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Optimizing Pt Electronic States through Formation of a Schottky
Junction on Non-reducible Metal-Organic Frameworks for Enhanced

Photocatalysis

Zi-Xuan Sun, Kang Sun, Ming-Liang Gao, Onder Metin, and Hai-Long Jiang*

Abstract: Charge transfer between metal sites and
supports is crucial for catalysis. Redox-inert supports are
usually unfavorable due to their less electronic inter-
action with metal sites, which, we demonstrate, is not
always correct. Herein, three metal-organic frameworks
(MOFs) are chosen to mimic inert or active supports for
Pt nanoparticles (NPs) and the photocatalysis is studied.
Results demonstrate the formation of a Schottky
junction between Pt and the MOFs, leading to the
electron-donation effect of the MOFs. Under light
irradiation, both the MOF electron-donation effect and
Pt interband excitation dominate the Pt electron density.
Compared with the “active” UiO-66 and MIL-125
supports, Pt NPs on the “inert” ZIF-8 exhibit higher
electron density due to the higher Schottky barrier,
resulting in superior photocatalytic activity. This work
optimizes metal catalysts with non-reducible supports,
and promotes the understanding of the relationship
between the metal-support interaction and photocatal-

ysis.
J

Introduction

Metal nanoparticles (NPs) have been recognized to be the
most important active sites in heterogeneous catalysis and
have found applications in various industrial chemical
transformations." It is well established that reasonably small
metal NPs are favorable to the activity. To retard the
aggregation arising from their high surface energy, the
dispersion or stabilization of metal NPs by diverse supports,
such as metal oxides, porous matrices, have been intensively
studied.” The interaction between the support and metal
NPs is able to modulate the electronic properties of the
metal and therefore greatly influences the catalysis.”! For
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the most studied oxide supports, they are usually classified
into active and inert supports. The active supports refer to
the reducible metal oxides, including TiO,, Fe,O; and ZrO,,
etc. The redox-active metals involved in the active supports
can lead to electron transfer with the metal NPs, which
modulates the electronic state of metal active sites and
therefore improves the catalytic performance.”™* In con-
trast, inert supports, such as SiO, and MgO, featuring redox-
inert species, have little interaction with metal NPs, which is
unfavorable to catalysis.!

Similar to thermal catalysis, supported metal NPs are a
type of important photocatalysts.”) The current studies on
these photocatalysts are mostly related to the regulation of
metal NPs, for example, adjusting the morphologies and
metal sizes or introducing a second component.”*< There
have been very rare reports on how the metal-support
interaction affects photocatalysis. Halas et al. reported the
superior activity of Au/SiO, to Au/TiO, in the photocatalytic
H, dissociation reaction, which is possibly the only example
of promoted catalysis with an inert support.l”) However, the
function of SiO, in that work was blocking hot electrons due
to its insulator property. The regulation of metal electronic
state and the corresponding understanding of the metal-
support interaction for photocatalysis have not yet been
achieved. Therefore, it remains extremely rare yet necessary
and highly desired to develop suitable model supports that
help to gain insight into the role of metal-support electron
transfer in photocatalysis.

In addition to the traditional metal oxides, different
porous supports have been developed.’™*! Amongst the
porous solids, metal-organic frameworks (MOFs),["! con-
structed by metal (clusters) and organic linkers, possessing
atomically precise and tailored structures as well as high
porosity, have been recognized to be very promising
supports for metal NPs, being an ideal platform to under-
stand the metal-support interaction.””! Notably, most MOFs
behave like semiconductors with the conductive band (CB,
also called lowest unoccupied molecular orbital, LUMO)
mainly contributed by metal clusters and the valence band
(VB, also called highest occupied molecular orbital,
HOMO) mainly contributed by organic linkers, presenting
similarity with metal oxide supports.”’ Meanwhile, the
spectral absorption range of MOFs is highly tunable from
ultraviolet (UV) to near-infrared (NIR) regions, capable of
avoiding the interference with the optical response of metal
NPs. On consideration of the weaker chemisorption states
of reactants on classical plasmonic metals (Au, Ag and Cu)
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due to their full d-orbits and low d-band centers,'” the
interband excitation of Pt NPs can be adopted to harvest
visible light, favorable to chemisorption and activation of
substrates.""! It is worth noting that, although there have
been some reports on the interband excitation,!'”” as far as
we know, it remains barely investigated how the metal-
support charge transfer induced by interband excitation
affects the photocatalysis.

