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In Situ Preparation and Glucose Sensing Property of Ternary
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Abstract: Ternary NiO/Ni/C microspheres was obtained by calcination of the precursor Ni(OH),/C in pure nitrogen. The
precursor was prepared via an one-pot hydrothermal synthesis technology using glucose, nickel chloride and urea.
Scanning electron microscope (SEM), Transmission electron microscopy (TEM), X-ray diffraction (XRD), X-ray en-
ergy dispersive (EDS), and Raman were used to characterize the morphology and structure of the sample. Results show
that the NiO/Ni/C microspheres have a coral-like structure with diameter of about 1.7 um, and the crystalline phase of Ni
and NiO are cubic. Electrochemical behavior and sensing property of ternary NiO/Ni/C microspheres composites were
studied via cyclic voltammetry and amperometric method. When the Ni/NiO molar ratio is 0.19, the ternary NiO/Ni/C
microspheres have excellent glucose sensor performance with a sensitivity of 241.09 pA-mmol/(L-cm’) in a range of
10-5.05 mmol/L, and a detecting limit of 10 umol/L. Furthermore, the sensor has good stability and anti-interference
ability.

Key words: microspheres; ternary composites; glucose; electrochemical sensor

TR IR L2 b, BRI ™ e T NS RE, JL Bl IR A8 U 5 K ME R RSL DN, T DAAT X
CWIRRAYT — FRE A AN AN EORHES ., XS RO EAT I AR T, DRI B 1) R T AE

s B H: 2016-05-10; W E|fEea#s BER: 2016-09-13

EETH: Wiira ARRHAIE4:(Y4080093) Natural Science Foundation of Zhejiang (Y4080093)
EHRN: BASA991), &, WiLAFIT4. E-mail: 294327695@qq.com

BIAEE : SRR, %, E-mail: nieqiulin@hdu.edu.cn



314 TS| R =

W32 %

PRS2 AT 4y dg i SO H R, AT S
SRR Z R, itk ik AL
Srvk, Mol b U L B R . R
BRAG . B AR (0 A g 232 P A 2
2 WA IS ST 43 DAy T 2 B PR 2 A T R I
25 B Ak A A Sk, L i B AL A AR
T 7E F AR R 3 L AR AR S R P A S R AR
Pk, JFZAN AR EL N R AR AR AR E TR 2 . BT Hhne
o3 55 25 i) Y i G T 2 PR A 2 A S S B2
Sy B M SIS I e, A A AR A AR, R
FOEMEL . S THEI A5 52 8% 4 i, [
1117 52 1A% 2 (1 SR

FE T U 4 e AR A A U NI 1 1 il 7] 2
HLAE IS, DAL A v I e A AEAR H A Ak T 42
AR SRR L, A R FRLA A AR A T 1R 5 FlobA R
B RN IE AT BT, sk Nio 5 H e
BEEAT A 7 A P R 2500 SHE i v 7 2 W H A 27 A K
PEREIIE ST S T AAMT) 32 20, g ki 5e 45
4 Ni/Nio®), NiO@Ni [l 4l 4k 4 Nio 15 7
95 52 PRI U Ak 2 B L A A (1 3 4 L fk 2 A
JEVERE . (HE, UK EIF R BRAImaa 1k
RE 1) 9] 26 DAL AR e . Y FIHLBEER &, 4K
SR — o E B H A B e

A AR R B BE I 530 B e 2, 0 I U 46 )
AW NIO AT IR, (68 k. Bt

FHRULARE B =M AR B AT I E 5,

REWE T WA 1 25 6 5« 347 248802 1) NiO/Ni/C 13
BR =0 A AKMRL, IR 2L N H 0 I e 4 AL
JRER R IRAS T S 1 e B AL B

1 LWHZE

1.1 iRF

1% B (Glucose)s 757K A &AL (NICly:6H,0)
JR 2 (Urea) Z5Mr(Nafion). JG7/K Z I (Ethanol ab-
solute). A5 ALAI(NaOH). %% % (L-valine). 2
& (L-proline). #§1% 82 (L-lysine). S ALEL(NaCl), i
R A 0 B 4 TR (DA R AR, HIh
SYBTA, WSO X T KL
1.2 SRIGNEE

ffi ] CHI630D HLAK 2% 43 B ARl (1) = f Al 44
ARHATHAL AR . SR S-4700 144 BT S A
JEOL 200CX 73 #iZ i i . DX-2600 X 5 Zefi7
SR Renishaw 2000 %205 Raman 1513 25 W £ A1
SIMTRES S o B im AR S5

1.3 NiO/Ni/C kY # &
1.3.1 Ni(OH),/C B9& X

¥ 3.9 g HIAMEA 1.18 g NiCly6H,0 % T
100 mL £E 7K, A 3 g IRERFE R .
PIVEWE E N EH, 180°C R KIS Y 8 ho £ [
FRHBEWRG, WAREZVES B OG5,
SAFHTIRAA Ni(OH),/C
1.3.2  NiO/Ni/C EkBI & B

AT IKAR Ni(OH)o/C TN FE 3 #2145 X iy,
JCIBA AT RURA 0.5 h i, AR JEAE R/ HE
7°C /min F£FFFHE 2 400°C 343 B4 0.5 he 1 h Al
2h, AH G IRAK NIONI/C M ERK IR £ RN
NiO/Ni/C-1. NiO/Ni/C-2. NiO/Ni/C-3. NiO/C %[
FF b 2 SCRR[ 12190 1) J5 v 4%

2 HREWHE

2.1 NiO/Ni/C EkRIFL IR 5 4544

Kl 1 EARRES XRD K, &R,
20=37.15°, 43.20°, 62.78°. 75.23°, 79.28°4b 75 I
3515 NiO (111). (200). (220). (311). (222)
THAHXS I, AT S 0638 49 57 J5 A0 NiO fig i g . 7
20=44.39°, 51.74°4b H L BH 52 IR AT SR 068, GV [f7 o 57
77 Ni(111)H1(200) &4 mt 33X % 95 &0 BHO S
PR AT UK AR 32 B it ) 2B R AR, 78 Ml U
FEL A EH TR AR A AE — 2 3 JsU Pk, 5 7 S AL B R
PR JE g 7 s AR Y, N 1 WL, BES
BRINF ) (R FE K, 20=44.39°(Ni(111))4b (RIA7T 5T 06 32 W
e, 3 B a A 20=51. 74 LT Ni(200) 5 i
(AT ST, 26 BITAE i o N 2 B 5 M 5 I 1) 7 S8 K
TG0 AR Ni(111)FIAHAR NiO(200) 7 5 I [F A 4y

NiO NiO | Ni Ni NiO

A
(11D (111 |200) 220)
; il ;)hk (c)
A A I \
= |
- Nt \ JUh) P
AWA I
20 60 80

20/(%)

K1 NiO/C(a). NiO/Ni/C-1(b). NiO/Ni/C-2(c)H NiO/Ni/C-3
(d)ff) XRD K3

Fig. 1 XRD patterns of NiO/C(a), NiO/Ni/C-1(b), NiO/ Ni/
C-2(c), and NiO/Ni/C-3(d)
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Fig. 2 Raman spectrum of NiO/Ni/C-2 sample
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Fig. 3 SEM images of NiO/C (a), NiO/Ni/C-1 (b), NiO/Ni/C-2 (c), and NiO/Ni/C-3 (d), as well as enlarged image of NiO/Ni/C-2
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Fig. 4 TEM (a) and HRTEM(b) images of NiO/Ni/C-2
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