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Summary/Resumen

SUMMARY

This PhD thesis pursues the photocatalytic degradation of different
pharmaceuticals (paracetamol, ibuprofen, diclofenac, naproxen and ciprofloxacin) in
water. For this purpose different photocatalysts were synthesised and characterised.
Moreover, the photocatalytic performance of TiO; and g-CsN4 was tuned by grafting
nanoparticles and creating unions between semiconductors to tailor the band gaps of

the photocatalysts.

In some cases, the effect of pH in the degradations was assessed and the stability
of g-CsNs in some degradations was studied. Furthermore, the mechanism of
degradation was studied introducing different scavengers in the degradations in order
to identify which active species played a main role in the degradations. The by-
products generated were also identified by high resolution mass spectrometry. And
different set-ups (different water matrixes, different sources of irradiation, different

catalytic systems...) were studied.

The noble metal nanoparticles enhanced the photocatalyst performance
avoiding fast electron-hole pair recombination and thank to their plasmonic

properties. All degradations followed kinetics of pseudo-first-order.
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Summary/Resumen

RESUMEN

Esta tesis doctoral se centra en la degradacion fotocatalitica de diferentes
medicamentos (paracetamol, ibuprofeno, diclofenaco, naproxeno y ciprofloxacino) en
agua. Para este fin diferentes catalizadores fueron sintetizados y caracterizados. La
capacidad fotocatalitica del TiO; y g-CsNa se modificé depositando nanoparticulas
sobre ellos, o mediante uniones entre materiales, lo que aumenté su capacidad

fotocatalitica.

En algunos casos se estudiod el efecto del pH en las degradaciones vy la estabilidad
del g-CsN4 en algunas degradaciones. Ademas, los mecanismos de degradacion fueron
estudiados introduciendo capturadores de especies activas en las degradaciones para
identificar que especies eran responsables de la degradacion de los medicamentos. Los
subproductos de degradacién fueron identificados con espectrometria de masas de
alta resolucién y diferentes configuraciones (distintas matrices de agua, distintas

fuentes de irradiacion, diferentes sistemas cataliticos...) fueron estudiados.

Las nanoparticulas metalicas mejoraron la actividad fotocatalitica de los
catalizadores al evitar una rapida recombinacién del par electron-hueco gracias a las
propiedades plasmoénicas de los metales empleados. Todas las degradaciones siguen

cinéticas de pseudo-primer orden.
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Presentation/Presentacion

PRESENTATION

This PhD thesis, entitled “Photocatalytic degradation of pharmaceuticals in
water: Design of nanocatalysts and study of by-products and mechanisms” is
presented as a compilation of publications. For the time being, most of them have
already been published, whereas others have been written and presented in article

format considering they will be submitted to journals shortly.

This research is focused on the development, synthesis and characterisation of
nanomaterials based on TiO2 and g-C3Ns to be used as photocatalysts to remove
emerging pollutants (pharmaceuticals) in water. The former semiconductors were
grafted with metal nanoparticles to enhance the photocatalytic performance. The by-
products generated in each pharmaceutical degradation were also studied. Moreover,
studies in the removal of diclofenac with micro-sized catalysts and sonocatalysis and
sonophotocatalysis were also explored as result of a four-month predoctoral stay in

the University of Milan (Italy).

A brief and comprehensive summary of each chapter of this thesis is presented

below:

Chapter 1 is an introduction that depicts the pharmaceuticals occurrence in the
environment, how pharmaceuticals end up in the environment, why this poses a
dreaded risk for human health and ecology and different technologies to address this

issue.

Chapter 2 is focused on the photocatalytic removal of paracetamol in ultrapure
water with different nanocatalysts and irradiating with UV light and visible light. In this
paper, two nanomaterials (TiO2 and g-CsNs) grafted with gold nanoparticles were
synthesised, characterised and evaluated in the degradation of paracetamol. The

effect of pH and reusability of the catalyst in the degradation were also studied.

Chapter 3 deals with the degradation of nonsteroidal anti-inflammatory drugs

(NSAIDs) such as ibuprofen, diclofenac and naproxen.

In chapter 3.1, the degradation of ibuprofen in ultrapure water and the

identification of its by-products by high resolution mass spectrometry are addressed
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using two photocatalytic systems: TiO,/UV and g-CsNa/visible light. Furthermore, the

influence of pH in the degradations was evaluated. (Published in Chemosphere).

The chapter 3.2 presents another study on the ibuprofen photocatalytic
degradation. In this work the nanocatalyst g-CsN4 decorated with AuAg nanoparticles
was synthesised by a novel and simple method. This nanomaterial was broadly
characterised, as well as the mechanism responsible of the pollutant degradation. The
nanomaterial was evaluated in the degradation of ibuprofen in ultrapure water with

visible light and natural sunlight. (Submitted to Materials).

The chapter 3.3 contains the results of the research work developed in the
University of Milan during a predoctoral stay. It is focused on the photocatalytic,
sonolytic and sonophotocatalytic degradation of sodium diclofenac in ultrapure water
and drinking water with micro TiO2 and TiO2/Ag. In this article several set-ups were
evaluated having in sight the implementation of this technology in real-life

applications. (Published in Ultrasonics—Sonochemistry).

The chapter 3.4 is a continuation of the sodium diclofenac degradation research.
In this work, the degradation of diclofenac using g-CsN4 as nanocatalyst in ultrapure
and drinking water with visible light and natural sunlight was evaluated. Moreover, an
exhaustive identification study of by-products was carried out by high resolution mass
spectrometry and a degradation mechanism was proposed. To complete the study the
active species involves in the degradation were identified by scavengers analysis.

(Published in Journal of Environmental Chemical Engineering).

In chapter 3.5 the degradation of naproxen with g-CsN4 in ultrapure water and
drinking water irradiating with visible light and natural sunlight was assessed and
compared. The intermediate products were identified by high resolution mass
spectrometry and a study to identify the active species involved in the degradation was

performed in order to propose a plausible mechanism.

Chapter 4 is devoted to ciprofloxacin (an antibiotic) photodegradation by more

complex hybrid nanocatalysts.

In the chapter 4.1 a study of intermediate by-products and mechanism of the

photocatalytic degradation of ciprofloxacin in ultrapure water using g-CsN4 was carried
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out (Published in Chemosphere). In chapter 4.2 a new nanohybrid catalyst, based on
TiO,@N-doped carbon core/shell grafted with AuAg bimetallic nanoparticles, was

synthesised, characterised and evaluated in the photodegradation of ciprofloxacin.

*Disclaimer: as this thesis is presented as a compendium of publications the
format of papers, style of references, usage of English (British or American) may be
varied along the chapters depending on the Journals in which the articles were

published.
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PRESENTACION

La siguiente tesis titulada “Photocatalytic degradation of pharmaceuticals in
water: Design of nanocatalysts and study of by-products and mechanisms” es un
compendio de publicaciones cientificas, de las cuales la mayoria han sido publicadas
hasta la fecha, sin embargo, otras han sido escritas en formato articulo y se enviaran a

distintas revistas proximamente.

Esta investigacion se centra en el desarrollo, sintesis y caracterizacion de
nanomateriales basados en TiO, y g-C3sN4 para ser usados como catalizadores en
fotocatalisis con el objetivo de eliminar contaminantes emergentes en agua
(medicamentos). Ademas, se han analizado e identificado los subproductos generados
en la degradacién de cada medicamento. Adicionalmente, se incluyen estudios sobre
la eliminacién de diclofenaco en agua con catalizadores micrométricos mediante
sonocatalisis y sonofotocatalisis como resultado de una estancia predoctoral de cuatro

meses en la universidad de Milan (Italia)
A continuacion se resume brevemente el contenido de cada capitulo:

Capitulo 1: consiste en una introduccidon en la que se presenta el problema
medioambiental de contaminacién de aguas con medicamentos, como llegan los
medicamentos a las aguas, por qué supone un grave problema para el medioambiente

y distintas tecnologias para remediar este problema medioambiental.

Capitulo 2: se centra en la degradacién fotocatalitica de paracetamol en agua
ultra pura con diferentes nanocatalizadores e irradiando con distintas fuentes de luz
(UV y visible). En este articulo dos tipos de nanomateriales (TiO, y g-CsNa) decorados
con nanoparticulas de oro han sido sintetizados y caracterizados. También se estudio

la influencia del pH en la degradacién de paracetamol y la vida util del catalizador.

Capitulo 3: versa sobre la degradacion de antiinflamatorios no esteroideos, como

el ibuprofeno, diclofenaco y naproxeno.

En el capitulo 3.1 se aborda la fotodegradacion del ibuprofeno en agua ultrapura
con dos sistemas cataliticos: TiO2/UV and g-CsNa/luz visible y la identificacién de los
subproductos mediante espectrometria de masas de alta resolucion. También se

estudié la influencia del pH en las degradaciones. (Publicado en Chemosphere).
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En el capitulo 3.2 se presenta otro trabajo sobre la degradacion fotocatalitica del
ibuprofeno. En este caso usando un catalizador que consiste en g-CsN4 dopado con
nanoparticulas de oro y plata que fue sintetizado mediante un método nuevo y sencillo
a partir de un precursor organometalico. El material fue ampliamente caracterizado y
se evalud para la degradacién de ibuprofeno con luz visible y luz solar. (Enviado a

Materials).

El capitulo 3.3 fue desarrollado durante la estancia predoctoral en la Universidad
de Milan. Este trabajo compara la degradacién fotocatalitica, sonocatalitica y
sonofotocatalictica del diclofenaco sddico en agua de grifo y agua ultra pura con TiO2 y
TiO2-Ag como catalizadores e irradiando con luz UV. Ademas, se evaluaron distintos
montajes de degradacién enfocados a optimizar esta tecnologia para su aplicacién

real. (Publicado en Ultrasonics—Sonochemistry).

El capitulo 3.4 contintda con la investigacién sobre el medicamento diclofenaco
sddico. En este caso, se estudio la fotodegradacion del diclofenaco con g-CsN4 en dos
matrices de agua (de grifo y ultra pura) y dos fuentes de irradiacién (luz visible y luz
solar). Se realizd un estudio exhaustivo sobre los subproductos generados en la
degradacion mediante espectrometria de masas de alta resoluciéon y se propuso un
mecanismo de degradacién gracias al estudio de las especies activas involucradas en la

degradacion. (Publicado en Journal of Environmental Chemical Engineering).

El capitulo 3.5 aborda y compara la degradacion de naproxeno con g-CsNs en
agua ultra pura y de grifo y con luz solar y luz visible. Los productos intermedios fueron
analizados e identificados. También se realizé un estudio sobre las especies activas
involucradas y se propuso un mecanismo plausible que explica la degradacién

fotocatalitica.

Capitulo 4: se dedica a la fotodegradacién de ciprofloxacino (un antibiético) y a

la sintesis de catalizadores nanohibridos mas complejos.

En el capitulo 4.1 se realizé6 un amplio estudio sobre los productos intermedios y
el mecanismo de fotodegradacion del ciprofloxacino en agua ultra pura con g-CsNa

como catalizador. (Publicado en Chemosphere).
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En el capitulo 4.2 se sintetizo y caracterizé detalladamente un nuevo catalizador
de TiO2 con nanoparticulas metalicas y carbono dopado con nitrégeno. Su capacidad

fotocatlitica se estudio en la degradacidn del ciprofloxacino.

*Aviso: Al ser esta tesis un compendio de publicaciones, el formato del los
articulos, estilo de las referencias o el tipo de inglés usado (britdnico o americano)
puede variar a lo largo de los capitulos dependiendo de la revista en la que ha sido

publicado cada articulo.q
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Objectives

OBIJECTIVES

This thesis pursues the photocatalytic degradation of pharmaceuticals in water and studies the

whole process involved in it. Subsequently, the PhD thesis was developed with the following

objectives:

To synthesise nanomaterials and characterised them to be used as photocatalysts in
the degradation of pharmaceuticals in water.

To synthesise and characterise novel visible-light-driven photocatalysts to take
advantage of the solar spectrum (ca 43% visible light) for the degradations.

To enhance the photocatalysts efficiencies under visible light by grafting noble metals
nanoparticles on them.

To detect and identify the by-products of each pharmaceutical generated in the
degradations.

To study the mechanism of degradation with different catalytic systems.

To study degradations with different set-ups (tap water, solar light, dynamic

assemblies, etc) to be implemented in real-life applications, apart from lab scale.
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CONCLUSIONS

The conclusions from each work have been exposed at the end of the corresponding

scientific article. The general conclusions are reported below:

e Several families of pharmaceuticals (analgesics, NSAIDs and antibiotics) have
been efficiently degraded in water (ultrapure and tap water) by photocatalysis
using three sources of light (UVA, low power visible light and natural sunlight)
and different photocatalysts (TiO2, Au-TiO2, g-CsNas, Au-g-CsNas, AuAg-g-CsNa,
AuAg-PVP-TiO3, TiO2-N doped carbon, AuAg- TiO,-N doped carbon). The fastest
depletions were observed in tap water, with natural sunlight and with

photocatalysts grafted with nanoparticles.

e A new approach for the synthesis of semiconductors grafted with metallic

nanoparticles (Au NPs and AuAg NPs) through a fast and mild decomposition of
an organometallic precursor has been developed. This method allowed the
formation of composition-controlled NPs stabilised at the surface of the
semiconductor, without the concurrence of any other growth directing ligand

or polymer, leading to small-size plasmonic nanoparticles.

e The band gaps of the semiconductors TiO; and g-CsN4 used as photocatalysts
have been tailored by heterojunctions to nanoparticles or union with other
materials, which improved charge-carrier separation leading to enhance the

photodegradation of the pharmaceuticals.

e The accurate mass and the elementary composition of by-products have been
determined by high resolution mass spectrometry. Thanks to MS? data, it was
possible to discern compounds. Some of the by-products proposed for the

pharmaceuticals degradations have been reported for the first time.

e The toxicity of the by-products detected has been assessed according to
Cramer rules. The by-products were as toxic as their precursor except for two
by-products of ibuprofen which were more toxic. This evidence the need for
not only pharmaceuticals degradation but also their by-products, since they can

be more toxic than the pharmaceuticals itself and persist in the environment.
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e The main active species involved in each degradation process depend on the
pharmaceutical and the photocatalyst employed in the degradation. Since the
conduction band edge and the valence band edge limit the formation of active
species. However some of them might be formed indirectly, as it was the case
of hydroxyl radicals with g-C3sN4, they might be formed from O, in an indirect

manner.
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CONCLUSIONES

Las conclusiones de cada trabajo se resumen al final del correspondiente articulo

cientifico. A continuacion se muestran las conclusiones generales de la tesis:

Distintas familias de medicamentos (analgésicos, antiinflamatorios no
esteroideos y antibidticos) han sido eficientemente degradadas en agua
(ultrapura y de grifo) mediante fotocatdlisis usando tres fuentes de radiacidn
(UVA, luz visible de baja potencia y luz solar) y diferentes fotocatalizadores
(TiO2, Au-TiO2, g-C3Na, Au-g-CsNa, AuAg-g-CsNa, AuAg-PVP-TiO,, TiO2-Carbono
dopado con nitrégeno, AuAg- TiO,-Carbono dopado con nitrégeno). Las
degradaciones mas rapidas fueron observadas en agua de grifo, con luz solar y

con catalizadores que contenia nanoparticulas metalicas.