In this work, three representative MOFs, namely ZIF-8,
Ui0-66, and MIL-125, without visible-light response were
chosen to stabilize small-size Pt NPs to afford Pt/MOF. The
metals constituted for the MOFs are Zn'", Zr"V and Ti",
respectively, giving rise to the non-reducible support proper-
ties of ZIF-8 and reducible supports properties of UiO-66
and MIL-125, due to the difficulty of reducing d'° Zn" and
relatively smaller barrier to reduce Zr'" and Ti". Under the
Pt interband excitation wavelength of 450 nm, photocatalytic
aerobic oxidative coupling of benzylamine has been con-
ducted to investigate the influence of metal-support inter-
actions on photocatalysis. It is surprising to find that the
photocatalytic activity follows the order of Pt/ZIF-8 > Pt/
Ui0-66 > Pt/MIL-125. Spectral and energy band studies
indicate the existence of two-step electron transfer, includ-
ing the MOF electron donation originated from metal-
support contact and inverse electron injection from Pt
interband excitation. The two processes can be largely
regulated by adopting MOFs with different energy band
structures, significantly affecting the Pt electronic states. As
a result, the highest Pt electron density is observed when Pt
is supported on ZIF-8, leading to the best photocatalytic
activity. To the best of our knowledge, this is the first report
on optimized Pt activity with the inert support, surpassing
the active supports, in photocatalysis.

Results and Discussion

The ZIF-8, UiO-66 and MIL-125,! were synthesized by the
documented hydrothermal methods (Figure S1 in the Sup-
porting Information). Their phase purity and crystallinity
were confirmed by powder X-ray diffraction (XRD) (Fig-
ure S2). Thermogravimetric analysis supports the complete
removal of unreacted linkers of ZIF-8 (Figure S3). Scanning
electron microscopy (SEM) images indicate their very good
dispersity and shape with sizes of 0.1-1 um (Figure 1a, S4a
and S5a). Upon immobilization of Pt NPs to the MOFs by
impregnating H,PtCl; and subsequent H, reduction, the
corresponding catalysts of Pt/ZIF-8, Pt/UiO-66 and Pt/MIL-
125 were obtained, where Pt loadings (~1.8wt%) are
similar as determined by inductively coupled plasma atomic
emission spectrometry (ICP-AES) (Table S1). Transmission
electron microscopy (TEM) images display that Pt NPs are
dispersed uniformly on the MOF surface with similar Pt
sizes of ~3.5 nm, exposing Pt (111) plane with a lattice fringe
spacing of 0.226 nm (Figure 1b,c, S4b, S4c, S5b and S5c¢).
Nitrogen sorption isotherms reveal the similar porous
features before and after the introduction of Pt NPs, while
the slightly decreased BET surface areas and total pore
volumes compared with the corresponding parent MOFs
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Figure 1. a) SEM image for ZIF-8. b) TEM (inset: size distribution of Pt
NPs), and c) high-resolution TEM images for Pt/ZIF-8. d) UV-vis
spectra for ZIF-8 and Pt/ZIF-8 (inset: differential spectrum of
absorbance of Pt/ZIF-8 and ZIF-8 in 380-780 nm).

might be attributed to the Pt mass occupation (Figure S4d,
S5d, S6 and S7). UV-vis spectra indicate that the MOFs are
optically transparent in the visible light region. After
introducing Pt NPs, all composites exhibit enhanced absorp-
tion in 380-780 nm contributed by the interband transition
of Pt (Figure 1d and S8).M1* 14

