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  AMOXICILLIN PHOTODEGRADATION BY 
NANOCRYSTALLINE TiO2 

Article Highlights 
• Nanocrystalline TiO2 was synthesized by sol-gel route 
• Nanocrystalline TiO2 was applied in the degradation of amoxicillin 
• The effect of catalyst, salt, ethanol and pH on the reaction was established 
• The mineralization of amoxicillin was analyzed by IC and TOC 
• The catalytic properties of nanocrystalline TiO2 was compared to P25 
 
Abstract 

Nanocrystalline TiO2, synthesized by sol-gel route and characterized by XRPD, 
BET and SEM measurements, was applied in the photocatalytic degradation of 
amoxicillin, using an Osram Ultra-Vitalux® lamp as the light source. Amoxicillin is 
a semi-synthetic penicillin type antibiotic active against a wide range of gram-
positive and a limited range of gram-negative organisms. The continuous release 
of antibiotics and their persistence in the environment may result in serious 
irreversible effects on aquatic and terrestrial organisms. Heterogeneous cat-
alysis, which uses catalysts like TiO2, is a promising route for the degradation of 
organic pollutants including antibiotics. The effects of initial concentration of 
catalyst, initial salt concentration (NaCl and Na2SO4), ethanol and pH on the 
photocatalytic degradation of amoxicillin were studied. The mineralization of 
amoxicillin was analyzed by ion chromatography as well as by total organic ana-
lysis. The catalytic properties of nanocrystalline TiO2 were compared to Evonik 
P25 catalyst. 
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From an environmental point of view, antibiotics 
constitute a new group of man-made chemicals of 
concern due to their high consumption rate world-
wide. Their continuous release and persistence in the 
ecosystem, even at low concentrations, may result in 
serious irreversible effects on aquatic and terrestrial 
organisms. Antibiotics are an especially hazardous 
class of compounds, because they are potent in dam-
aging micro-flora and fauna, they accumulate in food 
chains [1], and accelerate the development of resist-
ant bacteria. Hence, antibiotics must be degraded or 
destroyed before discharging contingent wastewater 
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to the environment. Central nervous system damage, 
mutagenic effects, nephropathy, arthropathy, light 
sensitivity and spermatogenesis can result from the 
accumulation of antibiotics in organisms [2]. 

Penicillin class drugs are among frequently det-
ected antibiotics in wastewaters. However, penicillins 
are not usually thought to be a serious threat to the 
environment because of the poor stability of the β- 
-lactam ring under pH conditions and β-lactamase 
activity [3]. The opening of this ring is related to the 
loss of microbiological activity [4,5]. 

Amoxicillin (C16H19N3O5S (AMX), Figure 1) is a 
semi-synthetic penicillin type antibiotic active against 
a wide range of gram-positive and a limited range of 
gram-negative organisms. It is used in human medi-
cine as well as in veterinary practice. The presence 
and fate of amoxicillin in the environment has been 
investigated [6,7].  

Studies available in the scientific literature rep-
orted that, although usually detected in trace concen-
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trations, amoxicillin continuous release into the envi-
ronment increases the possibility of synergistic effects 
with other pharmaceuticals or chemicals in the aqua-
tic effluent [8]. 
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Figure 1. AMX structure. 

It is useful to apply effective treatment techno-
logy to remove the amoxicillin from water. In this 
regard, advanced oxidation processes (AOPs), 
namely heterogeneous catalysis which uses catalysts 
like TiO2 and ZnO, are a promising route for the 
degradation of organic pollutants based on the form-
ation of hydroxyl, •OH, and other radicals and they 
are more suitable in comparison to other more exp-
ensive techniques, such as activated carbon adsorp-
tion, air stripping and reverse osmosis. Indeed, these 
techniques only transfer the pollutants from one 
phase to another without degrading or destroying 
them while AOPs radicals strongly oxidize toxic and 
non-biodegradable compounds to the different co-pro-
ducts, and, in the course of time, to innocuous end-
products such as CO2 and H2O [9].  

TiO2 is the most commonly used photocatalyst 
for pollutant destruction in aqueous solution and it is 
very efficient – furthermore, it is inexpensive, commer-
cially available at various crystalline forms and par-
ticle characteristics, non-toxic, stable to photocorros-
ion and easy to work with. The single drawback is that 
TiO2 does not absorb visible light and to overcome 
that doping, dye sensitization, coupling and capping 
of TiO2 have been studied [10].   

