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Abstract In this paper, the electrochemical behavior of [H5PMo10V2O40] modified electrode glassy carbon electrode 

([H5PMo10V2O40]/GCE) and its interaction with calf thymus DNA (ctDNA) were investigated using voltammetry. 

Modified electrode showed two pair of peaks at A1 (0.00) and A2 (0.179) during the anodic peaks sweep, while the 

counterpart to the two cathodic peaks are C1 (-0.014) and C2 (0.142) respectively in cyclic voltammetry. The redox 

property of this modified electrode at various solution pH values and various scan rates were studied using cyclic 

voltammetry. The linear plot of peak potential EP 
versus pH was obtained with corresponding slopes 52 m V/ pH. 

The apparent charge transfer rate constant, ks, and transfer coefficient, α, for electron transfer between 

[H5PMo10V2O40] and GCE were calculated as 25.203 ± 3.586 and 0.514 (in pH=3), respectively. Binding constant 

(K = 4.65 X 10
4
 M

-1)
 and binding site size (s =0.5) of modified electrode by ctDNA were obtained by nonlinear fit 

analysis of voltammetric data based on an electrochemical equation, which was derived to examine the interaction of 

DNA and reversibly electroactive compounds. 
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Introduction 

The electrochemical methods using chemically modified electrodes have been widely used as sensitive and selective 

analytical methods for the environmental, clinical and bio-technical analyses [1–8]. 

Polyoxometalates are early transition metal oxygen cluster. Polyoxometalates have attracted much attention during 

last decades because of their extensive application to many fields, such as catalysis [9-11], analytical chemistry [12], 

biochemistry [13,14], medicine [15,16] and materials science [17]. 

The electrochemical behavior of monomolybdenum-substituted Keggin-type polyoxometalates [XW11MoO40]
n-

 

(X＝P, Si, Ge with n＝3, 4) was studied in aqueous and N,N dimethylformamide (DMF) solution [18]. 

Because polyoxometalates (POMs) undergo reversible, stepwise, multi-electron transfer at a variety of electrodes, 

they have generated interest in several fields of chemistry, including electrocatalysis and storage [19,20].  

Polyoxometalates, the discrete polymeric anions of early transition metal oxide, form along class of inorganic 

compound with great molecular diversity and significant potential applications in analytical chemistry, material 

science, catalysis and medicine. Polyoxometalates are negatively charged inorganic substances which contain early 

transitional metal ions such as Tungsten (W), molybdenum (Mo), vanadium (V) etc and which make a cluster with 

the surrounding oxygen atoms. 

Same polyoxometalates such as PM-8, PM-17, PM-26 and PM-32 were found to exhibit anti-tumor activities against 

some of human cancer [21,22]. 
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Various polyoxometalates proved inhibitory to the replication of a number of undeveloped DNA and RNA viruses.  

Experimental  

Instruments and Reagents 

ctDNA was obtained from Sigma and used without further purification. The stock solutions of DNA (
310 M) 

was prepared in 0.1 M phosphate buffer + 0.15 M NaCl solution (pH=7.0). Polyvanadomolybdate, [H5PMo10V2O40] 

was prepared according to a published procedure [23]. All chemicals were reagent grade from Merck. The solutions 

were prepared with double distilled water. The buffer solutions were made up from H3PO4 and then adjusting the pH 

with 2.0 M NaOH. 

All electrochemical experiments were carried out using an Autolab potentiostat PGSTAT 30 (Eco Chemie Utrecht, 

Netherlands) equipped with GPES 4.9 software. The cell used was equipped with a modified glassy carbon electrode 

as the working electrode, a Pt wire as an auxiliary electrode and with a saturated calomel electrode (SCE) as a 

reference electrode. All potentials in the text are quoted versus this reference electrode. A personal computer was 

used for data storage and processing. 

Determination of DNA concentration 

Stock solution of ct-DNA was prepared by dissolution in 0.1 M phosphate buffer + 0.15 M NaCl solution (pH=7.0) 

and was stirred for 24 hour below 4°C in the dark and was stored for short periods only. The base-pairs 

concentration of ct-DNA was determined by its known absorbance measurements using ε 1.3210
4
 L.mol

-1
.Cm

-1
 

(i.e. reported in molar base pair) at the absorption maximum of 260 nm [24,25]. 

