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Research Progress on Application of Nano Ceria Mimic Peroxidase
FANG Lei'?, MA Yonggiang"’

(1.College of Food Engineering, Harbin University of Commerce, Harbin 150076, China;
2.College of Food Engineering, Harbin University, Harbin 150086, China)

Abstract: Peroxidase is widely distributed in nature. It uses hydrogen peroxide to catalyze the oxidation of various organic
and inorganic compounds and has been applied in many fields. However, due to the fact that peroxidase is a kind of bio
organic material, its purification is difficult and its stability is poor, which limits its application environment. As a kind of
natural enzyme substitute with high efficiency, simplicity, stability and high performance, nano enzyme has been widely
studied in various applications, which overcomes the practical limitations of natural enzyme in industry. Among them, nano
cerium dioxide (CeO,NPs) has become one of the hot spots in scientific research due to its peroxidase characteristics. In this
paper, the research progress of Nano-CeO, mimetic peroxidase in food analysis, biomarker detection, medicine, optical
sensing, bionics and so on are reviewed. It shows great potential in different research fields, and hopes to provide some

reference for further research.
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Fig.2 Schematic diagram of decomposition of H,O, catalyzed
by Ce:MoS,
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Fig.3 Schematic diagram of electron—hole pair separation and
the possible reaction mechanism of y-Fe,0,/CeO,-PDI
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Surface peroxide
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Fig.4 Schematic presentation for TMB oxidation in the
presence of H,0, over CeO,/NT-TiO,@0.1
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JHR CeO,@Ir KM i Ak 24 e B A2 8% a%, FH T8
PRI (4 [RTEs) 53 B ARG . Dai BRAEZH ™ B UGHE
IKIIEG T CeO, YIKBLTFIEMT MnO, IKERIFY
WA H AR (CeO,@MNO,), FH s T FHIT AR 22
W (SWV) K H,O, FIRTHI AR P (PSA) 1Y
HAb207 . T MnO,-NS 5 CeO,-NP HA A
YEH, X H,0, i JE iR SR T — . 7E
AL Z&1E R, CeO,@MnO, A4 %1 AT FF- A6 3 Bl A
1~3.0x10° pmol/L fJ H,0,. CeO,@MnO,PSA 1
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FEFE 0.005~50.0 ng/mL Z[H]Z2LM40 10 . A5
P BAT B i RAORE | RN L RRsE v, AR —Fh
A= WAL IR 5 AR AN 7S A b iy B
ARKAUE T -

AL E(H,0,) W B A Y B2 TP E R R SE
AWbr A P E A, T B FH = A sl RE S 4
RELEPIRRIC I AE SC i SE A S BRI S AT TP LR
B 1Y . Henning 551 FI| FHEFA L CeO, ZHK S X
H,0, U, I-F9E T H,O, 171X H 7 Fn & ek
BEMISZ N . J8 3 K IG G — il & I8 2% Eu’ kL
¥, ELEUURRAE Si FB IR I, il 45 9Kk Z,
SR SN W i S B BRIl R 4 B AR AR 14 HLO,
HWRE . IEAh, FEGERIER -G B R P, e 5
T BOTR A KGN PE T G o 38 ek W T ik s A= 4
(RIBREFAEARSI X 2 A Il R EEBR PR 1) T A AL Ak
BE B ROV AUE R EATTE S EEM:, 28 T EN eI s?
FEp OB SR A AL & S T . Dong 28 LU
4l (D AR = 1 BRI 48 T &8 aPLa2e, 3¢
X HAEAT T 3, A58 T — R BRI oKE5H) CeO,/C
YRR . XTELESHORE | ATIRIA I SRS HET T
T k. GPRERFEEH R8O i A s
v, BXF3CT A8 B il S AL R P . AR ERAE
pH i 2~10 ZJH], Ik BEJE EI 2 4~80 °C Bf e . LA
3,3",5,5"-PU FH LB A 0, SR FH R L@,
Bl st EAL S . 7E 0.5~100 pm H,O, ¥ 75
PN, 652 nm ARG EELRPERE N, AN SR AT 2 B A
BN 2 & A A SR T, sy At E AR A
B A TR 00 7 I T AR I 2 . TE
1~100 umol/L FZg bk BE AL I, S ny 22k M, &
MIBR A 0.69 umol/L(S/N=3) . Z 7z HT
L% 5 25 B8 B9 I %2 . Vinothkumar 2599 858 1T
5 mol% —Hi#i T2 (RE*=Eu* . Nd*". Pr**#ll La®")
CNP X8 AT AL E L P ERR 52 . USRS i
B AR RIS A5 AV e B Il B T2l A I B g 14
. A€ CNP i1, B4, vk R (7.9 nm) i
/N, AR La> Xt Akl . S LBFFN S A
F 5L CHO) 175 BRAE TR LY. 1bAh, CNPs 80 Hi ik
FERA A 0L A AN SR AL G P, TR kb,
PO T ARG YT N, I BUEBH T 8 242
RE* 5 2= 4 B X5 480 A Al 99 A HBDHT H 880 577 112 1 1) 5 e
YEH, LI Efesmnib s b rEge.

