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Abstract. Work revealed the mechanistic features of the process by studying the
intermediate products formed during the photocatalytic oxidation of toluene, the
reaction mechanism, and the pathways for the formation of benzene. The photocatalytic
oxidation of toluene was carried out, and benzene, benzaldehyde, benzoic acid, and
benzyl alcohol were obtained as reaction products. In addition, the role of intermediate
compounds in the formation of benzene was evaluated, and based on the experimental
data obtained, the mechanism of the oxidation of toluene to benzene was proposed. The
toxic and carcinogenic properties of benzene formed during photocatalytic processes
and its environmental hazard to the environment were considered.

Main factors affecting the photocatalysis process were considered during the study
- light source, catalyst type, reaction time and reaction medium. As a result of the

302




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

experiments, the formation of benzene was recorded using the relative concentration
method and its intermediate stages were clarified.

Results obtained allow a deeper understanding of the laws of benzene formation
during the photocatalytic oxidation of toluene and can serve as a basis for the
development of effective and environmentally safe technologies for the purification of
volatile organic compounds in the air. The study provides additional insight into the
role of benzaldehyde as a key intermediate in benzene formation and contributes to a
better understanding of the formation of hazardous by-products during photocatalytic
treatment of volatile organic compounds.

Keywords: photocatalysis, toluene, photocatalysts, benzene, benzaldehyde,
carcinogens
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AunHoTanus. byn Makanaga TOMyOJAbIH (OTOKATaJMTHUKAIBIK TOTBIFYBI Ke3iHJe
TY3UIETIH apasiblK OHIMIEpAl ally MPOLeci, peakiys MeXaHu3Mi XKoHe OCH30IAbIH TY31Ty
XKOIAAapbl KapacTeIpbuiansl. TomyonabH (OTOKaTanWTHKAIBIK TOTBIFYBI JKYpri3inmi,
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HOTHXKECiHe OeH3011, OeH3abAeT ]I, OCH30H KBIIIKbLUIbI )KOHE OCH3MJI CIIUPTI peaKus
eHiMJIepl peTiHae anbiHAbl. COHBIMEH Karap, OCH3OJIJbIH TY3UTYIHAETI apalibiK
OHIMACPIIH pei OaramaHIbl JKOHE aJbIHFAH TOKIPHUOCNIK HEepEeKTepre HETI3IeNTeH
TOJTYOJIIBIH OSH30JIFa TOTHIFY MEXaHN3Mi YCHIHBUIIBI.

DOTOKATANUTUKAJIBIK TPOIECTep Ke3iHIe TY3UIeTiH OEH30JABIH YBITTHI JKOHE
KaHIEPOTeH/IK KACHeTTepi, COHJal-aK OHBIH KOpIIaFaH oOpTara KoHE ajaMm
JICHCAyJIBIFbIHA THUTI3ETiH KAyilTepi TaJKbUIAHA/bI, OUTKEHI OCH30JI Y3aK YaKbIT acep
eTKeH J>KaFJaiifia ayblp aypyJapiAblH, COHBIH ilIiHAE Karepii iCiK TYpJepiHiH Iamy
KayIliH apTThIPAThIH KAYIIITI JIACTAYIIIbI 3aTTAP/IbIH Oipi OOJIBII TaObLIA b,

3eprreyne  GOTOKATATMTHKAIBIK TIPOIECKE ocep €TeTiH Heri3ri ¢akroprap
KapacTBIPBUIIBL: KapbIK K031, KaTaJan3arop TYpi MEH KacHeTTepi, peaklus Y3aKThIFH,
peakiusi OPTachIHBIH KYpPaMbl JKoHE 0acTarlkbl MaTepuas KOHIEHTpanuschl. Omap/biH
TOJYOJIBIH (POTOKATAIUTUKAIBIK TOTBIFY KbULIAMIBIFBIHA, OHBIH TYPJICHY JOPEKECiHE
JKOHE apalIbIK JKOHE COHFBI OHIMJIEPIIH TY3Uly CEJICKTHBTLIITIHE ocepi TajIaH/Ibl.
CasbICThIPMaJibl KOHIIEHTPALIMS 91ICIH KOJIIaHAThIH TOXKIprUOeaep OCH30II/IbIH TY3LIyiH
KOPCETTI, )KOHE OHBIH TY31TyiHIH OipHEeIe apajIblK caTbUTaphl AHBIKTAIBIT, HAKTHIIAH I
AJBIHFaH JiepekTep 0i3re Mmpolecc Karaaiiapsl MEH OEH30I IIBIFBIMBI apachIHIaFbl
OaiiIaHBICTBI OpHATYFa MYMKIHIIIK Oepai, Oy poToKaTaIuTHKAIIBIK TEXHOIOT UsIapIbIH
Kayinci3irid 0aranay yIIiH MaHbI3/IbL.