 

Preparation of [H5PMo10V2O40]/GCE 

A glassy carbon electrode (GCE) was polished with emery paper followed by alumina and then washed with twice-

distilled water. After being cleaned, the bare electrode was modified by 20 cycles of potential sweep between -0.3 

and 1.7 V at 25 mV s
-1 

in 0.1 m M solution of [H5PMo10V2O40] in 0.05 M sulfuric acid solution. During this stage, a 

monolayer of [H5PMo10V2O40] is bound to the surface of bare electrode.  

 

Results and Discussion 

Electrochemistry of [H5PMo10V2O40]-GCE 

Fig. 1 shows cyclic voltammograms of    in 0.1 M phosphate buffer solution (pH 3.0). In the potential rang from -0.3 

– 0.6 V/s, [H5PMo10V2O40] displayed two waves A1 (0.00) and A2 (0.179) during the anodic peaks sweep, while the 

counterpart to the two cathodic peaks are C1 (-0.014) and C2 (0.142) respectively. The peak potential separation, 

pE  values ( cpapp EEE ..  ) for all redox couple were larger than 65 mV, so that these redox processes were 

all quasi reversible. 

 
Figure 1: Cyclic voltammograms of modified electrode in 0.1 M phosphate buffer solution (pH=3) 
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We found that the pE  values are proportional to the logarithm of the scan rate, for scan rates higher than 5.5 V s
-1

 

(Fig. 2 part C).  

 
 

Figure 2: A) Cyclic voltammograms of modified electrode in 0.1 M phosphate buffer (pH=3) in different scan rate. 

The numbers correspond to 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10, 11 and 12 V s
-1

 respectively. B) Variation 

of anodic and cathodic peak currents versus of scan rate. C) Variation of PE  versus the logarithm of the scan rate. 

 

Fig. 2 shows the cyclic voltammograms of the [H5PMo10V2O40]-GCE in 0.1 M phosphate buffer solution (pH=0.3) 

at various scan rates. According to Fig. 2 part B, the peak currents were directly proportional to the scan rate. The 

heterogeneous charge transfer rate constant, sk , and charge transfer coefficient, , of a surface-confined redox 

couple can be evaluated from cyclic voltammetric experiments and using the variation of anodic and chatodic peak 

potentials with scan rate, according to the procedure of Laviron [26]. Part C of Fig. 2 shows the variations of peak 

potentials ( pE ) as a function of potential scan rate. 

Under these conditions, the following equation can be used to determine the electron transfer rate constant between 

[H5PMo10V2O40] and GCE [26]: 

Rt

FFn

nFv

RT
k P

s
3.2

)1()log(log)1()1log(log


    (eq 1) 

where   n)1( , 2n , cpapp EEE ..  , v  is the sweep rate and all other symbols have their 

conventional meanings. From the values of  pE  corresponding to different sweep rates, an average value of  sk  

was found to be 25.203 ± 3.586. Also the average value obtained for the charge transfer coefficient, from the slopes 

of the inset C plots, was found to be 0.514.  

Also, we study the scan rate effect on modified electrode in biological pH (6,7) and evaluated  and sk  in these 

pHs. The table 1 represent the result of  and sk  in pH=3, 6 and 7. Fig. (3) shown cyclic voltammograms of the 
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modified electrode in 0.1 M phosphate buffer solution with biological pHs (pH=6,7). The effect of pH on modified 

electrode, [H5PMo10V2O40]-GCE, was investigated by cyclic voltammetry using 0.1 M buffer solutions with various 

pH values, ranging from 3 to 9 (Fig. 4). The electrochemical behavior of [H5PMo10V2O40]-GCE was found to be pH 

dependent in a wide pH range. The potentials shifted negatively and the peak currents changed significantly with 

increasing pH of supporting electrolyte solution. The linear plot of peak potential pE  versus pH were obtained with 

corresponding slopes -53.661 m V/ pH. From the slope value, it could be concluded that uptake of electron was 

accompanied by an equal number of proton in both electrode reactions. As can be seen in Fig. 5, the formal 

potential, )( ...

