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1. Characterization. The X-ray diffraction (XRD) pattern of the sample was
characterized using the Dmax-2500 Phaser with Cu/K radiation, scanning in the range
of 10°-80° at a rate of 5°/min. X-ray photoelectron (XPS) spectroscopy was measured
using the Thermo Scientific K-Alpha, calibrated to the binding energy of all peaks
through the Cls peak (284.6 eV) at a voltage of 12 kV and an operating current of 6
mA. Transmission electron microscope (TEM) images were taken using the Japanese
JEOL JEM-F200 at an accelerating voltage of 200 kV. Scanning electron microscopy
(SEM) testing was conducted using the Czech TESCAN MIRA LMS, with an
accelerating voltage of 10 kV. Raman was carried out using a Renishaw Raman
microscope inVia™ Qontor® (Renishaw, Inc. Hoffman Estates, IL). In-situ diffuse
reflectance Fourier transform infrared spectroscopy (in-situ DRFTIRS) was recorded
using an in-situ FTIR spectrometer (Tensor 2, Bruker, Germany), a Pike DRIFTS
sample cell, and a high-precision MCT detector cooled with liquid nitrogen. Electron
paramagnetic resonance (EPR) testing was completed using the German Bruker
EMXplus-6/1 EPR spectrometer. Photoluminescence (PL) spectra were measured
using the Edinburgh instrument FLS980 Series of Fluorescence Spectrometers. N,
program temperature desorption (N,-TPD) testing was performed using the British
Hiden DECRA. UV-vis diffuse reflectance spectroscopy (UV-vis-DRS) was measured
using the UH4150 spectrophotometer (Hitachi, Japan) with BaSO,4 as a reference
sample.

2. Photoelectrochemical measurements. Cyclic voltammetry (CV), Linear sweep

voltammetry (LSV), Electrochemical impedance spectroscopy (EIS), photocurrents,



and Mott-Schottky testing were all carried out on a CHI-660E electrochemical
workstation (Shanghai Chenhua, China) with a three-electrode system.

3. Reactivity measurement. The activity of the sample was tested by photocatalytic
nitrogen fixation in a quartz glass reactor. Place the 300W Xe lamp, which simulates
sunlight, vertically outside the reactor. All water used in the experiments was deionized
water, with a measured pH of 6.55 £ 0.04. All activity data reported in this work are
derived from three independent replicate measurements.

Photocatalytic activity testing of the PCALS. In the GR (gas-solid reaction) step, 4
mg photocatalyst was dissolved in 0.2 mL Et, and put into an ultrasonic washer for 30
minutes. Then apply the solution evenly onto the PP film. The photocatalytic activity
reaction was carried out in a quartz glass reactor, and the film was placed on the bottom
of the reactor without any water. And feed N, containing saturated water vapor into the
reactor at a flow rate of 80 mL-min!, use 10 mL 0.1M H,SO, solution at the tail for
receiving ammonia. Finally, use a UV visible spectrophotometer to detect the
concentration of NH4 with Nessler’s reagent at 420 nm.

In the LR (liquid-solid reaction) step, upon completion of the GR step, the PP
membrane was rinsed with deionized water and subsequently dried in a vacuum oven
at 60 °C. The dried membrane was then immersed in 100 mL of deionized water, and
N, was purged through the reactor at a flow rate of 80 mL min-! for 0.5 h to eliminate
air. After the reaction, the resulting solution was centrifuged at 8000 rpm for 10 min,
and the supernatant was collected. The NH4" concentration in a 10 mL aliquot of the

supernatant was then measured using a UV-vis spectrophotometer with Nessler’s



reagent at 420 nm.

Photocatalytic activity testing of the single GR step. The activity testing procedure
for an isolated GR step follows the same protocol as that employed for the GR step
within the PCLAS process.

Photocatalytic activity testing of the single LR step. 4 mg of TiO, was dispersed in
100 mL of distilled water. The suspension was continuously stirred while N, was
purged through the solution at a flow rate of 80 mL min! for 0.5 h, after which
simulated solar irradiation was applied. Following the reaction, the resulting solution
was centrifuged at 8000 rpm for 10 min, and the supernatant was collected. The NH,*
concentration in a 10 mL aliquot of the supernatant was then measured using a UV-vis
spectrophotometer with Nessler’s reagent at 420 nm.

