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Figure 1 (Color online) Schematic illustration of the synthesis route of Cu,_ Se@COF/PB and its NIR-light-enhanced POD-like activity for

colorimetric detection of TA.
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Figure 2 (Color online) SEM images of (a) Cu,Se, (b) Cu,_ Se@COF, and (c) Cu,_ Se@COF/PB, insets show the corresponding size distribution
histograms; TEM images of (d) Cu,Se, (f) Cu,_,Se@COF, and (h) Cu,_ . Se@COF/PB; HRTEM lattice images of (¢) Cu,Se, (g) Cu,_,Se@COF, and
(i) Cu,_,Se@COF/PB.
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Figure 3 (Color online) (a) Small-angle XRD patterns (26=1°-10°) and (b) wide-angle XRD patterns (26=10°-90°) of Cu,Se, Cu,_ Se@COF, and
Cu,_,Se@COF/PB; (c) N, adsorption-desorption isotherms and (d) BJH pore size distribution curves at 77 K.
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g4y SA B Feu’ ficu”, AR H — AT
944.51 eVIICu B EIE, £HCuEELIC TERE
ET Se 3din A Bl (Blde) L ERL g — xR T
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Figure 4 (Color online) (a) XPS full-scan spectrum of Cu,_,Se@COF/PB; (b—f) high-resolution XPS spectra of Cu 2p, Se 3d, C 1s, N 1s, and Fe 2p.
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8 Bk AR e LA etk o pr 5 RS2 R, 5
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HMC=0 (1635 cm™)KILLAMEAEMR I, 5 B4 HL Ak
TAPBIZ ZE FIDMTP (1) 5 5 2 8] s DO HbEAT T % R
BRAR & SN, AE S OAZ AR AAS T B T Jfe 35k [ 42
(ICOFsit)z; TMC=OFHIEWER] §eKJE T DMTPH &F
(I3 43 B WS HE . Cu,_ Se@COF/PBFE2063 cm™ 4k H:
BLC=NEFE I, S PBTE2070 em ™ B 3T 14 45 i %
Y, X BIPBAECu,_ Se@COF bR I i, 14k,
PB7£1647 cm™ &b VA& T C=0 I £L 415 AE W Wi e 7] i
& TPVPIEMi{EPBE [ Fr 2. ZetaFL AL 20 HT(EIS3)
RPVPEMEPBEIEHAL, H5HA ALK Cu,_Se@
COFi i i B AH HLAE W f FECOFs 7 2 (M4 T, fx
15 3 R HHLRE 1 Cu,_ Se@COF/PBE A 4 K 1.

3.2 Cu,_Se@COF/PBH] L3I AERF ST

SEFAR AL A B S 1 e 2 A R B, 20
PRI T Cu,_ Se@COF/PBFE#MERE. Wl SafR, 1E
1064 nmiT £LAMNEO(0.75 W em ™) ISR, VA TR BB
Cu,_,Se@COF/PBIK Tt i1y b 7t, 23088 & )k
. BOEARIR000 sfa, VR IR T2, 4
FHRHAR K T-50 pg mL~' i, SR THIE LR, X IH T
TR EE BRI S RO IR TR R, R4k
FeRNEREAR TP A RIR % 50 g mL™'. HuRg
(EIS4) TR, Bl RIR RIS 0, FRRA% B € P IR 3 4
A RPETE, S5THEMZ—2 Fr, [H 2 Cu,_Se@COF/
PBIKJE 50 pg mL™", VA G B O Th % 55 1 K
T, SR M T SRR (K 5b). Hefha e 2
SeB R SR FE bR, %150 pg mL™' Cu,_ Se@COF/PB
VEWAE1064 nm (0.75 W em ™ )M HE I 4 4 R kAT
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AR —F(El5c), MEIRFTJE LA 0] Wi 20 AN O 1S G
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13 ENZM B S 4 0% N 53.45%. 2, 7EAH
F AT, XFH K Cu,SeflCu,_ Se@COF ) 1R -7
MR T TRMEE S, n/ 0 N51.41%H
52.80% (FESS). Xftbnlsn, AKCOFsHwZEfE, W%
(e BE JC B R, AT BE A& BT COFs 3% 2 AH Xt
. PBEEA —ERLHGENE. HCu,_ Se@COF/PB
5Cu,_Se@COFMW E L R LB 2 R, X
Al AE 2 T PBAE S 4b- 1 M- 41 4 1 B oh () 4 AE
W WS AL 700 nm A2 47, 751064 nmAb 5TEk A FR,
PETE 1064 nm¥O's 48 A& 1 5 W03 10 6 # i e R0k
AL,

