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This supporting information document contains detailed descriptions about each of the applied
characterization techniques, and also presents the following additional figures and tables:

Figure S1: A photo of the TiO:P (lift) and TiO>G (right) films.

Figure §2: UV-Vis spectrum of Aus(PPh3)s(NO3)3 in Methanol.

Figure S3: Cross-section SEM-EDAX elemental maps of Ti, O and Si of TiO2P and TiO2G. Note that
the scale bars are different.

Figure S4: 3D Profile of (A) TiO2P before heating, (B) TiO2P after heating, (C) before heating,
TiO2G and (D) TiO:G after heating (area 16 % 16 um).

Figure S§5: Surface morphology with the average of Ra and Rq values of (A) TiO2P before heating,
(B) TiO:P after heating, (C) before heating, TiO:G and (D) TiO:G after heating. (area
595 x 595 um). It is important to know that the scale bars are different.

Figure S6: XP spectra of Au 4f of (A) TiO:2P-Auy: after Auo deposition (blue) and after heating (grey)
(B) TiO2P-Auo-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange) and after
heating (grey).

Figure S7: XP spectra of Au 4f of (A) TiO2G-Auy: after Auo deposition (blue) and after heating (grey)
(B) TiO>G-Auo-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange) and after
heating (grey)

Figure $8: XP spectra of P 2p of (A) TiO2P-Auy: after Aug deposition (blue) and after heating (grey)
(B) TiO2P-Auo-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange), and after
heating (grey)

Figure §9: XP spectra of Cr 2p of the TiO2P-Auo-CrOx sample of (A) 0.006mM sample, (B) 0.06mM
sample and (C) 0.6mM sample: after CrOx layer photodeposited (orange) and after heating (grey).
Figure S10: XP spectra of P 2p of (A) TiO2G-Auy: after Auo deposition (blue) and after heating (grey)
(B) TiO:>G-Aus-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange), and after
heating (grey)

Figure S11: XP spectra of Cr 2p of the TiO2G-Aus-CrOx sample of (A) 0.006mM sample, (B) 0.06mM
sample and (C) 0.6mM sample: after CrOx layer photodeposited (orange) and after heating (grey).
Table S1: XPS Au 4f72 peak positions and FWHM of TiO2P-Auo and TiO2P-Aus-CrOk.

Table S2: XPS Au 4f72 peak positions and FWHM of TiO2G-Auy and TiO2G-Auy-CrOs.

Table S3: XPS Cr 2ps.2 peak positions and FWHM of TiO:P.

Table S4: XPS Cr 2ps3.2 peak positions and FWHM of TiO:G.

Table S5: XPS relative amount of Cr 2ps/2 to Ti 2p32 of TiO2P-Aus-CrOx and TiO2G-Aug-CrOkx.



Alotabi et al 2022

Figure S1: A photo of the TiO:P (lift) and TiO:G (right) films.

Figure S2 shows the UV-Vis spectrum of synthesized Aug(PPh3)s(NOs3)s clusters with four peaks
around 315, 350, 375 and 440 nm. The UV-Vis spectrum is in agreement with those obtained from

literatures of Aug(PPh3)s(NOs3)3, confirming the synthesis of Auy clusters[1,2].
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Figure S2: UV-Vis spectrum of Auo(PPh3)s(NO3)s3 in Methanol.
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~1150 nm

Figure S3: Cross-section SEM-EDAX elemental maps of Ti, O and Si of TiO2P and TiO2G. Note that

the scale bars are different.
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Figure §4: 3D Profile of (A) TiO2P before heating, (B) TiO:P after heating, (C) before heating,

TiO2G and (D) TiO:G after heating (area 16 % 16 um).

Figure S5 shows the average Ra and Rq values with a large area scan 595 % 595 um of TiO2P and
TiO2G before and after heating. For TiO2P before heating, the Ra and Rq values are 1.4 nm and
1.8 nm, while after heating are 1.6 nm and 2.1 nm. For TiO2G before heating, the Ra and Rq values
are 2.8 nm and 4.6 nm, while after heating are 15.0 nm and 17.4 nm. The change in the Ra and Rq
values after heating are 0.2 nm and 0.3 nm. for the thin TiO2 layer (TiO2P), however, the thick TiO2
layer (TiO2G) are 12.2 nm and 12.8 nm. The Ra and Rq values of TiO2G after heating are 12 times
higher compared to before heating. The change in the surface morphology of TiOz2 films after heating
is due to the transformation of TiOz2 films from amorphous to anatase[3-5]. Corekei et al, showed that
the change in the surface morphology of TiO: film is higher for the thicker film than a thin film after
heating. This due to the high mobility (recrystallisation) of the thicker film during the thermal
heating[4]. Here, the significant change in the morphology of TiO2G after heating is due to the high

mobility of TiO2G during heating, which is affected by the transformation to anatase phase.
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Figure S5: Surface morphology with the average of Ra and Rq values of (A) TiO2P before heating,

(B) TiO:P after heating, (C) before heating, TiO:G and (D) TiO:G after heating. (area

595 x 595 um). It is important to know that the scale bars are different.