A number of reported studies on degradation of 
amoxicillin by different AOPs include the treatment of 
amoxicillin wastewater by combination of extraction, 
Fenton oxidation and reverse osmosis [11]. Elmolla 
and Chaudhuri studied the degradation of amoxicillin, 
ampicillin and cloxacillin antibiotics by using Fenton 
[12], photo-Fenton [13] and UV/ZnO photocatalysis 
[14]. Degussa P-25 and other commercial as well as 
synthesized TiO2 were used in the study of degrad-
ation of amoxicillin [15,16]. So, Klauson et al. [15] 
showed that aqueous photocatalytic oxidation of 
amoxicillin by applying TiO2 Degussa P25 and visible 
light-sensitive sol-gel synthesized carbon-and iron-
doped titania as photocatalysts proceeds with max-
imum efficiency in neutral solutions. Doped catalysts 

were close in efficiency to Degussa catalyst under 
solar radiation. Dimitrakopoulou et al. [16] found out 
that among studied photocatalysts Degussa P25 was 
highly active with complete AMX degradation and 
93% mineralization using 10 mg dm-3 AMX and 250 
mg dm-3 TiO2 in a laboratory scale photoreactor. In 
general, mineralization was slower than degradation.  

The aim of this work is to study the potency of 
sol-gel route synthesized nanocrystalline TiO2, pre-
viously applied in the degradation of azo dye, phenol 
and pesticide [17], in the photocatalytic amoxicillin 
degradation, using an Osram Ultra-Vitalux® lamp as 
the light source. The catalytic property of nanocrys-
talline TiO2 was compared to commercial Evonik P25 
in AMX degradation. The effect of the parameters 
such as initial concentration of catalyst, initial salt 
concentration (NaCl and Na2SO4), ethanol and pH 
was analyzed. The mineralization of amoxicillin was 
analyzed by TOC and ion analysis.  

EXPERIMENTAL 

Materials 

Amoxicillin trihydrate was obtained from Hemo-
farm-Stada. Methanol and sodium hydroxide were 
purchased from J.T. Baker, while acetic acid was pro-
duced by Lachner. Tetrabutyl titanate Ti(OBu)4 was 
produced by Acros Organics, hydrochloric acid by 
Zorka, and ethanol by Carlo Erba. Sodium chloride 
was obtained from Zdravlje, and sodium sulfate from 
Centrochem. P25 titanium dioxide was supplied by 
Aldrich. All chemical used were of analytical grade or 
higher. All chemicals were used without further puri-
fications. Deionized water was obtained from a Milli-
pore water purification system. 

Preparation of nanocrystalline TiO₂  

The TiO2 nanocrystals were prepared by a sol- 
-gel method [17]. The precursor was tetrabutyl titan-
ate and the mole ratio between reagents was 
Ti(OBu)4:HCl:EtOH:H2O = 1:0.3:15:4. The synthesis 
was carried out at the temperature of ice, where 
hydrochloric acid (36.2%, Zorka, Serbia), ethanol 
(96%, denatured, Carlo Erba, Italy), and at the end, 
distilled water were slowly added to tetrabutyl titanate 
(99%, Acros Organics, Belgium). The hydrolysis and 
polycondensation reactions of Ti(OBu)4 were carried 
out at the temperature of ice. After the gelation, the 
wet gels were dried at 80 °C, and then the dry gels 
were calcined at 500 °C for 2.5 h to obtain TiO2 
nanocrystals. The heating rate and the cooling rate 
were the same (135 °C h-1).   
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Photocatalytic experiment 

The photodegradation of AMX was investigated 
in deionised water in an open reactor (100 cm³), 
thermostated at 25 °C [18]. For the irradiation an 
Osram Ultra Vitalux® 300 W lamp was used, with ratio 
of UV-A and UV-B lights of 13.6:3. The position of the 
lamp was 40 cm from the surface of the reaction mix-
ture, containing in general AMX and TiO2. The tempe-
rature of the reaction mixture changed for 2.5 °C 
during 210 min of irradiation. For every experimental 
cycle, 25 cm³ of the reaction mixture was placed into 
the reactor and stirred, using magnetic stirrer (Heid-
olph) for 30 min in the dark in order to reach adsorp-
tion/desorption equilibrium. Then the lamp was 
switched on while the continuous stirring was main-
tained. The aliquots were taken at defined time inter-
vals. All the aliquots were filtrated by 0.45 µm Cronus 
13 mm nylon syringe filters, in order to remove the 
suspended TiO2 particles before the analysis. All the 
experiments were done in triplicate. 

