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Supplementary Texts
Text S1. Materials

During the experiment, 2-amino-terephthalic acid (NH,-BDC, 98%, Aladdin), 2,2'-
bipyridine-5,5'-dicarboxylic acid (DPDC, 98%, Zhengzhou Alfa Chemical Co., Ltd),
Titanium tetraisopropanolate (TTIP, 99%, Adamas), N, N-dimethylformamide (DMF,
99%, Adamas), Methyl alcohol (MeOH, 99%, Adamas), and Tetrachloroauric acid
trihydrate (HAuCl,-3H,0, 99%, Adamas) were used. All reagents are analytical grade,

which can be used directly without treatment.

Text S2. The synthesis of NM125-D-A0

NM125-D-A (80 mg) was added to deionized water (10 mL), followed by the
addition of glucose (100 mg). And then stirred it at room temperature for 4 h. After
the completion of the reaction, the resulting product was washed several times with

deionized water and dried overnight, named NM125-D-A°.

Text S3. Characterization of photocatalysts

The physical properties and chemical structure of the samples are determined
using X-ray diffraction (XRD, XRD-6100, SHIMADZU, Japan), Inductive coupled plasma
optical emission spectrometer (ICP-OES) (SPECTRO GENESIS, FES27, Germany),
scanning electron microscopy (SEM, SU-1510, HITACHI, Japan), transmission electron
microscope (TEM, JEM-F200, Japan), X-ray photoelectron spectroscopy (XPS, Thermo
Scientific K-Alpha+, America), and N, adsorption-desorption isotherms (BET, ASAP-

2020, USA). The optical properties are analyzed through UV-visible diffuse reflectance
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spectroscopy (UV-vis DRS, UV-2700, SHIMADZU, Japan), Fourier transform infrared
(FT-IR) spectra (Nicolet Apex, Thermo Scientific, USA), synchronous thermal analyzer
(TGA) (STA499F3, NETZSCH, Germany), steady-state photoluminescence (PL, F-700,
HITACHI, Japan, and FLS-1000, Edinburgh instruments), and photoelectrochemical
analysis (FX-300, Perfectlight, China, and CHI660E, Chenhua, China). The mechanism
of the photocatalytic reaction for the samples is investigated through free radical
trapping experiments and the electron spin-resonance spectroscopy (ESR) (JES FA 200,

Japan).

Text S4. Photocatalytic water decomposition to produce hydrogen

Typically, 18 mL acetonitrile, 2 mL triethanolamine, 0.2 mL deionized water, and
1 mL chloroplatinate acetonitrile solution (1 mg/mL) are added to the quartz reactor,
respectively. Among them, acetonitrile is used as a solvent, triethanolamine is used as
an electron sacrifice agent, deionized water is used as a proton source, and
chloroplatinic acid is used as a cocatalyst. Then, 10 mg sample is added, the mixture is
ultrasonically dispersed, and nitrogen is then injected into the mixture for 20 min to
remove the air in the solution. Finally, a 300 W Xenon lamp is placed above the reactor
and a 420 nm cut-off filter was installed to drive the photocatalytic hydrogen evolution
reaction. In order to keep the reaction at a constant temperature, a constant
temperature cooling circulation pump is equipped to keep the temperature of the
reactor at 5 °C, and then the hydrogen generation is measured online by gas

chromatography (GC 7920, Ceaulight, Beijing).
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In addition, the apparent quantum yield (AQY) and energy conversion efficiency
(STH) corresponding to hydrogen production are measured for the prepared samples

under continuous illumination at 380, 420 and 500 nm.

N, 2N R
AQY (%) = — x 100% = Eihe
p

In this equation, N, represents the total number of transferred electrons in the

reaction and NP represents the number of incident photons. R represents hydrogen

production (mol), N, represents Avogadro constant, E represents optical power (W),
A represents incident optical wavelength (nm), h represents Planck constant (J-s) and

c represents the speed of light (m/s).

a X AG
STH (%) = —— " x 100%
light %

In this equation, & represents the hydrogen production efficiency (mmol/s), AG
represents the Gibbs free energy (J/mol), Pliyht represents the energy flux of the

incident light (mW/cm?), and S represents the area of the reactor (cm?).

