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2D Materials

Chin. Opt. Lett. 16, 020004 (2018)

MX2 (MoS2, WS2, MoSe2 …) 

Metal–organic framework

Covalent Organic Frameworks

Mn+1XnTx (T = O, F, OH, Cl)

Layered double hydroxides (LDHs)

black phosphorus



J. Phys. Chem. Lett., 6, 4280 (2015)

Band Gap



Excitation Light of Table-top PL Spectrometer



CsI (~250 nm) CaF2 (~125 nm)BK7 (~300 nm)

Fused SiO2 (~160 nm) LiF (~105 nm)

MgF2 (~115 nm)
KBr (~250 nm) Al2O3 (~250 nm, UV~180 nm)

Si (~1250 nm)

Transmittance of Substrates
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TLS BL03: High Flux Beamline (巨龍)

Energy : 4-40 eV (350~30 nm)

Resolving power: (500~20000)

Photon flux: ~1010~1012 ph s-1

Focused beam size: 0.45 mm x 0.2 mm

Grating: 450, 600, 950, 1600 g mm-1

Dragon-type design: H-, V-, focus 

Movable exit-slit position 
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Photon Flux of TLS BL03 Filtered with LiF window

450 g mm-1
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VUV-UV Photoluminescence Endstation

Detection: JY-iHR320: 

150-1500 nm

• Linear dispersion: 2.35 

nm/mm

• Resolution: 0.06 nm

• 3 grating (1200 g mm-1) 

selected for UV, visible, 

and NIR
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PMT Spectral Response

R943-02R928 R6836



10

Response of Detection System
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Filter

Experimental Setup
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Energy Level Scheme for Abs. PL. PLE. and Raman  

Biophysical Reviews 8, 151–161 (2016)



Solid State Communications152, 1341 (2012)

Optical Spectroscopy of Graphene from far-IR to UV

Momentum



Nano Lett 11, 1379 (2011)

PRL 106, 046401 (2011)

Fano Resonance in Few-Layer Graphenes

4.6 eV 
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CVD Graphene Growth & Wet Transfer

Science, 324, 1312 (2009)

ACS Nano, 5, 6916 (2011)
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Raman Spectroscopy of Graphenes

2D

Chem. Soc. Rev., 47, 1822-1873 (2018)

Physics Reports, 473, 51 (2009)

G
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Raman Spectrum of 1LG on LiF Window

ApJ 901, 103 (2020)
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Comparison of PL Spectra of SLG/LiF & ERE of RR

ApJ 901, 103 (2020)
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PL Excitation (PLE) Spectra of MGR/LiF

ApJ 901, 103 (2020)



Characteristic of ERE

✓ Light-driven emission phenomena & unpolarized & isotropic radiation pattern 

✓ Broad emission feature in 500−900 nm (60 < FWHM < 120 nm) 

? UV-field dependence: Peak @ 600 nm (low), @650-700 nm (medium), 

@750-800 nm (high)

✓ Most observed in T > 10000 K, none observed in T < 7000 K: Far-UV photons dominate 

the production of ERE, in particular 10.5 eV < E < 13.6 eV

✓ Found in carbon-rich stars: Carbonaceous nature of ERE carriers

? Photon conversion efficiency (PCE) > 10% (old model: 540-91.2 nm), > 100% (new 

model: 118-91.2 nm)

✓ No luminescence in 350-500 nm, No correlation to 217.5-nm UV bump and UIRs.

PCE (Graphene) < 1%
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PL Spectra of “Perfect” 2L-Graphene/MgF2 at 10 K
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PL Spectra of 2L and 3L Graphene (NCU) at 10 K
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Raman Spectra of Graphene (NCU)



Graphene Exposed to Intense VUV Light (TLS 21A, U90)

118 nm

Ar Gas-cell

~1015 photons/s

U90

O 118 nm  4 hrs

X  Broadband D2 lamp  > 8 hrs

X  265 nm (3W)   > 8 hrs
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Raman Spectrum of VUV-treated 2L-Graphene

D

2D

G

To be submitted
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PL Spectra of VUV-treated 2L-Graphene at 10 K

• PL intensity enhancement ~10x

• Lower excitation photon energy

To be submitted
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Comparison of PLE of Graphene with & without Defects

with defect



Far-UV Spectroscopy of 

Hexagonal Boron Nitrides 

(hBN)

Yu-Jong Wu

NSRRC
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J. Phys. Chem. Lett., 6, 4280 (2015)