Universality tests. Photocatalytic activity testing of PCLAS. In the GR step, 4 mg
photocatalyst was dissolved in 0.2 mL Et, and put into an ultrasonic washer for 30
minutes. Then apply the solution evenly onto the PP film. The photocatalytic activity
reaction was carried out in a quartz glass reactor, and the film was placed on the bottom
of the reactor without any water. And feed N, containing saturated water vapor into the
reactor at a flow rate of 80 mL-min!, use 10 mL 0.1M H,SO, solution at the tail for
receiving ammonia. Finally, use a UV visible spectrophotometer to detect the
concentration of NH4 with Nessler’s reagent at 420 nm.

In the LR step, upon completion of the GR step, the PP membrane was rinsed with
deionized water and subsequently dried in a vacuum oven at 60 °C. The dried

membrane was then immersed in 100 mL of deionized water, and N, was purged



through the reactor at a flow rate of 80 mL min’! for 0.5 h to eliminate air. After the
reaction, the resulting solution was centrifuged at 8000 rpm for 10 min, and the
supernatant was collected. The NH4" concentration in a 10 mL aliquot of the
supernatant was then measured using a UV-vis spectrophotometer with Nessler’s
reagent at 420 nm.

Photocatalytic activity testing of PAS. The experiments were conducted at a constant
temperature of 25 °C. Specifically, 4 mg of metal oxide (MoOj3, NiO, ZrO,, Y,0s,
Gd,03, Bi,03, Co304, CuO, In,03, MgO) was dispersed in 100 mL of distilled water.
The suspension was continuously stirred while N, gas was bubbled through at a flow
rate of 80 mL-min! for 0.5 h to establish the reaction atmosphere and purge any residual
air, after which simulated solar irradiation was applied. Upon completion of the
reaction, the solution was centrifuged at 8000 r/min for 10 min, and the supernatant was
collected. Subsequently, a 10 mL aliquot of the supernatant was analyzed for NH,"
concentration using a UV-vis spectrophotometer with Nessler's reagent at 420 nm.
Determination of NHj; in the gas phase above the LR solution. Upon completion of
the LR step, the reactor was sealed, and N, gas was purged through the solution at a
flow rate of 80 mL min-' for 45 min. The exhaust gas was passed into a 0.1 M H,SO,
solution as an absorbent. Following the purging step, the absorbent was centrifuged at
8000 r min-! for 10 min. The NH4" concentration in 10 mL of the supernatant was then
measured using a UV-vis spectrophotometer with Nessler’s reagent at 420 nm.

As shown in Fig. S12, the three independent experiments yielded absorbance values at

420 nm of 0.01231, 0.00854, and 0.00708, respectively. Based on the Nessler’s



standard calibration curve presented in Fig. S4, these results confirm the absence of
NHj3 in the exhaust gas from the LR step.

To minimize the possibility of experimental error, the analyzed samples were
synthesized multiple times for this study, and each sample was triplicated for the
photocatalytic performance of ammonia synthesis.

4. Density functional theory (DFT) theoretical calculation. The study utilized
Density Functional Theory (DFT) based on Cambridge Sequential Total Energy
Package (CASTEP) to compute the pathways for PCLAS reactions. Exchange-
correlation interactions were determined using the Perdew-Burke-Ernzerhof (PBE)
functional within the general gradient approximation (GGA). The dispersion
interactions between the adsorbate and substrate were enhanced through the application
of the van der Waals correction (DFT-D) method. Kohn-Sham wave functions were
expanded in plane waves with a cutoff energy of 450 eV. The special k-point sampling
set was employed to approximate the Brillouin zone integration using a 2x1x1 mesh.
The convergence criteria for energy and maximum force were set at 1.0x1075 eV/atom
and 0.02 eV/A, respectively. The substrate was modeled with a 20 A vacuum thickness
in the z-direction. The alteration in free energy during the PCLAS process was
evaluated using the computational hydrogen electrode (CHE) model.

5. Radial distribution function (RDF) calculation. Molecular dynamics (MD)
simulations were conducted to investigate the filling of Ovs in catalysts across various
environments, employing the Amorphous Cell model within the Condensed-phase

Optimized Molecular Potentials for Atomistic Simulation Studies II (COMPASSII)



force field and Ewald summation method. The total density of gas molecules was set at
2.000 g/cc with an energy accuracy of 0.001 kcal/mol and a buffer zone width of 0.5 A
under the condition of a temperature bias of 298K.

