FEHIFFE SRR 2025,19(3) :546-553
Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

DOI:10.20038/j.cnki.mra.2025.000317

ETOs-rikESMAN IR WEERIEE
R R 1 EL & A U T 58 1 R

AP, AR AN vt AR BE 4R e IR
(HEPR2=BE ) AR 22K 526061)

WE: AAMBEED AGRER T AFEFTERESE T TR AE RN ELE RESLEFHRT
mMBAEEEXREE, MERFRHANEATHALETH KRB G L it 5 LW HF LB AN F
o KWL, EMARA X T Os-Ir Sy KB LN A THRAMBAMN N RME . Hb, b F &4k %,
FALRZARTHEAN M EBAL —HWBRROs-Ir AR E A, B LA THRIFALBEALN, F L H
—FEE M AR VEH RN B TR, SREW,Os- KA S EH A
BE AL WOUE M, ok KF (K, % 2.98 mmol- L' & A R L (V) 5.62 mmol-L ™ 'min"". 7& ¢ 3 &
FLERERHETOs- A ABATHRADBELIN N R ELRFE XK ZpHMES5. 5. K MR E
40 °C \Os-Ir 44 > B B B 700 7% B 5 4k 256 £ LB B 8] 5 min. 78 & 6 AW & ¢ T, B F & i 2 F Os-Ir 4 %
B B 4 0 ML B AR N 7 R K AF T BE 8 A N 1 (0—147. 06 pmol-L ") Fu B B Ay A W R A E (B R A
0.31pmol-L " E &R 1.03 pmol-L™ "), BAIAIKFE KA FHAMATERERBIET FTFL T HHE
SERRRE S AN P B A ey T & M e AT M, R B o b 95.15%—103.22% (A A AR E R ZE
1.92%—8.60% , 7 T %A E 6 B . FFR T & 89 3T Os-Tr 49 K B 84t € 40 310 7 3% b 470 35 o Bk 52 31

TR EE R AR, EaR BN EMEHSTAR T EARGOBRERLAME.
KEEIA : Os-Ir 4 K B 5 3 A (b Ay B AL BUE P s 0 3F B8 5 W & A0 3 5 R0 Bt 5 B o5 Ot

FESES:0652. 1 XHktRER: A

XEHRS:1673-9981(2025)03-0546-08

S48 3 BB, A R, AR AF L 2R T Os-Tr K A2 G R i 401 0 T ASE 0L 305 41 Dl R Al L (G N TR i i [T 1. A kY

WE5E 5 %, 2025,19(3) : 546-553.

ZHONG Yingying, YANG Junsong, YE Yili, et al. Rapid and Sensitive Colorimetric Detection of Ascorbic Acid Based on Os-
Ir Nanocomposite with Peroxidase-Mimicking Activity[ J]. Materials Research and Application,2025,19(3) :546-553.

0 38§

ORI TR 6 Ak B A A A B L T8 By 9 o 45 D T 4y
VA2 AR T e A R 61 G E R £ O I IR 1 Y
AR G A TR R RO O A 4 5
g A TR TG A R R, H g
MG A B A A R R R R, K
B = HUIR IR 2 5 BONK g RS I RE AR,
(ELJR B A i e F 0 R I 1R 0 2 o 8 0 7= £ 45, 191
N2 SR A SRS ASE . PRI A B bk
A2 B B 7 I A AR 5 P R IR A

%5 H 89 : 2024-08-01

EEREHE,

e 48 BT I I 1 #9 AGE I A AR 22, s RGO €
W (HPLC) L (5 Ah-1T WAy e B vk ™ Al 27 43
Bk i R E TR AR . (HR XS AR
R B AS o FEINS RO AN R B 22 AR ik, A
BEHIF S B ATT B T T 5 1 290 A g ) B f P3|
e 72 CRE B PO MR I R K M U vk . Huang 45
b A T2 G T B R o S A B LT
PERY kB 24 i i 7 A (Fe-CQDs) IR FHIF R T
— IR LR (00 R 3k, 0 X B R L 7R 4 A

BB A48 XKBEAEE - FAEELTH (2023A1515110754) 5 2024 26 K 22 5 & )2 01 H (504/2024012220) 57 %

BEF TR H (2020ZDZX2045)

VE& T8 v« B, 1 U0, BIFSE 7 181 R B BT A B AR A3 Bk i . E-mail: 2023020054@zqu. edu. cne
BEEE GRS L BB R MO E N E RS ERE AN E 2RI, E-mail:hwwang@zqu. edu. cn.



