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Abstract
In this paper, the photochemical conversion process of aromatic hydrocarbons in Balakhani oil well (BO) as a case study 
was investigated. To study the composition of BO, first, it has been separated into the first, second, third, and fourth groups 
of aromatics using chromatography absorption column. It has been established that the composition of the separated groups 
is mainly composed of mono-, tri-, and tetracyclic aromatic hydrocarbons. It has been shown that the optical densities of 
the absorption bands corresponding to bi-, tri-, and polycyclic aromatic hydrocarbons decrease with increasing the photo-
irradiation period, hence their maximum absorption band undergoes the hypsochromatic shift, which is characteristic for 
electron donor substances. It has been determined that the photochemical conversion process in the sample oil (BO) occurs 
with radical-chain and molecular mechanisms. As a result of the photochemical conversion process of arene-type aromatic 
hydrocarbons, the first difference during the photooxidation of endoperoxides, hydroxynones, quinones, and phenes is the 
formation of cyclic peroxides and quinones.

Keywords  Balakhani oil · Photo-irradiation process · Petroleum luminophores · UV spectroscopy · Photochemical 
conversion

Introduction

For the petrochemical and oil-refining industries to be per-
manently in the spotlight of countries with rich oil fields, it 
is required to develop fundamental and applied research in 
the field of studying the primary and secondary products 
of oil refining. Currently, these studies are carried out with 
the widespread use of novel high-sensitive, modern spectral 
analysis methods (UV-, IR-, NMR-, EPR- and chromato-
mass spectroscopy and luminescence) [2, 22, 24] and ther-
mal devices (DSC, DTA, etc.) [8, 17], which allows us to 
fully explain the processes of photophysical and photochem-
ical transformations in the structural group of oil products 

as well as clarification of their kinetics, the elementary steps 
and their mechanisms.

It is known that oil consists mainly of aromatic, naph-
thenic-paraffin and olefin hydrocarbons [28]. However, 
despite the fact that the properties of each of these hydro-
carbons and their role in various photophysical and photo-
chemical processes have been studied for a long time [12], 
the role of complex oil systems, especially their features as 
one of the constituent components of primary oil products 
in the processes of photochemical transformation have not 
yet been studied. Thus, in petroleum, several photophysi-
cal and photochemical transformations can occur over time 
as a result of radiation as well as sunlight and the effect of 
molecular oxygen [13, 20].

Studying these processes is crucial for the efficient stor-
age and usage of petroleum [4, 9, 15]. The photooxidation 
process is a significant process in the degradation of oil. 
Thus, during the photochemical process under the influence 
of sunlight, saturated hydrocarbons in oil are very stable 
while aromatic hydrocarbons are more sensitive [7].

Despite the presence of numerous aromatics, naphthenic 
and paraffin-based oil fields in the world, including the 
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Republic of Azerbaijan, most of the research in this area is 
related to secondary oil-refining products [15, 16, 18, 19, 23, 
25]. Thus, photophysical and photochemical processes that 
occur under the influence of photo-irradiation in petroleum 
luminophores (PLs) resulting from catalytic cracking of 
heavy diesels [26] or pyrolysis of heavy tars [3] as second-
ary oil-refining products were studied, and the mechanisms 
of their occurrence has also been investigated.

It was found that photochemical processes in PLs follow 
two mechanisms: ion radical and molecular. In the ion-rad-
ical mechanism, radicals formed during the heating process 
(such as; H•, R•, HO2

•, RO2
• etc.) in the presence of molecu-

lar oxygen participate in the processes of radical-ion recom-
bination and form molecular products. The resulting com-
pounds (tetraoxides, endoperoxides, etc.) are decomposed 
by a molecular mechanism during the heating process [1].

The above-mentioned PL substances have ability to 
accumulate sunlight as a photosensitizer in decomposition 
of some compounds such as alcohols and paraffins with ioni-
zation energies greater than 9 eV and can also be used as 
photo-stabilizers of polymers. Additionally, PLs have high 
luminescence ability in the visible spectral region. There-
fore, they are mainly used in the detection of nanoscale 
defects in colored-luminescent defectoscopy. However, 
these luminophores lose their photostability over time, 
which restricts their long-term application. In this regard, 
the development of a more photostable PLs is extremely 
imperative.

As a result of some studies, it has been found that the 
amount of aromatic hydrocarbons in primary oil-refining 
products is insignificant and also the condensation rate is 
low. They are environmentally sustainable and harmless due 
to their stability and on the other hand, they have valuable 
raw material sources. Therefore, solving the above problem 
using petroleum products has received much attention.

