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Abstract 

Cancer is a worldwide cause of death and new ways of imaging and therapy are 

being discovered. A new hybrid material was proposed consisted of carbon quantum 

dots, ZnO and porphyrin, intended to be a theranostic material. Carbon quantum 

dots electrochemical process is a low cost and innovative method. CQDs excellent 

fluorescence properties make them promising material for molecular imaging. 

Porphyrin’s derivatives have the potential to be employed in Photodynamic therapy. 

ZnO nanoparticles due to their enhanced permeability and retention effect have the 

potential to become a promising anticancer effect. The toxicity of CQDs, porphyrin 

and Zno was tested by MTT colorimetric assay in normal cell lines HEK231 and cancer 

cell lines A549, MCF-7 and MDA-MB-231. 
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1. Introduction 

 Cancer is a multifactorial disease characterized by alterations in cell processes that 

cause cells to become overactive, increase in growth and proliferation rate, 

aggressive, invading and destroying nearby tissues and metastatic, since they can 

migrate to other organs [1] . The scientific community approaches cancer sickness in 

a variety of ways, but there are still areas of study field of alternative cancer 

treatments that have yet to be found, with an emphasis on minimazing the negative 

repercussions of standard treatment methods [2]. Radiation therapy, chemotherapy 

and immunotherapy, alone or in combination, are essential components of 

numerous cancer treatment strategies for effective multimodal conventional cancer 

management. Nanoparticles have considerable potential in photodynamic therapy 

because they have the ability to stimulate the production of reactive oxygen species 

(ROS) when exposed to light (PDT). PDT is a medically used treatment technique, 

also known as phototherapy, photoradiation therapy, or photochemotherapy 

[3].PDT is most commonly wont to treat malignant neoplasm cells, sun broken skin, 

acne, rosacea , onychomicosis, and other inflammatory illnesses and cutaneous 

infections. It is also used in PDT in a style of growth diseases, together with epithelial 

cell malignant neoplastic disease, actinic keratoses, basal cell malignant neoplastic 

disease and utaneous T cell lymphoma [4]. PDT requires 3 components: a 

photosensitizer (PS), a light-weight supply and oxygen. The photosensitizing agent is 

a chemical that binds to the target sell or tissue and might be activated by light-

weight within the presence of chemical element [5]. When exposed to specified 

wavelengths, the photosensitizer transitions from the “ground state” to the “excited 

state”. Returning to the starting state, energy is released in two ways, allowing 

selective cytotoxicity to occur. It can react with the substrate, producing reactive 

oxygen species (ROS) that can oxidize important biological components, resulting in 

apoptosis or necrosis. Alternatively, the energy is often transferred to chemical 

elements, resulting in an undershirt chemical element which subsequently oxidizes 

diverse substrates, thereby mediating the selective killing effect. Controlling the 

duration and depth of the irradiation will facilitate to scale back the harm to 

adjacent healthy tissue [6]. Porphyrin is a typical photosensitizing compound that is 
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mostly found in mitochondria and causes programmed cell death when exposed to 

light.[8] In clinical practice, the photosensitizer is applied topically, followed by an 

“occlusion time” that allows the medication to be digestible and accumulate 

porphyrins before light-weight activation. Finally, the photosensitivity required for 

this treatment is provided by the porphyrins created [3]. To provide a therapeutic 

impact, the spectrum output of the light source could be related to the excitation 

peaks of the chosen photosensitizer, depending on the application. Thus, the next 

generation of PDT can be strengthened by using nanotechnology-based drug delivery 

methods to harness the visible range of the electromagnetic spectrum. ZnO 

nanoparticles (NPs) can allow precise targeting of tumor tissues while reducing PS 

accumulation in healthy tissues and eliminating negative side effects. The 

nanoparticles can increase the retention period in the malignant tissue by improving 

its permeability and retention (EPR effect). The drug-light interval is thus improved, 

giving clinicians a larger window of time for irradiation [7]. ZnO NPs are a promising 

anticancer agent due to their distinctive qualities like biocompatibility, high 

specificity, raised cytotoxicity, and simple manufacturing. Zinc, being one among the 

foremost verdant trace components within the human body and a cofactor for over 

300 mammalian enzymes, is essential for the maintenance of critical cellular 

functions like oxidative stress, deoxyribonucleic acid replication and repair, cell cycle 

progression and programmed cell death [8]. As a result, it is obvious that changes in 

zinc levels in cancer cells might have a negative impact. According to research, low 

zinc concentration in cells promotes cancer development and progression, while 

high zinc concentration causes toxicity. The likely mechanism of this harmful action is 

zinc-mediated macromolecule activity imbalance and oxidative stress via reactive 

oxygen species (ROS). The selective localization of ZnO NPs towards cancer cells 

because of enhanced permeability and retention (EPR) effect and electrostatic 

interaction, still as selective toxicity because of increased ROS levels in cancer cells, 

demonstrate that ZnO NPs can target and kill cancer cells, making them a promising 

antitumor agent [8]. Carbon quantum dots (CQDs)  with a diameter of less than ten 

nm have attracted appreciable  interest because of their sensible biocompatibility, 

sensible cell porousness, low toxicity, great dispersibility in water, flexibility in 

surface modification, chemical immobility and sensible optical performance, thus it 
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is new kind of fluorescent material for molecular imaging [9]. CQDs are therefore 

seen as the next generation of green nanomaterials, potentially contributing to a 

large varies of promising applications such as photoelectrocatalysis, targeted drugs 

delivery, electrical devices, sensing and bioimaging [10]. 

The aim of this study is the development of a hybrid material with photo-induced 

visible light anticancer properties, related to cytotoxicity. This hybrid material 

consists of CQDs, ZnO and pophyrin. This combination could ideally lead to the 

creation of a hybrid material for imaging and therapy. 

2. Conceptual Framework 

2.1 Carbon Quantum Dots 

CQDs have piqued the interest of many global researchers within the recent years, 

owing to their distinctive qualities like tiny size, great biocompatibility and photo-

stability, photoluminescence properties and simple pathways of functionalization 

[11, 12]. Clusters are typically 10 nm in size, while 5 nm is preferable for some 

applications [11]. Xu’s et al inadvertent finding of CQDs during the separation and 

purification of single-walled carbon nanotubes in 2004 sparked subsequent research 

to leverage  CQD fluorescence features and produce a new category of sensible 

fluorescent nanomaterials [11, 13]. The top-down route and the bottom-up route 

are wont to synthesize CQDs utilizing chemical, electrochemical, or physical 

methods. 

2.1.1 “Top-Down” Method 
 

CQDs top-down synthesis methods include the degradation of carbon compounds 

such as graphite, for example. CQDs production is dependent on the breakdown of 

bonds between carbon atom [14]. Electrochemical method, ultrasonication 

treatment and laser ablation are among the most important top-down synthesis 

methods. 
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● Electrochemical method: An example of an electrochemical method is the 

use of graphite rods as both anode and cathode electrons, while the 

electrolytic solution was the NaOH/ethanol combination [15]. (Figure 2.1) 

 

Figure 2.1: CQD synthesis by electrochemical method (Adapted by Das, R., Bandyopadhyay, 

R., & Pramanik, P. (2018). Carbon quantum dots from natural resource: A review. Materials 

Today Chemistry, 8, 96–109.) 

● Ultrasonication treatment: The CQDs method by ultrasound processing is 

especially easy, in which carbon compounds are broken with the help of high-

energy ultrasonic vibrations. 

● Laser ablation: In this method, a high energy pulse is used to irradiate a solid 

graphitic target that is in a liquid or gaseous environment [16]. 

2.1.2 “Bottom-up” Method 
 

CQDs bottom-up synthesis methods include tiny organic molecule pyrolysis or 

carbonization [14]. Some of the most important bottom-up synthesis methods are: 

● Hydrothermal method: The hydrothermal method is any heterogeneous 

chemical reaction carried out in a closed system in the presence of an 

aqueous or non-aqueous solvent. Temperatures rise above room 

temperature, while pressure rises above atmospheric levels. It is a simple and 

inexpensive procedure. Citric acid, glucose etc. are employed as carbon 

precursors. In a self-healing container, an aqueous or non-aqueous solution 

of the precursor compound is sealed [14] (Figure 2.2). 
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Figure 2.2: Synthesis of CQD from cabbage ( (Adapted by Das, R., Bandyopadhyay, R., & 

Pramanik, P. (2018). Carbon quantum dots from natural resource: A review. Materials Today 

Chemistry, 8, 96–109.) 

● Microwave-Assisted hydrothermal method: Microwave radiation can be used 

to perform the hydrothermal process. With energy savings, a shorter reaction 

time is necessary [14]. 

