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( ). Nicolet 360

(MWNTs,99%) . N- (NHS) 1- -3
(3 ) (EDC) . Sigma-Aldrich( )
. 0.1 mol/L pH (PBS) 0.1 mol/L NaH,PO,-Na, HPO,
1.2 MWNTs
[6] ., MWNTs 67% HNO, 140 °C 2 h
1.3
CMWNTs 6.0 mg/mL EDC 9.0 mg/mL NHS 30 min,
. 1.0,0.3.0.05 um . .
1 min, 20 mmol/L KMnO, 2 mol/L H,SO, 45 min,
6.0 mg/mL EDC 9.0 mg/mL NHS 1h, 1h,
1 mg/ml.  CMWNTs 1 h, . CMWNTs
s (CMWNTs-NHCH,CH,NH),/GCE, 1
1 (A ; (B)

Fig.1 (A) Pretreatment of MWNTs; (B) the fabrication of LBL covalent assembly process
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C=0 , o
CMWNTs , 1648.1 581 1 068 cm ™!
¢ 2C b), C=0,C—N.,N—H ,
[12-14]
2 3 (A5 B SEM ;O (a)
(b)

Fig.2 SEM images of (CMWNTs-NHCH, CH,NH);/GCE(A) and (CMWNTs-NHCH, CH,NH); /GCE(B) ; (C) FT-IR
spectra of the CMWNTs (a)and LBL CMWNTs (b)
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(a) , (CMWNTs-NHCH, CH, NH); /GCE (b) , (CMWNTs-NHCH, CH, NH), /GCE (¢) , (CMWNTs-
NHCH,CH,NH); /GCE(d) (CMWNTs-NHCH, CH, NH),/GCE(e) 0. 1 mmol/L pH=7.0 PBS
s 100 mV/s;(B) 3 6

(A) Cyclic voltammograms of the bare GCE (a), the (CMWNTs-NHCH, CH, NH);/GCE (b) , the (CMWNTs-
NHCH,CH,; NH),/GCE(¢) , the(CMWNTs-NHCH, CH, NH);s /GCE (d) and the(CMWNTs-NHCH, CH, NH); /GCE (e) ,

in pH=7. 0 PBS containing 0. 1 mmol/L DA .scan rate 100 mV/s; (B) the relationship between the DA response current
and the LBL layers

Fig. 3
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pH , pH

. CE, (V)= —0.0676pH +0. 619 (R* =0. 9999); E,. (V) = — 0. 062pH +
0. 528(R*=0.985), (161 dE,/dpH=2. 303mRT/nF. ,m .7 sm/n

1.14 1. 05,
2.4
, DA (CMWNTs-NHCH,CH,NH);/GCE
, 5, 10~500 mV/s ,

’ ’

[,=—3.0X10""0(mV/s)—7.0X107°(R*=0.9955),

1, =2.0X107"0v(mV/s)—1.0X 107" (R*=0. 9994)

o

4 (CMWNTs-NHCH, CH,NH);/GCE 0.1 5 (CMWNTs-NHCH, CH, NH); /GCE
mmol/L pH 0.1 mmol/L pH=7.0
Fig. 4  Cyclic voltammograms of the (CMWNTs- Fig. 5 Cyclic voltammograms of (CMWNTs-NHCH,

NHCH,CH,NH); /GCE in PBS containing 0. 1 mmol/
L DA
scan rate; 100 mV/s.

CH, NH);/GCE in pH = 7. 0 PBS containing 0. 1
mmol/L DA at different scan rates
scan rate from inner to outer are 10,25,50,100, 150,200,

250,300,350,400,450 and 500 mV/s, respectively.

, . v>0.25V/s LE, E,. logv
:E,,=0.0778loguv(V/s)—0.0338(R*=0.9957) E,,=—0.0512logv(V/s)+0.217(R* =
0. 9566), Laviron SN logv 2.3RT/(1
—a)nF  —2.3RT/anF; E, logv , : log ]Z—? = log 11@( % =
0 - — ka ke E,.E. logv ) a 0. 60, n 2,
B) . , (18] .
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2.6
(DPV) (CMWNTs-NHCH,CH,NH);/GCE pH=7.0 PBS
DA . DA . . 6A, . 6~370 pumol/L
(I,) DA (cpn) . : 1, (pA)=—0. 107¢(pmol/L) —0. 893
(R=0.9995), (S/N=3) 0.532 pmol/L,
2.7
(CMWNTs-NHCH, CH,NH); /GCE ~ pH=7.0 PBS . .
0.0~0.5V ( 6B b).
DA H \
0.156 V. 0.366 V(6B a), 0.210 V,
, 500 K™ . Mg ,Ca’" ,Ba’" .
Zn*" Mn*" [Co*" [Cu*" \Pb*" (AP .Cl” ,CO} NO; ,SO! ,100 2- 3 e
2- - . . 5 . ,
. 5 97%.
6 (A)(CMWNTs-NHCH,CH,NH);/GCE pH=7.0 PBS ; (B) (CM-
WNTs-NHCH, CH, NH) s /GCE 0.1 mmol/L N N (a) 0.1 mmol/L

