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Abstract

Purpose: In this study, homogeneous Au NPs and BiOI nanoflowers were synthesized by hydro-
thermal method and the Au/BiOI composite was applied to the specific photochemical detection of
5-hydroxytryptamine (5-HT). Au/BiOIl based photoelectrochemical (PEC) sensor has a significant
photocurrent response for detection of 5-HT, which is mainly due to the photogenerated electron
(e) hole (h*) pair generated by BiOI under visible light irradiation, which can adsorb more 5-HT
to the electrode surface and oxidize 5-HT, increasing the photocurrent. Au NPs has strong effect of
local surface plasmon resonance (LSPR) effect, which can improve the PEC response. Furthermore,
Au NPs has good electrical conductivity, which will prevent the recombination of electron-hole
pairs, further increases the photocurrent response, and finally realizes the ultra-sensitive detec-
tion of 5-HT. The concentration range of the photochemical sensor for AC detection was between
0.25 pM and 20 pM, the detection limit was 0.07 uM, indicating that Au/BiOI had a good perfor-
mance towards 5-HT detection. The PEC sensor has good stability and high sensitivity; it is ex-
pected to have a broad application prospect in small biological molecules.
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Scheme 1. Detection mechanism of the photoelectrochemical sensoring for 5-HT
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2. SCIGERSy
2.1, SEIER

ASEIG A T A RIS . & BR(HAUCL)IESET Sigma AF], A 8T —/KEY
(Na;HPO,-12H,0). iz — S 4H /K &4 (NaH,PO,2H,0). AL (Ks[Fe(CN)e]). Ak FALH =K &4
(K4[Fe(CN)g]-3H,0). SEALEI(KCI). FL/K A AR HA (Bi(NO3)35H,0) W K [ iR 4 T A AL BHE A A R 2
A, JRER(CsHaN,O3) SFALHH(KC). SALHEN(NaCh)IE S B B2 o kAL BHE A R A 7 .

2.2. SEIE{N SR

I H 5 (SEM: ZEISS Gemini SEM 300)%} BiOl VL HE AR SiEAT TR SEI6fd A
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5y UV-2501 PC LA ] WGTEACGHET T AT Wi & o i A S8 L (834 AT Cu K, 4% 51 (L = 0.15406
nm)7E D8 Advance it = R A AT S (Bruker) 3545 T XRD i , 1% A7 8% 3 2 T/EAE 30°~90° (26)3E Fl 4,
EHL N 80 KV, CHI 660D Hifk 22 TAEuli (i iR A B A w]) A aAT Dt CEL-S500/350/150 (b3t H
R VERI A IR A RN)FAT T A RO R A 2 & . BTG SERR R AR G i) = Ak R 4047 . PBS
1) pH EH pH T1H(PHSI-3F) M E . AR FAR . TRATH 7K FAR(SCE). 3%Hik Lt (Glass Carbon Electrode, 7Y
T 3mm-L) K H BT S Sl A R A

2.3. KA

2.3.1. BiOl giRIERHI &

T %k 0.485 g 11 Bi(NO3)s-5H,0 F| 30 mL i &4/K A 2 [ (VR A i (& AR L 1:5)H, R 40 Hl
JEASEIE VW SR JE 4 0.4 g (58 L AR Be BV i 21 Bi(NOs)s5H,0 ¥k, A1+ 30 min J5MA
0.166 g MALEH, 7E= I FHidk 30 min 5 2GA EAEIRR . K LR 2 50 mL = 4 7E 160°C ik
3 /NI, BEIGTEEIR TAE, 1SR UTEY B A KB DA T IR, AR5 K 1 45 1 IR b VA VR T8 5 IR AT
iR

2.3.2. Au NPs B%&

Au NPs [1il] £ 2 FEOCHR-& BT 15 [24] . BARPIRUTT : ¥4 0.90 mL HsCit (0.1 M), 2.10 mL NasCit (0.1
M) A 150 mL 5 B Ak i 15 0% B4 1 mL 25.4 mM HAUCH, FENTR G, Biidk 3 4
B, SRR SLRIEE NVKOK R R, 1937 E B 524060 AuNPs AR, K15 IS4 (5 Au NPs 250K
£, FEBZAUKEOUE 3 Ik, I Ja i3] 12.5 mL K.