Se ha desarrollado un nuevo método para la sintesis de nanoparticulas de oro y
oro/plata soportadas sobre semiconductores mediante la descomposicién de
precursores organometdlicos. Este método permite controlar la formacién de
las nanoparticulas sobre la superficie de los semiconductores sin necesidad de
ningun ligando o polimero, dando lugar a pequeiias nanoparticulas

plasmodnicas.

El band gap de los semiconductores TiO, and g-CsNs usados como
fotocatalizadores se ha disefiado mediante heterouniones con nanoparticulas o
uniones con otros materiales, mejorando asi la separacion de cargas, lo que dio

lugar a una mayor fotodegradacién de los medicamentos.

La masa exacta y composicidn elemental de los subproductos se determiné con
espectrometria de alta resolucidon. Gracias a los analisis de MS? fue posible
discernir entre compuestos y proponer sus estructuras. Algunos de los

subproductos se detectaron por primera vez.

La toxicidad de los subproductos se determind de acuerdo a las reglas de
Cramer. Los subproductos son tan téxicos como los medicamentos de los que
proceden, excepto dos subproductos del ibuprofeno que son mas téxico que el

propio ibuprofeno. Esto evidencia la necesidad de degradar tanto los
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medicamentos como los subproductos, ya que algunos subproductos pueden

ser mas toxicos que los propios medicamentos y persistir en la naturaleza.

e La principales especies activas involucradas en el proceso fotocatalitico
dependen del medicamento y de los catalizadores empleados en Ia
degradacidn. Los limites de la banda de conduccién y banda de valencia de
catalizador deben contener a los potenciales de formacién de las especies
activas. Aunque algunas especies activas se pueden formar de manera
indirecta, como en el caso de los radicales hidroxilo con g-CsN4, que se pueden

formar a partir de -:0O;".

266



REFERENCES-Chapter 1

Andini, S., Bolognese, A., Formisano, D., Manfra, M., Montagnaro, F., Santoro, L., 2012.
Mechanochemistry of ibuprofen pharmaceutical. Chemosphere 88, 548-553.

Beek, T., Weber, F., Bergmann, A., Hickmann, S., Ebert, I., Hein, A., Kister, A., 2016.
Pharmaceuticals in the environment—global occurrences and perspectives.
Environmental Toxicology and Chemistry 35, 823-835.

Bakos, L.P., Mensah, J., Laszl9, K., Parditka, B., Erdélyi, Z., Székely, E., Lukdacs, I., Kénya, Z.,
Cserhati, C., Zhou, C., Seo, J.W., Halasi, G., Szilagyi, I.M., 2020. Nitrogen doped
carbon aerogel composites with TiO; and ZnO prepared by atomic layer
deposition). Mater. Chem. C, 8, 6891

Bianchi, L.C., Sacchi, B., Pirola, C., Demartin, F., Cerrato, G., Morandi, S., Capucci, V., 2017.
Aspirin and paracetamol removal using a commercialmicro-sized TiO; catalyst in
deionized and tap water. Environ Sci Pollut Res 24, 12646—-12654.

Chavoshani, A., Hashemi, M., Amin, M.M., Ameta, S.C., 2020. Micropollutants and
Challenges Emerging in the Aquatic Environments and Treatment Processes.
Chapter 2. Elsevier. ISBN: 978-0-12-818612-1.

Cleuvers, M., 2004. Mixture toxicity of the anti-inflammatory drugs diclofenac, ibuprofen,
naproxen, and acetylsalicylic acid. Ecotoxicology and Environmental Safety 59,
309-315.

Duan, Y., Deng, L., Shi, Z., Zhu, L., Li, G., 2019. Assembly of graphene on AgsPO./Agl for
effective degradation of carbamazepine under Visible-light irradiation:
Mechanism and degradation pathways. Chemical Engineering Journal 359, 1379—
1390.

Duran-Alvarez, J.C., Avella, E., Ramirez-Zamora, R.M., Zanella, R., 2016. Photocatalytic
degradation of ciprofloxacin using mono- (Au, Ag and Cu) and bi- (Au—Ag and Au—
Cu) metallic nanoparticles supported onTiO; under UV-C and simulated sunlight.
Catalysis Today 266, 175-187.

Eskandarian, M.R., Choi, H., Fazli, M., Rasoulifard, M.H., 2016. Effect of UV-LED
wavelengths on direct photolytic and TiO, photocatalytic degradation of emerging
contaminants in water. Chemical Engineering Journal 300, 414-422.

FDA:https://www.fda.gov/drugs/drug-approvals-and-databases/drugsfda-glossary-
terms#:~:text=A%20drug%20is%20defined%20as,any%20function%200f%20the
%20body.

Ghosh, U., Majumdar, A., Pal, A.,, 2021. 3D macroporous architecture of self-assembled
defect-engineered ultrathin g-CsN4 nanosheets for tetracycline degradation under
LED light irradiation. Materials Research Bulletin 133, 111074.

Hao, R., Wang, G., Tang, H., Sun, L., Xu, C., Han, D., 2016. Template-free preparation of
macro/mesoporous g-CsN4/TiO, heterojuction photocatalysts with enhanced
visible light photocatalytic activity. Applied Catalysis B: Environment 187, 47-58.


https://www.fda.gov/drugs/drug-approvals-and-databases/drugsfda-glossary-terms#:~:text=A%20drug%20is%20defined%20as,any%20function%20of%20the%20body
https://www.fda.gov/drugs/drug-approvals-and-databases/drugsfda-glossary-terms#:~:text=A%20drug%20is%20defined%20as,any%20function%20of%20the%20body
https://www.fda.gov/drugs/drug-approvals-and-databases/drugsfda-glossary-terms#:~:text=A%20drug%20is%20defined%20as,any%20function%20of%20the%20body

He, J., Yang, J., Jiang, F., Liu, P., Zhu, M., 2020. Photo-assisted peroxymonosulfate
activation via 2D/2D. Chemosphere 258, 127339.

Hernandez-Uresti, D.B., Vazquez, A., Sanchez-Martinez, D., Obregon, S., 2016.
Performance of the polymeric g-CsN4 photocatalyst through the degradation of
pharmaceutical pollutants under UV-vis irradiation. J. Photochem. Photobiol.
Chem. 324, 47-52.

Hu, Z., Cai, X., Wang, Z,, Li, S., Wang, Z., Xie, X., 2019. Construction of carbon-doped
supramolecule-based g-CsN4/TiO, composites for removal of diclofenac and
carbamazepine: A comparative study of operating parameters, mechanisms,
degradation pathways. Journal of Hazardous Materials 380, 120812.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2019. Photocatalytic degradation of
ibuprofen in water using TiO2/UV and g-C3Na/visible light: Study of intermediate
degradation products by liquid chromatography coupled to high-resolution mass
spectrometry. Chemosphere 215, 605-618.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2020. Study of intermediate by-products
and mechanism of the photocatalytic degradation of ciprofloxacin in water using
graphitized carbon nitride nanosheets. Chemosphere 247, 125910.

Jin, X.,, Wu, Y., Zhang, Q., Wang, F., Chen, P, Liu, H., Huang, S., Wu, J., Tu, N., Lv, W., Liu,
G., 2020. Defect-modified reduced graphitic carbon nitride (RCN) enhanced
oxidation performance for photocatalytic degradation of diclofenaco.
Chemosphere 258, 127343.

Jing, H., Ou, R., Yu, H., Zhao, Y., Lu, Y., Huo, M., Huo, H., Wang, X., 2021. Engineering of g-
CsNs nanoparticles/WOs hollow microspheres photocatalyst with Z-scheme
heterostructure for boosting tetracycline hydrochloride degradation. Separation
and Purification Technology 255, 117646.

Jung, S., Bang, H., Lee, H., Kim, H., Ha, H., Yu, Y.H., Park, Y., 2020. Degradation behaviors
of naproxen by a hybrid TiO, photocatalyst system with process components.
Science of the Total Environment 708, 135216.

Kanakaraju, D., Glass, B.D., Oelgemdleler, M., 2014. Titanium dioxide photocatalysis
pharmaceutical wastewater treatment. Environ Chem Lett 12, 27-42.

Koumaki, E., Mamais, D., Noutsopoulos, C., Nika, M.-C., Bletsou, A.A., Thomaidis, N.S.,
Eftaxias, A., Stratogianni, G., 2015. Degradation of emerging contaminants from
water under natural sunlight: The effect of season, pH, humic acids and nitrate and
identification of photodegradation by-products. Chemosphere 138, 675-681.

Krakko, D., Gombos, E., Licul-Kucera, V., Dobe, S., Mihucz, V.G., Zaray, G., 2019. Enhanced
photolytic and photooxidative treatments for removal of selected pharmaceutical
ingredients and their degradation products in water matrices. Microchemical
Journal 150, 104136.

Lekkerkerker-Teunissen, K., Benotti, M.., Snyder, S.A.,, van Dijk, H.C., 2012.
Transformation of atrazine, carbamazepine, diclofenac and sulfamethoxazole by
low and medium pressure UV and UV/H,0, treatment. Separation and Purification
Technology 96, 33—-43.



Li, M., Xu, F., Li, H., Wang, Y., 2016. Nitrogen-doped porous carbon materials: promising
catalysts or catalyst supports for heterogeneous hydrogenation and oxidation.
Catal. Sci. Technol., 6, 3670.

Li, Y., Pan, Y., Lian, L, Yan, S., Song, W., Yang, X. 2017. Photosensitized degradation of
acetaminophen in natural organic matter solutions: The role of triplet states and
oxygen. Water Research 109, 266-273.

Ling, Y., Liao, G., Xu, P,, Li, L., 2019. Fast mineralization of acetaminophen by highly
dispersed Ag-g-CsNa hybrid assisted photocatalytic ozonation. Separation and
Purification Technology 216, 1-8.

Liu, W.,, Li, Y., Liu, F., Jiang, W., Zhang, D., Liang, J., 2019a. Visible-light-driven
photocatalytic degradation of diclofenac by carbon quantum dots modified
porous g-CsNa: Mechanisms, degradation pathway and DFT calculation. Water
Research 151, 8-19.

Liu, N., Lu, N., Su, Y., Wang, P., Quan, X., 2019b. Fabrication of g-CsN4/Ti3C, composite and
its visible-light photocatalytic capability for ciprofloxacin degradation. Separation
and Purification Technology 211, 782-789.

Liu, R., Sun, L., Qiao, Y., Bie, Y., Wang, P., Zhang, X., Zhang, Q., 2020a. Efficient
Photocatalytic Degradation of Pharmaceutical Pollutants Using Plasma-Treated g-
C3N4/TiO,. Energy Technol. 8, 2000095.

Liu, S-H., Tang, W-T., 2020b. Photodecomposition of ibuprofen over g-CsN4/Bi;WQs/rGO
heterostructured composites under visible/solar light. Science of the Total
Environment 731, 139172.

Madhavan, J., Kumar, P.S.S., Anandan, S., Zhou, M., Grieser, F., Ashokkumar, M., 2010a.
Ultrasound assisted photocatalytic degradation of diclofenaco in an aqueous
environment. Chemosphere 80, 747-752.

Madhavan, J., Grieser, F., Ashokkumar, M., 2010b. Degradation of orange-G by advanced
oxidation processes. Ultrasonics Sonochemistry 17, 338—-343.

Meng, J., Wang, X., Liu, Y., Ren, M., Zhang, X., Ding, X., Guo, Y., Yang, Y., 2021. Acid-
induced molecule self-assembly synthesis of Z-scheme WOs3/g-C3N4
heterojunctions for robust photocatalysis against phenolic pollutants. Chemical
Engineering Journal 403, 126354.

Moreira, N.F.F., Sampaio, M.J., Ribeiro, A.R., Silva, C.G., Faria, J.L., Silva, A.M.T., 2019.
Metal-free g-CsN4 photocatalysis of organic micropollutants in urban wastewater
under visible light. Applied Catalysis B: Environmental 248, 184-192.

Oaks, J.L., Gilbert, M., Virani, M.Z.,, Watson, R.T., Meteyer, C.U., Rideout, B.A,,
Shivaprasad, H.L., Ahmed, S., Chaudhry, M.J.1., Arshad, M., Mahmood, S., Ali, A.,
Khan, A.A., 2004. Diclofenac residues as the cause of vulture population decline in
Pakistan. Nature 427, 630-633.

Ong, W.-J,, Tan, L.-L., Ng, Y.H., Yong, S.-T., Chai, S.-P., 2016. Graphitic carbon nitride (g-
C3Na)-based photocatalysts for artificial photosynthesis and environmental
remediation: Are we a step closer to achieving sustainability? Chem. Rev. 116,
7159-7329.



Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C.U., Jr., Mohan, D., 2019.
Pharmaceuticals of emerging concern in aquatic systems: chemistry, occurrence,
effects, and removal methods. Chem. Rev. 119, 3510-3673.

Peake, B.M., Braund, R., Tong, A.Y.C., Tremblay L.A., 2016. The life-cycle of
pharmaceuticals in the environment. Woodhead Publising. ISBN: 978-1-907568-
25-1.

Rimoldi, L., Meroni, D., Falletta, E., Ferretti, A.M., Gervasini, A., Cappelletti, G., Ardizzone,
S., 2017. The role played by different TiO, features on the photocatalytic
degradation of paracetamol. Applied Surface Science 424, 198-205.

Rivera-Utrilla, J., Sdnchez-Polo, M., Ferro-Garcia, M.A., Prados-Joya, G., Ocampo-Pérez,
R., 2013. Pharmaceuticals as emerging contaminants and their removal from
water. A review. Chemosphere 93, 1268-1287.

Sabouni, R., Gomaa, H., 2019. Photocatalytic degradation of pharmaceutical micro-
pollutants using ZnO. Environmental Science and Pollution Research 26, 5372—
5380.

Schneider, J., Bahnemann, D., Ye, J., Li Puma, G., Dionysiou., S.D., 2016. Photocatalysis.
Fundamentals and perspectives. The Royal Society of Chemistry. ISBN: 978-1-
78262-041-9.

Shao, H., Zhao, X., Wang, Y., Mao, R., Wang, Y., Qiao, M., Zhao, S., Zhu, Y., 2017. Synergetic
activation of peroxymonosulfate by Co3z0s modified g-CsNs for enhanced
degradation of diclofenac sodium under visible lightirradiation. Applied Catalysis
B: Environmental 218, 810-818.

Smykalovd, A., Sokolova, B., Foniok, K., Matejka, V., Praus, P., 2019. Photocatalytic
Degradation of Selected Pharmaceuticals Using g-CsN4 and TiO, Nanomaterials.
Nanomaterials 9, 1194.

Strbac, D., Aggelopoulos, C.A., Strbac, G., Dimitropoulos, M., Novakovic, M., lvetic, T.,
Yannopoulos, S.N., 2018. Photocatalytic degradation of naproxen and methylene
blue: comparison between ZnO, TiO, and their mixture. Process Safety and
Environmental Protection 113, 174-183.

Sun, Z., Zhang, X., Dong, X., Liu, X., Tan, Y., Yuan, F., Zheng, S., Li, C., 2020. Hierarchical
assembly of highly efficient visible-light-driven Ag/g-CsNa/kaolinite composite
photocatalyst for the degradation of ibuprofen. Journal of Materiomics 6, 582-
592.

