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Abstract 

Water disinfection is important in wide range of applications, like in laboratory, swimming pools and drinking water 
supplies. There are two major ways to disinfect water: UV radiation for laboratories and smaller drinking water supplies, 
and Chlorine treatment for swimming pools and larger water supplies. Here, we are trying to find out if there is any 
common mechanism between UV radiation and Chlorine water disinfection processes. By applying the Resonant 
Recognition Model (RRM), we have found out, here, that there is a possibility for Chlorine chemical reaction to be based 
on resonant energy transfer and that this resonant energy transfer is at the specific wavelength range same as UV 
radiation wavelength range used for water disinfection. These results are giving new perspective to possibility that 
molecular interactions/chemical reactions are based on resonant energy transfer at specific wavelength, which 
determines the specificity of their activity and not on their aggregate state. We postulate that interaction of particular 
chemical with surrounding structures is based on electromagnetic energy transfer between interacting entities. 
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1. Introduction

Disinfection of water from small laboratory amounts all the way up to larger amounts, like in swimming pools and 
drinking water supplies is huge problem. For small laboratory amounts of water usually the ultraviolet (UV) radiation 
is used, while for the larger volume of water usually the Chlorine treatment is used. 

In laboratory settings, UV water purification process disinfects water by exposing it to UV radiation, with the aim to 
inactivate microorganisms like bacteria and viruses. UV systems are also commonly used in various industries, for water 
purification and sanitation. This process is a chemical-free and environmentally friendly method of water treatment [1]. 

UV water disinfection primarily occurs because UV radiation in the range of 200–280nm is destroying microorganisms 
[1]. UV irradiation directly destroys the DNA of microorganisms and acts on pyrimidines in DNA, destroying the double 
helix structure of DNA where pyrimidine is located, consequently killing bacteria [2,3]. Therefore, UV irradiation causes 
microbial DNA to lose its chemical and physical structural properties, inhibits the production of molecules necessary 
for microbial growth, and thus prevents DNA replication, leading to bacterial and other microorganism death [4,5].  

On the other hand, Chlorine is widely used in disinfection of large volumes of water, like in swimming pools and water 
supplies, as a very effective and cheap process. Chlorine (Cl) is a chemical element, a yellow-green gas at room 
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temperature with a strong irritating smell. It is a highly reactive chemical, which is essential for sanitation and public 
health, and is widely used in the treatment of water and wastewater [6-8]. 

Water chlorination is the process of adding Chlorine or chlorine compounds to water. This method is used to kill 
bacteria, viruses and other microorganisms that can cause waterborne diseases such as cholera, dysentery, and typhoid 
[6-8]. Chlorine is commonly used disinfectant in drinking water treatment to provide continuous disinfection from the 
treatment plant to the consumer's tap, ensuring water remains safe for drinking. Chlorine is also commonly used to 
disinfect water in swimming pools to kill bacteria, viruses, and algae, to ensure safe and clean swimming environment. 
In addition, Chlorine works by reacting with organic impurities in the water like sweat, urine, and body oils, oxidizing 
them and breaking them down into harmless byproducts [6-8]. 

Interestingly both UV radiation and Chlorine have similar effects in disinfecting water by killing bacteria, viruses, other 
microorganisms and chemically reacting with organic impurities. Thus, it is puzzling to find out if there is any common 
mechanism for UV radiation and Chlorine activity on water disinfection. For that purpose, we have used here the 
Resonant Recognition Model (RRM), which proposes that molecular interactions are based on resonant energy transfer. 
We have used the RRM model to calculate the resonant energy of Chlorine and compare it with the energy of UV 
radiation. 

2. Methods: Extended Resonant Recognition Model for Small Molecules  

The Resonant Recognition Model (RRM) is biophysical, quantum physics, model that proposes molecular interactions 
to be based on resonant energy transfer between interacting molecules. It was initially established for analysis of 
protein interactions with other proteins and DNA/RNA. The RRM model is based on findings that certain 
periodicities/frequencies within the distribution of energies of free electrons along the protein are strongly correlated 
with the protein biological function/interaction [9-16]. However, the initially established RRM approach has been only 
applied to large linear macromolecules like proteins and/or DNA/RNA [9-15]. We have recently extended the RRM 
model for small molecules [16,17], where we proposed that small molecules also recognize their targets on the distance 
and interact through electromagnetic resonant energy transfer enabling specific activity. To expand the idea of 
electromagnetic resonant recognition to small molecules and their interaction with proteins, RRM model has been 
extended by calculating electromagnetic frequencies of free electron energies within the small molecules [16,17]. 

