
Graphene quantum dot - TiO2

photonic crystal photocatalysts

National and Kapodistrian University of Athens
Department of Physics
Section of Condensed Matter Physics 

M.-A. Apostolaki, A. Toumazatou, M. Antoniadou, E. Sakellis, E. Xenogiannopoulou, S. 

Gardelis, N. Boukos, P. Falaras, A. Dimoulas, V. Likodimos*



Photonic Crystals (PC)
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Amplification

ug = ∂ω/∂k ≈0

ω(k) = (c/n)|k|

Bragg reflectance

Slow photons



Films Deposition

Sphere diameters PS 211, 300, 340 and ΡΜΜΑ 261 nm

Photonic crystals PC211, PC300, PC340 and PC261

Self-assembly Calcination

1) Inverse opals: 2) Mesoporous films Ρ25 :

Spin coating deposition

2 layers → P25(2L)

Co-assembly

Titanium dioxide : Band gap 3-3.2 eV

Activation at <390 nm



Graphene Quantum Dots (GQDs)
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Aqueous solution GQDs 1 mg/ml

Diameter <5 nm

Height 1-2 nm

Absorption at UV-Vis

Emission at visible

Bond Ti-O-C
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Scanning Electron Microscopy (SEM)
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Surface modification by GQDs had to 
effect on diameter and periodicity 
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0.33 nm GQDs (0002)0.33 nm

Transmission Electron Microscopy (TEM)
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Presence of graphitic planes 



Micro-Raman and X-ray Photoelectron Spectroscopy (XPS)
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Optical Properties – Specular Reflectance
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Film D (nm) λexp (nm) neff (air) 1-f λ (air) (nm) neff (Η2Ο) λ (Η2Ο) (nm)

PC211 135 319 1.47 0.21 320 1.66 367

PC261 153 342 1.39 0.17 340 1.61 401

PC300 190 382 1.26 0.11 390 1.51 467

PC340 215 421 1.23 0.09 440 1.48 521
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Optical Properties – Diffuse Reflectance
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Photonic Crystals
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Photocatalytic Performance

Salicylic Acid (SA)
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Beer-Lambert law : 
Abs = - log (I/Io) = εLC

C(t) = Co e-kt



Reaction Rates
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Electrochemical evaluation
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Conclusions 

● GQD deposition had no effect on morphology and position of photonic band gaps

● Modified films by GQDs resulted in the enhancement of photocatalytic performance and 
photocurrent generation.

● Reduced recombination rate of photogenerated carriers via interfacial charge transfer 
between TiO2 and GQDs.

● Improved photocatalytic performance is achieved by combining photonic properties and 
surface modification by GQDs.
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