Table S1: XPS Au 4f72 peak positions and FWHM of TiO2P-Auy and TiO2P-Aus-CrOk.

Before heating After CrOx photodeposition After heating
conc;ﬁation Peak(f:{)]s)ltlon FWHM Peak(g\(;s)ltlon FWHM Peak(g\(;s)ltlon FWHM
Without CrOx layer

0.006 mM | 85.1+0.2 1.7+0.2 - - 84.8+0.2 1.5+0.2
0.06 mM 85.4+0.2 1.7+£0.2 - - 84.8+0.2 1.6+0.2
0.6 mM 85.1£0.2 1.8+0.2 - - 84.7+0.2 1.6+0.2

With CrOx layer

0.006 mM | 85.2+0.2 1.8+0.2 85.3+0.2 1.6 +0.2 85.0+0.2 1.7+0.2
0.06 mM 85.1+£0.2 1.8+0.2 85.3+0.2 1.6+0.2 85.0+0.2 1.7+0.2
0.6 mM 85.1+0.2 1.8+0.2 85.3+0.2 1.6+0.2 85.0+0.2 1.7+0.2
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Table S2: XPS Au 4f72 peak positions and FWHM of TiO:G-Aug and TiO2G-Auy-CrOs.

Before heating After CrOx photodeposition After heating
Concilltliation Peak(s\o/s)ltlon FWHM Peak(g{);ltlon FWHM Peak(g{);ltlon FWHM
Without CrOx layer

0.006 mM 854+0.2 1.8+0.2 - - 84.9+0.2 1.7+£0.2
0.06 mM 854+£0.2 1.8+0.2 - - 84.6 £0.2 1.6+0.2
0.6 mM 85.3+£0.2 1.8+0.2 - - 84.6 £0.2 1.5+£0.2

With CrOx layer

0.006 mM 85.3+£0.2 1.6 0.2 85.5+0.2 1.6 +0.2 84.8+0.2 1.8+0.2
0.06 mM 852+0.2 1.6+0.2 85.5+0.2 1.6+0.2 84.4+0.2 1.6+0.2
0.6 mM 84.9+0.2 1.8+0.2 85.3+0.2 1.6+0.2 84.3+0.2 1.3+£0.2

Figure S6 shows the Au 4f spectra of TiO2P-Aug and TiO2P-Au9-CrOx. The blue line is after the Aug

cluster deposition, orange line is after the photodeposition of CrOx layer and grey line is after heating

at 200°C for 10min to remove the Auo clusters ligands. The black lines indicate the binding energy at

85¢eV.
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Figure S6: XP spectra of Au 4f of (A) TiO:2P-Auy: after Auo deposition (blue) and after heating (grey)

(B) TiO2P-Aus-CrOx: after Auo deposition (blue), after CrOx layer photodeposited (orange) and after

heating (grey).
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Figure S7: XP spectra of Au 4f of (A) TiO2G-Auy: after Aug deposition (blue) and after heating (grey)

(B) TiO2G-Aug-CrOx: after Auo deposition (blue), after CrOx layer photodeposited (orange) and after

heating (grey)

Figure S8 shows the P 2p spectra of TiO2P-Aug and TiO2P-Aug-CrOx. The blue line is after the Auog

cluster deposition, orange line is after the photodeposition of CrOx layer and grey line is after heating.

The black lines indicate the position of triphenylphosphine ligands at 131.8 eV[6,7]. The P 2p

spectrum can be fitted with doublet (2p3/2 and 2p1/2), the splitting was fixed at 0.84 eV. Before heating,

for 0.6 mM, the P 2p3/2 peak is appeared at 131.8 + 0.2 eV, which relates to the peak position of PPh3

ligands bounds to Auy clusters[6,7]. After heating, no peak is detected, indicating that phosphorous

ligands were removed by heating for 0.6 mM. For the lower concentrations of 0.06 and 0.006 mM
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with the addition of the CrOx overlayer, the P 2p signal is below the detection limit. However, the
same phenomenon of ligand removal via heating is expected for these lower concentrations [8,9].

