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This  study  proposes  a  feasible  and  scalable  production  strategy  to  naturally  obtain  aligned  platinum  diselenide  (PtSe2)
nanoribbon  arrays  with  anisotropic  conductivity.  The  anisotropic  properties  of  two-dimensional  (2D)  materials,  especially
transition-metal  dichalcogenides  (TMDs),  have  attracted  great  interest  in  research.  The  dependence  of  physical  properties  on
their  lattice  orientations  is  of  particular  interest  because  of  its  potential  in  diverse  applications,  such  as  nanoelectronics  and
optoelectronics. One-dimensional (1D) nanostructures facilitate many feasible production strategies for shaping 2D materials into
unidirectional  1D  nanostructures,  providing  methods  to  investigate  the  anisotropic  properties  of  2D  materials  based  on  their
lattice orientations and dimensionality. The natural alignment of zigzag (ZZ) PtSe2 nanoribbons is experimentally demonstrated
using  angle-resolved  polarized  Raman  spectroscopy  (ARPRS),  and  the  selective  growth  mechanism  is  further  theoretically
revealed by comparing edges and edge energies of  different  orientations using the density  functional  theory (DFT).  Back-gate
field-effect  transistors (FETs) are also constructed of  unidirectional  PtSe2 nanoribbons to investigate their  anisotropic electrical
properties, which align with the results of the projected density of states (DOS) calculations. This work provides new insight into
the anisotropic properties of 2D materials and a feasible investigation strategy from experimental and theoretical perspectives.
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2.1    Production of PtSe2 nanoribbons
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2.2    Characterization of PtSe2 nanoribbons
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2.3    First-principle calculations
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2.4    Anisotropic electrical performance
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2.5    Electrical performance analysis

( ; ) =

Zigzag
Armchair

z z

yx

z z

yx

/
·m

·s
·)

Armchair Zigzag

1.8 × 1015

1.6 × 1015

1.4 × 1015

1.2 × 1015

1.0 × 1015

8.0 × 1014

/
·m

·s
)

Temperature (K
)

 (eV)

6.0 × 1014

4.0 × 1014

2.0 × 1014
800700600500400300200100

0.0

3.5 × 1018

3.0 × 1018

2.5 × 1018

2.0 × 1018

1.5 × 1018

1.0 × 1018/
·m

·s
)

Temperature (K
)

 (eV)

5.0 × 1017
800700600500400300200100

0.0

 (eV)

Total DOS
py + pz PDOS
dyz PDOS

py + pz
dyz

  Nano Res. 2022, 15(5): 4668–4676 4673

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



Ω
�

(ε)
[
−∂ ( ;ε)

∂ε

]
dε ( ;ε) =

+ exp
(

ε− )
(ε) = ∑ , ( , ) (ε− ε , )

[
−∂ ( ;ε)

∂ε

]
(ε)

( , ) = e ( , ) ( , )

( , ) =
¯

∂ε ,

∂

 

 

 

4.1    Production of PtSe2 nanoribbons

 

4.2    Characterization of the PtSe2 nanoribbons

 

4.3    Device fabrication and measurement

 

4.4    First-principle calculations
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