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Preparation of AgNWs/g-C;N, composite nanomaterials and
their electrocatalysis for vanillin
NIU Jinfen, WANG Kai, MA Zhangtengfei, YAO Binghua, YU Xiaojiao

(Faculty of Sciences, Xi’an University of Technology, Xi’an 710054, China)
Abstract: The preparation of AgNWs/g-C,; N, composite nanomaterials and their electrocatalytic
performance for vanillin are mainly studied. g-C;N, is prepared by high temperature calcination.
AgNWs/g-C;N, composite nanomaterials are prepared by reducing silver nitrate in flaky g-C; N,
solution by the chemical reduction method using polyvinyl pyrrolidone and sodium citrate as stabi-
lizers and dispersants and hydrazine hydrate as reducing agent. The obtained catalyst is modified
on a glassy carbon electrode, with the electrochemical catalytic performance of vanillin evaluated.
The ratio of AgNWs and g-C; N, on the catalytic performance of the catalyst are studied. The Ag-
NWs/g-C; N, at the optimum synthesis mass ratio of AgNWs to g-C;N, of 15% is screened out.
In the linear range of 3 ~95 pmol/L, the AgNWs/g-C;N, have the best electrocatalytic effect on
vanillin. After the determination of the standard addition recovery rate of the actual sample, the
recovery rate reaches 96. 83% ~101. 9%.
Key words: g-C;N,; AgNWs; electrocatalysis; vanillin
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1.1 FERXF

FERGH09) KGN H, » HoO), 54k
B (NaCD . ZALH (KCD L fili B2 1 (NaN O, ) , F 1k 55
(CaCly) s UK AW R Bk (Fe(NO,); « 9H, O), 5 1k
BE(ZnCly) i ER A (Cu(NO;),) R (C, H, O,)
) 75 B8 (Cs Ho Og) AR = — 41 (Na, HPO ) 43K H
H 25 F 2= R A R A A . = REUE (C, Hg N,
R 2E N T L i R R (AgNO, , KT & TR
Ak T AT BR 2 A B 0 Mg ot i ( (Co HyNOD

okt

1 LI

KT K A=A ) b A5 IR il R Ak 2
IORARFN I A rPral, BHERELAEH
FEAl SRR BRA B, 35 58 7 W 3% 1 3 [C & A A BR
N RN SE A RERE O D 83 BRA A KR
NEZHRIETFRKATD .
1.2 gGNHH&

AR 10 g = R 2 NI £ N, %8
FE 50 CHRMUTF T 1 hRIGHEM BTN AT
20 ‘CH 4, A 5 °C/min MY FHil 3 B, 35 2] 550 C
Jei o T RIEERE 2 h, A5 B0 IR B PR i A B B
RC N, 78 LRSI A3 al 1ok 0.5 g Bk
CoN A KR B Wb ol s 7 3 8 8 h J5 i
B T A AR i AR 4 K N 2 RS T T R
80 C &M FHET 10 h, AL TN Rk CoNL L id
5 g-C;N, .,
1.3 AgNWs/g-C: N, ESHELFIHH &

FREL 30 mg Ay g-Cy N, 43T 20 mL ## &l K 1
10 mL S BEMIR G W #1785 438 1 h, 2R
Ja KN — & A AgNO, .10 mg R Z Kk g
BERR .5 mg 147 B R B4 3 20X 20 min, 2R )5 %
2 mL KA E Qb AR B v R B R R S L
B 1k AgNWs A1), T2 AgNO, B A BT &
(2.5 mg.8. 4 mg,15 mg.,19 mg.47 mg.88 mg) 7
SRS [F B ) AgNWs 5 g-CoN, (5% .,15% .
25%.30% .50 % .65 %) & A AL IFH BT 4544 1k
FHE N AgNWs/g-Cy N, -X (X fL £ B fim A AgNO;
MHLS Ag 7T SR E D .
1.4 BIFERNHEE

