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Abstract

Purpose: In this study, based on the Localized Surface Plasmon Resonance (LSPR) effect of Au and Ag
noble metal nanomaterials and the good electrical conductivity, a layer of Au was coated on the surface
of the synthesized Ag wire, and the AuAg NWs composites were successfully synthesized. AuAg NWs
were loaded with reduced graphene-carbon nitride (rGO-C3N4) composites with large surface area to
form AuAg/rGO-C3N4 composites for photoelectrochemical detection of Uric Acid (UA). Under visible
light, rGO-C3N4 absorbs photons, electrons (e-) transition from valence band to conduction band and
transfer to the outer circuit to generate photocurrent, while holes (h*) transfer to the surface of the
material, h* oxidizes UA in the analyte solution and generates e- transferred to the outer circuit, and
electron flow generates photocurrent. Due to the strong adsorption capacity and large surface area
of rGO nanosheets, more UA can be adsorbed to the surface of the material for oxidation to enhance
the photocurrent. Due to the high conductivity and LSPR effect of AuAg NWs, it can accelerate the
electrochemical reaction rate, inhibit the recombination of high-energy carriers, improve the photo-
current intensity, and finally achieve ultra-sensitive detection of UA. The concentration range of UA
detected by the photoelectric sensor was 0.5~200 pmol-L-1, and the detection limit was 0.17 pmol-L-1,
indicating that the photoelectrochemical sensor based on AuAg/rGO-C3N4 composites had a good de-
tection effect on uric acid. The photoelectrochemical sensor has the advantages of simple fabrication,
convenient operation and large detection range, which provides a way for the construction of this
kind of biological small molecule detection sensor in the future.
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PRIR(UA) IRV B iR 271, B R GRS, SR TIK, EXEE T AR, TRk
RIS S, NGz —SehbE . R, ER Ry, Wnkeks . ieEE. KERSE, XA AR
MR RIRE . KEEER BV LSOK BN, 2SR UA BT R A 45
FMTHIE RS S [2], BE A I R I I E BEEES A v 5 2 SRS, S SRRV . TR 2 AR
UA Tk, SHURAERT . WU LR BAR D, RIEBIRN3]. 1AL, IRERKF TR 58S
Wis s AR ERE LU VA R[4 BRI, 5 A ] 5 ELPRGE R R I T S 0 PR R
IR Z LR G PR KT 7 W T 51 5 L3 5 [5]-[ 71

HAhIE, JRERIRIN 7 VAR @ RO (i8] B4 IKiE[9]. JRERIGIE . A B i%[10].
HAL AR IA[11] [12]5F . o, BAE HIKiE . o tilih DR O 32 ol TR S s A
RERE IS R BEAT R . o, LSRRI R BRI L e 2 T /N L RS 45 SR P 45 BE T S
R HARERAZ, SRS NNEL AT R T A2 NERI I R [18]. i TS 5 L) M RE &
X ERME T (RI)AF, e A R E R ERRLE, BT ROE AL A I A R E K
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DOI: 10.12677/aac.2024.143023 191 oririb it e


https://doi.org/10.12677/aac.2024.143023
http://creativecommons.org/licenses/by/4.0/

M 2

JEHAL I REBR AT, A REAE A I I R $ (it B vy HLARE AR R Y HIA AT 28 v A JER A ) k1) R %
JIT DAIZE UG 38 ()06 FRAK 5T ARG T4 AR SR 3 -/ B L

FRATIAE B4 (Au) FIER (Ag) 1R Ja) 48503 1T 45 B8 1R S IR UN (LSPR) LA S L R BF 1) B, ZEAL 26 B
YKL (Ag NWs) K Tl S Bk E— 2 Au, I RS RITK L (AuAg NWS)E EM KL, XFME S
MBI A BT AL A RE, B RS B e iz b Re J1[15]-[17]. AT, AuAg NWs [ RS
K, B —ANREBUK I RME N EE A LR 713 AuUAg NWs. i 7 S8 A0 380 (rGO) A& —Ff R 4 W it
PRI AL 22 i YA RL, B SR RINARR LS AT WO e se /) 17 555 i [18] . [Rlith, BA KK
TR rGO Ref® 57 %k AuAg NWs DL AR Lt A& i . A7 SR AH AL Bk (9-CaNa) IR A 45 B0 IR G IR IS e
Mo R 1t LA 5 T A s e )iz N T B 22 8. SR, BT g-CaNg EER AR/ HAE %)
RANCAE BT B A 1 o) @ BRI Tz AR, B L, 7 A A AR F AT 8 1 D il £ i
. A EERE, 9-CaNg 502G B AU » L5, XEEWNE S RAERES, @ fHES
75N B BLEAT H A (rGO-CaNa), TEMF IR —M B R TRUVN . B FEAF = IEE, #5172
AR AL PR RE[L7].