Byn Hortmxkenep (HOTOKATaTUTHKANIBIK TOJNIYOJ TOTBIFYBI Ke3iHJE OCH30JIbIH
TY3UTyiHIH HETi3ri MeXaHu3MJEpiH TepeHIpeK TYCIHyre BbIKMalX eTell, peakuus
MEXaHU3MIHIH EpeKIIeNKTepiH J>KOHE COHFBI OHIMACPHIH TY3UIyIHIETi apajblk
OHIMJIEP/IIH peIliH amajpl. byn 3epTrey HOTIKeNepiH (OTOKATANIUTHUKAIBIK Ta3apTy
YKaFJaiIapblH OHTAHIaH IBIPY, YIIBI KOCAIKBI OHIMIEPIiH TY3UIyiH a3aiTy )KoHE aya MEeH
CYy OpTachIHAH YIITA OPTaHUKAIBIK KOCBUIBICTAPAbI KETIPYIiH THIMIIPEK, SKOIOTHSLTBIK
Ta3a TeXHOJOTUSIIAPBIH 931pJey YIIiH Nnaiaananyra 0oJabl.
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AnHoTtanus. B pabote rccienoBanbl IPOMEXKyTOUHBIE TPOAYKTHI, 00pa3yonecs
npu (OTOKATATUTUIECKOM OKHCJICHUH TONYOJId, a TaKKe PacCMOTPEHBI MEXaHH3M
MPOTEKaHMsI pEeaKI|K U Iy TH 00pa3oBanus OeH301a. B pesynsrare poTokaTanTHIeCKOTo
OKHCJICHUS TOJTYOJIa B KAUYECTBE TPOLYKTOB PEAKIMK ObUTH HIICHTU(DUIIMPOBAHBI OSH30T,
OeH3anberu 1, 0eH30iHAs KUCTIOTan OeH3UIOBbIH cUpT. Ha0 CHOBEYKCTIEpUMEHTATBHBIX
JIAHHBIX OIICHEHA POJIb MPOMEXKYTOUHBIX COCJAMHEHHH B (opmMHUpoBaHHM OeH307a
U TIPEeUIOKEHA CXeMa MexaHuzMma ero oOpazoBaHus. Ocoboe BHUMaHHUE YIEICHO
TOKCHUECKUM M KaHIICPOTCHHBIM CBOMCTBaM OeH30J1a, 00pa3yrolIerocsi B XOJe
q)OTOKaTaHI/ITI/IT-IeCKI/IX IMpoOHeCCOB, a TAKKC MOTCHUHUAJIBHBIM 3KOJIOTHYECKUM PUCKaAM,
CBSI3aHHBIM C €T0 MPUCYTCTBUEM. B X071e riccie10BaHus MPOaHATN3UPOBAHBI OCHOBHBIC
(haxTopsl, BauAtonTHe Ha 3QHEKTHBHOCTH (HOTOKATATUTHIESCKOTO Ipoliecca, BKITIOTast
THUI U CBOMCTBA KaTATN3aToPa, XapaKTEPUCTUKH HCTOUHHKA CBETA, POJIOJDKUTEIBHOCTD
peaxkiyy, COCTaB PEaKUMOHHOW cpeabl M KOHICHTPALHUIO HCXOAHOTO BEILIECTBA.
[IpoBenena omeHka WX BIMSHUS Ha CKOPOCTh (POTOKATATUTHYECKOTO OKHCIICHHS
TOJIyOJIa, CTETICHb €T0 MPEBPAICHUS U CEIIEKTUBHOCTh 00Pa30BaHUS IPOMEKYTOUHBIX
W KOHEUHBIX TPOAYKTOB. B pesynbrare 3KCIEpUMEHTOB METOJOM OTHOCHTEIBHOM
KOHI[CHTPAIMU OBUTO TIOATBEPXkJICHO 00pa3oBaHKWe OCH30JIa U BBISIBICHBI OTACIbHBIC
MPOMEXYTOUHBIE CTafauu ero ¢GopMupoBaHus. [lomydeHHbIC JaHHBIC MO3BOIMIH
YCTaHOBUTh B3aUMOCBS3b MEXKIy YCJIOBUSMHU TPOBEICHUS TNPOIECCa M BBIXOJOM
OeH3071a, YTO UMEET BXKHOE 3HAUCHHE JJ1s1 OLICHKH 0€30MaCHOCTH (DOTOKATAIMTHYECKUX
TEXHOJIOTHH. Pe3ynbraTsl HeciieoBanus CriocoOCTBYIOT Ooliee ITyOOKOMY TOHUMaHHIO
3aKOHOMEpHOCTEH o0OpaszoBaHus OcH30/a TPH  (HOTOKATATUTHICCKOM OKHCICHHIH
TOJTyOJIa, PACKPBIBAIOT OCOOCHHOCTH MEXaHW3Ma PEaKIMd W POJIb MPOMEKYTOUHBIX
coeMHEHUH B (DOPMHUPOBAHUM KOHEUYHBIX MPOAYKTOB. [lomydeHHBIC pe3ynbTaThl
MOTYT OBITh HCIOJB30BAHBI JUIS ONTUMH3AIMK MPOIECCOB (OTOKATATUTHYCCKON
OYHCTKH, CHI)KEHHS 00pa30BaHMs TOKCHYHBIX MOOOYHBIX MPOAYKTOB M Pa3pabOTKh
Oonee 3(D(HEKTUBHBIX U IKOJOTHMYECKH OE30MACHBIX TEXHOJIOTHH yHalleHHs JIeTy4uX
OpraHMYeCKUX COCAMHEHUN U3 BO3YIITHOM U BOJHOM CpEbl.