A PR T 2 T BRIl PP BEAE VR AT 0. 05 pm
4 SR AR A0 A B o TR 1Y B B O T DU 4
B A DA R "8 TR T T PEE AR L LK B il PR A AT A
o P FH 40 7K RN TG 7K 2 3 i P W S Ok 0
S 2 R AR T B R B R U T R T Uk

B 12 mg MAEFE T 5 mL B.0& T, 5 ImA
1 mLB 4K #1784 MR B 10 w43
PR 380 50 T 2 B PR A L L B A5 SIAS () 1k 7R 48 i
HLA , DA SE30 27 JC AR IR UL A L BT A 19 T AE AR 34
W7
1.5 SCRERHE M AR

R SCHR S X 52 B b 1 A7 Ak B . E ] SR g
2 AL (300 W, 40 KHz) #4747 10 min, it
UE 5 H B

PRI S g Wkl AT 5 03 43 5% T 20 mL 1 L B2
VWO R L AR AR R LA 9 000 r/min Y 76 o B 0
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5 min, U EEWE B A 25 mL B2 B 280
K BERN 2R .
1.6 BEERZHMRORE

FREUGE A9 Na, HPO, Fl NaH, PO, [E A, 2Bl £k
WE# A 2 1 250 mL AYZS I LI AL 0. 1 mol/L Y
Na, HPO, i5¥ #l NaH, PO, ¥ W , J5 % L I Fd 45 pH
5. 8 TR ERZZ v (PBS,0. 1 mol/L).,
1.7 HmEARIE

KA X ST £ AT S A 2 1 (phase analysis of
X-ray diffraction, XRD) X fr il £ #4 %+ 19 & AH 25 47
I3 HT

ARSI XS AT RS O XRD-
6100, H M ) TAE R RN 40 kV, BHIR#EH 4 Cu,
XFRE B 45 Y R E O 10° ~ 807, 1 H L N
10°/min, >R T B UEE (SEMD XA 5 i B
AT RAE .

RS ffi H VEGA3 SBH #4947 B 1 85
XoF T il & A4 B TR SR AT 43 BT SR R3S B R B B
B 0T AL R0 Y P R 45 44 2 47 40 B 4 B FET Tecnai
G2 F20 RY3% 5F o 1 5 S0 F Jr il 4 0 b 64T R AIE
1.8 HB{ZEXE

H AL 2R L0 R F = R R R AT F AR 2 0 2, L
P11, LA ftk P ARG S8 PR O A A L BT 22 LA H
XFHL A% . Ag/AgCl E 2 2 L 3 B, Jir A T 5 4 7
CHI660B LAk T AEu 47, LA 0. 1 mol/L,pH=5. 8
B PBS ¥ A B e 5 R L 0 T B Ao g i
HLZ.0.3 VN ERAT B 120 s, JGHHE 30 s, Bk
TFPREMR A4 (CVO R Bk bR 2434 (DPV)

Ag/AgCIZ Lt
AL —o, EaciIBHEl

\
\
\

B EA ik e
et LAl

\\ ll

PBSZE M

BT DNE A 22 R = AR R S A

Fig. 1 Three electrode system for determination of

vanillin concentration
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25 1 PBS 2 vhii Fh A4 10 P8R &2 i A 3 T 3% 1

2 #ERE5IFe

2.1 XRD &

9T xR  g-Cy N, R AgNWs DL &
AgNWs/g-Cy N, & G A0 A7 W) A 3 07 1 ff BT
il 8 TR PN TS A R 25 A L XoF T AR S 1 R RE AT
XRD 73 #r, 85 R ULIE 2, B 2 AT 0L g-Cy N, A Al 7
XRD & 3% v B8 M 22 2] 47 F 13, 1°/9 (100) & 1 Al
27. 5[ (002) A IfT , (100) & 1T J& g-Cy N, [ BE 1 34
B S5 A8 L T (002) i T 2 g-Cy N J2 J2 HE & R 9
PR &35 R 1100 330 T A1 7 TET 2 5 1Y) L 49 D00 R LR X A
g ) AR R R

