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ABSTRACT. Herein, the cyclic voltammetric (CV) investigations of structurally similar bisnitrocompounds (N3, N4, N5,

N6, having different −CH2− spacer length) is presented. CV study offered interesting interactional possibilities of bisnitrocom-

pounds with chicken blood ds.DNA at physiological pH 4.7 and human body temperature, 310 K. The results indicated strong

interaction by these symmetric molecules with ds.DNA and strength of binding is found to depend on length of CH2 spacer

group in their molecular structure. Thermodynamics derived from electrochemical binding parameters also favored the irre-

versible interactions. Moreover, threading intercalation mode of binding is suggested based on thermodynamic and kinetic

binding parameters extracted from CV studies.
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INTRODUCTION

Deoxyribonucleic acid (DNA) is a double helical biom-

acromolecule which controls all the life processes. DNA

can be damaged under oxidative conditions, especially by

interaction with molecular radicals and this damage may

lead to various pathological diseases in living organisms

Under oxidative circumstances, the repeating unit of (dou-

ble stranded) ds.DNA may act as free radical and undergo

excessive replications, thus causing cancerous abnormal-

ities.1,2 That is why researchers have great interest in

exploring the binding of small molecular functionalities

targeted to DNA for the rational drug design and in under-

standing their therapeutic efficiency.3−6

A number of research reports are available which address

the toxicity, kinetics of the electroreduction, structure-reactiv-

ity relation of drugs containing nitro-group.7−12 The use of

nitrocompounds as antibiotics, antibacterial, antiprotozoal

and anticancer agent is also focus of many reports.13,14 The

pharmaceutical properties of clinically used nitroaromat-

ics is of interest because of their selective potentiality in

cancer therapy.15−18

Although the binding modes of small nitrocompounds

with DNA have been studied by using various techniques,19−22

the binding of structurally symmetric bisnitroaromatics has

not been explored and needs more elaboration. Electro-

chemical methods especially cyclic voltammetric (CV) is

constantly used to detect the binding of small molecules

with ds.DNA for the rapid, reproducible results. Recently,

Munos et al.23 have demonstrated the formation and sta-

bility of radical and biradical anionic structures in dini-

trobenzene (DNB) using CV technique. These voltammetric

analyses can be used to address the redox pathways in the

nitroaromatic-molecular models because the reduction

products are thought to actually take part in the DNA

binding.24

Herein, we report the interaction of a series of bisni-

trocompounds (N3, N4, N5 and N6) with ds.DNA studied

in 0.1 M acetate buffer (pH = 4.7) by using cyclic volta-

mmetry. The structures are given in Scheme 1 which shows

threading nature due to structural symmetry.25 The elec-

trokinetics of pure bisnitrocompounds is found to be tem-

perature dependent and diffusion controlled. It yielded

information about the dependence of redox phenomenon

upon the diffusion process and size of molecule. Increas-

ing binding tendency with ds.DNA was indicated with the

molecular chain length. “Nitromics” term is suggested for

such binding study of these compounds with ds.DNA based

on the parameters retrieved from CV data.

EXPERIMENTAL

Bisnitrocompounds were synthesized following reported

method.26,27Acetate buffer with pH 4.7 in water-ethanol

(3:7 v/v) was used as the solvent for all measurements which

served as supporting electrolyte, as well. Fresh chicken

blood ds.DNA was extracted in the laboratory by com-

monly used Falcon method.
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Auto-Lab equipped with GPES 4.9 software, Eco-Che-

mie, was used for cyclic voltammetric studies at glassy

carbon electrode (GCE) with an active area of 0.07 cm2 as

working electrode against saturated calomel electrode,

SCE (3 M KCl) as reference electrode with Pt wire as counter

electrode. Background CV for solvent system (blank) was

run in the potential window of selected bisnitrocompounds

which ensured that observed CV is only for electrochemical

(EC) system and not the solvent. Argon gas was purged

during measurements. Three electrode assembly was setup

so as to maintain the vicinity of the working and reference

electrodes for compensation of IR drop. Before each experi-

ment, GCE was polished with fine alumina slurry followed

by thorough rinsing with distilled water and finally with

the working solvent.