Analytical procedures 

XRD 
Structural analysis of prepared samples was 

done by XRPD on Ital Structures APD2000 diffrac-
tometer, using CuKα radiation (λ = 1.5406 Å), angular 
range: 20°< 2θ < 90°. Data were collected at every 
0.01° in the 20-90° 2θ using a counting time of 80 
s/step. MDI Jade 5.0 software was used for calcul-
ation of the structural and microstructural parameters. 
The Williamson-Hall method was applied for the 
determination of average microstrain and the mean 
crystallite sizes, <D>, of the prepared samples. The 
obtained values are compared to the mean crystallite 
sizes calculated by Scherrer formula. The Scherrer 
formula is an estimate crystallite size calculated from 
FWHM of all diffractions collected during measure-
ment. 

SEM 
The morphology of the prepared TiO2 nano-

powder was analyzed by scanning electron micro-
scope (SEM). The measurements were carried out on 
a Tescan MIRA3 field emission gun SEM, at 10 kV in 
high vacuum. SEM working distance was about 4 
mm. The powder was sonicated in ethanol for 15 min. 
Immediately afterwards, a drop of solution was casted 
onto a freshly cleaved kish graphite crystal embedded 
with a silver paste into a sample holder. Access mat-
erial was removed in a stream of argon gas and the 
sample was left to degas in low vacuum for 1 h, 
before the measurements on a scanning electron mic-

roscope. The sample plane was 40° tilted relative to 
the plane perpendicular to the SEM column axis.  

BET 
The porous structure of anatase samples is eva-

luated from adsorption/desorption isotherms of N2 at 
–196 °C, using the gravimetric McBain method. The 
main parameters of the porosity, such as specific sur-
face area and pore volume, have been estimated by 
BET method from αs-plot. The pore size distribution 
has been estimated from hysteresis sorption data by 
Barret-Joyner-Halenda method. 

UV and HPLC analysis 
The concentration of the antibiotic was moni-

tored by Shimadzu 1700 UV-Vis spectrophotometer 
at 228 nm and checked by HPLC analysis. The HPLC 
determinations were carried out using an HPLC ins-
trument Agilent 1100 Series equipped with Zorbax 
Eclipse XDB-C18 column (Agilent). The analyses 
were performed in isocratic mode using water/meth-
anol/acetic acid (200:300:5 volume ratio). The mobile 
phase had the flow rate of 0.8 cm³ min–¹ and the 
column temperature was 258 °C. The injection 
volume was 5 μL and UV detection was carried out at 
228 nm. 

pH Measurement 
The pH value of the samples was adjusted by 

the addition of 0.1 mol dm-³ NaOH or HCl and the 
determination of pH was performed on a Hanna HI 
2210 pH meter. 

Ion chromatographic analysis 
Ion chromatographic analysis was performed on 

a Dionex DX 300 ion chromatograph at ambient 
temperature 25 °C with suppressed conductivity det-
ector. The ion chromatograph was equipped with a 
Dionex IonPac AS14 column. 

Total organic carbon analysis 
Total organic carbon was measured using a 

Zellweger LabTOC 2100 instrument. 

RESULTS AND DISCUSSION 

Synthesis of TiO2 catalyst 

The TiO2 nanocrystals can be usually obtained 
by a sol-gel method where titanium tetrachloride, 
isopropoxide titanate and tetrabutyl titanate are used 
as precursors [19,20]. In our study, tetrabutyl titanate 
(Ti(OBu)4) was used as a precursor and the mole 
ratio between reagents were Ti(OBu)4:HCl:EtOH:H2O 
= 1:0.3:15:4, where hydrochloride acid was used as 
the catalyst, ethanol as the solvent, and water for 
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hydrolysis. Measured pH value of the colloidal sus-
pension was 7. Many experiments of TiO2 synthesis 
were done in order to find the optimal combination of 
reagents with different acids (HCl and CH3COOH) 
and their various molar ratios, or different alcohols 
(EtOH, AmylOH), but the best combination was the 
mentioned one, which is in accordance to the ratio 
from the literature [21].  

