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Abstract

Thionine/OMC/GCE was prepared by ion-exchange procedure. Electrochemical behaviors of the
resulting electrode were investigated thoroughly with cyclic voltammetry, and a well-defined re-
dox couple was clearly visualized. Under a lower operation potential of 0 V in 0.1 mol-L-1 PBS (pH
7.0), NADH could be detected linearly up to a concentration of 1 x 10-¢ mol-L-1 to 6 x 10-4 mol-L-1
with an extremely lower detection limit of 1 x 10-7 mol-L-! estimated (S/N = 3). The feasibility for
simultaneous determination of uric acid, dopamine, AP and NADH was discussed. They did not in-
terfere with each other in certain concentration. Based on the results, a new NADH sensor was
successfully established using the PTH/OMC/GCE.
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PANafion AR 72 Hub L, JBIEE 73 # M 5¥AM) & T 3R & (Thionine, TH) /A FFA-FLBk(Ordered me-
soporous carbon, OMC) & & M EHME i Bk Ak (Glassy carbon electrode, GCE), FHALZEFEXT %
MR ARBEAT T EARAE, R R LR B n] UM BIR E K — N S EE R g, IEHRE R A
FRIIH ] e B B ARSRE s BRI ) F I AR B iR PR R 2R N . FIAMBERK, oV
FELAL T B AT PSR (R Bk i IR M S — 2% FF R (Nicotinamide adenine dinucleotide, NADH) &2 554l
LMV B IIA1 x 10-6 mol-L-1~6 x 10-4 mol-L-1, & HFRZEF]1 x 10-7 mol-L-1 (S A3), FHHEER
IFHITEBR R . £ ERZ LR Z.BEE EH) (p-acetamidophenol, AP)RITIE, 7 EBNE N AN ERK
NADHA& 3% .

XA
IR, e, WE, NADH

1. 518

TP i R VEE NS — R IR I APAE T — V02040 WA sE A i rh, 2 H BT AN 300 2 it i &L
RN, R VF 2 A R A T M B, (H Rl e A Ak B B A ORI H
Br[1] [2], i A= 5 T F R R TR B i 5 | Al AL, X fENADH ) BBz F A 00 &y R
N TR A, AR T ABRSE . AL R GRS R AR N T AR S A RS F AR 1Y)
Ti R NNENADH ) AL A A2, AT R F i B A7 [3]-[ 7]

Wy MEIE SR Gkl i) DL G — L8 AR W) K 43 R — LS ] B JE ML B 1 Bl B b 2 A S AR 1 it
17, FoAR DB AR s AR T DUF A L S I 77 A0 B AR SR T, RIS R TSR FH Ak 22 (0
G R A B AR R SIS b, O 2RI i SRR A U P A — R0 B 1T PR A 3R T 3k
F7[8]-[13]0 X F LABR E A A L TR MEALNADH O 2T 7 —Se30E, ZFR0 2 N [14] LS R E M 201
VSO R ITE R Sl AR AR, 1) 2% B SRR Ay 4 FRU T A UM /ENADH: - Gao Qiang%s
N [L5]#7% 2 58 A Fllscreen-printed R R 1T, FSRAS MIINADH S ARAT M 261A 33 uM; Huang Minghua®s A
[16]KFCNTs/Nafionf&1fi A AR AR IR i . 193] 7 6 E B M CNTs/NafionHi 8, b ARG IIINADH
[ 2RV Bl M 2~400 M, IR HE PRIE T ML

A A FUBRAS B R AR 1 R 34, BB S, XA ROy — R R i e AR A R [17]-[21]
WAL S AL AR &, B FU AP Ve I 1 P A 3o R 2 — 0Tl A I P T 55 OB T [22]
[23]e S-ALM RSN T2 T34k, AL R T DOE T A F R R AR 4. [FIRT, @i A
BARIFN IS O S A 7772, TR — E R FLA R T DL AN R AR . X e Rk Jifi ] LASR
WK Z R 2 BRI . P ekl T S AL R AT TE B R R R T AW, BB NN LM R R
BN FH A . A P FLER AR AR S 450, Iz s IR, A 7 FLE A, MEAFTAL)0,
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o T ERMAER, R YUA IR R m R A S IR B RS VE R [24] [25]. BUEXTTA 7 FLBR K
WL 2 b T3 T /e FLBR I HE I B R 43 [25], AR DA 56 T4 Fe o FLBSR FE AR ) it v 23 # B LA 1
FURIRIE, PRI PP FLBR A L R AR v A 22 S ra AL PR R A F FE 2 AR WA i L