In the GR step, the catalyst is encapsulated within a nitrogen atmosphere containing

water vapor, with the vapor pressure determined by the Antoine equation:

B
Log(P)zA—m O

Based on the Antoine parameters from the National Institute of Standards and
Technology (NIST) database (A = 8.07, B =1730.63, C = 233.43), the vapor pressure
of water (P) is determined to be 3.16 kPa. Given that the GR employs a continuous
reaction mode, the total pressure inside the reactor is maintained at 1 atm.
Consequently, the molecular ratio of H,O to N, is equivalent to their respective partial

pressure ratio:

N0 Proo
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The calculated molecular ratio is nyg,o:nn2 = 2:98. To balance computational accuracy
with hardware limitations, the maximum number of solvent molecules in the molecular
dynamics simulations was capped at 100. Accordingly, 2 H,O molecules and 98 N,
molecules were placed on the TiO, surface.
In the LR step, the catalyst is encapsulated in water saturated with dissolved N,. The
solubility of N, in water at 25 °C is determined by the following equation:
coth
& ()

Where Py, represents the partial pressure of nitrogen in air (0.78 atm), and ky is the



Henry's constant for N2 in water at 25 °C (1600 atm L mol!). The solubility is thus
determined to be C = 0.000488 mol L-!. Accordingly, the ratio of the number of water

molecules per unit volume is calculated as follows:

PH20
Moo =3,
H20 (4)

The calculated concentration of H,O molecules per unit volume is 55.51 mol, yielding
a theoretical nypyo:nn, = 113750:1. Due to the computational constraints on the
maximum number of solvent molecules in molecular dynamics simulations, this ratio
was adjusted to 99:1. Notably, this approximation results in a significantly higher
number of N, molecules than under realistic conditions, it does not compromise the
conclusion regarding the limited N, distribution on the TiO, surface in the LR model.
Finally, RDF analysis was employed to quantify the distribution of H,O and N,
molecules within a distance of 7 A from the surface.

6. Calculation of apparent quantum (AQY). The AQY is determined by the

following equation.

electrons transferred
AQY = — x 100%
incident photon (5)

7. Calculation of Solar to Ammonia (STA) conversion efficiency. The STA

efficiency is determined by the following equation:

Yy X AG,
STA=———
Ligne X A (6)

where ynps denotes the reaction rate (1.64 x 102 mol s™), AG; is the Gibbs free energy

of the reaction (339000 J mol-!, NIST Chemistry WebBook), Ljjzn represents the light

intensity (0.035 W cm), and A corresponds to the illuminated area (4 cm?). From these



parameters, the STA efficiency is calculated to be 0.40%.



8. Supporting Figures
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Fig. S1. The optimal configuration of the photocatalytic membrane.



Fig. S2. SEM photo of the surface of (a) bare PP membrane and (b) TPM.



Fig. S3. SEM photo of the interior of the PP membrane and TPM.



Fig. S4. SEM photo of (a) surface and (b) interior of TPM after ten complete reactions.
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Fig. S5. Nessler’s measurement method standard curve.
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Fig. S7. Ammonia yield of different filling density.
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Fig. S8. Schematic diagram of (a) nitridation step and (b) denitridation step.
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Fig. S9. Experimental setup of PCLAS.



Fig. S10. Photo of nitrogen doping TiO, (upper part of a and b), and fresh TiO, (lower part of a and

c).
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Fig. S12 Determination of NHj in the exhaust gas of the LR step using Nessler’s method, error bars

represent the standard deviation derived from three independent replicate measurements.
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Fig. S13. Ammonia production over TiO, as a function of different reaction time allocation
schemes: 4h GR, 3h GR + 1h LR, 2h GR + 2h LR, 1h GR + 3h LR, and 4h LR. Error bars represent
the standard deviation derived from three independent replicate measurements.