AURBEET AuAg NWs 75 I B A6 RE 77 BRI LSPR UM LA K rGO-CsNy K B G A EMILF5
(6 AL SR e LA BRI BT IR R RE 70, et 17— i T R ok L R B2 1R Fa Ak e AR ik s o 1%
RIS 1 . P& i AR A R I AR TS I IR ER A U e 77, B K Al 9 61 (0.5~200
pmol-L ) AR A MR (0.17 pmol-L™Y).

UA Oxide
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Flgure 1. Detection mechanism diagram of AuAg/rGO-C3sNa4 photoelectrochemical sensor
1. AuAg/rGO-CaN4 S 1t 15 B SR B4 AL IR (&

2. SEERERSY
2.1. BREESSERH

I 0 S A FH (R R A 4l o JE I BRI T AR AR I A BR A B SE T 8K AT IR IR (HCit)
FALH(KCD). T /KSR E 4 (NaHPO4 12H,0) . JRER(CsHaNLOs) PUIRIMLER(CeHsO6) 7N FIE LR
BH(Ks[Fe(CN)s]). /K& Bl — Z4H(NaHPO,2H,0) LA K = 7K & /N ELE 2R R4 (Ka[Fe(CN)s]-3H20) . i it
[ 24 45 B AL 2 0 BR A W) A SE T 484k A7 B30 (GO) . TE /KT B BR 4 (NasCit) LA M7 A SR AH AL % (g-CaNa)
UeAh, T i R AR A TR A 7 B T T ERER (AgNOs) « 1 74 (CsH1206) « 1,2-TH ¥ . S 1L47(NaCl)
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& . VKGR ERR(HAUC4H0) 0 35 3 PEA% D B8 HL &7 0 w) o 0 BV VP F oK 3 8 HaBEAE. > 10
MQ-cm FEEAK . I R E T SOATE A PR A = S5 7B A . 3k FE AR (LGC-3 mm). M A H 7R HL
(SCE).

2.2. SKBTE

2.2.1. RPKL, SRAKREHFHZF

JeFREL 87.0 g 4T 5 58,000 (195 ZMAMEng beli . 48 )5, FH 10.0 mL 1 1,2- 8 —REHOG S AR, IR
F24 25.0 mL (el , 7EMIE B IN#(160°C) st 1 /e PRIEII 1.0 mL 1,2-78 B AR
S0y, FALEARIED 1.00 mmol-L Y. BiEd: 5 /38N, FHAE S S IZ M N 4.0 mL 0.15 mol-L L AE R 4R 1,2-
P B, ARG IR BE 40 2 Bh . 19 BRIl Ag NWs FHIA TR . {5 F B9 Co W LAN R 4 7K 5 2 il B8 0o L
3409 7000 rpm K Ag NWs RV R 25 O /K SRR TS 2 405 16 Ag 49Kk 8] 20.0 mL (B 47K Hoks 4l
1K) Ag NWs 73 i LA 5 SRR A7 AMEEH

BN 2.0 mL ) NaOH (20.0 mmol-L ™) /K&~ 100.0 uL FI5 482 (25.4 mmol-L™Y) K&k L& 17.9 mL
Rk, 3F BAEH IR T HiHE 1 /NS 2R SV A 76 3.0mL 4K in A 40.0 mg ) PVP, 7£ 60°C
TP ENEW B. 2 70505, ¥4 500.0 uL HLIAMLER (AA, 100.0 mmol-L %)L/ 500.0 pL &5 A48 (NaOH,
200.0 mmol-L Y I AE] B % . $iidE 5 28056 700.0 pL iR K) Ag NWs #INAE] B ¥ R 15 2R
BV Co PUlBEHE: 10 050G, KIRE A A BHMAG B —M)IBAER CH, HEMT/EHIINH
P 10 Sr a1k M, 193] AuAg NWs FLVAE . 7E 7000 rpm T, FEBZEZK B0 3% AuAg NWs HiE
WHRAS B4 (1) AuAg NWSs, £ 7.0 mL B4l K Feis 724 70 B LS s 2248

2.2.2. rGO gk K Bo#l &

i J B 7 BRI (rGO) A UMK B A BT SR [17]. 4 14.0 mg 9 GO F1 10.0 mL ffE4lK mA
PR IE HAE A 2 /NEHEIL 8, 3/ GO /Ul #% GO BB IR RN 28, FHmA 46.0mL 2
. FHVRPE N 1.0 mol-L2 (i S S A AR /K T 5 YR A9 pH R H pH 48R pH B . 242 B0 pH
1% 9.0~10.0 I, K NS B T AR TR 80°C R INFA I /NI, 153072 rGO YTTEN . M S BB BUTER
I B OALBL S K E R K B K PE 2 IR, 1332005 1) rGO 78, FEBUE 23.0 mL B4k, 153
0.6 mg-mL* ] rGO.

