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The photocatalytic method was proposed for the destruction of expired medicinal products

and medical waste. The use of this method was investigated towards the reaction of

photocatalytic degradation of antibiotic rifampicinum in water solutions. Unmodified

mesoporous anatase and rutile and modified with C3N4 were used as photocatalysts. All

powders were synthesized by thermal hydrolysis of TiCl4 solutions. The modified anatase

and rutile were produced by calcination with various amounts of melamine in the inert

atmosphere. X-ray powder diffraction, scanning electron microscopy, Brunauer-Emmett-

Teller surface area analysis were used to characterize the powders. It was established that

only 19.8% of rifampicinum was destroyed under UV irradiation during 90 min. The

percentage of degradation increases by 2.5 times in the presence of unmodified anatase

and rutile and by 3.5 and 4 times in the presence of the modified samples, respectively.
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Introduction
The increase of sickness rate and prevalence of

the disease is forcing medical workers to prescribe
and dispense various medications. The patients may
not be able to use all dispensed drugs due to side
effects, dosage changes, feeling healthy, drugs that
are about to expire, promotion methods by
manufacturers, prescribing practices of doctors and
pharmacists. According to the World Health
Organization, more than half of all medical drugs
are prescribed and sold inappropriately, resulting in
unnecessary storage and a threat to the environment
[1]. Non-compliance with medication regimen can
also result in leftover drugs being kept at home.
According to the World Health Organization, 50%
of patients take medication incorrectly [2]. Therefore,
it is common for families and patients to carry unused
or expired drugs, and the risks associated with this
have attracted worldwide attention. Incorrect
utilization of unused and expired drugs poses a

challenge to the environment. It is especially
important to present antibacterial drugs on a global
scale.

Nowadays, antibiotics are widespread in the
fight against microbial infections in medicine,
veterinary medicine; their microparticles settle in the
soil, dissolve in water and get with it into food [3].
Accumulation of antibiotics in the human body can
lead to joint disease, nephropathy, changes in the
central nervous system, mutagenesis, the appearance
of immuneallergic reactions, etc. Besides, antibiotics
have been widely detected in different ecosystems,
leading to a growing worldwide concern. These and
their byproducts are being continuously discarded
in natural ecosystems via excretion of human and
animal urine and feces, also domestic and hospital
effluents [4]. Such presence of antibiotics in water
can lead to antibiotic resistance and, in the long
term, can cause genetic effects in humans and marine
life.
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To neutralize expired drugs, the following
methods of disposal are used: disposal in an autoclave
(steam sterilization); encapsulation and inertization
– conversion of waste mass into a monolith with
the help of binders and its subsequent grinding;
thermal destruction; chemical neutralization of
hazardous components; water dilution and drainage
into the sewer; microwave irradiation; burial in
designated places, etc. The use of all these methods
requires energy costs. In addition, there is a risk of
air pollution by dangerous substances, which released
into the environment during the conversion of drugs
in the course of their utilization by methods of steam
sterilization in an autoclave and thermal destruction.
Such methods as encapsulation, inertization and
burial do not solve the problem of disposal of drugs,
but only contribute to their accumulation in a certain
place, where in contact with ultraviolet light,
moisture, high temperatures, they change and spread
in the environment, including soil and water.
Chemical neutralization of expired drugs, water
dilution and their discharge into the sewer obviously
lead to environmental pollution. Microwave
irradiation also does not lead to complete
mineralization of hazardous substances, but,
conversely, can lead to the formation of more
hazardous substances.

Thus, there is an obvious need to develop new
methods of recycling medical waste and expired
drugs. Photocatalysis is perspective method for drug
disposal. The main advantage of this method is the
complete destruction of hazardous medical substances
in the presence of a photocatalyst under UV
irradiation [5,6].

Thus, the aim of the present work was to
produce and investigate rutile and anatase, modified
with various amounts of C3N4, with enhanced
photocatalytic activity toward antibiotics
rifampicinum (RF) under UV irradiation.