2.1.3 Doping of CQDs 
 

The primary aim for doping in CQDs is to achieve a straightforward and simple 

technique for introducing sites of higher activity to increase foundational features 

through heteroatom’s electron lone pairs. Dopants can be either metallic or 

nonmetallic, and they can improve fluorescence by changing the band gap and 

introducing new energy levels [17]. Nonmetallic dopants decrease the energy gap 

between orbital and carbon’s orbital which does not bond and by this way quantum 

yield increases. Metallic dopants, on the other hand, chelating to utilitarian bunches 

in forerunners amid carbonizationor lack of hydration to alter band structure [18]. 

The doping mechanism is defined by the quantity of dopants and their bonding 

orientations [17]. Dοping with N atοms has been prοved as the approach of highest 

efficiency, while nitrogen, which is next to carbon and has 5 e¯ in valence band 

embedded into the structure of carbon quantum dots by replacing carbon. Nitrogen-

bound CQD surfaces come in a variety of configurations, including graphitic, 

pyridinic, and pyrrolic forms, each with its own electron transport capabilities [19-

21]. The amount of dopant has a positive correlation with fluorescence behavior. 

CQDs doping has proven to be an effective approach for producing singlet oxygen, 

which is essential in photodynamic therapy (PDT) [22]. 
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2.1.4 Fluorescence properties of CQDs 
 

Although the genuine beginnings of CQDs fluorescence outflows are obscure, two 

sorts of fluorescence outflow instruments have been hypothesized, and extra 

investigate is needed to create a fuller image of the instruments of their 

unmistakable light outflows. The first kind of visible radiation emissions method 

contains bandgap changes produced by conjugated π-domains, though the moment 

sort has more complicated sources related with surface recognizes in CQDs.    

Bandgap moves result from conjugated π-domains in the first one. These π-domains 

area unit confined by shaping sp2 hybridized islands wealthy in π- These π-domains 

square measure isolated by forming sp2 hybridized islands wealthy in π electrons 

,reducing graphene oxides generated by oxidizing and exfoliating atomic number 6 

flakes victimization Hummer’s technique. There are not any π –connections between 

the sp2 islands, since these would result in inter island dampening of desirable 

fluorescence emissions [19-24]. To avoid interlayer extinguishing, single layer 

graphene, single-layer graphene sheets should be used at these bandgap transitions. 

The single-layer graphene sheets work as forerunners for electronically cutting into 

confined π-conjugated spaces that imitate gigantic fragrant particles with expanded 

π-conjugation of worthy electronic vitality bandgaps for optical retention and 

fluorescence outflows. This kind of electronic moves exhibit substantial ultraviolet 

(UV) absorption, however weak or no visible light emissions [25]. 

The second type of fluorescence mechanism is caused by surface-related faulty sites; 

in general, any site with non perfect sp2 domains can lead to energy surface traps. 

CQDs contain each sp2 and sp3 hybridized carbons, in addition as extra 

functionalized surface, which contribute to their coloured emissions, that area 

united targeted within the blue and inexperienced components of the light spectrum 

[26, 27]. Since of the nearness of numerous surface abandons with variable 

excitation and outflow properties, these surface appear multicolor outflows (Figure 

2.3) [25]. The brilliant surface fluorescence of CQDs is caused by electron-hole 

combine recombination within the powerfully localized levels of the sp2 sites. These 
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sites area unit set between the bandgaps of the σ and σ* states of the sp3 matrix, 

lead to intense visual outflows. These moves have minimal absorption inside the 

near to ultraviolet –visible (UV-vis) region however high emissions in the high range 

[28]. 

 

Figure 2.3: Aqueous solutions of PEG1500N-passivated CQDs (a) excited at 400 nm and (b) excited at 

the indicated wavelengths  [15] 

2.1.5 Biomedical Applications of CQDs 
 

Biomonitoring 

The real–time dynamic observation of biomolecules in living cells will shed light on a 

variety of enigmatic events in cell biology, such as molecule translocation, 

interaction with partners, and environmental signal response [11]. Single particle 

tracking (SPT) is a technology that allows for the high-resolution tracking of single 

biomolecules. Actual molecule motions can be tracked by utilizing brighter probes, 

such as semiconductor QDs in SPT. Chemical composition, shape, size and surface 

changes all have an impact on the photophysical features of semiconductor QDs [29, 

30]. 

 

i) Cell imaging in vitro 

CQDs are easily taken up by cells and permitted for cell imaging via each single and 

multiple gauge boson excitations [38]. Bhunia et al. described how chemically 



14 
 

produced CQDs were used for biological labeling and imaging. TAT peptide or folate 

functionalized CQDs were combined with cell culture medium and examined with 

fluorescence microscope after several hours of incubation. The CQDs have color-

controlled emissions in blue, green, and red [23, 31]. CQDs can potentially be 

employed in drug delivery systems for multifunctional fluorescence 

imaging/magnetic resonance imaging (MRI). For instance, with the help of an 808 nm 

laser, Fe3O4/CQDs coated CNTs were employed for photodynamic and 

photothermal therapy (PTT). The platform was conjointly loaded with doxorubicin 

(DOX) for use in medication delivery. A sgc8c aptamer was conjugated to the 

platform. The nanovehicle that developed was employed for targeted light 

imaging/MRI. When the nanovehicle was incubated with carcinoma cells so exposed 

to laser light-weight, it had been ready to kill the bulk of the cancer cells. This 

occurrence was ascribed to the production of OH and O2, as well as the 

simultaneous release of DOX and formation of heat [32]. 

ii) Cell imaging in vivo 

 High fluorescence intensity, biocompatibility, and nontoxicity are the primary 

prerequisites for using nanomaterials for in vivo bioimaging. Because of their 

outstanding fluorescence characteristics and lack of cytotoxicity, CQDs can be 

employed for in vivo cell imaging [33]. Longer wavelengths are preferable for in vivo 

imaging due to increased photon tissue penetration. As seen in figure 2.4, the 

fluorescence emission of CQDs is weaker at longer wavelengths. However, for longer 

wavelength excitations (red and NIR), signal-to-noise ratios increase thanks to a 

reduction in tissue auto-fluorescence background. In fact, longer wavelengths are 

recommended for in vivo imaging due to photon tissue penetration and less 

background autofluorescence [34]. CQDs can also be employed for nucleus imaging. 

The organelle is that the cell’s ribosomal RNA (rRNA) producing location and 

ribosome works. It was demonstrated that CQDs can be employed for fastened cell 

nucleolus imaging as well as trailing of living cell nucleolus –related behaviors. After 

cellular internalization, CQDs migrate rapidly toward the nucleus after 5 minutes of 

incubation and remain localized at nucleoli even after 24 hours. This suggests that 

CQDs are often utilized as dyes in nuclear fluorescence imaging [35]. 
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1 

Figure 2.4 :(a) The in vivo fluorescence images of CQDs that are injected into a nude mouse; the 

excitation wavelengths are indicated above each image. The fluorescence signal and tissue 

autofluorescence can be seen in red and green emissions, respectively. (b) Signal-to-background 

separation of the image taken under 704 nm excitation [11] 

 

Photoacoustic imaging 

PA imaging combines optical excitation with ultrasonic detection, permitting imaging 

past the limits of optical imaging dissemination. As a result, combining fluorescence 

and PA imaging in a very single probe may leads in more profound tissue entrance 
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with fabulous imaging affectability. Ultrasonically, dispersion is eliminated, allowing 

for centimeter-depth penetration with increased spatial resolution. Further, PA can 

prοduce high-resοlution structural images of the tumοr, and fluοrescence imaging 

will prοvide tumοr accuracy by mοlecular prοbing [11, 36, 37]. 

2.2 ZnO Nanoparticles 

2.2.1 Properties of ZnO 

 

At ambient temperature, Zno has a significant exciton binding energy of 60 meV and 

is a semiconductor [38, 39]. Using nanoscale ZnO can potentially affect its features 

and, more specifically, it can influence its electrical, optical and magnetic properties 

[40, 41]. ZnO is a safe material because it is consistent with living organisms, making 

it appropriate for daily applications that pose no dangers to human health or the 

environment [41]. ZnO has garnered a lot of attention for its role in the breakdown 

and mineralization of environmental contaminants [42-44]. The ability of ZnO to 

soak up a wider vary of solar spectrum and a lot of light-weight quanta than some 

semiconductive metal oxides is its most significant benefit [45]. The main 

disadvantages of ZnO are its high band gap energy and photocorrosion. ZnO’s light-

weight is restricted within the light space as a result of its broad band energy. This 

causes rapid recombination of phοtοgenerated charges, resulting in low 

phοtοcatalytic pοtency [46]. 