Thi, V.H-T., Lee, B-K., 2017. Effective photocatalytic degradation of paracetamol using La-
doped ZnO photocatalyst under visible light irradiation. Materials Research
Bulletin 96, 171-182.

Tian, H., Fan, Y., Zhaoa, Y., Liu, L., 2014. Elimination of ibuprofen and its relative
photoinduced toxicity by mesoporous BiOBr under simulated solar light
irradiation. RSC Adv. 4, 13061.

Wang, H., Li, J., Ma, C., Guan, Q., Lu, Z., Huo, P,, Yan, Y., 2015. Melamine modified P25
with heating method and enhanced the photocatalytic activity on degradation of
ciprofloxacin. Applied Surface Science 329, 17-22.



Wang, J., Tang, L., Zeng, G., Deng, Y., Liu, Y., Wang, L., Zhou, Y., Guo, Z., Wang, J., Zhang,
C., 2017. Atomic scale g-CsNa4/Bi;WQ¢ 2D/2D heterojunction with enhanced
photocatalytic degradation of ibuprofen under visible light irradiation. Applied
Catalysis B: Environmental 209, 285-294.

Wang, Y., Jing, B., Wang, F., Wang, S., Liu, X,, Ao, Z., Li, C., 2020. Mechanism Insight into
enhanced photodegradation of pharmaceuticals and personal care products in
natural water matrix over crystalline graphitic carbon nitrides. Water Research
180, 115925.

Wu, Y., Wang, F., Xiaoyun, J., Zheng, X., Wang, Y., Wei, D., Zhang, Q., Feng, Y., Xie, Z., Chen,
P., Liu, H., Liu, G., 2020. Highly active metal-free carbon dots/g-CsN4 hollow porous
nanospheres for solar-light-driven PPCPs remediation: Mechanism insights,
kinetics and effects of natural water matrices. Water Research 172, 115492.

Xia, J., Zhao, J., Chen, J., Di, J., Ji, M., Xu, L., Chen, Z., Li, H., 2017. Facile fabrication of g-
CsN4/BiPO4 hybrid materials via a reactable ionic liquid for the photocatalytic
degradation of antibiotic ciprofloxacin. Journal of Photochemistry and
Photobiology A: Chemistry 339, 59-66.

Xu, H., Zhao, H., Song, Y., Yan, W., Xu, Y., Li, H., Huang, L., Yin, S., Li, Y., Zhang, Q., Li, H.,
2015. g-C3Ns4/AgsPOs composites with synergistic effect for increased
photocatalytic activity under the visible light irradiation. Materials Science in
Semiconductor Processing 39, 726—734.

Yang, L., Yua, L.E., Rayb, M.B., 2008. Degradation of paracetamol in aqueous solutions by
TiO2 photocatalysis. Water Research 42, 3480-3488.

Yang, Z., Yan, J., Lian, J., Xu, H., She, X., Li, H., 2016. g-C3N4/TiO2 Nanocomposites for
degradation of ciprofloxacin under visible light irradiation. Chemistry Select 1,
5679-5685.

Yu, S., Wang, Y., Sun, F., Wang,R., Zhou, Y., 2018. Novel mpg-CsN4/TiO2 nanocomposite
photocatalytic membrane reactor for sulfamethoxazole photodegradation.
Chemical Engineering Journal 337, 183-192.

Zhang, W., Zhou, L., Deng, H., 2016. Ag modified g-CsN4 composites with enhanced visible-
lightphotocatalytic activity for diclofenac degradation. Journal of Molecular
Catalysis A: Chemical 423, 270-276.

Zhang, W., Zhou, L., Shi, J., Deng, H., 2017. Fabrication of novel visible-light-driven Agl/g-
C3N4 composites with enhanced visible-light photocatalytic activity for diclofenac
degradation. Journal of Colloid and Interface Science 496, 167-176.

Zhao, Z., Zhang, W., Liu, W,, Li, Y., Ye, J., Liang, J., Tong, M., 2020. Single-atom silver
induced amorphization of hollow tubular g-CsN4 for enhanced visible light-driven
photocatalytic degradation of naproxen. Science of the Total Environment 742,
140642.

Zhou, N., Lopez-Puente, V., Wang, Q., Polavarapu, L., Pastoriza-Santos, I., Xu, Q-H., 2015.
Plasmon-enhanced light harvesting: applications in enhanced photocatalysis,
photodynamic therapy and photovoltaics RSC Adv., 5, 29076.



Zhu, W.,, Sun, F., Goei, R., Zhou, Y., 2017. Construction of WO3—g-CsN4 composites as
efficient photocatalysts for pharmaceutical degradation under visible light. Catal.
Sci. Technol.7, 2591.

REFERENCES-Chapter 2.1

An, N., Zhao, Y., Mao, Z., Agrawal, D.K., Wang, D., 2018. Microwave modification of
surface hydroxyl density for g-CsN4 with enhanced photocatalytic activity. Mater.
Res. Express 5, 035502.

Ayati, A., Ahmadpour, A., Bamoharram, F.F., Tanhaei, B., Manttari, M., Sillanpaa, M.,
2014. A review on catalytic applications of Au/TiO2 nanoparticles in the removal
of water pollutant. Chemosphere 107, 163-174.

Bao, Y., Chen, K., 2018. Novel Z-scheme BiOBr/reduced graphene oxide/protonated g-
C3Na4 photocatalyst: Synthesis, characterization, visible light photocatalytic activity
and mechanism. Appl. Surf. Sci. 437, 51-61.

Beek, T., Weber, F., Bergmann, A., Hickmann, S., Ebert, I., Hein, A., Kister, A., 2016.
Pharmaceuticals in the environment—global occurrences and perspectives.
Environmental Toxicology and Chemistry 35, 823-835.

Bianchi, L.C., Sacchi, B., Pirola, C., Demartin, F., Cerrato, G., Morandi, S., Capucci, V., 2017.
Aspirin and paracetamol removal using a commercialmicro-sized TiO; catalyst in
deionized and tap water. Environ Sci Pollut Res 24, 12646—-12654.

Fernadndez, G., Bernardo, L., Villanueva, A, Pleixats, R., 2020. Gold nanoparticles stabilized
by PEG-tagged imidazolium salts as recyclable catalysts for the synthesis of
propargylamines and the cycloisomerization of y-alkynoic acids. New J. Chem. 44,
6130—6141.

Fujigaya, T., Kim, C. R., Hamasaki, Y., Nakashima, N., 2016. Growth and depositionof Au
nanoclusters on polymer-wrapped graphene and their oxygen reduction activity.
Sci. Rep. 6, 21314.

Hernandez-Uresti, D.B., Vazquez, A., Sanchez-Martinez, D., Obregon, S., 2016.
Performance of the polymeric g-CsN4 photocatalyst through the degradation of
pharmaceutical pollutants under UV-vis irradiation. J. Photochem. Photobiol.
Chem. 324, 47-52.

Jin, X.,, Wu, Y., Zhang, Q., Wang, F., Chen, P, Liu, H., Huang, S., Wu, J., Tu, N., Lv, W, Liu,
G., 2020. Defect-modified reduced graphitic carbon nitride (RCN) enhanced
oxidation performance for photocatalytic degradation of diclofenaco.
Chemosphere 258, 127343.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2019. Photocatalytic degradation of
ibuprofen in water using TiO2/UV and g-C3Na/visible light: Study of intermediate
degradation products by liquid chromatography coupled to high-resolution mass
spectrometry. Chemosphere 215, 605-618.

Kanakaraju, D., Glass, B.D., Oelgemdleler, M., 2014. Titanium dioxide photocatalysis
pharmaceutical wastewater treatment. Environ Chem Lett 12, 27-42.



Kavitha, R., Nithya, P.M., Girish Kumar, S., 2020. Noble metal deposited graphitic carbon
nitride based heterojunction photocatalysts. App. Surf. Sci., 508, 145142.

Ling, Y., Liao, G., Xu, P., Li, L., 2019. Fast mineralization of acetaminophen by highly
dispersed Ag-g-CsNa hybrid assisted photocatalytic ozonation. Separation and
Purification Technology 216, 1-8.

Ma, L., Fan, H., Fu, K., Lei, S., Hu, Q., Huang, H., He, G., 2017. Protonation of graphitic
carbon nitride (g-C3N4) for and electrostatically self-assembling carbon@g-C3N4
core-shell nanostructure toward high hydrogen evolution. ACS Sustainable Chem.
Eng. 5, 7093-7103.

Meng, J., Wang, X,, Liu, Y., Ren, M., Zhang, X., Ding, X., Guo, Y., Yang, Y., 2021. Acid-
induced molecule self-assembly synthesis of Z-scheme WOs3/g-C3Na
heterojunctions for robust photocatalysis against phenolic pollutants. Chemical
Engineering Journal 403, 126354.

Ong, W.-J,, Tan, L.-L., Ng, Y.H., Yong, S.-T., Chai, S.-P., 2016. Graphitic carbon nitride (g-
C3N4)-based photocatalysts for artificial photosynthesis and environmental
remediation: Are we a step closer to achieving sustainability? Chem. Rev. 116,
7159-7329.

Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C.U., Jr., Mohan, D., 2019.
Pharmaceuticals of emerging concern in aquatic systems: chemistry, occurrence,
effects, and removal methods. Chem. Rev. 119, 3510-3673.

Teixeira, I.F., Barbosa, E.C.M., Tsang, S. C. E., Camargo, P. H. C., 2018. Carbon nitrides and
metal nanoparticles: from controlled synthesis to design principles for improved
photocatalysis. Chem. Soc. Rev., 47, 7783-7817.

Thi, V.H-T., Lee, B-K., 2017. Effective photocatalytic degradation of paracetamol using L-
doped ZnO photocatalyst under visible light irradiation. Materials Research
Bulletin 96, 171-182.

Thomas, A, Fischer, A., Goettmann, F., Antonietti, M., Miller, J.-O., Schlogl, R., Carlsson,
J. M., 2008. Graphitic carbon nitride materials: variation of structure and
morphology and their use as metal-free catalysts. J. Mat. Chem. 18, 4893-4908.

Usdn, R., Laguna, A, Laguna, M., Jiménez, J., Goméz, M.P., Sainz, A., Jones, P.G., 1986.
Gold complexes with heterocyclic thiones as ligands. X-Ray structure
determination of [Au(CsHsNS)2]ClO4. Organomet. Synth. 3, 322

Yan, S.C,, Li, Z.S., Zou, Z.G., 2009. Photodegradation performance of g-CsN4 fabricated by
directly heating melamine. Langmuir 25, 10397-10401.

Yang, L., Yua, L.E., Rayb, M.B., 2008. Degradation of paracetamol in agueous solutions by
TiO, photocatalysis. Water Research 42, 3480-3488.

Yang, K., Meng, C., Lin, L, Peng, X., Chen, X., Wang, X., Dai, W., Fu, X., 2016. A
heterostructured TiO2-C3N4 support for gold catalysts: a superior preferential
oxidation of CO in the presence of H, under visible light irradiation and without
visible light irradiation. Catal. Sci. Technol. 6, 829-839.



Ye, C., Li, J.-X,, Li, Z.-)., Fan, X.-B., Zhang, L.-P., Chen, B., Tung, C.-H., Wu, L.-Z., 2015.
Enhanced driving force and charge separation efficiency of protonated g-C3N4 for
photocatalytic O, evolution. ACS Catal. 5, 6973-6979.

Zhou, N., Lopez-Puente, V., Wang, Q., Polavarapu, L., Pastoriza-Santos, I., Xu, Q-H., 2015.
Plasmon-enhanced light harvesting: applications in enhanced photocatalysis,
photodynamic therapy and photovoltaics. RSC Adv., 5, 29076.

REFERENCES-Chapter 3.1

Adini, S., Bolognese, A., Formisano, D., Manfra, M., Montagnaro, F., Santoro, L., 2012.
Mechanochemistry of ibuprofen pharmaceutical. Chemosphere 88, 548-553.

Amano, T., Yoshikawa, K., Ogawa, T., Sano, T., Ohuchi, Y., Tanami, T., Ota, T., Hatayama,
K., Sota, K., 1986. Synthesis and antiinflammatory activity of
alkenylphenylpropionic acids. Chem. Pharm. Bull. 34, 4653-4662.

Aristizabal-Ciro, C., Botero-Coy, A.M., Lépez, F.J., Peiuela, G.A.,, 2017. Monitoring
pharmaceuticals and personal care products in reservoir water used for drinking
water supply. Environ. Sci. Pollut. Res. 24, 7335-7347.

Asahi, R., Morikawa, T., Irie, H., Ohwaki, T., 2014. Nitrogen-doped titanium dioxide as
visible-light-sensitive photocatalyst: Designs, developments, and prospects.
Chem. Rev. 114, 9824-9852.

Ayati, A.,, Ahmadpour, A., Bamoharram, F.F., Tanhaei, B., Manttari, M., Sillanpaa, M.,
2014. A review on catalytic applications of Au/TiO; nanoparticles in the removal
of water pollutant. Chemosphere 107, 163-174.

Babu, S.G., Vinoth, R., Neppolian, B., Dionysiou, D.D., Ashokkumar, M., 2015. Diffused
sunlight driven highly synergistic pathway for complete mineralization of organic
contaminants using reduced graphene oxide supported photocatalyst. J. Hazard.
Mater. 291, 83-92.

Bakr, A.R., Rahaman, M.S., 2016. Electrochemical efficacy of carboxylated multiwalled
carbon nanotube filter for the removal of ibuprofen from aqueous solutions under
acidic conditions. Chemosphere 153, 508-520.

Bao, Y., Chen, K., 2018. Novel Z-scheme BiOBr/reduced graphene oxide/protonated g-
C3Na photocatalyst: Synthesis, characterization, visible light photocatalytic activity
and mechanism. Appl. Surf. Sci. 437, 51-61.

Beek, T.A.D., Weber, F.A., Bergmann, A., Hickmann, S., Ebert, I., Hein, A,, Kiister, A., 2016.
Pharmaceuticals in the environment—Global occurrences and perspectives. Env.
Toxicol. Chem. 35, 823-835.

Bialk-Bielinska, A., Kumirska, J., Borecka, M., Caban, M., Paszkiewicz, M., Pazdro, K.,
Stepnowski, P., 2016. Selected analytical challenges in the determination of
pharmaceuticals in drinking/marine waters and soil/sediment samples. J. Pharm.
Biomed. Anal. 121, 271-296.

Boxi, S.S., Paria, S., 2015. Visible light induced enhanced photocatalytic degradation of
organic pollutants in aqueous media using Ag doped hollow TiO2 nanospheres.
RSC Adv. 5, 37657-37668.



Carbajo, J., Jiménez, M., Miralles, S., Malato, S., Faraldos, M., Bahamonde, A., 2016. Study
of application of titania catalysts on solar photocatalysis: Influence of type of
pollutants and water matrices. Chem. Eng. J. 291, 64-73.

Caviglioli, G., Posocco, V., Parodi, B., Cafaggi, S., Alzati, A., Bignardi, G., 2002. |dentification
of degradation products of lbuprofen arising from oxidative and thermal
treatments. J. Pharm. Biomed. Anal. 30, 499-509.