*he CNffiE = S S =
A ANWSHITEHIE I T FTAgNWST |
N AgNWs/g-C,N,-64
o+ + +
g} P AgNWer/ng3N;§r0
ﬁ JJL + AgNWs/g-C,N,~30
;\’ * + AgNWs/g-C,N,~25
B * e AgNWs/g-C,N,-15
* AgNWs/g-C,N,~5
g g
¥ ﬁ g7C3N4
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20/(°)

K2 g-C;N, 5 AgNWs/g-C;N,-X
AR XRD B %
Fig. 2 XRD patterns of g-C; N, and
AgNWs/g-CsN,-X samples

TEFE 2AgNWs/g-Cy N, & & L5 19 XRD [&]
PR A 38, 1°.44. 3°.64. 2° LA ] 77. 5°43F S i
PR R AgNWs [ (111),(200),(220) L & (311)
gt b me e, AL T 27, 5° B R AE 0 2 g-Cy N, 1Y
002) 7 5 f il » I g-Co N, 22 HE B 1 1E R L X
SR AR g-Cy N 7E van der Waals JTBIEA T &
AT R B i, (H iz AL SR FE AR, I LR
Ag W5 A LA R B, X BEEH 40 T AgNWs
J& s ARG R AR AR TR E .

2.2 SEM # TEM 4 #f

Sk T BT A R 08 SOUL TR S5 RN S A
¥, % H k41 SEM AT TEM 2304, WAL 3.,

Kl 3Ca)~ (o) 43 3 Rk g-C Ny i SEM 3 [
e AgNWS/g‘Cs N,-15 E/Et\ﬁ’ﬂﬁ?ﬂ] i) SEM ljaﬁlg
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M TEM %K,

P 3 AT L, AgNWs 5 g-C, N, M9 4 R
BN, AgNWs HIEZ 0 30 nm, KZE AgNWs K
FERT 2 pm, AP B R AW LLE S g-C N,
BN BT R S5, BB R SR 2 g
. HE 3o A DO E] 0. 236 nm A1 0. 204 nm
By SAS A L X H 8 T AgNWs B9 (111) F1(200)
T ) B 1 fH 3 (o 4l B AT DLt AgNWs 314
TERAE g-Co N, K,

SEM HV: 20.0 KV WD: 6.15 mm
View fleld: 18.5 ym = SEM MAG: 15.0 kx 5 ym
Det: SE Date(m/dly): 05/21/19

ST
SEM HV: 20.0 kV
View field: 9.23 ym  SEM MAG: 30.0 kx 2 pm
Det: SE Date(m/dly): 05/21/19

e

(c) AgNWs/g-C N - 15 &M EHE TEM E]1%

Igl 3 g’Ca N, Fil AgNWS/g’CB N,-15 E%&Hﬂ E@
SEM H3& L & AgNWs/g-CyN,-15
AR TEM [

Fig. 3 SEM images of g-C;N, and AgNWs/g-C; N, ,
and the TEM image of AgNWs/g-C;N,-15

2.3 RBELEZRSH
2.3.1  R[EMEME RO 7 22 2 AL R A Y

43 590 DA R B Bk BB g-Cy N A8 U F % L R A ]
EA BN AgNWs/g-Cy N,-X & 1 3 i B B o T
FEHR B R 22 ZWE N 10 pmol/L [ PBS W

HEAT A Bk AR 5 (DPV) L 25 5 WL E 4.,

I 4 AT F B B kB 10 pmol /L A 2
R 1 PBS %I S A 0N 9 S8 Ak 0 L 150 BH AR 3 Bl F A
XA 25 RH T A A SR e-Cy N B U H A 7
0.7 VA B & i me 1 0, T AgNWs/g-Cs N, B &
AL L — 1 g-C, N, A BE7E X B 2% 21 s 4 b
UL RIS ) | R 2 U N [P O e
AgNWs/g-C;N,-15F1 AgNWs/g-C; N,-30 fi# 4L 5
WA L 5 R LR — R @G NGBS 8 1 — BN
e
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MRV