6 RS EEIIT SIS R R
IR

AL P B RAUE & L NP AR, 5
VEJF AR, T N TASRA T H R e R =
B AR AR T P, A AL ER AT IR A5 B T T B
Alizadeh 2597 JLF 4 kg9 K F 3l it AL S BHAT R
G AR TE P, ST T — s A A I T 4 i
H,O, B~ Ir ik XM EL R X HO, A
IR SR AN, £ 100 nmol/L~20 mmol/L [ T K& 7

[l PN HLAT i R AR, AR A7 20 nmol/L, 55 2 A
FERIME N 226.4 pA-cm2-uM ™ X R IH B AE W G
A A2 5 I HL, O, J TaTEEA Ve I FH AT, A
2 W L ATk i i PRI T — 81195 . Saha
R ) el F— o 5 S AR AT AN AR 435 B 10 SR =R
SEHRANE SR TSRl 1o S AL W it (HRP) (224
TP FinnT 52 AL FH A H,0, AR . LR i
ISR Sy TRk i) £ 2R 22U, 3 o P A PR ) A oKk
il Bl A ARG KRBT, I A 5 B R 4l S 2R b
LSRR H,O, HAT & B2 B (<10 s) , Kl i BR
>4 3.18 umol/L, A FZ A H & /0 10 4~ JE 81, HASG
IWEPETCI MARJe o SRR K kL4, & S 48 n]
FHF R AL DO Ser R LU SAR P H -
7 RS UHIERE S HIEEEREPH
v A

KRG R A AT, ot s . A8
PES S ERR e 25 | REOIVEA FRAF I, BHAS
THI 2R X)L, EETFR gk
AR H e S A B I A, I T e RS0 BRI
YL Hl . Jampaiah 551 H] Co,0, 44 KKL T & Hii
CeO, WMIBRIE i Co,0,@Ce0, Ze b gl KAt fk 5], 75
H,O, f#7E F X TMB I i b A AL 2R B0 R4
it A A BT, FH A A HH 1 G (0] 5 A H B
(LOD)A I, HflKnTik 1.9 uM, I Co,O,NPs
B CeO, 2 ARIRBEERYE T A= B FH v B FR K
L FH RIS o

ZAEWIEEI IR K, 2220 G I N AR A T 2T
ARSI 7o AT PR 5 A AR M D ok S AT
FKYEMFE S . Zhang 5500 SR AT 855 FHIG A 2H 207
15 BT A% -5 45 M A AR -4 AN K T8 @CeO, (4R -4
NC@CeO,) . Z5RFEMN, H-AuNC@CeO, [FIFTHA
T A AU TR U P R PN P e AR A P AR T T
WA, £R-4: NC@CeO, Z=Ibg kil BAT Yk I
REVETES AR, XA AT LA H A= P
T ARSI A AN . X I I e A A T T B
WETEMI R AT
8 FHiEE5RE