Materials and methods
Preparation of TiO2

For the research, polydisperse samples of pure
nanocrystalline TiO2 with the structure of anatase
(A) and rutile (R) were synthesized. The samples
were prepared under the same conditions and by the
same method (thermal hydrolysis of TiCl4 solutions).
The method used makes it possible to obtain
polydisperse TiO2 of anatase and rutile crystal
structure of high chemical purity [7,8]. The method
for preparing TiO2 includes thermal hydrolysis of a
dilute hydrochloric acid solution of titanium
tetrachloride. The synthesis was carried out at normal
pressure at a temperature of 1000C in the presence
of specially prepared TiO2 anatase or rutile nuclei

added to control the crystallite growth process,
according to the following scheme:

TiCl4+3H2OTiO(OH)2+4HCl (1)

The samples were carefully washed and calcined
in air at 3000C. Two pure single-phase anatase (A)
and rutile (R) samples were synthesized.

Preparation of TiO2 modified with C3N4

To modified anatase and rutile with C3N4 we
used melamine. The modified samples were produced
by calcination of rutile or anatase with various
amounts of melamine (0.1, 0.5, 1 and 2%). The
materials were treated in an inert atmosphere in a
tubular furnace where the powders were kept at 200,
300, 400, and 5000C for 30 min. They were also
cooled in the inert atmosphere. As a result,
photocatalysts with colors ranging from yellow to
brown depending on the amount of melamine were
obtained. The samples were denoted as: 0.1R, 0.5R,
1R, 2R and 0.1A, 0.5A, 1A, and 2A.

Devices and methods
The XRD patterns of the samples were obtained

with Bruker D8 Advance X-ray diffractometer with
monochromatic CuK- radiation (0.154 nm). The
average crystallite size of the samples was evaluated
from the R (110) and A (101) characteristic peaks
using the Debye-Scherrer formula: D=K/cos;
where D is an average crystallite size in Angstroms,
K is a constant equal to 0.89;  is the X-ray radiation
wavelength,  is the diffraction peak full width at
half maximum (FWHM), and  is the diffraction
angle. The measurement errors for the XRD did not
exceed ±5%.

The morphology of the samples was studied
with a scanning electron microscope JEOL JSM 6490
equipped with an energy dispersive X-ray
spectroscopy (EDS) detector operating at 20 kV.

Quantachrom NovaWin2 device was used for
the determination of the specific surface area (Ssp)
and pore size distribution for the samples. The specific
surface area was obtained from the isotherms of
nitrogen adsorption-desorption using the Brunauer-
Emmet-Teller (BET) method. The pore radius (R)
was calculated from the desorption branches of the
isotherms using the Barret-Joiner-Halenda approach.

Photocatalytic activity test
RF (C43H58N4O12) from pharmaceutical capsule

(«Lupin Pharmaceuticals», India) was used. To
prepare saturated RF solution, 105.4 g of RF was
dissolved in 100 ml of distilled water. Solutions for
photocatalytic experiments were prepared by a
dilution method: 11 ml of saturated RF solution and
239 ml of distilled water. Before irradiation, the
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catalyst suspension (2 g/l) in an aqueous solution of
RF was kept in dark until adsorption equilibrium
was reached. The adsorption equilibrium was
established within 2 h for all samples.

Irradiation of the RF aqueous solutions was
performed at room temperature in a quartz reactor
in the presence of air oxygen during 90 min. UV
lamp with the power of 30 W and radiation maximum
at 254 nm was used as a light source. Concentrations
of the RF were measured spectrophotometrically
using Shimadzu UV-2450 spectrophotometer at
=325 nm. A blank experiment was carried out under
the same conditions in the absence of a photocatalyst.
Photodegradation of RF was calculated from the
differences between the initial (100%) and final
optical density of the RF solutions using the following
equation:

Photodegradation,%=((D0–D))/D0x100, (2)

where D0 is the initial absorbance of the RF solution,
D is the absorbance of the RF solution after the
irradiation.

The same adsorption and photocatalytic
experiments were made four times. The figures were
plotted using the mean experimental data of the
identical experiments.

High-performance mass-spectrometry coupled
with a liquid chromatography system UHPLC
Infinity 1260 (Agilent Technologies, Waldbronn,
Germany) and Accurate Mass TOF LC/MS (Agilent
Technologies, Singapore) were used for investigation
of products of photocatalysis. For chromatographic
partition of the mixture, the column Agilent Zorbax
C18 (100 mm2.1 mm) was explored. Negative ions
were registered in the range of m/z 600 to 1500.

