
Elmina Gadirova
Department  of Ecological Chemistry, Baku State University, Baku, Azerbaijan.

A B S T R A C T

In the article the photochemical dissociation of phenol in the participation of TiO2 nano-particles and methyl-3-
aminocrotonate was done for the first time, the period was taken as 60 minutes, the processing of photochemical dissoci-

ation was verified by the curves drawn for reaction solution in the UV radiation device and the 60% decomposition of phenol 
was defined.  Light absorption of a system with TiO2 is observed only in the UV area, whereas absorption of a system with 
N/TiO2 falls on the visible area of the spectrum.
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Ö Z

Makalede ılımlı ortamda sentezlenen 10-30 nm boyutlarındaki TiO2 nanopartikülleri ile 100 mg/ml NH4OH varlığında 
fenolün fotokimyasal bozunması çalışılmıştır. Fotokimyasal bozunma sürecinden önce ve sonra çekilmiş “Varian” ci-

hazında absorsiyon verileri temelinde ispatlanmıştır. Fenolün UV-görülebilen bölgede fotokimyasal bozulması deneylerle 
doğrulanmıştır.
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INTRODUCTION

The contamination of water basins with high toxic orga-
nic substances is considered as global ecological issues 
recently and therefore the works done in the direction of 
the solution of this problem are very topical. In modern 
era heterogenic photocatalysis is considered one of the 
most effective processes in the environmental protection 
and treatment of waste waters from phenol-type combi-
nations. Reduction in the fresh water reserve, growth in 
the amount of waste water is increasing the demand to 
the clean water or purified water. In this regard, different 
cleaning methods are proposed for dissociation of organic 
toxic substances from the waste water. As it is impossible 
to carry out complete treatment with the classic chemi-
cal, physical and biological methods in this case, recently 
the process of working out of new methods is going on 
[1-2]. In this direction the treatment of waste water was 
achieved by using nano-particles. In this regard, recently 
effective treatment methods by using nano-particles have 
got a wide scope. 

By looking through the world literature, recently treatment 
methods by nano-composites are encountered very much: 
i.e. GO/Al2O3 nano-composite has been prepared with spin 
locking method for better treatment of phenol from waste 
water; at that time graphene oxide layer has been tightly 
covered with Al2O3 nano-particles, it was possible to treat 
phenol from waste water by 99.9% on the basis of this ob-
tained composite [3]. There are also other references on 
the viewed works. 

Phenol is always encountered in waste water as it is ob-
tained from petroleum chemistry, medicine, plastics, coal 
production, and color and paper production. Generally, 
phenol is one of the most important contaminators becau-
se of high toxicity in the regard of its weak biological disso-
ciation, being in high concentration and harmful influence 
to environment for a long time [4]. As it is noted, gradual 
reduction of clean water and increase of contamination 
are already among the significant ecological issues in the 
world. Currently, millions of people are suffering from 
the shortage of fresh water in the world. Totally, phenol, 
the most important of water contaminators leads to sig-

Picture 1. TEM appearance of TiO2 nano-particles.
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nificant ecological problems. So far many methods have 
been used for removal of phenol from waste water. Usage 
of physical, chemical and biological methods is less trendy 
today [5-6]. During the chemical processing intervening 
products are obtained so that they are also harmful for 
environment. Biological processing methods are less inf-
luencing for the acceleration of biological reactions, and 
in physical treatment absorption and membrane filtration 
methods are mainly used [7]. Membrane filtration is a uni-
que method for treatment of water from contaminating 
substances, i.e.; currently, the method of membrane filtra-
tion is paid much attention as an effective process in the 
regard of ecology and energy effectiveness for the water 
treatment. However at this time dissociation of toxic subs-
tances in the composition of water requires other met-
hods. Therefore, the subject of working out new methods 
does not lose its actuality. 

EXPERIMENT and ANALYSIS OF THE RESULTS

The works on the treatment of phenol from waste water in 
the participation of other composites with nano-particles 
are encountered in the world literature. It may be noted by 
referring the information that TiO2 nano-particles has very 
good photo-dissociation together with combinations with 
N atom [8-9]. And why has namely the usage of TiO2 been 
paid less? The matter is that we have considered more 
appropriate TiO2 nano-particles as the works to be done 
by us have been carried out in the participation of UV ra-
diation, since TiO2 nano-particles gets excited only during 
UV radiation (A<387 mm), it has only 5% excitement in the 
visible region. Furthermore, TiO2 is chemically sustainable, 
it is obtained in soft condition, that’s easily in the viewed 
case, and the most important is that it is considered ecolo-
gically clean [10-11].

Picture 2. SEM  of TiO2 nano-particles. 
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Picture 3. XRD patterns of the TiO2 nano-particles. 