Fig. S13 illustrates the ammonia production performance under various time allocation
schemes. A single GR reaction facilitates sufficient catalyst-N, contact, delivering an
initial activity of 0.92 mmol g! h"! within the first 2 hours. However, the progressive
accumulation of N-doped TiO, ultimately leads to catalyst deactivation. A similar
deactivation trend is observed for the 3h GR + 1h LR configuration. In this case, the
insufficient LR duration precludes the complete release of lattice-bound N atoms,
resulting in a diminished overall activity (1.05 mmol g! h'!). In contrast, the 2h GR +
2h LR configuration not only circumvents catalyst deactivation but also achieves
adequate surface nitridation, thereby enabling efficient denitrification. This
configuration yields a high activity of 1.48 mmol g'! h*!, confirming its optimality. For
the 1h GR + 3h LR configuration, insufficient surface nitridation fails to fully activate
the self-activation effect (Fig. S45), leading to low GR activity. Furthermore, the
limited quantity of N atoms stored in the lattice cannot sustain the subsequent LR step,
causing the overall activity to decrease to 0.49 mmol g-! h'!. The single LR reaction
exhibits the lowest activity (0.03 mmol g! h'!), attributable to the poor solubility of N,
in water, which restricts effective catalyst-N, contact.

Collectively, the 2h GR + 2h LR time ratio represents the optimal configuration, as it
leverages the self-activation effect to store abundant N within the lattice while

preventing catalyst deactivation arising from excessive surface nitridation.
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Fig. S14. Self-activation behavior of TiO, in GR under irradiation. This effect is attributed to the

formation of N-doped TiO, on the surface during the reaction process.
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Fig. S15. Photo-memory behavior of TiO, under irradiation. This phenomenon is hypothesized to
result from the partial hydrogenation and subsequent escape of lattice N atoms under dark

conditions.
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Fig. S17. Ammonia yield of PCLAS (Ar atmosphere in the LR step).
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three independent replicate measurements.
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Fig. S19. XRD and XPS spectra of fresh TiO, and TiO, after 10 cycles.

As illustrated in Fig. S19(a), the crystal structure of TiO, remains unchanged after the

reaction. In addition, the surface chemical state is well preserved, with no detectable

titanium nitride species observed (Fig. S19(b-d)). Collectively, these characterizations

confirm the stable performance of this system over ten consecutive cycles.
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Fig. S21. SEM photo of (a) TiO,-fresh, (b) TiO,-G, (c¢) TiO,-GL, and (d) TiO,-L.
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Fig. S23. Full spectrum of in-situ FTIR.
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Fig. S24. Single peak magnified image of (a) 1700 cm™!, (b) 1557 cm™!, (¢) 1600 em™!, (d) 1473 cm!.

Under GR conditions, the contact between the catalyst, nitrogen, and water vapor

leads to a gradual enhancement in the range of 1750 cm™ to 1450 cm™', including the

bending and stretching vibrations of the 6(N-H) bonds at 1700 cm™ and 1557 cm™

shown in (a) and (c). These two signal peaks gradually increase and reach a stable state,

indicating the chemical adsorption and hydrogenation of N, on the catalyst surface

during the reaction process.!> At room temperature, the adsorption of ammonia can be

divided into two types: the binding of NH; at Lewis acid sites and the adsorption of

NH," at Bronsted acid sites.>* The peaks at 1660 cm! (¢) and 1473 cm! (d) can be

respectively associated with the gradual increase of these two adsorption forms.
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Fig. S26. PL spectrum of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L.

Photoluminescence (PL) analysis indicates that the samples exhibit distinct anatase
absorption peaks at approximately 390 nm and 465 nm. Notably, the TiO,-G sample
demonstrates lower peak intensity than the TiO,-fresh, TiO,-GL, and TiO,-L samples.
This atypical phenomenon can be attributed to the N-doped state, which prevents
excessive accumulation of photogenerated carriers on surfaces and reduces depletion

layer thickness, thereby hindering recombination.’
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Fig. S27. TRPL spectrum of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L.
Transient photoluminescence (TRPL) spectrum shows that the TiO,N impedes the
recombination of photogenerated electron-hole pairs, resulting in an extended exciton

lifetime.
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Fig. S28. CV curve of (a) TiO,-fresh and (b) TiO,-G in PBS. The CV curve of TiO; in (¢) NaOH
solution has a pH of 14, and (d) PBS has a pH of 7 with N, bubbling, respectively.

