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Seeing two-dimensional materials 

ACS Nano 2015, 10, 9451-9469
Novoselov, K. S., et al., 

Science 2004



Seeing two-dimensional materials 

Mater. Today, 2010, 13, 28-38

SEM and AFM are the 
main workhorse 
techniques



Fluorescence quenching microscopy (FQM)

50 μm

GO on glass coated by fluorescein/PVP

Kim, J. et al., JACS, 2010



Mechanism
FRET 

(Forster resonance energy transfer)

Donor Acceptor

Energy transfer

Photon

Turro, N. J., et al., Principles of molecular 
photochemistry : An introduction

Quenching distance: Observable up 
to 30 nm

Swathi, R. S., and Sebastian, K. L., J. 
Chem. Phys. 2009, 086101



High contrast and layer resolution of FQM images

• High contrast and layer resolution comparable to AFM and SEM 



Fluorescence quenching microscope (FQM)

Small, 2013, 9, 3253–3258 Materials Matter, 2015, 10, 64-66

Apply (or pre-apply) a layer of fluorescent sensitizer, 
above or below the graphene layer  Observe under 
a common fluorescent microscope

Works well for graphene family and TMDCs on 
arbitrary substrates and even in solution 



Weakly quenching sheets: Clay and metal oxides

Silicate

Na0.75
inter.[Mg2.25Li0.25]oct.<Si4>tetr.O10F2 Ti0.87O2

0.56-

Titania

Clay nanosheets
• Great cation exchange capacity
• High surface reactivity and adsorption
• …… 

Metal oxide nanosheets
• High-κ ferroelectricity
• Superconductivity
• Great photocatalytic properties
• ……

Prof. Takayoshi SasakiProf. Josef Breu



Visualizing transparent 2D sheets by FQM

100 μm 20 μm 



Visualizing transparent 2D sheets by FQM

Small Methods 2020, 4, 2000036 



Exploring different strongly quenching substrates

• When deposited on a strongly quenching substrate, these dielectric sheets can act as a
separator to reduce the degree of fluorescence quenching by the substrate, thus appearing
as bright sheets in a dark background

50 μm 50 μm 50 μm 

Small Methods 2020, 4, 2000036 



High contrast and layer resolution of FQM images

• FQM can image these sheets with high contrast and layer resolution
comparable to AFM and SEM

Substrate: Si

AFM OM

FQM SEM

Small Methods 2020, 4, 2000036 



Visualizing 2D heterojunctions by FQM

• FQM can resolve stacking sequence in vertical heterojunctions
made of different 2D materials

Small Methods 2020, 4, 2000036 



Summary: FQM imaging of strong quencher 
(SQ) and weak quencher (WQ)

SQ material on WQ substrate (e.g., graphene on glass): sample looks dark

WQ material on SQ substrate (e.g., clay on graphene/metal/ITO/doped Si): sample 
looks bright

Small Methods 2020, 4, 2000036 



Recommendation: ITO substrates

• ITO is found to have intermediate quenching capability, making
it a suitable type of FQM substrate for seeing a broad range of
2D materials
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200 μm 200 μm 200 μm 

Small Methods 2020, 4, 2000036 
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