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Rlectroless deposition of morphologically controlled Cu,0
nanoparticle films and their photocatalytic activity
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Nanostructured cuprous oxide (Cu,0) is an intriguing direct bandgap semiconductor material with potential applications
as a UV-Vis light absorber in solar cells, a photocatalyst for the degradation of organic pollutants, a negative electrode

in Li-ion batteries, and others.
It is known that the morphology
absorption properties. However,

and size of 0Cu,0 nanoparticles

colloidal syntheses and electrodeposition on substrates.

Here we present an electroless

(chemical)

deposition

(ELD)

approach to direct preparation of Cu,0 NP films

(NPs) may affect their photocatalytic and light-
the preparation of Cu,0 NPs with morphological control has been largely restricted to

on

substrates, using CuS0,-HCHO-Citrate-NaOH solutions. Our method shows a high degree of morphology control. The average NP
size can be varied by controlling the deposition time, while the crystallographic structure 1is determined by the solution

composition. The latter derives from the parameter vy
crystal growth, where r, is the growth rate perpendicular to the i-plane,.

The NP films were studied by SEM, TEM, GIXRD and UV-Vis spectroscopy,

[NaOH]/[Citrate] ratio, which correlates with R = r_ .. /r.,,, during

degradation of a model organic contaminant, methyl orange (MO), was evaluated and correlated with the NP morphology.
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SAM

Au seeds were produced Iin-gitu on
glass or quartz slides by self-
assembly of 3-aminopropyl
trimethoxysilane (APTMS), immersion

U 0.1%

NaAuCl, NaBHs seeded

and their photocatalytic activity towards the

Morphological and size control can also be achieved
by sequential immersion of the slides in solutions

A and G, and controlling the deposition times.

in NaAuCl,, rinsing, and reduction
with NaBH,.

Cu,0 NP films were chemically
deposited from formaldehyde-based
solutions! of different compositions
(A to G, prepared according to the
table), optimized for the preparation
of Cu,0 NPs with precise morphology.
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HRSEM (After 3 nm Cr sputtering).
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TEM images (Cu,0 NPs prepared after

itrate seeding of carbon-coated grids).
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Photocatalytic activity under natural light

illumination

Methyl orange (MO) photodegradation was followed by

UV-Vis spectroscopy, plotting the MO extiction

maximum as a function of time.

ST S—

G

Extinction (a.u.)
o
I

=
N
|

R,

0.0

30 min

60 min

0 min

90 min
120 min ]

195 min

. I
300 400

|
500

—
600

Wavelength (nm)

Degradation (100 A/A,)

—e— A (Octahedra)
1 — == E (Cuboctahedra)

) I ] | ] | )
100 Y * .
\ k =29x10°s'em®
-} e _olX S Cnm

WO\ Re=81x10%sTem? |
804 ‘\ O i =56x10°¢s
Ny | G )
N
\A‘ \ \Q
\ \-\ \
60 - Sy o -
\A \
\ \l A
s
40 - oo,
A S
\‘\. ~

——No Cu,0 '~

1cm—2 al

—-A—- G (Cubes)
L
0 50 100

0

Time (min)

—
150

200

Assuming pseudo-first order reaction, degradation
rate constants (ki) were normalized to the exposed
Cu,0 surface area (estimated from SEM images) and
followed the order:

cubes > cuboctahedra > octahedra.
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