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Strain  engineering,  as  a  powerful  strategy  to  tune  the  optical  and  electrical  properties  of  two-dimensional  (2D)  materials  by
deforming their crystal lattice, has attracted significant interest in recent years. 2D materials can sustain ultra-high strains, even
up  to  10%,  due  to  the  lack  of  dangling  bonds  on  their  surface,  making  them  ideal  brittle  solids.  This  remarkable  mechanical
resilience, together with a strong strain-tunable band structure, endows 2D materials with a broad optical and electrical response
upon strain. However, strain engineering based on 2D materials is restricted by their nanoscale and strain quantification troubles.
In this study, we have modified a homebuilt three-points bending apparatus to transform it into a four-points bending apparatus
that allows for the application of both compressive and tensile strains on 2D materials. This approach allows for the efficient and
reproducible  construction  of  a  strain  system  and  minimizes  the  buckling  effect  caused  by  the  van  der  Waals  interaction  by
adamantane  encapsulation  strategy.  Our  results  demonstrate  the  feasibility  of  introducing  compressive  strain  on  2D materials
and the potential for tuning their optical and physical properties through this approach.
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2.1    Four-points bending setup

 

2.2    Strain calibration

ε

(c) =

D t
L

ε

(m) =
−

l l

  5318 Nano Res. 2024, 17(6): 5317–5325

| www.editorialmanager.com/nare/default.asp



 

L t D

D

L

  Nano Res. 2024, 17(6): 5317–5325 5319

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



  5320 Nano Res. 2024, 17(6): 5317–5325

| www.editorialmanager.com/nare/default.asp



  Nano Res. 2024, 17(6): 5317–5325 5321

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



 

 

  5322 Nano Res. 2024, 17(6): 5317–5325

| www.editorialmanager.com/nare/default.asp



 

5.1    Exfoliation of MoS2 flakes

 

5.2    Transfer of MoS2 flakes on polymer substrate

 

5.3    Adamantane encapsulation on the sample

 

5.4    Strain-resolved differential reflectance spectroscopy
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