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Herein, insoluble single-walled carbon nanotube (SWNT) was successfully dispersed into water in the presence 
of a special kind of surfoctant-dicetyl phosphate (DCP), subsequently, a SWNT-DCP composite film coated 
glassy carbon electrode (GCE) was fabricated. The electrochemical behaviors of 6-benzylaminopurine (6- 
BAP) at the unmodified GCE and SWNT-DCP modified GCE were examined. It is found that the SWNT-DCP 
modified GCE remarkably enhances the oxidation peak current of 6-BAP, indicating great potential in the 
determination of trace level of 6-BAP. Finally, a sensitive and simple voltammetric method with a good linear 
relationship in the range of 5.0 乂 1(厂'〜2.5 乂 10-6 mol/L, was developed for the determination of 6-BAP. The 
detection limit is as low as 2.0 乂 10-8 mol/L for 3-min accumulation. This newly-proposed method was 
successfully demonstrated with practical samples.
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Introduction

6-Benzylaminopurine (6・BAR Fig. 1) is derived from 
adenine, substituted on the amino group in the position 6. It 
is a common model compound for one of the most important 
classes of plant hormones-cytokinins.1-3 Therefore, the 
development of a rapid, simple and sensitive method fbr the 
determination of 6-BAP is of great importance and interest.

At present, the most commonly-used method fbr the 
determination of 6-BAP is UV photometry.4 However, the 
sensitivity of UV is limited, and not suitable for trace level 
of 6-BAP. Otherwise, high performance liquid chromato
graphy (HPLC) was employed to detect 6-BAP in bean 
sprout? From the point of molecular 아ructure of 6・B AR it 
contains purine group, which can be oxidized or reduced 
under proper conditions. Therefore, a few papers regarding 
the electrochemical behavior and voltammetric determin
ation of 6-BAP have also been published.6 7 To the best of 
our knowledge, determining 6-BAP using sin이e・wall carbon 
nanotube (SWNT)-dicetyl phosphate (DCP) composite film 
modified GCE has not been reported.

Since their discovery by lijima in 1991： CNTs have

Figure 1. Chemical structure of 6-BAP.

drawn increasing attention on account of their unique 
structure and extraordinary properties. Generally, carbon 
nanotubes (CNTs) mainly consi아 of sin이e・wall carbon 
nanotube (SWNT) and multi-wall carbon nanotube (MWNT). 
The subtle electronic properties suggest that CNTs have the 
ability to promote electron transfer, resulting in wide 
applications in electrochemi아ry?' However, CNTs are 
almost insoluble to all solvents,13 which heavily limits their 
applications in electroanalysis, especially in the fabrication 
of CNTs-modified electrodes.

In the current work^ insoluble SWNT was easily and 
successfully dispersed into water in the presence of a specific 
surfactant with two hydrophobic C-H chains: dicetyl phos
phate (DCP). As a result, a stable and uniform SWNT-DCP 
aqueous suspension was achieved. Finally, a SWNT-modi- 
fied glassy carbon electrode (GCE) was fabricated via water
evaporation. The electrochemical response of 6-BAP on the 
SWNT-DCP modified GCE was detailedly investigated, 
revealing that SWNT-DCP cast film can remarkably enhance 
the electro-oxidation signal of 6-BAP as well as its deter
mining sensitivity. Based on this, a simple and sensitive 
electrochemical method was developed fbr the determin
ation of 6-BAP.

Experimental Section

Reagents. 1.0* 10-3 mol/L 6-BAP stock solution was 
prepared through dissolving 6-BAP (Aldrich) into 0.1 mol/L 
NaOH, and stored at 4 °C for a week. The 6-BAP working 
solutions with different concentration were obtained by 
dilution of the stock solution, and used daily.

The sin이e・walled carbon nanotube (SWNT) with purity 
> 95% was obtained from Chengdu Organic Chemicals Co., 
Lit, Chinese Academy Sciences. Then, SWNT was refluxed 
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in concentrated HNO3 for 10 h to causes segmentation and 
carboxylation.14 Dicetyl phosphate (DCP) was purchased 
from Sigma.

Apparatus. All the electrochemical measurements were 
carried out with a CHI 660A Electrochemical Workstation 
(CH Instrument, Austin, USA). A conventional three- 
electrode system, including a SWNT-DCP modified GC 
working electrode, a saturated calomel reference electrode 
(SCE) and a Pt wire counter electrode, was employed.

