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Synthesis of gold nanoparticles using cefopernazone as a stabilizing reagent for a sensor was proposed.
The gold nanoparticles were characterized by scanning electron microscopy, transmission electron
microscopy, infrared spectrometry, ultraviolet- visible spectrophotometry, powder X-ray diffraction
and cyclic voltammetry. The catalytic properties of gold nanoparticles on the glassy carbon electrode
for dopamine were demonstrated. The results indicate that gold nanoparticle the modified electrode by
means of electrochemical synthesis has an excellent repeatability and reproducibility.
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1. INTRODUCTION

Gold nanoparticles (GNPs) have received great interests due to their attractive electronic,
optical, and thermal properties as well as catalytic properties and potential applications in the fields of
physics, chemistry, biology, medicine, and material science and their different interdisciplinary fields
[1]. The reduction of HAUCI, is the most used methods for the preparation of GNPs in aqueous
solution, and the molecule with functional groups (COOH, OH, SH, NH,) is suitable cap for the
preparation of GNPs [2-5], reductants such as ascorbic acid [6], citrate [7—9], and borohydride [10, 11]
have been used in this reaction. Electrochemical deposition of metal nanoparticles has been found as
better alternative because of their flexibility in controlling the size and coverage of the
metalnanoparticles [12, 13].The adsorption method is used commonly for preparation of the sensor
[14-18], the materials such as GNP- multi-walled carbon nanotubes [14], GNP-chitosan [15], Au-Ag
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alloy nanoparticles [16], GNP-ssDNA [17], GNP-poly-eriochrome [18] have been proposed for the
sensors. However, when stirring the solution for renewing the modified electrode, the materials on the
surface of GCE removed easily due to the preparation of sensors by means of adsorption method.
Cefoperazone, formerly known as cefoperazone sodium, is a sterile, semisynthetic, broad-spectrum,
parenteral cephalosporin antibiotic for intravenous or intramuscular administration. It is the sodium
salt of 7-[(R)-2-(4-ethyl-2, 3-dioxo- 1-piperazinecar boxamido)-2-(p-hydroxyphenyl)acetamido-3-[[(1-
methyl-H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate [19].

In present work, cefopernazone as a stabilizing reagent was used for electrochemical synthesis
of GNPs on the surface of glassy carbon electrode (GCE) and preparation of GNPs in aqueous solution
for the sensor. The catalysis of GNPs for dopamine at GNP/GCE was demonstrated. The
electrochemical synthesis of GNPs on the surface of glassy carbon is simple, cheap, and rapid.

2. EXPERIMENTAL

2.1. Materials

All reagents used herein were of analytical grade. Doubly distilled water was used throughout.
0.1 M phosphate buffer solution (PBS) was prepared by dissolving 0.1 mol NaCl and 0.1 mol
Na,HPOQO, in double-distilled water of 1000 mL and adjusted desired pH values with 6 M HCl or 1 M
NaOH.

2.2. Preparation of GNPs

The GNPs were deposited at a voltage of —0.2 V for 30 s on the surface of GCE that was
immersed in the mixture of HAuCl4 (2.0 mg.mL™?), H,SO, (0.5 M) and cefopernazone sodium (0.4
mg.mL™?), and then washed in doubly distilled water. In the typical synthetic process of GNPs in
aqueous solution, 0.150 g of NaBH, were dissolved into the mixture of 2.0 mg.mL™ HAuCl,, 0.5 mol.
L™ H,S04 and 0.4 mg.mL™ cefopernazone sodium. The solution was stirred with a magnetic stirrer for
10min to ensure that the NaBH, completely dissolved; the black GNPs were soon produced, and

followed by centrifugal separation, washing with absolute alcohol and drying in vacuum at 40 °C for 6
h.

2.3. Characterization

For all electrochemical experiments a CHI660B Electrochemical Analyzer (CHI, USA) was
employed. The GNP modified GCE was used as working electrode, a platinum wire served as the
counter electrode, and a saturated calomel electrode (SCE) was used as the reference electrode. A S—
3000N/EMAX—250 scanning electron microscope (SEM) (HITACHI, Japan) was used to study the
shape and particle size of GNPs on the surface of GCE. The samples examined in the transmission
electron microscope (TEM) were prepared by dispersing these samples in absolute alcohol followed by
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ultrasonic vibration for half an hour. A drop of the dispersed sample was placed onto a copper grid
coated with a layer of amorphous carbon. A JEM 2100 transmission electron microscope (JEOL,
Japan) was used to study the shape and particle size of the samples. The electronic absorption spectra
were obtained using a Shimadzu UV-1750 ultraviolet-visible spectrometer (Japan). Powder X-ray
diffraction (XRD) spectra were recorded on a Switzerland ARL/X‘TRA X-ray diffractometer rotating
anode with Cu-Ka radiation source (A = 1.54056 ° A). IR spectra were measured by a NICOLET
NEXUS470 spectrometer in the frequency range 4000-400cm ™.