3.3 eI Cu,_ Se@COF/PBR I AL WIBEE
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T, JE R AR n] -3 4T A IR U T G A R
HEEME AT T 3RAE. WEl6afiiR, Cu,Sesr Bk IEIL
LLAMX R B = OGRS, R RHEIT 2L
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Figure 5 (Color online) (a) Temperature change curves of Cu,_ Se@COF/PB at different concentrations under 1064 nm laser irradiation
0.75 W cm_z) for 900 s; (b) temperature change curves of Cu,_Se@COF/PB (50 pg mL_l) under 1064 nm laser irradiation at different power
densities for 900 s; (c) photothermal cycling stability of Cu,_ Se@COF/PB (50 pg mL_l); (d) UV-vis-NIR absorption spectra of Cu,_,Se@COF/PB
before and after five consecutive irradiation cycles; (e) heating-cooling temperature curves of Cu,_.Se@COF/PB under 1064 nm laser irradiation
0.75 W cmfz) for 900 s; (f) linear fitting plot of —In(g) versus time for Cu,_ . Se@COF/PB during the cooling period.
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Figure 6 (Color online) (a) UV-vis-NIR absorption spectra of Cu,_,Se, Cu,_Se@COF, PB, and Cu,_Se@COF/PB. POD-like performance of
Cu,_,Se@COEF/PB versus Cu,Se and Cu,_,Se@COF with (b) TMB or (c) OPD as substrate; (d—f) UV-vis-NIR spectra of Cu,_,Se@COF/PB with TMB
under room temperature, laser irradiation, and constant-temperature water bath; (g) radical scavenging in the Cu,_ Se@COF/PB-TMB system at room
temperature or under NIR laser irradiation. EPR spectra at (h) room temperature and (i) under 1064 nm (0.75 W cmfz) NIR irradiation.
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Figure 7 (Color online) NIR-enhanced POD-like activity of Cu,_,.Se@COF/PB for quantitative detection of TA: (a) UV-vis absorption spectra with
different TA concentrations; (b) the curve of Ad¢s, ,, versus TA concentration c; (c) linear fitting plot of Ads, ,, versus log ¢; (d) photographs of
solutions with different TA concentrations; (¢) RGB extraction from (d) using Color Grab; (f) AV(g, of the R channel versus TA concentration c;
(g) linear fitting plot of AV(g, versus log c; photothermal detection of TA: (h) NIR thermal images of TA solutions under 1064 nm laser irradiation
0.75W cm_z); (i) temperature-time curves for different TA concentrations; (j) the curve of AT versus c; (k) linear fitting plot of AT versus log c.
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Cu,_,Se@COF/PB with near-infrared light-enhanced peroxidase-like
activity enables colorimetric-photothermal dual-mode detection of
tannic acid

Xueying Yang', Li Zhang', Zhongwei Jiang, Yi Wang

Chongqing Key Laboratory of Green Synthesis and Applications, College of Chemistry and Materials Science, Chongqging Normal University,
Chonggqing 401331, China
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Abstract: A near-infrared (NIR)-responsive hybrid nanozyme was developed for sensitive detection of tannic acid
(TA). Hollow cubic Cu,Se with localized surface plasmon resonance (LSPR) was used as the core, on which a covalent
organic framework (COF) shell was in-situ grown via a dual-ligand (PVP and PEI) assisted strategy to afford core-shell
Cu,_,Se@COF. Prussian blue (PB) nanoparticles were then adsorbed onto the large specific surface area of COF to
construct the functionalized Cu,_,Se@COF/PB nanozyme. This material exhibits strong LSPR absorption in the NIR-II
region with a high photothermal conversion efficiency of 53.45%. Upon 1064 nm laser irradiation, the peroxidase
(POD)-like activity of Cu,_ Se@COF/PB is significantly enhanced, which is attributed to the LSPR effect of the CuSe
core converting light into heat and promoting the generation of reactive oxygen species (‘OH, ‘O, , and 102). Owing to
the free-radical-scavenging ability of the polyphenolic hydroxyl structure of TA, the NIR-enhanced POD-like activity is
effectively inhibited, enabling a colorimetric-photothermal dual-mode sensing method for TA with a detection range of
0.2-20 uM. The method shows excellent selectivity and anti-interference capability, and was successfully applied to TA
detection in tea samples, offering a new strategy for food quality and safety monitoring.

Keywords: covalent organic frameworks, nanozymes, photothermal effect, copper selenide, Prussian blue, dual-mode
sensing
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