2.3.3. Au/BiOl E &l &
EH2 0.20 mL _ECHI 519 Au NPs ¥4 IR AT 2.82 mg BiOl #37K, BT 1.80 mL #B4likr, #E47 7 I 4
$£ 40 min, 14 Au/BiOl 2Bk F

3. &R 57He
3.1. Auy BiOl 1 Au/BiOl 8 &R VTR SRLE

oo R B

300 nm
|

Figure 1. SEM images of (A) BiOl and (B) Au/BiOIl NPs
1. (A) BiOl #1(B) Au/BiOl NPs #4133 $5F

N T RICE BRSO B BOOLRSE - R 48 F 7 R BB (SEM) XA RREEAT TR Ak 151 1(A)
79 SEM B8, PRI LA 2 BiOI 2 it FrRALRIAEIR S5 H),  FriRas iR i fiRS s RST2979 2.3 .
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Figure 2. (A) Ultraviolet-visible absorption spectra (UV-vis) and (B) XRD patterns of Au, BiOl and Au/BiOl
& 2. Au, BiOI 71 Au/BiOINPs #I(A) b - 7] I8 I 53L& EIFn(B) X ST41T5E

TR AN - T WIS G SRR Au, BiOI A Au/BIOINPS RIS I BE J1E(T 7 R AE. WilEl 2(A)
Ji7R, Au NPs 7E 521 nm AbA iR ) 2 11 46 B 1L 4R 10 RIS . BiOI 9K AEAE 408 nm Ab 52 BUARFAE 1)
W ué. B Au/BiOINPs A5 #1781 Au NPs Fil BiOl 9KAL AFAENL IS U6, TEBH T H & T Au/BiOl 4
KEEMEL

U X 5274 (XRD)ERFC 1 HE b 10 88 PR A5 . NI 2(B) b S o IR T LA i, Au NPs SO AT 5
U BLTE 20 4boky 38.48°, 44.58°, 64.95°F1 75.95°, 4 RHIHJE T &9KRTHI(111). (200). (220). (311)
#in [l (JCPDS No0.06-893697 Au). BiOI HfiT s HILFE 29.33°, 31.39°, 45.18°, 54.86°, 65.91°, 74.87°fiL
B, Xt BiOI((JCPDS NO. 10-0445)()(102), (110), (200), (212), (220), (310)¢wifi. EHhertahszk
Au/BiOl NPs Hi 74 f) X SFE6ATHF &I, 20 4y 29.25°, 31.45°, 38.79°, 45.16°, 54.79°, 65.83°, 74.93°73 %t
% Au 1 BiOl [)(102), (110), (111), (200), (212), (220), (310)fhMH, ANFHMIHI#HIE SR —5, £
HHA T Au/BiOl 4KHi .

3.2. BIEESMRARLFEMICE NP MR

N TR FU &S A APRMG I ML 2R VR RE, A IR 22 i 2 (CVs) M ZE 73 ik R 22 # 2 (DPVs)#4 7t
7 BiOl 1 Au/BiOINPs £ 1 mM I 2 1 I A ZZRDG AL 24T 9. A 3(A) T LB B, fEA LR T
REA)MTCIGHE (R SR Z) BT, BiOl ZKAERDG A B35 32 T1 . X AT REE i - 7E ] OGS T, BiOl
YERAEN— @ B RDEHR, AR PRI, iR B R AR R s O] DR LIS 2 A
FEAE G LI L . Au/BIOINPS Al ML 25 I £E A7 G R BN (L0 (5 2k), Strim A R isgm. %%
BN FIR AT BE 2 AN T TR BRI AR B SEAE AT OGRS, Au NPs BRSO e AR JR IR 1T 4
B3R 20N (local surface plasmon resonance LSPR), 315 HLAi[25]: [AIRS Au NPs AJ HRIE:Ks B 4% 3% 51
AR R AN[26], BEA BN 1 HAT - O A, NN TR A 5K T P EON AT B
A AR R LI 2R N DG EIR . AR T BiOl, Lk A Gik £ oI LR, Au/BiOINPs Al ifi i
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Figure 3. (A) CVs and (B) DPVs of BiOl and Au/BiOl recorded in 0.1 mol/L PBS (pH = 7.4) containing 1 mM
5-HT under visible light irradiation and dark environment

