RT), 190 K, 

and 80 K, respectively, in a constant-current mode with a bias voltage 

added to the sample. 
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In density functional theory calculations, geometric relaxations are 

carried out using the VASP code[25,26] with projector-augmented wave 

(PAW) potentials[27,28] and Perdew−Burke−Ernzerhof (PBE) 

parametrization of generalized gradient approximation (GGA).[29] A 

plane-wave basis set with an energy cutoff of 400 eV were used. The 

periodic slab model includes four layers of Ir, one layer of IrTe2 and a 

vacuum layer of 20 Å. A 5×5×1 Γ-point centered k-point was applied to 

sample the Brillouin zone. All atoms were fully relaxed, except for the 

bottom two substrate layers. The structures were fully relaxed until 

energy and force were converged to 10−5 eV and 0.01 eV/Å, respectively.  

 

3. Results and Discussions 

Figure 1 shows schematically the process of growing IrTe2 on Ir(111) 

substrate. First, we directly deposit tellurium on Ir(111) substrate as 

shown in the left panel of Fig. 1. Then we anneal the sample at 780 K for 

10 min to ensure the tellurization of the substrate. Finally, the IrTe2 layer 

is fabricated. 

Figure 2(a) shows an STM image of IrTe2 monolayer acquired at RT. 

Figure 2(b) is a higher-resolution image of the same region. The lattice 

constant is measured to be about 0.42±0.02 nm, similar to that of the bulk 

IrTe2, 0.39 nm.[16] The difference is probably caused by the interaction 

between the IrTe2 monolayer and the underlying Ir(111) substrate, which 
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will be discussed later. The stripe feature is clearly seen in Figs. 2(a) and 

2(b), and is highlighted with green rectangles in Fig. 2(b) to guide the eye. 

The stripes are attributed to the 1/5 phase of IrTe2 which emerges as a 

first-order phase transition from the (1×1) phase under low 

temperature.[15,22,30,31] The 1/5 phase is resulted from the dimerization of 

Ir-Ir.[15,31] When the two dimerized segments of Ir atoms are separated by 

three undimerized rows of Ir atoms, the 1/5 phase is formed.[15,31] 

However, in bulk IrTe2 crystal, the transition temperature is about 280 

K.[15,16,22] The observation of the 1/5 phase under RT suggests an 

increasing of transition temperature for the IrTe2 monolayer on Ir(111) 

surface. The decreasing of layer thickness leads to significant change of 

the phase transition temperatures.  

 

Interestingly, on the same sample, another feature is also observed under 

RT, as shown in Fig. 2(c). Herringbone feature can be resolved from the 

image and the small black spots are attributed to the Te atomic vacancies. 

A higher-resolution STM image is shown in Fig. 2(d). The periodicity of 

the herringbone feature is about 2.2 nm. We note that some regions in 

Figs. 2(a) and 2(c) look fuzzy and they are likely due to the fast moving 

atoms on the IrTe2 surface at RT, which cannot be well captured by STM 

due to the slow scanning.[32-34] This herringbone structure reminds us of 

the 1/6 phase of IrTe2.[15,31,35] The 1/6 phase is caused by the alternating of 
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two adjacent dimerized segments of Ir atoms, while the segments are 

separated by an undimerized row of Ir atoms, and rotating 120° with 

respect to each other.[15,31,35] However, in bulk IrTe2, the 1/6 phase can 

only be achieved below 85 K, since it is the ground state of IrTe2.[15,31] 

Se-doped IrTe2 was reported to have the 1/6 phase charge order under RT 

due to Ir-Ir dimerization, which is caused by Se doping induced 

strain.[17,18,35] The reason that the 1/6 phase is observed in monolayer IrTe2 

under RT is currently not clear.  

 

In order to explore the possible phase transition of monolayer IrTe2 under 

low temperature, we performed temperature dependent STM studies. 

Figures 3(a) and 3(b) show large-size and small scale STM images 

obtained at 190 K. While the herringbone feature of the 1/6 phase can still 

be resolved, the stripes tend to bend and form disordered structure on the 

surface. The disordered structure covers the whole sample surface and is 

never seen under RT. At 80 K, the disordered feature become more 

significant, as shown in Fig. 3(c) and 3(d). The lower the temperature, the 

more distorted the stripes. The corrugation of the disordered feature is 

much smaller than the height of a typical atomic step (~ 2 Å), as shown in 

the inset of Fig. 3(d). The formation of this kind of disordered feature 

may be related to the competition between the ordering of the IrTe2 

monolayer and the strain of the underlying Ir(111) substrate.[9] Since the 
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stripe features of IrTe2 are caused by the Ir-Ir dimerization,[15,31] the 

disordered stripes are possibly due to the random Ir-Ir dimerization 

induced by the strain in the IrTe2 film. If that is the case, our observation 

suggests a strong interaction between the IrTe2 layer and the Ir substrate. 