2.2.2 ZnO structure    

ZnO has explicit crystal forms, with the majority of them being rocksalt, wurtzite or 

cubic. Under high pressure, a rocksalt structure of ZnO can be formed, making ZnO in 

this structure quite unusual. The thermodynamic stability of the ZnO wurtzite 

structure is the most noteworthy of the three setups . At room temperature and 

pressure, Zno contains a hexangular wurtzite crystal structure severally [47]. This 

ZnO polygon house cluster structure has a place to the P63mc house gather and 

incorporates a non-centrosymetric structure, making ZnO piezoelectric and 
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pyeroelectric [48]. A no symmetric  ZnO structure is the absence of an inversion 

center in the space groups [49]. Figure 2.5 delineates the ZnO formations of rocksalt, 

zinc blende, and wurtzite. It was discovered that wurtzite ZnO is made of atoms that 

form hexagonal-close-pack sub-lattices that stack alternately along the c-axis [50]. In 

this circumstance, each Zn2+ sublattice includes four Zn2+ ions and is encompassed 

by for O2- ions , with the edges of a tetrahedron coordinated. This coordination 

makes polar symmetry along the hexagonal pivot, causing piezoelectricity and 

unconstrained polarization within the ZnO wurtzite gem [51]. The polarization 

impact is among of the important elements affecting crystal development amid the 

ZnO nanostructures. The dim dark and dark circles in Figure 2.5 speak to ZnO and O, 

separately [52]. 

 

Figure 2.5: The (a) rocksalt (cubic), (b) zinc blende (cubic), (c) wurtzite (hexagonal) structures model of 

ZnO.        

2.2.3 Mechanical properties of ZnO 
 

ZnO ordinarily includes a hardness run of 4 to 5 GPa distinctive spaces [53]. This 

value must be considered all through the handling and plan of ZnO devices. 

Indentation of the ZnO lattice significantly reduces excitonic luminescence [54]. As 

previously stated, the crystal introduction of Zinc oxide resulted in varied mechanical 

properties. When compared to c-axis oriented ZnO, a-axis bulk ZnO exhibits a 

reduced hardness of 2 GPa [54, 55]. Studies on epitaxial ZnO has revealed that 
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epitaxial ZnO developed on sapphire has a better toughness than bulk ZnO [56]. The 

hardness of c-axis epitaxial layers is 5.75 GPa [57]. 

2.2.4 Electrical and optical properties of ZnO 

At ambient temperature, Zinc oxide incorporates a coordinate band-gap of 3.37 eV 

and impressive exciton division vitality of 60 meV, as well as great electro-optical 

characteristics and incredible electrochemical steadiness [58, 59]. ZnO is chemically, 

thermally, and radiationally stable [58-60]. The, n-type ZnO semiconductor has a 

large direct band-gap, increased quality of e¯ and high breakdown voltages [60, 61]. 

Because of its superior electrical characteristics, ZnO has been employed primarily in 

fueled electronic gadgets such as field emanation gadgets. Furthermore, altered ZnO 

has been utilized as a straightforward conducting cathode in a assortment of 

optoelectronic gadgets [61]. As a result, ZnO has been utilized in applications like 

UV/blue light emitter applications [58]. 

2.2.5 Luminescence and lattice dynamics properties of ZnO 

 Photoluminescence can be used to characterize ZnO luminescence properties (PL). 

Typical PL spectra of ZnO nanostructures include two regions: UV emissions and 

wide visible emissions [62, 63]. UV emission is credited in this scenario to excitons 

recombination (electron-hole pair recombination or band to band recombination) 

[40, 64]. UV emission would be extremely great if the ZnO was highly crystalline [64]. 

The origin of the visible green band in ZnO is linked to numerous impurities and 

imperfections. The visible emission might be caused by electron recombination with 

oxygen opening and photoexcited gaps within the valence band, and thus its 

expanded intensity can be inferable to high imperfection concentration [65]. Raman 

spectroscopy can be used to measure the lattice dynamics of a single crystal wurtzite 

ZnO. The 4 atoms per unit cell in a flawless wurtzite ZnO crystal correspond to 12 

phonon modes. The modes consist of one longitudinal acoustic (LA), two transverse 

acoustic (TA), three longitudinal optical (LO), and six transverse optical (TO) 

branches. 
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2.2.6 Thermal properties 

Thermal growth constant, thermal conduction and specific heat are all thermal 

characteristics of ZnO. A material's thermal expansion coefficient is the cross section 

misshapening as a work of temperature. At 300 K, Inc Ocide has warm development 

co-efficients of a=4.31x10-6 K-1 on the a-axis and a=2.49·10-6·K-1on the c-axis. 

Thermal conductivity is a material's capacity to transfer heat.This conductivity values 

within the run of 0.6 W·cm-1·K-1 to 1 W·cm-1·K-1 is common. The heat capacity per 

unit mass of material is referred to as specific heat. In fact; the grid vibrations, free 

carriers, and number of absconds present in a material all influence its specific heat. 

Cp=40.3 J·mol-1·K-1for ZnO at constant pressure [66]. 

2.2.7 Toxicity of ZnO 

ZnO has been utilized as nanoparticles in beauty care products and sun blocker 

formulations since it is not hazardous to human cells [67]. In comparison to non-

nanosized materials, nanoscaled particles improve skin retention, ultraviolet 

radiation attenuation qualities, and, most importantly, widespread acceptance [68]. 

It has been proven that when exposed to UV radiation, ZnO can conduct 

photocatalytic reactions, generating various Reactive Oxygen Species (O2•, H2O2, and 

HO•) that can induce neural harm and natural poisonous quality [69]. Nanosized ZnO 

is particularly harmful to many species, including fish [70]  and algae [71]. The 

toxicity is attributed to two effects: oxidative stress caused by the ROS produced and 

the release of Zn2+ ions [72, 73]. 

However, nanosized ZnO has been shown to have antibacterial action against a wide 

range of bacterial species [72]. The hazardous characteristics of ZnO are being 

investigated in bulk and nanoscale formulations. 

According to the literature, antimicrobial characteristics improve when size is 

reduced up to the nanometer range, as a result of nanosized ZnO will act with each  

the outside and interior of cells [74]. This feature, on the other hand, must be 

considered because its discharge into the environment can have an impact on the 

microbial community in water and soil systems. Microbial colonies help the 
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environment by biodegrading many types of organic materials [75], as well as act as 

nitrogen fixers for plants controlling its release into the environment or reducing the 

toxicity of the nanostructures is a priority in this scenario. 

2.3 Porphyrin 

Porphyrins are N-heterocyclic molecules found in majority of biosystems that help 

with e¯ and O transport and storage, still as chemical change centers for 

biotransformation like cytochrome P450. Porphyrin is an aromatic macrocyclic 

molecule consisted of twenty carbon atoms and four element atoms (Figure2.6). 

Moreover, the nitrogen molecules of the rings purpose internal to the center, 

forming a special arrangement capable of binding the bulk of metal ions shaping the 

several metal complexes, resulting in a category of compounds known as 

metalloporphyrins once the porphine ring is replaced at the pyrrolic and/or pyrazolic 

positions [76]. Metalloporphyrins have solely -pyrrolic substituents in biological 

frameworks and show up connected to proteins, creating supramolecular structures 

such as hemoglobin, myoglobin, cytochromes, catalases, and peroxidases, similarly 

as chlorophylls and bacteriochlorophylls once decreased [77, 78]. 

The nature of the porphyrin ring ensures strong π  * electronic transitions in the 

visible range, significantly in the 400-450 nm range, wherever  the Soret band with 

the very best molar physical property constant seems, taken after by two or four 

lower concentrated Q-bands within the 500-700 nm range, giving those tetrapyrrolic 

macrocycles an intense dark purple color. 

 Porphyrins' intriguing structural, spectroscopic, and photochemical features, and 

their various activities in biosystems, have piqued the curiosity of experts globally. 

Anyway, their manufacture, particularly of nonsymmetrical derivatives, was 

demonstrated to be extremely complex requiring chemists to design techniques for 

the arrangement of porphyrin subordinates capable of mimicking these features [79-

81]. Chlorins, benzoporphyrins, purpurins, texaphyrins, phthalocyanines, 

naphthalocyanines, and protoporphyrin IX are some examples of porphyrin-type 

derivatives. In practice, the sphere of porphyrin manufacturing has progressed to the 
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point wherever nearly any sort of spinoff are often ready, for instance, permiting the 

conclusion of complex porphyrin structures and materials with fascinating chemical 

action, chemical science, photophysical, and electrochemical properties. Indeed, 

those supramolecular materials are often customized with acceptable properties for 

use in several scientific fields [82-84]. 