4 AREEHHIH AgNWs/g-CsN-X Fl
g-C; N, B4 LA 7E 10 pmol /L 22 F 1) PBS
H1(0. 1 mol/L,pH=5. 8) 1 DPV 4 &
Fig. 4 DPYV of vanillin(the concentration of vanillin is of
107" mol/L) on AgNWs/g-CsN,-X and g-C; N,-X modified
electrode in PBS (0.1 mol/L.pH=5.8)
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Fig. 5 Relationship between the ratio of
AgNWs/g-C;N,-X and vanillin peak current (i,)
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M S AT LAE R AgNWs & & 09 W73 .
2 2R I 187 0 v Gt TE N T . kg2 DR Ry 2 i A
H) A I W R AL R e BE A AgNWSTE g-Cs
NS SR DNTTE N U O O SRS
BEZ 3G, 4 AgNWs 78 g-Co N, th & & iA 8] — &
YIRS BN (O 1 i N CDIVA = S
FHER . AgNWs & Bl 2 5 30 ¢-Co N 7ER 1 Y
T WUE B AgNWs/g-Cy N, X 7 2% 211 HL 4
iy — 2 By BRI S B0 & Z A — A R i
Foo 124 AgNWs 195 & 2y 256 I 23 Y B — MK A+
XA REE TR AR RS R R . AT R Y
AR H S AgNWs & 58 15% .,
2.3.2 AgNWs/g-C, N, 1B L AR XA [7] ok B A 2%
ESER TR AT E

PL AgNWs/g-C; N, -15 & 1fi #g #5 o4 TAF da Al
Xof AN [F) R B2 A 22 2R 10 PBS WM AT T ik b AR 2249
HOPV) LRI 6, K] 6 T 22 RIS L 4 51 R
3 pmol/L.6 pmol/1..9 pmol/1..15 pmol/1..30 pmol/L.,
45 pmol/1L.75 pmol/L LA K 95 pmol/ L,

or — 3 umollL
—— 6 umol/L
51 —— 9 pumol/L
—— 15 pmol/L
4F —— 30 pmol/L
< 45 umol/L
251 —— 75 umol/L
——95 pumol/L
2 -
1k
0 1 1 1 1 1 1 1

04 05 06 07 08 09 10
HLR/V

Bl 6 ANIE) M BE A 22 IR AE AgNWs/g-CyN,-15
et Al % DPV E 4 &l
(0.1 mol/L PBS.pH=5. 8)
Fig. 6 DPV of vanillin at different concentrations on
AgNWs/g-C; N,-15modified electrode
(0.1 mol/LL PBS, pH=5.8)

T ORAF R U5 L0 IR 9 2k A O it
&L hE 7T TS L AgNWs/g-C, N,-15 #4 8 & 1fii
) 3% A FEL AR A T AR R AR 5 A = 3R VA ORI I 7 0 L O
HEBRI LA M #E 3~95 pmol/L Y Hk &
JEE Y R A R R i, = 0. 04986¢+0. 3842(4,
A R A e BB pmol /L) WM X R RY =
0. 9983, K& M B K 6. 2 X 10°° mol/L, ifi
GB2760-2014 # & 75 == & & ol W B K br HE 1
5.0X 10 * mol/L, %7y ik A W BRAK T [E % s e, 7]
DAL A T 52 BRAE I E

1,=0.04986¢+0.3842
R'=0.9983

0 20 40 60 80 100
c/(umol * L)

(=]

B 7 AR R B AR 2 R S I I G, R R
Fig. 7  Relationship between the concentration of

vanillin and peak current (i,)

2.3.3 THm SRt

ST ST ORI B ) B v UL 4 R
B R AE ) O A 22 AR AT R RS e N A 22
F A B 45 A W B A T A LT TSR . Y
AR I i 25 <<5 Y0 i, 50 R FP IR Ll A & C
Na, HPO, \NaCl,KCI, NaNQOj , CaCl, , Zn (NO; ), fll
Fe(NO;); « 9H, 0,20 4% 19 4 H R A4 4 W5 45K T
YL, DL 1, PRI a2 A8 o s AR P AT T S B A
i AR R A