Fabrication of SWNT-DCP film-coated GCE. The 
SWNT-DCP suspension was achieved via dispersing a 5-mg 
SWNT and 5-mg DCP into a 5 mL of redistilled water by 
20-min ultrasonication agitation. Prior to modification, the 
GCE was mechanically polished with alumina paste of 
different grades to mirror finish, rinsed and sonicated in 
redistilled water fbr 3 min. Finally, the GCE was coated with 
10.0 mL of the SWNT-DCP suspension and allowed to 
evaporate water at room temperature in the air. The DCP- 
film coated GCE was prepared by the same procedure 
explained above but without SWNT.

Procedure. Unless otherwise stated, 0.1 mol/L phosphate 
buffer with pH = 7.0 was used as medium for the determin
ation of 6-BAP. The accumulation step was carried out under 
open-circuit while stirring the solution fbr 3 min. After that, 
the differential pulse voltammograms from 0.50 to 1.10 V 
were recorded after 15-s quiescence, and the peak current at 
about 0.92 V was measured. Prior to and after each 
measurement, the SWNT-DCP modified GCE was activated 
by five successive cyclic voltammetric sweeps between 0.00 
V to 1.20 V at 100 mV/s in the blank medium to give a 
reproducible electrode surface.

Results and Discussion

Electrochemical behavior of 6-BAP. The electrochemi
cal behavior of 6-BAP was examined using cyclic voltam
metry (CV). Figure 2 shows the successive cyclic voltam- 
mograms of 5.0 x 10-6 mol/L 6-BAP on the SWNT-DCP 
modified GCE in 0.1 mol/L phosphate buffer (pH 7.0). 
During the first anodic potential sweep from 0.40 to 1.20 V 
a well-defined and very sensitive oxidation peak appears at 
0.94 V On the following reverse scan from L20 to 0.40 V 
there is no corresponding reduction peak, suggesting that the 
electrode process of 6-BAP on the SWNT-DCP modified 
GCE is totally irreversible.

As can be seen from Figure 2, the oxidation peak current 
gradually decreases as increasing the number of cyclic 
potential sweeps. The decrease in peak current may be 
caused by the fact that the adsorption of oxidative product 
occurs at electrode surface. Therefore, the electrode surface 
was passivated, which retards the electro-oxidation of 6- 
BAP. Thus, the oxidation peak current in the first anodic 
sweep is recorded for the analysis of 6-BAP in the following 
studies.

In order to show the unique properties and promising 
potential of SWNT-DCP modified GCE in the determination 
of 6-BAP the electrochemical behaviors of 6-BAP at three
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Figure 2. Successive cyclic voltammograms of 5.0 x lO^ mol/L 6- 
BAP at SWNT-DCP modified GCE in 0.1 mol/L phosphate buflfer 
(pH 7.0). Scan rate: 100 mV/s.
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Figure 3. DP voltammograms of 5.0 x IO-7 mol/L 6-BAP in 0.1 
mol/L phosphate buflfer 7.0) after 3-min open-circuit accumu
lation. (a): at unmodified GCE, (b): at DCP film modified GCE, 
and (c): at SWNT-DCP modified GCE. The DPV parameters: pulse 
amplitude = 50 mV； scan rate = 20 mV/s, pulse width = 50 ms.

different kinds of working electrodes (z.e. bare GCE, DCP- 
modified GCE and SWNT-DCP film coated GCE) were 
compared by differential pulse voltammetry (DPV). The 
comparisons are illustrated in Figure 3 with DPV para
meters: pulse amplitude = 50 mV scan rate = 20 mV/s, pulse 
width = 50 ms, accumulation time = 3 min. At an unmodi
fied GCE, an oxidation peak at 1.06 V is observed for 
5.0 x 10-7 mol/L 6-BAP, the peak current is very low (curve 
a). At the DCP-film coated GCE, the oxidation peak current 
conversely decreases greatly under identical conditions 
(curve b). DCP can form a perfect thin film on GCE surface, 
and thus blocks the mass transportation and electron transfer 
of 6-BAP, so the peak current decreases. However, the 
oxidation peak current of 5.0 x 10-7 mol/L 6-BAP increases 
significantly (about 15 times) at the SWNT-DCP modified 
GCE; meanwhile, the oxidation peak potential shifts nega
tively to 0.90 V (curve c), compared with those at the bare 
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and DCP-modmed GCEs. The peak current enhancement 
and negative shift of oxidation peak potential are undoubt
edly attributed to the unique characteri아ics of SWNT film 
such as high surface area and strong adsorptive abilities. In 
brie£ the SWNT-DCP film coated GCE greatly improves the 
sensitivity of determination of 6-BAP.

