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Abstract: Nanozyme can quickly and sensitively detect biomarkers to prevent the outbreak of diseases. However, the low catalytic
activity and poor affinity for substrates restrict the detection performance. Montmorillonite, as a typical 2:1 layered silicate clay
mineral, has a good adsorption and cation exchange ability. Thus, Fe*" can be anchored into the layers to prepare Fe doping
montmorillonite nanozyme with a peroxidase-like property, enhancing the affinity for H,O, and realizing the colorimetric detection of
H,0,. The results show that the linear range and detection limit of H,O, are 20-500 pmol/L and 5.8 umol/L under neutral conditions,
respectively. The colorimetric method for silicate clay mineral nanozyme has a good application prospect in the fields of analytical
detection and disease diagnosis.
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YA FeCly-6H,O. #5352/l + K10(MK10, CAS:
1318-93-0, R 24 4 A 4k 2104 BR A w]) y J5t
BL RS % Fe'-MK10 90K, FrE
WA EEMEH, AHRETAE.

Yo, AR T 100 mL BRI
50 mL BT /K, SREIA 1.0 g MK10 FIAN[F BE /R
&) FeCl;6H,0(0.5+ 1.0 2.0 mmol A1 4.0 mmol),
Hoks HORAERE I P FE RS A EE 8 h, BHETERUE, 18
HEEEOHLE L, FFHEB KGR 3 X, A5
B HOBN A G TN B R A T, S aB
BRI R,
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(XRD) 3 Hr#AH IR [ BA 2(°)/min (IFHE R, 7R
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£ 20=5.76°, BT Prague 75 FE R LASE H i, 1 [A] B 4
% d=1.53 nm, & W] Fe 7] LU A MK10 [1))2 8] (K]
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(a) XRD patterns of MK 10 and Fe**-MK 10
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(b) Small angle-XRD patterns of Fe**-MK10
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(c) Fe 2p XPS spectra of Fe**-MK 10

MK is montmorrillonite.
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XPS ¥
Fig. 1 XRD patterns of MK 10 and Fe**-MK 10 and Fe 2p XPS
spectra of Fe**-MK10
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& 2 4 MK10 1 Fe*-MK10 [#] SEM f&H . M
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BN Fe’-MKI10 HIRTREE(E 2b), £iR

AT K B AR R VG M B B2 A 2. A EDS KRk
W Fe. Al. Siv Ca f1 O JuRMIAFIEWE 2¢), FHH
Fe " 51 3 AR 7E MK10 49K I3 1 .

(b) SEM image of Fe’*-MK10

(c) EDS elemental mappings of Fe**-MK 10

K2 MKI10 fl Fe'-MK10 ff] SEM [i§ Ji il Fe’*-MK10 f#] EDS JG % /M i
Fig. 2 SEM images of MK10 and Fe**-MK10 and EDS elemental mappings of Fe*'-MK10
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100

50

Relative activity/%

15 25 35 45 55 65
Temperature/C

(d) Effect of temperature
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Fig. 3 (a) UV-Vis spectra of different systems; (b) Effect of Fe>" doping on the catalytic activity of Fe*-MK10; (c) Effects of pH
value and (d) temperature on the catalytic activity of Fe*'-MK10
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390 420 450 480 510 540
Wavelength/nm
Kl 4 Fe’'-MK10+H,0,+TA. H,0,+TA Hl TA 5% ith £

Fig. 4 Fluorescent curves of Fe*'-MK10+H,0,+TA, H,O,+TA
and TA (terephthalic acid)
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Ay, Frid, #E—BE T Fe-MKI10 ez
N1 H(E 5o~ 5d), FrfddEansR 2 fos.
EE T R AR AR I A Ak A i (IR P) A1 At 552 16 4 490K
B, Fe’'-MKI10 XtEY H,0, MK KH K N
0.77 mmol/L, Tfij H. Fe**-MK10 %} H,0, Ff1#5 K 5 J85 58
B (Vma) AN 14.16x10°° mol/(L-s)e XAMUAI T
Fe'-MK10 Xf HyO, RIFHIsEAEE T, i HEA P
AL HaO, IRIRE T, A RIT6F HoO, MR

£1 FeRHIR
Table1 Fe’* dissolution test

Detection Samples Test Element Sample Content/(ug-kg™")
Fe*-MK10 Fe 3.33%10’
Dissolution Fe* Fe 1.88x10
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(a) Steady-state kinetics curves toward H,0, (b) Steady-state kinetics curves toward TMB
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Fig. 5 Steady-state kinetic analysis of Fe*’-MK 10 nanosheets
K2 FRETIRKREBIRSHNFS AR
Table 2 Comparison of steady-state kinetic parameters of different mineral nanozymes
H,0, TMB
Materials Ref.
Ku/(mmol- L™ Vinaxx108/(mol- L™ s7") Ky/(mmol-L™") Vinaxx108/(mol- L™ s7")
HRP 3.70 8.71 0.43 10.00 [2]
Fe;0,-MMT 0.81 5.14 0.03 9.41 [16]
CeO,-MMT 3.40 1.03 0.01 1.10 [18]
V,05-MMT 1.19 1.81 0.02 1.61 [17]
Fe™-MK10 0.77 14.16 0.66 3.90 This work

2.3 HMRB SRR

K 6 A Fe''-MK10 g5KEE& I H,0, (7 B R
HE. KA P -MK10 #1064 iR HO, 7
AR H HE(OH), @M%k TMB B (=4
oxTMB, Zite 5 FEAE B0 BT HaOp WREE
A4, SRR SIS HaO, B T RRAL L E s N

FIF bR A I SR B, BT SEBL TR HaO, 1 EE £

Far il o 41l 7a A1 7o B, BVEA IO BEBE#E Ha0,
WEE(20~1 500 pwmol/L)MFt i i@ 3 in . 1fi H.,
WG EEAE 5 H,0,(20~500 pmol/L) I £ % &, Fr
BT Y=1.70x10"X+0.16(R* = 0.99). %L {4
VERIRS IRy 5.8 umol/L. 5 HoAth 52 i A7 9l K B AR
PR 3), b5k 2 v v el o

Bl 7c NZITIERI H0, FIkEtE . 25 R
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B HL 00 KT A AT 471 o o 3R RE B A T R
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() [0 e R AE 98.0%~103.2% 2 8], AH X Hs v fn 2
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(a) UV absorption spectra value at 652 nm
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Fig. 6 Schematic diagram of Fe**-MK 10 for detecting H,0,

o}

0.6 -

Absorbance

04+

02}

0 100 200 300 400 500
Cio./(pmol-L7)

(b) Detection curves
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Fig. 7 UV absorption spectra of H,0, with different concentrations (20—1 500 pmol/L) of Fe*’-MK10 at 652 nm and detection

curves, selectivity and stability of Fe**-MK10
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Table 3 Comparison of different peroxidases for H,0,

detection
Materials Linear o De.tec'tion O Ref.
range/(umol-L™) limit/(umol-L™)
Co0304,-MMT 10-100 8.7 [20]
V,05-MMT 30-400 4.0 [17]
Fe;04-MMT 50-200 5.1 [16]
CuS-MMT 30-200 0.2 [21]
Fe**-MK10 20-500 5.8 This work

£4 Fe'-MKI10jlE A M35 # 7 5 BTH,0,

Table 4 Determination of H,O, in human serum samples

in the presence of Fe*'-MK10

Cyo, /(umol-L™")

Sample Recovery/% RSD/%
Detect Added Found
ND 50 51.6 103.2 0.53
ND 100 98.0 98.0 1.27
ND 300 297.4 99.1 0.17
3 S
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