Chen, X, Li, X., Yang, J., Sun, Q., Yang, Y., Wu, X., 2018. Multiphase TiO; surface coating g-
C3N4formed a sea urchin like structure with interface effects and improved visible-
light photocatalytic performance for the degradation of ibuprofen. Int. J.
Hydrogen Energy 43, 13284-13293.

Eskandarian, M.R., Choi, H., Fazli, M., Rasoulifard, M.H., 2016. Effect of UV-LED
wavelengths on direct photolytic and TiO, photocatalytic degradation of emerging
contaminants in water. Chem. Eng. J. 300, 414-422.

Gaffney, V.d.J., Almeida, C.M.M., Rodrigues, A., Ferreira, E., Benoliel, M.J., Cardoso, V.V,,
2015. Occurrence of pharmaceuticals in a water supply system and related human
health risk assessment. Water Res. 72, 199-208.

Han, Z., Ly, L., Wang, L., Yan, Z., Wang, X., 2017. Development and validation of an HPLC
method for simultaneous determination of ibuprofen and 17 related compounds.
Chromatographia 80, 1353-1360.

Hernandez-Uresti, D.B., Vazquez, A., Sanchez-Martinez, D., Obregén, S., 2016.
Performance of the polymeric g-CsN4 photocatalyst through the degradation of
pharmaceutical pollutants under UV-vis irradiation. J. Photochem. Photobiol. A:
Chem. 324, 47-52.

lovino, P., Chianese, S., Canzano, S., Prisciandaro, M., Musmarra, D., 2016. lbuprofen
photodegradation in aqueous solution. Environ. Sci. Pollut. Res. 23, 22993-23004.

Jallouli, N., Pastrana-Martinez, L.M., Ribeiro, A.R., Moreira, N.F.F., Faria, J.L., Hentati, O.,
Silva, A.M.T., Ksibi, M., 2018. Heterogeneous photocatalytic degradation of
ibuprofen in ultrapure water, municipal and pharmaceutical industry wastewaters
using a TiO2/UV-LED system. Chem. Eng. J. 334, 976-984.

Kanakaraju, D., Glass, B.D., Oelgemoller, M., 2014. Titanium dioxide photocatalysis for
pharmaceutical wastewater treatment. Environ. Chem. Lett. 12, 27-47.

Lai, C.W., Ngai, K.S., Juan, J.C.,, 2016. Recent developments of zinc oxide based
photocatalyst in water treatment technology: A review. Water Res. 88, 428-448.

Ma, L., Fan, H., Fu, K., Lei, S., Hu, Q., Huang, H., He, G., 2017. Protonation of graphitic
carbon nitride (g-C3N4) for and electrostatically self-assembling carbon@g-CsN4
core-shell nanostructure toward high hydrogen evolution. ACS Sustainable Chem.
Eng. 5, 7093-7103.

Méndez-Arriaga, F., Esplugas, S., Giménez, J., 2008. Photocatalytic degradation of non-
steroidal anti-inflammatory drugs with TiO; and simulated solar irradiation. Water
Res. 42, 585-594.

Ong, W.-J,, Tan, L.-L., Ng, Y.H., Yong, S.-T., Chai, S.-P., 2016. Graphitic carbon nitride (g-
C3Na)-based photocatalysts for artificial photosynthesis and environmental



remediation: Are we a step closer to achieving sustainability? Chem. Rev. 116,
7159-7329.

Pelaez, M., Nolan, N.T., Pillai, S.C., Seery, M.K., Falaras, P., Kontos, A.G., Dunlop, P.S.M.,
Hamilton, J.W.J,, Byrne, J.A., O’Shea, K., Entezari, M.H., Dionysiou, D.D., 2012. A
review on the visible light active titanium dioxide photocatalysts for
environmental applications. Appl. Catal. B: Environ. 125, 331-349.

Petrie, B., Barden, R., Kasprzyk-Hordern, B., 2015. A review on emerging contaminants in
wastewater and environment: Current knowledge, understudied areas and
recommendations for future monitoring. Water Res. 72, 3-27.

Reddy, P.A.K., Reddy, P.V.L,, Kwon, E., Kim, K.-H., Akter, T., Kalagara, S., 2016. Recent
advances in photocatalytic treatment of pollutants in agueous media. Environ. Int.
91, 94-103.

Ternes, T., Joss, A., Oehlmann J., 2015. Occurrence, fate, removal and assessment of
emerging contaminants in water in the water cycle (from wastewater to drinking
water). Water Res. 72, 1-2.

Tian, H., Fan, Y., Zhao, Y., Liu, L., 2014. Elimination of ibuprofen and its relative
photoinduced toxicity by mesoporous BiOBr under simulated solar light
irradiation. RSC Adv. 4, 13061-13070.

Wang, J., He, B., Yan, D., Hu, X., 2017a. Implementing ecopharmacovigilance (EPV) from a
pharmacy perspective: A focus on non-steroidal anti-inflammatory drugs. Sci.
Total Environ. 603-604, 772-784.

Wang, J., Tang, L., Zeng, G., Deng, Y., Liu, Y., Wang, L., Zhou, Y., Guo, Z., Wang, J., Zhang,
C., 2017b. Atomic scale g-CsNa4/Bi;WQOe 2D/2D heterojunction with enhanced
photocatalytic degradation of ibuprofen under visible light irradiation. Appl. Catal.
B: Environ. 209, 285-294.

Yan, S.C,, Li, Z.S., Zou, Z.G., 2009. Photodegradation performance of g-CsN4 fabricated by
directly heating melamine. Langmuir 25, 10397-10401.

Yang, Y., Ok, Y.S., Kim, K.-H., Knon, E.E., Tsang, Y.F., 2017. Occurrence and removal of
pharmaceuticals and personal care products (PPCPs) in drinking water and
water/sewage treatment plants: A review. Sci. Total Environ. 596-597, 303-320.

Ye, C., Li, J.-X,, Li, Z.-)., Fan, X.-B., Zhang, L.-P., Chen, B., Tung, C.-H., Wu, L.-Z., 2015.
Enhanced driving force and charge separation efficiency of protonated g-CsN4 for
photocatalytic O; evolution. ACS Catal. 5, 6973-6979.

Yuan, C., Hung, C.-H., Li, H.-W., Chang, W.-H., 2016. Photodegradation of ibuprofen by
TiO2 co-doping with urea and functionalized CNT irradiated with visible light —
Effect of doping content and pH. Chemosphere 155, 471-478.

Zeng, J., Yang, B., Wang, X., Li Z., Zhang, X., Lei, L., 2015. Degradation of pharmaceutical
contaminant ibuprofen in aqueous solution by cylindrical wetted-wall corona
discharge. Chem. Eng. J. 267, 282-288.

Zhang, X.-S., Hu, J.-Y., Jiang, H., 2014. Facile modification of a graphitic carbon nitrile
catalyst to improve its photoreactivity under visible light irradiation. Chem. Eng. J.
256, 230-237.



REFERENCES-Chapter 3.2

1.

10.

11.

12.

13.

14.

15.

Nanostructured Photocatalyst. From Materials to Applications in Solar Fuels and
Environmental Remediation, Boukherroub, R.; Ogale, S. B.; Robertson, N., Eds.;
Elsevier, Amsterdam, The Netherlands, 2020.

Photocatalysis: Applications, Dionysiou, D. D.; Puma, G. L.; Ye, J.; Schneider, J.;
Bahnemann, D., Eds.; Royal Society of Chemistry, Cambridge, UK, 2016.

Schneider, J.; Matsuoka, M.; Takeuchi, M.; Zhang, J.; Horiuchi, Y.; Anpo, M.;
Bahnemann, D. W. Understanding TiO, Photocatalysis: Mechanisms and Materials,
Chem. Rev., 2014, 114,9919-9986.

Nanocomposites for Visible Light-induced Photocatalysis, Khan, M. M.; Pradhan, D.;
Sohn, Y., Eds.; Springer, Cham, Switzerland, 2017.

Visible-Light-Active Photocatalysis: Nanostructured Catalyst Design, Mechanisms,
and Applications, Ghosh, S. Ed.; Wiley-VCH, Weinheim, Germany, 2018.

Marcelino, R. B. P.; Amorim, C. C. Towards visible-light photocatalysis for
environmental applications: band-gap engineering versus photons absorption—a
review, Environ. Sci. Pollut. Res., 2019, 26, 4155-4170.

Peiris, S.; McMurtrie, J.; Zhu, H.-Y. Metal nanoparticle photocatalysts: emerging
processes for green organic synthesis, Catal. Sci. Technol., 2016, 6, 320—338.

Tong, H.; Ouyang, S.; Bi, Y.; Umezawa, N.; Oshikiri, M.; Ye, J. Nano-photocatalytic
Materials: Possibilities and Challenges, Adv. Mater., 2012, 24, 229-251.

Ong, W.-J.; Tan, L.-L.; Ng, Y. H.; Yong, S.-T.; Chai, S.-P. Graphitic Carbon Nitride (g-
C3Na)-Based Photocatalysts for Artificial Photosynthesis and Environmental
Remediation: Are We a Step Closer To Achieving Sustainability?, Chem. Rev., 2016,
116, 7159-7329.

Teixeira, I. F.; Barbosa, E. C. M.; Tsang, S. C. E.; Camargo, P. H. C. Carbon nitrides and
metal nanoparticles: from controlled synthesis to design principles for improved
photocatalysis, Chem. Soc. Rev., 2018, 47, 7783-7817.

Kavitha, R.; Nithya, P.M.; Girish Kumar, S. Noble metal deposited graphitic carbon
nitride based heterojunction photocatalysts, App. Surf. Sci., 2020, 508, 145142.

Liz-Marzan, L. M. Tailoring Surface Plasmons through the Morphology and Assembly
of Metal Nanoparticles, Langmuir, 2005, 22, 32—-41.

Noguez, C. Surface Plasmons on Metal Nanoparticles: The Influence of Shape and
Physical Environment, J. Phys. Chem. C, 2007, 111, 3806—3819.

Polavarapu, L.; Perez-Juste, J.; Xu, Q.-H.; Liz-Marzan, L. M. Optical sensing of
biological, chemical and ionic species through aggregation of plasmonic
nanoparticles, J. Mater. Chem. C, 2014, 2, 7460-7476.

Guan, Z.; Polavarapu, L.; Xu, Q.-H. Enhanced Two-Photon Emission in Coupled Metal
Nanoparticles Induced by Conjugated Polymers, Langmuir, 2010, 26, 18020-18023.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kelly, K. L.; Coronado, E.; Zhao, L. L.; Schatz, G. C. The Optical Properties of Metal
Nanoparticles: The Influence of Size, Shape, and Dielectric Environment, J. Phys.
Chem. B, 2002, 107, 668—677.

Rycenga, M.; Cobley, C. M.; Zeng, J.; Li, W.; Moran, C. H.; Zhang, Q.; Qin, D.; Xia, Y.
Controlling the Synthesis and Assembly of Silver Nanostructures for Plasmonic
Applications, Chem. Rev., 2011, 111, 3669-3712.

Chou, C.-H.; Chen, F.-C. Plasmonic nanostructures for light trapping in organic
photovoltaic devices, Nanoscale, 2014, 6, 8444—8458.

Zhou, N.; Lopez-Puente, V.; Wang, Q.; Polavarapu, L.; Pastoriza-Santos, I.; Xu, Q.-H.
Plasmon-enhanced light harvesting: applications in enhanced photocatalysis,
photodynamic therapy and photovoltaics, RSC Adv., 2015, 5, 29076-29097.

Baffou, G.; Quidant, R. Nanoplasmonics for chemistry, Chem. Soc. Rev., 2014, 43,
3898-3907.

Fu, J.; Yu, J.; Jiang, C.; Cheng, B. g-CsNs-Based Heterostructured Photocatalysts, Adv.
Energy Mater., 2018, 8, 1701503.

Crespo, J. ; Falqui, A.; Garcia-Barrasa, J.; Lépez-de-Luzuriaga, J. M.; Monge, M.;
Olmos, M. E.; Rodriguez-Castillo, M.; Sestu M.; Soulantica, K. Synthesis and
plasmonic properties of monodisperse Au—Ag alloy nanoparticles of different
compositions from a single-source organometallic precursor, J. Mater. Chem. C,
2014, 2, 2975-2984.

Crespo, J.; Garcia-Barrasa, J.; Lopez-de-Luzuriaga, J. M.; Monge, M.; Olmos, M. E.;
Sdenz, Y.; Torres, C. Organometallic approach to polymer-protected antibacterial
silver nanoparticles: optimal nanoparticle size-selection for bacteria interaction, J.
Nanoparticle Res., 2012, 14, 1281.

Fernandez, E. J.; Lépez-de-Luzuriaga, J. M.; Monge, M.; Olmos, M. E.; Puelles, R. C.;
Laguna, A.; Mohamed, A. A.; Fackler, J. P., Jr. Vapochromic Behavior of
{Ag2(Et20)2[Au(CsFs)2]2}n with Volatile Organic Compounds, Inorg. Chem. 2008, 47,
8069-8076.

Yan, S. C,; Li, Z. S.; Zou, Z. G. Photodegradation performance of g-CsN4 fabricated by
directly heating melamine, Langmuir, 2009, 25, 10397-10401.

An, N.; Zhao, Y.; Mao, Z.; Agrawal, D. K.; Wang, D. Microwave modification of surface
hydroxyl density for g-C3N4 with enhanced photocatalytic activity, Mater. Res.
Express, 2018, 5, 035502.

Thomas, A.; Fischer, A.; Goettmann, F.; Antonietti, M.; Muller, J.-O.; Schlogl, R.;
Carlsson, J. M. Graphitic carbon nitride materials: variation of structure and
morphology and their use as metal-free catalysts, J. Mater. Chem., 2008, 18, 4893—
4908.

Fina, F.; Ménard, H.; Irvine, J. T. S. The effect of Pt NPs crystallinity and
distributionon the photocatalytic activity of Pt—g-CsNs, Phys. Chem. Chem. Phys.,
2015, 17, 13929-13936.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Caux, M.; Menard, H.; AlSalik, Y. M.; Irvine, J. T. S.; Idriss, H. Photo-catalytic
hydrogen production over Au/g-CsNa: effect of gold particle dispersion and
morphology, Phys. Chem. Chem. Phys., 2019, 21, 15974-15987.

Fujigaya, T.; Kim, C.; Hamasaki, Y.; Nakashima, N. Growth and Deposition of Au
Nanoclusters on Polymer-wrapped Graphene and Their Oxygen Reduction Activity,
Sci. Rep., 2016, 6, 21314.

Haidari, H. ; Goswami, N.l.; Bright, R.; Kopecki, Z.; Cowin, A. J.; Garga, S.; Vasilev, K.
The interplay between size and valence state on the antibacterial activity of sub-10
nm silver nanoparticles, Nanoscale Adv., 2019, 1, 2365-2371.

Kreibig, U.; Vollmer, M. Optical Properties of Metal Clusters; Springer Series in
Material Science 25; Springer: Berlin, 1995.

Crespo, J.; Lépez-de-Luzuriaga, J. M.; Monge, M.; Elena Olmos, M.; Rodriguez-
Castillo, M.; Cormary, B.; Soulantica, K.; Sestu, M.; Falqui, A. The spontaneous
formation and plasmonic properties of ultrathin gold—silver nanorods and
nanowires stabilized in oleic acid, Chem. Commun., 2015, 51, 16691-16694.