2.2.3. rGO-C3Ns R REEHHI &

# 5.0 mg 1) g-CaN4 B ELE 2.0 mL )RR EES, FFEa 0 HiHE1s 2 2.5 mg:mL™ 1) g-CaNay B V7. HX
0.03 mL g-C3Ng =3 LA 0.5 mL rGO 4> Bifii & 5k, 135 rGO-CaNy AW B IF
2.2.4. AUAQIrGO-CsNs E A RHE IR R AYHI &

# 10.0 uL rGO-C3Na ¥ 1R i 75 FH S AL A8 FT BE 6 B B Al B AR R 1T, JF7E 50°C FAET, SR)5¥ 10.0 uL
Ag NWs JEH0 7E AR R T, 7 50°C T LML RS-l T o b7 HLi, A A ) £ 75 vk 4% DA R FLARE -
Ag/GCE. AuAg/GCE. rGO-C3N4/GCE Ll AuAg/rGO-C3N4/GCE.
3. #&REVE
3.1. Ag NWs. AuAg NWs, rGO-CsN; AR AuAg/rGO-CsN E &I 2SR RAT

KFH SEM ZRAE Ag NWs. AuAg NWs L rGO-CsNy Al AUAQIrGO-CaNa (TSR . B BTl 2% 111 Ag
NWs JRsF 155098 LIRS 8( 2(A)) - 1 2(B) R B HUAH 4 1) AuAg NWs, AUAgNWs TESRET Ag
NWs A B2 131 [ 2(C)HaT BAE H, rGO-CoNy A EKIIR IR, DRk n] LA 2067 4 AuAg NWs JF:
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H eV B s AR A 52 DA B S (3t 78 2 A SR PR L e P 2(D) T BA 1 AuAg NWs 2533 BLAE rGO-
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Figure 2. SEM images of (A) Ag NWs, (B) AuAg NWs, (C) rGO-CsNs and (D) AuAg/rGO-CsN4

composites
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Figure 3. (A) Ultraviolet-visible absorption spectra of Ag NWs, AuAg NWs, rGO samples, g-
CsNassamples and AuAg/rGO-CsN4 composites; (B) X-ray diffraction patterns (XRD) of rGO-
C3Na, AuAg NWs and AuAg/rGO-CsN4 composites

E 3. (A) RAKL, IRPLRE. TEEUARGHER. AEERUTBAERM AuAg/IGO-
CaNs EAMRIBI SN - T IEIRBEIEE; (B) BRRENAER - B, SRR
#0 AUAQ/rGO-CsNs E &M KD X G175 E

AN - n] WG G iE S Ag NWs. AuAg NWs. rGO. g-CaNg LUK E &+ RIERE AT T %
AE(E 3(A)). Ag NWs 48 SR 4 K RELE 370 nm Ab(CE il 2k): ARG, FRATET B #k, £ AgNWs #
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MEH—Z Au 5, BTE 380 nm AR AMR IR AR RS, X AT RESE Au 2R 154, FF H7EZ) 530 nm
A HEL T Au R i A A5 B SR I S (R € i 28) [15], IESE AuAg NWs #1145 %Th . IF HAH#T Ag NWs,
AuAg NWs &4 HPRHEm IS Bl AR 58, IESE Au F1 Ag P [FIVE I REE AR AR O Ha b 24
A& MhAh, 240 nm DL 330 nm &b HH BRSO UE 2 Sl A2 rGO il g-CaNa H SR AMRFAE IR IS UEE[16] . b4, W]
DU AUAQIrGO-CaNa £ il 48 AR IS 1 W 5% 1) X R fIE W W W #8 A7 7 (20 B i £8),  TIESE AuAgIrGO-
CaNy E A MR BT . T FIWTAA B SR EE R, FRATTE I X S 2o AT SOOI & 1 R ot 1) i AR a2
Rk 3(B)AR. rGO-g-CsNy &M KL XRD Bk i 7E 12.13°, 22.73°LL Jz 27.33°4b HH I = AMiT S i (B
faphzk), o 12.13°F0 27.33° 4 AT HFIEXT N g-CaNa HI(1 0 0)F1(0 0 2) b T, 1M 22.73° Ab R fT S ekt oz
# rGO (0 0 2)/# 1, 5 XRD FrifEF(JCPDS No. 87-1526)F: A —%. 1w tamh£k th7E 38.17°. 44.78°.
65.09°. 77.79°LL K 81.90°4b &t N AuAg NWs f1(111). (200). (220). (31 1)F1(222)f & 1H (ICPDS
No.3697), iEW] AuAgNWs & &R % Il . 7E AuAg/IrGO-CsNg B &1L XRD I+, AuAg NWs.
rGO DL g-CaNg [HRFIEAT IR AAAE, UESEIX JUMA BN 2 &
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Figure 4. (A) Cyclic voltammetry cures and (B) electrochemical impedance Nyquist plots of Ag, AuAg, rGO-C3N4 and
AUAg/rGO-C3N4 modified electrodes in 5 mmol-L™* Ks[Fe(CN)s], Ka[Fe(CN)s] and 0.1 mol-L~* KCI solution; (C) DPVs of
AUAg/rGO-C3Ng electrode in phosphate buffer solution (pH = 7.0) containing 0.02 mmol-L™* of uric acid at 0.1 mol-L™* con-
centration under visible light irradiation or dark environment; (D) i-t curve response of Ag, AuAg, rGO-CsNs and AuAg/rGO-
C3N4 modified electrodes in phosphate buffer solution (pH = 7.0) containing 0.02 mmol-L™! of uric acid at 0.1 mol-L™* con-
centration under visible light irradiation