Graphic 1. UV radiation curve of phenol+methyl-3-amincrotonate+ TiO2 solution before the radiation.
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The reaction of phenol dissociation through photochemi-
cal reactions by using TiO2 nano-particles and methyl-3-
aminocrotonate for the treatment of phenol from waste 
water has been carried out for the first time by us. For this 
purpose, it has been prepared the solution 0.05 g TiO2 and 
methyl-3-aminocrotonate being in 0.05 g weight by being 
equally distributed in the distillation water of 10 ml.  As it is 
mentioned above, TiO2 nano-particles are not dangerous 
for environment, are considered ecologically clean in the 
regard of toxic and gets excited by UV radiation and ser-
ve to the processing of the reaction. Complete mixing of 
TiO2 nano-particles in the participation of UV radiation has 
been carried out in advance for their equal distribution in 
the distillation water. 5 ml has been added to 20 ml 1 mg/ l 
phenol solution (totally 25 ml) by being taken from the ob-
tained solution and then 0.05 g methyl-3-aminocrotonate 
has been added. The viewed mixture has been subject to 
photochemical dissociation for 60 minutes. After photoly-
sis process the dependence of the absorption coefficient 
of reaction solution on the wavelength has been drawn in 
UV radiation device. On the basis of the obtained curves 
the photolytic dissociation has been proved. The photoly-
sis process has been done in UV radiation device; the de-
pendence of absorption coefficient on the wavelength has 
been determined by “Varian” device, the concentration of 
phenol remained in the solution after photochemical re-
action has been determined upon the degreed graphics. 
Photolytic dissociation has been 60%.

TiO2 nano-particles preaped for the process has been de-
termined by TEM method and the results has been given in 
Picture 1. As seen from Picture 2, the sizes of the obtained 
nano-particles are homogenous and vary between 10-30 
mm, the results are according to the calculation with the 
Scherrer method. General surface area of nano-particles 
has consisted of 159.6 m2/g. TEM results have been accor-
ding to the analysis of XRD. 

Picture 3 shows the XRD patterns of the synthesised TiO2 
nanoparticles. It can be seen that all the XRD peaks are 
well-defined and correspond to rutile phase TiO2. From the 
line broadening of the (101) diffraction peak by Scherrer’s 
method, the average crystal size TiO2 is about 10.3. The 
specific surface areas for TiO2 is 159.6 m2/g. In the pattern 
all lines can be indexed, using the ICDD (PDF-2/ Release 
2011 RDB) DB card number 00-001-1292. The pattern of 
TiO2 nanoparticles has characteristic peaks at 27.90° (110), 
36.01° (101), 41.58(111), 54.71° (211) [12].

20 ml 1 mg/l phenol solution, 5 ml from the solution full 
equal disturbing 0.05 g TiO2 nano-particles in it and 0,05 
g methyl-3-aminocrotonate  have been taken for using in 
the process.

Garphic 2. The comparison of UV radiation curves obtained from the photolysis process.



E. Gadirova / Hacettepe J. Biol. & Chem., 2021, 49 (2), 167-173172

Graphic 3. Diagram of reduction of the concentration of phenol in the solution in 20,40,60 minutes of UV radiation in the system of 
TiO2+methyl-3-aminocrotonate+phenol3-aminocrotonate+phenolt.

Time, minute Abs (210 nm) Abs (270 nm)

0 1.285 0.969

20 0.619 0.278

40 0.438 0.215

60 0.387 0.164

Table 1. Abs coefficients of phenol depending on time.



E. Gadirova / Hacettepe J. Biol. & Chem., 2021, 49 (2), 167-173 173

In Graphic 1, it was given the dependence of absorption 
coefficient of the 5 ml solution with TiO2, 20 ml 1 mg/l phe-
nol solution, methyl-3-aminocrotonate before the radiati-
on on the wave length. It is clear from the graphic curve 
that the existence of curve in the 270 nm part which is 
characteristic for phenol in the solution is the evidence of 
the existence of the same substance. 

In Graphic 2 it is given the comparison of the curves ob-
tained during the photolysis process. It is seen from the 
graphic that the curves which are characteristic for phenol 
(270 nm) is reducing gradually so that it is the dissociation 
of the certain part of phenol in the process. Light absorp-
tion of a system with TiO2 is observed only in the UV area, 
whereas absorption of a system with N/TiO2 falls on the 
visible area of the spectrum (after 400 nm).

According to the indicators of UV radiation device, Abs 
coefficient has been 0,164 nm in 60th minute for phenol. 
Upon this unit the concentration of phenol remained in 
the solution after photolysis has been calculated and has 
been 40% in the comparison with the initial concentration. 
Upon this it may be noted that dissociation has been 60%. 
This article has been directed to the solution of ecologi-
cal problems for the environmental protection. So, the 
dissociation of toxic substances from contaminated water 
through nano-particles is considered one of the most im-
portant and topical issues. In the modern area the conta-
mination of water basin is the most important of the global 
ecological problems. As the fresh water reserve is getting 
reduced, maximum working out of treatment methods of 
waste water and reducing the toxic substances to mini-
mum are the most topical issues. 

RESULTS

•	 The sizes of TiO2 nano-particles are homogeneous 
and vary between 10-30 nm, the results are accor-
ding to the calculations with Scherrer method. 

•	 General surface area of nano-particles has consis-
ted of 159.6 m2/g.  TEM results coincide with the 
results obtained from the analysis of XRD. 

•	 Dissociation of phenol in the participation of TiO2 
nano-particles and methyl-3-aminocrotonate has 
been 60%.
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