Results and discussion
The diffractograms of the modified titanium

dioxide powders exhibit strong peaks characteristic
of anatase (A) and rutile (R) and weak peaks
corresponding to C3N4 at 2=12.70 and 27.40

(Fig. 1,a). C3N4 was formed when pure melamine is
mixed with A and R and calcinated.

The obtained powders consist of round form
agglomerates of about 20–30 m (Fig. 2) which
consist of agglomerates (~20 nm). Specific surface
area decreases after calcination (from 15.6 to
9.2 m2/g for A and from 9.7 to 6.4 m2/g for R). The
average radius and the volume of the pores also
decrease.

Investigation of the sorption-desorption
isotherms for the modified samples (Fig. 2) showed
the presence of a hysteresis loop in all cases,
indicating a mesoporous structure for the powders
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Fig. 1. XRD patterns of melamine, melamine after calcination at 5000C and 2R (a) and SEM image of 2A (b) and 2R (c)
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[9]. The isotherms correspond to type IV of the
IUPAC classification for porous materials with the
H1 type of hysteresis loop.

Photocatalytic activity of obtained samples was
investigated in in the reaction of RF photodestruction
in water solutions. As known, RF [10] is one of the
most potent and broad-spectrum antibiotics against
bacterial pathogens (in particular, tuberculosis (TB))
therapy. The introduction of RF in 1968 greatly
shortened the duration of TB chemotherapy. RF
diffuses freely into tissues, living cells, and bacteria,
making it extremely effective against intracellular
pathogens like M. tuberculosis [11]. However, bacteria
develop resistance to RF with high frequency, which
has led the medical community in the United States
to commit to a voluntary restriction of its use for

treatment of TB or emergencies.
The bactericidal activity of RF stems from its

high-affinity binding to, and inhibition of, the
bacterial DNA-dependent RNA polymerase. The
essential catalytic core RNAP of bacteria (subunit
composition 2’) has a molecular mass of around
400 kDa and is evolutionarily conserved among all
cellular organisms. Mutations conferring RF
resistance (RifR) map almost exclusively to the rpoB
gene (encoding the RNAP b subunit) in every
organism tested, including E. coli and M. tuberculosis.
Comprehensive genetic analyses have provided
molecular details of amino acid alterations in b
conferring RifR (Fig. 3) [12].

High-resolution structural studies of the
RF-RNAP complex should lead to insights into RF
binding, the mechanism of inhibition, and also the
mechanism by which mutations lead to RFR. This
could shed light on the transcription mechanism
itself, as well as provide the basis for the development
of drugs that selectively inhibit bacterial RNAPs but
are less prone to single amino acid substitutions giving
rise to resistance. The recent determination of the
crystal structure of core RNAP from Thermus
aquaticus (Taq) has opened the door to further studies
of RNAP structure, function, and interactions with
substrates, ligands, and inhibitors. Here we describe
the 3.3 Å crystal structure of Taq core RNAP
complexed with RF. The structure explains the effects
of RF on RNAP function. In combination with a
model of the ternary transcription complex and
biochemical experiments, the data indicate that the
predominant effect of RF is to directly block the
path of the elongating RNA transcript at the 5' end

Fig. 2. Nitrogen adsorption-desorption isotherms (77 K)

Fig. 3. The RF-resistant regions of the RNAP  subunit [12]
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b

Fig. 4. Changes in the absorption spectra of RF water solutions under UV irradiation during 90 min: (a) photolysis, (b) over 0.5R

à
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when the transcript becomes either 2 or 3 nt in length.
RF being a resistant to a large number of

bacterial species is stable in the environment;
therefore, photocatalysis seems to be a promising
method of its destruction. It was established that
only 19.8% of RF was degraded under UV irradiation
during 90 min (Table, Fig. 4,a). The percentage of
degradation increase by 2.5 times in the presence of
TiO2 samples (A, R) and by 3.5 and 4 times in the
presence of the modified A and R, respectively
(Table, Figure 4,b).