Crespo, J.; Guari, Y.; Ibarra, A.; Larionova, J.; Lasanta, T.; Laurencin, D.; Lopez-de-
Luzuriaga, J. M.; Monge, M.; Olmos, M. E.; Richeter, S. Ultrasmall NHC-coated gold
nanoparticles obtained through solvent free thermolysis of organometallic Au(i)
complexes, Dalton Trans., 2014, 43, 15713-15718.

Lépez-de-Luzuriaga, J. M.; Monge, M.; Quintana, J.; Rodriguez-Castillo, M. Single-
step assembly of gold nanoparticles into plasmonic colloidosomes at the interface
of oleic acid nanodroplets, Nanoscale Adv., 2021, 3, 198-205.

Yang, Z.; Yan, J.; Lian, J.; Xu, H.; She, X.; Li, H. g-C3N4/TiO; Nanocomposites for
degradation of ciprofloxacin under visible light irradiation, ChemistrySelect, 2016, 1,
5679-5685.

Wang, H.; Li, J.; Ma, C.; Guan, Q.; Lu, Z.; Huo, P.; Yan, Y. Melamine modified P25 with
heating method and enhanced the photocatalytic activity on degradation of
ciprofloxacin. App. Surf. Sci., 2015, 329, 17-22.

Hao, R.; Wang, G.; Tang, H.; Sun, L.; Xu, C.; Han, D. Template-free preparation of
macro/mesoporous g-C3N4/TiO> heterojuction photocatalysts with enhanced visible
light photocatalytic activity, Appl. Catal. B: Environ., 2016, 187, 47-58.

Lu, N.; Wang, P.; Su, Y.; Yu, H.; Liu, N.; Quan, X. Construction of Z-Scheme g-
C3N4/RGO/WOs3 with in situ photoreduced graphene oxide as electron mediator for
efficient photocatalytic degradation of ciprofloxacin. Chemosphere 2019, 215, 444-
453,

Chen, S.; Hu, Y.; Meng, S.; Fu, X. Study on the separation mechanisms of
photogenerated electrons and holes for composite photocatalyst g-CsN4-WOs, Appl.
Catal. B: Environ., 2014, 150-151, 564-573.

Zhang, W.; Zhou, Z.; Shi, J.; Deng, H. Fabrication of novel visible-light-driven Agl/g-
C3N4 composites with enhanced visible-light photocatalytic activity for diclofenac
degradation. J. Colloid Interface Sci., 2017, 496, 167-176.



42. Pattnaik, S. P.; Behera, A.; Martha, S.; Acharya, R.; Parida, K. Facile synthesis of
exfoliated graphitic carbon nitride for photocatalytic degradation of ciprofloxacin
under solar irradiation, J. Mater. Sci., 2019, 54, 5726-5742.

REFERENCES-Chapter 3.3

[1] Y. Peng, S. Hall, L. Gautam, Drugs of abuse in drinking water — a review of current
detection methods, occurrence, elimination and health risks, TrAC, Trends Anal.
Chem. 85 (2016) 232-240.

[2] A.B.A. Boxall, M.A. Rudd, B.W. Brooks, D.J. Caldwell, K. Choi, S. Hickmann, E. Innes, K.
Ostapyk, J.P. Staveley, T. Verslycke, G.T. Ankley, K.F. Beazley, S.E. Belanger, J.P.
Berninger, P. Carriquiriborde, A. Coors, P.C. DelLeo, S.D. Dyer, J.F. Ericson, F. Gagne,
J.P. Giesy, T. Gouin, L. Hallstrom, M.V. Karlsson, D.G.J. Larsson, J.M. Lazorchak, F.
Mastrocco, A. McLaughlin, M.E. McMaster, R.D. Meyerhoff, R. Moore, J.L. Parrott,
J.R. Snape, R. Murray-Smith, M.R. Servos, P.K. Sibley, J.O. Straub, N.D. Szabo, E.
Topp, G.R. Tetreault, V.L. Trudeau, G. Van Der Kraak, Pharmaceuticals and
personal care products in the environment: what are the big questions? Environ.
Health Perspect. 120 (2012) 1221-1229.

[3] Y. Yang, Y.S. Ok, K.-H. Kim, E.E. Kwon, Y.F. Tsang, Occurrences and removal of
pharmaceuticals and personal care products (PPCPs) in drinking water and water/
sewage treatment plants: a review, Sci. Total Environ. 596-597 (2017) 303-320.

[4] R. Gothwal, T. Shashidhar, Antibiotic pollution in the environment: a review, Clean—
Soil, Air, Water 43 (2015) 479-489.

[5] N. Le-Minh, S.J. Khan, J.E. Drewes, R.M. Stuetz, Fate of antibiotics during municipal
water recycling treatment processes, Water Res. 44 (2010) 4295—-4323.

[6] A. Jia, Y. Wan, Y. Xiao, J. Hu, Occurrence and fate of quinolone and fluoroquinolone
antibiotics in a municipal sewage treatment plant, Water Res. 46 (2012) 387-394.

[7] J. Trawinski, R. Skibinski, Studies on photodegradation process of psychotropic drugs:
a review, Environ. Sci. Pollut. Res. 24 (2017) 1152-1199.

[8] R. Andreozzi, M. Canterino, R. Marotta, N. Paxeus, Antibiotic removal from
wastewaters: the ozonation of amoxicillin, J. Hazard. Mater. 122 (2005) 243-250.

[9] U. von Gunten, Ozonation of drinking water: Part |. Oxidation kinetics and product
formation, Water Res. 37 (2003) 1443-1467.

[10] E. Chamberlain, C. Adams, Oxidation of sulfonamides, macrolides, and carbadox with
free chlorine and monochloramine, Water Res. 40 (2006) 2517-2526.

[11] X. Chen, B. Xiao, J. Liu, T. Fang, X. Xu, Kinetics of the oxidation of MCRR by potassium
permanganate, Toxicon 45 (2005) 911-917.

[12] V. Ragaini, E. Selli, C. Letizia Bianchi, C. Pirola, Sono-photocatalytic degradation of 2-
chlorophenol in water: kinetic and energetic comparison with other techniques,
Ultrason Sonochem. 8 (2001) 251-258.



[13] R. Guan, X. Yuan, Z. Wu, L. Jiang, Y. Li, G. Zeng, Principle and application of hydrogen
peroxide based advanced oxidation processes in activated sludge treatment: a
review, Chem. Eng. J. 339 (2018) 519-530.

[14] M. Salimi, A. Esrafili, M. Gholami, A. Jonidi Jafari, R. Rezaei Kalantary, M. Farzadkia,
M. Kermani, H.R. Sobhi, Contaminants of emerging concern: a review of new
approach in AOP technologies, Environ. Monit. Assess. 189 (2017) 414.

[15] D.B. Miklos, C. Remy, M. Jekel, K.G. Linden, J.E. Drewes, U. Hubner, Evaluation of
advanced oxidation processes for water and wastewater treatment — a critical
review, Water Res. 139 (2018) 118-131.

[16] J. Madhavan, P.S.S. Kumar, S. Anandan, M. Zhou, F. Grieser, M. Ashokkumar,
Ultrasound assisted photocatalytic degradation of diclofenac in an aqueous
environment, Chemosphere 80 (2010) 747-752.

[17] A. Colombo, G. Cappelletti, S. Ardizzone, |. Biraghi, C.L. Bianchi, D. Meroni, C. Pirola,
F. Spadavecchia, Bisphenol A endocrine disruptor complete degradation using
TiO2 photocatalysis with ozone, Environ. Chem. Lett. 10 (2012) 55-60,

[18] Z. Khani, D. Schieppati, C.L. Bianchi, D.C. Boffito, The sonophotocatalytic degradation
of pharmaceuticals in water by MnOx-TiO2 systems with tuned bandgaps,
Catalysts 9 (2019) 949.

[19] Z. Eren, Ultrasound as a basic and auxiliary process for dye remediation: a review, J.
Environ. Manage. 104 (2012) 127-141.

[20] N.N. Mahamuni, Y.G. Adewuyi, Advanced oxidation processes (AOPs) involving
ultrasound for waste water treatment: a review with emphasis on cost estimation,
Ultrason. Sonochem. 17 (2010) 990-1003.

[21] D. Schieppati, F. Galli, M.-L. Peyot, V. Yargeau, C.L. Bianchi, D.C. Boffito, An
ultrasound- assisted photocatalytic treatment to remove an herbicidal pollutant
from wastewaters, Ultrason. Sonochem. 54 (2019) 302-310.

[22] J. Madhavan, F. Grieser, M. Ashokkumar, Combined advanced oxidation processes
for the synergistic degradation of ibuprofen in agueous environments, J. Hazard.
Mater. 178 (2010) 202-208.

[23] C.G. Joseph, G. Li Puma, A. Bono, D. Krishnaiah, Sonophotocatalysis in advanced
oxidation process: a short review, Ultrason. Sonochem 16 (2009) 583-589.

[24] P. Wang, W. Ji, M. Li, G. Zhang, J. Wang, Bi25V040 microcube with step surface for
visible light photocatalytic reduction of Cr(VI): enhanced activity and ultrasound
assisted regeneration, Ultrason. Sonochem. 38 (2017) 289-297.

[25] J. Madhavan, F. Grieser, M. Ashokkumar, Degradation of orange-G by advanced
oxidation processes, Ultrason. Sonochem. 17 (2010) 338—-343.

[26] J. Madhavan, F. Grieser, M. Ashokkumar, Degradation of formetanate hydrochloride
by combined advanced oxidation processes, Sep. Purif. Technol. 73 (2010) 409—
414.

[27] M. Jagannathan, F. Grieser, M. Ashokkumar, Sonophotocatalytic degradation of
paracetamol using TiO2 and Fe3+, Sep. Purif. Technol. 103 (2013) 114-118.



[28]S. Park, S. Lee, B. Kim, S. Lee, J. Lee, S. Sim, M. Gu, J.Yi, J. Lee, Toxic effects of titanium
dioxide nanoparticles on microbial activity and metabolic flux, Biotechnol.
Bioprocess Eng. 17 (2012) 276-282.

[29] B.J. Panessa-Warren, J.B. Warren, S.S. Wong, J.A. Misewich, Biological cellular
response to carbon nanoparticle toxicity, J. Phys.: Condens. Matter 18 (2006)
$2185-52201.

[30] C.L. Bianchi, S. Gatto, C. Pirola, A. Naldoni, A. Di Michele, G. Cerrato, V. Crocella, V.
Capucci, Photocatalytic degradation of acetone, acetaldehyde and toluene in
gasphase: comparison between nano and micro-sized TiO2, Appl. Catal. B: Environ.
146 (2014) 123-130.

[31] S. Mozia, A.W. Morawski, The performance of a hybrid photocatalysis—MD system
for the treatment of tap water contaminated with ibuprofen, Catal. Today 193
(2012) 213-220.

[32] L. Rimoldi, D. Meroni, E. Falletta, V. Pifferi, L. Falciola, G. Cappelletti, S. Ardizzone,
Emerging pollutant mixture mineralization by TiO2 photocatalysts. The role of the
water medium, Photochem. Photobiol. Sci. 16 (2017) 60—66.

[33] N. Zhang, G. Liu, H. Liu, Y. Wang, Z. He, G. Wang, Diclofenac photodegradation under
simulated sunlight: effect of different forms of nitrogen and kinetics, J. Hazard.
Mater 192 (2011) 411-418.

[34] S. Schmidt, H. Hoffmann, L.-A. Garbe, R.. Schneider, Liquid chromatography—
tandem mass spectrometry detection of diclofenac and related compounds in
water samples, J. Chromatogr. A 1538 (2018) 112-116.

[35] P. Sathishkumar, R.A.A. Meena, T. Palanisami, V. Ashokkumar, T. Palvannan, F.L. Gu,
Occurrence, interactive effects and ecological risk of diclofenac in environmental
compartments and biota — a review, Sci. Total Environ. 698 (2020) 134057.

[36] M.V. Bagal, P.R. Gogate, Degradation of diclofenac sodium using combined processes
based on hydrodynamic cavitation and heterogeneous photocatalysis, Ultrason.
Sonochem. 21 (2014) 1035-1043.

[37] G. Cerrato, F. Galli, D.C. Boffito, L. Operti, C.L. Bianchi, Correlation preparation
parameters/activity for micro TiO2 decorated with SilverNPs for NOx
photodegradation under LED light, Appl. Catal. B: Environ. 253 (2019) 218-225.

[38] N.F.F. Moreira, C. Narciso-da-Rocha, M.I. Polo-Lopez, L.M. Pastrana-Martinez, J.L.
Faria, C.M. Manaia, P. Fernandez-lbanez, O.C. Nunes, A.M.T. Silva, Solar treatment
(H202, TiO2-P25 and GO-TiO2 photocatalysis, photo-Fenton) of organic
micropollutants, human pathogen indicators, antibiotic resistant bacteria and
related genes in urban wastewater, Water Res. 135 (2018) 195-206.

[39] A. Duran, J.M. Monteagudo, I. San Martin, M. Aguirre, Decontamination of industrial
cyanide-containing water in a solar CPC pilot plant, Sol. Energy 84 (2010) 1193-
1200.

[40] F. Mendez-Arriaga, S. Esplugas, J. Gimenez, Photocatalytic degradation of
nonsteroidal anti-inflammatory drugs with TiO2 and simulated solar irradiation,
Water Res. 42 (2008) 585-594.



[41] W.-S. Chen, S.-C. Huang, Sonophotocatalytic degradation of dinitrotoluenes and
trinitrotoluene in industrial wastewater, Chem. Eng. J. 172 (2011) 944-951.

[42] S. Maruvada, G.R. Harris, B.A. Herman, R.L. King, Acoustic power calibration of high-
intensity focused ultrasound transducers using a radiation force technique, J.
Acoust. Soc. Am. 121 (2007) 1434-1439.

[43] V. Ragaini, C. Pirola, S. Borrelli, C. Ferrari, I. Longo, Simultaneous ultrasound and
microwave new reactor: detailed description and energetic considerations,
Ultrason. Sonochem. 19 (2012) 872-876.

[44] P. Theron, P. Pichat, C. Guillard, C. Petrier, T. Chopin, Degradation of
phenyltrifluoromethylketone in water by separate or simultaneous use of TiO2
photocatalysis and 30 or 515 kHz ultrasound, Phys. Chem. Chem. Phys. 1 (1999)
4663-4668.

[45] J. Hartmann, P. Bartels, U. Mau, M. Witter, W.v. Tumpling, J. Hofmann, E.
Nietzschmann, Degradation of the drug diclofenac in water by sonolysis in
presence of catalysts, Chemosphere 70 (2008) 453—-461.

[46] K.S. Suslick, Ultrasound: Its Chemical Physical and Biological Effects, NY, (1988).

[47] C. Baeza, D.R.U. Knappe, Transformation kinetics of biochemically active compounds
in low-pressure UV photolysis and UV/H202 advanced oxidation processes, Water
Res. 45 (2011) 4531-4543.

