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A Ratiometric Luminescent Sensor Based on Photoinduced
Electron Transfer for Quantitative Detection of Dopamine in
Biological Samples
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Coal and Green Chemical Engineering , Ningxia University, Yinchuan 750021, China)

Abstract The persistent luminescence particle material is a type of photoluminescent material that gradually emits
stored energy in the form of light once excitation ceases. Owing to its exceptional optical properties, it finds extensive
applications in biosensing and bioimaging. In this work, a ratiometric luminescent sensor (SEM-TYR) was developed
by covalent coupling of dual-emission long-afterglow nanoparticles Sr, ,Mg, ,Si,04: 0.008Eu*", 0.10Mn** (SEM) with
exceptional luminescence performance and tyrosinase (TYR). This innovative design effectively eliminates
spontaneous fluorescence interference and external disturbances, enabling highly sensitive and selective detection of
dopamine (DA) in biological samples. When DA is present, tyrosinase facilitates its oxidation to dopaquinone, and

in accordance with the principle of photoinduced electron transfer (PET) , the photoactivated electron moiety of
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SEM-TYR is transferred to the electron acceptor dopaquinone, resulting in the attenuation of the 680 nm red

afterglow observed in SEM-TYR. Under optimized conditions, the ratio A (//I,,,) showed a good linear relationship
with the dopamine concentration in the range of 0.2—10 pmol/L and the limit of detection limit was 40 nmol/L.. The
developed method was applied for the detection of dopamine in human serum, urine and sweat after being verified by
standard dopamine. Good agreement was achieved and the quantitative recovery was in the range of 94.8%—104.0%,
91.3%—101.6% and 97.4%—105.2%, respectively. The RSD was less than 6.8% (n=10). The ratiometric lumines-
cent sensor developed in this study has a potential application prospect in the determination of DA in biological
samples.

Keywords Ratiometric luminescent sensor; Dopamine; Persistent luminescence nanoparticle; Photoinduced

electron transfer; Autofluorescence-free
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(N-CQDs) % HCHRE T DA YA 5 Chen %52 1T T — 3L FBE AR REAL I MoS, 44K Al MoS, &1
RAERDOCHRE, T DA BRI . SR1M, B—2015 5 5 A ROR | IREHR S IR I R 1 T4,
o R Ria =X 4 ER o SO = 2<% B < 70 T . (1 R L PSR o 2 N1 8 K 1 D - el 56 <9 B
A RO EE 2 BRI A A R BRI . An S5 T T RS (CD) Fil 7-2 3E-4-H 3645 R (AMC) [ L
KA HRDCAGIR ARG, LLPSHEAIN DAL BRI, D EAINAS o] sk G A W AE i L 0T 11 B & S 6L Ot
0 7 N 1B A il S N PN U A oy o L W & .0 w3 L4 551 S R N R A SN o . B
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KA BHA L FE PG fERE &, ZEAF IR TR S, FTAESRA | W] UL SOl 2D MK FR2 R e o8 L B0
B EL EHOR s R A R, nI ARGk fe A Y 3E P 19 B R SOBRIEU e o2, AL
AR A5 5 T R BRI . Guo 55 2 il T — AL T4t ta & 4 Zn,GeO,: Mn* FIZL {8 % i}
ZnGaGeO,: Cr' i LR AL S, TR Y i i &35 R A5 Yan S H0E T —FP LT ZnGa,0,:
Cry, o001 WUR S RGN KAL) L R R Sl B AL 8, i s i 85 = BL A9 . 4R,
FETFR AN EE 3T e AL I e R A I RE AR v 1 22 B g H ek L4

ASLHi G T — B LA Sty g0,Mg, oS1,05 FEFFETT, Eu® A Mn? R &Sty , B & SerERe il 5 iUk
SHR A RGN KL T St 00 Mg, 451,041 0. 008Eu?", 0. 10Mn* (SEM ). SEM FIfi 42 ( Tyrosinase, TYR) At
fEE, a7 HA RUR ST HE 3T R AL 8% (SEM-TYR). 1R AL G A0 I 1K h 360 nm £E4MG 1018
K, A 460 F1680 nm F> & i, Eu> 1824 460 nm #5 (5, ST DA ¥ G B &7k, 1 Mn> 54
[ 680 nm AL 8, % JHHE DA JEK . Y4 DAFFAERT, SEM-TYR H () TYR ¥ HFRr¥ DA A6 A i 2 LR,
W61 T L T 547 (Photoinduced electron transfer, PET) JE R, GEa AR AR H T EiE a2
KL IR, B LA (680 nm) K . Hitt, SEM-TYR 7E 460 F1 680 nm 4b (4 3 & 5 4 MR K oAl
ALggf/ligo) 5 DAV 532 RAF IR M OCFR . L3RRI MR Ty 72 AT LUIAT RIGRE B B R 286 T ISR+
P, DT = A 0 A R AR AR B, SCIR T AR 2 AR A b 2 R R s R . AR 2 B A
W7 VLA TR RS, [RIB AR 58 1 AR LR A 1 2 A ) 5 3k 1 iy FH Y ]

