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S-a realizat un studiu electrochimic prin voltametrie ciclica si voltametrie cu 

impulsuri de potential pentru trei noi complecsi de Ni si Zn cu dipiridina si cisteina. 

An electrochemical study of three new Ni and Zn dipyridine cysteine 
complexes was performed by cyclic and differential pulse voltammetry. 
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1. Introduction 
 

The research in the field of biomolecules is very important as they play a 
key role in basic life processes. Due to the complexity of their structure, 
properties and functions, the researchers imagined simple molecular models for 
the active site of metalloenzymes [1]. 

The nickel enzymes are fewer than the greater number of enzymes 
containing iron or zinc. The formal oxidation state is difficult to determine, for 
nickel sites in proteins, owing to the charge delocalization. However, simple 
model complexes are useful to establish the effect of different ligand types [2]. 

The Ni(II) ions are characterized by higher affinity toward nitrogenous-
based ligands than the Zn(II) ions [3-8] and this explains the requirement for 
Ni(II) ions, instead of the more common Zn(II) in hydrolytic enzymes.  

The aminoacid cysteine is the most frequently occurring ligand of nickel 
in the active centre of nickel containing enzymes. Sulfur coordination is an 
important feature in metalloenzymes and the covalency and soft environment are 
possible prerequisites for efficient charge transfer. 
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Aromatic diimines, such as 2,2’-dipyridine, provide a ligand-ligand 
charge-transfer (LLCT) absorption with particularly large solvatochromic shifts of 
complexes [9]. A wide variety of thiolates and dithiolates are known to coordinate 
the transition metals and several of these have been utilized for square-planar 
mixed-ligand systems.  

This paper deals with the characterization of two new types of complexes 
[M(dpy)(Cys)2] and [M(dpy)(MeCys)2], (where  M = Ni and Zn) that may be 
considered as simple models for an active site of a nickel enzyme. 

2. Experimental 

Acetonitrile (Rathburn, HPLC grade) and tetra-n-butylammonium 
perchlorate (TBAP) from Fluka were used as received for solvent and supporting 
electrolyte, respectively. The investigated complexes: Ni(dpy)(cys)2 (1); 
Ni(dpy)(cysMe)2 (2) and Zn(dpy)(cys)2 (3), where dpy is dipyridine, cys is 
cysteine and cysMe is cysteine methylic ester, were obtained by specific chemical 
reactions [10], while Ni(dpy)2 (4) was from Fluka.  

Structure and physical characteristics of these complexes were confirmed 
by FT-IR data and measurements of electrical conductivity [5]. 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) 
experiments were conducted in a conventional three-electrode cell under argon 
atmosphere at 20oC using a PGSTAT 12 AUTOLAB potentiostat. 

The working electrode was a glassy carbon disk (2-mm diameter) polished 
with 200 µm diamond paste. An Ag/10mM AgNO3 in CH3CN+ 0.1 M TBAP 
system was used as reference electrode. All the elctrode potentials were referred 
to the value of ferrocene/ferricinium (Fc/Fc+) potential, which was 0.07 V in our 
experimental conditions. 

CV curves have been obtained at the scan rate of 0.1 V/s. DPV curves 
were recorded at 10mV/s with a pulse height of 25mV and a step time of 0.2 s. 
The experiments have been usually performed at room temperature (20oC). 

3. Results and Discussion 

The properties of three new dipyridine cysteine complexes: Ni(dpy)(cys)2 
(1); Ni(dpy)(cysMe)2 (2) and Zn(dpy)(cys)2 (3) have been compared with those of 
the known complex Ni(dpy)2 (4), which has been studied in the same conditions 
as 1-3. The electrochemical behavior of these complexes was studied in 
acetonitrile as solvent with 0.1 M TBAP as supporting electrolyte.  

As Figures 1-3 show, the DPV study for each new compound at different 
concentrations (0.5 – 3 mM) enabled the measurement of anodic and cathodic 
peak potentials and currents, while the CV study, which was performed at 
different concentrations and potential ranges, enabled the characterization of each 
electrochemical step. As the concentration increases, as the peak current values 
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increase in CV and DPV experiments. However, the poor solubility in acetonitrile 
of the complexes leads to difficulties to get linear variations of the peak currents 
vs concentration. 
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Fig. 1. DPV (A) and CV (B, C) at (0.1 V/s) curves for Ni(dpy)(cys)2 1 at different concentrations 
and scan ranges in 0.1 M TBAP, CH3CN; glassy carbon disk electrode (2 mm in diameter). 
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Fig. 2. DPV (A) and CV (B, C) at 0.1 V/s curves for Ni(dpy)(cysMe)2 2 at different concentrations 
and scan ranges in 0.1 M TBAP, CH3CN; glassy carbon disk electrode (2 mm in diameter). 

 
 
 



Electrochemical study of new dipyridine cysteine complexes 
 

51 
 

51

-3 -2 -1 0 1 2 3

0,0

1,0x10-4

1c'2c'3c'

1c2c
C

3c

E(V)

[S3] = 3 mM; 0.1 V/s

-3 -2 -1 0 1 2 3
-1,0x10-5

0,0

1,0x10-5
i(A

)
i(A

)

 0 mM
 1 mM
 2 mM
 3 mM

3c2c 1c

i(A
)

A

-3 -2 -1 0 1 2 3

0,0

1,0x10-4

B
3c 2c 1c

 
 

Fig. 3. DPV (A) and CV (B, C) at 0.1 V/s curves for Zn(dpy)(cys)2 3 at different concentrations 
and scan ranges in 0.1 M TBAP, CH3CN; glassy carbon disk electrode (2 mm in diameter). 