WAk, BEAE AP & L ASER e R AR
Tl 1A B SR A Ak vy, A Sy e BB A A TR A R 2 —
A T R AT USSR B ) 5 B SE T TR 2 2 AT 2%
Ho HEEDKARIEEA TSI &, LLAHAE pl AT oA
R My | AEARIE PR . AN AR U S AR DA,
Sy E AR A G, B IR R R TR T -

HARAIK CeO, B A AP T 14 b7 FH B 25 B
13 TARK B, (AAE X — R SR AR Z R, b
an, ande] v IR BRAF P BREE , AP | T A SR g
K CeO,, FF & T L0k KA HE A 5T | a5 A o ey
B I1ZERFEIAK CeO, ik AR LIS, Anfnpis I
b 40Tk O 28 JR BRI IR 43I 58 S A BT L ARSI AR 2
B IRAFEIE 5 58 5 9N AR AL ) A L DL A,



B Aa3EE 1M IO WK A E A YRR - 423 -

BRIBASRUTTE AR /L, 1N, 2 T P f:nifE
AL, AT —SEREEA RS 2 e Ik . ] angi K
r AT AR AR W AN R B B 8l g 2%, 1
HARMERE ] o XA B P BT A 2R AR ZUHRST
A RRAEAIN R G LA TR S e P RTE AR E, Y340
JRAS . AT A S IR 25 o R KR S B A
FLAIKAS B JEFRAT i T A K B — DR A AT 5
PSS . KRB KBARXMER A= Wyl — A fb—Fh
FEE M), DRI el 5L T AN K il 1 A W A S i 3
PEVERNRR S EA RriE— 2B 09T . Ko FENR R G
FHETEANKNE FJ2 T R B S e S M E AR S R AT
PRGN AP —FPARAT BITSE A9 TT25

Sk
[1] ATTARF, SHAHPAR M G, RASTI B, et al. Nanozymes with
intrinsic peroxidase-like activities[J]. Journal of Molecular Liquids,
2019, 278: 130—144.
[2] ZHANGRF, FANKL, YANXY. Nanozymes: Created by
learning from nature[J]. Science China Life Sciences, 2020, 63(8):
1183—-1200.
[3] HOUL, JIANGGY, SUNY. Progress and trend on the regu-
lation methods for nanozyme activity and its application[J]. Cata-
lysts, 2019, 9(12): 1-17.
[4] VINOTHKUMAR G, ARUNKUMAR P, MAHESH A, et al.
Size-and defect-controlled anti-oxidant enzyme mimetic and radical
scavenging properties of cerium oxide nanoparticles[J]. New Journ-
al of Chemistry, 2018, 42(23): 18810—18823.
[5] MENG X Q, FANK L, YAN X Y. Nanozymes: An emerging
field bridging nanotechnology and enzymology[J]. Sci China Life
Sci, 2019, 62(11): 1543-1546.
[6] LIANG M M, YAN X Y. Nanozymes: From new concepts,
mechanisms, and standards to applications[J]. Accounts of Chemic-
al Research, 2019, 52(8): 2190—-2200.
[7] YANGW T, WANG X, SONG S Y, et al. Syntheses and ap-
plications of noble-metal-free CeO,-based mixed-oxide nanocata-
lysts[J]. Chem, 2019, 5(7): 1743-1774.
[ 8] RZIGALINSKI B A, CARFAGNA C S, et al. Cerium oxide
nanoparticles: Potential for revolutionizing treatment of diseases
[M]. Nanotechnology Characterization Tools for Environment,
Health and Safety, 2019: 219-239.
[9] HECKERT E G, SEALS, SELF W T. Fenton-like reaction
catalyzed by the rare earth inner transition metal cerium[J]. En-
viron Sci Technol, 2008, 42(13): 5014—5019.
[10] ANTONY D, YADAV R. Facile fabrication of green nano
pure CeO(,) and Mn-decorated CeO(,) with Cassia angustifolia seed
extract in water refinement by optimal photodegradation kinetics of
malachite green[J]. Environmental Science and Pollution Research,
2020, 28(15): 18589-18603.
[11] LIUB W, LIU J W. Surface modification of nanozymes [J].
Nano Research, 2017, 10(4): 1125—1148.
[12] ZHANG R F, FAN K L, YAN X Y. Cerium oxide based
nanozymes[M]. Nanozymology, 2020: 279-329.
[ 13 ] WANG G H, ZHANG J Z, HE X. Ceria nanoparticles as en-
zyme mimetics[J]. Chinese Journal of Chemistry,2017,35(6):
791-800.