1 SEIGEH

1.1 RFI SR
MgO, Mn(CH,CO0),4H,0, NaOH, NaCl, CH,N,(EDC) 1 N-F2 5B 51E IV i (NHS ) (41 >98% ,
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WA TR AR R A PR F]) 5 SrCO;, Si0, il Eu,0, (4 FE>99%, b2 ik A b RHE A BR A A ;
3-RIENEE = LA IERERE(APTES) . — ZBEIRET . REFR DU Z 5 (TEOS) . N, N'- —H ZL I ki (DMF ) 1
H,BO,[ 4 fE>99%, Bl T30 ( i) A BRA F] ] 2 IR (DA)ARAE S W A 22 e AR AR A R R
fi% 2 FR T ( Tyrosinase, TYR) (1120 U/mg DW)IE F AE T A9 T2 (i) By A BR A H] . S2ie = K i
aliZk [ HLBH2E>18. 2 MQ - em, /R &l A P A A (i) AT BRA F .

JEM-2100F #1357 558 375 5 v —F 3 i ( H A HL kU2 t) 5 SUB020 2437 & 414 Fa + i il e ( H
A HILZATE]); D8 ADVANCE A25 1 X 2R ATT S (T8 [ 41 6 58 AXS A FRAF] ) 5 F-7100 BU5E0400650
JETH(H A H 3723 w]) 5 Nicolet iS50 BIZLAMGIEAL (SEEZEER K RBHE A F]) 5 UV-3600 #2240 35800
JE(H AR Shimadzu 25 7] ) 5 1600 “Cray A 20 O M BME R AT BRA A]).
1.2 tERBVEYMERSBNHEE
121 KABEH KA FEH S R SR E LS B Sr, 00,Mg, 051,05 0. 008Eu™, 0. 10Mn** (SEM) 4%
REAN AL T . P BRI HE FERRE SiCO,, Si0,, MgO, Eu,0, 1 Mn(CH,CO0), - 4H,0 ¥ AR AE Ml if S
Y, U0 SN P S EE IR 4R 109% 1 HLBOFE R B 711 . A2 B HGAT B o by K 78 3 WF S )5 5 7% 28 %8 /'
BRI E T EURE T, L2 Cmin B2 P THIR E 1250 °C, MBebE 3 h. 40 53% Eu® Al Mn* f
B AT T AR SE 5, 4515 3 £ 91 Sty Mg, 81,05 xEu* , 0. 15Mn* (x=0. 002, 0. 005, 0. 008,
0. 010, 0. 150) 1 Sr, o,Mg,_ Si,05:0. 008Eu*, yMn* (y=0. 10, 0. 15, 0. 20) KA HFEG KA T
122 K44k F SEM thk B3 et K300 mg SEM A 20 HITE 20 mL 4K b, BZUREHE AR
KHNA 50 pL 1. 5 mol/L NaOH, 100 wL APTES 1250 wL TEOS, $FHE 0 12 h. B FriS =8 5.0 0 8,
FHMBAEK PR 3K, 4328 TS 2 2L DR A R AR KL T (SEM-NH,). 44 200 mg SEM-NH,
SYHCE DMF 1, A 42. 7 mg Z BRI, W NHEFER N 12 h. KRy es.o o ed, R Ak vk
3K, LS TR R RS R R A KA T (SEM-COOH ).
123 XA SEM-TYR £ & 26 4 %  # 10 mg SEM-COOH, 20 mg EDC F1 10 mg NHS 43 H7 T 3 mL
PBS 22 ¥ W (0. 1 mol/L, pH=6.0) ', i+ 30 min, 2 mol/L NaOH ¥f pH 5 % 7. 4, A 10 mg
TYR, TEEMEE 2 h. ¥ W es.0 0 85, I PBS 2 mhis i Ve 3 Uk, WAETTYE , 1595 SEM-TYR ()
IR , 55 0 HfE 2 mL 4K, M2 EE N 5 mg/mL 9 SEM-TYRIEW, T4 CTHRIE, &H.
124 WERALEEKSN % B BEH 10 mmol/L i DA 4 , FH PBS 2% mh % i B DAt & R 2
AR R, #5200 wL PBS 28 i i (pH=6. 8, 10 mmol/L) . 100 pL 1. 5 mg/mL ) SEM-TYR % 7% Al A [
WRER DATE3T CTIFE 2 h. M HZOE OO SRS S A L, PRAETE I 10 nm, HLE
500V, FERIFE] K 100 s, BOR KR 360 nm, BUR ST A 460 #1680 nm, ~FA7IIE 51K
125 #HEMFZ HBIEH 10 mmol/L K4 & B 1 (Na', Ca®, KR 20 mmol/L [ £E PG ML) it
PRIRZ(UA) . PLIRILER (AA) B 205 (Glu) , S0 1. 2. 4 5 ) P AL s e
12,6 AEMFERT L EERAN K. RIEFEASEA 72 BE AE KA RERE . AMRCEET
PE RS, SHEMERE . AZE T2 0% AR EE R 10~20 min, L4 10000 r/min 7% 4 50
10 min, WA B ZEWAS B . ISR, LA 10000 r/min 4% 3 25,0 10 min, B FJZIEFE; H
Tor B AR, LA 10000 r/min 55 3250 10 min, BCEZFE . M5 R RRE 3 PBS B iR
R M (10. 0 mmol/L, pH=6. 8) T 100 F% . A ML . PRIGEFIR 2 B & sl 42 i 1. 2. 4775
JrdiAT .
2 FER5iTie
2.1 ZEMBRIRERA