Pl BRAE 3T Os-Tr Q4K G 0 RHIY 228 44k 4y A ASE DS T DR 3 500 L (A I 0 3 ML 7R 547

2 1—120 pmol-L ™", K I FR > 0. 435 pmol-L ',
Lian 58" 4 00 T H A B & 09 o & 1k 9 il 15 4
M0 Ag@Co0, ZRE & Mk, 3% HH Fit
R 2 i A DU b, A I FR A 0. 59 pmol- L', £
i [l 2—60 pmol-L™',

e (Os) ik (I /E REnoT £, B g I & B
A Tl A UL 1 0 A OK B, IE AR B IR T A E S BT A
V5 Yl W) o e S AT AT B T YL i, L D
WF9E & B, 1 % 19 MnO,/IrO, 44 % ks B A 1 48 1k
Yy T B3 P L 0T DA A B8 R HL O, 1 40 A i 7 AR
O, , % i I 9o 1 i SR 28, DA TG 82 15 o 98 1% 0% 3
BITRCR . Pan % ia Fl— kil & T B i A Ak
Yy Bl AR TS M 0 Os 9Kl , JT4 05 o i FR HT A48
A T — v I v R MR R R S A
XL fig G 43 A1 7 1, Je A I FR > 4. 03 ngemL ',
Tang % 2R FH— 88k A T — Fh B A 1 S A 4
L3 P B A 1R £k D B K A Os G KkE T, 145 LAk
Ty R FH F 3 205 Y 0 1) v G SR AR e it o o

H T, 8 KA KT Os-Ir 5 4 4 8 94 K 1 i IF 5T
Wil . T R GOREERN S R R AL Os. Ir
52 A AR R T T & R T B IR i R ARG 0 Y L
7 8 BRI 98 3 SRS B 1, FH A (B . ARBIF 5T
T —FR A R R 45 Os-Ie gk B AW, W BT 45 5% 1
T ASE DL P o K T 4 B R 1k Os-Tr 99 K i T Bt
I T A N, A e A ARG W % T D S T Rt R ) A
T R G R R PR i T i Ay 3k I8
T B OIS AL R (1% S B A o RS e S s ) i B
(1] Wi S5 AR X AR A 22 (RSD) |, LI IE T T & JF &
T SEBR N 0 AT AT 1 B R R
1 LWHMBERE
1.1 SLIg#r#l

SEU T M B AE - — K B AT R, 1 2 4 S
05 Bk B B A BR A J AR H AR LS AR A
(K,OsCly) PR 30 % 1t & 4k & (H,0,) , I 1 fi]
LT A AL BB B0y A BR A W) A2 77 s L-Pu 30 il 1% . 3,
3, 5,50 B B (TMB) \ = H LK &Y
(IrCL+H,O) , 111 2 s kA AL BH B A BR A ®l A= 7
WEIR — &0 B R A AR R I s b
fiil (PVP) , RKE K50 ) A 7=, HL¥ 4y Fr 4l 5 ik
BE W T2 R B B K BT .
1.2 SCIG{UEE

