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Sol-gel based self-assembled porous films



Heterogenous nucleation of C-dots in 
mesoporous films
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Phloroglucinol-based C-dots

F. Yuan et al Nature Communications 2018, 9, 2249

1,3,5-Trihydroxybenzene

Solvothermal

Solvothermal

Phloroglucinol
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QY = 51%
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350 °C
EISA

Evaporation-induced self-asssembly



Solvothermal synthesis

Mesoporous TiO2 film

Ethanol, 
Phloroglucinol

200° for 3h
Mesoporous SiO2 film

and

Si, fused-silica and ITO substrates
F127-templated

Thickness ≈ 160 nm
Treated at 350°C for 3h
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UV-Vis of the SiO2 nanocomposite

The SiO2 films are 
inhomogenous and 
fluorescent (unwashed)!
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UV-Vis of the TiO2 nanocomposite
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The TiO2 nanocomposite 
films are homogenous, 
but the fluorescence is 
completely quenched
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Pore filling

The film thickness does not change 
after the solvothermal treatment

After 

solvothermal

Before

solvothermal
Ellipsometry

162.3 ± 2.0161.4 ± 1.7Thickness / nm

12.0 ± 526 ± 2Pore Volume / %

Raman

XRR
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XANES at the Ti K-pre-edge region 

J. Phys. Chem. C 2007, 111, 10886-10893

XAFS Beamline – Elettra synchrotron Facility



TEM Characterization

wall-to-wall distance ~ 10.75 ± 0.7 nm
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TEM - Phloroglucinol C-dots

Cdots size  3 – 5 nm  
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Photoelectrochemical characterization

λ = 365 nm λ = solar simulator
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Stability with time

Stability for 50 min
Loss of current density < 10%
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Zinc porphyrin/mesoporous 
titania thin film 

Adapted from RSC 
Adv., 2021, 11, 
31124-31130

Carbon dots/mesoporous 
titania thin film Vs.

No C-dots leakage
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Mesoporous films embedding C-dots have 
been obtained by in situ growth of the 
nanoparticles during solvothermal synthesis 

The interaction between Ti and C-dots allows 
preparing optical-quality nanocomposites which 
are not fluorescent

Conclusions

Photochemical characterization 
reveals a remarkable stability of the 
nanocomposites when used as 
electrode for OER 
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