(b) pH=7.0 PBS

Fig. 6 (A)Differential pulse voltammograms of (CMWNTs-NHCH, CH, NH); /GCE in 0. 1 mol/L pH=7, 0 PBS con-
taining different concentrations of DA; (B) Differential pulse voltammograms of (CMWNTs-NHCH,CH,NH)s in 0. 1
mol/L pH 7. 0 PBS containing (a) 0. 1 mol/L ascorbic acid,dopamine and,paracetamol (b) 0.1 mol/L ascorbic acid
a-m:0,6,10,20,40,60,80,120,170,220,270,320,370 ;Lmol/L,

o 6~370
pmol/L, 0.532 pmol/L, ’ o

[1] Zeng Y L,Li C X,Tang C R,Zhang X B,Shen G L,Yu R Q. Electroanalysis[J],2006,18(5) :440.

[2] Kim Y R,Bong S Y.,Kang Y J,Yang Y,Mahajan R K,Kim J S,Kim H. Biosens Bioelectrons[J],2010,25(10) :2366.
[3] Zare H R,Rajabzdeh N, Nasirizadeh N J. Electroanal Chem[]],2006,589(1) :60.

[4] Wang Y.Li Y,Tang L,Lu J,Li J H. Electrochem Commun[]J],2009,11(4) :889.

[5] Roohollah T K,Gregory G W,Richard G C. Anal Chim Acta[J],2008,618(1) :54.

[6] LeeSW.,Kim B S,Yang S H.] Am Chem Soc[]J],2009,131(2).:671.

[7] Liu Y,Feng H B,Wu Y M,Joshi L,Zeng X Q,Li J H. Biosens Bioelectron[J],2012,35(1) :63.

[8] SunY Y.Wang H Y.Sun C Q. Biosens Bioelectron[ J|,2008,24(1) .:22.

[9] SunY Y,Ren Q X,Liu X A. Biosens Bioelectron[ ] ],2013,39(1) :289.

307



%34 LRE F HRANBARETENEE DAL ERI S OREH B AL AN # 30 %

[10] Wang Q X,Zhang B,Lin X Q. Sens Actuators B[J].2011,156(2) :599.

[11] Meng L,Wu P,Chen G X,Cai C X,Sun Y M, Yuan Z H. Biosens Bioelectron[J],2009,24(6):1751.

[12] Ge B,Tan Y,Xie Q,Ma M, Yao S. Sens Actuators B[] ],2009,137(2) :547.

[13] Rafat M,Li F F,Fagerholm P,Lagali N S,Watsky M A, Munger R, Matsuura T, Griffith M. Biomaterials[ ] ],2008,29
(29):3960.

[14] Staroszczyk H,Pielichowska J,Sztuka K, Stangret J,Kolodziejska I. Food Chemistry[J],2012,130(2) :335.

[15] Yin H S,Ma Q,Zhou Y L,Ai S Y,Zhu L S. Electrochim Acta[J],2010,55(23):7102.

[16] Laviron E. J Electroanal Chem[]J],1974.,52(3):355.

[17] Laviron E. ] Electroanal Chem[]],1979,101(1):19.

[18] Henstridge M C,Dickinson E J F, Aslanoglu M, Batchelor-cAuley C, Compton R G. Sens Actuators B[J],2010, 145
(1) .417.

[19] Rochefort A, Wuest J D. Langmuir[ ] ],2009,25(1):210.

[20] Nematollahi D,Shayani-Jam H, Alimoradi M, Niroomand S. Electrochim Acta[J],2009,54(28):7407.

Covalent Layer by Layer Self-assembly Carboxylated
MWNTs Films for the Detection of Dopamine

FENG Shu-qing', LI Shun—xing'?, LI Yan-cai*"**
(1. College of Chemistry and Environment ,Minnan Normal University , Zhangzhou 363000;
2. Fujian Province Key Laboratory of Modern Analytical Science and Separation Technology ,
Minnan Normal University . Zhangzhou 363000)

Abstract: ;: This work presents an excellent strategy to assemble a new carboxylic multi-wall carbon
nanotubes(CMWNTs) thin film via covalent bond layer by layer self~assembly by using ethylenediamine
as an arm linker. Scanning electron microscopy and Fourier transform infrared spectroscopy were used to
characterize the assembly process. The modified electrode possesses a remarkable electrocatalytic activity
towards dopamine at a lower potentials compared with the bare glass carbon electrode. The thickness of
the CMWNTs film is easily controlled by changing the numbers of the cycles in the LBL assembly
process, which can effectively tune the electrocatalytic activity of the film towards dopamine. The
experiments showed that the five layers film has the best electrocatalytic activity. The constructed
electrode with five layers showed a good sensitivity of 1. 515 pA/(mol/L) +cm’ to dopamine in the linear
range of 6-370 umol/L in pH=7. 0 PBS, with a detection limit of 0. 532 umol/L(S/N=3). Furthermore, the
CMWNTs film also showed good selectivity and excellent stability for the determination of dopamine.

Keywords: LLBL assembly; Covalent bond; Ethylenediamine; Carboxylic multi-wall carbon nano-tubes;

Dopamine
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