K FH e Ui [ AH 25 78 SryMgSi,04 %5 57 Hr 248 2 & St vt Ev® Fl Mn™ . K3 Sty Mg, 51,05 xEu™

0. 15Mn* (x=0. 002, 0.005, 0. 008, 0.010, 0.015) Fil Sr, 4,,Mg, Si,0,: 0. 008Eu>* , yMn® (y=0. 10, 0. 15,
0. 20)%f Eu* F Mn* g2« i -1tk . i 1(A) TR, 24 4=0. 008 B, 460 nm Ak A9 A% H5 & it 4 1k 5

Chem. J. Chinese Universities, 2024, 45(1), 20230391 20230391(3/10)



Jd 54 4 Baws 4R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

B B 1 (B) frzn , y=0. 10 B, 460 F1 680 nm &b (1) 2% % 5 i 4 1k ) 5t K. B S, o, Mg, 451,05
0. 008Eu*,0. 10Mn* At il £ b i1 e AR A VLN KR T~
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Fig. 1 Emission spectra of SEM with different doping contents of Eu*(A) and Mn**(B)

HAE SCHR [24~26 J4 18 , 7E Sr;MgSi,0 1 Se* A 7E 3 B [RIRS AL, 430+ ECALI Se(1) . /\FLALIY
Sr(T0) A JUES A A9 Sr(TI1). Mg Fl Si* I BE A2 B4 51 0 6 Fil 4. Hodp S, Mg Fl Sit* il 85 124243931
0. 101, 0.072 #10. 040 nm, [M43Z% 0K Eu® Fl Mo {8 124250510 0. 112 F110. 066 nm. i F Eu* 5
Sr**, Mn* 5 Mg 242 AL, 24 Eu®, Mn®* 718 A Sr,MgSi,0,3E i), K0 AU S A M A&7 . 4Nl
EI2(A) B, il 5 SEM 9 X 58 AT 5 3 1 1) i AT 5 05 5 SeyMeSi, 0,5 #E-R - (PDF#10-0075) JE A4
— 3, R HEA B REE R, JBDU & . K 2B) R iE S T T I8 (TEM) SR, SEM NG

FNIN

RRCR 25 H , HAREARAZ A9 20 A 7/NTF 500 nm. 1 & 2(C) FP X BFZRETE (EDS) LR A 45 5 nl WL, SEM £

(A)  Sr209MgosSiz05:0.008Eu>, 0.10Mn?* ®B) ¥

PDF#10-0075
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20/(°)