 

Figure 2.6: Porphyrin nonmeclature [130] 

2.3.1 Porphyrin in PDT and imaging  

Porphyrin derivatives exhibit negligible toxicity, high tumor uptake, and assimilation 

within the therapeutic window (600 to 800 nm), furthermore as distinctive photo-

physical and photo-thermal properties, creating them promising molecules to be 

used in medicine, notably photodynamic treatment (PDT) (Figure 2.7). When light is 

absorbed by the porphyrin, highly reactive species such as singlet oxygen are formed 

very locally, providing control of the treatment site as a result of it’s keen about the 

presence of both the photosensitizer and lightweight. In fact, singlet oxygen and 

different reactive species have the ability to destroy bacteria and cancer cells. 

Another intriguing aspect of porphyrins is their photoinduced fluorescence and 

phosphorescence, which have been investigated in determination by fluorescence 

following. Furthermore, porphyrin derivatives metallated with magnet transition 

metal ions will abbreviate the atomic turn time constant of p˖ and may well be 
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utilized for diagnostic purposes using magnetic resonance imaging (MRI) or they will 

have coordinating sites for diagnostic functions using positron emission 

tomography/computed tomography (PET/CT) imaging [77, 85-87]. 

 

Figure 2.7: Schematic representation of Photodynamic Therapy (PDT) 

2.3.2 Porphyrin Dendrimers 

 Dendrimers have a profoundly branching three-dimensional plan with precisely 

controllable characteristics, and they show potential as nanocarriers. Dendrimer 

architecture comprises of three basic design spaces: a multivalent surface, internal 

shells, and a core. Dendrimers are a versatile nano-scaffold because of the high 

density of utilitarian bunches on their surface. When the host and guest are 

hydrophobic and hydrophilic molecules, severally, the inner core will exhibit host-

guest interaction that mimics micelle structure. Hydrophobic porphyrin 

photosensitizers can be applied to the branches or enclosed in the core. Porphyrins 

can be synthesized in this manner to resemble natural heme-containing proteins. 

[88, 89] 

 

 



23 
 

2.3.3 Porphyrin-Phospholipid Compounds 

Porphyrins were first integrated into polymersome nanovesicles in 2005. Later, in 

2011, it was shown that by covalently conjugating a porphyrin to the side chain of a 

phospholipid, the porphyrin-phospholipid may self-assemble into porphysomes, 

generating a immaculate porphyrin-bilayer. Porphysomes have a good variety of 

biophotonic applications, like photothermal medical care and PA. Porphyrin-

phospholipid micelles show promise as theranostic agents as well. There is an effort 

in recent years to refine and discover new clinically helpful applications of 

porphysome technology. The determination and treatment of various forms of 

cancer has been a major source of innovation [90-92]. 

2.3.4 Porphyrin Hydrogels 

Hydrogels are 3-dimensional networks of deliquescent polymers which will hold a lot 

of water. Hydrogels are employed in a spread of biological and pharmaceutical 

applications, together with tissue engineering, drug delivery and PDT [93-96]. 

Photodynamic antimicrobial chemotherapy (PACT) is a type of PDT that kills germs 

by using light sensitizing medicines. Because of the flexibleness of hydrogels 

throughout the assembly method, they will be wrought into varied shapes suitable 

for various therapeutic circumstances, most commonly around a surgical wound. 

Following surgery, for example, clinical imaging techniques could be used to monitor 

the oxygen concentrations round the wound and hypodermic conditions. The 

porphyrin photosensitizers can also produce singlet oxygen, which can harm 

microbes, thereby achieving the PACT purpose [97]. 

2.4 Studies of hybrid materials in cancer cells 

2.4.1 Carbon quantum dots and porphyrin 
 

The low sοlubility, destitute phοtοstability, and accumulatiοn prοpensity οf 

cοnventiοnal phοtοsensitizers have hampered their direct application in 

phοtοdynamic treatment (PDT) of cancer cells. As a result, difficult and time-

cοnsuming synthetic techniques, like creating nanοmaterials and then lοading them 
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with phοtοsensitizers, have become necessary for the successful utilization of 

phοtοsensitizers in PDT. In the study of Murali et al., The as-synthesized ΗP-CQDs 

retained all οf the intrinsic οptical and chemical features of HP while exhibiting good 

water sοlubility. The capacity of HP-CQDs to generate reactive oxygen species under 

deep red-light illumination promoted their use in PDT-assisted effective eradication 

of human breast cancer cells (MCF-7). HP-CQDs had very strong phototoxicity and 

minimal dark toxicity toward MCF-7 cells when compared to HP. Furthermore, Li et 

al. discovered a method for hydrothermally synthesizing brilliant luminous N-rich 

metal-free and metal-doped CQDs employing TPP and its metal complexes as 

precursors. Their fluid solutions generate vivid blue light when exposed to UV light, 

and the PL wavelength was red-shifted when excited with longer wavelengths. 

Furthermore, CQDs and M-CQDs might be used as fluorescent probes to detect Fe3+ 

ions in aqueous solution in a highly sensitive and selective manner. The MTT 

experiment on HeLa cells demonstrates CQDs' minimal cytotoxicity. Because of their 

low toxicity, great biocompatibility, and low detection limits, CQDs can be utilized as 

efficient probes for cellular particoloured imaging and fluorescent sensors [98].  

2.4.2 Zinc Oxide and porphyrin  

In the study of Liu et al., a porphyrin subordinate, meso-tetra o-amino phenyl 

porphyrin MTAP, was attached to ZnO nanoparticles. The vitality exchange rate from 

Zinc Oxide nanoparticles to MTAP was examined, and it was found to be as high as 

83%. In the human ovarian carcinoma cell line NIH: OVCAR-3, ZnO-MTAP conjugates 

have minimal toxicity however substantial phototoxicity when compared to MTAP 

and ZnO alone. According to the findings, ZnO-MTAP conjugates could be effective in 

PDT [99]. Moreover, Photodynamic treatment (PDT) against ovarian cancer has been 

devised, manufactured, and tested using zinc oxide (ZnO) nanoparticles conjugated 

to porphyrin (ZnO-MTAP) by Zhang et al. Photoactivation of ZnO-MTAP conjugates, 

based on the self-lighting photodynamic treatment (SLPDT) concept, will result in the 

generation of reactive oxygen species, and these ROS can produce selective toxicity. 

Following production, the nanoparticles were pure by gel exclusion natural process, 

and their tumoricidal effectuality was tested victimization the human female internal 

reproductive organ neoplastic cell line NIH: OVCAR-3. Laser scanning confocal 
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microscopy was intended to monitor cellular uptake of nanoparticle conjugates. 

ZnO-MTAP conjugates (1-10 M, 24 hr) had low cytotoxic potential within the dark. 

Ultraviolet light (UVA, 9 kJ/m2) had no influence on cell survival. Co-exposure to UVA 

radiation (9 kJ/m2) and ZnO nanoparticle conjugates, on the opposite hand, resulted 

in dose-dependent cytotoxicity (40% and 92%, respectively). Furthermore, caspase 

3/7 activity was significantly increased 3-6 hours after irradiation, indicating that 

phototherapy promoted apoptosis. These findings demonstrate that photoactivation 

of ZnO-MTAP is really promising for cancer treatment [100]. 

2.5 Characterization Methods 

2.5.1 Raman Spectroscopy  

Raman spectroscopy is a useful tool for investigating sample quality in wide band 

gap semiconductors, as well as specialized aspects such as isotopic effects. The 

Raman spectra of produced products are sensitive to crystal quality, structural flaws, 

and diseases. Light scattering experiments examine its spectral distribution in 

relation to the spectrum of incidental light. The peaks of the spectrum in scattering 

Raman and Brillouin situations are energy extremely close to the energy of incident 

light, but several orders of magnitude smaller in intensity. As a result, it is required 

to limit the light scattered tires. Light sources are lasers, and the analysis is done 

with double and triple monochromators. When compared to a simple 

monochromator, the discrete capacity and rejection of light dispersed tires is much 

improved. The Rayleigh criterion is used to define the discrete barrier 

monochromatic capacity, which is as follows (Eq 2.1): 

           
 

  
  

   

      
   (2.1) 

 Where: 

 • F: the length of the spectrometer, 

 • W: the slit width, 

 • 1/d: the barrier constant, 
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 • m: the order fringe of contribution, 

 • θ: the angle of incidence at the dam 

If the peaks of the spectrum are only a few wavelengths apart from the stimulating 

laser beam, the analysis requires the use of Fabry-Perot interferometers, as is 

common in Brillouin spectroscopy [112]. The Laser beam is focused on the sample 

with an appropriate lens to achieve good resolution and high intensity. Figure 2.8 

depicts several Raman geometries: a) scattering geometry 90o for transparent 

crystals (incident intensities and scattered light are doubled using mirrors M1 and 

M2), b) scattering geometry 90o for highly absorbent materials, c) improved 

geometry: the laser beam is guided using a small mirror between a focusing lens and 

the material under study, d) rear geometry 180o (the direction of propagation 

incident and scattered light is precisely determined, facilitating the application of 

selection rules), e) In the case of photosensitive laser beams, use a cylindrical 

focusing lens of the laser beam (this reduces the power density of the laser beam on 

the sample without reducing the efficiency of the scattered light focused with the 

cylindrical lens the entire length of the spectrometer input slot). 

