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Abstract

In this work, rosette-like manganese phosphate was synthesized by microwave-assisted heating
synthesis, mixed with 3, 4-ethylenedioxythiophene and indole-6-carboxylic acid to prepare sensi-
tive films by electrochemical deposition. On this basis, sarcosine biosensors with excellent per-
formance were prepared subsequently. When the pH of the solution is 5, manganese phosphate
with the best performance can be prepared by microwave reaction at 120°C for 10 min, followed
by 4 cycles of electrochemical deposition in a deposited liquid containing 2 mg-mL-! of manganese
phosphate to obtain the best electrochemical performance of sensitive films. The prepared sarco-
sine biosensor has good anti-interference performance, with a linear detection range of 1~50 uM,

EF|I M Ein. BRGNS S S YEREPT D). MR, 2023, 13(7): 689-695.
DOI: 10.12677/ms.2023.137074


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.137074
https://doi.org/10.12677/ms.2023.137074
https://www.hanspub.org/

a sensitivity of 9.88 pA-mM-1, and a detection limit of 0.16 pM (S/N = 3).
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1. 51§

Z AU B T BRI LR AR R G JE AR T AR e A . WP PERE . # 2 B AE %
FAEATT) . BB 1]. 90 4FAX, Gier T. E.HIBA G Bf5 2 2 A R = MERE (O BEBREF Sn A, (6158 R iR
X R FUER TN A EF . BEE 2 RIS B TR A F B 2R a8 M p sI N, AT B iR
£, S R R A B A RN 454, B2 u N &R AALES, RIS R4 i 115 F1ERE[2] [3].
SRT, HLF RIS T S E R Sh AL R, A AR LG 3 MR S E & R IR Sh A AR
TE— R ES i Rk, NI — 20 0 8 3 0% & JE R R 0 S BT S [4] [5]. AHEE T8 LS E &8
WERR BRI 25 7%, WOKIRE L T RIRE B DL T AH & 3561, el BN & B B SSE
TR 58 PR Xy v Y B S L e

BRI SR, A A e 18 55 VIR P R T AR R A I BT . 2009 4F, sreekumar
TBA[ 71 B AA A L2 R /K S5 81 M LA — 5 IR DG, A G T DL P B 1 6 e R T 270 e S PR e
SR, WU BRASMIAE Ny — A e Bk IE A 21 e B0t b B S o NS 48 (RORE € i8vk [ 8] Al
EREE[OVFI T HIE[ 1015 AR LG, M 11 [12] B A (4 BARBA LR, (HR B A e TIee A
(5% FERTHIRIETTE TAE T, Wang 558 N R I8 Iot o428 3 T R s 2 B2 R DATA) 4 H B2 i A% IR SR IO P TP e
J1[13], HE TG PITPLT BeniRZE Nafion I80# Chitosan B, FLALZPIRRTT 2 T I G Wi
AMYBE B SR R, $E B IR gs ) S HkRe, R iR M R B [14] [15]. % WHIFHEEEY
HRGN 3, 4-2.05 S BEVY(EDOT) [16], MIWe R HATAEMI17]15, %4 F Ui SEUL RS WA
— MR PR, SR AE— € L T LA AN AT Lok B — SR BV AL PR B 18], AT el L R Wi
JEE M RE o

% FRWTE K, AU 5-=BERR IR (ATP) AR, 8k s 4 B i #4G i & BB AEIR (1) %
R 4fi(Manganese Phosphate, MP), ¥ H 5 S HEAME G5 IR L G, 75 AL bl &
H R B AL KA o #F EDOT H4d, W5|k-6- 32 FR(IA) AR MP R A )5, 8 A AL TR K 4
H A5 TR FE B 5K H3 B2 (Glassy Carbon Electrode, GCE) -, BfiJ5 &7 LU IREAEE(SOx), BIH] ]k —
AT G 1 FL A LSRR A s o X T AR A U 4 SR R IR 6 1 6 i) 8 S — B g i, oy Fi AR
SRR MR BEAF I B2 it 1 —ASEr H TP B

2. SKIEERS
2.1. WA S5L=F
WAl PUKGEAER( el PUSRINERIY T 2z (srtiral). ATP (43#r4l). EDOT (4r#r4l). 1A (4
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BB

Hrai) A TeK CHEGr a0 5 _ERTRr T AR A 7] Sox (44l H J & K scientific Ltd: JLZ R
(5r#r4li, Sarcosine). PUIAMLER(Z:HT4E, Ascorbic acid, AA)RIRER(4#T4l, Uric acid, UA)IET [E 4L
B 22 R A PR A A

X #%: 35} 4 (Tecnai G2 F20)f1 XPS (Microlab 350), Thermo Fisher Scientific; i 4 Bhin# & ik
{%(XH-300UL), Beijing Xianghu Science and Technology Development Co., Ltd; $74# B8 (Hitachi U70),
Hitachi Limited, Japan; H{b%% T4Eu5(CHI660C), Shanghai Chenhua Instruments.