#1 FIWE T AgNWs/g-CyN,-15
A2 7 22 2 10 5% il
Tab.1 Effect of interfering ions on vanillin

measured by AgNWs/g-C;N,-15

T W /(umol - L) WIILER/%
FrE R 500 97. 31
HeA: % C 500 96. 42
Na, HPO, 500 102. 6
NaCl 500 99. 58
KCl 500 96. 75
NaNO, 500 98. 81
CaCl, 500 101. 4
Fe(NO,); 500 98. 56
ZnCl, 500 95.58
Cu(NO;,), 500 97. 65
4 H R 200 100. 4
H A 200 101.7

FH AgNWs/g-Cy N,-15 &4 B A A T 4F H B
XF 10 pmol/L FF 22 K Y PBS & W ¥ 17 = W 4 5k
AL AL AR AR S . e s i i T
4 CURFERRAE 2 d Ja  E AR 2500 T A7 0 A 22
£ 3 2 ML R T A, AgNWs/g-C N,-15 Xf
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A 22 R IR I B A R AR E

2 AgNWs/g-CyN,-15 A F 22 Z A I i B 1
Tab. 2 Reproducibility of AgNWs/g-C;N, on vanillin

2dJE 2diE 2dJE

in/pA  i,/uA  RSD/% i /A i /uA RSD/%
0.869 5 0.826 8

0.808 8 0.8372 2.49 0.8441 0.8296 1.09
0.833 4 0.817 8

2.3.4  SLBRAEA AT SRR

435 58 7 B R T AR S A R A R
WG RS HURE AW 1 mL B A i A B 28
PBS W 5521, L AgNWs/g-Cy N, -15 & iffi Bt
J TAEHLA , SR DPV 2 g4 AR 1] e 52 56, &2
WE 3 W, SRIG A — 2 Wk B I A5 =2 3 W, IR
PEAT 3 YR A SE B, R MICR S5 R L% 3,
3 ha T LA . X5 5 7 RN W5 BE AR b i ] iR
AJ3k 96. 83 % ~101. 9% , 1M AJ H AT SR A i i A A 22
FIFABERAG I >k, X AT R i FIRB P & 2 &R
i AR R T R R R DU R T B Xk
W12 H b 2% 1 BR A% ME B o DR e R 0T T 8 0 52
PRbE b A 22 R i,

F 3 FEM PR E I E AR (n=3)
Tab. 3 Determination and recovery of vanillin

in samples (n=3)

B 0 3/ b/ WARE/ ECR/
(pmol*L™")  (pmol-L™") (pmol-L™H) %
12.81 10 22,65 98. 40
b 12.09 20 31. 94 99.25
12.56 30 42. 26 99. 00
5.55 10 15. 23 96. 83
550 7] 5. 86 20 26. 25 101. 9
5.74 30 35.12 97.93
E o 10 9.87 98. 74
A SR A A 20 20. 03 100. 1
A A 30 29. 88 99. 62
3 &

AT FEWT ] — B B A 22 R A e AL R
HESL T — RPN E A 22 R BT 5 k5 kT LU T
e PRAE b P A 22 R AIE

W SCE Sl R AR R A T B CONL L AR

J P A R B T g Co Ny, A AR
W L AgNO, A 8RR, B 122 38 J5 40 K B RL 7 3
AR g-CoN, B L il 8 T AgNWs/g-C,y N, H 1 A& i
ML IR T & 22 R BT

LA AL 92 50 45 2R R B, AgNWs/g-Cy N, & Hii #F
BHEA L — o-C N, AR ik iE M. 2 A
P75 PG 6 L M BE 2 T AgNWs 5 g-Cy N,
A G A Z R SR HE R A 08 . Cy N, FL kB A] L
WS AgNWs B 415, [6] i AgNWs 877 76 S 3kE
T g CN T A SIS, [ E SR SRR T
KR AR R L T AgNWs/g-Co N, & A 41
XA 22 2 B NG R AL O
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