0

cpapap EEEE 


  [27], of [H5PMo10V2O40]-GCE was pH-dependent.  

Table 1:  and sk  in pH=3, 6 

 

ks / s
-1

 α pH 

 25.203 ± 3.586 0.514 3 

50.676 ± 7.134 0.513 6 

37.134 ± 2.756 0.470 7 

 

 
Figure 3: Voltamograms of modified electrode in 0.1 M phosphate buffer with different pH 

 

Figure 4: Dependence on pH of formal potential, 
0E ,  for modified electrode in 0.1 M phosphate buffer solution. 

 

Interaction of [H5PMo10V2O40]-GCE with DNA 

Considering the sensitivity, we choose the oxidation peak P1 as focus to investigate the interaction between 

[H5PMo10V2O40]-GCE and DNA. DVP technique provides higher sensitivity and better peak resolution than CV for 

studying the electrochemical behavior of biological systems [28], so we use DVP in the following experiments. The 
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purpose of the part of this work is the study of different modes of [H5PMo10V2O40] binding to DNA by the method 

of the DVP and the determination of K  and n  ( K -binding constant, n - number of bases corresponding to one 

site of binding). To prevent DNA from acidic or basic denaturing, pH 7.1 phosphate buffer was chosen as supporting 

electrolyte in this part. The ionic strength was adjusted to 0.15 M. Differential pulse voltammograms of modified 

electrode in the presence and absence of DNA shown in Fig. (5). In the presence of DNA, peak current, pI  decrease 

obviously. However, pE  not shift and no reduction peak is found.  

 
Figure 5: DVP for modified glassy carbon electrode (a-e) in present different constant of DNA, 0, 0.5, 0.1, 0.13 and 

0.195 m M respectively 

The interaction of anticancer drugs with DNA can be described using the following equation: 

DNAdrugDNAdrug   

The distribution of bound and free forms depends on the square of the measured current, so we can therefore 

calculate the mole fraction of bound complex as [29]:  

)/()( 22

0

22

satsatb iiiiX    (eq 2) 

where isat (=ib) is the current when all of the metal complex is bound to DNA and i0 (=if) is the current when no 

DNA has been added. A plot of the current expression for Cb/Ct (eq) versus the DNA concentration was constructed 

from the voltammograms and is shown in Fig. (6). 
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Figure 6: Binding isotherm from simulated cyclic voltammograms 

 

0.3

0.6

0.9

-0.7 -0.3 0.1

E / V

i 
/ 
μ

 A

B

a

e



Sohrabi N et al                                                                                 The Pharmaceutical and Chemical Journal, 2016, 3(4):40-47 

 

          The Pharmaceutical and Chemical Journal 

45 

 

 For relatively low binding affinities (K < 10 000 M
-1

), the mole fraction bound can be fit as 

(eq 3) 

 

The DNA dependence was not fit well by the weak binding isotherm (eq 3), which was expected because at these 

binding constants, neighbor exclusion must be considered. Neighbor exclusion occurs when the extent of binding is 

limited by coverage of a finite number of base pairs by binding of a single complex, which prohibits binding of an 

additional complex in the same site. Binding isotherms in this regime are generally fit to a strong binding equation 

[29-31] 

t

t

t

b

KC

s

DNACK
bb

C

C

2

)
][2

( 2/1
2

2 

  

 

sDNAKKCb t 2/][1   

 

where s is the site size in base pairs excluded by the bound metal complex. Fiiting the simulated isotherm to eq 2 

gave a very good fit. The fit of data with two parameter gave K= 465 × 10
4
 M

-1
 and s=0.5. 

 

Conclusion 

The results obtained in these studies show that the electrochemical behavior of modified electrode is pH dependent.  

Interactions between DNA and [H5PMo10V2O40]-GCE were studied by voltammetry method. In the presence of 

DNA, peak current, pI  decrease obviously. However, pE  not shift and no reduction peak is found. For this binding 

K= 465 × 10
4
 M

-1
 and s=0.5. 