200 nm

200 nm 200 nm

Fig.2 XRD pattern(A), TEM image(B) and EDS element mapping analysis(C) of SEM
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WE3(A) R, SEMTE 290 #1360 nm &0 2 BRI, H1 T DA TE 280 nm A6 A 205K, SK 4
FER AL 290 nm I R A KER, 77 A N IERON TR KK AR, TIERE 360 nm VE & 5544, 1
360 nm [ K% T, SEM H B 2 4~ & G, 43 547 T 460 A1 680 nm. 460 nm Ab ) & 5 1% 2 f Eu® Y
4f°5d" — 4f7(S,,) BRE AT, 680 nm Ak 1 & T4 2 F Mn™ 94T, (“G) — A, (°S)BRE Fr . & 3(B)
FIE /R A HEEDR MR T LR Y, 72 365 nm SR AN BEES 10 min J&, i 45 A9 SEM 7 2 N KA AN &
FeH T RS2 600 s LA F, UER] SEM A B I 1943 & 6 RE .

8000 - (A) |
_ b 0.36 10°
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Fig. 3 Excitation spectrum(a), emission spectrum(b) of SEM and UV absorption(c) of DA(A),
persistent-luminescence decay curves of SEM nanoparticles monitored at 680 and 460 nm

after 365 nm UV light illumination for 5 min(B)

2.3 SEM-TYR £ #1E B8R

SEM 5 TYR {815 1 SEM-COOH F ¥R 3 5 TYR AP e =2 1] P 1k e 45 45 ke S 3 . <R P el B 2
BeLT AT SEM (R FAL FR FLALVEAT T 0. W 4(A) IR, 3369 em™ A fR4FAE £ AN gl )
J& T N—H 45k 3%, 1660 cm™ 40 AW I & F C=0 4 ik shig, DLF 455 & SEM-COOH
HaE Hl 2. W 4(B) FioR, FIHIEIMSOEIE ML T SEM 5 TYR BB, (B4 (B SEM-TYR) 7¢
270 nm &b H R T — A~ ML TYR WIS , JIE B TYR © (56 . thdh, 81 SEM-TYR Ve R 5 48 410k
Wbt B AR AL A5 AR IRAR 360 76. 28%.  [RIEFMELETE 198 nm Ab &A= W5, FTREVHE T SEM—COOH Fi1
—OH Z [ (& HAE .

(A) B) — SEM €©) —SEM
SEM-COOH 25 — TYR 2500 | — SEM+TYR
— SEM-TYR(before) — SEM-TYR
N 3 2.0 — SEM-TYR(after)
SEM-NH, g
2
=)
SEM < 10
0.5
3369 1660
1 1 1 0 1 1 1 1 1 O 1 1 1
4000 3000 2000 1000 200 220 240 260 280 300 400 500 600 700 800
Wavenumber/cm™! Wavelength/nm Wavelength/nm

Fig.4 FTIR spectra of SEM(A) and UV-Vis spectra of SEM, TYR, SEM-TYR(B) and phosphorescence
emission spectra of SEM, SEM+TYR and SEM-TYR(C)
T SR B RS ARG YRR AR AL, SEAT X BRSEE . B G, K SEM 5 TYR fii SR A (SEM+
TYR), 3¥ SEM+TYR 5% 8% SEM-TYR 435I A DA (10 wmol/L) JG 7E AR [R] 2 448 F BEA TR, &5 51 4n
K 4(C)firzs . SEM+TYR 7 680 nm Ab H 8558 AT B 12%, T FEAE A 241K 4% 4% SEM-TYR.
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24 HRIFESHEFHBIEERERERILE

filg A — b rrh , 2 CNRAE i A R B AL T AR R TR, o IR0 SEM/Z B IRIA R 38R
WEFER PR T T AR 325 . I S(A) B, 2 B 2 EBRAE 300~800 nm yi B 3 o i, Rt
HEBR P9 IR0 A RE AR RS . 24 SEM-TYR 22 31 360 nm %8 /MEIUE B, Ew #8441 460 nm [ (5%
SFFUE i BT DA Y BE 128 AL TG I 2 AR, T Mn> #5249 680 nm Y Z1 €8, & 5 06 () 5 B2 9% DA FE K. A
FS(B) AT LIWEE R, Bl DA MR ANO. 1, 0.5 wmol/LIEAIE] 10 wmol/L, 680 nm &b {553 B & A A [F]
FEREHBAE I, 11T 460 nm Ak B 15 5 5 B SEALRFFAE , B SEM-TYR 7 460 1 680 nm &b XUA S A MENE K
FOAE AT/ Ligy) 5 DA VR PE 5 RAFRILRPE DGR, DT T FOR AR AR A