E 3. EBAFEAHEHT, BiOl F1 Au/BIOI LIRS E 1 mM IIEEH PBS MR R (pH = 7.4)FHI(A)
TBIMA R LR EFN(B)E 7 Blom A Rz E

3.3. FREFFH Au/BIOI EEFEHEM ME R B FHIE

N TRZEAET WO T Au/BiOl Al LI 2= M6k 2 BB 1 R 2, BRIE 1 i S A b
pH {E XA = M. [ 4(A)E7R T7E 0.02 mM IS B, EHRGEEZ VRN 0.02~0.2 Vs
i) Au/BiOl HLBR I Ze 39 AR 2 it B (LSV) o AT DA B AR AR 0 FLAL (1 o) B 6 090800 5 1) 38 0 17 28 1 b 28
Xof N (R 2R 1 [ 9 5 FE M 1(nA) =7.7032v + 0.6141, (R?=0.9977) (|4 4(B)), FH] Au/BiOl 7E K I 1ML i% &I},
AU/BiOI FIMLE 2 2 [ (1 L F 35 R I FE R RS 5 1 RN, AR b e 2 MR B i F s il k(271 &1 4(C)
78T Au/BiOl ZEANE pH (AR (pH = 6. 6.5. 7+ 7.4. 8. 8.5)I)GHLFIMI N Hi £k . A rhm] DA &3],
S LIS pH 3T SRS, AR B T FE N Ep = —0.05407 pH + 0.6608, (R®=0.9926) |4 4(D),
H R R F T BE HTRAE 59 mV/pH, 3R BHZO% F AL 22 OB PN SR A B -2 D OB R [28]

3.4. Au/BiOl AR ME R AY . T EMEIR AR

Mif AV PP R B P S S U AR G FEAL 2B PERE I BRI K . 151 5(A) N Au/BiOl FEARTE &
A 0.5 mM LG Z=IER P a2 2, MBI AT DUER S, JESRAH 100 B2 5, Seridhse R AW
VFTRFE, UEW] i AuBiOl ZERIN LT = A LR I APE. v 7HRSE AuBiOl HEARAS I i R M Hi+
Pk, SCEE R A A ME 2 AN TR AP 1. WlE 5(B) s, £E 0.02 mM IfILIE R T
TN 0.1 mM JRIER. SALER . SR LA = PR A VUG, AT B 2R B # i B AR 208 T 90%,
F AKX LR TP o0t M5 2 A TR RN, AwBIOl B RUFHITTT-ILAE /1. [FINE, FRATEHE R T
Au/BIOI HLiR B IV 5(C)), 24 FARPAT HURRAEAH R 254 A I i 2R, % F i il 2 AH AL HL 48 Ak
VR LT E S, U T Au/BIOl HIRAS I LIS 2B A RGP E I . FIR S FIUER] Au/BiOl FERK AT
FHIME Z A, A TR R P RE .
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Figure 4. (A) The LSVs of scan rates of the Au/BiOl electrode from 0.02 to 0.2 V/s in 0.02 mM 5-HT, (B)
The corresponding plots of anodic oxidation peak photocurrent densities versus the scan rates; (C) The
LSVs of the Au/BiOl electrode in 0.1 mol/L PBS solution containing 0.02 mM 5-HT under visible light il-
lumination at various pH values from 6.0 to 8.5, (D) Peak potential versus pH values

