
EPR spectroscopy in wastewater 
treatment technologies

The most common photocatalyst in industry is titanium dioxide (TiO2). It is inexpensive
and chemically stable, but TiO2 can only absorb radiation in the UV range. For this reason,
intensive research is being carried out towards the development of catalytic systems
activated by visible light. One of the promising photocatalysts are bismuth oxyhalides
(BiOHal, Hal=Cl, Br, I). EPR spectroscopy have some benefits for study photochemical
processes occurring in various media because the activate process of photocatalysts
causes the formation of free radicals in the system.

The volume of effluents 
released into the 
environment is steadily 
increasing due to the 
development of industry 
and the growth of the 
population. Wastewater 
treatment for their 
purification is an important 
practical problem. One of 
the approaches to solving 
this problem is based on 
the use of photocatalysts. 

The EPR spectrum
recorded on bench-top EPR
spectrometer Spinscan X
before and after irradiation
of a suspension of bismuth
oxobromide in water with
UV radiation (365 nm)
(fig.1).

Figure 1 – BiOBr Photocatalytic activity  

Experiment parameters: center field, 338.4 mТ; sweep width, 6 mT; modulation 

frequency, 109.375 kHz; modulation amplitude, 200 uT; 

attenuation, 10 dB, number of points 1000 and sweep time 200 с.
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UV radiation leads to the activation of BiOBr, which causes

the formation of free radicals in the system. Then EPR

spectrum are recorded. The EPR spectroscopy with the

spin trapping technique was used for monitoring the

processes of photodegradation of pollutants in

wastewater.

The photocatalytic activity of bismuth oxyhalides was

studied in the processes of photodecomposition of

rhodamine B and 2-chlorophenol [1], methylene blue [2,

3],nonylphenol,octylphenol, sodium pentachlorophenolate

and bisphenol A [4], phenol [5], cyanotoxins [6] and in the

disinfection treatment of liquids containing Micrococcus

lylae [7]. The effect of bismuth oxyhalides can be

enhanced by using the Fenton reaction by introducing into

the system hydrogen peroxide or a peroxide-containing

oxidant (for ex., oxon). Bismuth compounds catalyze the

decomposition of oxidant molecules. It leads to forming

"reactive oxygen species" - oxygen-centered radicals,

singlet oxygen and other particles with high chemical

activity. The impact of these active particles on pollutant

molecules contributes to their decomposition. EPR spectra

of catalytic reaction were obtained by adding oxone to a

system containing BiOBr (fig.2).

The EPR method allows to

detect the formation of

unstable oxygen radicals.

The EPR signal caused by

them fades away

during~30 minutes.

Examples of experimental EPR study of photoinduced free

radical processes occurring in the presence of bismuth

oxyhalides demonstrate the wide possibilities of practical

application of the method for the development of

technologies for wastewater treatment from a wide range

of pollutants.
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Figure 2 – BiOBr catalyzed 

decomposition of oxone

Experiment parameters:

center field, 337 mТ; 

sweep width, 6 mT; modulation 

frequency, 109.375 kHz; modulation 

amplitude, 200 uT; attenuation, 10 

dB, number of points 1000 and sweep 

time 200 с.
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