
 
 

 

  
Abstract—Silver ions (Ag+) are converted electrophoretically 

from colloidal solution in two stages. Pre-existing ions are first 
released to an adjoining cathodic chamber with the application 
of DC 300 V. The remaining silver nanoparticles are also moved 
to this chamber after they convert to additional silver ions. The 
ionic strength here reaches a peak at 0.9 hours. At this point, all 
silver in the anodic chamber, initially housing the colloidal 
solution, is depleted. Conductivity study details the system’s 
activity. The arc discharge method for colloidal silver 
production which is capable of maintaining the nanoparticles in 
suspension (in DI-water) without adding any conventional 
chemical surfactants, allowing for accurate interpretation of 
experiment results. 
 

Index Terms—Conductivity measurement, electrochemical 
processes, electrophoresis, ions, membranes, silver, ultraviolet 
spectroscopy.  
 

I. INTRODUCTION 
Silver’s role as an effective antimicrobial agent has been 

well established [1]. It can control a wide variety of yeast, 
fungi, viruses, methicillin- and vancomycin- resistant 
bacteria [2]. Human health care providers have used silver 
for diverse purposes for several thousand years [3], however 
it fell out of use in the last century due to its high cost and the 
introduction of antibiotics. The development of nano-scale 
techniques for silver production now promises resurgence in 
the medical use of silver. Nanoparticles have a large surface 
area to volume ratio, increasing the ability to interact with 
other substances at a low cost. Surprisingly, the rise of 
pathogen resistance to antibiotics makes the exploration of 
new alternatives essential. 

Silver’s exact antimicrobial mechanism is unknown. It has 
been determined yet, however, that the free silver ion is the 
active agent, with evidence that silver’s antibacterial activity 
is directly proportional to the amount of silver ions released 
[4]. These ions exhibit an oligodynamic effect by denaturing 
proteins in prokaryotic cells, typical of microorganisms. 
Mammalian cells are eukaryotic and so display a strong 
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un-susceptibility to silver’s effects, creating the use of silver 
in treating human disease safe [5]. 

Though many medical applications for this powerful 
property have been tried through techniques such as silver 
plating [6], results have been limited perhaps due to their 
insufficient surface area and resulting inability to generate 
sufficient quantities of ionic silver. As it has been confirmed 
that mode and rate of release are related to the antibacterial 
effectiveness [7], a method for controlling ion release from 
nanoparticles holds great promise in uses such as targeting 
specific wound areas vulnerable to infection. 

II. EXPERIMENTAL METHODS 

A. Preparation of the silver colloid 
Several methods of silver (Ag) nanoparticles fabrication 

exist. Conventional methods add chemical surfactants to 
maintain a colloidal suspension, leaving these undesired 
chemicals in the solution after fabrication is complete. The 
arc discharge method [8], [9], however, is relatively 
inexpensive. Additionally, any experimental data obtained 
using these colloids can be confidently measured, as there is 
no interference from any additional stabilizers.  

The Ag colloids used in this experiment were fabricated 
with the five modules of arc discharge system, shown in Fig. 
1. These modules include a 150 Volt DC power supply, two 
silver electrodes (1 mm diameter), a glass container with 
deionized water to collect the colloid, a stirring system and a 
servo control system with a servo feedback loop to maintain a 
constant gap distance (20-40 µm) in between silver 
electrodes.  

 

 
Fig. 1.  Arc-discharge apparatus. 
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The power supply system provides a stable pulse voltage 
to etch the Ag electrodes by ionizing the aqueous medium. 
Ionization in the gap (10-40 µm) is reached after 1-3 µs,. 
Here, the pulse is maintained at a high open voltage of 
80-120 V. Once the medium is ionized, a large discharge 
current passes through, bringing the applied voltage down to 
a range of 25-40 V. The on/off discharge pattern is 
maintained all the way through the entire etching process. 
Calculation of the energy level is determined, using (Energy) 
= (Voltage) * (Current) * (Time). By tracking this energy 
level, the related amount of consumed electrode per energy 
used can be calculated. This in turn, gives information on 
amount of nanoparticles formed and solution concentration. 
Due to the nature of colloidal solutions, silver ions are also 
fabricated, and are supported by counterions present in the 
water medium, belonging most likely to the hydroxyl group 
(OH-).  