CV tests were conducted to investigate the effects of TiO,N alterations on the
redox ability through photogenerated carriers transfer at the interface.® The results
indicate a clear shift in the catalytic reduction potential window (Red-PW) from -0.31
to -1.19 V (a) to -0.03 to -0.99 V (b). Additional tests were carried out in a NaOH
solution at pH 14 under N, bubbling to account for the competitive reaction of hydrogen
evolution and nitrogen fixation in electrocatalysis, as depicted in (¢) and (d), confirming
the accuracy of the CV test in representing the potential window for N, reduction.’
However, the high electrical resistance of TiO, prevents the observation of the Oxi-PW

in the CV curve.
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Fig. S29. LSV curve of (a) TiO,-fresh and (b) TiO,-G in 0.1M Na,SO,.
Staircase LSV tests were employed to estimate the position of the oxidation

potential window (Oxi-PW), revealing a value slightly below 0.4 V.3
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Fig. S30. Photocurrent pattern of TiO,-G (a-1 to e-1) and TiO,-fresh (a-2 to e-2).

To validate the change in potential windows, the voltage range of -1.25 to 1.0 V
was subdivided into five regions for photovoltaic current testing. The photocurrent
arises from stable oxidation or reduction reactions at the electrode. Specifically,
oxidation reactions produce positive photocurrent, while reduction reactions produce
negative photocurrent.” Additionally, the absence of reaction results in no photocurrent,
thereby elucidating the role of each potential window in the specified regions.!%!! For
instance, in region a, the voltage aligns with the Red-PW of TiO,-fresh but falls outside
the Red-PW of TiO,-G. Applying voltage within this range fails to trigger a reduction
reaction in TiO,-G, leading to a lack of photocurrent response from TiO,-G (a-1). In
contrast, a reduction reaction takes place in TiO,-fresh, generating a negative
photocurrent (a-2). Similarly, in regions (b), (¢), (d), and (e), the stable photocurrent
response can be observed when the applied potential falls within the Oxi-PW or Red-

PW of the TiO,.
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Fig. S31. Photocurrent patterns of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L.

Based on the direct transfer theory, TiO, is expected to exhibit lower photocurrent
and slower transfer of incident photons to electrons.'> However, TiO,-G shows a higher
photocurrent response, proving the facilitating effect of TiO,N on the generation of

photogenerated carriers.



—TiO,-fresh

s 3.0
3 —Ti0,-GL
3 0 o 20
c 3
© \ =
-g I\ Z.1.07
3 \ 07 nm
< L\

e 0

A ! .
200 400 600 800 2.0 3.0 4.0
Wavelenth (nm) Energy (eV)

Fig. S32. DRS spectra of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L.

The DRS analysis revealed a slight red shift in the absorption edge of TiO,-G
compared to other samples, extending the catalyst's light absorption to the visible range.
The first derivative plot of DRS is depicted in (b). According to the Kubelka-Munk
equation, the band gap of TiO,-G (2.99 eV) was narrower than that of other samples
(3.10 eV), which is favorable for light excitation.!3 This narrow band gap is likely due
to the red shift in the absorption edge caused by TiO,N. This result suggests that the
valence band electrons in TiO,-G are more easily excited to the conduction band for

the ammonia synthesis reaction.
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Fig. S33. VB-XPS spectrum of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L.
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Fig. S34. MS pattern of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L respectively.
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Fig. S35. Schematic illustration of the PCLAS.

By combining MS results with VB-XPS data, the band positions were

determined.'* This altered band structure can effectively enhance the rate of

photocatalytic reactions.
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Fig. S36. Description of mechanism diagram depicting TiO,N affecting the variation of oxidation
potential window (Oxi-PW) and reduction potential window (Red-PW).

Based on the results presented in Fig. S29-S34, it can be concluded that TiO,N
optimizes the separation and transfer efficiency of photogenerated charge carriers,

particularly enhancing the reduction potential window of the samples.
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Fig. S37. EIS patterns of TiO,-fresh, TiO,-G, TiO,-GL, and TiO,-L. TiO,-G to possess the fastest

surface reaction rate.
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Fig. S38. N,-TPD patterns of TiO,-fresh and TiO,-G.
N,-TPD confirms that N, primarily adsorbs on the Ovs of the sample. Compared
to TiO,-fresh, TiO,-G exhibits a higher chemical adsorption peak, strongly indicating

that in-situ lattice strain can increase the number of N, adsorption sites.!?
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Fig. S39. EPR test of TiO, after reaction in different environments.