Photocatalytic properties of obtained TiO2 were 
previously checked in photodegradation of textile dye 
C.I. Reactive Orange 16 [17] and compared to Evonik 
P25. The recorded activity was similar to the activity 
of P25 catalyst. 

Characterization methods 

XRPD 
The most intensive diffraction peaks in the 

XRPD patterns of sol-gel produced sample can be 
ascribed to the anatase crystal structure (JCPDS card 
21-1272) and it is presented, together with corres-
ponding Miller indices, in Figure 2. There is no evi-
dence of neither rutile nor brookite phase. Structure 
characteristics of our TiO2 were: lattice parameters, 
a = 3.784(3) Å, c = 9.53(0) Å, V = 136.4 Å3. Average 
primary particle size of 15 nm was obtained by Scher-
rer analyses, or 24 nm with microstrain of 0.301% 
obtained by Williamson-Hall method, while for Deg-
ussa P25 it was found to be 31 [22] or 20 nm [23] 
calculated by Scherrer equations. BET analysis rev-
ealed specific surface area (BET) of 52 m2 g–1 for our 
sample with pore volumes 0.1063 cm3 g–1 and pore 
diameter 5.3 nm, while data for Degussa P25 were 
specific surface area of 52 m2 g–1 as in [22] and similar 
value found in the literature of 51 m2 g–1 [23]. Pore 
volumes were 0.150 cm3 g–1 and pore diameter 31.5 

nm [23], where these data not cited in [22]. Therefore, 
it could be suggested that the specific surface area is 
an important parameter for the photocatalytic degrad-
ation. Degussa P25 is commercial and the most pop-
ular compound for the photocatalytic degradation. It is 
a combination of anatase and rutile phase (82% of 
anatase phase and 18% of rutile phase [22], while our 
sample had the pure anatase phase. One of the 
reasons for the synthesis of nanocrystalline TiO2 and 
its comparison to Degussa P25 is the fact that one 
can improve the knowledge about the mechanism of 
photocatalytic degradation and, within the choice of 
offered parameters, to tailor their own process. 

SEM 
The results of SEM measurements are shown in 

Figure 3. Agglomerated structure could be clearly 
seen, which is in accordance with the fact that pH 
value of gel equals the point of zero charge (PZC) for 
TiO2 obtained from tetrabutyl titanate [24], which 
promotes higher agglomeration. Values of diameters 
of the individual particles are in accordance with the 
value of the average particle size obtained by 
Williamson-Hall method (24 nm). 

 
Figure 3. Top: SEM image of the conglomerated structure, also 
showing smaller conglomerated structures and several single 

particles. The top image is magnified 200×. Bottom: eight single 
particles. The size of each image is 100 nm×100 nm, the 

magnification of each bottom image is 1M×. The diameter of 
each particle is estimated to be within ±4 nm of the given value. 

AMX photocatalytic degradation  

Initial experiments 
In the first experiment, the adsorption of AMX on 

nanocrystalline TiO2 as well as the photolysis of AMX 
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was investigated (Figure 4). As can be seen, the 
change in normalized concentration (normalized con-
centration c/c0, where c is the concentration of AMX 
at irradiation time t and c0 is the initial concentration of 
AMX) is about 5%, indicating low adsorption (experi-
ment in dark) of AMX on nanocrystalline TiO2 by 
using the catalyst at concentration of 2 g dm–³. during 
the photolysis of 210 min using Osram Ultra-Vitalux® 
300W lamp, AMX was proven to be stable. This is in 
agreement with previously published literature data, 
where it was found that AMX is relatively stable 
during short reaction time in the environment as well 
us under simulated sunlight photolysis [6,25]. Degrad-
ation under UV light at 365 nm was ascribed to the 
hydrolysis rather than photolysis [26]. Due to the ads-
orption of AMX on nanocrystalline TiO2, the suspen-
sion was stirred for 30 minutes in the dark prior to 
photocatalysis process to reach the adsorption equi-
librium [27]. The equilibrium AMX concentration was 
then used as c0 concentration (Figure 4). The adsorp-
tion of AMX on P25 catalyst was found to be similar to 
that of the prepared nanocrystalline TiO2 (about 4%). 