Text S5. Photocatalytic NO purification

Initially, the sample (0.1 g) is sonicated in an ethanol solution to ensure
homogenous dispersion. It is then evenly distributed in two Petri dishes with a
diameter of 12 cm. After drying, the sample is placed in a rectangular glass reactor
measuring 30 cm x 15 cm x 10 cm. Above the reactor, a Xenon lamp with a power of
300 W is placed and equipped with a 420 nm cut-off filter. The air flow (2.4 L/min) and

NO gas flow (24 mL/min) are activated. Once the NO, analyzer (Thermo Environmental
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Instruments Inc., Model 42i-TL) detected a stable NO concentration of 550 ppb, the
Xenon lamp is switched on for a duration of 30 min. After the designated time, the

lamp is turned off.

C
n(%) = (1 - —) x 100%
CO

In this equation, € and Co represent the NO concentrations in the inlet and outlet

air, respectively.

Text S6. In-situ DRIFTS spectra

For in-situ analysis of the intermediate species involved in the degradation of NO,
the Rruker70v spectrometer (Harrick) equipped with an MCT detector is employed.
The catalyst prepared is placed onto the surface of a diamond ATR crystal, followed
by a 30 min vacuum treatment to eliminate adsorbed water molecules. Subsequently,
a mixture of NO and O, is introduced into the gas pipeline, and after a 30 min
adsorption of NO, the system is exposed to simulated visible light for 30 min to initiate
photocatalytic oxidation. Infrared spectra are recorded every 2 min during the

process, allowing for real-time monitoring of the changing molecular species.

Text S7. Electrochemical measurements

An electrochemical instrument with a three-electrode system was used to analyze
electrochemical measurements. The working electrode was prepared as follows: add
50 pL H,0, 450 pL ethanol, 10 uL Nafion, the sample (1 mg) and ultrasonic dispersion

for 30 min, and then transferred 100 pL suspension to coat the ITO. The electrode was
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dried in air at room temperature. The reference electrode was calomel electrode and
the counter electrode was platinum electrode. Electrochemical impedance
spectroscopy (EIS) and transient photocurrent tests were conducted in Na,SO, (0.2

M). A xenon lamp (300 W) was treated as the light irradiation for photocurrent test.

Text S8. Theoretical calculations

The Vienna Ab Initio Package (VASP) is employed to perform all the density
functional theory (DFT) calculations within the generalized gradient approximation
(GGA) using the Perdew, Burke, and Enzerhof (PBE) formulation 2. The projected
augmented wave (PAW) potentials are applied to describe the ionic cores and take
valence electrons into account using a plane wave basis set with a kinetic energy cutoff
of 450 eV 3 4, Partial occupancies of the Kohn—Sham orbitals are allowed using the
Gaussian smearing method and a width of 0.05 eV. The 3x3x1 Monkhorst-Pack grid is

used to sample the Brillouin region.
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162 Fig. S2 (a) O 1s of NM125, NM125-D and NM125-D-A and (b) Au 4f of NM125-D-A
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164 Fig. S3 TEM of (a-b) NM125-D and (c-d) NM125-D-A.
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166 Fig. S4 TEM-EDS elemental mapping of NM125-D-A
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170 Fig. S6 (a) XRD pattern and (b) photocatalytic hydrogen evolution of NM125-D-A° and
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NM125-D-A

We reduced the Au ions in NM125-D-A to the metallic state using glucose
(denoted as NM125-D-A0%) . XRD results (Fig. S6a) showed that the patterns of NM125-
D-A% and NM125-D-A were highly consistent, indicating that the reduction process did
not cause the collapse of the MOF framework. The results (Fig. S6b) showed that the
hydrogen production rate of NM125-D-A° sharply decreased to 1780.90 pmol-g-h?,

which was much lower than that of NM125-D-A (4773.50 umol-g*-h?).
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Fig. S7 In-situ infrared spectra of NO adsorption processes over (a) NM125 and (b)
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Fig. S8 Density of States (DOS) of NM125, NM125-D and NM125-D-A
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Fig. S10 Possible photocatalytic mechanism of NM125
For the parent NM125 (Fig. S10), the ligand 2-Aminoterephthalic acid (NH,-BDC)

acted as a light-harvesting antenna. Following photoexcitation, the generated charge
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carriers were transferred to the Ti-oxo cluster, representing a conventional ligand-to-
metal charge transfer (LMCT) process. The Ti-oxo site then served as the active center

for the subsequent catalytic reactions.