ETH P UK EIROE mi AT L Tl R IS T HAL 2 AL BT 5 P [26]-[29], JFAE LA Ay
it 2 P A M i B 20 e A SLBRAE U ra AR T, )46 1 B P LR E S M RHE M A, S
BT AP U S SR TR B AR . iz AU A SUBR AR I LS A B IR T
AR, R TNADHIF AL AL Bos T RAFIPERE, 15 AL FEMREI0 V, MR 1 x 10° mol- L ™'~6
x 10" mol'L ™Y, A HBRIAFIL x 107" mol- L te X2 1 Yk 2 LAB 7 2c e 77 X 5 P A FLBIE U A4
BERMENADHA YL IRES, Hl Wi 54T, PEREIE TG Htlk, A4 RO — R R AINADHHIAL
AR -

2. SEESERSY
2.1 WS

TR Fe B4 — A% FFRR(NADH), i 2 (TH)IWT Aldrich-Sigma A #], A F A LA (OMC) Hi A sz 46
R, He sl A o 4l . SEES FH KR R ZARIK, e Milli-Q B B V. i = 467K 2518 25 25 th (Millipore,
Bedford, MA). SZiu e =i N k1T,

0.1 mol-L™", pH =7.0 IBFERZE MR I BEH: 15, FIZEIM/K S AIEE ] 0.1 mol-L ™" (I AR — 2V Ak
FRE AN, IR ATOE &, H PH TR TR AV pH A 7.0, BUEBENRFESH; 9wy
7 PBS i AT -

AL 2% S0 R Y CHIG60C B HE Ak 2 T AR sl (i R HAN R A7) s Al = Witk ik % : TH/OMC B OMC
A R 3% AR (GCE) N LA HiAl, Ag/AgCI (3 M KCIV NS LE b, £H42 %t Fak .

2.2. MEMGH
B & (Thionine), 731X AC1H1CINSS, it i 1w .
2.3. tERRAHIE

B LB (GCE, 4% 3 mm)ZE 0.3 1 0.05 um f) a—AL,O; b4 % B4, K 7E 2 mol'L™ NaOH. 7,
WL IRAE KR P I 4 F o BRI 3 mg 5 A FLBRAE SR HE R 4 #07E 6 mL 0.05%11) Nafion /K VA .
FABCRES BRI 5 L A PN FLBRAE T AL B AT B iR b 2 i 20 AT HEF 30 min, 433045 A FLAs:
& B A% (OMCIGCE) »

¥ OMC/GCE 2 A% 1 mM i (TH) ) DMF &, 40 min 5 HUH, FE4LR) DMF % iR 15
min, $RJ5 i IKZEMK B, LSRR T, 43 BB 5 4 A TR & b RHE i FL (THIOMCIGCE) , 75

3. HR5ITR
3.1. TH/OMC &tk R EE MR R P RRFARRITH

K2 N THIOMCIE i LR K THI 7E0.1 mol-L™ PBS (pH 7.0) P IITEI AR 2 .t TR, 24t ol 7
AT RGO R, R R A H AR SN P S R AR A R, TR U ) R LR B R AR
F 2] 72 A AR R T Lo 24940 16 Pl ot e Py e R B A AN B R0, HLZR L 16 PR A AR 22 434 s
TH/IOMCE i dAk e fase, BRILERAT AR R & LB AR, #87E0.1 mol-L " PBSH I FR R 22494416

Wl Ja A A
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Figure 1. Structure of thionine
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Figure 2. CV of TH/OMC/GCE in 0.1 mol/L PBS (pH = 7.0), scan rate: 100 mv/s
[ 2. TH/OMC &4 4R 7E 0.1 mol/L PBS (pH = 7.0) R BIFEEIMA R #IZk, $THEE K 100 mv/s

3.2. TH/OMC &I RAIZN N E MR

PA1iE L CVIEX THIOMCIGCERT T 8 J1 250, 45 5 R BIBE A FIRE eV 3E K, & sy (1p) Flig
UG H1L A5 72 (AER) A I (1€13)
HHEATT AL, Ip S5V ZetE R &R, SR FE M I R A2 52 3 T 4 1l 1)