As stated before, crude oil is a complex mixture of 
organic compounds, hence it is difficult to characterize 
using optical methods because of its dark color. On the 
other hand, ultraviolet–visible (UV–vis) spectroscopy is a 
simple, a practical, and an inexpensive method. It allows 

the characterization of crude oil through dilution in solvents 
such as hexane. Therefore, for the first time, in this study, 
the aromatic components extracted from Balakhani crude oil 
(BO) were exposed to photo-irradiation at different period of 
times to be used as PLs. By exposure to photo-irradiation, 
the task is to fully study the processes of photochemical 
transformation, the elementary steps of these processes and 
their mechanisms with the help of modern and high-sensi-
tivity devices.

Research object and methodology

As a research object, the Balakhani oil well (BO), located 
in the Absheron Peninsula of Azerbaijan and obtained at 
depths of 750–150 m, is known as low-paraffin oils, that 
contains high amount of mono- di-, and tri- cycloalkanes 
[30]. BO sample, based on refractive index, was first sepa-
rated into hydrocarbon fractions (paraffin naphtha, first-, 
second-, third-, and fourth-group aromatics and tars) using 
column adsorption chromatography (LAC) with the follow-
ing specifications; height and inner diameter of the column 
250 and 5.5 cm, respectively, which are filled with silica gel 
as the adsorbent.

This separation process was carried out according to 
the refractive index based on GOST 11244-76. It has been 
determined that BO sample is mainly composed of paraffin 
naphtha (66% by weight), aromatics (37.13%) and heavy 
fraction hydrocarbons—tar (8% by weight).

Similarly, based on the same method, the aromatic part 
divided into subgroups was identified and measured. All 
groups derived from the BO sample as well as some of their 
properties are summarized in Table 1.

The main purpose of this study is to investigate the photo-
chemical transformation processes over different time peri-
ods and their mechanisms in the aromatic groups separated 
from the BO sample, at different times, using UV/Vis and 
IR spectroscopy. On the other hand, it is known that the 
absorption bands of hydrocarbons in the UV/Vis spectral 
range are slightly broad (e.g., acetone from 250 to 300 nm). 

Table 1   Some physical and 
chemical properties of BO and 
its hydrocarbon components

Petroleum and its composition Molecular 
weight

Density, 
20 °C (kg/
m3)

Viscosity, 
40 °C (mm2/s)

Refractive 
index, nd

20
Content in 
petroleum 
(%)

Balakhani oil 284 887.8 17.8 – 100
Paraffin
naphtha

229 855.1 18.5 1.4748 66

First-group aromatics 333 905.1 32.1 1.5028 6
Second-group aromatics 525 946.4 33.2 1.5304 6.46
Third-group aromatics 545 982.7 35.4 1.5594 3.19
Fourth-group aromatics 562 1000.7 39.7 1.5975 9.48
Tar 600 1001.3 – – 8.87
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Hence, amongst the analysis of a multi-component mixture, 
the absorption bands of different compounds can easily 
overlap which makes it more challenging than IR-absorp-
tion spectroscopy [5]. Like other petroleum products, the 
UV spectrum of BO, which has multifarious hydrocarbon 
content, overlaps each other, making it difficult to accurately 
study its hydrocarbon content. For this reason, the aromatics 
derived from the BO sample, exactly like the above method 
(according to the GOST 11244-76 standard method) are sep-
arated into subgroups. In this process, solvents of hexane, 
benzene, hexane–benzene mixture (with a ratio of 1:1) and 
ethanol–benzene mixture (with a ratio of 1:1) were used.

To carry out the photooxidation process, dilute solu-
tions of the samples in the hexane (0.01 g/L) were prepared. 
Measuring devices are equipped with a high-precision opti-
cal system and sensor that enables simultaneous measure-
ment of the sample and the reference to optimize measure-
ment accuracy. The device’s optical transmission is 0.1 nm, 
and all data on measurements and optical spectra are per-
formed by a computer. Mercury and incandescent lamps are 
used as a source of excitement. The amount of polycyclic 
aromatic hydrocarbons has been determined according to 
the appropriate method [27]. A PRK-4 mercury lamp and a 
UBS-5 filter were used to study the photochemical conver-
sion processes in BO samples.

The electron absorption spectra of the samples were 
measured on a JENWAY—6850 UV/vis Spectrophotometer, 
at a spectral range of 190–1000 nm, at room temperature 
using quartz cuvette (d = 1 cm).