[14] XAAh, RE, £i&%k, F. HEAREMBERSR T LS
A P &G m A R [T, RS Tk A, 2019, 40(15): 356-362, 367.
[ GUAN H N, SONG Y, GONG D Z, et al. Research progress on
application of novel nano-enzyme mimetics in food safety
analysis[J]. Science and Technology of Food Industry, 2019,
40(15):356-362, 367. ]
[15] ZHANG X, WANG C Y, GAO Y F. Cerium(III)-doped
MoS, nanosheets with expanded interlayer spacing and peroxidase-
mimicking properties for colorimetric determination of hydroge-
nperoxide[J]. Microchimica Acta, 2020, 187(2): 1-9.
[16] JINXY, YIN W Q, NI G, et al. Hydrogen-bonding-induced
colorimetric detection of melamine based on the peroxidase activity
of gelatin-coated cerium oxide nanospheres[J]. Analytical Meth-
ods, 2018, 10(8): 841-847.
[17] LIANJJ, LIU P, LI X C, et al. Perylene diimide-modified
magnetic y-Fe,0,/CeO, nanoparticles as peroxidase mimics for
highly sensitive colorimetric detection of Vitamin C[J]. Appl Or-
ganometal Chem, 2019, 33(5): 1-10.
[18] LIX, PU Z L, ZHOU H, et al. Synergistically enhanced per-
oxidase-like activity of Pd nanoparticles dispersed on CeO, nan-
otubes and their application in colorimetric sensing of sulfhydryl
compounds [J]. J Mater Sci, 2018: 1-12.
[19] JAMPAIAH D, REDDY T S, KANDJANI A E, et al. Fe-
doped CeO, nanorods forenhanced peroxidase-like activity and their
application towards glucose detection[J]. Journal of Materials
Chemistry B, 2016, 4(22): 3874—3885.
[20] ESCHF, FABRIS S, ZHOU L, et al. Electron localization de-
termines defect formation on ceria substrates[J]. Science, 2005,
309: 752-755.
[21] JIAO X, SONG H, ZHAO H, et al. Well-redispersed ceria
nanoparticles: Promising peroxidase mimetics for H,O, and glucose
detection [J]. Anal Methods, 2012, 4(10): 3261.
[22] ZHAO H, DONG Y M, JIANG P P, et al. Highly dispersed
CeO, on TiO, nanotube: A synergistic nanocomposite with superior
peroxidase-like activity[J]. ACS Applied Materials & Interfaces,
2015, 7(12): 6451-6461.
[23] LIUQY, YANG Y T, LV X T, et al. One-step synthesis of
uniform nanoparticles of porphyrin functionalized ceria with prom-
ising peroxidase mimetics for H,O, and glucose colorimetric detec-
tion[J]. Sensors and Actuators B-Chemical, 2017, 240: 726—734.
[24] LIUH, DING Y N, YANG B C, et al. Colorimetric and ultra-
sensitive detection of H,0, based on Au/Co;0,-CeOx nanocompos-
ites with enhanced peroxidase-like performance[J]. Sensors and Ac-
tuators B-Chemical, 2018, 271: 336—345.
[25] LIHL, GAO HM, FANG HY, et al. Synthesis and charac-
terization of novel coral-like hollow CeO, nanostructures and their
potential as peroxidase mimics[J]. Solid State Sciences, 2019, 97:
1-5.
[26] MAY Y, GAO W, ZHANG Z Y. Regulating the surface of
nanoceria and its applications in heterogeneous catalysis[J]. Sur-
face Science Reports, 2018, 73: 1-36.
[27] HUANG F, WANG J Z, CHEN W M. Synergistic peroxi-
dase-like activity of CeO,-coated hollow Fe;O, nanocompo-sites as
an enzymatic mimic for low detection limit of glucose[J]. Journal of
the Taiwan Institute of Chemical Engineers, 2018, 83: 40—49.