The electrokinetics (including heterogeneous rate constant,

diffusion coefficient) of pure bisnitrocompounds were

investigated at various temperatures, scan rates and their

interaction with ds.DNA could be studied at various scan

rates, and the body temperature, 310 K, all in pH 4.7 sol-

vent which also acted as the supporting electrolyte.

RESULTS AND DISCUSSION

CV Profile of Pure Bisnitrocompounds

Cyclic voltammetric investigations were carried out to

observe scan rate effects, diffusional behaviour with respect

to structural variation, the critical scan rate, heterogeneous

rate constants, and effect of temperature on the electrokinet-

ics of pure nitrocompounds. Voltammetric profile could

be clearly connected with their structural subtleties. A sin-

gle oxidation peak (Ep
a I) and two reduction peaks (Ep

c II

and Ep
c III) are observable in the CV responses of all the

studied nitrocompounds as depicted in Fig. 1 for 1 mM N3

in −1.5 to 1.0 V potential window. Background CV for

acetate buffer (as solvent system or blank) was run and

showed no electroactivity in the potential window of N3

bisnitrocompounds EC system. The CV profiles matched

with the reported correlation of the electrochemical responses

of nitrocompounds containing the positional nitro-group(s) in

their structures.28,29 The electrochemical process for reduction

peak at −1.097 V is attributable to nitro-group reduction

product.4 N3-N6 electrochemical (EC) systems were found

to be irreversible from Ep−Ep/2 values and a negative shift

in the cathodic peak position with increasing scan rate from

0.02 to 1 Vs−1.24 The irreversibility could also be envisioned

from the correlation coefficient value of 1 for a plot (not

shown here) between Ep
c (V) and logυ.7

Cyclic voltammetric behaviour of 1 mM of all other bis-

nitrocompounds (N4-N6) offered the same electrochem-

istry under similar conditions of solvent and scan rate with

single anodic peak and two cathodic peaks, Table 1. These

electroactive systems were all irreversible as inferred from

the criteria used for N3 EC system.6 One can apprehend from

Scheme 1. The structures of series of bisnitrocompounds.

Figure 1. Cyclic voltammograms of N3 (1mM) in acetate buffer
pH 4.7 and at 100 mVs−1. Inset A: Effect of scan rate on I-E
response; a) 20, b) 50, c) 100, d) 200, e) 300, f) 400, g) 500, h)
800, i) 1000 mVs−1.
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the CV data that the reduction products once formed in the

cathodic step become electrochemically inactive thus ren-

dering the system as irreversible.7

The irreversibility in CV responses of investigated pure

bisnitrocompounds was attributable to the peak shift (pos-

itively in oxidation and negatively in reduction scan direc-

tion) with increasing scan rate and also the absence of the

reverse peak for the III reduction peak, see Fig. 1.30 Impor-

tantly, the reduction product of the second step is rendered

electro-inactive which may be due to the usual formation

of the amino-hydroxyl analogue.9 Thus the voltammetric

responses of the studied bisnitrocompounds may be cor-

related with two-step EC mechanism as taking place in an

aqueous medium:12,31

              +e
−

R-NO2 F R-NO2
− + 3e− + 4H+→R-NHOH + H2O (1)

               −e
−

Here, the first step is a type of reversible redox production

of anion radical which in aqueous medium, accepts one

more electron along with four protons to form the reduc-

tion derivative, hydroxylamine in the subsequent irrevers-

ible electrochemical (EC) step. The electrochemical (EC)

parameters for all bisnitrocompounds along with αn val-

ues for the prominent cathodic peak only, calculated using

equation: (Ep
c – Ep/2

c
) = 47.7/αn,32 are given in Table 1.