KiwueBble caoBa: dorokaranus, TOIyost, (OTOKATAIUTHUECKOE OKHCIICHHUE,
0eH3011, OCH3aJIb/ICTH 1, KAaHIIEPOTCHHBIC COCIMHCHHS

Introduction. Volatile organic compounds (VOCs) are organic chemical compounds
found in a variety of products that readily evaporate and are distributed to the
environment under normal conditions. VOCs are highly volatile, mobile, and resistant
to degradation, and can be transported long distances in the environment (Faroon et al.,
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2005). The most common VOCs are aromatic hydrocarbons (e.g., benzene, toluene,
xylene, and ethylbenzene) and halogenated hydrocarbons (e.g., chloroethylene and
trichloroethylene).

A special type of VOC is carcinogenic volatile organic compounds, which can cause
cancer in humans. The main routes of VOC entry into the body from contaminated water
are through drinking, bathing, eating, swimming and washing clothes (Chowdhury et al.,
2009). The sources of VOC can be natural and anthropogenic. Natural sources include
emissions from factories, natural forest fires and anaerobic processes in wetlands.
Anthropogenic sources include domestic and industrial processes: food production, use
of fertilizers and pesticides, septic systems, chlorination, transportation, combustion of
hydrocarbon fuels, oil storage and distribution, textile cleaning, printing, pharmaceutical
industry, etc. (Pandey et al., 2018).

The growth of agricultural activities worldwide (fuel use, burning of agricultural
waste, and use of VOCs as inert components of pesticides) has led to the widespread
release of VOCs into the environment. In addition, many studies have shown that VOCs
are indoor air pollutants, with the main sources being tobacco smoke, chlorinated
water, perfumes, paint strippers, adhesives, new clothing, and heaters that use plastic
or kerosene. Some researchers have detected VOCs in bottled water, while others
have found microbial volatile organic compounds in the air, which may originate from
microbial metabolites or airborne mold spores (Fischer et al., 2003, Murrells et al.,
2007, Guerra et al., 2018).

VOC has direct and indirect effects on humans and the environment, and the main
problems they pose include: harm to human health and the environment through
toxicity; carcinogenicity and other adverse effects; degradation of materials; formation
of tropospheric photochemical oxidants; depletion of stratospheric ozone; global climate
change; and the emission of unpleasant odors. In addition, VOC and nitrogen oxides
react in the presence of sunlight to form photochemical oxidants (ozone, peroxyacyl
nitrates, peroxides, etc.) (Williams et al., 2007). These compounds are harmful to
human health and have a negative impact on the environment, as they oxidize NO gas,
converting it into the even more dangerous NO.,.

