Cu, 0-gCN-TiO,-Au (x=1,2) photocatalysts for hydrogen
generation by a hybrid liquid-vapor phase strategy

> Davide Barreca,»* Gian AndreaRizzi,” Mattia Benedepf
I@M ME Alberto Gasparott® Lunjie Zeng® EvaOlsson¢ ChiaraMaccat@®
- " Q@ i Teos oy

) a CNR-ICMATE and INSTM, c/o Department of Chemical Sciences,
Padova University, 35131 Padova, Italy

b Dept. of Chemical Sciences, Padova University and INSTM, 35131 Padova, Italy

b Dept. of Physics, Chalmers University of Technology, 41296 Gothenburg, Sweden ol
|
* davide.barreca@unipd.it

hitps/immwdisceehimicauupipd/itimuunctiondlmatetiatgroup/

X Workshop Italiano

Sol-Gel

Padova, 15-16.09.2025



mailto:davide.barreca@unipd.it

Sunlight-driven water splitting to greenhydrogen

:IIIIIIIIIIIIIIIIIIIIIII. E‘2H20 q 2H2+02
= Hydrogen =
:  evolution reaction : Oxygen @
(HER) evolution reaction
: 2H*+2¢ - H, (OER)
— ‘IIIIIIIIIIIIIIIIIIIIIII. 4OH_- O +2H0+4e_ the
H, 4 H 27 4% bottleneck

Q‘:) a of water
5 H,0 ~ 0, sppiting..t t 1 ng

L1

- . H, evolution‘ H,

N

Cathode

N

R

E Development of eco-friendly, cheap,
durable and efficient catalysts

-

nanesystems

with tailored
properties!



........................................................... "™\ Graphitic carbon nitride (CN)
: Multi-component ‘

functional
nanoarchitectures

A gCN/Cu,O
nanoheterojunctions

A Introduction of TiO,
A Functionalization

with Au NPs
: J Non-toxicity
J Inexpensive @

J Naturally abundant J Cost-effectiveness @

.  Efficient sunlight harvesting : J Eco-friendly

--------------------------------------------------------------------------

J Tuneable electronic structure

J Attractive photoactivity
. 3 Favorable Eq (8%2.7 eV)

.
e a m s a NS AN NS RN NSNS EE NS AANSEAEEAESEAAAANSAEEEAEAEESEEEEEEEEEES

: L e/ h* transfer Kinetics @

L Photocorrosion

D. Barreceet al., RSCAdv 2024, 14, 7221;Chem. Eng. 2022, 448 137645Appl. Surf. Sci2023, 618 156652;]). Mater. Chem. 023,11, 21595



E- U mechanical
stahbility
than
electracatalysts
obtainedhoy
immobilization
on substrates
of ink/pastes
with binders

E- A multi-step hybrid fabrication route...

D. Barreceet al., RSCAdv 2024, 14, 7221

R 3 dipping in
Cu Anodization Bl
foam 1.0 M KOH, solution, 15’
20°, 10 mA (CH;CN/H,0)
Thermal Thermal
treatment treatment
. in air in air
300°C, 1h 300°C, 1h
450°C, 2h 450°C, 2h

Co

quast1D nanostiuctures with ladightactivearea
prometingshomogeneaugCN, TiO, and Au distribution

Cu,O-gCN

RF-sputtering
TiO, (Au)
Ar, 13.56 MHz
10sccm 60°C

0.30(0.39 mbar
205) W
150(20)

Final annealing
as before

| Cu,0-gCN-TiO,

@ Cu,0-gCN-TiO,-Au

E Intimate contact of the single components & efficient dispersion of Au NPs



V High-areasarfaysiaCu O nanowires
(L/d 2 33) with spheres onitheirtips

V PoreusegCN\bovesiayer

VY partial coverage and embedding of Cu,O nanewiresnto
dCN, even afteliO, and Au introduction

V Poresityofithe starting Cwfoam & R¥putteringi infiltration
Y intimate intermixing of the system components

Intensity (a.u.)

Intensity (a.u.)