3. RESULTS AND DISCUSSION

3.1. SEM and TEM images of GNPs

SEM images confirm the formation of a layer of GNPs on the GCE surface, several GNPs on
the surface of GCE were observed in Fig. 1a, indicating that the well dispersed GNPs on the surface of
GCE were obtained; the size of GNPs on the surface would be controlled by the electrochemical
depositing time of HAuCI, and reduction potential.
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Figure 1. SEM (A) and TEM (B) images of GNPs

The TEM images of GNPs obtained from aqueous solution were shown in Fig. 1b, the size of
GNPs is about 25~100nm, the diffraction ring indicated that the GNPs of polycrystalline structure
were obtained. The GNPs on the GCE surface are similar to those in aqueous. From the molecular
structure of cefopernazone it can be seen that the gold atoms of surface of GNPs adsorb the negative
ions (cefopernazone) with the polar groups such as carbonyl, carboxyl, and hydrophobic phenyl [19],
the degree of ionization for cefopernazone is controlled by the concentration of sulphuric acid.
Therefore, the cefopernazone@GNPs on the surface of GCE are well dispersed.

3.2. XRD of GNPs

The powder XRD pattern of the GNPs from aqueous solution is shown in Fig. 2. The major
diffraction peaks can be indexed as the gold face-centered cubic (fcc) phase based on the data of the
JCPDS file (JCPDS no0.04-0784) [20].
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Figure 2. XRD pattern of GNPs obtained from aqueous solution
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The diffraction peaks of GNPs appeared at 38.4°, 44.6°, 64.7°, 77.7°, and 81.5°, which can be
assigned to (111), (200), (220), (311) and (222) crystalline plane diffraction peaks of gold,
respectively. The results are in agreement with our previous work[22-25].

On the nanometer scale metals (most of them are face-centered cubic, or fcc) tend to nucleate
and grow into twinned and multiply twinned particles with their surfaces bounded by the lowest-
energy (111) facets [21]. Other morphologies with less stable facets have only been kinetically
achieved by adding chemical capping reagents to the synthetic systems [26-29].

3.3. IR spectra of GNPs

The IR spectra of GNPs from aqueous solution and cefopernazone are shown in Fig. 3. From
the IR spectra of cefopernazone, the bands at 3437,3345,3246 and 3110cm™ could be assigned to the
stretching vibrations of NH and OH, the bands of stretching vibrations of CH were found at 2940,
2898, and 2819 cm™, the band of stretching vibrations of C=0 appeared at 1762, 1734, and 1649 cm"
'130-32], and the peak at 1535cm™ was associated with the torsional vibrations of aromatic
hydrocarbon ring, the bands at 1393 and 1350cm™ could be assigned to stretching vibrations of CN,
and band of breath vibration of aromatic hydrocarbon ring was observed at 1045cm™ [33].
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Figure 3. IR spectra of GNPs obtained from the surface of GCE (a) and cefopernazone (b)

However, the IR spectra of GNPs obtained from GCE, only the strong bands were observed.
the bands of stretching vibrations of NH were found at 3423 and 3132 cm™, the bands at 1763 and
1613 cm™ could be assigned to the stretching vibrations of C=0, and the bands of stretching vibrations
of CN and the aromatic hydrocarbon ring were found at 1399 cm™ and 1089 cm™, respectively,
indicating cefopernazone was assembled on the surface of GNPs.
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3.4. Cyclic voltammograms of GNPs