 

Figure 2.8: Raman geometries 

Raman scattering occurs when the polarity of molecules or the electrical sensitivity 

of crystals changes. Under the influence of an external electric field E(, the 
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polarization o of the atomic orbitals results in the formation of a bipolar moment 

PD(ω)= αoE(ω).If the molecule oscillates with frequency, the distance between atoms 

A and B varies on a regular basis, and the polarity is molded by (Eq.2.2-2.3) 

                                          (2.2) 

                                                                 (2.3) 

In addition to the frequency, the re-emitted light carries the frequencies + and -

.Because the visible is on the order of 20000 cm-1, and phonon frequencies can be 

very low, on the order of several cm-1, displacements ± Ω  with respect to can be 

very small. Furthermore, the 2nd order polarity, 1, is substantially less than the 1st 

order polarity order, o, indicating that the side bands are weak. 

In crystals, the scattering process is more complicated, since re-emitted waves face a 

periodic structure and contribute enhancers for (Eq. 2.4):     

       
 

 
      (2.4) 

where:  

• Λ and λ are the phonon and photon wavelengths respectively, 

• n the indicator refraction,  

And  

• θ the angle between the scattering and the incident beam 

The energy of the non-scattered light tires is smaller or bigger than the energy of the 

input photon depending on whether the phonon is stimulated or absorbed, thus 

scattering processes are classified as scattering Stokes (ω-Ω) and Anti Stokes (ω+Ω). 

The Raman spectrum of silicon (Si) is shown in Figure 2.9, with typical peaks Stokes 

and Anti Stokes symmetrically organized in terms of exceptionally strong top of the 

tyre scattered light. Rayleigh scattering is another name for elastic scattering. 
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Figure 2.9:  Si Raman spectra [112] 

A phonon can only contribute to Raman scattering if it induces a change in polarity, 

which is determined by mechanical deformation caused by the external field in the 

molecule or unit crystal cell [112]. 

It is recognized for symmetrical diatomic, asymmetric diatomic and symmetric 

triatomic molecules whose deformations result in a change in polarity. Furthermore, 

the geometric deformations cause a shift in the molecule's bipolar torque PD. 

Infrared oscillations of this sort are active (excited) (IR). The polarization changes 

during the oscillation of diatomic molecules and its symmetrical style of oscillation of 

three-atom molecules, hence these oscillations are known as Raman active. In 

contrast, for asymmetric oscillations of triatomic molecules, the derivative of polarity 

with respect to normal variable Q is zero for Q=0, indicating that the corresponding 

oscillations are Raman inactive. The same is true for infrared oscillations. The 

oscillations of asymmetric diatomic molecules and asymmetric triatomic molecules 

cause a shift in bipolar moment and are hence IR-active. Asymmetric molecular 

oscillations are obviously Raman and IR active [112]. 

2.5.2 Dynamic Light Scattering (DLS) 
 

The technique determines the "hydrodynamic" particle size, which is the prevalent 

size among irregularly shaped particles dispersed in liquid media and corresponds to 
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the real average size in cases with known particle form, such as spherical [101]. The 

method is based on changes in the intensity of visible light scattered by 

nanoparticles dispersed in a liquid media and performing Brownian random motion. 

During the measurement, a laser directs a monochromatic radiation beam to a tiny 

volume of liquid, and the intensity of the scattered light is recorded by a sensor 

situated at a given angle to the incident radiation, the wavelength of light, and the 

dispersant's diffraction index (Figure 2.10). The scattering vector can be calculated 

using the equation (Eq.2.5).  

  
   

 
       

 

 
   (2.5) 

where: 

 • λ is the wavelength and  

• θ is the angle 

 

Figure 2.10: Schematic illustration of DLS. 

A diluted representative sample is usually tested to limit the amount of reflected 

rays. The Stokes-Einstein relation (Eq. 3.6) gives the diffusion constant for particles 

with average radius R:  

   
  

    
   (2.6) 

where:  
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• k is the Boltzmann constant, 

• T is the mean temperature and 

 • n is the viscosity. 

Variations in the strength of the reflected radiation are noticed as the particles move 

randomly, as the measured intensity varies with particle position. As a result, the 

measurement time period is also critical, such that the particle positions do not 

change dramatically [102]. According to Eq. 3.7, the connection with particle size 

drops exponentially over time:  

                 )  (2.7) 

where       denotes the first order normalized correlation between the diffraction 

vector q and the constant refraction D. A linear combination of refraction for each 

component is obtained by making repeated measurements at different angles 

(Eq.2.8):  

        
                 (2.8) 

where  

● D is the diffusion index by weight or quantity of each component 

In the case of multi-scattering systems, the relation is thus simplified to its final form. 

                            

where: 

 • K1, K2 are the sums of the components. 

Dynamic light scattering devices provide direct information on component size for a 

wide variety of dimensions ranging from about 1nm to around 10 m. The amplitude 

of the particle size dispersion is then determined by the polydispersity index (PDI). It 

specifically spans from 0 to 1, with 0 representing single-dispersion systems and 1 

representing dispersion [102]. A technique known as light scattering phase analysis is 

used to characterize the potential. When a laser beam is passed through a sample to 
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record the velocity of the particles when a given electrical voltage is put on the 

solution, the findings are analyzed using the Smoluchowski methodology for polar 

solvents. As the absolute value of the surface potential grows, the measured load on 

the particle surfaces provides increasing electrostatic forces that keep the system in 

dispersion, resulting in increased system stability over time. 

2.5.3 X-Ray Diffraction (XRD) 

 X-rays are electromagnetic radiation with wavelengths ranging from 0.1 to 100. 

Wavelengths ranging from 0.7 Mo to 1.54 Cu are extensively employed in crystal 

structure. They are formed when fast-moving charged particles are usually electron-

retarded, but they can also be produced by radioactive isotopes like 55Fe. The latter 

are almost entirely employed for performance regulation rather than data collection 

via diffraction. Generators with sealed closed tubes (lamps), open spinning anode 

tubes, or synchrotron radiation rings are used. Both the closed and open ones 

operate in vacuum, with the open ones being able to be disassembled for repair. In 

the optical area, the study of the spectrum and the distribution of energy at different 

wavelengths is mostly accomplished by two methods: 

• refraction from prisms and/or  

• diffraction from a suitable barrier. 

Because both procedures are difficult, the primary method of spectrum study relies 

on X-ray diffraction by crystals that behave as natural three-dimensional barriers. 

This application of crystals is a direct result of Bragg's interpretation of the 

diffraction effect as the reflection of the incident beam from the crystal's multiple 

lattice levels. One of the most significant advances in science is X-ray diffraction. 

Because the wavelengths of the X-rays are approximately equivalent to the distances 

between the atoms in the crystal, diffraction is examined more in crystallography. 

When X-rays are enclosed in a crystal, they function as crystal structure constructors, 

according to William L. Bragg. Reflection is the scattering of light from a two-

dimensional continuous material, such as a plane of atoms in a crystal structure. 
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However, the terms diffraction and reflection are interchangeable. If X-rays strike an 

atom plane at an angle of incidence, the rays will penetrate the layers of atoms and 

produce their picture. Absorption, fluorescence, and diffraction are three features of 

X-rays that have practical use in material investigation [114]. The powder method 

approach is the most widely used industrial and laboratory (research) use of X-ray 

diffraction. To be examined, the sample does not need to be in powder form. Only 

the granules that make it up must be a few microns (m) in size. Plate samples are 

analyzed with ease and satisfactory results. Qualitative analysis, quantitative analysis 

X-ray (XRD), structure analysis, tension determination in metals, particle size 

determination, identification and evaluation of raw materials are all possible 

applications for diffraction. When a monocrystal is irradiated, it must be circled in 

three distinct dimensions so that all levels progressively come into a corner 

reflection (Bragg relation) and give all conceivable reflections. If only one surface of 

the crystal is irradiated, and that surface can rotate along an axis parallel to it, i.e., 

there is a potential of angle change (Bragg angle), then essentially only one plane will 

come at an angle and test the Bragg relation, giving the associated reflection. In 

practice, zone reflections, i.e., first-order reflections and multiples of them, appear  

(Figure 2.12). 