 

Acknowledgements 

We hereby express our utmost appreciation towards the Research Council of Payame Noor University for financially 

supporting this study. 

 

References 

1. L. Gorton, E. Domingues, Electrocatalytic oxidation of NADPH at mediator-modified electrodes. Rev. Mol. 

Biotechnol., 2002, 82: 371-392. 

2. S.M. Golabi, H.R. Zare, Caffeic acid modified glassy carbon electrode for electrocatalytic oxidation of 

reduced nicotinamide adenine dinucleotide (NADH) Electroanalysis, 1999, 11: 1293-1300. 

3. K.-H. Xue, F.-F. Tao, S.-Y. Yin, W. Shen, W. Xu. Investigation of the electrochemical behaviors of 

dopamine on the carbon atom wire modified electrode. Chem. Phys. Lett., 2004, 391: 243-247. 

4. L.R. Junior, J.C.B. Fernandes, G.O. Neto, Development of a new FIA-potentiometric sensor for dopamine 

based on EVA-copper(II) ions , J. Electroanal. Chem., 2000, 481: 34-41. 

5. J. Kang, L. Zhuo, X. Lu, X. Wang, Electrochemical behavior of dopamine at a quercetin-SAM-modified 

gold electrode and analytical application. J. Solid, State Electrochem., 2005, 9, 2: 114-120. 

6. J.-M. Zen, C.-T. Hsu, Y.-L. Hsu, J.-W. Sue, E.D. Conte, Voltammetric Peak Separation of Dopamine from 

Uric Acid in the Presence of Ascorbic Acid at Greater Than Ambient Solution Temperatures, Anal. Chem., 

2004, 76: 4251-4255. 

7. G.-P. Jin, X.-Q. Lin, J.-M. Gong, Novel choline and acetylcholine modified glassy carbon electrodes for 

simultaneous determination of dopamine, serotonin and ascorbic acid, J. Electroanal. Chem., 2004, 569(1): 

135-142. 

8. T. Selvaraju, R. Ramaraj. Simultaneous determination of ascorbic acid, dopamine and serotonin at 

poly(phenosafranine) modified electrodeElectrochem. Commun., 2003, 5 :667-672. 

)1][/(][  DNAKDNAKXb



Sohrabi N et al                                                                                 The Pharmaceutical and Chemical Journal, 2016, 3(4):40-47 

 

        The Pharmaceutical and Chemical Journal 

46 

 

9. C. L. Hill, R. B. Brown, Sustained epoxidation of olefins by oxygen donors catalyzed by transition metal-

substituted polyoxometalates, oxidatively resistant inorganic analogos of metalloporphyrins, J. Am. Chem. 

Soc.,1986, 108:536-538. 

10. A. Watzenberger, G. Emig, D.T. Lynch,(1990), Oxydehydrogenation of isobutyric acid with heteropolyacid 

catalysts: experimental observations of deactivation, J. Catal.,1990,124 :247-258. 

11. H. Firouzabadi, A.A. Jafari, (2005), Heteropoly Acids, Their Salts and Polyoxometalates as Heterogenous, 

Efficient and Eco-Friendly Catalysts in Organic Reactions: Some Recent Advances, J. Iranian Chem. 

Soc.,2005, 2: 85-114. 

12. S. Himeno, M. Takamoto, (2002), Difference in voltammetric properties between the Keggin-type 

[XW12O40]
n-

 and [XMo12O40]
n-

 complexes, J. Electroanal. Chem. 528:170-174. 

13. P.J. Kulesza, B. Karwowska, B. Grzybowska, A. Wieckowski, Solid state electrochemical generation and 

characterization of catalytic Pt microcenters within single crystal of heteropoly phosphor-12-tungesticacid, 

Electrochim. Acta, 1998, 44:1295-1300. 

14. H. Ma, J. Peng, Z. Han, X. Yu, B. Dong, A novel biological active multilayer film based on 

polyoxometalate with pendant support-ligand, J. Solid State Chem., 2005, 178:3735–3739. 

