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Photocatalytic CO, Reduction Performances of Macroporous
ZIF-67 and Its Ultrathin Derivatives
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2. Fujian Provincial Key Laboratory of Green Building Technology, Fuzhou 350025, Fujian, China)

Abstract: The crystallinity and thickness of ZIF-67 can be regulated by controlling the template, resulting in macroporous ZIF-67
single crystals and ultrathin derivatives. The influence of Ni** on photocatalytic efficiency and selectivity of CO was also studied
in the photocatalytic reduction of CO,. It is found that the microporous ZIF-67 single crystals have a CO productivity of 3502.5
pmol-h™ ¢!, while the ZIF-67-derived ultrathin polymers exhibit largely increased productivity of 5380.0 pmol-h™ -g™'. The
high photocatalytic activity of the polymers may be related to their weak crystalline and ultra-thin structure, thus possessing more
exposed crystal planes and active sites. In addition, loading of Ni** has no effect on the efficiency of CO, reduction, while an
appropriate increase in the content of Ni** within a certain limit increases the selectivity of CO producvity.
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Fig. 1 (a) Schematic diagram of the PS template obtained through suction filtration, with the inset showing the cake-like PS
template after drying, (b) SEM image of the PS spheres made with suction filtration, (c¢) SEM image of the macroporous ZIF-67
(with the inset picture showing the buck ZIF-67), (d) Enlarged SEM Image of the macroporous ZIF-67, (e) Schematic
diagram of the PS spheres in colloidal solution, (f) SEM image of the PS colloidal solution, (g) SEM and
(h) TEM images of the ZIF-67 derivative
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Fig. 2 Properteris of the Co-Macro: (a-c) TEM images, with the inset in panel (c) showing the SAED, (d) HRTEM image,
(e) AFM image, (f) the corresponding height profiles, (g) N, adsorption-desorption isotherms and (h) pore size distribution
(with the inset showing the pore size distribution in the range of 0-10 nm)
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3 ZIF-67 Co-Macro (a) XRD

(b) FT-IR

(c) XPS (d)

Fig. 3 (a) XRD pattern, (b) FT-IR pattern, (c) XPS full spectrum and (d) thermogravimetric cueves of ZIF-67 and Co-Macro

1 ZIF-67 Co-Macro

Co% (Wt.%) N% (Wt.%) 0% (wt.%)

C% (Wt.%)

Tab. 1 Specific data of Co% (wt.%), N% (wt.%), 0% (wt.%) and C% (wt.%) of ZIF-67 and Co-Macro

Sample Co% (Wt.%) N% (wt.%) 0% (wt.%) C% (wt.%)
ZIF-67 9.32 24.36 10.35 55.97
Co-Macro 27.03 0 20.87 52.10

Fia B 24.36 %, {HFE Co-macro P20 0 4H
— 2, B 3(d)EPIRE S IR ST, AT LLE
H, AHHEEA A R AL ZIF-67 K3, Co-macro 5 )
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i BB 25 5 TE MRS A i 33 v A
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Fig. 4 CO, reduction performances of buck ZIF-67,
macroporous ZIF-67 and Co-Macro
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(d (e) HRTEM

(2) O XPS

Fig. 5 Characterization results of the Ni/Co-Macro: (a) SEM image, (b-d) TEM images with the inset in panel (d) showing the
selected area electron diffraction, (¢) HRTEM, (f) the high-resolution XPS spectrum of Ni and (f) refined XPS spectrum of O
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6 (a) Co-Macro  Ni/Co-Macro CO,

(d) (
() Co-Macro

(b) (c) CO;

) (e
CO,

Fig. 6 (a) CO, photocatalytic reduction performances of the Co-Macro and Ni/Co-Macro, (b) Exploration of photocatalytic
reaction conditions, (¢) Cyclic experiments of photocatalytic reduction of CO,, (d) Mass spectrometry of the gas after catalytic
reaction (with the inset showing the GC/MS spectrum data), (¢) 'H NMR spectrum of the liquid phase from the reaction system,

(f) CO, reduction performances of a series of samples immersed in different concentrations of nickel chloride solution
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i PCO, MR R B SR BRI AT Y[R3 B AR 2



+ 932

2020 12

S o m/z=29 Kb I F I R G0 A 1S AR PCo R
A RS COy, XU T i &A1Y CO 3k A Jx
N COy SR, AR RGP HEH Y
JoE 08 A3

R T OB LR AR R e
AT LGE I TH-NMR OGRES B G BN 5 81
HEYI L, IE 6(e) PRI LA, Setb N LU
A YRAH LA SN A T 2 (CHCN) T, 47 4
F = Z B (TEOA) A Je A "THNMR ARl
W IK(D,0), HBA KRR F CO, AR
FEHIN CH;OH, HCHO #11 HCOOH, Hi ] 15 #
bR RZ X CO, i JF AR Y, CO 1Y s BE I e 1

R THRSE Ni B & xR i A PR R Ak ek
s, ARSCARBETE T — RN LLSEE, KA
Co-Macro 2 HI1E 5 A ] vk B S AL BRI £ B
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PEREM T %o

%2 02 5N EUREAR B9 EDS B SR R
IrEb) e FH BT UL, BE R R AR
Ni W& BEWEZLERGE . 7 1%, 3%. 5%. 10%
SR OB IR ST 8 h AR Ni S B4y
B 1.64wt.%. 2.12wt.% . 4.78wt.%Fl 13.45wt.%,

Co-Macro

Fig. 7 Co-Macro immersed in nickel chloride solutions with different concentrations: (a) 1%, (b) 3%, (c) 5% and (d) 10%

2 Co% (wt.%) Ni% (wt.%) 0% (wt.%)  C% (wt.%)
Tab. 2 Specific data of Co% (Wt.%), Ni% (wt.%), 0% (wt.%) and C% (wt.%) in the samples
Sample Co% (wt.%) Ni% (wt.%) 0% (wt.%) C% (wt.%)
Co-Macro 27.03 0 20.87 52.10
1 %Ni/Co-Macro 10.98 1.64 24.32 61.69
3 %Ni/Co-Macro 10.75 2.12 23.51 59.92
5 %Ni/Co-Macro 11.47 4.78 20.26 60.62
10 %Ni/Co-Macro 3.21 13.45 16.53 60.40
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