[Here, n can be considered as 3 according to equation 1.

For detailed mechanism, please see Scheme 1 in reference

7. Authors in reference 8 have discussed more details

where n=1 gives best results, see Table 1].

Therefore, the present and reported nitro-typical CV

responses have been termed as “nitromics” for the vol-

tammetric studies on nitroaromatic compounds.

Gileadi’s heterogeneous rate constant (ks,h)

The reactivity and kinetics of electro-reduction and sub-

sequent binding of the reduction products could be assessed

with heterogeneous rate constant, ks,h as determined by

method,33 by using critical rate constant, the υc value. Accord-

ingly, a plot of Ep values versus the logarithm of scan rates

gives a linear trend with relatively less slope at low scan

rates and a second ascending line with greater slope at higher

scan rates which is used to get υc value. Extrapolation of

both curves intersects at a point known as “toe” which corre-

sponds to the log νc. Fig. 2 is plotted between log υ and Ep

values for N3 to graphically know the υc value. Hence,

critical scan rates were used in calculating the heteroge-

neous rate constants, ks,h as given in Table 2 using the fol-

lowing equation:

log ks,h = −0.48α + 0.52 + log
1/2

(2)

where α is the transfer coefficient and Do is the diffusion

coefficient of the electrophore (nitro-group in this case)

with the other usual parameters.

Th heterogeneous rate constant increases linearly with

increasing temperature as shown in inset of Fig. 2. This

facilitated molecular mobility towards electrode with

temperature leading to substantial acceleration in electron

nFανcDo

2.303RT
----------------------

Table 1. Cyclic voltammetric parameters for all bisnitrocom-
pounds

Compounds
Anodic peak, I

(Ep
a –Ep/2

a
) /V

Cathodic peaks (Ep
c – Ep

c
/2 )/V 

αn*

II III

N3 0.159 0.095 0.145 0.33

N4 0.187 0.099 0.153 0.31

N5 0.205 0.110 0.158 0.30

N6 0.211 0.114 0.163 0.29

*For irreversible cathodic peak (III) only.

Figure 2. Functional plot of E versus logυ for the calculation of
critical scan rate at 310 K and pH 4.7. Inset: Effect of temper-
ature on electrokinetics (as ks,h) of N3.

Table 2. Heterogeneous rate constants of bisnitrocompounds at
various temperatures

Hetrogenous rate constant, ks,h (cm s−1) × 103 for all bisnitrocompounds

298 K 303 K 308 K 310 K 313 K

N3 9.23 9.37 9.46 9.51 9.64

N4 7.82 7.95 8.09 8.14 8.21

N5 7.12 7.24 7.33 7.40 7.44

N6 5.95 6.03 6.08 6.13 6.15
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transfer processes renders the EC process as diffusion

controlled.32

Besides the temperature dependent electrokinetics, the

structural subtleties of the studied bisnitrocompounds were

interesting. The heterogeneous rate constant values are appar-

ently affected by the molecular size effect and are observed

to decrease as the −CH2− spacer group in their structure

increased, thus rendering EC process to be diffusion lim-

ited.19

CV Profiles of Bisnitrocompound-DNA Interactions

For fixed concentration (1 mM) of all bisnitrocompounds

(N3 through N6) cyclic voltammograms were recorded in

the potential window range of −1.5−0 V while adding

1 μM to 5 μM DNA in acetate buffered solution (pH 4.7),

310 K and at 0.1 V s−1 (Fig. 3). Ep and Ep−Ep/2 values were

shifted positively by 0.058 V and 0.019 V, when 5 µM DNA

was added to 1 mM of N3 at 100 mV s−1. The pronounced

decrease in peak current and positive shift in the reductive

peak potential is attributable to irreversible behavior7,34

resulting from the intercalation of the planar part of interacting

compound into the stacked base-pair domain of DNA dou-

ble helix.35

Based on the shift of peak potential and decrease in peak

height, the interaction with chicken blood ds.DNA could

be inferred. Upon titration with ds.DNA, shift in peak

position and decrease in peak height is observed up to ~5 µM

DNA addition in N3 system. This saturation point occurred

in all interacting systems but to a different extent as depicted

by the % decrease in the peak currents thus clueing to their

structural influence upon binding with DNA. The percent

decrease in peak current or hypoelectric effect, %I was

calculated using (Eq. 3):