Although the photocatalytic oxidation of toluene over TiO.-based photocatalysts
has been extensively investigated, the formation pathways of benzene as a toxic
and carcinogenic intermediate remain insufficiently clarified. Most previous studies
have focused primarily on the degradation efficiency of toluene and mineralization
processes, while limited attention has been paid to the quantitative relationship between
benzaldehyde, benzyl alcohol, benzoic acid, and benzene during photocatalytic
transformation.

The novelty of the present study lies not only in the identification of intermediate
products formed during photocatalytic oxidation of toluene, but also in the comparative
assessment of their relative abundance under identical experimental conditions and in
evaluating the contribution of benzaldehyde to benzene formation. Unlike previous
studies primarily focused on toluene degradation efficiency and mineralization, this work
provides experimental evidence regarding the relative distribution of benzaldehyde,
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benzyl alcohol, benzoic acid and benzene, allowing a more detailed interpretation of
the pathways leading to the formation of hazardous by-products during photocatalytic
treatment.

Materials and methods. Photocatalytic oxidation of gaseous organic compounds
involves several processes, the most important of which are: the generation and
recombination of electrons and holes, adsorption of pollutants, chemical reactions, and
desorption of products (Ajmal et al., 2022). The initial stage of photocatalytic oxidation
is the formation of electron-hole pairs under the influence of light. They can migrate to
the surface of the catalyst and be trapped in various regions. Photogenerated electrons
can reduce O: molecules or organic molecules adsorbed on the catalyst surface. On
the other hand, photogenerated holes can oxidize water molecules, forming hydroxyl
radicals (OH¢) and hydrogen peroxide, which can oxidize organic pollutants.

Electron-hole pairs can recombine instead of participating in surface reactions,
which reduces the efficiency of the photocatalytic reaction. To prevent recombination,
it is important to improve the separation of electrons and holes. This can be achieved
by alloying, deposition of co-catalysts, or the use of heterostructures. The use of
nanomaterials improves the access of electrons to the catalyst surface and reduces the
interaction distance with electron acceptors (Yamada, et al., 2012, Yli-Juuti, et al., 2020).

The mechanism of photocatalytic oxidation of gaseous organic substances is shown
in Figure 2 below, and the reaction stages are described as follows:
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The figure shows the multi-step mechanism of the photocatalytic oxidation of
toluene molecule (Mo, et al., 2009). This process usually occurs on a semiconductor
photocatalyst (e.g., titanium(IV) oxide) under the influence of light. The basic idea is
that when light is applied, active species (*OH, O, h*) are formed, which gradually
oxidize toluene and finally mineralize it to CO- and H-O.

Excitation of the photocatalyst under the influence of light:

TiO, +hv — e +h"
where:
- h+is a "hole" in the valence band;
- e- 18 an electron in the conduction band.

When water reacts with oxygen, hydroxyl radicals (*OH) and superoxide radicals
(O,") are formed. The methyl group in toluene, C.H,CH,, is the most reactive. The *OH
radical abstracts a hydrogen, forming a benzyl radical:

C,H,CH, — C,H.CH,

Further, oxygen is added to form benzyl alcohol, benzaldehyde, and benzoic acid.
Finally, all organic intermediates are completely oxidized to form CO, + H,O.
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Figure 2. The mechanism of oxidation of toluene to benzene.

Toluene, under the influence of light, first forms a benzyl radical, which reacts
with oxygen and turns into peroxide intermediates; then gradually benzyl alcohol,
benzaldehyde and benzoic acid are formed, and decarboxylation of benzoic acid results
in benzene (Sun et al., 2010, Malayeri et al., 2022, Frank et al., 2020).

Methods of preparing the photocatalyst. Titanium dioxide (TiO, (anatase) HTA301 —
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pigment), which plays a key role in the photocatalysis process, is applied to the surface
of the catalyst in the form of a suspension using a solution of methanol (CH,OH). For
this purpose, pre-cleaned chromatographic glass vials with a volume of 20 ml are used.
TiO, is placed in each chromatographic glass vial at the rate of 0.2 g.

0.5 ml of methanol is added to it and a homogeneous suspension is obtained. The
suspension is applied evenly to the inner wall of the chromatagraphic glass vial. The
Applied area is on average 12 cm?. This suspension is blown and dried by compressed air.
Due to the high volatility of methanol, the catalyst surface quickly and evenly becomes
a solid layer. The inside of the chromatagraphic glass vial is blown under compressed
air for 30 seconds so that it is completely filled with compressed air. Immediately after
blowing, the mouth of the chromatographic glass bottle is hermetically sealed with a
special SEPTA sealing device consisting of aluminum and silicone.
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Figure 3. Diagram of photocatalytic oxidation of toluene.

