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Abstract

Cu/Cuz0/TiO; (CCT) nanotube arrays electrode has been fabricated by secondary anodic oxidation
combination of electrodeposition method. The structure and morphology of the CCT were charac-
terized by X-ray diffraction (XRD) and Scanning electron microscope (SEM) respectively and the
electrochemical performances of the electrode were performed on electrochemical workstation.
The SEM result showed that the large sized, cluster-liked Cu/Cu0 particles have dispersed in CCT
nanotubes. When the electrode was used as electrocatalytic oxidation of the glucose, fructose and
sucrose under 0.1 M of NaOH aqueous solution, the tested results showed that the glucose has the
highest oxidated current, the fructose has the lowest oxidated electric potential but the sucrose
has the poorest electrocatalytic oxidation performance among these three saccharides. Moreover,
when the electrode was utilized as detection for the low concentrations of saccharides, the elec-
trode showed excellent detection performance for fructose. Its linear response could reach up to
3.5 mM (R2 = 0.99) with detection limit of 1.3 puM (signal/noise = 3) and the sensitivity is 3560 pA
cm-2-mM-1, Meanwhile, the electrode showed outstanding electrocatalytic oxidation performance
that the oxidation electric current could reach to 8 mA cm-2 for the glucose and fructose mixed
aqueous solution. The electrode had the potential application prospect and expected to be applied
in carbohydrate fuel cells.
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Figure 1. XRD patterns of CCT (A) and TNT; (B)
1. CCT H#k(A)5 TNTs(B)# XRD

Figure 2. SEM images of TNTs (A) and CCT (B)
2. TNTs B#%(A)5 CCT (B)AY SEM
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Note: glucose concentration 2.0 mM, NaOH concentration 0.1 M, scan rate 0.05 V st

Figure 3. The CV and Amperometric curves of glucose, fructose and sucrose over CCT electrode (the insets are the cor-

responding calibration curves)
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Figure 4. The CVs of CCT electrode in different solutions. (a) Blank, (b) 2.0 mM of
glucose solution; (c) 2.0 mM of fructose solution; (d) 2.0 mM of sucrose solution
and (e) The mixed solution composed of 1 mM of glucose and 1 mM of fructose so-
lution (volume ratio: 1:1)

& 4. AEIERAE CCT BAR LEIMAREZITELE. (a) =8; (b)20mMM &
EfE; (c) 20 mM RHE; (d) 2.0 mM EHE; (6) LmM HEHESRE L1BRAR



WAk &%

R——C:C\—H
OH OH O

ky

E,1,2-enediol

k, enediol—Cu'! ks
E + Cu! —» internmediate complex —»

Cu,O + other reaction products (II)

k
P + O;—» Cull+ other reaction products (1)

Figure 5. The reaction mechanism of glucose and fructose at CCT
electrode [17]

B 5. BEEWERRIEL CCT B MR M ATER[17]

ky . .
Cul! 4 saccharose —1= intermediate + Cul! (1)

. . k
Culll + intermediate —2—= product + Cul!  (II)

Figure 6. The reaction mechanism of sucrose at CCT electrode [8]

[ 6. #PEAE CCT BAR ERIR N ATEX[8]

T AFAE[18]. DRI HERE R e pl Cu* B L8], MM 6(1, WYFras. MIXT AL, 347 B AT R
WEZE T 15 8 A, T R XA 0t SR A% e B OXe 8 2 R R SRR Py i 1937 PSR AL, 2 s ah R 3 0 i )97 FELYE

4, g5ig

1) ASEEG R A IR PR A 2 AR GOKE, DL AR GORE R R R, R A TR,
Ry HBAE L BT 4155 Cu/Cu,0 9Kk, 2) KA ML HARAE 0.1 M NaOH ¥ A1~ , XTRi &b b,
FEREHEAT AL . 25 SRR, 12 P RO 1 267 0 P A S A L B v, T T SR PR 484 L T A A1, %
FERE AL A MERE SR . 3) 1% FEARERRME 251 X = Ahobi 2R R HOR A VAR I — 2 ALt RE
HAEAL R BE R T 5 mA em 2. IR B R SR A BV E A BRSO RE T A R R it

E&WE

E X B8R A 4 % B H (No. 51374250); i F 4 H AR B2 01T I 70 B A4 35 4 (A 22 4 23 [2014]-2
e

SE L (References)

[1] Jiang, L.-C. and Zhang, W.-D. (2010) A Highly Sensitive Nonenzymatic Glucose Sensor Based on CuO Nanoparticles-
Modified Carbon Nanotube Electrode. Biosensors and Bioelectronics, 25, 1402-1407.

[2] Basu, D. and Basu, S. (2010) A Study on Direct Glucose and Fructose Alkaline Fuel Cell. Electrochimica Acta, 55,
5775-5779.

[3] Wang, G., He, X., Wang, L., Gu, A., Huang, Y., Fang, B., Geng, B. and Zhang, X. (2013) Non-Enzymatic Electro-
chemical Sensing of Glucose. Microchimica Acta, 180, 161-186. https://doi.org/10.1007/s00604-012-0923-1

[4] Kang, X., Mai, Z., Zou, X., Cai, P. and Mo, J. (2007) A Sensitive Nonenzymatic Glucose Sensor in Alkaline Media
with a Copper Nanocluster/Multiwall Carbon Nanotube-Modified Glassy Carbon Electrode. Analytical Biochemistry,
363, 143-150.

