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Abstract: Nanozymes as nanomaterials with enzyme-like activity are a new frontier of chemical research. However, the low catalytic
activity of nanozymes limits their application. Therefore, designing nanozymes with high catalytic activity has become a hot spot in
this field. Herein, CI~ doped Co;0, nanocrystals (NCs) were successfully prepared by the solid-phase grinding method. After
doping, their peroxidase-like (POD-like) initial reaction rate was increased about 1.3 times. CI™ doping enhanced the H,O,
decomposition to superoxide anion radical (O, ), making the production of hydroxyl radical (¢*OH) possible. As the *OH is more
oxidizing than O, , the POD-like activity of CI  doped Co;0, NCs is significantly enhanced. The electron paramagnetic resonance
(EPR) and X-ray photoelectron spectroscopy (XPS) investigations implied that the increase of oxygen vacancy and the change of

electronic structure of Co,0, NCs after doping were the primary reasons for the enhanced POD-like activity. At the same time, the
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solid-phase grinding-assisted halogen doping method was successfully applied to other metal oxide NCs, and the beneficial effect of

enhancing their POD-like activities was also obtained. In this study, we developed a simple modification method for metal oxide

NCs based on halogen doping. This method may provide a new way for the rational design of nanozyme with highly efficient POD-

like activity.
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Fig. 1 Structural characterization of materials
(a) XRD patterns of Co;O, NCs and CI™ doped Co;0,NCs, alongside the standard XRD pattern of Co;0,(JCPDS card no. 43-1003); (b)
zoom-in XRD patterns of (311) diffraction peak; HRTEM images of (¢) Co;O0,NCs and (d) CI" doped Co;0, NCs; (e¢) High-resolution
XPS spectrum in the CI 2p region of C1 doped Co;0,NCs
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Fig. 2 Effects of C1" doping on the POD-like activity of Co;0,

(a) Reaction-time curves of TMB oxidation reaction in the presence of different catalysts; The insect is the chromogenic reac-

tion of the oxidation of TMB by different catalysts. Time-dependent absorbance at 652 nm was measured from solutions contain-
ing TMB (1 mmol/L), H,0, (500 mmol/L), and different catalysts (4 mg/L), respectively. (b) The POD-like initial reaction rates
of different catalysts
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Fig. 3 The influence of different catalytic reaction conditions on the catalytic performance of the materials

(a) Time-dependent absorbance at 652 nm measured from the reaction solutions containing TMB (2 mmol/L), H,0O, (500 mmol/L),
and different concentrations of CI”™ doped Co;O,NCs(mg/L) in HAc-NaAc buffer solution (pH=3.6), at 30 °C; (b) The SA of C1™
doped Co;0,NCs; Dependence of the POD-like activity of CI doped Co;0,NCs on (c) pH and (d) temperature
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Fig. 4 Catalytic reaction mechanism of materials
(a) TA as a fluorescent probe for the detection of *OH in the Co;0, NCs and C1™ doped Co;0,NCs systems, the product TAOH pres-
ents a maximum emission wavelength of 452 nm; (b) The effect of ROS quencher (DMPO) on the POD-like reaction rate catalyzed
by Co;0, NCs or Cl™ doped Co;0, NCs in HAc/NaAc buffer (pH=3. 6), General conditions: catalyst4 mg/L, TMB 1 mmol/L,
H,0,500 mmol/L, ROS quencher: DMPO 5 mmol/L; EPR spectra of (c¢) DMPO/-OH adducts and (d) DMPO/O, "~ adducts in the
Co0;0, NCs and Cl " doped Co;0,NCs systems. In the control group, only DMPO and H,O, were added
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Fig. 7 Catalytic properties and reaction mechanism of Co;0, nanocrystals doped with other halogen ions

(a) Reaction-time curves of TMB oxidation reaction in the presence of different catalysts; (b) The POD-like reaction rates of differ-
ent catalysts in HAc/NaAc buffer (pH=3.6); (c) TA as a fluorescent probe for the detection of *OH
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Fig. 8 Cl doping enhances the POD-like activity of other metal oxides and the study of reaction mechanisms

(a—c) Reaction-time curves of TMB oxidation reaction in the presence of different catalysts. Time-dependent absorbance at 652 nm

was measured from solutions containing TMB (1 mmol/L), H,0, (500 mmol/L), and different catalysts (4 mg/L), respectively;
(d—f) TA as a fluorescent probe for the detection of «OH

25 POD 1 88 19 5% %5 300 o X4 BHG 25 POD 1
AE MY UV-Vis GiEHEoT & B, CL B 43 i T A1
N 4 J A 0 40 K i B 25 POD i P (18] 8 (a—
¢)) o[RBT, Hi 3T TA #7566 3% 4 #r vl
Cl 48 24 35 1 A1 N 4 )@ 48k 9 98 oK i 36 1k
H,O, 7= A= «OH ¥ g J1 (8 (d—1) ) , iX 7 fE j&
HIEPOD GG ) EZ RN . E3IHCL
B 2% i J5 A R 9 ) 4R RO B R AE BT AT, CL
% 2% ffi 15 CuO . P25 5 ZnO 4 25 POD %) 4 2 )i
RSN L5AT L35 1L 145, DL R4
TR, LT [ AR AR 1Y ) R B Ak re 4 R A
B Coy O, 40 K i LA AN 11 e Al 45 J& 48016 90 40 K iy
e A N AR 2R POD WE . Bk R B
FeAE — SR R h R R AR A 4Ok R 2
POD Ji V£ 19 A 880 F B .

3 4hig

Zi LT IR, A5 e 2o ] A F R 3k A D) M
il %t Cl7 8 2% Co.O. A K i, K BL CL 8 2% fiE

R3  AREMEAAN ZE HAc/NaAc 2 ik P 8 2 POD #7146 R R
SF
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