193 Supplementary Tables

194 Table. S1. Au contents (wt %) of different samples characterized by ICP-OES

Au contents (wt

%)

Sample

NM125-D-A 0.65

195 Table. S2. Specific Surface Area and Pore Parameters for NM125, NM125-D and

196 NM125-D-A

Average
Total pore Mesoporous
BET surface pore
Sample volume pore volume
area (m?/g) diameter
(cm?/g) (cm3/g)
(nm)
NM125 1165.43 0.627 0.178 2.15
NM125-D 1306.29 0.749 0.243 2.29
NM125-D-A 905.00 0.610 0.284 2.70

197 Table. S3. Comparison of photocatalytic hydrogen evolution data of MOF-based

198 photocatalysts reported in recent years

Mass of . o . .
photocatalys Light Sacrificial Cocatalys H, Production Ref
Photocatalysts . source  agents t rate
300 W Xe
4773.50 pmol-g1-h- This
NM125-D-A 10 mg lamp, A2 420  TEOA Pt
1 work
nm
300 W Xe
M-125-45-N 10 mg lamp, A> 420 TEOA Pt 3700 pmol-gt-ht 6
nm
132.6 mW
C/TiO,/MIL-125 10 mg LED lamp,  Methanol — 314 umol-gt-h1 7
A= 400 nm
300 W Xe
W-MIL-125 25 mg TEOA Pt 1110.7 pmol-g-h1 8

lamp, A> 300



MIL-125(Ti)/ZnIn,S,

g-CsNo/TiOo/MIL-125

MIL-125-NH,@TiO,

Pd/PdTCPP/NH,-MIL-125

Co-CDs/NH,-MIL-125

Yb—NH,-MIL-125

1% PCN-222(Pd)/g-CsNg-AA

Ti-MOF@P-Pt; SACs

TiO,@NM/Ni10%

ENHM-2

TisC,@MIL-NH,

Au@NH,-Ui0-66/CdS

100 mg

25mg

5mg

10 mg

30 mg

10 mg

50 mg

10 mg

10 mg

10 mg

70 mg

5mg

nm

300 W Xe
lamp
300 W Xe
lamp,

A> 380 nm
300 W Xe
lamp
A>420 nm
300 W Xe
lamp
A> 380 nm
300 W Xe
lamp, A> 420
nm
300 W
xenon lamp
300 W
xenon lamp,
A> 400 nm
300 W Xe
lamp, A> 420
nm
300 W Xe
lamp
300 W Xe
arc lamp
with an AM-
1.5 filter
300 W Xe
lamp, A> 420

nm

NaZS/NaZSO3

Glycerol

TEOA

TEOA

TEOA

TEOA

TEOA

TEOA

TEOA

TEOA

TEOA

lactic acid

NiS

Pt

Pt

Pt

Pt

873.4 umol-gt-h?

1330 umol-g*-h?

496 pmol-gt-ht

603 umol-g-ht

2261 pmol-g1-h?

1884 pmol-g*-h?

2338.17 umol-gt-h-

1

4193 umol-gt-ht

1659.9 umol-g*-ht

2150 pmol-gt-ht

4383.1 umol-g*-ht

664.9 umol-g1-ht

10

11

12

13

14

15

16

17

18

19

20



300 W Xe
CdS/MIL-53(Fe) 5mg lamp, A> 420benzyl alcohol — 2334 uymol-gt-ht 21
nm
300 W Xe
CP@U6N 50 mg lamp, A> 400 HsPO, — 141.87 umol-gt-ht 22
nm
300 W Xe
UNiMOF 50 mg lamp, A> 420 TEOA — 572 umol-gt-ht 23
nm
300 W Xe