%ΔI = (3)

where Ipo and Ip is the peak current of the reduction peak

III without and with DNA. Firstly, %I is observed to increase

with added ds.DNA. This trend then becomes indepen-

dent after a certain limiting DNA concentration which was

nearly 5 μM in the case of N3 compound. The substantial

diminution in peak current is attributable to the decrease

in free concentration of electrophore due to the formation

of heavy, slowly diffusing, N3-DNA adduct as a result of

strong interactions.

For 5 μM added ds.DNA into 1 mM bisnitrocompound,

the %I trends are in the order: N3 (16%) < N4 (23%) < N5

(24%) < N6 (44%) and are shown for N3 and N6 in Fig. 4

for comparison. This hypoelectric effect (decrease in peak

current due to intercalation) observed upon voltammetric

titration of all the investigated nitrocompounds with DNA

suggested sufficient interaction but a much pronounced

effect by N6.24

The maximum %I was observed for N6 nitrocompound

bound to ds.DNA i.e., ~44%. This trend may be attributable

to mixed mode of binding that is threading intercalation

which includes both intercalation and groove binding interac-

tions. As an outcome of this study, threading intercalation

is being proposed which is strongly dependent upon the

relative increase in the molecular size and spacer chain of

Ip Ipo–( )

Ipo

--------------------- 100×

Figure 3. CV responses for N3 (1 mM) without and with dif-
ferent concentration of DNA at 100 mVs−1. Concentration of
DNA (μM) added are: a) 0.00, b) 1.00, c) 2.00, d) 3.00, e) 4.00, f)
5.00. Inset shows the maximum decrease in current with addition
of 5.00 μM DNA.

Figure 4. Comparative trends of %decrease in current with
increasing [DNA] for N3 and N6.
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bisnitrocompounds. This phenomenon can be comprehended

by comparing the peak currents of N3 and N6 where 5 μM

DNA addition causes about three times decrease in peak

current of N6 electrochemical system compared to N3,

Fig. 4. N6 has more number of methylene spacer groups

and its threading intercalation capacity is highest of all

studied nitrocompounds and hence it binds more strongly

with ds.DNA as compared to N3 thus decreasing the elec-

trophore concentration and its peak current.36

Diffusion Coefficient Calculations

The diffusion coefficients, Do (cm2s−1) of all the studied

electroactive bisnitrocompounds in the absence and pres-

ence of DNA were obtained from CV profiles at scan rate

of 100 mVs−1 and are collected in Table 3 and shown in

Fig. 5. These were calculated by using Randles-Sevcik equa-

tion for an irreversible EC process:37,38

Ip = 2.99×105 n (αnα)1/2 A Co* Do
1/2 ν1/2 (4)

where Ip is peak current in amperes (A), n is the charge

transfer number being one,8 nα is the number of electrons

transferred up to and including the rate determining step,

α being the transfer coefficient, Co is the bulk concen-

tration of the diffusion species in mol cm−3, ν is potential

scan rate in Vs−1. In logarithmic form, slope of this equa-

tion (log Ip versus log υ) should be 0.5 which is also a cri-

terion of diffusion process. The diffusion coefficient is

observed to decrease linearly with the addition of ds.DNA

(Table 3).