2.2. MP B$ZFI & AL

MP 4% 435 30 mL 255 7 /K% f# MnCl,-4H,0 (0.198 g)F1 ATP (0.11 g), SRJ5¥ ATP 3 hnitk
MnCl, KERH, BE 5B pH 52 5 (0.1 M NaOH). H4R Er R BIT0 & USROS 287, T SOwE
INFAE] 120°C INFGEE 5C-min', R 10 min), 20T, BIAT{52] MP.
2.3. AR EHRAYEHIF

VURERR R % DUSRBIIER DY T 2£4%(0.1 M), 1A (0.02 M). EDOT (0.1 M)A MP (2 mg-mL )& f#7E
10 mL R 28R, TR & H ST H Al e B TR B
2.4. tERRERAVHIE

FRIEES I % BT BEIL AT () GCE 12 B PUR B R, il ik 25 DU (50 mVes™, YT
IR 1-0.8~1.2 V, JIR % 4 B)EEMEMHA%, frid A PEDOT-IA/MP/GCE. K SOx (10 uL, 4 U-uL™)
FH % (0.1 M)[E 5E 7€ PEDOT-IA/MP/GCE, RIA[ 13 LR BR L 388, Fric N SOx/PEDOT-IA/
MP/GCE.
3. #&RE5itie
3.1. MP BY3R{E

1(a)/& MP ] SEM K, M AT DU H BB /K A BT MP 2 40K 1 HER T S ) BCAEAR, 40
KFr Z A 2B BRAAAE, 3K EMEATEEA R F TR HoR. & 1(b)2 MP 1 TEM B, MP OB 5
BACK, 5 1(EENE. K 2(2)fE 2(b)7 5172 MP Al O1s ) XPS EIili, M Ols f£ 528~534 eV AbIf)
BIRE tha] LUR BL B A K A Mn-O-P 215 [191HIA71E,  UiBH MP # s ID & i oK

50kV 11.5mm x20.0k SE(M) "' """’ 2.00' pin

@ (b)

Figure 1. SEM image (a) and TEM image (b) of MP
[ 1. MP &9 SEM Bl F (a)F1 TEM BB (b)
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Figure 2. (a) XPS spectrum of MP; (a) XPS spectrum of Ols
& 2. (a) MP B XPS 3£iE; (b) Ols A XPS Jtifk

3.2. MP B9l & GHK

WA FSECR A BRI MP IR TE GCE L, DX 1| mM i E A (H0) AL IR EAE A S 5%,
il AL 3 Fios. B pH {EIZHHEIT R PEERT, HO, AIE 2I— AN Em s, 5
KT ATP 7EA% pH B 103 KB AIH], 4 pH AN 5 BHAREAE pH 2648, Wil 3(a)FiR. 1 3(b)
BT N S TR MP & G FE R A 50, 76 10 min B BTG HoO, B RAE K, 5 S8 fin s 8 B i)
TAEARCARIE, XATAE R T & i TR K S8 MP (R4 4 52 36 M 32 BIBIR, (AL TE PR A 5
FE /DI MR ER 120°CHE, SR EREIA B, WA 3(c)fiR, X2 ma itk
ATP 7K f#. Kk, 24 pH A 5 BF, 120°C /M 10 min 7] #i 4% S LM AE ) MP.
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Figure 3. Optimization of MP preparation conditions: (a) pH; (b) Reaction time; (c) Reaction temperature

& 3. MP BUHIE & Ei1L: (a) pH; (b) REBTE; () REIRE
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3.3. PEDOT-IA/MP/GCE $I& & &0tk

B S B MP 2 BUE DU RER R, 385 F Ak 22 URR R 77 30446 PEDOT-1A/MP/GCE (1] 4% 77 5,
4 fis . 1 4 AT AR B AL, 7T DUE 26 5 JOR PRI S0 4 0, 7228 4 IS PEDOT-IA/MP/GCE
XF 10 uM AA I BAE B AR, a3 — DB INUTRR R E, e S AN S o 3 VA DR TR B R 1 n 5
PEDOT-IA/MP/GCE ZRIHH AV, X FHR R HE R M, mpifES . MP IHEWE 4(b)
Jfi7, €2 mg-mL ™' i} PEDOT-IA/MP/GCE %} 1 mM H,0, [ Bt EA B ok, Bhn MP F&ER, HRHE
SYU TR, XTRERd 21 MP SEUIRELE, etz ik, f£5%4 2 mgmL ™' ) MP BEK
WA 4 B, AT 3R AR F A A PERE ) PEDOT-IA/MP/GCE.
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Figure 4. Optimization of preparation conditions for PEDOT-IA/MP/GCE: (a) number of
deposition circles; (b) MP concentration