0.5 3000
*) —— 1 mmol/L DA (B)SEM TYR
04+ —— 1 mmol/L DA+0.1 U/mLTYR 2500 SEM-TYR+0.1 pmol/L DA
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3 03 § 2000 |— SEMLTYR+10 pmol/L DA
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Fig. 5 UV-Vis spectra of DA and the TYR catalyzed DA oxidization product(A), emission spectra of
SEM-TYR, SEM-TYR+ 0. 1 pmol/LL DA, SEM-TYR+ 0. 5 pmol/LL DA, SEM-TYR+10 pmol/L
DA(B), and PET system for the detection of DA (C)

15 T H T B SR AR R R ML AN 5 (CO PR, R IGAL I8 SEM-TYR 1144 822 18 13 D Rk
SEM 5 TYR L4 K, Horb 460 F1 680 nm A A MESR FE I TC 8 25484k . 4 HAnY) DA fE7ERT, TYR
AL DA Z B, 2 B H 2 R AT R K 0. 2 SEM-TYR {2 8E57E 360 nm UL 15 1L)E , &
St Eu® BRI 4F7(S,,,) 18174 Z 31 4F°5d" 38 577 £E 480 nm FY 6 (0405 , T Mn® AL & A5 Ha
TNA, COBARTE 2T, () FuBE R, T F B R T2 A2 O, 330680 nm & iR
559, B P SEM-TYR A RENE K HAE A (g /L) 5 DA WP 5 RUFAUASENE . BeF FRHED, SEM-TYR
i) 2 DL 1Y) e e B SRl el s e A A5 S0 Y
2.5 SEM-TYRZEARBFIMEHETHE R

R T BR B 0 5 B A7 LB S T, 430 5 58 T SEM-TYR A4 v 55 3 L R X 460 il
680 nm &b 1) & 38 B FE HHE S HUAE (Tgo/ Lieo) FIFER . UL 6 TR, Bl SEM-TY R ¥ B AT it oL & 1)
B, 460 F1680 nm Ab i) & i BE YR EE A, 1 & AR E HAE (Ls/ Lo VISR PR FFIE 2 , R LAk
Sl g SEM-TYR ] A 3UHBEANMF T .
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Fig. 6 Emission(excitation at 360 nm) spectra of SEM with different concentrations(A), effect of

the concentrations of SEM on the luminescence intensity of 460 nm and 680 nm and the

luminescence ratio I,/I,,(B), emission(excitation at 360 nm) spectra of SEM at different test

voltage(2 mg/mL)(C), and effect of the test voltage on the luminescence intensity of 460 nm

and 680 nm and the luminescence ratio(I/I,)(D)

2.6 DAMEHHIMRK

T B EASIN 22 L R ) SRR, 6 pH B FNIE I R T T 04 . K SEM-TYR AE N ] pH (B Y 22
VI 6 2 umol/L DA #EATINAE . AnEI 7(A) R, BlAE PBS 22 v MR pHAE IS K, DA 51 M A R
KB A (Lgg/1g0) TE pH=6. 8 BF IR B A, MEZE I 5 AR IEH (19 A4E 31 pH (EAHFEIE , ARG/ . dn s
pH>7. 5, 2 EUETERRME W AL T By B S RIS, X MBS O—H A N—H 8 AT DL 5 H e
A R PRI B RE T SN, W B A SR A SO AR R 22 T AN T DA A MERRASIN =, TR e R A6
DA fefE pHAE A 6. 8. WK 7(B) it /R, SEM-TYR 7£ pH=6. 8 [y 2% WA % 1. 5 umol/L DA #£4 7
E , BEEEE B RIIE N, 2 h B RO K HE A (Lg/ L) AT AT, DRIGIRRE 2 h Ry eI F R ). 52

0.40 F (&)

035

-

w

=3
T

025

AZsso/Liso)

0.20 |

0.15 -

6.5 7.0 75
pH
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0.28 | (B)
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0.24 |-
0.20
0.16 |-
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Fig. 7 Optimization of experimental conditions

(A) Effect of pH of SEM-TYR on A(léxo/l%o) of sensor; (B) effect of reaction time on A([680/I460) of sensor.
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a5 RN, DAMIE B85 4508 pH=6. 8, WEF I 2 h.
2.7 SEM-TYR Lb ZBRIL SLERSREEKRN Z B IR

FEFAERM 25T, SR SEM-TYR R B R GARIERES RN T A [ B9 DAL 4nE 8 (A) i, Bifi
i DAVEREE RGN, 680 nm Ab A A MESR T BI85 , 117 460 nm Ak P AR M58 B A RFEAAE . 7£0. 2~10
pwmol/L B YT [l N, A (Igg/lye) 55 DA MR FE B2 RAF AU RPE C R [ K8 (B) |, Ltk 2 M A (/L) =
0.02912¢,,+0. 1478, AR*=0. 9965, & Hi k7 40 nmol/L.