The consequence of the EPR figure shows that the signal of Ovs on the TiO, surface
remains relatively constant under various conditions after illumination, while no signal
for Ovs is detected in darkness. Consequently, it can be concluded that Ovs can be
generated by light, and the changes in TiO, following GR and LR are not attributable

to fluctuations in the concentration of Ovs.
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Fig. S40. The CDD calculations for N, and H,O molecules at 1-7 A from the catalyst surface were

performed with an isosurface level of 0.002 for both species.
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Fig. S41. Adsorption energies of N, and H,O at Ovs sites on the TiO, surface.
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Fig. S42. Single peak of in-situ FTIR magnified image of 1119 cm'!.

The hydrogenation modes of N, generally encompass overlapping hydrogenation
and terminal hydrogenation. Overlapping hydrogenation is marked by the presence of
the NH,-NH, peak at 1119 cm!,'® however, the lack of a signal at this wavenumber in

the in-situ FTIR measurements substantiates the occurrence of terminal hydrogenation.



Fig. S43. CDD and Bader charge analysis of *NHj; on the TiO, surface under vacuum conditions.

Under vacuum conditions, the charge delocalization on the TiO, surface is attenuated
relative to that in the GR model, corroborating the claim that GR facilitates surface
charge delocalization. Furthermore, the Ti-N bond length (2.164 A) and the associated
charge transfer from Tito N (0.1611 e) in vacuum are nearly identical to those observed
in GR (2.165 A and 0.1639 e, respectively), yet differ markedly from the values
obtained in LR (2.200 A and 0.1540 e). These findings collectively confirm that, in the
LR model, H,O suppresses the electron-withdrawing effect of N while promoting N

spillover from the TiO, lattice.
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Fig. S44. The energy barrier for the regeneration of Ovs on the surfaces of TiO, and TiO,N.
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Fig. S45. (a) Nitridation reaction pathways on the TiO, surface in GR with 0-2 N atoms pre-adsorbed
on the surface. (b) Denitridation reaction pathways on the TiO, surface in LR with 0-2 N atoms pre-
adsorbed on the surface.

As illustrated in Fig. S45(a), the energy barrier for the initial nitridation step on the
fresh TiO, surface originates primarily from the formation of Ovs (3.07 eV), which
decreases dramatically following surface N-doping, indicating that N-doping facilitates
Ovs regeneration. After the first nitridation (x = 1), the incorporation of a second N
atom can occur at either three-coordinated (3c) or two-coordinated (2c) oxygen sites.
The calculated barrier at the 2¢ site (1.63 eV) is substantially lower than that at the 3¢
site (4.24 eV), revealing that O atoms at 2c positions are preferentially substituted by
N atoms. This finding further suggests that a mildly nitridated surface exhibits a lower
doping barrier than the pristine surface, confirming the operation of a “self-accelerating
N-doping cycle.” Following extensive surface nitridation (x = 3), however, the doping
barrier rises sharply to 4.45 eV, effectively halting further nitridation and terminating
the self-accelerating cycle, consistent with the decreased activity observed after 3h in
GR (Fig. 2(d)). Upon transferring the highly nitridated TiO, to the LR system, the
reaction barrier drops to 1.58 eV, and notably, the barrier for denitridation in LR

remains independent of the number of surface N atoms.
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Fig. S46. Total DOS pattern of N-doped TiO, in GR and LR.



Fig. S47. MD structure of (a) LR, and (b) GR.
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9. Supporting Table
Table S1. The activities and operation temperatures for some existing non-noble-metal

photocatalytic ammonia synthesis processes.

Reaction conditions (light

Photocatalytic NH3 productivity
source, temperature, and Ref.
system (mmol g' h'")
dosage)
CdS/MIL-68(Fe) A >400 nm, 25 °C, 10 mg 0.05 17
BiOB1/BisOsBr A >420 nm, 25 °C, 50 mg 0.07 18
Mo[PMo012040] full spectrum, 25 °C, 10 mg 0.10 19
Bi2WoOs full spectrum, 30 °C, 50 mg 0.17 20
Bi/Bi1,Sn,07 full spectrum, 25 °C, 20 mg 0.28 21
NH,-MIL-101(Fe, Co) A >420 nm, 25 °C, 30 mg 0.34 22
Cu,O/TiO2/NiO full spectrum, 25 °C, 100 mg  0.34 23
BisOsBr2/CdWO4 A>420 nm, 25 °C, 100 mg 0.50 24
Fe/FaTiO» full spectrum, 25 °C, 10 mg 0.78 25
Ce0,-CZH full spectrum, 25 °C, 100 mg 0.99 26

TiO, PCLAS full spectrum, 25 °C, 4 mg 1.48 This work




Table S2. The activities and operation temperatures for some existing CLAS processes.