While 1 mM each of N3, N4, N5, and N6 was titrated

against DNA (up to 5 μM), the Do values decreased grad-

ually. This trend is according to the expected structural

features i.e., more addition of DNA into a fixed concen-

tration of bisnitrocompounds enhances the intercalative

interactions between them thus increasing DNA-bound

nitrocompound and decreasing amount of free electroac-

tive species. Comparing Do values, the structure and size

of the molecules matter. Here, Do value of N6 molecule is

nearly half order of magnitude compared to 3.67×10−6

mol cm−3 for N3. N6 itself is slowly diffusing specie with

small diffusion coefficient value which is apparently due

to increased hydrophobic alkyl chain that may help in extended

intercalative binding with helical structure of ds.DNA.

The present study indicates a clear trend of decreasing

Do values of small symmetric molecules with their struc-

ture and size. These results correspond to a recent report

where diffusion coefficients of electroreduction products

for various substituted nitrobenzenes varied linearly with

their molecular structure.39

Formation Constants of Bisnitrocompound–DNA Com-

plexes

The interaction of small molecules with a host (mac-

romolecule) results in a bigger complex and the thermo-

dynamic of this complex can yield the information about

binding or formation constant Kf (M
−1). Kf values of bis-

nitrocompound–DNA complexes were determined using

the peak current values and following equation.40

Ip2 = (Ipo
2–Ip2) + Ipo

2 – [DNA]  (5)

Under excess concentration of N3-N6 (mM) and neg-

ligible concentration of ds.DNA (µM), a plot of Ip2 versus

(Ipo
2– Ip2) / [DNA] gives a straight line with a slope equal

to the reciprocal of formation constant. The order of for-

mation or binding constants of the bisnitrocompounds-DNA

complexes obtained by cyclic voltammetric data in M−1 as

follows; 3.3×104 (N3), 5.1×104 (N4), 7.3×104 (N5) and

1

Kf DNA[ ]
-----------------------

Table 3. Diffusion coefficients of nitrocompounds in the absence
and presence of ds.DNA

[DNA]/μM
Diffusion coefficient, Do/cm2s−1×10−6

N3 N4 N5 N6

0.00 3.67 3.37 3.44 1.84

1.00 3.44 3.09 3.19 1.52

2.00 3.19 2.93 2.79 1.23

3.00 3.05 2.77 2.50 0.986

4.00 2.88 2.61 2.27 0.709

5.00 2.43 2.41 2.16 0.469

Figure 5. Trends in diffusion coefficient of bisnitrocompounds
with respect to added ds.DNA.
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1.0×105 (N6). Enhanced binding is also apparent from the

highest value of Kf for N6 which reveals that N6-DNA

complex is the most stable one, may be due to possibility

of its extended interaction with ds.DNA.

The formation constant data and Gibbs equation were

used to evaluate the change in Gibbs free energy, G;

ΔG = −RT ln Kf (kJ mol−1) (6)

The calculated G values for nitrocompounds-DNA com-

plexes are −26.81, −27.88, −28.86, and −29.67 kJ mol−1, for

N3, N4, N5, N6, respectively. The order of magnitude in

G values increase with the respective structure of each bis-

nitrocompounds. The thermodynamics corresponds to the

length of CH2-spacer in their structures and points to

stronger binding of N6 in comparison to N3. The negative

values of G indicate spontaneity of binding of nitrocom-

pounds with DNA, as well.35

Threading intercalation is inferred from the observed

data as well as the corresponding symmetric structures of

the bisnitrocompounds under study, which consist of both

the hydrophobic and the hydrophilic parts necessary for

threading intercalation which is actually wrapping of ds.DNA

by combined effect of intercalation and groove binding

favored by planar and non-planar features in small chained

molecular configurations.41

Binding Site Size Calculations

The binding site size (s) per base pairsof DNA could be

evaluated by using the following equations:31,40

Cb/Cf = Kf {[DNA] / 2s} (7)

Cb/Cf = (I – IDNA) / IDNA (8)

where Cb/Cf is the concentration ratio of bound and free

bisnitrocompounds. Binding site-sizes are numbers of free

base pairs (bp) in ds.DNA interacting with the guest, bis-

nitrocompound. The number of site-sizes of ds.DNA bound

with bisnitrocompounds gradually increased with the size

of the molecules in terms of CH2-spacer group.39,40 Bind-

ing site (s) is in the increasing order: 0.94 (N3) < 1.14 (N4)

< 1.2 (N5) < 1.43 (N6) which again points to the enhanced

threading intercalation by N6 compound.