The Cyclic voltammograms (CVs) of GNPs on the surface of GCE in 0.1 M PBS of pH 7.3 are
shown in Fig.4. The oxidation peak of cefopernazone@GNPs was found at 1.046 V, and the reduction
peak was observed at 0.461 V. To remove cefopernazone on the surface of GNPs, the
cefopernazone@GNPs modified GCE stirred with a magnetic stirrer was rinsed in 5 mol.L™ H,SO,
aqueous solution and doubly distilled water for 10 min, sequentially. The peak potential of the rinsed
GNPs shifted to positive direction, the oxidation current increases, and the reduction current decreases,
indicating the cefopernazone on the surface of GNPs is removed. The CVs of cefopernazone at GCE
are shown in Fig.4 (Insert Fig.), a oxidation peaks was observed at 1.113 V, which assigned to the
sulphur atoms in cefopernazone; the reduction peak of cefopernazone in a neutral medium (phosphate
buffer, pH 7.0) with CV, differential pulse voltammetry (DPV) and square-wave voltammetry (SWV)
was found at about —1.1V [34], while no reduction peak was found in this paper, indicating that
cefopernazone is stable under electrochemical synthesis of cefopernazone@GNPs at -0.2 V.
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Figure 4. CVs of cefopernazone@GNPs (a) and the rinsed GNPsGNPs (b). Supporting electrolyte: 0.1
mol.L™ PBS of pH7.3. Insert Figure: CV of 0.4mg/mL cefopernazone sodium at GCE,

supporting electrolyte: 0.5 mol.L™ H,SO,,
3.5. UV spectra of GNPs

Fig. 5 shows the UV absorption spectrum of the GNPs obtained from aqueous solution. A
broad band centered at ca. 600nm appears, characteristic of surface plasmon absorption on the GNPs.
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Figure 5. UV-spectra of GNPs in absolute alcohol

3.6. Electrochemical catalysis of GNP and application

Dopamine is important in the regulation of sodium balance and blood pressure via renal
mechanisms [35]. The affinity of dopamine for its receptors is in the nanomolar range; higher
concentrations occupy other G-protein-coupled receptor [35]. Circulating dopamine concentrations
(picomolar range) are not sufficiently high to activate dopamine receptors, but high nanomolar
concentrations can be attained in dopamine-producing tissues (e.g., renal proximal tubule, jejunum).
The concentration of dopamine is controlled by not only the taking drugs but also the human emotion.
Therefore, the determination of dopamine in blood is important.
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Figure 6. CVs of 10.0 mg.L™ dopamine at cefopernazone@GNP/GCE (a), the rinsed GNP/GCE (b)
and bare GCE (c). Scan rate: 100.0 mV.s™.Supporting electrolyte: 0.1 mol.L™* PBS of pH 7.3.



Int. J. Electrochem. Sci., Vol. 7, 2012 11243

The CVs of dopamine at bare GCE, cefopernazone@GNP/GCE and rinsed GNP/GCE are
shown in Fig.6, respectively.

The peak and current of dopamine at bare GCE, cefopernazone@GNP/GCE, and rinsed
GNP/GCE are summarized in Table 1. The oxidation potential for dopamine at the rinsed GNP/GCE
and cefopernazone@GNP/GCE are less than that of dopamine at bare GCE, and their currents are
higher than that of dopamine at bare GCE. However, the oxidation currents for dopamine at the
cefopernazone@GNP/GCE are higher than that of dopamine at the rinsed GNP/GCE, and the
reduction currents for dopamine at the cefopernazone@GNP/GCE are lower than that of dopamine at
the rinsed GNP/GCE, indicating that cefopernazone catalyze the electro-oxidation of dopamine due to
the formation of hydrogen bond between nitrogen atoms in cefopernazone and hydroxyl groups in
dopamine. The reduction currents decrease due to the disappearance of hydroxyl groups in
cefopernazone.

Table 1. Peak and current of dopamine

Bare GCE 0.286 1.834 0.073 0.955
GNP/ GCE 0.192 3.437 0.141 4.893
cefopernazone@GNP/GCE 0.216 5.432 0.146 4.197

To assess the applicability of the proposed method, the GNP/GCE was used to determination of
the content of dopamine injection by applying CV method. The oxidation peak currents of dopamine at
GNP/GCE were proportional to dopamine concentrations in the range of 0.10mg.L™ to 1.80 mg.L™ in
0.1M PBS of pH 7.3. The linear regression equation is obtained as ¢ (mg.L™)=0.2731 loa (LA) - 0.2183
(R=0.998). The detection limit (3o/slope, where o is the standard deviation of the intercept and s is the
slope of the calibration curve) observed for dopamine is 0.09 mg.L™. 1-5.00 uL of 1g.L™* dopamine
injection was diluted to 5.0 ml with 0.1M PBS of pH 7.3. The recoveries were in the range from 97.8
to 102.0%. Using this standard addition method, the content for the diluted dopamine is obtained to be
0.22~1.03 mg.L™* with RSD of 1.7~2.2% (n=6). The working range and detection limit are close to
the reports [36-40].