[& 4. (A) Ag. AuAg. rGO-C3NaF AuAQG/rGO-CsN4 IEIHEARTE 5 mmol-L KB 4L R, TERFALFFLARZ 0.1 mol-L &
WIPR AR RTHEIMAR L ER(B) BUFMEIE; (C) AuAgIGO-CaNs EEARARH 0.02 mmol-L* FRERAY 0.1
mol-L ™ AR E RV SBR EL R IR IR (pH = 7.0)h DA EBARURTAHLHHNES BOMMR ZHIZE; (D) Ag. AuAg.
rGO-CsNa4 # AUAQ/rGO-CsNs 1&1REBARTEB K BB TS 0.02 mmol-L AIFRERAY 0.1 mol-L 1 iR B RURSER Eh 48 A R
(pH = 7.0) 5 A B 8] B 37 il 2 Ml &2
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JHPEIR 22 2R (CVs) PA K AL 2 FHBTIE (BIS)ER AT R AL e RE . ] 4(A) B, TEEREALER
R T DL SR A, AUAGITGO-CsNy B HE S I 75 I S8 A0 I8 R BE 77 DA R s B i ] iR (A1t
Hhzk), XK AuAg/IrGO-CsNs A MR I H B IF IR SR BE T o X AZERA rGO-CsNy B B Ak
JERE ST, T AuAg NWs ELAT BT () AT AL 3B BE 77, Au 1) LSPR 2N AT LIS B fp A, U061 oL 745 /.
2, WOURF. T AuAg NWs LUK rGO-CoNa RRIFERT, {875 AuAg/rGO-CaNa 5 &k KL EA Bt AL
5 RE 77 LSBT BHATL(Z 500 Q) (4 4(B)), M B AR m Ak 22t R . A EL T IO B IR BN R, 4
AIEHEST I AUAQIrGO-CaNy M1 HE A AE PRI W R ' FR S 2 (1] 4(C)) o IX A& R AE T LB HES T
rGO-C3Ns B A MR KO T 72 A M AR 30 7 8, Horb 25 e RS BIM L T, 3 1T 4 T AR R R Y A 5,
T F R R AN TE R, FEAE Y IRRNAS 5. b, BT rGO B L AN v] LA R B PR IR
FAP R R E BT, JF HaEid 516 g-CaNg L AuAg NWs, RIS YA 800 T 104% 3, AT A R8s 4161
WA TR A FTEl, AuAgirGO-CsNu/GCE 7EKM FRIRIN B AT St K IKG HE () 4(D)). ML 4 AT LA
BEH, LI, ik AuAg NWs. rGO 1 g-CsNa K&, AT U R THAS Il PR R I O R I M S o