In the presence of the investigated
photocatalysts during UV irradiation of an aqueous
solution of the antibiotic, a decrease in its
concentration is observed (Fig. 4,b) until the
complete disappearance of the absorption bands. The
appearance of new absorption bands in the RF spectra
during the destruction process was not recorded,
which indicates the absence of photoactive
decomposition products. This is confirmed by studies
of the mass spectra of RF solutions during and after
irradiation by high-resolution mass spectrometry. The
intensity of the peaks corresponding to the antibiotic
decreased during irradiation, reaching a value below
the noise level. The appearance of additional peaks
corresponding to the reaction intermediates was not
recorded.

Photocatalytic activity of samples

Samples RF destruction, % 

– 19.8 

А 48.35 

0.1А 70.3 

0.5А 58.3 

1А 43.6 

2А 45.4 

Р 50.6 

0.1Р 51.1 

0.5Р 78.3 

1Р 76.2 

2Р 77.8 

 

Conclusions
Mesoporous samples of anatase and rutile with

particle sizes of about 20 nm modified with C3N4

were prepared. The samples were analyzed using
SEM microscopy, X-ray diffraction analysis and BET
method. Specific surface area, average radius and
the volume of the pores were decreased after
modification. Investigation of the sorption–
desorption isotherms obtained showed the presence
of a hysteresis loop in all cases, which indicates a

mesoporous structure of the powders. Photocatalytic
activity of the samples was investigated in the reaction
of rifampicinum photodestruction in water solutions.
It was found that modified samples exhibited higher
photocatalytic activity than pure anatase and rutile
towards the investigated reactions. Photocatalytic
destruction seems to be a promising method for
utilization of expired drugs.

Acknowledgements
The authors express their sincere gratitude to

National Academy of Sciences of Ukraine for support
in the research.

REFERENCES

1. Essential medicines for universal health coverage /

Wirtz V.J., Hogerzeil H.V., Gray A.L., Bigdeli M., de Joncheere

C.P., Ewen M.A., et al. // The Lancet. – 2017. – Vol.389. –

No. 10067. – P.403-476.

2. Milani B., Scholten W. The world medicines situation

2011. Access to controlled medicines. – Geneva: World Health

Organization, 2011. – 20 p.

3. Windfeld E.S., Brooks M.S. Medical waste management

– a review. J. Environ. Manage. – 2015. – Vol.163. – P.98-108.

4. A review of pharmaceutical occurrence and pathways in

the aquatic environment in the context of a changing climate and

the COVID-19 pandemic / O’Flynn D., Lawler J., Yusuf A.,

Parle-McDermott A., Harold D., Cloughlin T., Holland L., Regan F.,

White B. // Anal. Methods. – 2021. – Vol.13. – P.575-594.

5. Frontistis Z. New trends in environmental catalytic

technologies for water remediation // Water. – 2021. – Vol.13.

– Art. No. 571.

6. Photocatalytic activity of TiO2-C nanocomposites in the

oxidation of Safranin T under UV and visible light / Bondarenko M.V.,

Khalyavka T.A., Petrik I.S., Camyshan S.V. // Theor. Exp. Chem.

– 2018. – Vol.54. – No. 1. – P.40-45.

7. The influence of sulfur dopants on optical, textural,

structural and photocatalytic properties of titanium dioxide /

Shapovalova M.V., Khalyavka T.A., Shcherban N.D., Khyzhun O.Y.,

Permyakov V.V., Shcherbakov S.N. // Nanosistemi,

Nanomateriali, Nanotehnologii. – 2020. – Vol.18. – No. 3. –

P.681-695.

8. Shimanovskaya V.V., Dvernyakova A.A., Strelko V.V. The

kinetics of the hydrolysis of titanium chloride in the presence of

TiO2 nuclei with the structure of anatase // Izv. AN SSSR. Neorg.

Mater. – 1988. – Vol.24. – P.188-191.

9. Lowell S., Shields J.E. Powder surface area and porosity.

– New York: Chapman & Hall, 1991.

10. Sensi P., Greco A.M., Ballotta R. Rifomycin. I. Isolation

and properties of rifomycin B and rifomycin complex // Antibiot.