 

B. Electrophoresis setup 
The electrophoresis was performed using two glass bottles 

(600 cm3) positioned horizontally with a membrane between 
them, silicone rings to hold the bottles together, and metal 
electrode wires (99.99%, Gredmann). Inert platinum was 
chosen for both electrodes because it reacts minimally with 
water and presents no toxicity to any situation that the end 
product may be applied to. Colloidal silver solution with a 
yellow tint (400 cm3) was placed in the anodic chamber with 
the anode sticking in through a hole in the bottle, and 
deionized water (400 cm3, pH = 6.5, conductivity = 0.7 
µS/cm) was placed similarly in the cathodic chamber with the 
cathode. Cellophane was used as a membrane between the 
bottles, and its semi-permeability allows for ions to pass 
through, but not particles or large molecules. Magnetic spin 
bars were placed in the bottom of both bottles to ensure the 
solutions’ homogeneity, eliminating the concentration 
variable when monitored by the measuring devices placed 
within the bottle. Lastly, a 300 Volt DC power supply 
connected to a current meter was used to provide voltage 
across the electrodes for three hours. The complete system is 
shown in Fig. 2. Electrical conductivities (µS/cm) of the two 
solutions were recorded as the indicators of silver activity.  

 
 

 
Fig. 2.  Electrophoresis system for the production of Ag+. 

 

III. RESULTS AND DISCUSSION 
As soon as voltage is applied to the initial system (Fig. 3a), 

the first stage (Fig. 3b) of electrophoresis begins. Here, 
existing Ag+ are removed from the colloidal solution, as they 
move rapidly to the negatively charged cathode. Upon 
contact, the silver ions regain an electron and convert to 
atomic form, as seen by the increasing formation of dendrites 
on the rod.  

In the second stage (Fig. 3c), all silver nanoparticles 
dissociate into ionic form, and likewise rush towards the 
cathode, leaving a water solution free of silver nanoparticles 
and ions in the anodic chamber. The final cathodic chamber 
product is an ion-rich solution that can be applied directly 
into various settings requiring an antimicrobial agent. 
Though it is possible that some resistance may eventually be 
formed against silver atoms that restrain its ion release, no 
pathogenic organisms have succeeded in developing 
immunity to Ag+ itself [10]. This entire electrophoresis 
process could be integrated into a wound dressing so that the 
ions released in stage one neutralize the Cl- ions abundant in 
wound exudates. Then the ions released in stage two would 
be free to kill the bacteria. Good performance of wound 
dressings with silver is dependent on a continuous controlled 
rate of silver ion release, which could be achieved by 
monitoring the current level and using a feedback loop to 
adjust voltage accordingly. 
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Fig. 3.  Electrophoresis stages. (a) Initial: before voltage is 
applied (b) Stage one: 0-30 minutes after voltage is applied. 
The nanoparticles are too big to pass through the membrane 
holes, and therefore must stay on the anodic chamber. (c) 
Stage two: 30-180 minutes after voltage is applied. The 
yellow color steadily weakens until the anodic chamber is 
completely transparent. 
 

Conductivity measurements, shown in Fig. 4, confirm the 
shift in ionic activity from the anodic to the cathodic chamber. 
The shift begins in stage one, when the anodic chamber 
conductivity decreases as the ions move to the cathodic 
chamber. The cathodic chamber conductivity reaches a small 
plateau around the beginning of stage two (~0.5 hours) as the 
pre-existing supply of ions is depleted and the nanoparticles 
begin to dissociate. This then reaches a peak at 0.9 hours (54 
minutes), which is not as high as that initially measured on 
the anodic side. Although more ions reach the cathodic side 
than were initially present in the colloidal solution, most of 
them quickly attach onto the cathode, rapidly converting to 
atomic form. A method that prevents the conversion of ionic 
to atomic form at the cathode would allow the cathodic 
chamber peak to increase beyond the initial anodic chamber 
peak and provide a solution with much higher ionic 
concentration. 
 

 
Fig. 4.  Anodic and cathodic chamber conductivities indicate 
changes in ionic activity, which delineate stages 1 (0.0-0.5 
hours) and stages 2 (0.5-3.0 hours). 
 

IV. CONCLUSION 
A two stage method is presented for conversion of 

colloidal silver nanoparticles to a purely ionic solution. The 
sole governing parameters are amount of applied voltage and 
type of membrane, making the rate of release quite 
controllable. The first stage of the process involves the 
separation of pre-existing silver ions from the colloidal 
solution, as they move towards the cathode. In the second 
stage, the nanoparticles are broken down into additional ions, 
and also moved into the cathodic chamber. Conductivity 
measurements confirm these results. An ionic silver solution 
holds potential for introduction into a number of 
antimicrobial applications, as does a monitored rate of silver 
ion release. By controlling the transformation from colloids 
to ions, the method developed here opens the door for further 

study and application of silver. 
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