Consequently, the degradation of the studied 
antibiotic was recorded when the suspension of nano-
crystalline TiO2 and AMX was irradiated. Figure 4 
shows that almost complete degradation of AMX was 
achieved after 210 min. The inset in Figure 4 repre-
sents the influence of the initial catalyst concentration 
on pseudo-first reaction constant (k). It is known that 
the photodegradation reaction can be well described 
using a pseudo-first kinetic order, which is given by 
the following equations [28]: 

  = 
 

0ln
c kt
c

 (1) 

−= 0
k tc c e  (2) 

Initial photocatalyst concentration was varied in 
the range 0.5-4.0 g dm–³ and AMX concentration was 
100 mg dm–³. It can be seen that the photodegrad-
ation rate of AMX increased with TiO2 concentration 
in the range 0.5-2.0 g dm–³, presumably due to the 
increase in •OH production. Further increase of cat-
alyst concentration produced a small decrease of 
AMX photodegradation rate. This may be due to the 
decreasing UV light penetration, increasing light scat-
tering, agglomeration and sedimentation of TiO2 at 
high catalyst concentration. The reaction rate may 
also decrease due to lessening of light density in tur-
bid solution [29]. Based on the results, the optimum 
titanium dioxide concentration for degradation of AMX 
in aqueous suspension is 2.0 g dm–³. 

The catalytic property of nanocrystalline TiO2 

was compared to P25 catalyst. Figure 4 shows that in 
the case of AMX degradation nanocrystalline TiO2 
has similar catalytic properties as P25. This is in agree-
ment with previously obtained results for the photo-
catalytic degradation of C.I. Reactive orange dye [17].  

The effect of the pH value 
The photodegradation of AMX was studied at 

five different pH values. The pH of the AMX water 
solution was 6. pH value of the solution was adjusted 
before irradiation. The adjustments of acidic (pH 3 
and 5) and alkaline medium (pH 9 and 11) were made 
using diluted HCl or NaOH. Figure 5 reveals that 
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Figure 4. The effect of different experimental conditions on AMX degradation in deionised water (AMX concentration 100 mg dm–³, 

catalyst concentration 2 g dm–³). inset: influence of nanocrystalline TiO2 concentration on the reaction rate. 
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increasing pH from 3 to 5/6 decreases the reaction 
rate. Emmola et al. showed that AMX is positively 
charged at acidic pH while at alkaline pH it is neg-
atively charged [26]. On the other hand TiO2 surface 
charge change from positive to negative. Point zero 
charge should be at pH 6.8 [30]. So, AMX and TiO2 
are both positively charged in acidic conditions. These 
should hinder the adsorption of AMX on TiO2 surface 
and slow the reaction. The observed higher degrad-
ation rate (ca. 20%) in more acidic conditions in com-
parison to less acidic/neutral conditions can be exp-
lained by the hydrolysis of antibiotic as suggested 
earlier [31]. Increase in degradation rate (ca. 60%) 
with the increase of pH is a result of more intensive 
hydroxyl radical formation at higher pH on one hand, 
and the hydrolysis of the antibiotics, on the other. The 
instability of the β-lactam ring at high pH is doc-
umented in literature [32]. At alkaline pH, like in aci-
dic, AMX and TiO2 have the same charge (negative) 
so again the adsorption is hindered. The obtained 
results are in agreement with the previously reported 
effects of pH on AMX photodegradation [15,26]. 
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03  / 

m
in

-1

pH  
Figure 5. The effect of pH value on the photocatalytic deg-

radation rate of AMX (100 mg dm–³) in deionized water 
(ccat = 2 g dm–³). 

Our photolytic experiment as well as the rep-
orted photolytic data [26] indicates the catalytic pro-
perties of the used catalyst in photodegradation of 
AMX. The higher observed degradation rates at low 
and high pH are the result of the photocatalytic effect 
of TiO2 and the instability of AMX. Namely, it was 
found that the AMX hydrolysis rate constants, at pH 3 
and 11 were 0.13 and 1.7 min-1, respectively [7]. Our 
photocatalytic reaction rate constants, at pH 3 and 11, 
were found to be 14.6 and 19.2 min-1, respectively. 
This proves the photocatalytic nature of the process. 

The effect of the added salts  
Inorganic ions that are usually present in waste-

waters can affect the photocatalytic degradation of 
the organic pollutants. Inorganic anions such as car-
bonate, nitrate, chlorides and sulphates can have 
significant impact on the photodegradation reactions 
[18]. So, we choose to study the effect of chloride and 
sulphate ions on the photodegradation of AMX by 
using sodium chloride (NaCl) and sodium sulphate 
(Na2SO4). The influence of different concentrations of 
salts (20 and 200 mmol) on the photodegradation rate 
of AMX is presented in Figure 6. 
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Figure 6. The effect of salts on the photocatalytic degradation 
rate of AMX (100 mg dm–³) in the presence of nanocrystalline 

TiO2 (ccat = 2 g dm–³). 

