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1. Characterization

Characterization techniques: X-ray diffraction (XRD) was used Cu Ka radiation and the range of 20
is from 5° to 60°to characterize the crystal structure (D/max-2500, Rigaku, Japan). The morphology of
the samples was analyzed by transmission electron microscopy (TEM) on Jem-2100F Jeol apparatus with
an acceleration voltage of 200 kV. The FEI Tecnai G2 F20 equipped with Energy-dispersive X-ray (EDX)
detector was employed to access element analyses of the samples. The Fourier-transform infrared (FT-IR)
spectra with KBr as diluents were carried out using Avatar 360 (Nicolet Instrument Corporation, US).
Electronic states were analyzed by X-ray photoelectron spectroscopy (XPS) on an ESCALAB 250 Xi
apparatus. The UV—vis diffuse reflectance spectra (DRS) were gained on a UV—vis spectrophotometer
(UV-vis DRS, Shimadzu UV-2450) with BaSO, as the white standard.

2. Other measurements
2.1. XAFS Measurements and Analysis.

The X-ray absorption spectra (XAS) of the samples at Zn K-edge » including X-ray absorption near-
edge structure (XANES) and extended X-ray absorption fine structure (EXAFS), was collected at the
Singapore Synchrotron Light Source (SSLS) center, in which a pair of channel-cut Si (111) crystals was
used in the monochromator. The Zn K-edge XANES data were recorded in transmission mode. Zn foil
and ZnO were used as references. The operating energy of storage ring was 2.5 GeV and the average
electron current was less than 200 mA. The obtained EXAFS data were extracted and processed using the
ATHENA module of the IFEFFIT software packages according to standard procedures.

2.2. Photoelectrochemical measurements

The photoelectrochemical measurements were conducted in a traditional three-electrode syste m with

0.2 M Na,SO, solution as the electrolyte. The prepared photocatalyst, a platinum plate and a saturated

KCI Ag/AgCl electrode were used as working electrode, counter electrode and reference electrode,
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respectively, which were collected on an electrochemical station (CHI760E, China) under 300W xenon
lamp. All experiments were conducted at room temperature (about 25 °C). Mott—Schottky plots of
photocatalysts were obtained with the same three-electrode system in N,-purged 0.5M Na,SO, electrolyte
solution.
2.3. The apparent quantum yield (AQY)

The apparent quantum yield (AQY) measurement for photocatalytic CO, reduction was carried out
employing a 300 W Xenon lamp fitted with a different band-pass filter. When a 365 nm band-pass filter
was used, the irradiation area and the light intensity were 5 cm? and 21.12 mW cm2, respectively. The

mass of photocatalysts was 50 mg. The AQY was calculated according to the following equation:

(ZMCO + 8MCH4)

M
AQY = Ne/Np*100% = NAhc/SP*100% (Mco: the CO amount,  '4: the CH,

amount, NA: Avogadro constant, h: Planck constant, c: light speed, S: irradiation area, P: light intensity,
t: reaction time, A: the wavelength of light).
3. Density functional theory (DFT) calculation.

Density functional theory (DFT) calculation. DFT calculations were conducted through the Vienna
ab-initio Simulation Package (VASP) with the projector augment wave method. Generalized gradient
approximation of the Perdew-Burke-Ernzerhof (PBE) functional was used as the exchange-correlation
functional. The calculations were based on the unit cell with the cutoff energy set to 450 eV and structural
relaxation performed until the energy and force convergence criteria reached 1x10# eV and 0.02 eV A-!,
respectively. The Gibbs free energy was calculated as AG = AE + AEZPE —TAS, where the AE, AEZPE,
and AS are electronic energy, zero-point energy, and entropy difference between products and reactants.
The zero-point energies of isolated and absorbed intermediate products were calculated from the frequency

analysis.



72 4. Supporting Figures

73

74 Fig. S1. SEM images of UiO-66-NH,.

75

76 Fig. S2. SEM images of UiO-66-NH,-0.7Zn SAs.
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78 Fig. S3. XRD patterns of simulated UiO-66-NH; and as-synthesized UiO-66-NH,.
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80 Fig. S4. N, adsorption-desorption isotherms of UiO-66-NH, and (b) UiO-66-NH,-0.7Zn SAs.
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82 Fig. S5. XPS spectra of (a) C 1s, (b) N 1s, (¢) Zr 3d, (d) O 1s and (e) Zn 2p of different samples.
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84 Fig. S6. Mott-Schottky plots for (a) UiO-66-NH, and (b) UiO-66-NH,-0.7Zn SAs.
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Fig. S7. DRS spectra of different samples.
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Fig. S8. The plots of (ahv)? vs (hv) for (a) UiO-66-NH, and (b) UiO-66-NH,-0.7Zn SAs.