4. (A) FIREERT, Au/BIOl EBARFEFFFEIERTE 0.02~0.2 V/s SEEIRHEM 0.02 mM M55 R EY L 14
iR Rk E, (B) HEMNEHIERRFAMEE BN XRE; (C) AuBIOl BIRE PBS
{EAREAF(0.1 mol/L PBS pH = (6. 6.5, 7. 7.4\ 8. 8.5)4&:M 0.02 mM M;EZEAVE 7 BioR A ZihLk [,
(D) SFALLEERZRA pH B X R E

4 _ 120 1.2
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2 A 100th cycle :é‘ B = C
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Figure 5. (A) CVs of Au/BiOl electrode in 0.1 mol/L PBS (pH = 7.4) solution containing 0.5 mM 5-HT under visible-light
illumination (100 cycles), (B) Relative analytical response (l,4/l,) for 0.02 mM 5-HT in presence of the potential interferents
containing 0.1mM UA, KCI, NaCl, and the mixtures, respectively, (C) DPVs of five parallelAu/BiOl electrode in 0.02 mM
5-HT solution

B 5 ARARHT, (A) AuBIOI BRERH 0.5 mM MERARE A 0.1 mol/L PBS, pH = 7.4 §) PBS L&l
FEIE 100 BIMBIFMA R %k E, (B) 0.02 mM MERFFE TR BIERLBRE, FHRYERS 4 0.1 mM
UA (Uric Acid FRE£), KCI (Potassium Chloride S&.4L$#), NaCl (Sodium Chloride S L) F1=&R &A%, (C) ARTE
1THY Au/BiOI EBARTE 0.02 mM [ME =& R T HIE 7 Bloh R Z#hsk
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Figure 6. (A) The DPVs of Au/BiOl electrode in 0.1 mol/L PBS (pH = 7.4) solution containing different
concentrations of 5-HT from 0.25 to 20 uM, (B) The plots of the oxidation photocurrent densities versus
the concentration of 5-HT

B 6. (A) LBEHT, Au/BIOI 7E 0.1 mol/L PBS (PH = 7.4)E &Kk & 4 0.25~20 uM I35 =AY
ENBoRARENZLE, (B) HNMNELIERRMAREX MERIRE Z BRZ M X RE

N THRFE AUIBION HEL ARSI I 75 2% 1) P58 i FRLRIAS U PR , - i sk 22 4 Bk b AR 22 2R A7 52 T Au/BiOI X
ANRIVR BE ILIE 2R G H A 2R . sl 6(A) Tz, A VR LG 2 ik BE A T8 1 (0.25~20 pM), %
AU FL AR AN TG I, FLOS HUAURT IS R IR R R R R . RERA R 6(B)FTR: | =
0.0439C + 0.00246 (R? = 0.9971), i+H /GG IMIFR My 0.07 uM. 2B Au/BiOI HLFR A I 1fi 375 2 A e
o T PERE o

4, g5ig

TEAR e TAEHHRGE 7 — Mo BT Au/BiOl GRACIB IR e bR a8, 0t g R R
O AL I . E T WOEHRSS R, Aw/BIOL HARAS I I35 25 I B S50 (1 o s 97, 8 9 (R AR ¥
FE(0.25~20 pM)AEAR A IIER(0.07 uM). CH Au/BiOl 1t 5 6 AL 22 P E - 32 i T Au AT BiOl %}
M35 R IA BRI roa B szm R, B35 0 R 08 83 50 5-HT I8 R Bkl . th4h, Au/BioOl
WL B L5 B APE . EILEEFISTTHRRE 7. BIRF AuBiOI Y FLAL AR IR SR AR LA AR /N 7T AR
DA T i S T 5

E&mH
ATTH H B TR R H R E 5. MS12021079).
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