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Smart Light-responsive CO, Adsorbents for Regulating Strong Active Sites

Sun, Jingjing Wu, Qiurong Weng, Wengiang Liu, Xiaoqin
Tan, Peng Sun, Linbing*
(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemical Engineering,
Nanjing Tech University, Nanjing 211816, China)

Abstract Light-responsive CO, adsorbents can effectively adjust their ability to capture CO, through external light irradia-
tion, and have the advantages of good controllability and high energy efficiency during the adsorption process. However, the
currently reported light-responsive CO, adsorbents can only realize the regulation of weak adsorption sites, and the regulation
of strong adsorption sites is still a challenging task. In this work, a light-responsive smart adsorbent was constructed by in situ
synthesis, and the light-responsive control of strong adsorption sites for CO, was realized. The construction of adsorbent was
achieved by introducing the azobenzene derivative with cis and frans isomers and silane coupling agent containing primary
amines into mesoporous silica. The characterization results show that the adsorbents have uniform pore channels, and prima-
ry amine and light-responsive groups are dispersed on the pore walls. The strong interaction between primary amine and CO,
can lead to the selective adsorption of CO,, while azobenzene as a molecular switch can regulate the adsorption performance
of primary amine. Before light irradiation, azobenzene is in trans configuration, which decreases the electrostatic potential of
the primary amine, and exposes the active site, thus CO, can be freely adsorbed; after light irradiation, azobenzene is con-
verted to the cis configuration, which increases the electrostatic potential of the primary amine and shields the active sites.
The change amount of adsorption capacity can reach 43%, and this process is reversible. Both the light-responsive properties
of azobenzene groups and the adsorptive performances of adsorbents can be well maintained after 5 cycles. Azobenzene in
different configuration has distinctive influences on the electrostatic potential of primary amine, thereby achieving the regula-
tion of adsorption ability. This work utilizes the specific interaction between stimuli-responsive groups and target-specific
adsorption sites, realizing the regulation of strong active cites for CO,, which gives clues to the development of new smart
adsorbents.

Keywords CO, adsorption; light-responsive switch; strong adsorption site; selective adsorption; smart adsorbent
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Figure 1 (A) Vis-light irradiation leads to trans isomerization of azobenzene molecules and exposure of active sites for CO, adsorption; (B) UV-light
irradiation leads to cis isomerization of azobenzene molecules and shielding of active sites for CO, adsorption
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Figure 2 (A) Low-angle XRD patterns of MS, AL/MS, AL»/MS and AL3/MS; (B) TEM image of MS; (C) TEM image of AL»/MS and (D)
EDX-mapping images; (E) N, adsorption-desorption isotherms and (F) pore size distributions of MS, AL;/MS, AL;/MS and AL3/MS (The pore size
distribution of the sample is calculated using the Barrett-Joyner-Halenda model)
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Table 1 Textual properties and elemental compositions of MS and AL,,/MS

Elemental content (w/%) . . Density of
Sample Sper/(mPeg™)  Vp/(cm’sg™)  Dynm Density of ammeﬁz light-responsive motif
C N H (A)/(numberenm ) (L)/(numberenm)
MS 1069 1.07 2.74 6.68 0.03 2.36 — —
AL/MS 722 0.62 2.38 12.96 4.31 2.54 0.32 0.31
AL@/MS 659 0.54 2.26 15.03 5.13 2.62 0.32 0.63
AL;/MS 523 0.4 213 17.98 6.22 2.81 0.33 0.78
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Figure 3 (A) UV-Vis absorbance spectra of AL;/MS upon trans/cis isomerization; (B) reversible changes in absorbance at 395 nm for AL,/MS
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Figure 5 Simulate (A) amine adsorption sites, (B) frans-light-responsive molecules and (C) cis-light-responsive molecules interacting with amine ad-

sorption sites as well as surface electrostatic potential
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