[48] R. Salgado, V.J. Pereira, G. Carvalho, R. Soeiro, V. Gaffney, C. Almeida, V.V. Cardoso,
E. Ferreira, M.J. Benoliel, T.A. Ternes, A. Oehmen, M.A.M. Reis, J.P. Noronha,
Photodegradation kinetics and transformation products of ketoprofen, diclofenac
and atenolol in pure water and treated wastewater, J. Hazard. Mater. 244-245
(2013) 516-527.

[49] F.J. Beltran, A. Aguinaco, J.F. Garcia-Araya, Application of ozone involving advanced
oxidation processes to remove some pharmaceutical compounds from urban
wastewaters, Ozone Sci. Eng. 34 (2012) 3-15.

[50] Y. He, N.B. Sutton, H.H.H. Rijnaarts, A.A.M. Langenhoff, Degradation of
pharmaceuticals in wastewater using immobilized TiO2 photocatalysis under
simulated solar irradiation, Appl. Catal. B: Environ. 182 (2016) 132-141.

[51] A.R. Lado Ribeiro, N.F.F. Moreira, G. Li Puma, A.M.T. Silva, Impact of water matrix on
the removal of micropollutants by advanced oxidation technologies, Chem. Eng. J.
363 (2019) 155-173.

[52] L. Rizzo, S. Meric, M. Guida, D. Kassinos, V. Belgiorno, Heterogenous photocatalytic
degradation kinetics and detoxification of an urban wastewater treatment plant
effluent contaminated with pharmaceuticals, Water Res. 43 (2009) 4070-4078.

[53] A. Achilleos, E. Hapeshi, N.P. Xekoukoulotakis, D. Mantzavinos, D. Fatta-Kassinos,
Factors affecting diclofenac decomposition in water by UV-A/TiO2 photocatalysis,
Chem. Eng. J. 161 (2010) 53-59.

[54] D. Darowna, S. Grondzewska, A.W. Morawski, S. Mozia, Removal of non-steroidal
anti-inflammatory drugs from primary and secondary effluents in a photocatalytic
membrane reactor, J. Chem. Technol. Biotechnol. 89 (2014) 1265-1273.



[55] S. Linic, P. Christopher, D.B. Ingram, Plasmonic-metal nanostructures for efficient
conversion of solar to chemical energy, Nat. Mater. 10 (2011) 911-921.

[56] M. Stucchi, C.L. Bianchi, C. Argirusis, V. Pifferi, B. Neppolian, G. Cerrato, D.C. Boffito,
Ultrasound assisted synthesis of Ag-decorated TiO2 active in visible light, Ultrason.
Sonochem. 40 (2018) 282-288.

[57] F. Zhang, R. Jin, J. Chen, C. Shao, W. Gao, L. Li, N. Guan, High photocatalytic activity
and selectivity for nitrogen in nitrate reduction on Ag/TiO catalyst with fine silver
clusters, J. Catal. 232 (2005) 424-431.

[58] A. Sowmya, S. Meenakshi, Photocatalytic reduction of nitrate over Ag—TiO2 in the
presence of oxalic acid, J. Water Process Eng. 8 (2015) e23—e30.

[59] D. Tsukamoto, A. Shiro, Y. Shiraishi, Y. Sugano, S. Ichikawa, S. Tanaka, T. Hirai,
Photocatalytic H202 production from ethanol/02 system using TiO2 loaded with
Au—Ag bimetallic alloy nanoparticles, ACS Catal. 2 (2012) 599-603.

[60] G.M. Cramer, R.A. Ford, R.L. Hall, Estimation of toxic hazard—a decision tree
approach, Food Cosmet. Toxicol. 16 (1976) 255-276.

[61] I.C. Munro, R.A. Ford, E. Kennepohl, J.G. Sprenger, Correlation of structural class with
no-observed-effect levels: a proposal for establishing a threshold of concern, Food
Chem. Toxicol. 34 (1996) 829-867.

[62] S. Murgolo, I. Moreira, C. Piccirillo, P. Castro, G. Ventrella, C. Cocozza, G. Mascolo,
Photocatalytic degradation of diclofenac by hydroxyapatite-TiO2 composite
material: identification of transformation products and assessment of toxicity,
Materials (Basel) 11 (2018) 1779.

[63] D. Kanakaraju, B.D. Glass, M. Oelgemoller, Titanium dioxide photocatalysis for
pharmaceutical wastewater treatment, Environ. Chem. Lett. 12 (2014) 27-47.

[64] C. Martinez, M.L. Canle, M.I. Fernandez, J.A. Santaballa, J. Faria, Aqueous degradation
of diclofenac by heterogeneous photocatalysis using nanostructured materials,
Appl. Catal. B: Environ. 107 (2011) 110-118.

[65] A. Aguera, L.A. Perez Estrada, |. Ferrer, E.M. Thurman, S. Malato, A.R. Fernandez-
Alba, Application of time-of-flight mass spectrometry to the analysis of
phototransformation products of diclofenac in water under natural sunlight, J.
Mass Spectrom. 40 (2005) 908—915.

[66] I.B. Ivshina, E.A. Tyumina, M.V. Kuzmina, E.V. Vikhareva, Features of diclofenac
biodegradation by Rhodococcus ruber IEGM 346, Sci. Rep. 9 (2019) 9159.

[67] H. Yu, E. Nie, J. Xu, S. Yan, W.J. Cooper, W. Song, Degradation of diclofenac by
advanced oxidation and reduction processes: kinetic studies, degradation
pathways and toxicity assessments, Water Res. 47 (2013) 1909-1918.

[68] Z. Hu, X. Cai, Z. Wang, S. Li, Z. Wang, X. Xie, Construction of carbon-doped
supramolecule-based g-C3N4/TiO2 composites for removal of diclofenac and
carbamazepine: a comparative study of operating parameters, mechanisms,
degradation pathways, J. Hazard. Mater. 380 (2019) 120812.



[69] P. Calza, V. Sakkas, C. Medana, C. Baiocchi, A. Dimou, E. Pelizzetti, T. Albanis,
Photocatalytic degradation study of diclofenac over aqueous TiO2 suspensions,
Appl. Catal. B: Environ. 67 (2006) 197-205.

REFERENCES-Chapter 3.4

[1] T. Aus der Beek, F.A. Weber, A. Bergmann, S. Hickmann, I. Ebert, A. Hein, A. Kister,
Pharmaceuticals in the environment—global occurrences and perspectives,
Environ. Toxicol. Chem. 35 (2016) 823-835.

[2] M. Patel, R. Kumar, K. Kishor, T. Misna, C.U., Jr. Pittman, D. Mohan, Pharmaceuticals
of emerging concern in aquatic systems: chemistry, occurrence, effects, and
removal methods, Chem. Rev. 119, (2019) 3510-3673.

[3] P. Chen, Q. Zhang, L. Shen, R. Li, C. Tan, T. Chen, H. Liu, Y. Liu, Z. Cai, G. Liu, W. Ly,
Insights into the synergetic mechanism of a combined Vvis-
RGO/TiOz/peroxodisulfate system for the degradation of PPCPs: Kinetics,
environmental factors and products, Chemosphere 216 (2019) 341-351.

[4] J. Nieto-Sandoval, M. Munoz, Z.M. de Pedro, J.A. Casas, Catalytic hydrodechlorination
as polishing step in drinking water treatment for the removal of chlorinated
micropollutants, Sep. Purif. Technol. 227 (2019) 115717.

[5] E. Koumaki, D. Mamais, C. Noutsopoulos, M.C. Nika, A.A., Bletsou, N.S. Thomaidis, A.
Eftaxias, G. Stratogianni, Degradation of emerging contaminants from water under
natural sunlight: The effect of season, pH, humic acids and nitrate and
identification of photodegradation by-products, Chemosphere 138 (2015) 675-
681.

[6] D. Krakko, E. Gombos, V. Licul-Kucera, S. Dobe, V.G. Mihucz, G. Zaray, Enhanced
photolytic and photooxidative treatments for removal of selected pharmaceutical
ingredients and their degradation products in water matrices, Microchem. J. 150
(2019) 104136.

[7] K. Lekkerkerker-Teunissen, M.J. Benotti, S.A. Snyder, H.C. van Dijk, Transformation of
atrazine, carbamazepine, diclofenac and sulfamethoxazole by low and medium
pressure UV and UV/H,0; treatment, Sep. Purif. Technol. 96 (2012) 33-43.

[8] J. Madhavan, P.S.S. Kumar, S. Anandan, M. Zhou, F. Grieser, M. Ashokkumar,
Ultrasound assisted photocatalytic degradation of diclofenaco in an aqueous
environment., Chemosphere 80 (2010) 747-752.

[9] D. Meroni, M. Jimenez-Salcedo, E. Falletta, B.M. Bresolinc, C.F. Kaitd, D.C. Boffitoe, C.L.
Bianchia, C. Pirola, Sonophotocatalytic degradation of sodium diclofenac using low
power ultrasound and micro sized TiO,, Ultrason-Sonochem 67 (2020) 105123.

[10] A. Smykalova, B. Sokolov3, K. Foniok, V. Matejka, P. Praus, Photocatalytic degradation
of selected pharmaceuticals using g-CsN4 and TiO; nanomaterials, Nanomaterials
9 (2019) 1194.

[11] F. Liu, J. Liang, L. Chen, M. Tong, W. Liu, Photocatalytic removal of diclofenac by Ti
doped BiOl microspheres under visible light irradiation: Kinetics, mechanism, and
pathways, J. Mol. Lig. 275 (2019) 807-814.



[12] N.F.F. Moreira, M.J. Sampaio, A.R. Ribeiro, C.G. Silva, J.L. Faria, A.M.T. Silva, Metal-
free g-CsN4 photocatalysis of organic micropollutants in urban wastewater under
visible light, Appl. Catal. B 248 (2019) 184-192.

[13] A.N. Oliveros, J.A.l. Pimentel, M.D.G. de Luna, S. Garcia-Segurac, R.R.M. Abarca, R.A.
Doong, Visible-light photocatalytic diclofenac removal by tunable vanadium
pentoxide/boron-doped graphitic carbon nitride composite, Chem. Eng. J. 403
(2021) 126213.

[14] H. Shao, X. Zhao, Y. Wang, R. Mao, Y. Wang, M. Qiao, S. Zhao, Y. Zhu, Synergetic
activation of peroxymonosulfate by CosOsmodified g-CsNs for enhanced
degradation of diclofenac sodium under visible lightirradiation, Appl. Catal. B 218
(2017) 810-818.

[15] Z. Hu, X. Cai, Z. Wang, S. Li, Z. Wang, X. Xie, Construction of carbon-doped
supramolecule-based g-CsN4/TiO, composites for removal of diclofenac and
carbamazepine: A comparative study of operating parameters, mechanisms,
degradation pathways, J. Hazard. Mater. 380 (2019) 120812.

[16] J.He, J. Yang, F. Jiang, P. Liu, M. Zhu, Photo-assisted peroxymonosulfate activation via
2D/2D, Chemosphere 258 (2020) 127339.

[17] W. Zhang, L. Zhou, H. Deng, H., Ag modified g-CsN4 composites with enhanced visible-
lightphotocatalytic activity for diclofenac degradation, J. of Molecular Catalysis A:
Chem. 423 (2016) 270-276.

[18] W. Zhang, L. Zhou, J. Shi, H. Deng, Fabrication of novel visible-light-driven Agl/g-CsN4
composites with enhanced visible-light photocatalytic activity for diclofenac
degradation, J. Colloid and Interface Sci. 496 (2017) 167-176.

[19] W. Zhang, L. Zhou, J. Shi, H. Deng, Synthesis of AgsP0./g-CsNs Composite with
enhanced photocatalytic performance for the photodegradation of diclofenac
under visible light irradiation, Catalysts 8 (2018) 45.

[20] W.J. Ong, L.L. Tan, Y.H. Ng, S.T. Yong, S.P. Chai, Graphitic carbon nitride (g-C3Na)-
based photocatalysts for artificial photosynthesis and environmental remediation:
Are we a step closer to achieving sustainability? Chem. Rev. 116 (2016) 7159-7329.

[21] M. Jiménez-Salcedo, M. Monge, M.T. Tena, Photocatalytic degradation of ibuprofen
in water using TiO2/UV and g-C3Na/visible light: Study of intermediate degradation
products by liquid chromatography coupled to high-resolution mass spectrometry,
Chemosphere 215 (2019) 605-618.

[22] M. Jiménez-Salcedo, M. Monge, M.T. Tena, Study of intermediate by-products and
mechanism of the photocatalytic degradation of ciprofloxacin in water using
graphitized carbon nitride nanosheets, Chemosphere 247 (2020) 125910.

[23] S.C. Yan, Z.S. Li, Z.G. Zou, Photodegradation performance of g-CsN4 fabricated by
directly heating melamine, Langmuir 25 (2009) 10397-10401.

[24] S.P. Pattnaik, A. Behera, S. Martha, R. Acharya, K. Parida, Facile synthesis of exfoliated
graphitic carbon nitride for photocatalytic degradation of ciprofloxacin under solar
irradiation, J. Mater. Sci. 54 (2019) 5726-5742.



[25] S. Chen, Y. Hu, S. Meng, X. Fu, Study on the separation mechanisms of
photogenerated electrons and holes for composite photocatalyst g-CsN4s-WOs,
Appl. Catal. B 150-151 (2014) 564-573.

[26] A. Thomas, A. Fischer, F. Goettmann, M. Antonietti, J.-O. Miller, R. Schldgl, J.M.
Carlsson, Graphitic carbon nitride materials: variation of structure and
morphology and their use as metal-free catalysts, J. Mat. Chem. 18 (2008) 4893-
4908.

[27] F. Fina, H. Ménard, J. T. S. Irvine, The effect of Pt NPs crystallinity and distribution on
the photocatalytic activity of Pt—g-C3Na4, Phys. Chem. Chem. Phys. 17 (2015) 13929-
13936.

[28] X. Jin, Y. Wu, Q. Zhang, F. Wang, P. Chen, H. Liu, S. Huang, J. Wu, N. Tu, W. Lv, G. Liu,
Defect-modified reduced graphitic carbon nitride (RCN) enhanced oxidation
performance for photocatalytic degradation of diclofenaco, Chemosphere 258
(2020) 127343.

[29] P. lovino, S. Chianese, S. Canzano, M. Prisciandaro, D. Musmarra, lbuprofen
photodegradation in aqueous solutions, Environ. Sci. Pollut. Res. 23 (2016) 22993—
23004.

[30] Z. Yang, J. Yan, J. Lian, H. Xu, X. She, H. Li, g-CsN4/TiO2 Nanocomposites for
degradation of ciprofloxacin under visible light irradiation, Chemistry Select 1
(2016) 5679-5685.

[31] H. Wang, J. Li, C. Ma, Q. Guan, Z. Lu, P. Huo, Y. Yan, Melamine modified P25 with
heating method and enhanced the photocatalytic activity on degradation of
ciprofloxacin, Appl. Surf. Sci. 329 (2015) 17-22.

[32] R. Hao, G. Wang, H. Tang, L. Sun, C. Xu, D. Han,Template-free preparation of
macro/mesoporous g-CsN4/TiO; heterojuction photocatalysts with enhanced
visible light photocatalytic activity, Appl. Catal. B 187 (2016) 47-58.