Influence of supporting electrolyte. The electrochemical 
responses of 6-BAP at SWNT-DCP composite film modi
fied GCE have been examined in several electrolytes, 
including phosphate buffer of pH 5.0-8.0, Britton-Robison 
buffer of pH 2.0-12.0, acetate buffer of pH 3.5-5.5 (each 0.1 
mol/L). In those media, it is found that the oxidation peak is 
be아-shaped and the peak current is highe아 in pH 7.0 
phosphate buffer. Moreover, the background current is 
relatively low. Therefore, 0.1 mol/L phosphate buffer at pH 
7.0 was chosen for further studies.

In addition, the relationship between pH value and the 
oxidation peak potential (Epa) has also been studied. The pH 
value strongly affects Epa of 6-BAP. Epa shifts toward more 
negative potentials as pH increasing from 5.0 to 8.0, and a 
good linear relationship (Epa = 1.34-0.057 pH, Epa in V) was 
observed. The slope of -57 mV/pH indicates that the 
number of protons and electrons involved in the oxidation of 
6-BAP is equal. This is in good agreement with the previous 
result that the rate-determining step of 6-BAP oxidation is a 
two-electron and two-proton process.15

Effect of the volume of SWNT-DCP suspension. Gener
ally speaking, the thickness of the SWNT-DCP cast film on 
GCE surface, which determined by the volume of SWNT- 
DCP suspension, has certain effect on the current response 
of 6-BAP. There is no exception in this work. Figure 4 
depicts the variation of oxidation peak current of 6-BAP as a 
function of the volume of SWNT-DCP suspension. When 
the amount of SWNT-DCP suspension increases from 0.0 to 
5.0 应,the oxidation peak current increases notably, but 
with further increased the amount of SWNT-DCP suspen
sion to 15.0 应,the oxidation peak current increases slightly. 
If the amount of SWNT-DCP suspension exceeds 15.0 mL
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Figure 4. Effect of the volume of the SWNT-DCP suspension on 
the oxidation peak current of 5.0 x IO-7 mol/L 6-BAP. Other 
conditions are the same as in Fig. 3c.
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Figure 5. Influence of accumulation time on the oxidation peak 
current of 5.0 x IO-7 mol/L 6-BAP. Other conditions are the same 
as in Fig. 3c.

the oxidation peak current conversely shows gradual dec
line. DCR an insulator, lowers the electrical conductivity of 
SWNT film and the electron-transfer rate of 6-BAP. Hence, 
the peak current decreases when the SWNT-DCP film is too 
thick. In the current work, 10.0 /zL of 1 mg/mL SWNT-DCP 
suspension was used to cast GCE surface.

Influence of scan rate. The influence of scan rate (u) on 
the oxidation peak current (ipa) was inve아igated by linear 
sweep voltammetry (LSV). It is found that ipa of 5.0 x 10-6 
mol/L 6-BAP without accumulation increases linearly with 
the square root of u indicating that the oxidation of 6-BAP 
at the SWNT-DCP film-coated GCE is diffusion-controlled.

Accumulation conditions. The influence of accumulation 
time on the oxidation peak current of 6-BAP was shown in 
Figure 5. At the SWNT-DCP modified GCE, the oxidation 
peak current of 5.0 x 10-7 mol/L 6-BAP increases greatly 
with extending accumulation time from 0 to 3 min. When 
the time is beyond 3 min, the oxidation peak current 
increases slightly and the plots become curved, the curvature 
presumably indicating the limiting value of the amount of 6- 
BAP on the electrode surface has been achieved.

Calibration curve. The dependence of oxidation peak 
current on 6-BAP concentration was examined in the 0.1 
mol/L phosphate buffer (pH 7.0) by DPV The linear 
concentration range was found to occur from 5.0 x 10-8 to 
2.5 x 10-6 mol/L, and the detection limit is found to be 2.0 x 
10-8 mol/L after 3-min accumulation.