V Typical gCN s@gmaJS\Wit[nuunmmdensed iam'groqu%

V Chemisoreed-OH groups:andirect gCN-CuO bonding

Cu2p shakeup 2P32

IIIIIIIIIIIIIIIIII [1
960 950 940 930

i Vg)
M Cu, 0-gCN  Cu,0-gCN-TiO, Cu,0-gCN-TiO,-Au

®eC eN o H

292 288 284

BE (eV)

N 1s N3£ N2

NH Lo

280 408 404 400 396

BE (eV)

Y CuO on the surface
BE(Cu 2R,,) ° 933.8 eV;a = BE(Cu 2g,,)+KE(CuLMM) = 1851.4 eV

D. Barreca
et al,
RSCAdv
2024, 14, 7221

No Ti
and Au
peaks
(where
are TiO,
and
Al.&)?

C)



Cu,O-gCN-TiO,-Au

o lrl
A

VI, EELILS, EDXS

) o o . anpe® g
C uXO-gCN-TlOz-Al! DA PPPPETLL o-K §
: , CuO ©
=t = 2

= S ‘
|3 JW g 5
@ s £
A =) Cllzo g i (qv]
’.'... et N E;.
500 Hiff*s, .
— '... - . , , : \ : . g
e.,.520 540 560 925 950 975 =
“+Energy loss (eV) Energy loss (eV) =

L

",.. >

E Stacked structure Overthé'Gujpam Substrate
B Toptwo layers-»> CuO; nextto tHé'su-Qstrate > Cu,O

IS
Y

E- AuNPs (2- 10 nm)dispersed in Cu,O xg
E TiO, concentrated in strip-shaped &\ Q

domains in close vicinity to Au NPs - _ __
(b) micrographof the areamarketby the red box in (a). (c,d)
E amorphous gCN D. Barreca Atomic resolutionimagesof Au NPs, with indexing of gold
. et al, lattice fringesandinterplanardistancesl attice fringes belowAu
= oS ComEEyHmEm Dol RSCAdv NP in (d) are from TiO.. (e) Image of the areamarketby the
components 2024. 14. 7221 greenbox in (a), and EDXS elementamapsof O (f), Cu (g), Au

(h), Ti (i), andoverlaidimage()).



j (mA/cm?)

(i x E|/ P) x100

ABPE (%)

j (mA/cm?)

0.0 0.1 0.2 0.3 04 0.5

0.5F

0.0

0.4 F
0.3F
0.2 F

0.1F

Ewg VS.RHE (V)

j (mA/cm?)

0.0 01 0.2 03 04 05

o & & N o

-10
-12

14 L
1||||I|||||||||I|||||||||I|||||||||

Ewg VS.RHE (V)

1-|IIIIIIII|IIIIIIIII|IIII|IIII|III

2 @ 0.0 Vvs RHE
— Cu,O0

F — Cu,0-gCN-TiO,

F — Cu,O-gCN-TiO,-Au

Eyg VS RHE (V)

0 1000 2000
Time (s)

3000

N
P

0.38f

0.36f

N
T 1

Cu, O-gCN-TiO,-Au
Cu, 0O-gCN-TiO,

Four replicas

F/ Cu,0-gCN-TiO,-Au

0.0 0.1 02 03 04 05

EwgVsS.RHE (V)

Ll IIII|IIII|IIII
-0.8 -0.6
Log[j(mA/cm2)]

v

Photo-assisted HER in alkaline water
0.5 M KHCGQ; (pH = 8.5);white light LED source] 100, mWénT?

E- Photocurren& ABPE & a upon Cu O
functionalization

E Cu,0 <Cu0-gCN <

Cu,0-gCN-TiO, < Cu, 0-gCN-TiO,-Au

E good service life & A A Dj vs time
E- High reproducibility

E Performances compare/favonably

$

with previous Cu, O-based oxides

s

X/

¢

eCN
2 Ay ‘R"I-%

(3
W N

o/

! E Cu,0 protection

i E A e/h* recombination

% E Cu,0-gCN-TiO,-Au:
:  the best electrocatalyst
Y A Tafel slope

junction formation

*a

E photoexcitation ofCu,0,
CuO, andgCN

E h* confinement in C4O VB
& cascade-€ transfer into
the CBs of the other
constituents up to
the electrolyte interface

E- Au NPs: € sinks with
improvement of the
electrical contact

E- TiO,: protective action
againstphotocorrosior&
U charge injection
into the electrolyte 7



Postoperandoanalyses
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... In conclusion

V Supported greennanoarchitectures (CuO-gCN-TiO,-Au) on Cufoam substrates
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