The XRD method is based on the diffraction of monochromatic X-ray radiation of 

known wavelength (λ) on the crystal levels of the analyzed materials, followed by the 

determination of the internal intervals d of the crystal lattice levels that are unique 

to each chemical (Figure 2.11) [115] 

 

Figure 2.11: Bragg law 
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Figure 2.12 : Basic functioning of an XRD instrument [115] 

An XRD diagram initially determines whether the material is crystalline or 

amorphous. Long, sharp peaks can be seen in crystalline diagrams. Furthermore, the 

XRD method provides information on a compound's crystal structure and is 

employed in mineralogical research. It also offers information on crystal 

imperfections in ultrapure (crystalline compounds). It measured the degree of 

crystallinity (the percentage of crystalline material in a given material) in substances 

such as pharmaceuticals, food, and polymers. Furthermore, it is used to identify 

polymorphism and quantify distinct phases [115]. 

2.5.4 UV-Visible Spectroscopy 

Ultraviolet-visible (UV-Vis) spectroscopy refers to qualitative and quantitative 

analyses that reveal important information for chromophore (=light absorbing 

groups) of molecules via electronic transitions of molecular orbitals in the range 190-

780nm. Absorption spectroscopy characterizes a wide range of materials by using 

the energy gap caused by radiation of a specific wavelength. In particular, at a given 

photon energy, electrons are excited and a transition from the valence layer to a 

higher conductivity layer occurs [113]. The intensity of absorbed or reflected 

radiation in relation to the wavelength of excitation characterizes the different 
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components of the material and aids in understanding its structure [113]. The 

breadth of the peaks is determined by the size of the nanoparticles as well as their 

size dispersion. 

.  

Figure 2.13: Typical functioning of a UV-Visible spectrometer 

Figure 2.13 depicts a diagram of a typical spectrometer. The operation of 

spectrometer is pretty simple [116]. A crystal or diffraction grinding isolates a light-

bar from a UV light source into its component wavelengths. A device isolates each 

monochromatic (single wavelength) pillar into two break even with escsalated 

pillars. The intensity of the light beams are measured. I0 is that the intensity of the 

reference beam, that ought to have had tokenish or no light-weight absorption. I 

denotes the intensity of the sample beam. The ultraviolet (UV) area is typically 

scanned from 200 to 400 nm, while the visible section is typically scanned from 400 

to 800 nm [117].  

Transmittance (T = I/I0) and absorbance (A= logI0/I) are two ways to specific 

retention. In the event that no assimilation has happened, T=1.0 and A=0. Most 

spectrometers display absorbance on the vertical axis.The wavelength of maximum 

absorbance is a characteristic value denoted as λ max. 
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2.5.5 Fourier- Transformed Infrared (FTIR) 

The introduction of Fourier transformation infrared spectrophotometers, which 

superseded ordinary scatter spectrophotometers, was responsible for the true 

revolution in infrared spectroscopy [117]. Because of their high sensitivity and 

speed, the usage of these instruments has gradually increased in recent decades to a 

considerably wider number of applications. A standard FTIR spectrophotometer with 

a Michelson interferometer is made up of three major components: an infrared 

source, an interferometer, and an infrared detector. The laser source is utilized to 

provide an internal reference, measure wavelengths, and fine-tune the pulse 

duration [117]. 

The medium infrared sources utilized by FTIR spectrophotometers are the same as 

those employed by conventional IR spectrophotometers (Globar or Nerst lamps). 

When considering the far infrared region (FIR), a high-pressure mercury lamp can be 

utilized, whereas tungsten-halogen lamps are typically employed for the near 

infrared (NIR) range. The interferometer is the heart of the FTIR spectrophotometer, 

and its utilization offers substantial advantages over capturing the IR spectrum with 

a monochromator. The Michelson interferometer, depicted in Figure 2.14, is one of 

the most frequent and widely used interferometers. It consists of two mirrors M1 

and M2, one of which remains stationary (mirror), while the other either moves at a 

constant mirror speed or stops regularly and for brief periods of time (moving 

mirror). The levels of the two mirrors are perpendicular to each other, and there is a 

50/50 beam splitter between the fixed and moving mirrors. The beam separator is a 

translucent mirror made of material that does not absorb infrared light and has a 

reflectivity and permeability of 50%. The beam splitter material is chosen based on 

the spectrum range under consideration. Beam separators used in the NIR and FIR 

regions are often made of potassium bromide or cesium iodide substrates coated 

with materials such as germanium or iron oxide, whilst thin organic films (such as 

polyethylene) are utilized in the far infrared spectrum [117]. 



36 
 

 

Figure 2.14: Schematic illustration of a Michelson symbolometer, where Π: the source, M1: mixing 

mirror, M1': reflection of M1 as seen from position A, M2: movable mirror, B: beam divider (chopper) 

and A: analyzer. 

Infrared radiation released by the source is directed to the separator, where it 

separates into two bundles, the one falls on the constant mirror and the other on 

the mobile phone, and then returns to the bundle separator, where it contributes. 

After a parcel of the radiation is coordinated to the test chamber, the remainder is 

directed back to the source radiation [118]. As a result, even though they took 

different trajectories, roughly half of each bundle ends up in the detector. The 

contrast (δ) between the optical paths of the two light bars is 2 (ΟM2 - Ο2′). When 

the source emits a continuous frequency range, the signal strength as the delay 

function Ι'(δ) is provided by the following relation:  

        
 

 

                       
 

 

               

which it appears that the intensity I ′(δ) consists of a constant factor and one variable 

2 I(v)cos2dv 0 who is accountable for the interferogram's look. The notation is a 

space-time domain spectrum (time domain spectrum) that captures changes in the 

detector's response (intensity) as a function of time during the mirror scan and gives 

information for the whole infrared spectral area in which the detector responds. The 

notation is mathematically processed using the Fourier transform before being 
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translated to the received IR spectrum, which displays the intensity as a function of 

frequency (frequency domain spectrum). 

DTGS (deuterated triglycine sulfate) detectors made of deuterated triglycine sulfate 

and MCT detectors built of tellurium cadmium telluride mercury cadmium tellurium 

are the two most prevalent types of detectors used in FTIR spectroscopy. Most 

detectors employing standard IR spectrophotometers (such as thermocouples) have 

too sluggish a response time for the quick scan times of interferometers [128]. The 

DTGS detector is a pyroelectric detector that operates at room temperature and has 

a fast response time since it measures temperature changes rather than 

temperature values. The MCT detector, which belongs to the group of photon 

detectors and is based on the quantum nature of radiation, operates at 77 K and has 

a faster reaction and greater sensitivity than the DTGS detector. 

The great sensitivity and speed of FTIR spectrophotometers, as well as the enhanced 

signal-to-noise ratio (SNR) per unit time (Fellget advantage) [103], provide them a 

distinct edge over traditional IR spectroscopy techniques. This advantage is due to 

their core design and operation characteristics, which allow a full spectrum to be 

collected during a single mirror scan, while the detector can see all frequencies at 

the same time. Because of its fast scanning speed, many spectra may be captured in 

a very short period of time (1 minute or less), and sensitivity can be considered. 

Furthermore, these instruments often employ a circular optical aperture that 

permits a broad beam area to pass through the sample, resulting in signal 

amplification and enhanced SNR (Jacquinot advantage) ratio. In addition, when 

combined with the infrared light incident on the Michelson interferometer, the 

HeNe laser beam provides the capacity to precisely record the displacement of the 

moving mirror while also determining the number of repeating spectra. Finally, the 

use of a computer in FTIR spectroscopy allows for the rapid capture of many spectra 

and the processing of data using a wide range of accessible processing algorithms, 

resulting in the recording of very high-quality spectra [117]. The superiority of FT-IR 

spectrophotometers is due to their basic construction and operation characteristics, 

which result in:  
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• All frequencies emitted by the source reaching the detector at the same time, 

• A large area of the beam passing through the sample, and  

• The precise position of the moving mirror [117]. 

3. Materials and Methods 

3.1 Materials 

Deionized water was distilled in the lab, using a MILLI-Q® HX 7000 SD device (Greece 

- Merck S.A. Hellas, an affiliate of Merck KGaA, Darmstadt, Germany, Athens, 

Greece). Sodium hydroxide (NaOH) and citric acid (CA) were purchased from Lachner 

(Techline SA, Athens, Greece) and graphite rods from Meusburger (Meusburger, 

Wolfurt, Austria). Zinc acetate dehydrate (CH3COO2) Zn.2H2O was used as the source 

of Zn. Zinc acetate dehydrate was purchased from Penta (Penta, Kappa Lab, Athens, 

Greece). Calcium chloride solution from Sigma Aldrich (Greece - Merck S.A. Hellas, an 

affiliate of Merck KGaA, Darmstadt, Germany, Athens, Greece). 4-

Carboxybenzaldeyde, 96% and Pyrrole, 99% extra pure and  Ethanol (EtOH) absolute 

99.8%, which was used to the solution, were purchased from Fischer Scientific U.K. 