 

In order to investigate the interaction and electronic properties of IrTe2 on 

Ir(111) surface, we calculate the electronic structures based on a supercell 

with 2×2 IrTe2 on 3×3 Ir(111) lattice (Fig. 4(a)). The Ir atoms in IrTe2 and 

Ir(111) substrate are labeled by green and silver balls, respectively, and 

the Te atoms are labeled by brown balls. Because the STM images show 

complex structures of the IrTe2 layer, we use a small supercell with less 

lattice mismatch to do the calculations. The calculated projected band 

structure on IrTe2 is presented in Fig. 4(b). The sizes of blue circles 

correspond to the contribution of the IrTe2 monolayer. The band structure 

indicates that the IrTe2 on Ir(111) surface is metallic and strongly 

hybridized with the underlying Ir(111) substrate. Indeed, differential 

charge density shows the apparent charge accumulation at the interface, 

indicating the strong interaction between IrTe2 layer and the substrate, as 

shown in Fig. 4(c) and 4(d). This gives a possible explanation to the 

driving force of the formation of the distorted stripes we observe under 

low temperature. 
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4. Conclusion 

We report the growth of the IrTe2 monolayer on Ir(111) substrate. At 

room temperature, we observed the 1/5 phase and 1/6 phase of IrTe2, 

suggesting that the reduction of the layer thickness has significantly 

increased the transition temperatures. We also obtained disordered stripe 

features at low temperatures, which is possibly induced by the strain 

between the IrTe2 monolayer and the metal substrate. DFT calculations 

show that the monolayer IrTe2 on Ir substrate is metallic and the 

interaction between IrTe2 and Ir substrate is strong.  
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Figure 1 

 

Fig. 1. Schematic showing the formation of IrTe2 monolayer on Ir(111) 

substrate by direct tellurization method. 

 

 

  

A
cc

ep
te

d 
M

an
us

cr
ip

t



Figure 2 

 
Fig. 2. STM images of IrTe2 monolayers taken at RT. (a) STM image of 

IrTe2 monolayer taken at RT. Scanning parameters: Vs = 0.06 V, It = 0.1 

nA. (b) Higher-resolution image showing the 1/5 phase stripe features, as 

marked by the green rectangles. Scanning parameters: Vs = 0.1 V, It = 0.1 

nA. (c) STM image of IrTe2 monolayer taken at another area on the same 

sample. Scanning parameters: Vs = −0.11 V, It = 0.1 nA. (d) 

Higher-resolution image showing the herringbone-like 1/6 phase stripe 

features, as marked by the green rectangles and circles. Scanning 

parameters: Vs = 0.11 V, It = 0.1 nA. 
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Figure 3 

 

Fig. 3. STM images of IrTe2 monolayers taken at 190 K and 80 K, 

respectively. (a) STM image of IrTe2 monolayer taken at 190 K, showing 

the large-scale disordered feature of the stripes. Scanning parameters: Vs 

= −0.5 V, It = 0.1 nA. (b) Higher-resolution image showing the disordered 

1/6 phase structure. Scanning parameters: Vs = −0.3 V, It = 0.1 nA. (c) 

STM image of IrTe2 monolayer taken at 80 K. Scanning parameters: Vs = 

−0.5 V, It = 0.1 nA. (d) Higher-resolution image of IrTe2 monolayer at 80 

K. Line profile shows the corrugation of the surface is ~ 0.2 Å. Scanning 

parameters: Vs = −0.2 V, It = 0.1 nA. 
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Figure 4 

 

Fig. 4. DFT results of IrTe2 monolayer on Ir(111) substrate. (a) Top and 

side views of the optimized model, showing 2×2 IrTe2 on a 3×3 Ir(111) 

lattice. (b) Calculated band structure of the structure in (a). (c) 

Differential charge density for IrTe2/Ir(111). Here, 

∆𝜌𝜌 = 𝜌𝜌 [IrTe2/Ir(111)]-𝜌𝜌[ IrTe2]-𝜌𝜌[ Ir(111)], and yellow corresponds to 

electron accumulation, while green corresponds to electron loss. The 

isosurface value is 0.034 e/Å3. Obvious charge transfer occurs, resulting 

in a strong interaction between the IrTe2 monolayer and Ir(111) surfaces. 

(d) Integrated electron density difference for IrTe2/Ir(111). Negative value 

means electron loss, while positive value means electron accumulation. 
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