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A novel class of quantum materials, called topological insulators (TIs) [1, 2], has provoked 

much research interest. A number of materials that hold nontrivial spin-polarized metallic 

surface states have been intensively studied. Owing to the time-reversal symmetry, 

topological surface states are protected from backscattering in the presence of a weak 

perturbation, which is important for the realization of dissipationless spin transport in novel 

quantum devices. However, such surface state is not protected from scattering by arbitrary 

angles, so the shielding of this state from impurities is an important problem. 

Additionally, most of the already discovered TIs are layered materials that are constructed 

several-atomic-layer slabs with van der Waals (vdW) force, such as, Bi2Se3 and Bi2Te3 [3]. 

Such materials are ineluctably suffered from impurities that intercalated in the vdW gaps. On 

the other hand, we have previously discovered that such intercalation effect may result in a 

relocation of topological edges states below the intercalated interface [4]. Nevertheless, the 

existence of intercalated impurities and the modification on the topological materials are still 

poorly understood due to the accessibility of the structural information of the intercalated Ag 

atom beneath the surface (Fig.1).  

 

In this research, we utilized x-ray photoelectron diffraction (XPD) method to study the 

structural modification of a prototype TIs, Bi2Se3 when Ag atoms are absorbed. The 

experiments are performed at the soft x-ray beamline BL07LSU of SPring-8 using the 

Display-type Ellipsoidal Mesh Analyzer (DELMA) spectrometer [5]. The single crystal of 

Bi2Se3 is cleaved in-situ to obtain contamination-free surface. Ag atoms are deposited from 

the tungsten filament basket when keeping the Bi2Se3 at room temperature. All measurements 

are conducted at room temperature. 

 
Fig1 (a) STM image of Ag-intercalated Bi2Se3; (b) Schematic model of relocated topological states due 

to the intercalated Ag atoms in the van der Waals gap. 

 



 

Figure 2(a) shows the schematic crystal 

structures of Bi2Se3 with Ag atoms 

intercalated in the vdW gaps that are expected 

to be expanded due to the 

Ag-atom-intercalation. To experimentally 

verify such structural modification, we 

examined the XPD patterns of Se 3d 

photoelectrons. Because the distance between 

the Se atoms just below and above the vdW 

gaps may be elongated due to the expansion of 

vdW gaps, the XPD patterns originated from 

the forward-focusing-peak (FFP) of Se atoms 

just below the vdW gaps [blue arrow in 

Fig.2(a)] should be modified. Figure 2(b) 

shows the theoretically simulated XPD 

patterns of pristine Bi2Se3 originated from Se 

3d photoelectrons (Ek = 600 eV), where the 

intensity resulted from FFP of Se atoms just 

below the van der Waals gaps is indicated by 

an arrow. 

Figures 2(c) and 2(d) compare the 

experimentally measured XPD pattern of Se 

3d photoelectrons before and after Ag 

deposition. Note that the experimental data 

taken on pristine Bi2Se3 sample in Fig.2(c) 

keeps good consistence with the simulated 

pattern in Fig. 2(b). Fig. 2(d) shows the XPD 

pattern after Ag deposition. The FFP intensity 

from the Se 3d photoelectrons just below the vdW gap is indicated by a purple (blue) arrow 

before (after) Ag deposition in Fig.2(c) [Fig.2(d)]. In order to find the changes of XPD 

patterns, the line profiles across the FFP intensity from Se below the vdW gap are shown in 

Fig.2(e). As indicated by purple and blue arrows, the peak originated from the FFP intensity 

slightly shifts towards the centre of the image, indicating a possible expansion of vdW gaps 

after Ag deposition. 
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Fig.2 (a) Schematic crystal model of 

Ag-intercalated Bi2Se3; (b) Simulated XPD 

pattern of Se 3d photoelectrons, the red circle 

indicate the area that is experimentally 

measured; (c) and (d) XPD patterns of Se 3d 

photoelectrons of Bi2Se3 measured before and 

after Ag deposition (Ek = 600 eV). (e) Intensity 

profiles along A-B in (c) and (d), see text. 
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