Limited, Acros Organics Jansen Pharmaceutical and Dialysis Membrane-150, LA401 

from Himedia (HiMedia Laboratories GmbH, Einhausen, Germany). MDA-MB-231 

(human epithelial breast adenocarcinoma, highly invasive - ATCC - LGC Standards 

GmbH, Wesel, Germany - HTB26™), MCF-7 (Michigan Cancer Foundation (MCF)-7 

(epithelial breast adenocarcinoma, low metastatic potential - ATCC - LGC Standards 

GmbH, Wesel, Germany - HTB-22™), Α549 (human epithelial lung carcinoma - ATCC - 

LGC Standards GmbH, Wesel, Germany - CCL-185™) and HEK293 (normal human 

epithelial kidney embryonic cells - ATCC - LGC Standards GmbH, Wesel, Germany - 

ACRL-1573™) cell lines were cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) (Gibco BRL, Life Technologies, Thermo Scientific, Paisley, United Kingdom), 

supplemented with 10% fetal bovine serum (FBS) (Gibco BRL, Life Technologies, 

Thermo Scientific, Paisley, United Kingdom), 1% L-glutamine, 1% sodium pyruvate, 

and antibiotics (Gibco BRL, Life Technologies, Thermo Scientific, Paisley, United 
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Kingdom) for the experimental needs, incubated at 37 °C in a 5% CO2 incubator. In 

addition, trypsin–Ethylenediaminetetraacetic acid (EDTA): 0.05%/0.02% (w/v) (Gibco 

BRL, Life Technologies, Thermo Scientific, Paisley, United Kingdom) were used for the 

trypsinization of cells. 

3.2 Methods  

3.2.1 Electrochemical process of carbon quantum dots 

Sonication was used to remove large particles from the surface of graphite rods that 

had a diameter equal to 3.5 nm and a length equal roughly to 60 nm. Next, the 

graphite rods were immersed in the electrolyte and used as anode and cathode 

electrodes. The electrolyte used was a water-based combination of citric acid 

monohydrate (0.1 M) and NaOH (0.3 M) (100 mL). Cyclic voltammetry (CV) was 

performed before chronoamperometry and utilized to wet the graphite electrodes in 

a voltage range from -1 to +5 V. Then, the chronoamperometry was performed for 

30 minutes at a voltage of +10 V and a current of 0.14 Ampere. As a consequence, 

the electrolyte solution changed color from colorless to yellow, verifying the graphite 

rod. Once this reaction was completed, 0.15 M calcium chloride was added to the 

generated solution. This solution was heated up to 68°C to precipitate calcium 

citrate. The calcium citrate precipitate was separated by centrifugation twice at 

9.000 rpm for 10 minutes. After, membrane filtration (pore size of around 2.4 nm) 

was used to filter the supernatant for 7 days in order to remove the salt from the 

solution [104]. 

 

3.2.2 Preparation of the ZnO NPs  
 

A sample was prepared by using the zinc acetate dehydrate (CH₃COO₂)Zn.2 H₂O 

(Mr=219.5 g/mol) as precursor. To begin making a 0.15 M zinc acetate solution, 

3.2925 g of zinc acetate dehydrate were weighed and added to 100mL of distilled 

water, which was then agitated with a magnetic stirrer until it became 

homogeneous. The initial pH value was approximately 6.65. Then, drop by drop, 0.1 
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M was added until the solution acquired a milky-white look. The final pH level was 

nearly 13. The milky-white solution was then left in 50°C for 2 hours. The recovered 

white sediment was centrifuged three times for ten minutes at 9000 rpm. To 

eliminate organic residues, the white sediments were rinsed in between the 

centrifuges twice with water and once with ethanol absolute 99.8%. The recovery 

was dried for 1 hour at 100°C before being annealed for 3 hours at 400°C. A mortar is 

used to grind the finished product. For convenience, the finished product shall be 

referred to as ZnAc. A mortar is used to grind the finished product. For convenience, 

the finished product shall be referred to as ZnAc [105]. 

3.2.3 Synthesis of TCPP 

The synthesis of TCPP (meso-tetra (4-carboxyphenyl)porphyrin) is done via Adler method 

according to the literature [106]. 

 

In a round bottom flask, 300.3 mg o f4-carboxybenzaldedyde (2 mmol) in 10 ml of 

propionic acid were dissolved. Then 140 μl pyrrole(2 mmol) was added. The reaction 

was left under stirring 140°C for 2 hours and its progress was monitored by TLC. 

After the reaction was over, the flask was transferred to the freezer to help 

precipitate the solid. This was followed by vacuum filtration with DCM and water. A 

dark solid was obtained. 

3.2.4 Synthesis of ZnO-porphyrin 2.5 % 
 

In a round bottom flask, 50 mg of porphyrin were weighed and added to 200 ml of 

methanol, which was then agitated with a magnetic stirrer until the porphyrin is 

dissolved. Then 2 g of Zno were added to the mixture and the vessel was sealed with 
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parafilm to prevent the methanol from evaporating. The mixture was left stirring for 

a day. Then, it was centrifuged for 3 more times. The precipitate was left and the 

plate was placed in the oven at 60°C to dry. The finished product is ground in a 

mortar [107]. 

3.2.5 Cell culture 
 

The cell lines human embryonic kidney 293 (HEK293), the breast cancer cell lines 

MCF7 and  MDA-MB-231 and the lung cancer cell lines A549 were cultured in 

Dulbecco’s Modified Eagle Medium (DMEM) High Glucose culture media, which 

contained 10%  Fetal bovine serum (FBS), 100U/ml penicillin, 100g/ml streptomycin, 

and 2 mmol/L glutamine. 

The culture was carried out at 37°C. The culture media was replaced every two days, 

and cells were passaged once a week with normal trypsin EDTA doses. The cells were 

then frozen in a freezing medium containing FBS and 10% dimethyl sulfoxide (DMSO) 

[108]. 

3.2.6 MTT Colorimetric Assay 
 

MTT assay is a colorimetric assay used to assess cell metabolic movement. The MTT 

assay's biological mechanism involves a NAD(P)H-dependent cellular oxidoreductase 

enzyme that transforms the yellow tetrazolium MTT [3-(4,5-dimethylthiazolyl-2)- 

2,5-diphenyltetrazolium bromide] (Thiazolyl Blue Tetrazolium Bromide M5655, 

Sigma-Aldrich, Darmstadt, Germany) into the insoluble (E,Z)-5-(4,5-dimethylthiazol-

2-yl)-1,3-diphenylformazan (formazan). The generated formazan can be dissolved in 

dimethyl sulfoxide (DMSO) or DMSO solutions to produce a purple hue with 570 nm  

absorbance. ~8.000-10.000 cells were used for each tested sample. The rate of cell 

reasonability was assessed as a % ratio of treated cells to untreated cells.  

The concentration of the purple color is specifically relative to the number of cells, 

demonstrating cell viability. The active mitochondrial hydrogenases of living cells 

cleave and convert the soluble yellow dye to the insoluble purple.  
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Various types of control samples were used, namely a positive control (cells treated 

with cis-platin 0,75 mg/ml), negative control (cell untreated), extra negative control 

(cell irradiated only without NPs) and blind sample (nutrient medium alone). The 

experiment was repeated four times in triplicate with similar results. 

4. Results 

4.1 Characterization of CQDs 

1. Dynamic Light Scattering (DLS) 

The Dynamic Light Scattering (DLS) instrument (Zeta Sizer nano S, Malvern Inst., 

Malvern, UK) is used to measure the size and distribution of particle size, potential g, 

and molecular weight using a laser wavelength of 633 nm and a scattering angle of 

173o. The instrument operates at temperatures ranging from 0 to 90°C, with special 

sections inside that regulate the temperature for measurements of potential g and 

particle size in a particle dispersion solution.  

The average size of the CQDs was discovered to be 45 nm (Figure 4.1), which is 

slightly larger than expected from the literature. The CQDs zeta potential has a single 

peak at negative 39.4 mV (Figure 4.2). The negative potential denotes the presence 

of negative charge moieties on the surface of C-QDs. Such moieties are required for 

a good dispersion of C-QDs in a water-based solvent [109]. 

 

Figure 4.1: Size distribution diagram for CQDs 
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Figure 4.2: Zeta potential distribution for CQDs 

 

2. UV-Visible Spectroscopy 

The UV-Visible spectroscopy was conducted using the Hitachi U-2001 

Spectrophotometer. 