Band Gap



Boron Nitride

Wiki: boron nitride
30



White Graphite : Hexagonal Boron Nitride (h-BN)

31



JPCC. 122, 25524 (2018) 

Stacking, Isoelectronic, Isostructural 
Current Graphene Science 2, 97 (2018)
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B: 1S2 2S2 2P1

C: 1S2 2S2 2P2

N: 1S2 2S2 2P3



Photoluminescence of Bulk hBN

PRB 78, 155204 (2008)

APL 106, 021110 (2015)

280

238

208

190

τ ~ ns

Frenkel-type excitons

Large Stoke Shift

Indirect band-gap

(5.5 eV, 225 nm)
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Exciton Type

Kena-Cohen thesis

Binding energy 0.1~1 eV

organic materials

Binding energy ~0.01 eV

Semiconductor, inorganic materials
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UV Lasing of Single hBN Crystal (HP/HT)

(215 nm, 5.77 eV)

Nat. Mater. 3, 404 (2004) 35



Direct Bandgap of Single h-BN Crystal (HP/HT) 

CL spectrum

Nat. Mat. 3, 404 (2004) 

QY~ 50%

τ ~ 300 ps

PRL 122, 067401 (2019)
36



DUV Lasing of h-BN Synthesized at AP/HT

Science 317, 932 (2007) 37



Nat. Photon. 3, 591 (2009) 38



Predicted Electronic Structures Indicate Indirect Band gap of hBN

PRL 96, 026402 (2006)

M→K 6.03 eVK → K 6.69 eV
Adv. Photon. Res. 2, 2000101 (2021)
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JPCC. 122, 25524 (2018) 
40



41

Real Space & K Space in Hexagonal System



Direct and Indirect Transitions

GaAs, InP and GaN Silicon, diamond

Nat. photon. 7, 265 (2013) 42



Stoke Shift: Absorption and PL

Chin. Chem. Lett., 30, 1843 (2019)

~10-15 s

~10-12 s

~10-9 s

Quantum Yield (Φ)= Photons emitted / Photons absorbed
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iX: indirect exciton
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Indirect Bandgap  (5.955 eV) of Bulk hBN

Cassabois, Nature Photon. 10, 262 (2016)45



PRL 122, 067401 (2019) 46



Phys. Rev. Mater. 5, 064602 (2021)47



Emission in Bulk hBN

2DM 4, 015028 (2016)

ECS JSST 6, Q3012 (2017)48



Raman Spectra of Bulk cBN & hBN

PRB 71, 205201 (2005)49



films on SiO2
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From Monolayer to Bulk, from Direct to Indirect Bandgap

JPCC 122, 255524 (2018)
51



Nanoscale 8, 6986 (2016)

Luminescence from Bulk to Thin Films

5.9 ev

210 nm
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DUV Luminescence from HT-MBE hBN

2DM 4, 021023 (2017)

Ext. 6.3 eV (197 nm)

on Al2O3

on HOPG
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Direct Bandgap Monolayer BN (mBN)

Nat. Comm. 10, 2639 (2019). 54



J. Mater. Chem. C 6, 1421 (2018)

Exfoliation of Bulk hBN to form hBN flakes

55
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LPCVD hBN Growth & Transfer

20/50 sccm

1000 oC

Nano Research, 8, 3164 (2015)

NH3BH3 → NH2BH2 + H2



Wafer-scale single-crystal hexagonal boron nitride film 

via self-collimated grain formation (KIST, Korea)

Science 362, 817 (2018) 
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Nature 579, 219 (2020) 

Wafer-scale single-crystal hexagonal boron nitride 

monolayers on Cu (111), (tsmc, NCTU)
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Filter

Experimental Setup

Gas inlet

E-gun or D2 lamp

TLS BL03 (350-30 nm)

Absorption

(350-115 nm)
Luminescence

(850-180 nm)



Raman Spectra & AFM Images of hBN Samples

1-2L/Qz

10-20L/Qz

Bulk
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/LiF /MgF2

/Qz

Absorption Spectra of hBN films on Various Substrates

Adv. Photon. Res. 2, 2000101 (2021)
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PL Spectra of Thin-film and Bulk hBN Excited at 180 nm

bulk

1-2 L

10-20 L
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PL Excitation Spectra of Bulk hBN

Probed 222 nm 

(5.5 eV)

Probed 300 nm

(4.1 eV)
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PL Excitation Spectra of hBN Thin Films

1-2 L

10-20 L

64
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Time-resolved Fluorescence Lifetime

Direct 

Defect
Indirect
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Absorption of hBN 