3.3. TH/OMC iR R &L &t NADH

P[5 S He 26 9 4% Rl B B AE A 1% 6 1 mM NADH (0.1 mol-L ™, pH 7.0 PBS) T IR 22 i 2%, FHk
FE 50 mV/s. Wi, 7ENafion/GCE L, NADH7E0.63 VAt H Bl — A4 A& . 24 F Nafion/OMCHH
TH/Nafion/GCE 43 Jl &1 LB fs NADH ¥ 51k g 0 HL AV 471 4% $1)0.25 VAI0.05 VAL, X 5 B Nafion/OMCH] LA
AR FEACNADHIP I AL, 4 F Bt EAB T I OMCAS MM FEARAE LV v AT DR IR 2 4, FRATTAT A
WEZH 5 3 AR AE 2 I PBSIA VR HAH LA, it 45 PR A A 0 L Y B R 386 K, X i B I A 1 F R R NADH A 8¢
U EALRE T, KENADHIE A PR S T0 V. HILRTE1, fEOMC/GCERH 5| ATHE, ZHEEH T
NALAER A G, MR T A AU EOES SAITHE B T8 VER], AINADHZR I B H AL
A

3.4. TH/OMC &4 AR % NADH B3+ETEE F B2

FH Pl5(d) T RN TH S8 A0 06 FL IR BENADH B I TG I, BT DAFRATTIE 20 VAR N AR H A A NADHEAT
LM . <6 N THIOMCIGCEFED V1) TAE HLAL R X NADH [ iH I Lt 28 . B & NADHII I,
TH/OMC/GCELE i i ik ] P AT iflik 1§ 72 . TH/IOMC/GCEK: MINADH ) £ 4 7 J91 x 107 mol-L™*~6 x
10 mol-L™%, PR F|1 x 10" mol-L* (15 M Lt M3).
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Figure 3. CVs of TH/OMC/GCE in 0.1 mol/L PBS (pH = 7.0) with different scan rates (a: 50 mv/s. b: 100 mv/s. c: 150
mv/s. d: 200 mv/s. e: 300 mv/s. f: 400 mv/s. g: 500 mv/s)

[# 3. TH/OMC &R ERE A EHIERE TR EIFMARE . FAHEE M a 2 g 43573 a: 50 mv/s. b: 100 mv/s. c: 150 mvi/s.
d: 200 mv/s. e: 300 mv/s. f: 400 mv/s. g: 500 mv/s
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Figure 4. The relationship of scan rate and peak current
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Figure 5. CVs obtained on Nafion/GCE (a), TH/Nafion/GCE (b), Nafion/OMC/GCE (c) and TH/Nafion/OMC/GCE (d), in
the absence (dotted line) and presence ( solid line) of 1.0 mM NADH in 0.1 mol-L* PBS (pH 7.0). Scan rate: 50 mV/s

[ 5. 7£ 0.1 molL ! PBS (pH 7.0)HESEIMARE . (a) Nafion/GCE; (b) TH/Nafion/GCE; (c) Nafion/OMC/GCE; (d)
TH/Nafion/OMC/GCE. 324, & NADH; [E%, &8 NADH
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35 FHE

W7 pR, S THIOMC/GCE#E T NADH I I TPl , 4751 5 e € J5 43 1l 0.2 mM NADH,
0.1 mMZ L%, 0.1mMAP, 0.1 mMJREE, 0.1 mMPTIRIMER. tHEIRTH, BRI MERES A FOKR
RSN, R APFIRERNT W B IR TL T R Ui % F R BE AR G 1T BR 2 B2 . APRIRERIV T
P, A E A N EFINADHAR & .

3.6. TH/OMC &R EMEFIEEM

Fli% TH/OMC/GCE HE 25 NADH (& JE J91 mM)HIPBS (0.1 mol-L ™, pH 7.0)¥ # & Ml 528V, AHRHR
WER 25 M2.1%, £ ZHEA RIGFEDINE. [FRE ST NADH (K N1 mM)BEAT ZE L0 e 15K (5
TSR IR , AT FH B H B AR AFAEAC R UKAR ), o 37 IR AE AT 10 R IR 25 < 5%, 15K J&5 X NADH
(R 87 ELAEATY T L IR R80% (1418),  IX % B % Ha ik B REF I Ra 2 1k .
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Figure 6. Current-time curves obtained at TH/OMC/GCE to successive addition of NADH into 0.1M PBS (pH 7.0) with
applied potential at 0 V
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Figure 7. Effect of 0.1 mM DA, AP, UA and AA on the amperometric responses of TH/OMC/GCE spiked with 0.2 mM

NADH in stirred 0.1 M PBS (pH 7.0) at an operation potential of 0 V

] 7. NADH, DA, AP, UA, AA RJItRTEZNTR B . 0.2 mM NADH, 0.1 mM % EB%, 0.1 mM AP, 0.1 mM FRER,

0.1 mM HTIAIER
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Figure 8. Current-time curve obtained from continuously detection of 1 mM NADH for 20 days
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