15. A. Ogata, S. Mitsui, H. Yanagie, H. Kasano, T. Hisa, T. Yamase, M. Eriguchi, A novel anti-tumor agent, 

polyoxomolybdate induces apoptotic cell death in AsPC-1 human pancreatic cancer cells, Biomed. 

Pharmaco., 2005, 59: 240–244. 

16. P.S. Moore, Ch. J. Jones, N. Mahmood, L. G. Evans, M. Goff, R. Cooper and A. J. Hay, Anti-(human 

immunodeficiency virus) activity of polyoxotungstates and their inhibition of human immunodeficiency 

virus reverse transcriptase, Biochem. J., 1995, 307:129-134.  

17. M.T. Pope, A. Muller, Polyoxometalate chemistry: an old field with new dimension in several disciplines, 

Angrew. Chem. Int. Ed. Engl., 1991, 30:34–38. 

18. C. Yang, X. Lin, W. Wen-Ju, G. Guang-Gang, W. En-Bo, Electrochemical Behavior of Polyoxometalates 

[XW11MoO40]
n-

 (X＝P, Si, Ge with n＝3, 4) in Aqueous and DMF Solution. Chem. Rev. 98 (1998) is a 

special issue on polyoxometalate Chemistry. 

19. M. Sadakane, E. Steckhan, Electrochemical Properties of Polyoxometalates as Electrocatalysts Chem. 

Rev.,1998, 98 : 219-238. 

20. H. Yanagie, A. Ogata, S. Mitsui, T. Hisa, T. Yamase, M. Eriguchi, Anticancer activity of 

polyoxomolybdate, Biomed. and Pharmacol.,2006, 60 :349–352. 

21. T. Yamase, Antitumoral and antiviral polyoxometalates (inorganic discrete polymers of metal oxide). 

Polymeric Materials Encyclopedia, 1996,1: 365–73. 

22. P, Villabrille, G. romanelli, P. Vazquez, C.Caceres , Vanadium-substituted Keggin heteropolycompounds 

as catalysts for ecofriendly liquid phase oxidation of 2,6-dimethylphenol to 2,6-dimethyl-1,4-

benzoquinone) Applied Catalysis A: General,2004,96 , 270:101–111. 

23. R. F. Pasternack, C. B. Bustamante, P. J. Collings, A. Giannetto, E. J. Gibbs. Porphyrin Assemblies on 

DNA as Studied by a Resonance Light-Scattering Technique, J. Am. Chem. Soc. ,1993, 13, 115 : 5393-

5399. 

24. Pasternack, R. F., and P. J. Collings. 1995. Resonance light scattering: a  new technique for studying 

chromophore aggregation. Science 269,935-939.: 

25. E. Laviron, General expression of the linear potential sweep voltammogram in the case of diffusionless 

electrochemical systems, J. Electroanal. Chem., 1979, 101: 19-28.  

26. H. Ju, C. Shen, Electrocatalytic reduction and determination of dissolved oxygen at a poly (Nile blue) 

modified electrode, Electroanalysis, 2001, 13: 789–793. 

27. Gosser, D. K., Cyclic Voltammetry: Simulation & Analysis of Reaction Mechanisms. New York: VCH 

Publishers, 1993.  



Sohrabi N et al                                                                                 The Pharmaceutical and Chemical Journal, 2016, 3(4):40-47 

 

          The Pharmaceutical and Chemical Journal 

47 

 

28. T. W. Welch, H. H. Thorp, Distribution of Metal Complexes Bound to DNA Determined by Normal Pulse 

Voltammetry, J. Phys. Chem., 1996, 100 : 13829-13836. 

29. T. W Welch, A. H. Corbett, H. H. Thorp, Electrochemical Determination of Nucleic Acid Diffusion 

Coefficient through Noncovalent Association of a Redox-Active Probe, J. Phys. Chem.,1995, 99 ,30: 11757-

11763. 

30. M. T. Carter, M. Rodriguez, A. J. Bard, Voltammetric studies of the interaction of metal chelates with 

DNA. 2. Tris-chelated complexes of cobalt(III) and iron(II) with 1,10-phenanthroline and 2,2'-bipyridine, J. 

Am. Chem. Soc.,1989, 111 : 8901-8911 