[5] Yuan, B., Xu, C,, Liu, L., Zhang, Q., Ji, S., Pi, L., Zhang, D. and Huo, Q. (2013) Cu,0O/NiO,/graphene Oxide Modified
Glassy Carbon Electrode for the Enhanced Electrochemical Oxidation of Reduced Glutathione and Nonenzyme Glu-

cose Sensor. Electrochimica Acta, 104, 78-83.



https://doi.org/10.1007/s00604-012-0923-1

WA SE

(6]
(7]

(8]
(9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

Huo, C. and Yang, H. (2013) Preparation and Enhanced Photocatalytic Activity of Pd-CuO/Palygorskite Nanocompo-
sites. Applied Clay Science, 74, 87-94.

Yang, J., Zhang, W.-D. and Gunasekaran, S. (2010) An Amperometric Non-Enzymatic Glucose Sensor by Electrode-
positing Copper Nanocubes onto Vertically Well-Aligned Multi-Walled Carbon Nanotube Arrays. Biosensors and
Bioelectronics, 26, 279-284.

Luo, J., Jiang, S., Zhang, H., Jiang, J. and Liu, X. (2012) A Novel Non-Enzymatic Glucose Sensor Based on Cu Nano-
particle Modified Graphene Sheets Electrode. Analytica Chimica Acta, 709, 47-53.

Roy, P., Berger, S. and Schmuki, P. (2011) TiO, Nanotubes: Synthesis and Applications. Angewandte Chemie Interna-
tional Edition, 50, 2904-2939. https://doi.org/10.1002/anie.201001374

Zhang, X., Yang, H. and Tang, A. (2008) Optical, Electrochemical and Hydrophilic Properties of Y,0; Doped TiO,
Nanocomposite Films. The Journal of Physical Chemistry B, 112, 16271-16279. https://doi.org/10.1021/jp806820p

Long, M., Tan, L. and Tang, A.D. (2014) The Effects of Electroplating Conditions on the Morphology and Glucose
Oxidation Performance of Cu,O/TiO,. Advanced Materials Research, 937, 3-8.
https://doi.org/10.4028/www.scientific.net/ AMR.937.3

Long, M., Tan, L., Liu, H., He, Z. and Tang, A. (2014) Novel Helical TiO, Nanotube Arrays Modified by Cu,O for
Enzyme-Free Glucose Oxidation. Biosensors and Bioelectronics, 59, 243-250.

Huang, L., et al. (2011) Controlled Synthesis of Octahedral Cu,O on TiO, Nanotube Arrays by Electrochemical Depo-
sition. Materials Chemistry and Physics, 130, 316-322.

Wei, H., Sun, J.-J., Guo, L., Li, X. and Chen, G.-N. (2009) Highly Enhanced Electrocatalytic Oxidation of Glucose and
Shikimic Acid at a Disposable Electrically Heated Oxide Covered Copper Electrode. Chemical Communications, No.
20, 2842-2844. https://doi.org/10.1039/b904673a

Yang, Z., Chiang, C.-K. and Chang, H.-T. (2008) Synthesis of Fluorescent and Photovoltaic Cu,0 Nanocubes. Nano-
technology, 19, Article 1D: 025604. https://doi.org/10.1088/0957-4484/19/02/025604

Singh, A.K,, Srivastava, S., Srivastava, J., Srivastava, R. and Singh, P. (2007) Studies in Kinetics and Mechanism of
Oxidation of D-Glucose and D-Fructose by Alkaline Solution of Potassium lodate in the Presence of Ru(lll) as Homo-
geneous Catalyst. Journal of Molecular Catalysis A: Chemical, 278, 72-81.

Singh, S.V., Saxena, O. and Singh, M.P. (1970) Mechanism of Copper(ll) Oxidation of Reducing Sugars. I. Kinetics
and Mechanism of Oxidation of D-Xylose, L-Arabinose, D-Glucose, D-Fructose, D-Mannose, D-Galactose, L-Sorbose,
Lactose, Maltose, Cellobiose, and Melibiose by Copper(ll) in Alkaline Medium. Journal of the American Chemical
Society, 92, 537-541. https://doi.org/10.1021/ja00706a020

Parpot, P., Kokoh, K., Beden, B. and Lamy, C. (1993) Electrocatalytic Oxidation of Saccharose in Alkaline Medium.
Electrochimica Acta, 38, 1679-1683.

Hans Xt

BT R E R =20 T RS

BRmarE RS (QQ. TE . HMRAE & W)
R VL L i A & AT

24 /NS DA DS R 16 TR BT A 558 1)

RUT IAE L4 R T

LAV I AT VP o

IR

A 4% 78 i HET IS IR AL

Noo~owhpRE

WhaiE A http://www.hanspub.org/Submission.aspx

WIFIHEAE : ms@hanspub.org



https://doi.org/10.1002/anie.201001374
https://doi.org/10.1021/jp806820p
https://doi.org/10.4028/www.scientific.net/AMR.937.3
https://doi.org/10.1039/b904673a
https://doi.org/10.1088/0957-4484/19/02/025604
https://doi.org/10.1021/ja00706a020
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	Research of Using a New Type of Cu/Cu2O/TiO2 Electrode Detecting Saccharides Content
	Abstract
	Keywords
	新型Cu/Cu2O/TiO2电极检测糖含量的研究
	摘  要
	关键词
	1. 引言
	2. 实验
	3. 结果与讨论
	3.1. CCT电极的结构与形貌
	3.2. 葡萄糖、果糖、蔗糖在CCT电极上的电催化氧化
	3.3. 葡萄糖与果糖混合溶液在CCT电极上的催化氧化
	3.4. 碱性条件下三种糖在CCT电极上的催化氧化机理

	4. 结论
	基金项目
	参考文献 (References)