[33] N. Lu, P. Wang, Y. Su, H. Yu, N., Liu, X. Quan, Construction of Z-Scheme g-
C3Na/RGO/WOs with in situ photoreduced graphene oxide as electron mediator
for efficient photocatalytic degradation of ciprofloxacin, Chemosphere 215 (2019)
444-453,

[34] W. Liu, Y. Li, F. Liu, W. Jiang, D. Zhang, J. Liang, Visible-light-driven photocatalytic
degradation of diclofenac by carbon quantum dots modified porous g-CsNa:
Mechanisms, degradation pathway and DFT calculation, Water Res. 151 (2019) 8-
19.

[35] Y. Li, J. Niu, L. Yin, W. Wang, Y. Bao, J. Chen, Y. Duan, Photocatalytic degradation
kinetics and mechanism of pentachlorophenol based on superoxide radicals, J.
Environ. Sci. 23 (2011) 1911-1918.

REFERENCES-Chapter 3.4

Andini, S., Bolognese, A., Formisano, D., Manfra, M., Montagnaro, F., Santoro, L., 2012.
Mechanochemistry of ibuprofen pharmaceutical. Chemosphere 88, 548—-553.



Arany, E., Szab¢, R.K., Apati, L., Alapi, T., llisz, I., Mazellier, P., Dombi, A., Gajda-Schrantz,
K., 2013. Degradation of naproxen by UV, VUV photolysis and their combination.
Journal of Hazardous Materials 262, 151— 157.

Changanaqui, K., Alarcéon, H., Brillas, E., Sirés, I., 2020. Blue LED light-driven
photoelectrocatalytic removal of naproxen from water: Kinetics and primary by-
products. Journal of Electroanalytical Chemistry 867, 114192.

Chen, S., Hu, Y., Meng, S., Fu, X., 2014. Study on the separation mechanisms of
photogenerated electrons and holes for composite photocatalyst g-CsNs-WOs.
Applied Catalysis B: Environment 150-151, 564-573.

Chen, P., Zhang, Q., Shen, L, Li, R., Tan, C., Chen, T., Liu, H., Liu, Y., Cai, Z,, Liu, G., Lv, W,,
2019. Insights into the synergetic mechanism of a combined Vvis-
RGO/TiOz/peroxodisulfate system for the degradation of PPCPs: Kinetics,
environmental factors and products. Chemosphere 216, 341-351.

Fu, K., Pan, Y., Ding, C., Shi, J., Deng, H., 2021. Photocatalytic degradation of naproxen by
BizMo00Os/g-C3Na heterojunction photocatalyst under visible light: Mechanisms,
degradation pathway, and DFT calculation. Journal of Photochemistry &
Photobiology, A: Chemistry 412, 113235.

Ganzenko, O., Trellu, C., Oturan, N., Huguenot, D., Péchaud, Y., Hullebusch, E.D., Oturan,
M.A., 2020. Electro-Fenton treatment of a complex pharmaceutical mixture:
Mineralization efficiency and biodegradability enhancement. Chemosphere 253,
126659.

Hao, R., Wang, G., Tang, H., Sun, L., Xu, C., Han, D., 2016. Template-free preparation of
macro/mesoporous g-C3N4/TiO; heterojuction photocatalysts with enhanced
visible light photocatalytic activity. Applied Catalysis B: Environment 187, 47-58.

Hernandez-Uresti, D.B., Vazquez, A., Sanchez-Martinez, D., Obregdén, S., 2016.
Performance of the polymeric g-CsN4 photocatalyst through the degradation of
pharmaceutical pollutants under UV-vis irradiation. J. Photochem. Photobiol. A:
Chem. 324, 47-52.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2019. Photocatalytic degradation of
ibuprofen in water using TiO2/UV and g-C3N4/visible light: Study of intermediate
degradation products by liquid chromatography coupled to high-resolution mass
spectrometry. Chemosphere 215, 605-618.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2020. Study of intermediate by-products
and mechanism of the photocatalytic degradation of ciprofloxacin in water using
graphitized carbon nitride nanosheets. Chemosphere 247, 125910.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2021. The photocatalytic degradation of
sodium diclofenac in different water matrices using g-CsN4 nanosheets: a study of
the intermediate by-products and mechanism. Journal of Environmental Chemical
Engineering 9, 105827.

Jin, X., Wu, Y., Zhang, Q., Wang, F., Chen, P, Liu, H., Huang, S., Wu, J., Tu, N., Lv, W,, Liu,
G., 2020. Defect-modified reduced graphitic carbon nitride (RCN) enhanced
oxidation performance for photocatalytic degradation of diclofenaco.
Chemosphere 258, 127343.



Kanakaraju, D., Motti, C.A., Glass, B.D., Oelgemdéller, M, 2015. TiO, photocatalysis of
naproxen: Effect of the water matrix, anions and diclofenac on degradation rates.
Chemosphere 135, 579-588.

Krakko, D., Gombos, E., Licul-Kucera, V., Débé, S., Mihucz, G.V., Zaray, G., 2019.Enhanced
photolytic and photooxidative treatments for removal of selected pharmaceutical
ingredients and their degradation products in water matrices. Microchemical
Journal 150, 104136.

Liu, W, Li, Y., Liu, F., Jiang, W., Zhang, D., Liang, J., 2019. Visible-light-driven photocatalytic
degradation of diclofenac by carbon quantum dots modified porous g-CsNa:
Mechanisms, degradation pathway and DFT calculation. Water Research 151, 8-
19.

Nieto-Sandoval, J., Munoz, M., de Pedro, Z.M., Casas, J.A, 2019. Catalytic
hydrodechlorination as polishing step in drinking water treatment for the removal
of chlorinated micropollutants. Separation and Purification Technology 227,
115717.

Ong, W.-J,, Tan, L.-L., Ng, Y.H., Yong, S.-T., Chai, S.-P., 2016. Graphitic carbon nitride (g-
C3N4)-based photocatalysts for artificial photosynthesis and environmental
remediation: Are we a step closer to achieving sustainability? Chem. Rev. 116,
7159-7329.

Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C.U., Jr., Mohan, D., 2019.
Pharmaceuticals of emerging concern in aquatic systems: chemistry, occurrence,
effects, and removal methods. Chem. Rev. 119, 3510-3673.

Pattnaik, S.P., Behera, A., Martha, S., Acharya, R., Parida, K., 2019. Facile synthesis of
exfoliated graphitic carbon nitride for photocatalytic degradation of ciprofloxacin
under solar irradiation. J. Mater. Sci. 54, 5726e5742.

Tian, H., Fan, Y., Zhaoa, Y., Liu, L., 2014. Elimination of ibuprofen and its relative
photoinduced toxicity by mesoporous BiOBr under simulated solar light
irradiation. RSC Adv. 4, 13061.

Wang, H., Li, J., Ma, C., Guan, Q,, Lu, Z., Huo, P,, Yan, Y., 2015. Melamine modified P25
with heating method and enhanced the photocatalytic activity on degradation of
ciprofloxacin. Applied Surface Science 329, 17-22.

Wang, J., Tang, L., Zeng, G., Deng, Y., Liu, Y., Wang, L., Zhou, Y., Guo, Z., Wang, J., Zhang,
C., 2017. Atomic scale g-CsN4/Bi;WOQO¢ 2D/2D heterojunction with enhanced
photocatalytic degradation of ibuprofen under visible light irradiation. Appl. Catal.
B: Environ. 209, 285-294.

Wang, F.,, Wang, Y., Feng, Y., Zeng, Y., Xie, Z., Zhang, Q., Su, Y., Chen,P., Liu, Y., Yao, K., LV,
W., Liu, G., 2018. Novel ternary photocatalyst of single atom-dispersed silver and
carbon quantum dots co-loaded with ultrathin g-CsNs for broad spectrum
photocatalytic degradation of naproxen. Applied Catalysis B: Environmental 221,
510-520.

Wang, Y., Jing, B., Wang, F., Wang, S., Liu, X., Ao, Z., Li, C., 2020. Mechanism Insight into
enhanced photodegradation of pharmaceuticals and personal care products in



natural water matrix over crystalline graphitic carbon nitrides. Water Research
180, 115925.

Wu, Y., Wang, F., Jin, X,, Zheng, X., Wang, Y., Wei, D., Zhang, Q., Feng, Y., Xie, Z., Chen, P.,
Liu, H., Liu, G., 2020. Highly active metal-free carbon dots/g-C3N4 hollow porous
nanospheres for solar-light-driven PPCPs remediation: Mechanism insights,
kinetics and effects of natural water matrices. Water Research 172, 115492.

Yan, S.C,, Li, Z.S., Zou, Z.G., 2009. Photodegradation performance of g-CsN4 fabricated by
directly heating melamine. Langmuir 25, 10397-10401.

Yang, Z., Yan, J., Lian, J., Xu, H., She, X., Li, H., 2016. g-C5sN4/TiO2 Nanocomposites for
degradation of ciprofloxacin under visible light irradiation. Chemistry Select 1,
5679-5685.

Zhang, W., Zhou, L., Shi, J., Deng, H., 2017. Fabrication of novel visible-light-driven Agl/g-
C3Na composites with enhanced visible-light photocatalytic activity for diclofenac
degradation. Journal of Colloid and Interface Science 496, 167-176.

Zhao, Z., Zhang, W., Liu, W,, Li, Y., Ye, J., Liang, J., Tong, M., 2020. Single-atom silver
induced amorphization of hollow tubular g-CsN4 for enhanced visible light-driven
photocatalytic degradation of naproxen. Science of total environment 742,
140642.

REFERENCES-Chapter 4.1

Chen, F., Yang, Q., Wang, Y., Yao, F., Ma, Y., Huang, X,, Li, X., Wang, D., Zeng, G. Yu, H.,
2018. Efficient construction of bismuth vanadate-based Z-scheme photocatalyst
for simultaneous Cr(VI) reduction and ciprofloxacin oxidation under visible light:
Kinetics, degradation pathways and mechanism. Chem. Eng. J. 348, 157-170.

Deng, Y., Tang, L., Feng, C., Zeng, G., Wang, J., Zhou, Y., Liu, Y., Peng, B., Feng, H., 2018.
Construction of plasmonic Ag modified phosphorous-doped ultrathin g-CsNa
nanosheets/BiVOs photocatalyst with enhanced visible-near-infrared response
ability for ciprofloxacin degradation. J. Hazard. Mat. 344, 758-769.

Duran-Alvarez, J.C., Avella, E., Ramirez-Zamora. R.M., Zanella, R., 2016. Photocatalytic
degradation of ciprofloxacin using mono- (Au, Ag and Cu) and bi-(Au-Ag and Au-
Cu) metallic nanoparticles supported on TiO; under UV-C and simulated sunlight.
Catal Today 266, 175-187.

Gupta, A, Grag, A., 2018. Degradation of ciprofloxacin using Fenton’s oxidation: Effect of
operating parameters, identification of oxidized by-products and toxicity
assessment. Chemosphere 193, 1181-1188.

Hassani, A., Khataee, A., Karaca, S., Karaca, C., Gholami, P., 2017. Sonocatalytic
degradation of ciprofloxacin using synthesized TiO, nanoparticles on
montmorillonite. Ultrason Sonochem 35, 251-262.

Hu, Q. Yin, S., Ding, Y., Wu, T., Li, M., Wang, B., Chen, Y., Di, J., Xia, J., Li, H., 2019. Ultrathin
graphitic carbon nitride modified PbBiO.Cl microspheres with accelerating
interfacial charge transfer for the photodegradation of organic contaminants.
Colloids and Surfaces A 582, 123804.



Ji, M., Di, J.,, Ge, Y., Xia, J., Li, H., 2017. 2D-2D stacking of graphene-like g-CsNa/ultrathin
BisOsBr, with matched energy band structure towards antibiotic removal. Appl.
Surf. Sci. 413, 372-380.

Jiménez-Salcedo, M., Monge, M., Tena, M.T., 2019. Photocatalytic degradation of
ibuprofen in water using TiO2/UV and g-C3Na/visible light: Study of intermediate
degradation products by liquid chromatography coupled to high-resolution mass
spectrometry. Chemosphere 215, 605-618.

Khan, S.A., Arshad, Z., Shahid, S., Arshad, I., Rizwan, K., Sher, M., Fatima, U., 2019.
Synthesis of TiO,/Graphene oxide nanocomposites for their enhanced
photocatalytic activity against methylene blue dye and ciprofloxacin. Composites
Part B 175, 107120.

Kumar, A., Samanta, S., Srivastava, R., 2018. Systematic investigation for the
photocatalytic applications of carbon nitride/porous zeolite heterojunction. ACS
Omega 3, 17261-17275.

Lai, C., Zhang, M., Li, B., Huang, D., Zeng, G., Qin, L., Liu, X,, Yi, H., Cheng, M., Li, L., Chen,
Z., Chen, L., 2019. Fabrication of CuS/BiVOs (0 4 0) binary heterojunction
photocatalysts with enhanced photocatalytic activity for ciprofloxacin degradation
and mechanism insight. Chem Eng J 358, 891-902.

Le, S., Li, W., Wang, Y., Jiang, X., Yang, X., Wang, X., 2019. Carbon dots sensitized 2D-2D
heterojunction of BiVO4/BisTaOy for visible light photocatalytic removal towards
the broad-spectrum antibiotics. J Hazard Mat 376, 1-11.

Li, C., Sun, Z., Zhang, W., Yu, C., Zheng, S., 2018. Highly efficient g-C3sN4/TiO2/kaolinite
composite with novel three-dimensional structure and enhanced visible light
responding ability towards ciprofloxacin and S. aureus. Appl Catal B Environ 220,
272-282.

Li, J., Jin, L., Liu, F., Liu, X., 2019a. Synthesis of cocoon-like AgsPOs and its high-
performance in photocatalytic degradation of ciprofloxacin. Mat Let 242, 139-142.

Li, J., Li, Y., Zhang, G., Huang, H., Wu, X., 2019b. One-dimensional/two-dimensional core-
shell-structured Bi»04/BiO2-x heterojunction for highly efficient broad spectrum
light-driven photocatalysis: Faster interfacial charge transfer and enhanced
molecular oxygen activation mechanism. ACS Appl Mater Interfaces 11, 7112-
7122.

Liu, N., Lu, N., Su, Y., Wang, P., Quan, X., 2019. Fabrication of g-CsN4/Ti3C; composite and
its visible-light photocatalytic capability for ciprofloxacin degradation. Separation
and Purification Technology 211, 782-789.

Lu, N., Wang, P,, Su, Y., Yu, H., Liu, N., Quan, X., 2019. Construction of Z-Scheme g-
C3N4/RGO/WOs3 with in situ photoreduced graphene oxide as electron mediator
for efficient photocatalytic degradation of ciprofloxacin. Chemosphere 215, 444-
453,

Malakootian, M., Nasiri, A., Asadipour, A., Kargar, E., 2019. Facile and green synthesis of
ZnFe;04@CMC as a new magnetic nanophotocatalyst for ciprofloxacin
degradation from aqueous media. Process Safety and Environmental Protection
129, 138-151.



Navarro-Aguilar, A.l.,, Obregon, S., Hernandez-Uresti, D.B., Suarez-de la Cruz, J., 2019a.
Effective coupling of BiPO4/g-CsNa hybrid composites in ciprofloxacin
photodegradation. Res Chem Intermed 45, 3865-3878.