4. PEDOT-IA/MP/GCE #|& &5 rMfiik: (a) SIREE; b)MPHAE

3.4. SOx/PEDOT-IA/MP/GCE BEJEE ¢35 14 8855

M 5(a)f] LA, A EC T 80 ) MP/GCE A1 PEDOT-IA/GCE, PEDOT-IA/MP/GCE 1E2 &L A1V
W CV 26454 7 MP/GCE il PEDOT-IA/GCE (I3, BILH RIF 1A E e R T B rERE,
i PEDOT-1A 5 MP FLyi# 543 2 2 A0 57 AL 2= 1 B2 1 PEDOT-IA/MP/GCE . EIS BT DAI]#2 F Sk R AE
FEIRA I, W 5B, FHELT Bare GCE, 437l 4% ) PEDOT-IA/GCE. PEDOT-IA/MP/GCE #I
SOx/PEDOT-IA/MP/GCE JEHILH K (1 AL = FEPTEREA R, IR0 T SOx/PEDOT-IA/MP/GCE # i
Il #% 5K - SOX/PEDOT-IA/MP/GCE S ARl FE AL R 2 90 R 4 frymw M B an P 5(e) M 5(d) AT o
SOx/PEDOT-IA/MP/GCE £ PEAR ITE FE l 1~50 uM, L& T FEN T (nA) = 9.88C (MA'mM ') + 0.14195.
A EL IR R EUE N 9.88 pAmM !, K HIFR A 0.16 pM (S/N = 3).
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Figure 5. (a) CV curves of MP/GCE, PEDOT-IA/GCE and PEDOT-IA/MP/GCE (containing 5 mM potassium ferricyanide
of 0.1 M KCl at a sweep speed of 50 mV-s "); (b) EIS curves from Bare GCE, PEDOT-IA/MP/GCE, SOx/PEDOT-IA/MP/
GCE and PEDOT-IA/GCE; (c) I-T curves of SOx/PEDOT-IA/MP/GCE for different concentrations of sarcosine; (d) The
relationship between the corresponding concentration and the response current

5. (a) MP/GCE, PEDOT-IA/GCE 1 PEDOT-IA/MP/GCE HJ CV Bi%&(& 0.1 M KCI 8] 5 mM k&L, 3K 50
mV-s'); (b) Bare GCE, PEDOT-IA/MP/GCE, SOx/PEDOT-IA/MP/GCE #1 PEDOT-IA/GCE 8 EIS Bi%%; (c) SOx/
PEDOT-IA/MP/GCE S R ERE A SRR I-T #hisk; (d) XRRKRE S ERX R

DOI: 10.12677/ms.2023.137074 693 PR R


https://doi.org/10.12677/ms.2023.137074

3.5. SOX/PEDOT-IA/MP/GCE B934t 14 g0

WE 6 fias, fEFRBERT IR E R (100 mMAA F1 UA), SOx/PEDOT-IA/MP/GCE #f Lt Nafion
AT Chitosan I B HLIRE 70 I BEAK T 71%H0 85% (BL AA Afl), #i#] SOx/PEDOT-IA/MP/GCE # Lt 1%
Gr AL AL B DU T PU A 1Y Nafion I Chitosan JIE, 7E[FIFEMTHUIE T RA BT OHL TR . X
JARF SOx/PEDOT-IA/MP/GCE X} Rl ££H5 7 AT AA FIl UA BB B HEFHIMER, > T IMY RfEfE
RS R R AN, 7S SOx/PEDOT-IA/MP/GCE JEHI i Skt 5 bt T4t A .
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Figure 6. Anti-interference performance of SOx/PEDOT-IA/MP/GCE
6. SOx/PEDOT-IA/MP/GCE R M 58

4. &g

ZE PR, O B NG O G ECEEAEIR Y MP 5 EDOT. A RE 5, KA BALZE DR
D51 AT DA 15 B A SRR AL RS . I pH O 5 I, 120°C R AR B 10 min AT i) 4% H B A ik
BEMM MP, 7E445 2 mgmL™" (1) MP [R5 BEG H BAL 22 0TA 4 B8, AT 3RS Rk B 2 M B o SRR R AL
FAESEIA E )& LV R AR R AR B REF it T HirERe, HEMANTEEDS 1~50 pM, REEEH 9.88
pA-mM ', K HERA 0.16 uM (S/N = 3).
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