The energy band structures of MOFs are decided by the
Tauc and Mott-Schottky plots (Figure S9-S11). The positive
slope of Mott—Schottky plots suggests that all MOFs are n-
type semiconductors with electrons as the majority
carriers."” Compared with the parent MOFs, the upwards
flat-band positions of Pt/MOFs indicate the formation of
Schottky junction at the interface of Pt and the MOFs
(Figure S9b, S10b, S11b and S12-S14), in line with the
weakened photoluminescence intensity upon deposition of
Pt onto the MOFs (Figure S15-S17)."! As a control, Pt/SiO,
was synthesized and it is well accepted that no metal—
support electron transfer is involved in Pt/SiO, due to the
insulator characteristics of SiO,.'”! The loading amount and
size distribution of Pt in Pt/SiO, are similar to those in the
Pt/MOFs (Table S2 and Figure S18). X-ray photoelectron
spectroscopy (XPS) and the diffuse reflectance infrared
Fourier transform of CO adsorption (CO-DRIFT) have
been conducted to evaluate the electronic states of Pt in the
Pt/MOFs and Pt/SiO, (Figure 2a and b). The XPS binding
energy of Pt 4f on different supports gives the trend of Pt/
SiO, > Pt/MIL-125 > Pt/UiO-66 > Pt/ZIF-8, indicating the
most electron-deficient Pt on SiO, while the most electron-
rich Pt on ZIF-8. The CO chemisorption on Pt is in line with
the above XPS results, supporting that the Pt electron
density follows Pt/ZIF-8 > Pt/UiO-66 > Pt/MIL-125 > Pt/
SiO,. The discriminative Pt electron density can be attrib-
uted to the different LUMO levels and electron donation
effect of these n-type semiconductor-like MOFs. ZIF-8
donates more electrons to Pt NPs than UiO-66 and MIL-125
based on the formation mechanism of the Schottky junction,
which we will elaborate on in the following parts.
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Figure 2. a) XPS spectra of Pt 4f, and b) DRIFT spectra of CO
adsorption on Pt in the dark for Pt/ZIF-8, Pt/UiO-66, Pt/MIL-125, and
Pt/SiO,. c)—f) DRIFT spectra of CO adsorption on Pt in the dark and
under light irradiation for c) Pt/ZIF-8, d) Pt/UiO-66, e) Pt/MIL-125, and
f) Pt/SiO,.

Furthermore, in situ CO-DRIFT spectra under 450 nm
light irradiation have also been carried out to examine the
interband-excited electrons of Pt NPs (Figure 2c—f). While
both spectra of Pt/ZIF-8 and Pt/SiO, exhibit similar red
shifts (~5 cm™") compared with those in the dark, Pt/UiO-66
and Pt/MIL-125 present much smaller red shifts of 1.2 cm™'
and 0.5cm™', respectively. It is assumed that the photo-
excited energetic electrons of Pt NPs are injected into the
2n* orbitals of CO (electron backdonation), resulting in a
stronger Pt—-CO adsorption and the lower wavenumber
under light irradiation. Given the observed results in the
XPS and CO-DRIFT spectra (Figure 2), the electronic state
of Pt active sites can be well modulated with different
supports, which would give rise to distinctly different
performances in photocatalysis.