Navarro-Aguilar, A.l., Obregdn, S., Sanchez-Martinez, D., Hernandez-Uresti, D.B., 2019b.
An efficient and stable WO3/g-C3Na4 photocatalyst for ciprofloxacin and orange G
degradation. J Photochem Photobiol A Chem 384, 112010.

Ong, W.-J,, Tan, L.-L., Ng, Y.H., Yong, S.-T., Chai, S.-P., 2016. Graphitic carbon nitride (g-
C3N4)-based photocatalysts for artificial photosynthesis and environmental
remediation: Are we a step closer to achieving sustainability? Chem. Rev. 116,
7159-7329.

Pattnaik, S.P., Behera, A., Martha, S., Acharya, R., Parida, K., 2019. Facile synthesis of
exfoliated graphitic carbon nitride for photocatalytic degradation of ciprofloxacin
under solar irradiation. J Mater Sci 54, 5726-5742.

Rashid, J., Abbas, A., Chang, L.C., Igbal, A., Haqg, I.U., Rehman, A., Awan, S.U., Arshad, M.,
Rafique, M., Barakat, M.A., 2019. Butterfly cluster like lamellar BiOBr/TiO;
nanocomposite for enhanced sunlight photocatalytic mineralization of aqueous
ciprofloxacin. STOTEN 665, 668-677.

Selvakumar, K., Raja, A., Arunpandian, M., Stalindurai, K., Rajasekaran, P., Sami, P.,
Nagarajan, E.R., Swaminathan, M., 2019. Efficient photocatalytic degradation of
ciprofloxacin and bisphenol A under visible light using Gd,;WOe loaded
ZnO/bentonite nanocomposite. Appl Sur Sci 481, 1109-1119.

Wang, H., Li, J., Ma, C., Guan, Q., Lu, Z.,, Huo, P., Yan, Y., 2015. Melamine modified P25
with heating method and enhanced the photocatalytic activity on degradation of
ciprofloxacin. Applied Surface Science 329, 17-22.

Wang, F., Feng, Y., Chen, P.,, Wang, Y., Su, Y., Zhang, Q., Zeng, Y., Xie, Z., Liu, H., Lv, W,, Liu,
G., 2018. Photocatalytic degradation of fluoroquinolone antibiotics using ordered
mesoporous g-CsN4 under simulated sunlight irradiation: Kinetics, mechanism,
and antibacterial activity elimination. Appl Catal B Environ 227, 114-122.

Wang, B, Liu, G., Ye, B, Ye, Y., Zhu, W,, Yin, S., Xia, J., 2019a. Novel CNT/PbBiO,Br hybrid
materials with enhanced broad spectrum photocatalytic activity toward
ciprofloxacin (CIP) degradation. J Photochem Photobiol A Chem 382, 111901.

Wang, T., Liu, X., Men, Q., Ma, W,, Liu, Z, Liu, Y., Ma, C., Huo, P., Yan, Y., 2019b.
Photocatalytic removal using g-CsNa quantum dots/BixTi2O; composites.
Spectrochim Acta Part A Mol Biomol Spec 213, 19-27.

Wen, X.-J,, Niu, C.-G., Zhang, L., Liang, C., Guo, H. Zeng G.-M., 2018. Photocatalytic
degradation of ciprofloxacin by a novel Z-scheme Ce0O,-Ag/AgBr photocatalyst:
Influencing factors, possible degradation pathways, and mechanism insight. J Catal
358, 141-154.

Wu, Q,, Que, Z., Li, Z., Chen, S., Zhang, W., Yin, K., Hong, H., 2018. Photodegradation of
ciprofloxacin adsorbed in the intracrystalline space of montmorillonite. J Hazard
Mat 359, 414-420.



Xia, J., Zhao, J., Chen, J., Di, J., Ji, M., Xu, L., Chen, Z., Li, H., 2017. Facile fabrication of g-
C3N4/BiPO4 hybrid materials via a reactable ionic liquid for the photocatalytic
degradation of antibiotic ciprofloxacin. J. Photochem. Photobiol. A 339, 59-66.

Xu, H., Zhao, H., Song, Y., Yan, W,, Xu, Y., Li, H., Huang, L., Yin, S., Li, Y., Zhang, Q., Li, H.,
2015. g-C3Ns4/AgsPOs composites with synergistic effect for increased
photocatalytic activity under the visible light irradiation. Mater Sci Semicond
Process 39, 726-734.

Xu, X., Ding, X., Yang, X., Wang, P,, Li, S., Lu, Z., Chen, H., 2019. Oxygen vacancy boosted
photocatalytic decomposition of ciprofloxacin over Bi;MoQOs: Oxygen vacancy
engineering, biotoxicity evaluation and mechanism study. J Hazard Mat 364, 691-
699.

Yan, S.C,, Li, Z.S., Zou, Z.G., 2009. Photodegradation performance of g-CsN4 fabricated by
directly heating melamine. Langmuir 25, 10397-10401.

Yang, Z., Yan, J., Lian, J., Xu, H., She, X., Li, H., 2016. g-CsN4/TiO2 Nanocomposites for
degradation of ciprofloxacin under visible light irradiation. Chemistry Select 1,
5679-5685.

Yu, X., Zhang, J., Zhang, j., Niu, J., Zhao, J., Wei, Y., Yao, B., 2019. Photocatalytic
degradation of ciprofloxacin using Zn-doped Cu,O particles: Analysis of
degradation pathways and intermediates. Chem Eng J 374, 316-327.

Zeng, Y., Chen, D., Chen, T., Cai, M., Zhang, Q., Xie, Z,, Li, R., Xiao, Z., Liu, G., Lv. W., 2019.
Study on heterogeneous photocatalytic ozonation degradation of ciprofloxacin by

TiOy/carbon dots: Kinetic, mechanism and pathway investigation. Chemosphere
227, 198-206.

Zhang, M., Lai, C,, Li, B., Huang, D., Zeng, G., Xu, P., Qin, L., Liu, S, Liu, X., Yi, H., Li, M., Chu,
C., Chen, Z.,, 2019. Rational design 2D/2D BiOBr/CDs/g-CsNs Z-scheme
heterojunction photocatalyst with carbon dots as solid-state electron mediators
for enhanced visible and NIR photocatalytic activity: Kinetics, intermediates, and
mechanism insight. J Catal 369, 469-481.

REFERENCES-Chapter 4.2

Andini, S., Bolognese, A., Formisano, D., Manfra, M., Montagnaro, F., Santoro, L.,
2012. Mechanochemistry of ibuprofen pharmaceutical. Chemosphere 88,
548-553.

Atout, H., Bouguettoucha, A., Chebli, D., Crespo, J., Dupin, J.C., Lépez-de-Luzuriaga,
J.M., Martinez, H.,, Monge, M., Olmos, M.E., Rodriguez-Castillo, M., 2021.
Improved Plasmonic Au-Ag/TiO2/rGO Photocatalyst through Entire Visible
Range Absorption, Charge Separation and High Adsorption Ability. New
Journal of Chemistry. Accepted manuscript. DOI: 10.1039/D1NJO1879E.

Caux, M., Menard, H., AlSalik, Y.M., Irvine, J.T.S., Idriss, H., 2019. Photo-catalytic
hydrogen production over Au/g-C3N4: effect of gold particles dispersion and
morphology. Phys. Chem. Chem. Phys., 21, 15974-15987


https://pubs.rsc.org/en/results?searchtext=Author%3AAbdallah%20Bouguettoucha
https://pubs.rsc.org/en/results?searchtext=Author%3ADerradj%20Chebli
https://pubs.rsc.org/en/results?searchtext=Author%3AJulian%20Crespo
https://pubs.rsc.org/en/results?searchtext=Author%3AJean-Charles%20Dupin
https://pubs.rsc.org/en/results?searchtext=Author%3AJos%C3%A9%20Maria%20L%C3%B3pez-de-Luzuriaga
https://pubs.rsc.org/en/results?searchtext=Author%3AHerve%20Martinez
https://pubs.rsc.org/en/results?searchtext=Author%3AMiguel%20Monge
https://pubs.rsc.org/en/results?searchtext=Author%3AMaria%20Elena%20Olmos
https://pubs.rsc.org/en/results?searchtext=Author%3AMar%C3%ADa%20Rodr%C3%ADguez-Castillo

Chen, P., Zhang, Q., Shen, L., Li, R,, Tan, C., Chen, T., Liu, H., Liu, Y., Cai, Z,, Liu, G,,
2019. Insights into the synergetic mechanism of a combined vis-
RGO/TiO2/peroxodisulfate system for the degradation of PPCPs: kinetics,
environmental factors and products. Chemosphere 216, 341-351.

Crespo, J., Garcia-Barrasa, J., Lépez-de-Luzuriaga, J.M., Monge, M., Olmos, M.E.,
Saenz, Y., Torres, C., 2012. Organometallic approach to polymer-protected
antibacterial silver nanoparticles: optimal nanoparticle size-selection for
bacteria interaction. J. Nanoparticle Res., 14, 1281.

Crespo, J., Falqui, A., Garcia-Barrasa, J., Lépez-de-Luzuriaga, J.M., Monge, M., Olmos,
M.E., Rodriguez-Castillo, M., Sestu, M., Soulantica, K., 2014. Synthesis and
plasmonic properties of monodisperse Au—Ag alloy nanoparticles of different
compositions from a single-source organometallic precursor, J. Mater. Chem.
C, 2,2975-2984.

Crespo, J., Guari, Y., Ibarra, A., Larionova, J., Lasanta, T., Laurencin, D., Lopez-de-
Luzuriaga, J.M., Monge, M., Olmos, M.E., Richeter, S., 2014b. Ultrasmall NHC-
coated gold nanoparticles obtained through solvent free thermolysis of
organometallic Au(i) complexes, Dalton Transactions, 43, 15713-15718.

Crespo, J., Lépez-de-Luzuriaga, J.M., Monge, M., Olmos, M.E., Rodriguez-Castillo, M.,
Cormary, B., Soulantica, K., Sestu, M., Falqui, A., 2015. The spontaneous
formation and plasmonic properties of ultrathin gold—silver nanorods and
nanowires stabilized in oleic acid, Chemical Communications, 51, 16691—
16694.

Duan, Z., Huang, Y., Zhang, D., Chen, S., 2019. Electrospinning fabricating Au/TiO2
network-like nanofibers as visible light activated photocatalyst. Scientific
reports 9, 8008.

Fagan, R., McCormack, D.E., Hinder, S.J., Pillai, S.C., 2016. Photocatalytic properties
of g-C3Ns—TiO, heterojunctions under UV and Visible Light conditions.
Materials 9, 286.

Fernandez, E.J., Gimeno, M.C., Laguna, A., Lopez-de-Luzuriaga, J.M., Monge, M,,
Pyykkoé P., Sundholm, D., 2000. Luminescent Characterization of Solution
Oligomerization Process Mediated Gold-Gold Interactions. DFT Calculations
on [Auz2Ag2R4L2]n Moieties. J. Am.Chem. Soc. 122, 7287-7293.

Fujigaya, T., Kim, C., Hamasaki, Y., Nakashima, N., 2016. Growth and deposition of Au
nanoclusters on polymer-wrapped graphene and their oxygen reduction
activity. Sci. Rep., 6, 21314.

Giannakopoulou, T., Papailias, |., Todorova, N., Boukos, N., Liu, Y., Yu, J., Trapalis, C.,
2017. Tailoring the energy band gap and edges’ potentials of g-C3sN4/TiO>
composite photocatalysts for NOx removal. Chem. Eng. J. 310, 571-580.

Haidari, H., Goswami, N.l., Bright, R., Kopecki, Z., Cowin, A.J., Garga, S., Vasilev, K.,
2019. The interplay between size and valence state on the antibacterial
activity of sub-10 nm silver nanoparticles. Nanoscale Adv., 1, 2365-2371.

Hao, R., Wang, G., Tang, H., Sun, L., Xu, C., Han, D., 2016. Template-free preparation
of macro/mesoporous g-C3N4/TiO2 heterojuction photocatalysts with



enhanced visible light photocatalytic activity. Applied Catalysis B: Environment
187, 47-58.

Li, Z., Li, J., Liu, J., Zhao, Z., Xia, C., Li, F., 2014. Palladium Nanoparticles Supported on
NitrogenFunctionalized Active Carbon: A Stable and Highly Efficient Catalyst
for the Selective Hydrogenation of Nitroarenes. ChemCatChem 6, 1333-1339.

Li, M., Xu, F., Li, H.,, Wang, Y., 2016. Nitrogen-Doped Porous Carbon Materials:
Promising Catalysts or Catalyst Supports for Heterogeneous Hydrogenation
and Oxidation. Catalysis Science and Technology 6, 3670-3693.

Li, W,, Liang, R., Zhou, N.Y., Pan, Z., 2020. Carbon black-doped anatase TiO2 nanorods
for solar light-induced photocatalytic degradation of methylene blue. ACS
Omega 5, 10042.

Lopez-de-Luzuriaga, J.M., Monge, M., Quintana, J., Rodriguez-Castillo, M., 2021.
Single-step assembly of gold nanoparticles into plasmonic colloidosomes at
the interface of oleic acid nanodroplets, Nanoscale Adv., 3, 198-205.

Lu, N., Wang, P., Su, Y., Yu, H., Liu, N., Quan, X., 2019. Construction of Z-Scheme g-
C3N2/RGO/WOs3 with in situ photoreduced graphene oxide as electron
mediator for efficient photocatalytic degradation of ciprofloxacin.
Chemosphere 215, 444-453.

Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C.U., Jr., Mohan, D., 2019.
Pharmaceuticals of emerging concern in aquatic systems: chemistry,
occurrence, effects, and removal methods. Chem. Rev. 119, 3510-3673.

Senthil, R.A., Theerthagiri, J., Selvi, A., Madhavan, J., 2017. Synthesis and
characterization of low-cost g-C3N4/TiO; composite with enhanced
photocatalytic performance under visible —light. Optical Materials 64, 533-
539.

Wang, Y., Shi, R,, Lin, J., Zhu, Y., 2010. Significant photocatalytic enhancement in
methylene blue degradation of TiO, photocatalysts via graphene-like carbon
in situ hybridization. Applied Catalysis B: Environmental 100, 179-183.

Wang, H., Li, J., Ma, C., Guan, Q., Lu, Z., Huo, P., Yan, Y., 2015. Melamine modified P25
with heating method and enhanced the photocatalytic activity on degradation
of ciprofloxacin. Applied Surface Science 329, 17-22.

Yang, Z., Yan, J,, Lian, J.,, Xu, H., She, X, Li, H., 2016. g-C3N4/TiO, Nanocomposites for
degradation of ciprofloxacin under visible light irradiation. Chemistry Select 1,
5679-5685.

Zhang, W., Zhou, L., Deng, H., 2016. Ag modified g-CsN4s composites with enhanced
visible-light photocatalytic activity for diclofenac degradation. Journal of
Molecular Catalysis A: Chemical 423, 270-276.

Zhou, N., Lépez-Puente, V., Wang, Q., Polavarapu, L., Pastoriza-Santos, |., Xu, Q-H.,
2015. Plasmon-enhanced light harvesting: applications in enhanced
photocatalysis, photodynamic therapy and photovoltaics RSC Adv., 5, 29076.