S I FHAY 88 40 4% LC-LX-H165A 5 3 & .0

ML .LC-MSB-S # 1 i 4% . LC-WB-6 K ¥ i , 1 iff
T RIFVEAL AR B AT BR A w4l i s QBSCANY-2021
Jilg A A, e o A8 R AR W BB PR S A KX-
1613T 8 75 P Ve AL, Jb s B kL BH A5 R A
il i s ATY 124 B K%, H AR 5 HE A 7] il & s PHS-
3C pH Il , b ¥ {3 L Bl 2 A 25 B 0y A7 R 2 ] ol i
HT7700 i% 5 M+ W 38085 . H A H 37 28 A il 1% ; D8
ADVANCE X $F 2417 S, 18 A1 & 5w 2 w1 il i o
1.3 Os-IrfXBErHl &5 R

Z % SCER 19 ] i 7 1 45 Os-Ir G0OK B . 7
5 8 50 L 19 K,0sClg (20 mmol-L™") /K .50 pL
() IrCly» H,O (40 mmol-L ") /K IF # .6 mg i H & 2
R V15 mg 9 3R 2 8 ik g B i (PVP) L 900 mL 9
H,O Jm A% 1. 5 mL #2508 v, I8 i€ 10 min {15
FEAMIRA) o BRJE L AE 60 “CK I B L 5 min, F
A 100 pL (1.5 mol-L™") L-Ht i if B2 i Vi , bl /5 4k 2
i€ 1 min, #£ 60 CK B8 h B 2 he fieJ5 , #F
25°C,12 000 r-min~" F &0 20 min, 3 F 5B F K ¥k
W3, A% B Os-Ir 94 K il 7 ol 3 il A .
TEM . XRD X} Os-Ir 44 K i #5471 .
1.4 Os-Ir gy KB it &4k ¥ B 42 HLE M 18 F

1t 48 46 W 1 fE Ak HLO, 81k TMB A= 1 78 650
nm 72 47 A R AR T US04 1) € 0 ox TMIB . S B8 IE
1 Os-Ir 94 K il J2 75 H AT ok A0 W) B A 400 1, 15
4 4R K, 2 B Os-Ir CH B 45 B0 256 1%,
10 pL) + TMB (208 pmol-L "', 150 pL) + H,0 (50
ul) | Os-Tr (Fis B A% %0 M 256 4%, 10 ul) + TMB(208
pmol-L ™", 150 pL) + H,0,(50 pL, 30% ) .H,0 (10
ul) -+ TMB (208 pmol-L ', 150 pL) + H,0, (50
pl, 30% ) Hl Os-Ir (Fi B A% B 256 1, 10 pL) +
H,O (200 pL), -4 4 43Kk 75 40 “C A& T &
5 min, K 5 B bR A AE 450—800 nm i BBl 4 1 52 4
AR Y 22 A IO
1.5 Os-IrXKEBESHHNERAR

N T B — BT Os-Tr 44 K il 1 i B 400 4 1k 35
PE AT TR S J1 %58 . 150 pl AN Rk BE i
TMB % # (208,104 52,26 ,13.6. 5 pmol-L.~") A1 10
L s B KR 256 4% B Os-Tr 9 2K il v W A 96 fL
M, £E 40 “C . pH A A 5 454 N R 5 min J& , F
B AL AE 650 nm Kb W 2 AR R B9 RO AE . R B N
TMBIE R A N HA , BIE Lambert-Beer &
UL 0 (1) ) TF 530 B I B 1) §4 7™ A2 19 ox TMIB ) V&



548

MRS S 20254655 19 555 3 M

JE (pmol-L™") o (D H A MR RO 56 B
W B R e R EL (Lemol ™ 'scm ™) , ox TMB Y JEE
IR WS 2 BUHE: 3.9 10" Lemol 'eem ™15 ¢ N P2 A 1
ox TMB ¥ i (pmol-L™") ;6 A W U2 B )R BE (em) , &
F M T A 2 96 FLAR TR A 0. 3 em.