https://doi.org/10.1016/j.molliq.2018.12.011
https://doi.org/10.1007/s11427-019-1570-7
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1007/s11427-019-1557-8
https://doi.org/10.1007/s11427-019-1557-8
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1016/j.chempr.2019.04.009
https://doi.org/10.1021/es8001508
https://doi.org/10.1021/es8001508
https://doi.org/10.1007/s12274-017-1426-5
https://doi.org/10.1002/cjoc.201600845
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C6TB00422A
https://doi.org/10.1039/C6TB00422A
https://doi.org/10.1126/science.1111568
https://doi.org/10.1039/c2ay25511a
https://doi.org/10.1016/j.snb.2016.09.049
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.surfrep.2018.02.001
https://doi.org/10.1016/j.surfrep.2018.02.001
https://doi.org/10.1016/j.jtice.2017.12.011
https://doi.org/10.1016/j.jtice.2017.12.011
https://doi.org/10.1016/j.molliq.2018.12.011
https://doi.org/10.1007/s11427-019-1570-7
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1039/C8NJ04435J
https://doi.org/10.1007/s11427-019-1557-8
https://doi.org/10.1007/s11427-019-1557-8
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1021/acs.accounts.9b00140
https://doi.org/10.1016/j.chempr.2019.04.009
https://doi.org/10.1021/es8001508
https://doi.org/10.1021/es8001508
https://doi.org/10.1007/s12274-017-1426-5
https://doi.org/10.1002/cjoc.201600845
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C7AY02296D
https://doi.org/10.1039/C6TB00422A
https://doi.org/10.1039/C6TB00422A
https://doi.org/10.1126/science.1111568
https://doi.org/10.1039/c2ay25511a
https://doi.org/10.1016/j.snb.2016.09.049
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.snb.2018.05.108
https://doi.org/10.1016/j.surfrep.2018.02.001
https://doi.org/10.1016/j.surfrep.2018.02.001
https://doi.org/10.1016/j.jtice.2017.12.011
https://doi.org/10.1016/j.jtice.2017.12.011

. 424 - Q&T\|V$+ﬁ

20224 1 A

[28] GUO W I, ZHANG M, LOUZ P, et al. Engineering nanocer-
ia for enhanced peroxidase mimics: A solid solution strategy[J].
ChemCatChem, 2019, 11(2): 737-743.

[29 ] ALIZADEH N, SALIMI A, HALLAJ R. Mimicking peroxi-
dase-like activity of Co;0,-CeO, nanosheets integrated paper-based
analytical devices for detection of glucose with smartphone[J].
Sensors and Actuators B:Chemical, 2019, 288: 44—52.

[30] WANG X, LIU D P, LI J Q, et al. Clean synthesis of
Cu,0@CeO, core@shell nanocubes with highly active interface [J].
Npg Asia Materials, 2015, 7: 1-7.

[31] LIANJJ, LIU P, JIN C Q, et al. Perylene diimide-functional-
ized CeO, nanocomposite as a peroxidase mimic for colorimetric de-
termination of hydrogen peroxide and glutathione[J]. Microchimica
Acta, 2019: 331-340.

[32] YANG W N, LIJ, YANG J. Biomass-derived hierarchically
porous CoFe-LDH/CeO, hybrid with peroxidase-like activity for col-
orimetric sensing of H,0, and glucose[J]. Journal of Alloys and
Compounds, 2019, 815: 1-12.

[33] GE J C, YANG X Y, LUO J H. Ordered mesoporous
Co0O/CeO, heterostructures with highly crystallized walls and en-
hanced peroxidase-like bioactivity[J]. Applied Materials Today,
2019, 15: 482-493.

[34] TAN Z C, CHEN Y C, ZHANG 7T R, et al. Nanoisozymes:
The origin behind pristine CeO, as enzyme mimetics [J]. Chemistry-
A European Journal, 2020, 26(46): 10598—10606.

