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Fig. S1 FT-IR results of (a) CoZnAl-LDH and (b) 4Si-CoZnAl. A broad
absorption band centered at ~3375 cm! is attributed to the O—H stretching vibrations
associated with hydrogen-bonded hydroxyl groups!!l. The band observed at ~1618
cm! corresponds to the H-O—H bending vibration of interlayer water molecules!?..
The absorption peak at ~1398 cm! is assigned to the vs asymmetric stretching mode
of carbonate (CO3*) speciestl. For the CoZnAl-LDH sample, the bands in the range
of 500-800 cm! are attributed to the lattice vibrations of metal-oxygen bonds (M-O),
such as AI-O, In contrast, for the 4Si-CoZnAl sample, the newly emerged bands at
~1029 cm™! and ~872 cm! are assigned to the asymmetric stretching vibrations of Si—
O bonds, such as Si—O-Sil*l. Si—O-Si is formed by the condensation of Si-OH
generated from the reaction of Si—Cl with H,O.



Fig. S2 SEM image of 4Si-CoZnALl. It can be observed that the surface is coated with
nanospheres.
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Fig. S3 SEM images of 2Si-CoZnAl. The CoZnAl-LDH treated with 2 mL of SiCl,
did not exhibit SiO, nanospheres; the full coverage may not be guaranteed.
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Fig. S4 EDS results of CoZnAl-LDH
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Fig. S5 EDS results of 4Si-CoZnAl
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Fig. S6 XRD results of (a) CoZnAl-LDH and (b) 4Si-CoZnAl after reduction



Fig. S7 SEM images of (a)(b) CoZnAl-LDH and (c)(d) 4Si-CoZnAl after reduction.
Specifically, CoZnAl-LDH transformed from a sheet-like structure into smaller
spherical particles, which can be attributed to the collapse of the layered hydrotalcite
structure and phase segregation during calcination and reduction, accompanied by the
formation of nanosized metal particles [®]. In contrast, 4Si-CoZnAl was still more
intact, maintaining the sheet form, due to the protection of silica.These variations in
particle size, together with the degree of silica coverage on the catalyst surface, result
in differences in catalytic conversion, while silica modification further influences
product selectivity.
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Fig. S8 Total conversion rate of CoZnAl-LDH and 4Si-CoZnAl normalized to mass
of Co (CO,: Hy: N; = 4:12:4 mL/min).
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Fig. S9 Thermocatalytic performance of CO: hydrogenation over samples
treated with different SiCly ratios (a) CO, conversion (b) CO production and
selectivity
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Fig. S10 Thermal catalytic stability results of 4Si-CoZnAl at 450°C.

Table S1 Crystallite sizes of CoZnAl-LDH and 4Si-CoZnAl determined via XRD
K L (A) 0 (°) FWHM (°) D (nm)
CoZnAl-LDH 0.89 1.54 44.29 0.29 29.2
4Si-CoZnAl 0.89 1.54 44.34 0.28 30.3
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