CONCLUSIONS

The electrokinetics including heterogeneous rate constant

of pure bisnitrocompounds was studied using Gileadi’s

method at various temperatures and it showed tempera-

ture-facilitated electron transfer process. All the EC sys-

tems are diffusion controlled. Nitrocompounds interacted

with ds.DNA via threading intercalation,36 as indicated by

the shift of peak potentials where intercalated complex is

supposed to form between ds.DNA and the reduction

products. Hypoelectric effect observed upon addition of

DNA in the voltammetric profile of the investigated bis-

nitrocompounds suggested sufficient interaction.24,41

The diffusion coefficients of free and bound nitrocom-

pound, percent decrease in current, free energy change (ΔG)

of nitrocompound-DNA complex were also obtained, which

ascertained the greater affinity of N6 with DNA as com-

pared to other studied bisnitrocompounds apparently due

to longer alkyl chain with enhanced hydrophobicity. Keeping

in mind the structures of investigated nitrocompounds, the

CV responses, binding constants and resulting thermo-

dynamaics in the presence of ds.DNA, threading interca-

lation was suggested to be dominent mode of interaction.

The structurally favoured interactions of such nitrocom-

pounds with ds.DNA could be efficiently addressed using

CV technique and is termed as “Nitromics”.

Acknowledgments. Quaid-i-Azam University, Islam-

abad is highly acknowledged for Department of Chemistry.

Authors are also grateful to Dr. Safeer Ahmed, Assistant

Professor for lab support. And the publication cost of this

paper was supported by the Korean Chemical Society.

REFERENCES

 1. Havelka, A. M.; Berndtsson, M.; Olofsson, M. H.; Shos-

han, M. C.; Linder, S. Mini-Reviews Med. Chem. 2007, 7,

1035.

 2. Buschini, A.; et al. Journal of Parasitology Research

2009. DOI: 10.1155/2009/463575

 3. Carbajo, J.; Bollo, S.; Vergara, L. J. N.; Navarrete, P.; Squella,

J. A. J. Electroanal. Chem. 2000, 494, 69.

 4. Jiang, X. H.; Lin, X. Q. Bioelectrochem. 2006, 68, 206.

 5. Montazerozohori, M.; Sedighipoor, M.; Joohari, S. Int. J.

Electrochem. Sci. 2012, 7, 77.

 6. Shahabadi, N.; Kashanian, S.; Mahdavi, M.; Sourinejad,

N. Bioinorg. Chem. Appl. 2011, 2011, 525794.

 7. Zhang, D. P.; Wu, W. L.; Long, H. Y. Int. J. Mol. Sci. 2008,

9, 316.

 8. Mohammad, M.; Rauf, A.; Rauf, S.; Tariq, M. Phys. Org.

Chem. 2012, 25, 1269.

 9. Pouretedal, H. R.; Keshavarz, M. H. J. Iran. Chem. Soc.

2011, 8, 78.

10. Ravi, P.; Tewari, S. P. Struct. Chem. 2012, 23, 1953.

11. Kalanur, S. S.; Seetharamappa, J.; Katrahalli, U.; Kanda-

gal, P. B. Inter. J. Electrochem. Sci. 2008, 3, 711.