Inspired by the above results, photocatalytic oxidative
coupling of benzylamine, an essential reaction in the
pharmacy and fine chemical industry,™ has been conducted
to verify the photocatalytic performance of Pt supported on
the different MOFs. To eliminate the interference of MOF
excitation, 450 nm blue light is chosen for the photocatalytic
reaction. As shown in Figure 3a, the Pt/MIL-125 gives only
5.5% conversion of benzylamine. Changing the support to
UiO-66, the conversion is slightly improved to 12.2%.
Strikingly, the conversion of benzylamine by using Pt/ZIF-8
with an inert support is elevated to 99.7% with 99.1 %
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Figure 3. a) Catalytic conversion and yield of photocatalytic oxidative
coupling of benzylamine over the Pt/MOF composites (the error bars
represent the relative deviation obtained from parallel experiments).
b) The consecutive four runs of photocatalytic reaction over Pt/ZIF-8.
The red data points represent conversion and the blue data points
represent the yield. The conversion is not exactly equal to the yield.

selectivity to the target product of N-benzylidenebenzyl-
amine, unambiguously demonstrating the remarkable influ-
ence of the MOF supports on the activity. The target
product is confirmed by gas chromatography-mass spec-
trometry (GC-MS) (Figure S19). The time-dependent con-
version curve reveals that the kinetics of the catalytic
process by Pt/ZIF-8 can be fitted to the first-order reaction
(Figure S20). Photocatalytic reaction rates of Pt/UiO-66 and
Pt/MIL-125 remain nearly unchanged when the time length
is prolonged to 24 h (Figure S20a). Additional experiments
indicate that both the support basicity and substrate
adsorption do not play a critical role in the superior activity
of Pt/ZIF-8 (Table S3, S4).

Control experiments have been conducted to decode the
roles of each component in the reaction (Table1). The
target product is nearly undetectable in the absence of the
Pt/MOF, O,, or light irradiation (entries 2, 3, and 5). The
conversion decreases in air instead of O, (entry 4), indicating
that O, is indispensable for this reaction. The MOFs exhibit
negligible conversion, suggesting Pt NPs are the active sites
(entries 6-8). Furthermore, the polyvinylpyrrolidone (PVP)
protected Ptpyp NPs were synthesized to perform the photo-
catalytic reaction (Figure S21a). They unfortunately show
very low activity (entry9), possibly resulting from the
hindering effect of PVP and/or the low stability and the
absence of Pt/support interface (Figure S21b). The physical
mixture of Ptpyp NPs with ZIF-8 slightly increases the
conversion (Table 1, entry 10 and Figure S21c,d). These
results clearly highlight the advantages of supporting Pt NPs
onto the MOFs.

The stability of the best-performance Pt/ZIF-8 has been
further examined by performing a recycling test, which
manifests that its activity and selectivity can be well retained
in the four consecutive photocatalytic runs (Figure 3b),
suggesting the high stability of Pt/ZIF-8. Powder XRD
patterns demonstrate the structural integrity and crystallinity
of the MOFs are maintained, and the Pt sizes and loading
amounts are almost not changed after the reaction, further
illustrating the great stabilization effect of the MOFs (Fig-
ure S22, S23 and Table S5). In addition, the photocatalytic
activity of oxidative coupling of various amines over Pt/ZIF-
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Table 1: Photocatalytic results for oxidative coupling of benzylamine under different conditions.

Entry Catalyst 0,
16 Pt/ZIF-8 +
2 / +
3 Pt/ZIF-8 N,
4 Pt/ZIF-8 Air
5 Pt/ZIF-8 +
6 ZIF-8 +
7 UiO-66 +
8 MIL-125 +
9! Ptpyp NPs +
109 Ptoys NPs +ZIF-8 +

Light Conv. [%] Yield [%)]
+ 99.6 98.7
+ 1.58 1.4
+ —

+ 85.9 85.6
— 1.3 1.1
+ 3.7 3.5
+ 3.0 3.0
+ 4.0 33
+ 20.1 16.8
+ 26.8 253

[a] Standard reaction conditions: 1 mL anhydrous DMF, 10 mg catalyst, 11 pL benzylamine, 450 nm LED, O, balloon, 7 h. The conversion and
yield were determined by GC analysis, and n-dodecane was used as the internal standard. [b] The 0.18 mg Pt,,, NPs was dissolved in 0.18 mL
anhydrous DMF, then the mixed solution was added into 0.82 mL anhydrous DMF, while fixing other reaction parameters. [c] The 0.18 mg Pty
NPs and 9.8 mg ZIF-8 were dissolved in 0.18 mL anhydrous DMF, then the mixed solution was added into 0.82 mL anhydrous DMF, while fixing

other reaction parameters.