IR spectroscopy was performed on an IR-Alpha and 
LUMOS (Bruker) device at room temperature in the spectral 
range of 600–4000 cm−1.

Results and discussion

Various solutions with different concentrations of BO and its 
separated aromatic hydrocarbons in hexane as solvent were 
prepared and analyzed using UV–Vis spectroscopy (Fig. 1). 
Based on the obtained spectra, the amount of aromatics in 
dilute solutions is calculated and summarized in Table 2. 

In addition to the polycyclic aromatic hydrocarbons 
given in Table 2, very small amounts of 1,2-benzanthracene, 
3,4-benzphenanthrene and pyrene were also found in BO and 
its components. However, due to the difficulty of calculating 
their diminutive amount, they were ignored from the table.

As can be seen from Fig. 1, the absorption peaks at lower 
concentrations are clearly observed. Therefore, dilute sam-
ple solutions were used to study the photovoltaic effects at 
certain time intervals then their UV spectra were determined 
and shown in Fig. 2.

As can be seen, in the electronic absorption spectrum of 
the first-group aromatic components (at 0.0021 g/L solution) 

without photo-irradiation, the absorption maxima at 226 and 
253 nm corresponding to the naphthalene and phenanthrene, 
respectively, were observed. The maximum optical intensity 
of the absorbed band for the first-group aromatics increased 
from 1.7 (no irradiation) to 3.0 after 30 min of photo-irra-
diation. Irradiation of first-group aromatic hydrocarbons for 
30 min leads to an increase in the intensity of the maxi-
mum of the absorption band in the region of 270–300 nm 
from 0.5 to 1.2 and also a new absorption band is formed 
at 253 nm. This indicates that during the irradiation period, 
these groups of aromatics have undergone a photo-oxidation 
process (Fig. 2a).

Continuing the photo-irradiation process up to 60 min 
results in an increase in the intensity to 3.12 in the range 
of 200–250 nm. After 1 h photo-irradiation, the intensity 
of the newly formed maximum absorption band in 253 nm 
increases from 1.2 to 1.7. After 3 h irradiation, the maxi-
mum absorption band (λmax) of naphthalene hydrocarbon 
(226 nm) shifts in a hypsochromic manner to the short-wave 
region of the spectrum (up to 223 nm). In addition, after this 
irradiation period, an increase in the intensity of the adsorp-
tion band related to benzene hydrocarbons was observed 
(3.7). Further increase in irradiation dose caused hypsoch-
romic shift in the value of the λmax from 253 to 251 nm. 
This indicates the formation of endoperoxides as a result of 
photooxidation of the naphthalene and phenanthrene type 
aromatics in the composition of the first group [14]. Moreo-
ver, further increasing the radiation dose helps to limit the 
absorption bandwidth and the formation of hydrocarbons 
with fine structures.

In addition to the first-group aromatics, other groups of 
aromatics in BO were also subjected to different photo-irra-
diation processes and their structural changes were investi-
gated by UV spectroscopy.

The optical intensity of the λmax of naphthalene from the 
second-group aromatics at 224 nm decreased from 2.48 to 
2.17 after 30 min of photo-irradiation, which is in contrast 
to the first-group aromatic composition. The new absorp-
tion band is observed at 251 nm (Fig. 2b). By increasing 
the irradiation time up to approximately 1 h, λmax of 224 
and 251 nm are slightly shifted to the short-wave region of 
the spectrum in hypsochromic manner. Further increase in 
irradiation time results in formation of the absorption bands 
at 224 and 247 nm. In this case, the optical intensity of the 
λmax significantly increases from 0.5028 (251 nm) to 0.8613 
(247 nm). In addition, the relative intensity of the main 
absorption bands changes after this irradiation period. As 
with the components of first and second aromatic groups in 
the third group, after 1 h irradiation, the optical densities of 
mono aromatics (204 nm) increased from 1.44 to 2.56 and bi 
aromatics (227 nm) decreased from 2.5 to 2.11 for benzene 
and naphthalene, respectively. In this case, the λmax of the 
phenanthrene (254 nm) shifts in a hypsochromic manner 
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into the higher energy region of the spectrum (up to 251 nm) 
(Fig. 2c). When the components under study are exposed to 
photo-irradiation for periods of more than 3–7 h, in the spec-
tral region of 190–240 nm, an intense and broad absorption 
band is recorded (D = 2.5860), which indicates the formation 
of a complex structure. In this case, the optical densities 
of bi- and tri-cyclic aromatic hydrocarbons decrease, and a 
new absorption band of about 248 nm is formed, which is 
associated with quinone compounds.