A=¢bc (1)

P I T] PN 7 AR B ox TMIB 1Y 4=, BV H) I e i
V,(mmol-L temin ') i 1 ox TMB ¥ B [ /2 I 1) [H]
s @ﬁﬁmﬁ%zﬁu%aﬁn&ﬂ@m@ﬂﬁ%@ﬁ
T 1l £ A HE A0 Ak o SR A B K R R i V., (mmol
L min Y K K 2K, (mmol-LL 1) . & (2) [ S]
R E , mmol-L ™',

1 K, 1 1

—= + (2)
VO VIIIEIX I:S :I VI]]EIX

1.6 PIF MBI &R

R T A% B A BB IR S I A& 1, X Os-Tr 44
KT BE R IR RE L R N I E)  pH A 4 4~ R K R AT
Ak o B 150 pl Bk EE R 208 pmol-L ') TMB #
WA 10 L — 5 U JBE 1 Os-Tr 20 K T v (D 07 T
0.2.4.8.16.32.64.128.256,512.1 024.2 048 f%)
JnA 96 LAk, #F — % i B (25.30.35.40.45.50,
55.60.,65 °C) I W B E] (0.2.5.10.15,20 min) &
AR Z B pHAE (2.4.5.5.6.8.10) F , JH Al A5 X
#£ 650 nm A0 A F A4 R B OB, 25 AL TN
TMBIE W . PAWOGIEE A bR, DL Os-Ir 94 K i
7SN A I - N A VA L5 N N Y S R (E K R B S 7
HEAT AR, $% 0 B AR 1 Os-Ir 40 K il 175 VR B A5 28
JNE B[]z ek BE T pH A .
1.7 UK I B A A& T SE B L 4G i BR F0 E = FR I 2

h T VAR Os-Tr 98 2K il A F B 36 1 /2 Az I (1) R
R, 6 BT IR I R A9 A I R (Limit of detection,
LOD) . % & R (Limit of quantitation, LOQ) il £& 4
R 3 R AT T 5E o K 10 pl SRR BE 256 £ 1Y
Os-Tr 44 2K il 15 90 A 10wl AS 8] e B8 (9 BU 3R LR (O
0.29.0.57.1.15.2.3.4.6,9.19. 18.38. 36.76.
73.53.147.06.294.12.588. 24 pmol-L ') & 150 pL
MY e B Sk 208 pmol-L " ) TMB ¥ ¥ hin A 96 FL A
R VAR R pHAR A 5.5 Bl 40 ‘CE& T
B 5 min, FHEEFRIAE 650 nm 40 & 14 2 OB, 25
FIALA I TMB 3 3 . LLBT YR I R Mk BE o 1 AR b
WOGEAR A B3, B Origin 81 BEATERPEIL & . Y

fi B b (S/N) Dy 3, 3 i 3 (3) T L AR AR I IR
R R L (S/N) D 10, i i 5 (4) T 5 AR it
R, =i LOD A& BR (pmol-L 1), LOQ K 5E &
BR (pmol-L™") , SD 24 28 11 21 22 YCill &5t £ -5 A b 74
2 (pmol-L ™) m Ry WA Hh ZR AR

SD
LOD=3X— (3)
m
SD
LOQ=10X— (4)
m

1.8  SCERHE & A0 4R [ U 46 il

R B UE I T & 19 3 T Os-Tr 99 2K i 14 FE €46 0l
T3 V5 AE 2 BR N AR I B IR Il R A W] AT P R AT
PR, AT T bR B2 o B S A s 3 SOk (4
flb iy K% C A QOQEE L) /K 76 B 20 £ , 7 H U
YEAN 0. 22 pm 8 5k U8 A5 B PORHR BRI . FREL— &2
S PTIR IR 43 A B 1 AR BT AR Y 3 3O B
Wb AR BANR A EE 53 530 2 800,400 A1 O pmol-L ' #Y
PO R A S . A 96 FLAR T A 10 pL i B
256 155 19 Os-Tr G4 K BE I 10 pl b 3R Be & 69 Bt 36 il
i A 1] 050 A 150 pl ¥ Ok 208 pmol-1L ' TMB
W, 76 40 “CF KW 5 min, ££ 650 nm K JH i A 43
S R OB o K AT Y RO (B A BT IR Il R 1
G0 R A ] R R ik B A R M LG R DA AR
b 8105z 2 A X B o O 22 (RSD) o

