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Abstract: Honeycomb-like carbon nanofibers (HCNFs) with continuous macroporous structure have
been successfully prepared through electrospun technology. After that, Bi NPs were uniformly load-
ed on HCNFs forming composite (Bi/HCNFs) prepared by hydrothermal process, constructing an en-
zyme-free electrochemical sensor (Bi/HCNFs) for the electrochemical detection of hydrogen peroxide
(H,0,). The morphology of the materials was characterized by scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). Furthermore, cyclic voltammetry (CV) was used to in-
vestigate the electrocatalytic behavior of BI/HCNFs modified materials on H,0,, and pH of the buffer
solution and working potential were optimized. The electrocatalytic performance of the sensor on H,0,
was measured by chronoamperometry method (/=) under the optimal conditions. In the concentration
range of 0. 1-100 wmol-L™, the sensor exhibited excellent electrochemical performance, the detec-

tion limit was as low as 42 nmol-L", and the sensitivity was 1 099. 6 wA+L-mmol™-cm™.

It also
shows excellent reproducibility, stability and practicability in response to H,0,, and the recoveries
of practical water samples was 97. 2%-102%, which has a good application prospect.
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Fig. 1 SEM(A) and high resolution—SEM image (B), TEM(C) and high resolution—-TEM image(D) of HCNFs
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Fig. 2 SEM images(A-C)and XRD patterns (D) of Bi/HCNFs with differents mass ratio of Bi and C
A: 1:1; B: 1:3; C: 1:5
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Fig.3 The HAADF-STEM(A) and HR-TEM(B) images, and high-resolution XPS spectra of Bi 4f (C),
0 1s (D) of Bi/HCNFs
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Fig. 4 CV curves of GCE and Bi/HCNFs/GCE(A) as well as HCNFs/GCE(B) in the absence and presence of
1 mmol- L™ H,0, in PBS buffer solution
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Fig. 5 CV curves of Bi/HCNFs/GCE in PBS solution of different pH with the presence of 1 mmol+L™" H,0,(A) , and the
amperometric responses at different potentials with successive additions of 0. 2 mmol-L™" H,0,(B)
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Fig. 7 The amperometric responses of Bi/HCNFs/GCE toward H,0, at =0. 7 V vs. Ag/AgCI(A), and corresponding calibration
curve of current and H,0, concentrations on Bi/HCNFs/GCE(B)

inset of Fig. 7A; HZO2 response curve at low concentrations
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#1  5HEHRIER 1,0, JolE AL L G HL AL

Table 1~ Comparison of the proposed H,0, sensor and several reported non-enzymatic H,0, sensors

Sensitivity/( A« L-

Electrode material ~ Detection method Linear range/( mol - L") F— Limit of detection/(pumol-L™) Reference
mmol™ *em ™)
Bi NWs T LI 100~2 200 - 33.3 [18]
CuBi, 0, EEININ R/ 0~500 280.6 380 [21]
Ag-TiN ik ER ARINICERTRS 0.2~220 - 0.02 [28]
Ag/CoO/rGO TS HL I I 0. 1~150, 100~600 391.8, 514. 1 0.075, 0.057 [29]
Ti0, 8281 V2R NS 0.078~19.9, 96.6~3 848.8 - 0.01 (30]
ZIF-67/tGO RaRIBNEERTTRES 5~2150, 2150~11 150 51.86, 19.44 1.57 [31]
Bi/HCNFs AR SRS 0. 1~100, 100~10 000 1099.6 0.042 This study
A 0124 B o0 mys ¢ « Bi/HCNFs/GCE
20 mV :s= 034 *GCE
— — . 2.75 mF-cm™
g g g
Z 0.00 Z 0.0 = 0.2
E E E
0.1 1.46 mF-cm™
-0.12 -0.2- E
1.00 1.04 1.08 L12 1.00 1.04 1.08 112 20 60 100
Potential/V Potential/V Scan rate/(mV-s™)