Prior to light irradiation on the fourth-group aromat-
ics, absorption bands are observed in the 210–260 nm and 
290–334 nm spectra, which is due to the complexity of their 
structure (Fig. 2d). Photo-irradiation with UV light source 
for 1, 3, and 7 h decreased the λmax of aromatic hydrocarbons. 
The absorption bands with a lower intensity correspond to 
benzene (210 nm), naphthalene (230 nm), phenanthrene 
(259 nm), 1,2-benzanthracene and 3,4-benzphenanthrene 
(290 nm). In this case, a decrease in the optical intensity of 
the λmax is observed. As the radiation continues, the absorp-
tion band at 259 nm in accordance with phenanthrene shifts 
to the high energetic spectral region in the following order: 
259 nm → 254 nm → 245 nm → 243 nm (Fig. 2d).

During the photooxidation process, quinones are formed 
by the interaction of an oxygen molecule with three-ring aro-
matics. It has been found that the inclusion of electro-donor 
substituents in the polycyclic aromatic molecule causes the 
hypsochromic displacement of the maximum adsorption 
band, hence the ππ* transition is replaced by 1-απ transitions 
[21]. As can be seen from the spectrum, a hypsochromic 
shift in the PLs spectra is observed after prolonged expo-
sure to irradiation. The hypsochromic shift of the maximum 
absorption band (λmax) of polycyclic aromatics in separated 
fraction of BO after photo-irradiation at 243, 245, 247, 248, 
250 and 251 nm are associated with the formation of qui-
nones (Fig. 2a–d). Moreover, increasing the intensity of λmax 
in the phenyl ring indicates the formation of endoperoxides 
and diphenyls.

Using IR and UV spectroscopies, the plausible mecha-
nisms of conversion processes in polycyclic and other aro-
matics in BO were given by exposing to the photo-irradia-
tion at different time intervals.

As known, when oil is exposed to radiation, some 
processes such as fluorescence, dimerization, and pho-
tooxidation can be observed in its aromatic fractions [6]. 
Fluorescence usually occurs in dilute solutions, while 
dimerization can occur in high-concentration polycyclic 

aromatic hydrocarbon solutions. Due to the use of dilute 
solutions (0.0011–0.02 g/L) in our research, the probabil-
ity of dimerization in polycyclic aromatics is negligible. It 
can be concluded that only the fluorescence and photooxi-
dation processes in the BO can be performed after irradia-
tion under identified conditions. As mentioned before, the 
photooxidation of oil is happened by two mechanisms: 
the ion radical and the molecular. The results of studies 
show that the use of sensibilizator is not required for the 
photooxidation of polycyclic aromatics in oil samples. The 
presence of molecular oxygen in these aromatics is suf-
ficient for photochemical processes.

It is known that naphthenic-paraffinic hydrocarbon 
bonds that have a large ionization potential in the 2–6 eV 
spectral region under study are not broken [25]. However, 
during a photochemical process, in the excited BO sample 
as a result of a two-quantum mechanism, the bond in naph-
thenic and paraffinic hydrocarbons is broken. Because the 
energy of the triplet level for these hydrocarbons is greater 
than the bonding energy of EC–H: E* > EC–H (≥ 9 eV). This 
process takes place as follows: When the BO is irradiated, 
in the initiation step, the alkyl polycyclic aromatics, which 
act as photo-sensibilizator, absorb the first optical quantum 
and change from the free state to the excited singlet state 
(S*), which in this case their life span is very short. In the 
next step, as a result of the intercombination conversion, 
they change to triplet state. In the final step, the molecule 
absorbs the second quantum and becomes a stimulus tri-
plet (T*). In this case, the energy of the stimulus polycy-
clic aromatic molecule is equal to the sum of the energy of 
two optical quanta, which is less than the energy required 
to break the C–C and C–H aromatic hydrocarbon bonds. 
Therefore, no change in the aromatic ring occurs and this 
stimulus triplet aromatic transfers its energy to the side 
chain and breaks the C–H bond of the C–C chain. The rea-
son is that this energy is sufficient to break the alkyl chain 
bond, resulting in alkyl radicals (R•). These radicals are 
unstable at room temperature and readily react with oxy-
gen to form singlet, doublet, and triplet peroxide radicals. 
Subsequent processes follow a radical chain mechanism. 
It has been proposed [29] that the decomposition of per-
oxides created by singlet and doublet radicals yields alco-
hol, ketone (aldehyde) and singlet oxygen (1O2), whilst the 
decomposition of triplet peroxide radicals produces two 
alkoxyl and triplet oxygen (3O2) radicals. Singlet oxygen 
state is created by the interaction of the S* and T* states of 
aromatics with 3O2 and this singlet oxygen interacts with 
aromatic hydrocarbons to form cyclic peroxides. Oxygen-
ated compounds accumulate in the mixture resulting from 
the decomposition of these compounds [10].