8 has been examined (Table S6). To our delight, a variety of
amine substrates can be well tolerated for the oxidative
coupling. Benzylamines substituted with electron-donating
groups (—OCH;, —CH,;, -F) and electron-withdrawing
groups (—Cl, —CF;) are all reacted with high conversion and
yield (Table S6, entries 1-6). The slightly higher reaction
rates of p-methoxyl benzylamine than m-methoxyl benzyl-
amine might be ascribed to the steric effect. While hetero-
cyclic amines containing N, O and S atoms usually poison
metal sites, they can also participate in the reaction with
satisfied conversion and yield (Table S6, entries 7-9). When
the substrates are extended to cyclic and aliphatic amines,
Pt/ZIF-8 is also able to convert them to corresponding
imines (Table S7), reflecting the good compatibility and
tolerance of this photocatalyst.

To gain insight into the relationship between metal-
support electron transfer and photocatalytic activity, the
photocatalytic mechanism is further investigated. By replac-
ing light irradiation with heating, low activity is observed in
the range of 15-60°C (Figure 4a). Moreover, the catalytic
activity of Pt/ZIF-8 is linearly dependent on the light
intensity (Figure S24)." When triethylamine (TEA, hole
scavenger) or AgNO; (electron scavenger) is added to the
reaction system, the conversion significantly reduces (Fig-
ure 4b), further supporting the mechanism of energetic
charge carriers mediated process rather than photothermal
effect. Given that oxygen is indispensable in the reaction as
evidenced above (Table 1), it is necessary to figure out the
specific reactive oxygen species (ROS) involved in the
reaction based on quenching experiments by adding differ-
ent scavengers (Figure 4b). Typically, the activity dramati-
cally reduces by introducing only p-benzoquinone (pBQ,
O, scavenger), while #-butanol (TBA, *OH scavenger) and
2-methylfuran (sylvan, 'O, scavenger) exhibit negligible
quenching effect, indicating O,*" is the crucial ROS in this
photocatalytic system. Moreover, the electron paramagnetic
resonance (EPR) signal with the addition of O,*” trapping
agent DMPO displays the typical signal of DMPO-O,*~ with
the signal intensity sequence of Pt/ZIF-8 > Pt/UiO-66 ~ Pt/
MIL-125, in consistent with the activity order, further
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Figure 4. a) The photocatalytic performance of Pt/ZIF-8 at different
temperatures in the dark. b) Yield of target product using Pt/ZIF-8 in
the absence (pristine) or presence of different scavengers (50 mM).

c) EPR spectra for the O,"~ detection in the presence of different
photocatalysts in the dark or under light irradiation. d) The H,0,
amounts produced in the photocatalytic reaction with different Pt/MOF
composites.

proving the generation of superoxide radicals (Figure 4c).
Then, the mechanism of oxidative coupling of benzylamine
involving O," is investigated. The O,*” tends to induce the
nucleophilic attack of the positively charged species and
react with protons to form H,0,.”” The negative slope of
the Hammett plot indicates the existence of positively
charged intermediates, probably PhCH,NH,** generated
from benzylamine oxidized by photogenerated hot holes of
Pt NPs (Figure S25).! Moreover, the amounts of H,0, are
detected by the iodometry method (Figure S26). Results
illustrate that the produced H,O, amounts follow the same
sequence as those of O,*” (Figure 4d). Meanwhile, the other
byproduct, NH;, can be proved by the indophenol blue
method (Figure S27). With these experimental results, the
corresponding photocatalytic reaction mechanism can be
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proposed (Figure S28), in which the O," generated from
photogenerated electrons further acquires protons from
PhCH,NH,*" to release H,0, and N-benzylideneamine that
couples with another benzylamine to afford the imine
product.