A low-pressure fluorescent lamp of the Philips PL-L 36W/10/4P SECURA model
was used as a source of ultraviolet radiation to carry out the photocatalytic oxidation
process. This lamp steadily emitted light at a wavelength of 365 Nm, providing the
optimal spectral range for activation by the titanium dioxide (TiO,) photocatalyst.
During the experiment, chromatographic glass vials prepared according to each organic
compound were alternately placed in the radiation source.

The vials were placed in the very center of the two fluorescent tubes of the Philips
lamp and exposed to ultraviolet radiation for 30 minutes at a distance of 1.5 cm from
the radiation source. These conditions made it possible for the photocatalysis process
to proceed effectively and for the active formation of electron-pore pairs (e /h") that
occur at surface intervals. During irradiation, active oxygen species such as hydrogen
peroxide (H,0,), hydroxyl radicals (*OH) and superoxide-anion radicals (O,*) were
formed on the surface of the TiO, photocatalyst, which caused the oxidation of the
introduced organic compounds.
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Results and discussion. To determine the formed volatile intermediates, the method
of gas chromatography-mass spectrometry (GC—MS) was used. The exact composition
of'the extracted products was determined by the method. As a result, all compounds were
effectively detected and fully registered with a gas chromatograph. The chromatogram
of intermediates during photocatalytic oxidation of toluene is shown in Figure 4.
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Figure 4. Chromatogram of intermediates during photocatalytic oxidation of toluene.

On the chromatogram, a very high intensity peak is observed in the area of about
3 minutes, which corresponds to toluene. This indicates that the amount of toluene
predominates in the reaction mixture. In addition, a second peak characteristic of
benzaldehyde was recorded in the period of about 5.8-6.0 minutes. The formation of
benzaldehyde proves that intermediates are formed during photocatalytic oxidation of
toluene.

The results obtained indicate that the oxidation process of toluene occurs in stages
and benzaldehyde is an important intermediate compound in the reaction mechanism.

In chromatograms obtained after photocatalytic oxidation of benzaldehyde, the
formation of benzene from benzaldehyde was clearly observed. The chromatogram of
intermediates during photocatalytic oxidation of benzaldehyde is presented in Figure 5.
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Figure 5. Chromatogram of intermediates during photocatalytic oxidation of benzaldehyde.

310




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

As you can see from the image, the result proves that benzaldehyde is further
converted to benzene by oxidation or decarbonylation, that is, the role of benzaldehyde
as one of the ways of benzene formation has been established.

Table 1. The ratio of the common values of the intermediates formed by toluene.

Benzaldehyde / Toluene 0,069:1
Benzyl alcohol / Toluene 0,004:1
Benzene / Toluene 0,002:1
Acetone / Toluene 0,0004:1

The relative quantitative ratios of the total values of the intermediates formed by the
photocatalytic oxidation of toluene are investigated. This was important for studying in
which direction and through which intermediate stages toluene is oxidized.

The benzaldehyde / toluene ratio was 0.069:1. This result showed that benzaldehyde
is the main intermediate in the pathway of photocatalytic oxidation of toluene. That is,
as a result of the first oxidation of toluene, mainly benzaldehyde is formed.

The benzyl alcohol / toluene ratio was 0.004:1. This indicator means that a small
amount of benzyl alcohol is formed from toluene. The benzyl alcohol can further oxidize
to benzaldehyde. Thus, benzyl alcohol also plays a role as an intermediate product, but
the amount is significantly smaller.

The benzene / toluene ratio was recorded at around 0.002:1. This means that a small
amount of benzene is formed directly from toluene or through benzaldehyde. This
situation indicates that benzene is not the main end product, the path of its formation in
the reaction is limited. However, this does not exclude the way benzene is formed as an
intermediate product.

The acetone / toluene ratio was at 0.0004:1. This very small concentration means
that toluene forms acetone indirectly or through secondary processes. It is observed
that acetone appeared only as an additional by-product, and not in the main reaction
pathway.

Ingeneral, it was found that after the photocatalytic oxidation of toluene, benzaldehyde
was formed as the most dominant intermediate. Its amount is quite high in comparison
with other products. This proves that the main oxidation pathway of toluene is through
benzaldehyde. Although benzyl alcohol and benzene are also formed as intermediates,
their proportion is low. Acetone, on the other hand, is a possible secondary or by-product
formed as a result of combustion.