The optical band gap energy (Eg) of a semiconductor material could be evaluated by thefollowing formula:

ahv=A(hv - Eg)

Tl/z

where a, h, v, A, and Eg represent the absorption coefficient, planck constant, light frequency, proportionality and band

gap energy, respectively. As shown in the Fig. S11, the Eg values for UiO-66-NH, and UiO-66-NH,-0.7Zn SAs are

calculated to be 2.71 and 2.55 eV, respectively.
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95 Fig. S9. Oxygen yield for 4 hours in photocatalytic CO, reduction process for different samples.
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97 Fig. S10. Photocatalytic cycling test of UiO-66-NH,-0.7Zn SAs.

98

99 Fig. S11. TEM images of UiO-66-NH,-0.7Zn SAs after after the cyclic tests
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101 Fig. S12. XPS spectra of UiO-66-NH,-0.7Zn SAs after the cyclic tests.
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103  Fig. S13. Photoelectrochemical properties of UiO-66-NH, and UiO-66-NH,-0.7Zn SAs.
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106 5. Supporting Tables
107 Table S1. SggT, pore volume and pore diameter of UiO-66-NH, and UiO-66-NH,-0.7Zn SAs
Samples Sger(m?/g) Pore volume(cm?/g) Pore diameter (nm)
Ui0O-66-NH, 807.5935 0.8096 4.0099
UiO-66-NH,-0.7Zn SAs 780.3318 0.6233 3.1951
108 Table S2. EXAFS fitting parameters at the Zn K-edge (5¢>=0.91)
Sample Path C.N. R (A) 02x103 (A2) | AE (eV) R factor
Zn Zn-N 2.2+0.2 2.04+0.01 11.0£1.2 2.8+1.0 0.003
109 C.N.: coordination numbers; R: bond distance; ¢%: Debye-Waller factors; AE: the inner potential correction. R factor:
110 goodness of fit. * Fitting with fixed parameter.
111 Table S3. Comparison of photocatalytic CO, reduction performance of the reported photocatalysts.
CO evolution Light
Sample Ref.
(umol g h') source (W)
TiO2@50 Cu 23.25 300W Xe lamp Chem. Eng. J.[1]
0.7NiSA-50B-CN 22.1 300W Xe lamp Adv. Mater.[2]
Bi,Sn,0; NPs 14.88 300W Xe lamp Appl. Catal. B: Environ.[3]
ST/15CN/BVNS 14.5 300W Xe lamp Angew. Chem. Int. Ed.[4]
Ni-SA-x/ZrO, 11.8 300W Xe lamp Adv. Energy Mater.[5]
UiO-66-NH2_0.7Zn SAs 40.23 300W Xe lamp This work

112 Table S4. The AQY of 365 nm for photocatalytic CO, reduction over UiO-66-NH,-0.7Zn SAs and UiO-66-NH,.
10



Irradiation | The number CcoO CH,4 AQY
Sample time ofincident | evolution | evolution %)
(h) photons (umol) (umol) °
Ui0-66-NH,-0.7Zn SAs 3 2.049 X 102 1.33 0.14 0.63
1
Ui0-66-NH, 3 2.049 X 102 7.43 0.88 0.11
1
113 The detailed calculation
SPtA  5em*x21.12x 1073 s 1 em ™2 x 3 x 3600s x 365 x 10~ ’m )1
Np = = =2.094 x 10
114 hc 6.626 X107 3*Js x3x108ms~1!
AQYUIO - 66 - NH2
N, < 1000¢ (ZMCO * 8MCH4) XNy (2%x1.33+8x0.14) X 10~ x 6.02 x 1023
_- — 0 = =
N, N, 2.094 x 10
115 =0.11%
AQYUiO - 66 - NHz - 0.7Zn SAs
N, < 100% (2Mco+8Mcy ) X N, (2% 7.43+8x0.88) x 10~ °x 6.02 x 103
= — (0] = =
N N, 2.094 x 1021

p
116 = 0.63%
117
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