Annu. – 1959. – Vol.7. – P.262-270.

11. Shinnick T. Tuberculosis. Current topics in microbiology

and immunology. Vol.215. – Berlin: Springer-Verlag, 1996. – 307 p.



158

Tetiana Khalyavka, Anatolii Lysenko, Vadym Tarasov, Olha Zakharova, Nadia Ponomarenko

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 2, pp. 152-158

12. Structural mechanism for rifampicin inhibition of

bacterial RNA polymerase / Campbell E.A., Korzheva N.,

Mustaev A., Murakami K., Nair S., Goldfarb A, et al. // Cell. –

2001. – Vol.104. – No. 6. – P.901-912.

Received 12.01.2023

ÔÎÒÎÊÀÒÀË²ÒÈ×ÍÀ ÄÅÑÒÐÓÊÖ²ß ÏÐÎÄÓÊÖ²¯ ÒÀ
Â²ÄÕÎÄ²Â Õ²Ì²ÊÎ-ÔÀÐÌÀÖÅÂÒÈ×ÍÈÕ
ÂÈÐÎÁÍÈÖÒÂ

Ò.Î. Õàëÿâêà, À.Î. Ëèñåíêî, Â.Þ. Òàðàñîâ, Î.². Çàõàðîâà,
Í.². Ïîíîìàðåíêî

Çàïðîïîíîâàíî ôîòîêàòàë³òè÷íèé ìåòîä óòèë³çàö³¿
ìåäè÷íèõ â³äõîä³â òà ïðîñòðî÷åíî¿ ìåäè÷íî¿ ïðîäóêö³¿. Çà-
ñòîñóâàííÿ öüîãî ìåòîäó äîñë³äæåíî â ðåàêö³¿ ôîòîêàòàë³-
òè÷íîãî ðîçêëàäàííÿ àíòèá³îòèêà ðèôàìï³öèíó ó âîäíèõ
ðîç÷èíàõ. ßê ôîòîêàòàë³çàòîðè âèêîðèñòîâóâàëè íåìîäèô³-
êîâàíèé ìåçîïîðèñòèé àíàòàç ³ ðóòèë, à òàêîæ àíàòàç ³ ðó-
òèë, ìîäèô³êîâàí³ C3N4. Óñ³ ïîðîøêè ñèíòåçîâàíî òåðì³-
÷íèì ã³äðîë³çîì ðîç÷èí³â TiCl4. Ìîäèô³êîâàí³ àíàòàç ³ ðó-
òèë áóëè îäåðæàí³ ïðîæàðþâàííÿì ç ð³çíèìè ê³ëüêîñòÿìè
ìåëàì³íó â ³íåðòí³é àòìîñôåð³. Äëÿ õàðàêòåðèñòèêè ïîðîøê³â
çàñòîñîâóâàëè ðåíòãåí³âñüêó ïîðîøêîâó äèôðàêö³þ, ñêàíó-
þ÷ó åëåêòðîííó ì³êðîñêîï³þ, àíàë³ç ïëîù³ ïîâåðõí³ çà ³çî-
òåðìîþ àäñîðáö³¿ Áðóíàóåðà-Åììåòà-Òåëëåðà. Âñòàíîâëåíî,
ùî ëèøå 19,8% ðèôàìï³öèíó ðóéíóºòüñÿ ï³ä ä³ºþ ÓÔ-îï-
ðîì³íåííÿ ïðîòÿãîì 90 õâ. Â³äñîòîê äåãðàäàö³¿ çðîñòàº ó 2,5
ðàçè çà íàÿâíîñò³ íåìîäèô³êîâàíèõ àíàòàçó ³ ðóòèëó òà ó 3,5
òà 4 ðàçè çà íàÿâíîñò³ ìîäèô³êîâàíèõ çðàçê³â, â³äïîâ³äíî.

Êëþ÷îâ³ ñëîâà: àíàòàç, ðóòèë, ôîòîäåñòðóêö³ÿ,
ðèôàìï³öèí, àíòèá³îòèê, íåáåçïå÷íèé êîìïîíåíò,
ôîòîäåãðàäàö³ÿ, ôîòîêàòàë³ç.
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