3.7. Comparison of two preparation methods for the sensor

On using the rinsed GNP/GCE daily and storing under ambient conditions over a period of 2
month, and after stirring at 500rpm/min with a magnetic stirring apparatus for 2h, the electrode
retained 98.5% of its initial peak current response with relative standard deviation (RSD) of 2.4%
(n=25) for a dopamine concentration of 10.00 mg.L™, which shows long-term stability of the film
modifier on the surface of GCE. The results indicate that the rinsed GNP/GCE has an excellent



Int. J. Electrochem. Sci., Vol. 7, 2012 11244

repeatability and reproducibility. However, the GNPs obtained from aqueous solution was dropped on
the surface of GCE as the adsorption method, followed by storage at 14 °C for 24h, after stirring at
500rpm/min with a magnetic stirring apparatus for 2h the modified GCE retained 78.5% of its initial
peak current response with relative standard deviation (RSD) of 4.7% (n=25) for a dopamine
concentration of 10.00 mg.L™. The results indicate that the modified electrode has an excellent
repeatability and reproducibility.

4. CONCLUSIONS

The GNPs on the surface of GCE and in aqueous solution using cefopernazone as a stabilizing
reagent were prepared in this paper, and the catalysis of GNPs for dopamine was demonstrated. The
electrochemical synthesis of GNPs on the surface of glassy carbon is simple, cheap, and rapid, and the
rinsed GNP/GCE has an excellent repeatability and reproducibility.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the financial support of the National Science Foundation of China
(Grant No. 21003065 and 51175245), the Open Science Foundation for Jiangsu Province Key
Laboratory for Chemistry of Low-Dimentional Materials (grant no. JSKC11091), and the Science
Foundation for Huaiyin Normal University (grant no. 11HSGJBZ13).

References

M.H. Rashid, R.R. Bhattacharjee, A. Kotal, T.K. Mandal. Langmuir 22(2006) 7141.

2.M.L. Mena, P. Yanz-Sedefio, J.M. Pingarron. Anal. Biochem. 336(2005)20.

P. He, M.W. Urban. Biomacromolecules. 6(2005)1224.

4.Z.M. Qi, H.S. Zhou, N.K. Matsuda, I. Honma, K. Shimada, A. Takatsu, K J. Kato. Phys. Chem.
B. 108(2004)7006.

E.R. Zubarev, J. Xu, A. Sayyad, J.D. Gibson. J. Am. Chem. Soc. 128( 2006)4958.

M. Luty-Btocho, K. Fitzner, V. Hessel, P. Lob, M. Maskos, D. Metzke, K. Pactawski, M.
Wojnicki. Chem. Eng. J. 171(2011) 279.

N. P. Koutsoulis, D. L. Giokas, A. G. Vlessidis, G. Z. Tsogas. Anal. Chim. Acta, 669(2010)45.
S. K. Balasubramanian, L. Yang, L.-Y. L. Yung, C.-N. Ong, W.-Y. Ong, L. E. Yu. 31(2010)9023.
Y. Mikhlin, A. Karacharov, M. Likhatski, T. Podlipskaya, Y. Zubavichus, A.Veligzhanin, V.
Zaikovski. J. Colloid Interf. Sci., 362(2011)330.

10. ALA. Seoudi, D.A. Fouda. Physica B 405 (2010) 906.

11. P. He, X. Zhu, Mater. Res. Bull. 42( 2007) 1310.

12.Y.Z. Song, Y. Song, H. Zhong. Gold Bull. 44(2011)107.

13.Y. Song, Y.Z. Song, A.F. Zhu, H. Zhong.Indian J. Chem. A. 50A(2011) 1006.

14. 14.M. Ghalkhani, S. Shahrokhian, F. Ghorbani-Bidkorbeh. Talanta. 80(2009) 31.