The following are the proposed reactions of the naphtha-
lene, which is also high in the BO sample, with the chain-
radical mechanism during irradiation.

Fig. 1   Electron absorption spectra of BO and its components in 
various concentrations. a BO sample (crude oil) (1) C = 0.02  g/L; 
(2) 0.001  g/L, b first-group aromatics, (1) C = 0.02  g/L; (2) 
C = 0.0021  g/L, c second-group aromatics, (1) C = 0.02  g/L, (2) 
C = 0.003  g/L, d third-group aromatics, (1) C = 0.01  g/L, (2) 
C = 0.0012  g/L, e fourth-group aromatics, (1) C = 0.011  g/L; (2) 
C = 0.0011 g/L

◂
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Reactions with mono- and binary peroxide radicals:

Reactions with ternary peroxide radicals:

Table 2   BO and the amount of various aromatic hydrocarbons in its separated aromatic groups

a In brackets, the values of the optical densities of the absorption bands belonging to the aromatics are given

Petroleum and its composition Amount of benzene and polycyclic aromatics, (% weight)

Benzene (%) Naphthalene (%) Phenanthrene (%) Anthracene (%) Total

BO sample 9.2 (2.02)a 5.2 (1.64) 1.3 (0.62) 0.9 (0.07) 16.5
First-group aromatics 11.3 (1.43) 8.3 (1.13) 3.5 (0.46) – 23.1
Second-group aromatics 13.1 (2.57) 10.5 (1.74) 8.2 (0.20) 4.6 (0.20) 36.6
Third-group aromatics 10.4 (0.70) 11.9 (1.49) 8.1 (0.29) 9.3 (0.21) 39.7
Fourth-group aromatics 10.2 (1.82) 13.8 (1.96) 6.1 (1.62) 8.2 (0.20) 38.5
Tar 8.2 (2.16) 14.1 (1.40) 3.3 (0.75) 3.4 (0.09) 29.7

In the above photooxidation reaction sample, naphtha-
lene plays the role of a sensibilizator as a polycyclic aro-
matic hydrocarbon. However, in this process, other poly-
cyclic aromatic hydrocarbons found in BO sample can also 
have the same function of sensibilizator and break down 
naphthenic-paraffinic hydrocarbons. Moreover, since the BO 
sample does not contain olefin hydrocarbons, practically no 
attention has been paid to their photo-transformation mecha-
nism. On the other hand, photooxidation occurs under the 

influence of irradiation as well as on the molecular mecha-
nism. Thus, this process takes place in the inner molecule of 
polycyclic aromatics and as a result, endoperoxide, quinone 
and hydroquinone are formed [11, 26]. The photo-oxides 
formed by the sample’s photo-irradiation in the oxygen 
medium are decomposed and caused the quanta to be dis-
jointed. However, it should be noted that linear aromatic 
hydrocarbons are oxidized using a single quantum mecha-
nism in an oxygen environment to form endoperoxides. This 
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reaction is reversible and accumulates optical energy in the 
form of chemical energy. When the system is heated, this 
energy is released in the form of light. As a result of the con-
tinued radiation of endoperoxides formed by photooxidation 
of linear aromatics, they produce quinone and hydroquinone. 
This is also observed in the UV spectra with an increase in 
the intensity of λmax of the phenyl ring and a hypsochromic 
shift of the absorption bands (Scheme 1).

Unlike anthracene-type aromatic hydrocarbons, phenes 
(phenanthrene) form cyclic peroxides during photooxida-
tion. In addition, after their decomposition, no illumination 
is observed, and also this process is irreversible (Scheme 2).