8 GCE(A) MIB/HCNFs/GCE(B)FE L. 01 ~ 1. 11V vs. A EEZHAR (RHE ) [ AN R8T R 5 s e
[l A CV 2R, LLB GCE R B/HCNFs/GCETE 1. 06 V vs. RHE Tk 4 v, 375 25 B Rl sk 2 1 25 4k ()
Fig. 8 CVs of GCE(A) and Bi/HCNFs/GCE(B) in the non-faradaic capacitance current range with various scan rates in the re-
gionof 1. 01 to 1. 11 Vws. RHE, corresponding capacitive currents at 1. 06 V vs. RHE as a function of
scan rates for GCE and Bi/HCNFs/GCE(C)

2.4 BI/HCNFs3t H,O MMl i, EEMH. BEMREAY

B AR , WA AE T MDA IR (AA) . ZERZ(DA) . JRIR(UA) | Fi% b
(Glu) . SRHE(Fru) . JRE . NaClX} HO 85 FH W& 9A B, MEHETLIE L, M0 1 mmol -1
H,O, B, & HL R 2RI MR , FERE RN 1045 H,0,iR BER)_Ead T3, K IHIEF LR
AR, 7E_ERIB AT PRSI 1 mmol - L™ H,O, Ha N LR 541N H,O, B 4 e W (B AH 2
DL 145 S 8] Bi/HCNEs Xt H,0, M 37 B A @i 560k, HUF UL & Sl i X 1,0, 8 0 e T4t . 7E 2
mmol L H,O,7F7E F, % Bi/HCNFs/GCE #EfT 5K CV IR, & JEIE BB A RSD 4 5. 1% (& 9B) . 1tk
Ab, I R IE R T S AT A AR B, B 9CAEIREN, 7E0. 5 mmol L7 HLO,7FFEF, 5
A Bi/HCNFs/GCE %of H i) J57 B 75 {5 14 RSD 47 1. 2%, #BH Bi/HCNFs/GCE % T H,0, 8 I B AT B IF i B
PEo Rk —%%¢ BI/HCNFs/GCE Xt HO, 85 I A K AR E P, 43 R AR e E A 55 1. 3. 6.
8. 10, 13, 16 dX}0.5 mmol- L™ H,0, /i +HF M WAE (B 9D), A3 2 AR RSD A 1. 8%, #*
W Bi/HCNFs/GCE A ma K Mfa et . )a, ¥ Bi/HCNFs/GCE B H F B SLKFERIREI , %15 s
TE H SR AKFE T 6 HO, (9 INFR W 28k 97. 2%~102%, RSD A7 1. 8%~5. 4% (F2) . 45 ¥ 0] Bi/HCNFs/
GCE HAG SLhr b - 11 o

2  BI/HCNFs/GCETE H SRR S HRT H,0, 1 bRl i se g 45
Table 2 Experimental results of spiked recovery of BI/HCNFs/GCE toward H,0, in real tap water

Sample Added/(pmol -1.") Found/(pmol - 1.") Recovery/% RSD/%
10.0 10.1 101 3.8
Tap water 40.0 38.9 97.2 1.8

400. 0 409. 2 102 5.4
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16 d P4 B/HCNFs/GCE % 0. 5 mmol * L™ H,0, B ) 4% ¢ (D)
Fig. 9  Amperometric responses of Bi/HCNFs/GCE to the successive added different interferent substances and 1 mmol-L™" H,0,
in0. 1 mol+L™" PBS at —0. 7 V vs. Ag/AgCI(A); five CV response of Bi/HCNFs/GCE in PBS solution with the presence of 2 mmol -
L™ H,0, investigated at 0. 4 V vs. Ag/AgCl(B); amperometric responses of five newly prepared Bi/HCNFs/GCE in PBS solution
with the presence of 0. 5 mmol-L" H,0,(C); long term stability of Bi/HCNFs/GCE toward 0. 5 mmol-L" H,0,(D)
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