According to the regulated Pt electronic states proved
by XPS and CO-DRIFT spectra (in the dark and light
irradiation) above (Figure 2), as well as the photocatalytic
mechanism, it is assumed that the existence of two-step
charge transfer processes, including electron donation from
the MOFs to Pt (upon contact, in the dark) and the
migration of photo-excited electrons of Pt (upon light
irradiation) (Figure 5a), would have an influence on O,
production and the corresponding photocatalytic activity.
The two processes are originated from the Schottky junction
formation and Pt interband excitation under light condi-
tions, respectively. To validate these two processes, Pt/SiO,
is employed as a reference for the photocatalytic oxidative
benzylamine coupling reaction. The Pt in Pt/SiO, presents
the lowest electron density owing to the insulating property
of SiO,, as noted above (Figure2a and b). Despite the
leaching of a part of Pt (Table S2), the 55 % photocatalytic
conversion over Pt/SiO, is much higher than that of Pt/UiO-
66 and Pt/MIL-125 (Figure S29). The misalignment between
the Pt electron density and photocatalytic activity infers that
the electron donation originated from the Schottky junction
is not the sole factor determining the activity.

Therefore, the electron transfer from Pt interband
excitation under light irradiation, which has been reported
to exert influence on photocatalysis,” might not be
ignorable. The Schottky barrier will be formed at the

2
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Figure 5. a) Schematic illustration of electron transfer pathways in Pt/
MOF. b) Work function of Pt (denoted W) and electron affinity of the
MOFs (denoted yyof) in the Pt/MOF. c) Schottky junction height
(denoted @) and wavelength of light acquired to overcome the
Schottky junction for Pt/MOFs. d), e) Schematic illustration of band
diagrams for the Pt/MOF, showing d) the formation of Schottky
junction with electron transfer from the MOF to Pt by contact,
following by e) equilibrium establishment with Fermi energy shift, and
then f) the migration of electrons originated from interband excitation
of Pt NPs under light irradiation. The MOF band diagrams are shown
as two parts: green parts denote inert support (ZIF-8) and cyan parts
denote active support (UiO-66 or MIL-125). For the electron transfer
pathway in Pt/MOF, the color is in line with that of the corresponding
MOF band diagram. The Fermi level Eg, en supports Ef active support aNd Eg,
vor are shortened to be Ej,;, E;,, and Egy,.
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interface between the MOF and Pt NPs once the occurrence
of their contact. The height of Schottky barrier is related to
the work function of the metal and the electron affinity of
the semiconductor analog, i.e. the MOFs (Figure 5b).>%!
Under light irradiation, the electrons with high energy by Pt
interband excitation would possibly overcome Schottky
barrier and be injected into the MOFs. As shown in
Table S8, the Schottky barrier height can be calculated by
analyzing the work function of Pt and electron affinity of the
MOFs. In opposition to the LUMO levels of the MOFs, the
Schottky barrier heights follow the order of Pt/ZIF-8 > Pt/
MIL-125 > Pt/UiO-66. Results indicate that the Pt interband
electrons excited by 450 nm light irradiation can jump over
the Schottky barrier in Pt/UiO-66 and Pt/MIL-125 rather
than Pt/ZIF-8, the latter of which requires <430 nm light
irradiation with higher energy (Figure 5c). When the higher
energy of 405 nm light irradiation is adopted, the electrons
from Pt interband excitation can be injected to ZIF-8. As a
result, the apparent quantum yield (AQY) is much lower at
405 nm than that at 450 nm light irradiation, demonstrating
the Pt electron injection is detrimental to the photocatalytic
activity (Figure S30). EPR measurements for Pt/UiO-66 and
Pt/MIL-125 further manifest the electron injection mecha-
nism, where the enhanced single electron signals upon light
irradiation (>420nm) suggest the hot electron injection
from Pt interband excitation to the MOFs (Figure S31).
Notably, although there is no electron injection from Pt to
SiO,, the activity of Pt/SiO, is much lower than ZIF-§,
reflecting that the electron donation from ZIF-8 to Pt in the
first step (upon contact) also plays a significant role in the
activity.