The CQDs exhibited typical UV/Vis absorption at 230 nm which could be ascribed to 

the π→π* transition of the aromatic sp2 domain within the CQDs [137], and another 

minor shoulder peak at 283 nm attributed to the n-π* transition of C=O bond [110] 

(Figure 4.3). 
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Figure 4.3: UV-Vis diagram for CQDs 

  

3. FTIR  
 
The FTIR instrument used is the FTIR JASCO4200, using Ge crystal. 

FTIR spectra of CQDs have significant peaks at 3243,1727,1589,1434 and 995 cm-1 

(Figure 4.4) .  

These peaks can be ascribed to OH, C=O, C=C, and C-H bending [139],[140].The 

presence of a C=C peak indicates that the C-QDs have a graphitic structure, whereas 

the presence of OH, C=O, and C-H bending peaks indicates that the C-QDs have OH, 

C=O, and C-H surface moieties attached to their surface. 

 
Figure 4.4: FTIR diagram for CQDs 

 

4.2 Characterization of ZnO-TCPP NPs 
 
1. UV-Visible Spectroscopy 
 
UV- Vis ZnO has a single peak at 380 nm, while ZnO-TCPP have one smaller peak at 

430 nm. This indicates probably the conjugation of the ZnO with the porphyrin 

(Figure 4.5). 
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Figure 4.5: UV-Vis diagram for ZnO, porphyrin, ZnO-porphyrin  

 
 
2. X-RAY DIFFRACTION (XRD) 
 
Crystallinity was defined using X-Ray diffraction (XRD) (Figure 4.6) The X-Ray 

Diffractometer is a Brücker D8 Advance. The measurements were conducted at a 2-

theta angle with a range of 20° to 80° and a scanning rate 0.01ο/0.5 sec, employing 

Cu-Kα radiation (λ = 1.5418 Å) at a voltage of 30 kV and a current of 15 mA. 

 

When the ZnO was measured all of the indexed peaks in the obtained spectrum 

match those of bulk ZnO (JCPDS Card No. 36-1451), confirming that the synthesized 

powder is single crystalline and has a wurtzite hexagonal structure. Within the 

detection limit of the X-ray diffraction, no other impurity-related peak was detected 

in the spectrum, confirming that the synthesized powders are pure ZnO. Peaks 

formed at 31.81°, 34.34°, 36.29°, 47.57°, 56.63°, 62.89°, 66.43°, 67.95°, 69.07°, and 

72.6° correspond to the planes (100), (002), (101), (102), (110), (103), (200), (112), 

(201), and (004), respectively. Peak intensity and partly small width indicate a high 

degree of crystalline production. 
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But when the ZnO-TCPP was measured, a peak at 11 that does not yield ZnO and a 

very small one between 30-35 appeared implying that it is not pure ZnO, but has 

impurities. 

 

 
 
Figure 4.6: XRD diagram for ZnO, Zno-porphyrin 

  

4.3 Toxicity studies  

4.3.1 Toxicity studies of CQDs 

Incubation of the HEK293, A549, MDA-MB-231 and MCF-7 with CQDs and an MTT 

measurement after 24 hours post treatment in a concentration of 25mg/ml resulted 

in 100% viability in HEK293, MDA-MB-231, MCF-7 and 97% viability in A549, while 

99% viability was observed after incubation with 75mg/ml. The results are shown in 

the following table (Figure 4.7). These findings indicate that CQDs are not toxic.  
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Figure 4.7: CQDs viability assay in HEK293, MDA-MB-231, MCF7, A549 

 

4.3.2 Toxicity studies of porphyrin 

 Incubation of the HEK293, A549, MDA-MB-231 and MCF-7 with porphyrin in a 

concentration of 25 mg/ml resulted in 100% viability, while 99% viability was 

observed in A549, MDA-MB-231 and 97% viability in MCF7, HEK293 after incubation 

with 100mg/ml. The MTT assay was performed after 24 hours post treatment. These 

results who are shown in the following table (Figure 4.8) declare the no toxicity of 

porphyrin. 
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Figure 4.8: Porphyrin viability assay in HEK293, MDA-MB-231, MCF7, A549 

 

4.3.3 Toxicity studies of ZnO 

Incubation of the HEK293, A549, MDA-MB-231 and MCF-7 with ZnO in a 

concentration of 25mg/ml resulted in 90% viability in A549, 95% in MDA-MB-231 

and 100% in MCF-7 and HEK293. In a concentration of 75mg/ml, viability was 

measured at 79% in A549, 88% in MDA-MB-231, 97% in MCF7 and 98% in HEK293. 

These MTT measurements which were performed after 24 hours post treatment 

(Figure 4.9) show that ZnO has no effect on normal cells, but have the ability to kill 

cancer cells A549 and MDA-MB-231. As long as for the combination of ZnO-

porphyrin, porphyrin didn’t change the activity of ZnO. 
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          Figure 4.9: ZnO viability assay in HEK293, MDA-MB-231, MCF7, A549 

 

4.3.4 Toxicity studies of ZnO-UV 

Upon irradiation with UV-A light (350 nm) for 10 minutes and incubation of the 

HEK293, A549, MDA-MB-231 and MCF-7 with ZnO in a concentration of 25mg/ml in 

A549, MDA-MB-231, MCF7, HEK293 resulted in 75%, 85%, 95% and 98% respectively, 

while in a concentration of 100mg/ml the results were impressing, since the viability 

was 50% in A549, 60% in MDA-MB-231, 85% in MCF7 and 93% in HEK293. These MTT 

measurements whish were performed after 24 hours post treatment and their 

results which are shown in the next table (Figure 4.10) indicate that UV 

photoactivation improved the activity of ZnO in cancer cells, while in normal cells 

HEK293 was much less toxic.  

0 

20 

40 

60 

80 

100 

120 

0 25 50 75 100 

C
el

l V
ia

b
ili

ty
 (

%
) 

ZnO Concentration (mg/ml) 

A549 

MDA-MB-231 

MCF-7 

HEK293 



50 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

20 

40 

60 

80 

100 

120 

0 25 50 75 100 

C
el

l V
ia

b
ili

ty
 (

%
) 

ZnO-UV Concentration (mg/ml) 

A549 

MDA-MB-231 

MCF-7 

HEK293 



51 
 

5. Discussion-Conclusions 

Cancer is a multifaceted disease and a cause of death worldwide [1]. Scientists approach 

cancer in some ways, but there are still aspects of the analysis field of other cancer 

treatments that stay to be discovered, specializing in diminution of the undesirable 

consequences of the standard treatment strategies [2]. In this study, a hybrid material 

consisted of CQDS, ZnO and porphyrin was proposed, which would ideally become a 

theranostic material.  

The motivation of this experimental study is to build knowledge and generate 

expertise in a multidisciplinary field, lying on materials science, chemical 

engineering, and biomedicine. 

CQDs have the potential to become the following generation of green 

nanomaterials. Due to their tiny size, sensible biocompatibility and optical 

performance, their good water dispersibility in water and excellent fluorescence 

properties, therefore it’s a new material for molecular imaging [14]. Electrochemical 

process, which was performed in this study, is a low cost, simple operation, high 

yield and good reproducibility method. The production of carbon quantum dots 

directly generated from electrochemical oxidation of graphite electrodes in alkaline 

alcohols is quite innovative. Also, their toxicity results in normal cell lines HEK293 

and cancer cell lines A549, MCF-7 and MDA-MB-231 showed that they are not toxic, 

making them even more promising for imaging material. 

Porphyrin, which was processed via Adler method, is a really common 

photosensitizing agent that is especially localized in mitochondria, resulting in 

programmed necrobiosis upon lightweight exposure [111]. Porphyrin’s derivatives 

have outstanding photophysical and photothermal properties making them 

promising molecules to be employed in medicine, especially photodynamic therapy 

(PDT) [91]. Moreover, the cytyotoxicity results of porphyrin in cell lines HEK293, 

A549, MCF-7 and MDA-MB-231 indicated the no toxicity of porphyrin.  

ZnO nanoparticles, with their unique properties like biocompatibility, increased 

toxicity and high selectivity is a promising anticancer agent. Research has shown that 
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low zinc concentration in cells leads to the initiation and progression of cancer and 

high zinc concentration shows toxic effects. The selective localization of ZnO 

nanoparticles to cancer cells because of enhanced permeability and retention effect 

(EPR) make them a potential antitumor agent [7, 8]. The toxicity  results of ZnO in 

cancer cells showed that ZnO can kill cancer cells A549 and MDA-MB-231(especially 

after UV rradiation), but not normal cells HEK231, results which are very 

encouraging.  

To conclude, this hybrid material could become a material for imaging and therapy, 

but since it is a quite innovative proposal, it still needs experimental effort until it 

can be optimized and used.  
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