These influences can be described by the Eqs. 
(3)-(9) [33-35] for chloride: 

Cl- + h+ → Cl• (3) 
Cl- + •OH → ClOH•- (4) 
ClOH•- + H+ → Cl• + H2O (5) 
Cl• + Cl- → Cl2

•- (6) 

and sulfate: 

SO4
2- + h+ → SO4

•2- (7) 
SO4

2- + •OH → SO4
•- + OH- (8) 

SO4
•- + eCB

- → SO4
2- (9) 

The observed inhibition of AMX photodegrad-
ation in Figure 6 is a result of hole scavenging pro-
perties of chloride and sulfate ions. Also there are 
reactions with hydroxyl radicals [36]. The observed 
decrease of photodegradation of AMX in the pre-
sence of chloride or sulfate anions can be explained 
by competitive adsorption [37]. The TiO2 surface sites 
at which adsorption and electron transfer occurs can 
be blocked by anions thus making them effective 
inhibitors. 
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The obtained results (Figure 6) show that the 
chlorides are a more powerful inhibitor in comparison 
to sulphates, which is in accordance with previously 
reported results on salt effects [35]. The increase in 
salt concentration increases the inhibition of the react-
ion. While the pseudo-first reaction constant for lower 
sodium chloride concentration was 8.7×10-3 min–1, the 
pseudo-first reaction constant for the same sodium 
sulphate concentration was 10.3×10-3 min–1 clearly 
indicating that the chloride anion is a stronger inhibitor 
than sulphate. The same was observed for higher 
concentrations (constants for sodium chloride and 
sodium sulphate were 6.2×10-3 and 7.2×10-3 min–1, 
respectively). 

The effect of •OH scavenger 
It is known that alcohols like ethanol or methanol 

act as •OH scavengers [38,39], so we wanted to 
investigate whether the photodegradation of AMX 
takes place via •OH by adding ethanol to the reaction 
mixture. Ethanol was chosen because the products of 
the reaction are weaker oxidants (alkoxy-radicals) 
that react with the substrate [40]. 

The obtained results, given in Figure 7, clearly 
show that the degradation rate decreases with an inc-
rease of ethanol concentration in the reaction mixture. 
Addition of ethanol, in concentration of 0.69 mol dm–3, 
decreases the reaction rate to almost half of the 
reaction without ethanol. This implies that •OH plays 
major role in photodegradation of AMX [39]. 
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Figure 7. The effect of ethanol concentration on the photo-

catalytic degradation rate of AMX (100 mg dm–³) in deionized 
water (ccat = 2 g dm–³). 

Readings of ion chromatography and total organic 
carbon elimination 

The mineralization of AMX was studied by ion 
chromatography analysis and by total organic carbon 

elimination. The evolutions of ionic species formed 
during the degradation of AMX as well as the norm-
alized total organic carbon elimination (TOC/TOC0) 
change are shown in Figure 8. The main goal of each 
photodegradation is the mineralization of organic 
molecule. Carbon and hydrogen atoms give CO2 and 
H2O, while heteroatoms give corresponding inorganic 
ions. Since AMX contains nitrogen and sulfur as hete-
roatoms, the formation of NH4

+, NO2
–/NO3

– and SO4
2– 

can be expected. Ion chromatography revealed the 
formation of NH4

+, NO3
– and SO4

2– as the result of 
AMX degradation. According to the structure, AMX 
has three nitrogen atoms and one sulphur atom. For 
AMX, each molecule contains three nitrogen atoms, 
two of them in aliphatic bonds and the other in the 
β-lactam ring. The results showed that the initial NH4

+ 

concentration was 1.1 mg dm–3 and after the photo-
degradation increased to 2.4 mg dm–3. The NO3

–  
concentration gradually increased from 0.26 to 1.50 
mg dm–3. This means that after 210 min of photocat-
alytic degradation about 11.2% of nitrogen was trans-
formed – about 8.8% for NH4

+ and 2.4% for NO3
–. At 

the beginning of the reaction, concentration of sul-
phates was 0.42 mg dm-3, while after 210 min it was 
8.4 mg dm–3. This indicates that about 30.4% of sulfur 
was mineralized. Klausen et al. [15] reported that 
AMX molecule is cleaved usually with the release of 
p-hydroxybenzoic acid or by the loss of the amino 
group, followed by the opening of β-lactam ring, 
giving at the end 3-methyl-2-oxo-3-sulfobutyric acid. 
Our results, which also indicate that the degradation 
of AMX involve the formation of carbon dioxide, 
water, nitrate, ammonia and sulphate anions, are in 
agreement with these findings. 