 
Both anodic and cathodic curves are represented in these figures, where as 

the background is represented with a dotted line. The redox processes are best 
identified as peak potentials by DPV method which enables the establishing of the 
real number of electrochemical processes. 
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The compound 1 (Fig.1) shows in DPV five anodic processes (1a – 5a) and 
four cathodic processes (1c – 4c). These processes are partially seen by CV 
method, too. By studying the influence of the scan range we notice that all the 
anodic processes are irreversible. The cathodic processes 1c and 2c are 
irreversible while 3c and 4 c are quite reversible, having small counter peaks 
(denoted with ’) which appear in the reverse scans, 3c’ and 4c’, respectively. 

The compound 2 shows four anodic irreversible processes and four 
cathodic processes. Regarding the degree of irreversibility, the cathodic processes 
1c and 2c are irreversible, while 3c and 4c are quasireversible processes (small 
counter peaks appear in the return scans 3c’, 4c’). 

The compound 3 has shown no anodic processes, although it presents three 
cathodic reversible processes 1c-3c; each of them having a cathodic counter peak 
in the reverse scans 1c’-3c’. 
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Fig. 4. DPV curves (A) and CV curves at 0.1 V/s on different scan ranges (B) for Ni(dpy)2 4 at the 
concentration of 1 mM in 0.1 M TBAP, CH3CN; glassy carbon disk electrode (2 mm in diameter). 
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Figure 4 presents the characterization of Ni(dpy)2 complex (compound 4). 
It shows two anodic and two cathodic processes 1a, 2a, 1c, 2c. The anodic process 
1a is a reversible process (it presents a counter peak 1a’ in the reverse scan), while 
2a is an irreversible process. The cathodic processes 1c and 2c are reversible 
processes (having counter peaks 1c’, 2c’ in the reverse scans). 

In order to perform a comparison between substrates the electrochemical 
characteristics of the new investigated complexes have been compared with the 
ones belonging to the known complex 4, [Ni(dpy)2]. The comparison between the 
CV and DPV curves of the two complexes is given as example in Figure 5. 
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Fig. 5. The comparison between the DPV (A) and CV(B) curves for  2, [Ni(dpy)(cysMe)2] and 4, 
[Ni(dpy)2]; the same experimental conditions as in Figs. 2 and 4. 

 
 

Looking at the cathodic domain, it is observed from Fig. 5 that 4 presents 
two redox couples (corresponding to: dpy/dpy.-; dpy.-/ dpy2-) and a sharp branch 
for the reduction of the metal (Ni2+/Ni0), while 2 presents three redox couples; for 
this compound the couple Ni 2+/Ni0 is not seen until a very negative value of the 
elctrode potential -3V, and consequently the metal is harder to be reduced in this 
complex than in 4. In the anodic domain 4 shows two peaks, while 2 shows four 
peaks. The results obtained by CV and DPV (Fig. 5)  are in agreement concerning 
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the number of processes. By replacing dpy with cysMe, the reduction potential of 
Ni complexes shifts towards less negative values, and the oxidation potential 
shifts towards less positive values. Thus, from the comparison between 1, 
[Ni(dpy)(cys)2] and 4, [Ni(dpy)2], it results that the increase of the ligands number 
makes the complex more oxidisable and the metal becomes more difficult to be 
reduced.  

The comparison between 1 and 2 sugests that the replacing cys with 
cysMe does not lead to significant changes of oxidant or reductant character of 
complexes.  

From the comparison between 1 and 3, we can see that the ligands are 
easier to be reduced in Ni complexes than in Zn complexes. The ligand is easier to 
be oxidized in Ni complex whereas it is stable in Zn complex.  

 
4. Conclusions 

 
Investigation of the electrochemical properties of some dipyridine cysteine 

complexes by cyclic and differential pulse voltammetry shows that these 
electrochemical properties vary according to the number and nature of the ligands. 
By replacing dipyridine with cysteine, as ligand, the Ni and Zn complexes become 
more oxidizable and reductible.  
 
 

Acknowledgments 
 

This work was partially financed by Romanian research projects CNCSIS 
87 and CNMP, REMORESE 71-067. 
 
 

R E F E R E N C E S 

[1] N.J. Brownless, D.A. Edwards, M.F. Mahon, Inorg. Chim. Acta 287, 89-94, 1999.  
[2] H.J. Kruger, R..H. Holm, J. Am. Chem. Soc. 112, 2955-2960, 1990. 
[3] S. Ciurli, Coordination Chemistry Reviews 190-192, 331-335, 1999. 
[4] P.J. Desrochers, S. LeLevre, R. Johnson, B. Lamb, A.L. Phelps, A.W. Cordes, P. Cramer, 

Inorg. Chem. 42, 7945-7948, 2003. 
[5] D. Barcondeau, C. Kassmann, C. Bruns, J. Tainer, E. Getzoff, Biochemistry 43, 8038-8047, 

2004. 
[6] J. Desrochers, J.R. Grown, M.E. Arvin, G.D. Jones, D.A. Vicic, Acta Cryst., 61, 1455-1458, 

2005. 
[7] J. Heddle, D.J. Scott, S. Unzai, J.R.H. Tame, J. Biological Chemistry, 278, 50322-50329, 2003. 
[8] Bunsho Kure, Takahiro Matsumoto, Koji Ichikawa, Tatsuhiko Yagi, Seiji Ogo, Dalton Trans, 

4747-4755, 2008. 
[9] J.S. Strukl, J.L. Walter, Spectrochim. Acta 27A, 223-238, 1971.  
[10] L. Bancu, O. Carp, N. Stanica, I. Jitaru, Revue Roumaine de Chimie, 51, 497-502, 2006.  