2 #HREIFR
2.1 Os-Ir K EFRIRIE

R T B AE Os-Tr 40 K Bl 169 158 20 6 B, 138 A 3% 5
T BT Os-Ir 41 K g (19 T8 57 fl EDS ot % B 3% i
17 WEEH 3, 48 ] Image T 4504 % Os-Tr 94 K i 1
RAR AT, A BRSO 2 T Os-Ir 40 K i 1) 56
SRR A XS AT A E T Os-Ir 44 2K il 1)
XRD B 3%, 5 R 1 i s o AWE 1(a—b) 7 W, ,
Os-Tr Gk il A 3 —R0E , A B4 3 it . A
1) AT UL, Os-Tr 40 K il 14 2042 29 8 34 nmo M
1(d) AT UL, Os-Ir 4 K il 2% Os 1 Ir 9T F 4 A%
AN, B 1 (e) A W, Os-Tr 44 K Jifi 75 38. 0°.40. 7°,
41.8°.43. 6"FIA7. 3°Ab ¥y 0 B0 T A7 5 0, 43 ) X6 T
fec Os B (100) . (002) #1(101) (JCPDS 06-0662) , LA
K fee Ir i (111) A1 (200) (JCPDS 06-0598) . M 1
() A WL, Os-Ir 44 K filf 7 600 nm 22 45 Kb A — AN H5AF
W, b RZE L, Os-Tr 94 K il 1Y i 2 1 45 .



Pl BRAE 3T Os-Tr Q4K G 0 RHIY 228 44k 4y A ASE DS T DR 3 500 L (A I 0 3 ML 7R 549

(a) (b) R
<

Y
s P

O & 2001
150-
A 1004
.
501 .
30 35 40 45

. (¢) 400
S 3501
| 300

L4 ® = 2504

200 nm 15 20 25 30 33

KAt /nm
(d) < (e) (101) (f)(;)j;()8
100y [(200) 004
I Os-Rh nanozyme r 0.92-

T . . .
z £ (111) | (002) Z (.90
g z = (.88
Z 2| IrJCPDS06-0598 [ = 264
‘ 0.84-
0.2
0s JCPDS 06-
K sJC 6-0662 | | o]
0 1 2 g 45 67 020 30 40 50 070 500 6o 700 800
it /keV 20/(°) S 9E [

(a—b)—Os-Ir G K WM TEM & 5 (¢)—Os-Ir G K F 1R 5340 18] 5 (d)—Os-Ir Gk i 19 EDS B & ; (e)—Os-Ir
YK XRD B 1S 5 (D—Os-Ir & 4 DK i 1 58 51 0] DL IO 5 1A .

(a—b)—TEM images of Os-Ir nanozyme; (c)—particle size distribution of Os-Ir nanozyme; (d)—EDS spectra of
Os-Ir nanozyme; (e)—XRD spectra of Os-Ir nanozyme; (f)—UYV visible absorption spectra of Os-Ir nanozyme.
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Figure 2 The detection results of peroxidase-mimicking activity of Os-Ir nanozyme
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Table 1 Comparison of K, and V,,, in different nanomaterials
20K b1k K, /(mmol-L ") Vo /(mmol-L ™ 'smin ) EE BTN

Os-Ir 2.98 5.62 A3

Cu(OH),SCs* 2.45 44.83X10°° [15]

Cuy/3Zn, ;0 PNPs 0.10 3.79X107° [16]

Fe,(MoO,);-F 1.13 3.73X107° [17]

CuO-Aug KA 4 3.54 11.10X107° [18]

CoNPs 5.09 9.98X107° [19]