The reproducibility was also evaluated by successive 
measuring the same 5.0 x 10-7mol/L 6-BAP solution for 10 
times at a single SWNT-DCP modified electrode. After each 
measurement, the modified electrode was thoroughly rinsed 
with water, transferred into the blank electrolyte and scanned 
in the range of 0.40 to 1.20 V fbr 5 cycles to remove any 
adsorbates. The relative standard deviation (RSD) of 5.2% 
indicates excellent repeatability.

The long-term stability of the SWNT-DCP modified-GCE 
was te 아ed by measuring the current response at a fixed 6-
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Table 1. Interferences of foreign species on the oxidation peak 
current of 5.0 乂 IO-7 mol/L 6-BAP. Accumulation time 느 3 min; 
pulse amplitude 느 50 mV, scan rate 느 20 mV/s, pulse width 느 50 ms

Foreign species Tolerance
level (mol/L)*

Ca七 Mg*, Zn七 Al七 Cd七 Pb七 Cu2^ 5.0 X 10-4
Dopamine (DA), ascorbic acid (AA), uric acid (UA), 
xanthine (XA), vitamin cystine, serine, citrulline, 
tryptophane, benzoic acid, vitamin E

2.5 x 10-5

Guanine 1.0 x 10-5

*For 5% error

Table 2. Determination of 6-BAP in samples using SWNT-DCP 
modified GCE

Samples Detected by SWNT-DCP 
(mol/L)

RSD
(%)

Recovery
(%)

A 4.82 x 10-7 5.2 103.2
B 8.90 x 10-7 4.8 100.8
C 6.84 x 10-7 5.1 98.6
D 8.12 x 10"7 5.0 102.4

BAP concentration of 5.0 x 10-7 mol/L over a period of 2 
weeks. The SWNT-DCP modified-GCE was used daily and 
stored in air After 2 weeks, the current response only 
decreases 5.7%, suggesting that the SWNT-DCP modified- 
GCE reported in this work has long-term stability

Interferences. To evaluate the potential effect of foreign 
species on the determination of 6-BAP at 5.0 x 10-7 mol/L 
level, a systematic study was carried out under the above
optimized conditions. The peak currents of 6-BAP in the 
absence and presence of foreign species were measured by 
DPV respectively, and the error was consequently obtained. 
The results are listed in Table L It is found that 5.0 x 10-4 
mol/L Ca2+, M己 Zn2+, Al3+, Cd2+, Pb2+, Fe3+, Cu2+? 2.5 x 
10-3 mol/L dopamine (DA), ascorbic acid (AA), uric acid 
(UA), xanthine (XA), vitamin B6, cystine, serine, citrulline, 
tryptophane, benzoic acid, vitamin E, and L0 x 10- mol/L 
guanine, almost do not interfere with the oxidation signal of 
6-BAP (signal change below 5%). However, adenine has 
relatively obvious interference on the determination of 6- 
BAP since they have similar molecular structure.

Analysis of 6-BAP in samples. The surface of some fruits 
were cleaned and then squirted with 2 mL of L0 x 10-3 mol/ 
L 6-BAP stock solution, respectively After 1 hour, they 
were respectively dipped into 100 mL of pH 7.0 phosphate 
buffer containing 10 mL CH3OH for 30 min to obtain 6- 

BAP sample solutions. After that, 10 mL of the sample 
solution was added into the electrochemical cell, and then 
the electrochemical measurement described in the procedure 
was performed to determine 6-BAP content under the 
optimum conditions. The content of 6-BAP was determined 
by the standard addition method, and the results shown in 
Table 2. Furthermore, in order to e마ablish the suitability of 
the proposed method, known amounts of the standard 6- 
BAP were added into the analytical solution, and the same 
procedure was applied. The recoveries indicate that the 
accuracy of this proposed voltammetric method is excellent. 
From the experimental results, it is very clear that this novel 
SWNT-DCP film coated GCE has great potential for 
practical sample analysis.

Conclusion

Owing to the unique properties of SWNT, the SWNT- 
DCP composite film facilitates the oxidation of 6-BAP, 
greatly enhances the oxidation peak current of 6-BAP and 
lowers its oxidation overpotentiaL Based on this, a simple, 
rapid and sensitive electrochemical method was developed 
for the determination of 6-BAP
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