[35] ZHAGN J R, TAN Z C, LENG W Y, et al. Chemical state
tuning of surface Ce species on pristine CeO, with 2400% boosting
in peroxidase-like activity for glucose detection[J]. Chemical Com-
munications, 2020, 6(57): 7897—7900.

[36 ] GUANHJ, ZHANG J, LIU Y. Rapid quantitative determina-
tion of hydrogen peroxide using an electrochemical sensor based on
PtNi alloy/CeO, plates embedded in N-doped carbon nanofibers[J].
Electrochimica Acta, 2019, 295: 997—1005.

[37] WANG S P, WANG F F, FU C P, et al. AgInSe,-sensitized
ZnO nanoflower wide-spectrum responsephotoele-ctrochemical/
visual sensing platform via Au@Nanorod-Anchored CeO, octahe-
dron regulated signal[J]. Analytical Chemistry, 2020, 92(11):
7604-7611.

[38] LIANJJ, LIU P, LI X C, et al. Multi-layer CeO,-wrapped
Ag,S microspheres with enhanced peroxidaselike activity for sensit-
ive detection of dopamine[J]. Colloids and Surfaces A, 2019, 565:
1-7.

[39] LIUX L, WANG X H, QI C. Sensitive colorimetric detec-

tion of ascorbic acid using Pt/CeO, nanocomposites as peroxidase

mimics[J]. Applied Surface Science, 2019, 479: 532—539.

[40] VINOTHKUMAR G, LALITHA A I, BABU K S. Cerium
phosphate-cerium oxide heterogeneous composite nanozymes with
enhanced peroxidase-like biomimetic activity for glucose and hydro-
genperoxidesensing [J]. Inorganic Chemistry, 2019, 58(1): 349-358.
[41] TIAN Z M, LIJ, ZHANG Z Y, et al. Highly sensitive and ro-
bust peroxidase-like activity of porous nanorods of ceria and their
application for breast cancer detection[J]. Biomaterials, 2015, 59:
116-124.

[42] SHENH W, DENG W Q, YI R, et al. Ultrasensitive apta-
sensor for isolation and detection of circulating tumor cells based on
CeO,@IIr nanorods and DNA walker[J]. Biosensors and Bioelec-
tronics, 2020, 168 1-8.

[43] DAIY X, WANG X Y, ZHU X D, et al. Electrochemical as-
says for determination of H,O, and prostate-specific antigen based
on a nanocomposite consisting of CeO, nanoparticle-decorated
MnO, nanospheres [J]. Microchimica Acta, 2020: 427-434.

[44] HENNING D F, MERKL P, YUN C H. Luminescent CeO,:
Eu’* nanocrystals for robust in situ H,0, real-time detection in bac-
terial cell cultures[J]. Biosensors and Bioelectronics, 2019, 132:
286—293.

[45] DONG W F, HUANG Y M. CeO,/C nanowire derived from
a cerium(IIl) based organic framework as a peroxidase mimic for
colorimetric sensing of hydrogen peroxide and for enzymatic sens-
ing of glucose. [J]. Microchim Acta, 2019, 187(1): 1-10.

[46] VINOTHKUMAR G, SUBRAYAN R, PANDIYAN A, et al.
Tonic radii and concentration dependency of RE* (Eu*, Nd**, Pr’”,
and La*")-doped cerium oxide nanoparticles for enhanced multien-
zyme-mimetic and hydroxyl radical scavenging activity[J]. The
Journal of Physical Chemistry, 2019, 123(1): 541-553.

[47] ALIZADEH N, SALIMI A, SHAM T K, et al. Intrinsic en-
zyme-like activities of cerium oxide nanocomposite and its applica-
tion for extracellular H,O, detection using an electrochemical micro-
fluidic device[T]. ACS Omega, 2020, 5(21): 11883—11894.

[48 ] SAHA P, MAHARAJAN A, DIKSHIT P K, et al. Rapid and
reusable detection of hydrogen peroxide using polyurethane scaf-
fold incorporated with cerium oxide nanoparticles[J]. Korean J
Chem Eng, 2019: 2143-2242.