Figure 8. Time dependence of inorganic ions concentration and 
TOC/TOC0 during the photocatalytic degradation of AMX 

(100 mg dm–³) in deionized water (ccat = 2 g dm–³). 
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The mineralization of AMX was also studied by 
total organic carbon analysis. After 210 min of irrad-
iation, TOC elimination was 47%, indicating that TOC 
elimination rate was not proportional to the rate of 
AMX disappearance and also confirms the formation 
of products that contain sulfur and/or nitrogen atoms.  

CONCLUSION 

The photodegradation of AMX was studied at 
five different pH values. The observed higher degrad-
ation rate in acidic conditions in comparison to neutral 
conditions can be explained by the hydrolysis of the 
antibiotic. Increase in degradation rate with the inc-
rease of pH is a result of more intensive hydroxyl rad-
ical formation at higher pH and the hydrolysis of the 
antibiotics. The salt effect on the photodegradation of 
AMX was studied by the addition of sodium chloride 
and sodium sulphate. The observed inhibition of AMX 
photodegradation is a result of hole scavenging pro-
perties of chlorides and sulfates. Addition of ethanol 
decreases the reaction rate, which implies that •OH 
radicals play major role in photodegradation of AMX. 
Ion chromatography revealed the formation of NH4

+, 
NO3

– and SO4
2– as the result of AMX degradation. The 

results showed that after 210 min of photocatalytic 
degradation about 11.2% of nitrogen and about 
30.4% of sulfur was transformed. TOC elimination 
was 47%, indicating the formation of products that 
contain sulfur and/or nitrogen atoms. The catalytic 
property of nanocrystalline TiO2 was compared to P25 
catalyst and it was found that nanocrystalline TiO2 has 
similar catalytic properties as P25. 
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NAUČNI RAD 

  FOTODEGRADACIJA AMOKSICILINA U 
PRISUSTVU NANOKRISTALNOG TiO2 

Nanokristalni TiO2 dobijen sol-gel postupkom primenjen je u fotokatalitičkoj degradaciji 
amoksicilina koristeći Osram Ultra-Vitalux® lampu kao izvor svetlosti. Ispitan je uticaj 
početne koncentracije katalizatora i soli (NaCl i Na2SO4), etanola i pH na reakciju. Pri prou-
čavanju fotodegradacije amoksicilina na različitim pH vrednostima uočena je veća brzina 
reakcije u kiseloj sredini, u odnosu na neutralnu, što se može objasniti kiselo katalizo-
vanom hidolizom antibiotika. Sa povećanjem pH raste i brzina reakcije kao rezultat inteziv-
nijeg stvaranja hidroksil-radikala i bazne hidrolize antibiotika. Uticaj soli ispitivan je do-
datkom natrijum-hlorida i natrijum-sulfata. Uočena inhibicija dodatkom soli  posledica je 
dejstva hloridnih i sulfatnih jona kao hvatača šupljina. Dodatak etanola, takođe, smanjuje 
brzinu reakcije, što ukazuje na činjenicu da •OH imaju glavnu ulogu u fotodegradaciji 
amoksicilina. Jonska hromatografija je ukazala na stvaranje NH4

+, NO3
– i SO4

2– kao rezultat 
degradacije amiksicilina. Dobijeni rezultati pokazuju da se oko 11,2% azota i 30,4% sum-
pora mineralizovalo tokom reakcije. Rezultati dobijeni određivanjem ukupnog organskog 
ugljenika pokazuju da je mineralizovano 47% amiksicilina i da nastali proizvodi sadrže 
atome sumpora i/ili azota. Poređenjem sintetisanog TiO2 i Evonik P25 pokazano je da oba 
katalizatora imaju slična katalitička svojstva. 

Ključne reči: nano-prah, SEM, XRD, optimizacija, HPLC-MS, TOC. 
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