The formation of oxy-compounds after irradiation of aro-
matics was also confirmed by IR spectroscopy. The IR spec-
tra of the aromatic samples after exposure to photo-radiation 
at different periods are shown in Fig. 3 . The absorption 
bands 1657, 1712, and 1770 cm−1 observed in the IR spectra 
belong to the carbonyl group (C=O) and confirm that the 
oxidation processes in the studied oil sample took place after 
prolonged photo-irradiation. After photooxidation, the sharp 
increase in the optical density of the 1712 cm−1 absorption 
band, which is characteristic of the C=O group, is due to the 
oxidation of the alkyl group in the side chain to form alde-
hydes and ketones. The photooxidation process in the alkyl 
group is of a chain-radical nature. In contrast, the formation 
of an absorption band at 1657 cm−1 related to the C=O bond 
of quinone in the IR spectra confirms that the photooxidation 
reactions in aromatics proceed by a molecular mechanism.

As can be seen from the IR spectra of the separated aro-
matic groups (except for the first group), after photo-irradi-
ation, absorption bands corresponding to the deformation 
(1035, 1186 cm−1) and valence (3435 cm−1) oscillations of 
the OH group are formed. In the second and fourth groups, 
the intensity of absorption bands belonging to the OH group 
is lower than in the third group. This fact indicates that after 
the photooxidation process, more aldehydes, ketones, and 
alcohols are formed in the third-group aromatics of BO.

To compare the optical density of the 1730 cm−1 adsorp-
tion band related to the carbonyl group, which is charac-
teristic of aldehydes and ketones, different aromatic groups 
were exposed to photo-irradiation for up to 10 h. Their IR 
spectra are determined every 2 h and their change over time 
is shown in Fig. 4.

As indicated, the oxidation process in the various aro-
matic groups of BO is initially delayed and this process 
lasted for 4 and 8 h in the third and fourth aromatic groups, 
respectively. Consequently, during the photooxidation pro-
cess lasting up to 10 h, the optical densities of the 1730 cm−1 
absorption band of third and fourth aromatic groups were 

Fig. 2   UV-absorption spectra of dilute solutions of sample: a first-
group aromatics: (1) before irradiation, (2) 30 min, (3) 1 h, (4) 3 h. 
b second-group aromatics: (1) before irradiation, (2) 30 min, (3) 1 h, 
(4) 3 h. c third-group aromatics: (1) before radiation, (2) 1 h, (3) 3 h, 
(4) 7  h. d fourth-group aromatics: (1) before radiation, (2) 1  h, (3) 
3 h, (4) 7 h
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D = 0.12 and D = 0.08, respectively. This indicates that pho-
tooxidation in these aromatic groups is relatively weak over 
a period of time.

To study the application of the third- and fourth-group 
aromatics as PLs, which their photooxidation processes are 
weak, 15% solutions of them in kerosene was prepared. Then 
these solutions, under UV light by giving yellow-blue and 
yellow-green colors, were used to detect defects in polishing 
cracks. The kerosene or liquid paraffin solution of these PLs 
is spread as a thin layer on the surface of polished metal. 
Under the influence of UV light, defects could be observed 
in several parts of the illuminated areas.

Conclusion

For Balakhani oil to be used as petroleum luminophores, 
the various aromatic groups separated by column absorption 
chromatography were studied by UV and IR spectroscopies 
by exposure to photo-irradiation at different times. Based 
on the electron absorption spectra of the samples and the 
considerations of the photochemical transformation mecha-
nisms of different aromatic groups, it was proposed that the 

photochemical transformation processes in the aromatics of 
the studied oil proceeded by radical-chain and molecular 
mechanisms. It has been found that linear aromatic com-
pounds oxidized in an oxygen environment to form endop-
eroxides and these compounds form quinones and hydro-
quinones during subsequent photooxidation, while acenes 
form cyclic peroxides.

Photophysical and photochemical transformations 
in PLs derived directly from crude oil (in this study) are 
much slower than in PLs obtained by catalytic cracking of 
heavy diesel or pyrolysis of heavy tar, which are oil-refining 
products.

The results show that the photooxidation process takes 
relatively long time in all aromatic groups derived from BO. 
These aromatic groups (especially third and fourth groups) 
are photostable because of photochemical conversion and 
slowly converted to quinones. This property increases their 
luminescence and allows them to be used as PLs.

At the same time, these PLs have variable lumines-
cence properties. The efficiency of these PLs compared to 
multi-ring aromatic-containing PLs shows that the spec-
tral-luminescent properties of them vary over a wide range 
(200–720 nm). On the other hand, as the concentration of the 
solution changes, it luminesces in different colors.

Scheme 1   Photoradiation of linear aromatics (anthracene type) in the oxygen medium

Scheme 2   Photoradiation of phenes-type aromatics in the oxygen medium
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