3000 0.50
Gy ®) AI=0.02912cp,+0.1478
2500 - 045
R=0.9965
0.40 |-
5 2000 |- ~ o
£ 1500 | = 030
g =
= 1000 - < 0B
0.20 |-
300 = /\ / 0.15
0 / 1 - 1 ‘ 0.10 |—i 1 I 1 1 1
400 500 600 700 800 0 2 4 6 8 10

Wavelength/nm cpa/(umol-L71)
Fig. 8 Phosphorescence spectra(A) and corresponding linear calibration curve(B) of SEM-TYR with

various concentrations of DA
FZ 1AL, 5 3CHR[32~36 J4RE 1 DA KN 7 A0 b, AR SO R B I v | Kl BRAAIG, 720
5 T N AMH BB AR MR A PRI P B 2 LR, IR BRI TCHURE iR P i 2 B

Table 1 Comparative analysis of methodologies for quantitative determination of dopamine

Material Method Linear range/(umol - L") LOD/(pmol - L7") Ref.
CQDs Fluorescent sensor 0.65—52 0.20 [32]
CDs Fluorescent sensor 0.1—6.0 0.06 [33]
BCQDs Fluorescent sensor 0.28—1.5 6 [34]
Bi,Fe,0, NPs Colorimetric 0.15—50 0.051 [35]
rGO/PPy Electrochemical sensor 200—1200 0.061 [36]
ST, 99y Mg 51,0, 0.008 Eu**, 0.10Mn** Phosphorescent sensor 0.2—10 0.04 This work

28 VAT ERNEEKRN

N T BT AR S PR AR P RE ARG DU A 2 A EA AT RN EAR R, R N O R AR R A
(M3« PREFNEW) , S FEA PIRE s h S I DAAREIRR M (1, 10, 20 pmol/L) VAT T i A GAR AR 1Y
. R 2 PR, SEPR IS FEAS R DA BRI TE 94. 8% ~ 104. 0% Z [1], FRIEFEA T DA i
PRI AE 91. 3% ~ 101. 6% Z[0], HIRAEAH DA BYINFR R AE 97. 4% ~ 105. 2% Z.[H] , RSD<6. 8%
(n=10) , RIPZ I IEAEFIATRE , T T SEBRAE AL DA B R R .

Table 2 Recoveries(%) and precisions(RSD %, n=10) of dopamine in three real samples

Analyte Spiked/(wmol - 1.7") Recovery+SD (%) (n=10)
Serum 1 948 +54
10 102.3 £ 3.1
20 104.0 3.8
Urine 1 91.3+42
10 98.7+3.7
20 101.6 £ 6.3
Sweat 1 97.4 +3.0
10 101.5+£53
20 1052 £6.7
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FEAR TR 250 R il £ 7 A HE R SEM-TYR A% 8% 46 DU A [R] v B2 7 DA, 12 53¢ 460 F1 680 nm &b (1)
BEEIERE, AU /L) MH . TR 9(A) IR, T AIRAL IS A (g L) FIRIFRUEI 2216 1. 6% ~ 2. 3%
28], RUZAG IR B R EE . N T SEM-TYR LA fa et , A —H#tk SEM-TYR
P IS B H ARG I [) vk B8 A DA, 90 5% 460 1 680 nm AL FUBEGHR B . ANIK 9 (B) i, 4L 7 H il E
A(Lg/L) FFEZ0. 5% , AHRTFRUEIRIETE 1. 6% ~ 2. 5% 2 |A], FEBH %4 UL s BA S rta e v .

TR 1% &AL A SEM-TYR X DA B 3E 8, X 2 R0 T 4 o8 7 AL e A= 903 e o ik
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Fig. 9 Reproducibility(A), stability(B) and selectivity(C) experiments of SEM-TYR

3 & i

FAEE T — ML FO65 S FRERE 1Y R A L ORI SEM-TYR , T4 4= AE Wkt i o Z2 B R 2
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