The size of Auo clusters were more stable using the laboratory based XPS instrument comparing to
synchrotron XPS. This assumed to be due to ageing of the Auo clusters with the Synchrotron XPS
results, where the samples were measured a week after the deposition of Aug and the photodeposition
of CrOx[10]. While using the laboratory based XPS instrument, the measurements were performed
directly after the deposition of Aug and followed by photodeposition of CrOx layer. The conclusion is
similar to that reported previously from synchrotron data that the agglomeration of Auo clusters was

inhibited with CrOx layer.
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Figure §8: XP spectra of P 2p of (A) TiO2P-Auy: after Aug deposition (blue) and after heating (grey)
(B) TiO2P-Auo-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange), and after

heating (grey)
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Figure S9 shows the Cr 2p spectra of TiO2P-Aug and TiO2P-Auy-CrOx. Before heating, the Cr 2p3.2

peak is appeared at 577.7 = 0.2 eV, which relates to the peak position of Cr(OH)s[11]. After heating,

the Cr 2p32 peak position shifts to a low binding energy at 577.1 + 0.2 eV, which corresponds to

Cr203[12,13]. This confirms that the CrOx layer is reduced by heating from Cr(OH)3 to Cr203. This in

agreement to previous studies report that heating reduces Cr(OH)s layer to Cr203 [14].
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Figure §9: XP spectra of Cr 2p of the TiO2P-Auo-CrOx sample of (A) 0.006mM sample, (B) 0.06mM

sample and (C) 0.6mM sample: after CrOx layer photodeposited (orange) and after heating (grey).

Table S3: XPS Cr 2ps.2 peak positions and FWHM of TiO2P-Auo-CrOkx.

Before heating After heating
Peak position (eV) FWHM Peak position (eV) FWHM
0.006 mM 577.7+£0.2 2.7+0.2 577.1+£0.2 34+0.2
0.06 mM 577.7+0.2 29+0.2 577.1+0.2 30+£0.2
0.6 mM 577.7+0.2 29+0.2 577.2+0.2 3.0+£0.2
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Figure S10 shows the P 2p spectra of TiO2G-Aue without and with CrOx layer before and after
heating. For 0.6 mM, the P 2p32 peak before heating are found at 131.8 £ 0.2 eV for both without and
with CrOx layer, referring to the peak of PPhs ligands[6,7]. After heating, the P 2ps3.2 peak is found at
133.7 £ 0.2 eV, which attribute to removed ligands from the Auy clusters and oxidized by attaching
to TiO2 substrate as previously reported[6,9]. For 0.06 and 0.006 mM, the signal of the P 2p is below

the detection limit but it is expected that same behavior occurs for these lower concentrations.
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Figure S10: XP spectra of P 2p of (A) TiO2G-Auy: after Aus deposition (blue) and after heating (grey)
(B) TiO>G-Aus-CrOx: after Aug deposition (blue), after CrOx layer photodeposited (orange), and after
heating (grey)

Figure S11 shows the Cr 2p spectra of TiO2G-Aus and TiO2G-Aus-CrOx. The Cr 2p3n peak is
appeared at 577.8 = 0.2 eV before heating for all samples. This binding energy is similar to that of
Cr(OH)3[11]. The peak position of Cr 2p3/2 shifts to a low binding energy at 577.3 £ 0.2 eV after

11
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heating, which relates to the binding energy of Cr203 [13]. This in consistent with TiO2P substrate

that CrOx layer is reduced from Cr(OH)s to Cr203 by heating.
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Figure S11: XP spectra of Cr 2p of the TiO2G-Aus-CrOx sample of (A) 0.006mM sample, (B) 0.06mM

sample and (C) 0.6mM sample: after CrOx layer photodeposited (orange) and after heating (grey).

Table S4: XPS Cr 2p3.2 peak positions and FWHM of TiO2G-Auy-CrOs.

TiO,G
Before heating After heating
Peak position (eV) FWHM Peak position (eV) FWHM
0.006 mM 577.8+0.2 2.8+0.2 577.3+£0.2 33+0.2
0.06 mM 577.8+0.2 2.8+0.2 577.5+0.2 2.8+0.2
0.6 mM 577.6 £0.2 2.7+0.2 577.3+£0.2 3.0+£0.2

Table S5: XPS relative amount of Cr 2ps/2 to Ti 2p32 of TiO2P-Aus-CrOx and TiO2G-Aug-CrOkx.

Cr/Ti
0,P-Aug 0 Ti02G-Auy-CrOy
Before After Difference Before After Difference
heating heating % heating heating %
0.006 mM 2.74 1.47 47 1.48 0.62 58
0.06 mM 1.54 1.14 26 1.30 0.40 69
0.6 mM 3.12 1.99 36 1.82 0.72 61
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