The ratio of the common values of the intermediates formed by benzaldehyde is
given in Table 4.

Table 2. The ratio of the common values of the intermediates formed by toluene.

Benzene / Benzaldehyde 0,371:1
Benzyl alcohol / benzaldehyde 0,02:1
Benzoic acid / benzaldehyde 0,017:1

Acetone / Benzaldehyde 0,0025:1
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As a result of a comparative quantitative analysis, the proportions of intermediate
products formed in comparison with benzaldehyde were determined. This analysis was
carried out to assess which compounds can be further formed from benzaldehyde.

The benzene / benzaldehyde ratio was 0.371:1. This result indicates that a significant
amount of benzaldehyde is further converted to benzene. That is, benzaldehyde is an
important intermediate product in the benzene formation pathway.

However, the formation of benzene from benzaldehyde is considered a tentative
pathway under photocatalytic conditions and may not represent the dominant reaction
route. In conventional TiO:-mediated oxidation systems, benzaldehyde is typically
further oxidized to benzoic acid and ultimately mineralized to CO» and H-0O. The observed
benzene formation may be associated with partial deoxygenation or decarbonylation
reactions occurring under specific surface properties and reactive oxygen species
conditions. Therefore, this pathway should be interpreted as a secondary transformation
rather than a primary reaction mechanism. Additional confirmation through in situ
spectroscopic techniques or isotopic labeling experiments would be required to fully
validate this pathway.

The benzyl alcohol / benzaldehyde ratio was around 0.02:1. This means that benzyl
alcohol is oxidized to benzaldehyde, but its concentration is low. That is, benzaldehyde is
considered as a fact confirming that it is formed from benzyl alcohol, but the proportion
of this pathway is limited.

The benzoic acid / benzaldehyde ratio was recorded at 0.017:1. This indicator means
that benzoic acid is formed in small quantities by oxidation from benzaldehyde. This
also proves the ability of benzaldehyde to oxidize further, but shows that it is not the
main pathway.

The acetone / benzaldehyde ratio was only 0.0025:1. This indicates the formation of
a very small amount of acetone, perhaps indirectly or as a product of the combustion
process. The probability of its formation from benzaldehyde is low, but indirect processes
occurring in the course of the reaction cannot be ruled out.

Based on these relative values, it was found that benzaldehyde becomes benzene
as the main intermediate product, and the proportion of paths with the participation of
benzoic acid and benzyl alcohol is significantly less. That is, the formation of benzene
is the main transformation pathway of benzaldehyde.

Conclusion. The paper investigated the process of photocatalytic oxidation of
toluene. It was found that under the influence of a photocatalyst based on titanium(IV)
oxide and ultraviolet radiation, multi-stage radical oxidation of toluene occurs. It was
shown that the main active particles in the reaction are *OH, O+~ radicals and electron-
hole pairs.

According to the results of gas chromatography-mass spectrometry, benzaldehyde
was identified as the main intermediate product (benzaldehyde/toluene=0.069:1). It
has also been observed that small amounts of benzyl alcohol, benzene and acetone are
formed.

A study of the photocatalytic oxidation of benzaldehyde showed that it is the main
intermediate compound in the formation of benzene. The presence of a benzene/
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benzaldehyde ratio of 0.371:1 proved that benzaldehyde is converted to benzene by
photochemical transformation or decarbonylation.

The results of the study showed that the photocatalytic oxidation of toluene is a
complex and multi-stage process. During the reaction, partial oxidation of the aromatic
ring and the formation of intermediates occurs, and at the final stage, organic compounds
are completely mineralized and decomposed to CO- and H-O. It was also found that
the photocatalytic system has the ability to form toxic and carcinogenic intermediates,
including benzene. This indicates the importance of controlling the formation of
intermediate products when improving photocatalytic cleaning technologies.

In general, the results obtained allow us to deeply understand the mechanisms of
neutralization of volatile organic compounds by the photocatalytic method and can
serve as a scientific basis for the development of environmentally safe and effective
photocatalytic technologies.

The scientific contribution of this work consists in establishing the relative distribution
of major intermediate products formed during photocatalytic oxidation of toluene and
demonstrating the potential involvement of benzaldehyde in benzene formation under
TiO2/UV conditions. These findings contribute to a better understanding of benzene
formation during photocatalytic oxidation of toluene and may assist in the development
of photocatalytic systems that minimize the generation of toxic intermediate products.
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