For that purpose, we have proposed that energies of free electrons in small molecules are the most relevant for such 
resonant energy transfer and can be calculated as the electron-ion interaction pseudo-potential (EIIP) of small molecule 
using the following semi-empirical formula as developed by Veljkovic [18-20]: 

< k + q |w| k > = 0.25 x Z x sin (π x 1.04 x Z) / (2 x π) 

where q is change of momentum of delocalized electron in the interaction with potential w (EIIP) in Rydberg (Ry = 2.18 
x 10-18 [J]), while Z is average valence number over the whole small molecule. 

The corresponding electromagnetic wavelength for this energy can be calculated using de Broglie formula as follows: 

            λ = (h x c) / E in vacuum, where c is speed of light (c = 2.998 x 108 [m/s]) and 

λ = (h x v) / E in other materials, where v is speed of light in materials other than vacuum 

where λ is wavelength of light [nm], h is Planck constant (h = 6.626 x 10-34 [Js]), E is energy [J] of free electrons within 
small molecules.  

All biological processes and interactions are taking place within water and/or biological materials and thus speed of 
light will depend on refraction index within these materials 

v = c / n 

where v is speed of light in materials other than vacuum, c is speed of light in vacuum and n is refraction index of 
materials other than vacuum. 
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For water refraction index is 1.33, while for biological materials refraction indexes are: for cell membranes 1.46-1.60, 
for cytoplasm 1.35-1.39, for proteins 1.36-1.55 [21] and for double-stranded DNA (dsDNA) is a higher refractive index 
of 1.53-1.58 [22]. 

Bearing in mind all the above, we have hypothesized that wavelengths produced by energies of free electrons within 
small molecules are critical for small molecule functions and their recognition and interaction with their targets 
including macromolecules like proteins and DNA. The hypothesis, that wavelengths produced by energies of free 
electrons within small molecules are critical for small molecules biological functions and their recognition and 
interaction with proteins, has been already tested in couple of examples [16,17]. 

Here, we have applied extended RRM model for small molecules to Chlorine with the aim to find out the potential 
electromagnetic wavelength range of its activity. As Chlorine is potent disinfectant in water and acts similarly as UV 
radiation, we have compared the calculated Chlorine wavelength range with UV radiation wavelength range used for 
water disinfection. 

3. Results and Discussion 

This research has been focused on water disinfection from microorganisms. It is known that water disinfection from 
microorganisms occurs with UV radiation within the range of 200-280nm, mostly destroying the DNA double helix 
structure of microorganisms. On the other hand, Chlorine as disinfectant has the same effect on microorganisms. The 
question is if Chlorine disinfection ability is somehow related to UV radiation. For that purpose, we have applied to 
Chlorine the extended RRM model, which proposes that small molecules interact through electromagnetic resonant 
energy transfer with their target enabling specific activity (molecular interaction) at specific wavelength. Chlorine (Cl2), 
as small molecule, performs disinfection from microorganisms, similarly to UV disinfection, involving destruction of cell 
membrane and DNA double helix. Thus, RRM calculations have been done for refraction indexes for cell membrane and 
DNA double helix, as presented in Table 1. The RRM calculated Chlorine wavelength ranges for cell membrane and 
double helix have been presented in Table 1 together with the wavelength range for UV disinfection of microorganisms. 

Table 1 Chlorine RRM proposed wavelength range compared to UV radiation wavelength range for water disinfection 
through microorganism cell membrane and DNA double helix destruction 

Impurities in water Refraction index Chlorine Wavelength [nm] UV Wavelength [nm] 

Cell membrane   

(microorganisms) 

1.46-1.60 266-291 200-280 

DNA double helix  1.53-1.58 269-278 200-280 

Disinfection  266-291 200-280 

As can be observed from Table 1, the RRM proposed wavelength range for Chlorine water disinfection through 
microorganism cell membrane and DNA double helix destruction is almost completely overlapping UV radiation 
wavelength range for the very same function. It is interesting that there might be common mechanism for UV radiation 
and Chlorine activity on water disinfection. We propose that this common mechanism is based on resonant energy 
transfer from disinfectant (UV or Chlorine) to its targets: microorganism’s cell membrane and DNA double helix. Such 
resonance could produce destruction of microorganisms’ cell membrane and DNA double helix. These results give a new 
perspective to the possibility that chemical reactions are based on resonant energy transfer at specific wavelength 
(frequency), which determines the specificity of their activity. 

4. Conclusion 

Using the RRM biophysical, quantum physics model, we have presented here that Chlorine exhibits the same 
electromagnetic characteristic frequency range as UV radiation frequency range used for water disinfection. Such 
results can explain how both Chlorine and UV radiation have the same effect for water disinfection process through 
microorganisms’ self-membrane and double helix distraction. More generally, our results are providing another proof 
that specificity of chemical reactions are based on resonant energy transfer at specific wavelength (frequency). 
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