The above analyses and results demonstrate that the
photocatalytic oxidation over the Pt/MOFs is governed by
the combination of the MOF electron donation and Pt
interband excitation. The detailed electron transfer between
the MOFs and Pt is illustrated (Figure 5d—f). Firstly, the
Fermi level difference between Pt and the MOFs drives
electron flow from the MOFs to Pt NPs to align their Fermi
levels, giving rise to the electron donation effect from the
MOFs to Pt Relative to Pt/ZIF-8, the LUMO levels of
both UiO-66 and MIL-125 are closer to the Fermi level of
Pt, giving rise to the less electron donation from the MOFs
in Pt/UiO-66 and Pt/MIL-125 (Figure 5d). Upon the equili-
brium establishment of Fermi level, the Schottky barriers
with different heights will be constructed at the interface of
Pt and the MOFs (Figure 5e). When introducing light
irradiation, Pt interband excitation occurs, during which the
excited electrons would possibly jump over Schottky
junction to be injected back into the MOFs (dependent on
the photon and electron energy) or participate in the
photocatalytic reaction (O, activation) (Figure 5f). Given
that the reverse injection of electrons from Pt interband
excitation is easier in Pt/UiO-66 and Pt/MIL-125 than that in
Pt/ZIF-8 with the higher energy gap, the electron destination
from Pt interband excitation under 450 nm light irradiation
in the Pt/MOFs is different. The electrons cannot be injected
into the MOF but only activate O, in Pt/ZIF-8; by contrast,
they not only go to the LUMO of the MOFs but also
activate O, in Pt/UiO-66 and Pt/MIL-125. The lowest charge
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separation efficiency of Pt/ZIF-8 among all the photo-
catalysts, as evidenced by the photocurrent response and
electrochemical impedance spectroscopy (EIS) results (Fig-
ure S32), well supports the above explanation. Overall, the
electron donation from the MOFs to Pt and the electrons
from Pt interband excitation possibly to the MOFs, in
reversed electron transfer, can synergistically modulate the
Pt electron density. As a result, not only more electron
donation in the first process but also more electrons for O,
activation in the other process are available in Pt/ZIF-8,
which explains the uncommon advantage of supporting Pt
with an inert ZIF-8, accounting for the significantly higher
photocatalytic oxidation performance than the correspond-
ing counterparts.

Conclusion

In summary, the non-reducible support has been uncom-
monly observed to be more favorable to reducible counter-
parts toward promoting photocatalysis. Specifically, Pt NPs
are supported by three representative MOFs (ZIF-8, UiO-
66 and MIL-125) for photocatalytic oxidative coupling of
benzylamines. Despite the similar Pt sizes and loading
amounts, Pt/ZIF-8 exhibits excellent activity, far surpassing
that of Pt/UiO-66 and Pt/MIL-125. Both XPS and CO-
DRIFT spectra demonstrate that the electron donation from
different MOFs to Pt driven by the formation of the
Schottky junction is distinct, affecting the Pt electron
density. Upon 450 nm light irradiation, the electrons from Pt
interband excitation are reversely injected into the MOF,
which is allowed in Pt/UiO-66 and Pt/MIL-125, while
forbidden in Pt/ZIF-8 due to the higher energy gap of the
latter. The higher Pt electron density in Pt/ZIF-8 induced by
the above two processes contributes to its stronger capability
to generate O,°", which is responsible for its superior activity
to Pt/UiO-66 and Pt/MIL-125. This work demonstrates the
unusual advantages of metal nanoparticulate catalysts with
redox-inert supports in photocatalysis, and enriches our
understanding of promoting photocatalysis by modulating
metal-support interactions, including non-reducible sup-
ports.
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