[49] JAMPAIAH D,REDDY TS, COYLE VE, etal. Co;0,@CeO,
hybrid flower-like microspheres: A strong synergistic peroxidase-
mimicking artificial enzyme with high sensitivity for glucose dete-
ction[J]. Journal of Materials Chemistry B, 2017, 5(4): 720-730.
[50] ZHANG L L, PAN J, LONG Y, et al. CeO,-encapsulated
hollow Ag-Au nanocage hybrid nanostructures as high-performance
catalysts for cascade reactions [J]. Small, 2019, 15(43): 1-7.


https://doi.org/10.1002/cctc.201801578
https://doi.org/10.1016/j.snb.2019.01.068
https://doi.org/10.1016/j.apmt.2019.03.009
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1016/j.electacta.2018.11.126
https://doi.org/10.1021/acs.analchem.0c00231
https://doi.org/10.1016/j.colsurfa.2018.12.047
https://doi.org/10.1016/j.apsusc.2019.02.135
https://doi.org/10.1021/acs.inorgchem.8b02423
https://doi.org/10.1016/j.biomaterials.2015.04.039
https://doi.org/10.1016/j.bios.2019.03.012
https://doi.org/10.1021/acsomega.9b03252
https://doi.org/10.1039/C6TB02750D
https://doi.org/10.1002/cctc.201801578
https://doi.org/10.1016/j.snb.2019.01.068
https://doi.org/10.1016/j.apmt.2019.03.009
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1016/j.electacta.2018.11.126
https://doi.org/10.1021/acs.analchem.0c00231
https://doi.org/10.1016/j.colsurfa.2018.12.047
https://doi.org/10.1016/j.apsusc.2019.02.135
https://doi.org/10.1021/acs.inorgchem.8b02423
https://doi.org/10.1016/j.biomaterials.2015.04.039
https://doi.org/10.1016/j.bios.2019.03.012
https://doi.org/10.1021/acsomega.9b03252
https://doi.org/10.1039/C6TB02750D
https://doi.org/10.1002/cctc.201801578
https://doi.org/10.1016/j.snb.2019.01.068
https://doi.org/10.1016/j.apmt.2019.03.009
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1016/j.electacta.2018.11.126
https://doi.org/10.1021/acs.analchem.0c00231
https://doi.org/10.1016/j.colsurfa.2018.12.047
https://doi.org/10.1002/cctc.201801578
https://doi.org/10.1016/j.snb.2019.01.068
https://doi.org/10.1016/j.apmt.2019.03.009
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1002/chem.202001597
https://doi.org/10.1016/j.electacta.2018.11.126
https://doi.org/10.1021/acs.analchem.0c00231
https://doi.org/10.1016/j.colsurfa.2018.12.047
https://doi.org/10.1016/j.apsusc.2019.02.135
https://doi.org/10.1021/acs.inorgchem.8b02423
https://doi.org/10.1016/j.biomaterials.2015.04.039
https://doi.org/10.1016/j.bios.2019.03.012
https://doi.org/10.1021/acsomega.9b03252
https://doi.org/10.1039/C6TB02750D
https://doi.org/10.1016/j.apsusc.2019.02.135
https://doi.org/10.1021/acs.inorgchem.8b02423
https://doi.org/10.1016/j.biomaterials.2015.04.039
https://doi.org/10.1016/j.bios.2019.03.012
https://doi.org/10.1021/acsomega.9b03252
https://doi.org/10.1039/C6TB02750D

	1 纳米二氧化铈
	2 纳米二氧化铈模拟过氧化物酶在食品分析中的应用
	3 纳米二氧化铈模拟过氧化物酶在H2O2和葡萄糖的比色检测中的应用
	4 纳米二氧化铈模拟过氧化物酶在生物标志物的检测中的应用
	5 纳米二氧化铈模拟过氧化物酶在医学中的应用
	6 纳米二氧化铈模拟过氧化物酶在光学传感中的应用
	7 纳米二氧化铈模拟过氧化物酶在仿生中的应用
	8 结语与展望