12. Mandal, P. C. J. Electroanal. Chem. 2004, 570, 55.

13. Paula, F. R.; Trossini, G. H. G.; Ferreira, E. I.; Serrano, S.

H. P.; Menezes, C. M. S.; Tavares, L. C. J. Braz. Chem.



Bisnitroaromatic Compounds-DNA Interaction 159

2014, Vol. 58, No. 2

Soc. 2010, 21, 740.

14. Aravena, C. M.; Figueroa, R.; Olea-Azar, C.; Aran, V. J.

J. Chil. Chem. Soc. 2010, 55, 244.

15. Mital, A. Sci. Pharm. 2009, 77, 497.

16. Joseph, R.; Kumar, K. G. Anal. Lett. 2009, 42, 2309.

17. Padda, R.; Wang, C.; Hughes, J.; Kutty, R.; Bennett, G. Envi-

ron. Toxicol. Chem. 2003, 22, 2293.

18. Wilson, R. W.; Hay, M. P. Nature Reviews Cancer 2011,

11, 393.

19. Zhang, G.; Guo, J.; Pan, J.; Chen, X.; Wang, J. J. Mol.

Struct. 2009, 923, 114.

20. Vitorino, J.; Sottomayor, M. J. J. Mol. Struct. 2010, 975,

292.

21. Rachelin, Y. P.; Nair, L. P.; James, C. J. Mol. Struct. 2012,

1036, 56.

22. Tong, C.; Xiang, G.; Bai, Y. J. Agric. Food Chem. 2010,

58, 5257.

23. H-Muñoz, L. S.; et al. Electrochim. Acta. 2010, 55, 8325.

24. Haider, A.; Akhter, Z.; Jabeen, F.; Janjua, N. K.; Bolte,

M. J. Mol. Struct. 2011, 994, 242.

25. Takagi, M., Pure Appl. Chem. 2001, 73, 1573.

26. Khan, M. S. U.; Akhter, Z.; Bolte, M.; Butt, M. S.; Sid-

diqi, H. M. Acta Cryst. 2009, E65, 946.

27. Khan, M. S. U.; Akhter, Z.; Naz, T.; Bhatti, A. S.; Siddiqi,

H. M.; Siddiq, M.; Khan, A. Polym. Int. 2013, 62, 319.

28. Mendkovich, A. S.; Syroeshkin, M. A.; Mikhailov, M. N.;

Rusakov, A. I. Russ. Chem. Bull. 2010, 59, 2068.

29. Arshad, N.; Janjua, N. K.; Ahmed, S.; Khan, A. Y.; Skib-

sted, L. H. Electrochim. Acta 2009, 54, 6184.

30. Navratil, T.; Barek, J.; Sebkova, S. F. Electroanalysis 2009,

21, 309.

31. Carter, M. T.; Rodriguez, M.; Bard, A. J. J. Am. Chem.

Soc. 1989, 111, 8911.

32. Bard, A. J.; Faulkner, L. R. Electrochemical Methods;

Fundamentals and Applications: John Wiley: 1980.

33. Gileadi, E.; Eisner, U. J. Electroanal. Chem. 1970, 28, 81.

34. Wang, S.; Peng, T.; Yang, C. F. Biophys. Chem. 2003, 104,

239.

35. Arshad, N.; Farooqi, S. I.; Bhatti, M. H.; Saleem, S.; Mirza,

B. J. Photochem. Photobiol. B: Biology 2013, 125, 70.

36. Takagi, M.; Yokoyama, H.; Takenaka, S. Inclusion Phe-

nomenon. Mol. Recognit. Chem. 1998, 32, 375.

37. Randles, J. E. Trans. Faraday. Soc. 1948, 44, 327.

38. Sevick, A. Collect. Czech. Chem. Commun. 1948, 13, 34964.

39. Valencia, D. P.; González, F. J. J. Electroanal. Chem. 2012,

681, 121.

40. Aslanoglu, M. Anal. Sci. 2006, 22, 441.

41. Hajian, R.; Tavakol, M. Eur. J. Chem. 2012, 9(1), 471.