3-CD-CuNCs 0. 54 4341077 [20]
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Figure 3 Optimization results of ascorbic acid detection conditions
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Figure 4 Liner response curve of ascorbic acid
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Table 2 Comparison of detection limits and ranges of ascorbic acid using different nanozyme materials

ok K3 BBl / (pmol-L 1) KPR / (pmol-. 1) E RPN
Os-Ir 0—147 0.31 ENS'S
CoTMPyP/Ti;NbO,, 220—2 110 28.00 [10]
Fe-CQDs 1—120 0.44 [11]
Ag@Co,0, 2—60 0.59 [13]
IrO,@MnO, 0—312 1.42 [21]
Fe-CuO 5—50 4.66 [22]
MoS,/PEDOT/GC 20—140 5.83 (23]
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Table 3 Determination of AA spiked recovery rate in beverages purchased from convenience stores
. JbR AAVREE/ AR AA BHREE/ FIBRAE LI USRI AAWREE/ i) o, AE T A 1 D 22
(pmol-L ") (pmol-L ") (pmol-L™") RSD/ %
0.00 4.884+0.15 — — —
Y b i 23.53 27.27+1.24 22.38+1.37 95.15+5.86 6.16
47.06 50.2641.71 45.38+1.56 96.43+3.31 3.44
0.00 1.1840.43 — — —
K C 23.53 25.0140.56 23.8340.89 101.31£3.78 3.73
47.06 49.75+2.61 48.574+2.54 103. 22+5.40 5.23
0. 00 1.0940. 17 — — —
QOO B JL 23.53 24.504+1.92 23.414+2.01 99.49+8.56 8. 60
47.06 48.49+1.07 47.394+0.91 100.70+1.94 1.92
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Rapid and Sensitive Colorimetric Detection of Ascorbic Acid Based on Os-Ir
Nanocomposite with Peroxidase-Mimicking Activity

ZHONG Yingying, YANG Junsong, YE Yili, LUO Jinyi, WANG Hongwu
(Zhaoging University, Zhaoqing 526061, China)

Abstract: Ascorbic acid plays an indispensable role in the maintenance of human health and prevention of diseases. The
accurate determination of ascorbic acid in food, health products, etc. is crucial. In recent years, researchers have been
working on the development of simple, rapid, and highly sensitive nanozyme-based assays for ascorbic acid. However, there
is currently no research report on Os-Ir nanozyme and its use for ascorbic acid detection. Therefore, to enrich the variety of
nanozymes and develop a new, simple, effective, accurate and rapid method for the detection of ascorbic acid, a uniform
spherical shaped Os-Ir nanocomposite with a particle size of about 34 nm was synthesized by reduction method in this work.
The nanocomposite was experimentally demonstrated to possess excellent peroxidase-mimicking activity with the Michaelis

constant (K,,) of 2.98 mmol-L ' and the maximum reaction rate (V,,.) of 5.62 mmol-L '-min '

. On this basis, the optimal
sensing conditions of Os-Ir nanozyme for ascorbic acid detection were determined, including pH 5.5 of reaction system,
reaction temperature of 40 °C, 256-fold dilution of Os-Ir nanozyme stock solution, and reaction time of 5 min. Under these
conditions, the developed Os-Ir nanozyme-based ascorbic acid assay obtained wide detection range (0—147.06 pmol-L."") and
high detection sensitivity, with the limit of detection of 0.31 umol-L."" and the limit of quantification of 1.03 pwmol-1."".
Finally, the spiked recovery experiments in three different beverages verified that the developed method possessed reliability
and feasibility in actual sample detection. The measured recovery rate range was 95.15% to 103.22% and the relative
standard deviation was 1.92% to 8.60%. In conclusion, the colorimetric method based on Os-Ir nanozyme achieved simple,
convenient, rapid and sensitive detection of ascorbic acid, and possessed potential applications in the fields of food supervision
and biomedicine.

Keywords: Os-Ir nanozyme; peroxidase-mimicking activity; ascorbic acid; colorimetric detection; sensitive; rapid; accurate;

beverage



