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Metal doped BiVO4 photonic crystal catalysts
Photonic crystal (PC) catalysts have been attracting significant attention as they can combine
slow photon-assisted light harvesting, mass transport and the high adsorption capacity of
macroporous periodic structures such as inverse opals with compositional tuning of the
catalysts’ electronic properties for enhanced charge separation [1]. Bismuth vanadate (BiVO4)
has emerged as a promising, environmentally benign visible-light photocatalyst that has been
widely investigated for water oxidation and organics degradation [2]. Nevertheless, its
photocatalytic performance is significantly impaired by the extremely low carrier mobility
that leads to electron-hole recombination losses.

In this work, homojunction formation on the
nanocrystalline walls of photonic band gap (PBG)
engineered metal (Mo/Ca) doped BiVO4 inverse
opals is demonstrated as a promising means to
synergistically combine light trapping with the
improved charge separation of optimally doped
BiVO4 for enhanced photocatalytic performance on
water pollutant degradation and water splitting
applications.

Photonic crystal film fabrication

Controlled fabrication of BiVO4 photonic films was performed by the convective evaporation-
induced self-assembly on polystyrene (PS) colloidal templates [3]. Liquid phase infiltration of
a metal salt precursor based on Bi(NO3)35H2O and NH4VO3 was carried out by dip coating
on self-assembled PS opal templates on glass or FTO substrates. Calcination was performed at
375 oC to remove the PS matrix and crystallize the amorphous precursor in the monoclinic
scheelite BiVO4 phase. PBG engineering was realized using monodisperse PS microspheres of
different diameters (300-500 nm) in order to tune the photonic stop band across the BiVO4

electronic absorption edge and thus allow exploitation of slow photon effects.

Phase composition

X-ray powder diffraction showed that the films crystallized in the single monoclinic scheelite
phase (I2/a) [4] with clearly observed splitting of characteristic diffraction peaks. This was
firmly corroborated by Raman spectroscopy, where all the characteristic Raman-active modes
of the monoclinic scheelite BiVO4 were identified with the clear splitting of the VO4

tetrahedra bending modes and no traces of polymeric species or other polymorphic phases.

The PC films chemical composition consisting of the
Bi, V and O elements was verified by TEM-EDX
mapping. The (121) and (011) planes with the
characteristic d-spacings of the monoclinic phase
were identified in the fast Fourier transform (FFT)
patterns of high-resolution TEM images for the
nanocrystalline inverse opal skeleton.

Slow photon tuning
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PC300 200 460 1,43 0,221 468 1,63 532

PC340 210 480 1,42 0,216 488 1,62 556

PC418 260 534 1,28 0,136 545 1,52 646

PC460 280 547 1,22 0,105 560 1,48 676

PC510 300 601 1,25 0,120 614 1,50 735

Slow photon enhancement
The photocatalytic activity of the BiVO4 photonic films was evaluated on the aqueous phase
degradation of salicylic acid (SA), a colorless water pollutant, under visible light using 3 ml of
30 μΜ SA aqueous solution at pH3 under stirring and incident power density of 70 mW/cm2

(150 W Xe). PC340 presented the highest performance due to the optimal overlap of blue slow
photons with BiVO4 absorbance edge.
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Single metal-doping optimization
Optimization of metal doping by
Mo and Ca ions based on the films
photocatalytic activity on SA
degradation showed that the
optimum concentrations were 3%
Mo and 4% Ca. These levels were
used for co-doping (Mo,Ca)-BiVO4

and the successive deposition of
Mo-BiVO4/Ca-BiVO4/Mo-BiVO4

nanoscale homojunctions.

Structural properties of doped BiVO4 photonic films

XRD and Raman indicate that Mo, Ca doping introduces disorder and causes deformation
towards to the tetragonal scheelite structure.
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s(V-O)
(cm-1)

R (V-O) 
(Å)

BiVO4 821 1,699

Mo-BiVO4 822 1,698

Ca-BiVO4 826 1,696

(Mo,Ca)-BiVO4 823 1,698

Mo-Ca-Mo-BiVO4 824 1,697

Optical properties of doped BiVO4 photonic films

Doping of BiVO4 results in slight narrowing of the energy band gap complying with the
introduction of shallow Mo6+ (0.62 Å) donors and Ca2+ (0.99 Å) acceptors at the V5+ (0.52 Å)
the Bi3+ (1.11 Å) lattice sites, respectively.

2.0 2.5 3.0 3.5
0

1

2

3

4

5

 BiVO
4

 Mo-BiVO
4

 Ca-BiVO
4

 (Mo,Ca)-BiVO
4

 Mo-Ca-Mo-BiVO
4

[F
(r

)h
v
]1

/2
 

hv (eV)

Photocatalytic activity

Electrochemical performance 

Acknowledgements
The research work was supported by the Hellenic Foundation for Research and
Innovation (H.F.R.I.) under the “First Call for H.F.R.I. Research Projects to support
Faculty members and Researchers and the procurement of high-cost research
equipment grant” (Project Number: 543).

200 400 600 800 1000 1200

0.0

0.1

0.2

0.3

0.4

J
 (

m
A

/c
m

2
)

t (s)

 BiVO
4

 Mo-BiVO
4

 Ca-BiVO
4

 Mo-Ca-Mo-BiVO
4

 (Mo,Ca)-BiVO
4

0.5 M NaHCO
3

1.23 V vs. RHE

0.8 1.0 1.2 1.4 1.6 1.8
0.0

0.1

0.2

0.3

0.4

0.5

J
 (

m
A

/c
m

2
)

Potential (V vs RHE)

 BiVO
4

 Mo-BiVO
4

 Ca-BiVO
4

 Mo-Ca-Mo-BiVO
4

 (Mo,Ca)-BiVO
4

1
.2

3
 V

 v
s
 R

H
E

PC340

Mo-PC340

Ca-PC340

Mo-Ca-Mo-PC340

(Mo,Ca)-PC340

2

3

4

50 Hz

N
d
 (

1
0

2
0
 c

m
-3
)

Vis

0.18

0.16

0.14

0.12

F
la

t 
B

a
n
d
 P

o
te

n
ti
a
l 
(V

)

Performance evaluation showed that the Mo-Ca-Mo-BiVO4 PC films present the highest
activity compared to their individual constituents, reaching a two-fold and nearly ten-fold
enhancement of the SA degradation rate and photocurrent density, respectively, compared to
the bare BiVO4 under visible light (>400 nm) This marked improvement is related to the
formation of numerous homojunctions between Mo-BiVO4 and Ca-BiVO4 nanoparticles that
boost charge separation in synergy with optimal light trapping by the photonic films.
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BiVO4 476 2.59

Mo-BiVO4 479 2,56

Ca-BiVO4 479 2,56

(Mo,Ca)-BiVO4 476 2,57

Mo-Ca-Mo-BiVO4
482 2,54
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