
Figure 1. (A) Diazepam remaining under photolysis or photocatalysis. (B) Formation of diazepam byproducts 
during the photocatalytic process.

Nowadays, great attention is paid to pharmaceuticals and their metabolites as persistent pollutants in
wastewater [1] due to their widespread consumption [2] and their incomplete removal during
conventional wastewater treatments [3]. One important class of drugs is benzodiazepines, whose
most commonly used representative is diazepam (7-chloro-lmethyl-5-phenyl-1,4-benzodiazepin-2-
one) [4]. In the human body, diazepam produces several pharmacologically active metabolites (e.g.,
nordiazepam, temazepam, and oxazepam) that may transform further during wastewater treatment.
The by-products could be of significant concern due to their potential toxicity [5]. To obtain diazepam's
complete degradation, we experimented with an advanced oxidation process (AOP) by using TiO2 as a
catalyst.

Photodegradation of diazepam was much faster under light irradiation
+ TiO2 (half-life = 6 hours) than under the treatment in a solar
simulator (half-life = 31 hours), as shown in figure 1 and table 1. The
wastewater used as a control in the darkness and in presence of TiO2
shows a slight loss of soluble diazepam during the experiment due to
its adsorption (from 6.6% at t=0, up to 27.5% at t=60h) on the surface
of the catalyst. 84.5% of diazepam was degraded in 540min (9h)
during the photocatalytical experiment with the formation of 5 by-
products, which were under the limit of detection after 1800 min
(30h). Further degradation of diazepam after the first 540 min (9h)
was very slow with different kinetics. A summary of identified
photoproducts is reported in Figure 2. Table 2 shows the accurate
mass values and chemical formula.

Figure 2. Summary of diazepam photoproducts structures under photolysis and 
photocatalysis processes.

Table 2. Photoproducts of diazepam 

The results of this study suggest
that the proposed approach
could represent a valuable
strategy for in-situ and ex-situ
remediation of diazepam in
wastewater.
All photoproducts (photolysis
and photocatalysis) have been
successfully identified using
LC/ESI-FTICR-MS. Accurate
masses were obtained, and
molecular formulae were
proposed based on known
photochemical pathways and the
structure of the mother
molecule.
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Table 1. Kinetic parameters of diazepam photodegradation: n, reaction order; t1/2, half-life; k, kinetic constant;
R2, determination coefficient. Values were obtained based on three replicate experiments.
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All determinations were carried out using our LC system coupled to a
Fourier Transform Ion Cyclotron Resonance (FT-ICR) Mass Spectrometer
(Thermo Fisher Scientific-Bremen, Germany). Optimized MS conditions
were used. The LC-MS analysis was performed in a isocratic mode with
two solutions, solution A: water with formic acid (0.1% v/v) and solution
B: acetonitrile (100% v/v). The elution flow rate was 1 mL min-1 and the
injection volume was 20 µL in all samples. The irradiation apparatus used
was an Heraeus Suntest CPS Instrument equipped with Xenon Arc lamp
(1.8 KW)

Oxidation Process n t1/2 k R2

Photolysis 1 1853 (min) ÷ 30.89 (h) 3.74x10-4 (µM min−1) 0.9993

Photocatalysis (0-540 min) 0 311 (min) ÷ 5.19 (h) 528x10-4 (µM min−1) 0.9950

Photocatalysis (540-1800 min) 0 2034 (min) ÷ 33.90 (h) 6.31x10-4 (µM min−1) 0.9686
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