3.4. #R5% AUAQ/rGO-CsNs B A MG FRBRAY B L S 41 38
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Figure 5. (A) Linear voltammetry curves of AuAg/rGO-CsNs electrode in 0.1 mol-L™* phosphate buffered solution (pH = 7.0)
containing 0.05 mmol-L™* uric acid under visible light irradiation at a scanning rate starting from 40 mV-s™* and increasing by
20 mV-s~t to 160 mV-s%; (B) Linear plot between the change of photocurrent intensity of the corresponding oxidation peaks
of AuAg/rGO-CsN4/GCE and the increase of scanning speed; (C) DPVs of AuAg/rGO-CsN4 electrode in 0.1 mol-L™* phos-
phate buffered solution containing 0.05 mmol-L™* uric acid under visible light irradiation for phosphate buffer solutions with
pH values of 6.0, 7.0, 7.4, 8.0, and 9.0; (D) Linear plot of the oxidation peak potential of AuAg/rGO-C3sN4/GCE and the pH
values of phosphate buffered solution

[E 5. (A) ATILARET, AuAg/irGO-CsNs EEARAE S 0.05 mmol- L1 FRESAY 0.1 mol-L L BYRAESEL4E A& (pH = 7.0)5h
FHERM 40 mV-s 1 TR, 8RB 20 mV-s 1 F) 160 mV-st FTAIZ A T #I%; (B) AuAg/rGO-CsN4/GCE 1B RIHY
FIELRREE T SIMEREIEME 2 BRI %M X R E; (C) AuAg/rGO-CsNs EEIRFAE R A 0.05 mmol-L ™ FRERHY
0.1 mol'L™* FYBSERERE RGP 7E R WAL RR ST TIVE S BloP A Rz, MERELEHIRRMNBRWRES AR 6.0, 7.0

2y

7.4, 8.0. 9.0; (D) AuAg/rGO-CsN4/GCE HYE LI i LUK BAER EL 42 4R ik pH BRI M X R E
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T I 2 AR e i 4 DA R kAR e i e, AR FUAE SRRV VR Pl i O 4 SR AR 5T AuAg/rGO-
C3sN4/GCE [ N5l 1124 & . AuAQIrGO-CsN4/GCE E44 0.05 mmol-L~t JRER [k IR £h 2% vhim i rh, 1E
JEHRSRAE N, 18T U R EAR 2k R M R, DAWIARIE BN 40 mVest, HRE g N 20
mV-sIF— B INE] 160 mV-s, PIZREIHAE 40 mV-s1~160 mV-sL U Bl N LR EAR et 2k . BIrbaT L
B, A N (40~160 mV-s™Y), AL AW (K] 5(A)) . 8 I THR L 0 F R SR
A5 B4 5 0 H R 2 1AL 52 230 Lpa(nA) = 0.0384y + 3.6981, R2=0.9982 (4] 5(B)). 45 H£EH,
AUAQ/IrGO-C3N4/GCE fERI SRR , T2 5 1 Witk EEEMEHS JRER 2 R s fiffE i, H H o5 R
1% 2 1) 1 B2 s o O i R 4 1] [19] o

K 5(C)RFL T pH 1EXT AuAG/rGO-CsN4/GCE Hir il JR B i 14 B (1 520 LA S FE 8030 7 % R 3% o 58 1l g
1% b 2 ph VA W P (0 R R TR EE AR, 3E ) AUAQ/rGO-C3N4/GCE 7EAN[R] pH AR (T % £ 22 i 3 v 0 22 43 ik
MR th 4. BRI LA H, BEE IR ST S 0, AuAg/rGO-CsN4/GCE A I FL A7 e A i i %
5K, AuAgIrGO-CsN4/GCE A il SR BRI s L A SR ERBRAEL /9 7.0 Fr LA 2Tl 12 2 4 1 Y YO Y R Tk P52
N T.0 LR, SeriiiRR. Ak, WAL S pH (AL R AR R, SN En=
—0.0521pH + 3.6981, R2=0.9982. &% 4-0.0521 mV/pH, T HEWIHEHE(-59 mV/pH). Z5HREH, BT
WEIN 7z A OV RE[20] (] 5(D))-

35 WM. REMMFT TR
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Figure 6. (A) DPVs of AuAg/rGO-C3N4/GCE in phosphate buffer solution (pH = 7.0) at 0.1 mmol-L™* concentration under
visible light irradiation at uric acid concentration levels from 0.5 umol-L™* to 200 umol-L%; (B) Linear plot of the correspond-
ing increase in photocurrent response signal versus the change in uric acid concentration; (C) Photocurrent response in the
presence of 0.1 M PBS (pH = 7.0) buffer solution containing 0.01 mmol-L™* uric acid with interfering substances of 20 pL of
mmol-L* AA, Glu, KCI and the mixture of the liquids; (D) CVs of AuAg/rGO-C3N4 modified electrode with 50 consecutive
scans in phosphate buffer solution containing 0.01 mmol-L™* uric acid
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