Operation condition NH3
N carrier pairs Nitridation Denitridation productivity Ref.
step (°C) step (°C) (mmol g! h'!)

ZrO,-AIN/AL,O3 1000 1000 0.82 27
P-Six-Y,-y-ALOs 750% 750 0.38 28
LiH/Li,NH 350 350 0.96 29
Fe-BaH»/Fe-BaNH 300 300 1.70 30
Ta/TasNs 700 400 0.08 31
Mo-ZSM-5/Mo,N-ZSM-5 600 600 0.75 32
CosMogN/CosMo3zN 700 500 0.16 33
E-LiH/Li,NH 400** 400 2.06 34
P-MgO-NaH/NaNH, 300%** 25 0.55 35
TiO»/N-doped TiO» 25 25 1.48 This work

*Applied voltage: 2 kV. **Applied voltage: 2 V. ***Applied voltage: 12 kV.



Table S3. The reaction conditions and STA efficiency for some existing photocatalytic reactions.

Photocatalytic

Reaction conditions  STA efficiency (%) Ref.
system
JRC-TIO-6 280-420 nm 0.02 36
MWO-1 UTNWs full spectrum 0.028 37
Bi203@CoAl-LDHs A > 400 nm 0.0013 38
SWMOO0.1 full spectrum 0.035 39
MoO3.« A > 400 nm 0.3 40
Ag/AAO 200 °C, 0.4 MPa, 575 nm  0.15 41
TiO,, PCLAS full spectrum 0.40 This work

Table S4. The yield and AQY for some existing photocatalytic reactions.

Light
Photocatalytic Yield (mmol

wavelength AQY (%) Ref.
system g1 h?)

(nm)
g-C3N4/MoFeTiO 450 0.76 4.10 42
TiO, 365 0.32 1.10 43
C-defect-CoP4 365 1.25 3.51 44
BiOB1/HCC 400 0.20 0.22 45
SiP/NSs 420 0.04 3.56 46
Bi405C12—Bi405BI‘2 420 0.25 0.34 47
Bi/BiOBr 400 0.38 0.0248 48

TiO2, PCLAS 400 1.48 5.31 This work




Table S5. Photocatalytic activity measured over a 4h GR reaction period (unit: mmol g-! h'!, reported

to four significant figures).

Reaction time Replicate 1 Replicate 2 Replicate 3 Average

1 0.5532 0.5725 0.5608 0.5640
2 1.498 1.663 1.679 1.680
3 1.914 1.998 1.876 1.886
4 1.918 2.193 2.063 2.078

Table S6. Photocatalytic activity measured over a 4h LR reaction period (unit: mmol g-!' h'!, reported

to four significant figures).

Reaction time Replicate 1 Replicate 2 Replicate 3 Average

1 0.03822 0.03813 0.03585 0.03646
2 0.06699 0.07300 0.07134 0.7044
3 0.0950 0.1053 0.1020 0.1007
4 0.1302 0.1355 0.1324 0.1330

Table S7. Photocatalytic activity measured over a 2h GR + 2h LR reaction period (unit: mmol g’!

h'!, reported to four significant figures).

Reaction time Replicate 1 Replicate 2 Replicate 3 Average

1(GR) 0.5279 0.7064 0.6152 0.6297
2(GR) 1.592 1.882 1.724 1.752
3(LR) 3.140 3.967 3.546 3.621

4(LR) 5.969 5.822 6.139 5.992




Table S8. Nitrogen content of eleven transition metal oxides under fresh, after nitridation (GR), and

after denitridation (LR).

Nitrogen content Nitrogen content
Nitrogen content
Metal oxides (After (After
(fresh, %)

nitridation, %) denitridation, %)
MoO3 0.0082 0.0283 0.0035
NiO 0.0021 0.0026 0.0023
710, 0.0012 0.0022 0
Y203 0.0009 0.0087 0
Gdy03 0.0053 0.0064 0
Bi,03 0 0.0018 0
Co0304 0.0111 0.0179 0.0062
CuO 0.0016 0.0064 0.0034
I, O3 0 0 0
MgO 0.0123 0.0127 0.0099

TiO, 0 0.0512 0
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