15. F.-C. Gong,Z.-D. Xiao, Z. Cao, D.-X. Wu. Talanta.72(2007) 1453.

16. D. Zheng, C. Hua, T. Gan, X. Dang, S. Hu. Sensor. Actuat. B 148(2010) 247.

17. G. Li, L. Liu, X.Qi, Y. Guo, W. Sun, X. Li. Electrochim. Acta. 63(2012) 312.

18. X.Liu, L.Luo, Y. Ding, Z. Kang, D. Ye. Bioelectrochemistry. 86(2012) 38.

19. Nomenclature of Organic Chemistry (3rd ed.), London: Butterworths, 1971.

el NS

oo

© oo


http://www.sciencedirect.com/science/journal/00399140

Int. J. Electrochem. Sci., Vol. 7, 2012 11245

20. Joint Committee on Powder Diffraction Standards, Diffraction Data File: JCPDS International
Center for Diffraction Data. Swarthmore PA. 1991.

21.J. G. Allpress, J. V. Sanders.Surf. Sci. 7 (1967) 1.

22.Y.Z.Song,Y. Song,H. Zhong. Gold Bull. 44(2011)107.

23.Y.Z. Song, A.F. Zhu, H. Zhong, Y.Song, F.Y. Wu, W.L Yang, H. Huang. Mater. Lett.65 (2011)
3612.

24.Y. Song, Y.Z. Song, A.F. Zhu, H.Zhong. Indian J. Chem. A. 50A(2011)1006.

25.Y. Song, Y.Z. Song, J. Xu. Russ. J. Phys. Chem.A.86(2012)1458.

26. J. S. Bradley, B. Tesche, W. Busser, M. Maase, M. T. Reetz. J. Am. Chem. Soc. 122(2000) 4631.

27. V. F. Puntes, K. M. Krishnan, A. P. Alivisatos. Science 291 (2001) 2115.

28. A. |. Kirkland, D. A. Jefferson, D. G. Duff, P. P. Edwards, I. Gameson, B. F. G. Johnson and D. J.
Smith. Proc. R. Soc. London Ser. A, 440 (1993) 589.

29. T. S. Ahmadi, Z. L. Wang, T. C. Green, A. Henglein, M. A. El-Sayed. Science 272 (1996) 1924.

30.Y.Z. Song, J. F. Zhou, Y. Song, Y.G Wei, H. Wang. Bioorg. Med. Chem. Lett.15 (2005)4671.

31.Y.Z. Song, J.F. Zhou, S.J. Zi, J.M. Xie, Y. Ye. Bioorg. Med. Chem. 13(2005)3169.

32.Y.Z. Song, L.L. Zhang, H. Zhong, D.Q. Shi, J.M. Xie, G.Q. Zhao. Spectrochim. Acta Part
A.70(2008)943.

33. N. Cordente,M. Respaud, F. Senocq, M.-J. Casanove, C. Amiens, B.Chaudret. Nano Lett. 1 (2001)
565.

34. S. Billova,R, Kizek ,F,Jelen, P, Novotna. Anal. Bioanal. Chem. 377 (2003)362.

35. C. Zeng, I. Armando, Y. Luo, G.M. Eisner, R.A. Felder, P.A. Jose, Am. J. Physiol. Heart. Circ.
Physiol. 294(2008) H551 .

36. G.P. Jin, X.Q. Lin, J.M. Gong, J. Electroanal. Chem. 569 (2004) 135.

37.Y.Sun, J. Fei, J. Hou, Q. Zhang, Y.Liu, B. Hu, Microchim. Acta. 165(2009) 373.

38. Z. Wang, Q. Liang, Y. Wang, G. Luo, J. Electroanal. Chem. 540 (2003)129.

39.J. Omi, T. Nyokong, Anal. Chim. Acta. 434 (2001) 9.

40. K. Wu, J. Fei, S. Hu, Anal. Biochem. 318 (2003) 100.

© 2012 by ESG (www.electrochemsci.org)



http://rd.springer.com/search?facet-author=%22Yongxiang+Sun%22
http://rd.springer.com/search?facet-author=%22Junjie+Fei%22
http://rd.springer.com/search?facet-author=%22Jie+Hou%22
http://rd.springer.com/search?facet-author=%22Qin+Zhang%22
http://rd.springer.com/search?facet-author=%22Yanling+Liu%22
http://rd.springer.com/search?facet-author=%22Benan+Hu%22
http://rd.springer.com/journal/604
http://www.electrochemsci.org/