3061.61 umol-g*-h-

Ui0-66@ZnIn,S, 40 mg lamp, A2 400 TEOA — 24
1

nm
300 W Xe
Ni-BDC/Ni-TCPP-3 10 mg TEOA — 428.0 umol-gt-ht 2
lamp
225 W Xe
PdS@MIL-125-NH,@ZnS 10 mg TEOA — 1164.2 ymol-gt-ht 26
lamp
300 W Xe
CdS/Ni-MOF 30 mg lamp, A> 420 lactic acid — 2508 umol-gt-ht 27
nm
300 W Xe
MOF-5/Cu0@Znin,S, 100 mg Methanol — 1938.3 umol-gt-ht 28
lamp
300 W Xe
NH,-MIL-125/Co(dmgH), 10 mg lamp, A> 420 TEOA — 2195 pymol-gt-ht 28

nm

199 Table. S4. Comparison of photocatalytic NO removal data of MOF-based

200 photocatalysts reported in recent years

Mass of
. NO removal
Photocatalysts  Photocatalys Light source rate Ref.
t
NM125-D-A 100 mg 300 W Xe lamp, A> 420 nm 65.04% This work
N/C/MIL-125(Ti) 100 mg 300 W Xe lamp, A= 420 nm 49% 30

Co-CDs-NH,-MIL-125 100 mg 12 W LED lamp 67.6% 31



Au/MIL-125-NH,(Ti)/PdTCPP

TiO,/NH,-MIL-125(Ti)

Defect-NH,-MIL-125/Eosin Y

Au@NH,-MIL-125(Cu/Ti)

STO/GQDs/NU6

CN/NU6

GO/NH,-MIL-125(Ti)

65-NH,-MIL-125

Protonated NH,-MIL-125

100 mg

200 mg

200 mg

100 mg

100 mg

100 mg

50 mg

100 mg

100 mg

150 W tungsten halogen
lamp
150 W tungsten halogen
lamp, A> 420 nm
150 W tungsten halogen

lamp, A> 420 nm

12 W LED lamp

300 W Xe lamp, A> 400 nm

300 W Xe lamp, A> 400 nm

two 150 W tungsten halogen

lamp, A> 420 nm

12 W LED lamp

12 W LED lamp

63.72%

68.08%

62.05%

43%

69.0%

65.4%

50%

65.49%

49.17%

32

33

34

35

36

37

38

39

201 Table. S5. Band structure of NM125, NM125-D and NM125-D-A

Band gap Conduction band Valence band
Material
(Eg: eV) (Ecs, V) (Eve, V)
NM125 2.66 -0.61 2.05
NM125-D 2.62 -0.76 1.86
NM125-D-A 2.57 -0.83 1.74

202 Table. S6. Substances corresponding to infrared peak values during dark adsorption

203 and photocatalytic oxidation stages

NM125-D-
NM125
Wavenumbe Wavenumbe A
Ref Ref
r Band r Band
(cm) attributio (cm™) attributio
n n
Adsorption 40, 42,
914, 1677 N,O, " 885, 1320 NO, »

process



983, 1354,

NO," 44-46
1594, 1719 1003, 1048, 2
1500, 1550, NOj3
1048, 1500 NO;3 48 46-48
1770
49,
1147, 1641 NO 1354, 1594, 45,
50 NOZ—
1633 46
1320, 1624 NO, 43
40,
914, 1677 N,Oq4 42,
41 885, 1320 NO, 43
983, 1354,
NO," 44-46
1594, 1719
1003, 1048, 30,
Photocatalyti 48,
871, 1048, 1102, 1500, NOj 39,
C process NO5 >
1122, 1500 o 1550, 1770 46-48
4, 1354,1594, e
1147, 1641 NO NO,
50 1633 46
1320 NO, 43 1725 N,O,4 >3

204 Table. S7. The reaction pathway for NO removal

Generation of reactive species of NM125-D-A

NM125-D-A + hv > e + h* (1)
e +0,; > 0y (2)

h*+ 0, - 10, (3)

e +*0, + 2H* 5> H,0, (4)
H,0, + e > ¢OH + OH- (5)

Photocatalytic removal of NO reaction of NM125-D-

A
2NO + 0, = 2NO, (6)
2NO, = N,0, (7)
2NO +2e + 0, > 2NO, (8)
NO + e +2¢0OH - NO, + H,0 9)

NO + ¢O, - NOs (10)



205

206

207

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

2NO, + *0;” > 2NOy’ (11)

NO, + *OH = NO5~ + H* (12)
INO, + 0, + h* = 2NO5 (13)
2NO;, + 102 - 2NO5 (14)

Table. $8. The reaction pathway for H, production

NM125-D-A + hv <> e + h* (1)
TEOA + h* >TEOA* (2)
H,0 &> OH- + H* (3)
2H* +2e" > H, (4)
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