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Abstract 

In   this   paper   are   presented   studies  on   the   leveling   effect  of   midazolam {8 
- chloro - 6 - (2 - fluorophenyl) - 1 - methyl - 4H - imidazo[1,5-a][1,4]benzodiazepine}, and  
streptomycin  {5 - (2,4 - diguanidino - 3,5,6 - trihydroxy- cyclohexoxy)- 4 -[4,5- dihydroxy - 
6 - (hydroxymethyl) - 3 - methylamino- tetrahydropyran - 2 - yl]oxy - 3 - hydroxy - 2 - 
methyl- tetrahydrofuran - 3 - carbaldehyd}, in a Watts nickel electroplating bath, manifested 
by the increase of cathode polarization. These drugs were chosen because their 
pharmaceutical formulation of the commercial product contains only pure compound, without 
excipients. 
 
Introduction 

Watts nickel bath was discovered over 100 years ago [1] and it is still maintaining 
actuality and interest for the electrochemists thanks to the anticorrosive efficiency of nickel 
coatings [2] and ornamental effect [3] as well as due to the possibility of obtaining 
nanostructures and materials with special proprieties [4]. Nickel coatings are also used as 
substrate for hydrogen evolution reaction [5,6]. 

The composition of the deposition bath influences the quality of nickel deposits, such 
as hardness, internal stress, compactness and brightness, which can be enhanced by adding 
various agents [7]. Some of the well-known additives are aromatic compounds [8]. The drugs 
hereinbefore contain only active substance, without any excipients, reason why these studies 
are based on the use of expired drugs as additives in electrodeposition from Watts bath. 
 
Experimental 

Electrochemical studies were carried out using Biologics SP 150 and AUTOLAB 
302N potentiostat/galvanostats, in a three-electrode electrochemical cell, consisting of 
working electrode (Pt, Cu, or Ni), two graphite roads as counter electrodes and Ag/AgCl as 
reference electrode (EAg/AgCl = 0,197 V). 

Experiments  were  performed  in  0,5 mol L-1 Na2SO4, SB (0,5 mol L-1 Na2SO4 + 30 g 
L-1 H3BO3) solutions and  Watts  bath (300 g L-1 NiSO4·6H2O + 60 g L-1 NiCl2·6H2O + 30 g 
L-1 H3BO3), with different concentrations of additive – midazolam or streptomycin (10-6 ÷ 10-

3 mol L-1).  
 
Results and discussion 

Preliminary information about the electrochemical behavior of midazolam and 
streptomycin were determined by cyclic voltammetry. It has been observed how expired drugs 
influence electrode processes. 

In these studies, Pt electrode as working electrode was used. The base curve, obtained  
in  blank  solution  presents  the  characteristics  of  polarization  curves drawn in  
0,5 mol L-1 Na2SO4. Further, the electrolyte solution was acidified with 30 g L-1 H3BO3, 
reaching the same pH as in the Watts bath (pH = 3,5 ÷ 4,5). 

In figure 1  there are  presented cyclic voltammograms  recorded with a  scan  rate  of 
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50 mV s-1, on Pt as working electrode, in 0,5 mol L-1 Na2SO4 (a) and SB (0,5 mol L-1  Na2SO4 
+ 30 g L-1 H3BO3) (b), without and with 10-4 mol L-1 midazolam. 

  
a) b) 

Fig. 1. Cyclic voltammograms (5 cycles) on Pt electrode in a) 0,5 mol L-1 Na2SO4 and  
b) SB, without and with 10-4 mol L-1 midazolam.  

 
From the above figure it can be observed the inhibitory effect of the drug on 

electrochemical processes. 
 

Conclusion 
Experimental studies presented in this paper shows that both midazolam and 

streptomycin can be used as leveling additive in nickel Watts bath, manifesting inhibiting 
effect for the cathodic process of nickel deposition. 
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