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Introduction 

The escalating global demand for food production has led to a pervasive reliance on pesticides, such as 

chlorpyrifos and mancozeb, to safeguard agricultural yields from pests and diseases. However, the extensive 

application and persistent nature of these agrochemicals pose significant environmental and health risks, 

necessitating effective remediation strategies [1]. In response to this critical challenge, photocatalytic 

degradation has emerged as a promising and sustainable technological approach for detoxifying pesticide-

contaminated ecosystems, leveraging the intrinsic properties of semiconductor photocatalysts [2]. This 

method leverages advanced oxidation processes to convert harmful organic pollutants into simpler, less 

toxic compounds [3]. Specifically, metal oxide nanoparticles and their composites, characterized by their 

unique physicochemical properties, crystalline structures, and high surface areas, have garnered 

considerable attention for their efficacy in degrading such organic contaminants [4]. For instance, titanium 

dioxide and zinc oxide nanoparticles have demonstrated considerable potential as photocatalytic agents for 

the remediation of pesticides like chlorpyrifos and atrazine, with TiO2 often exhibiting superior degradation 

efficiencies and kinetic rates [5]. A wide range of metal oxides, including iron oxides, MgO, WO3, and 

CuO, along with their composite materials, have also been investigated for their ability to adsorb and 

photocatalytically destroy organic pollutants [6]. This review specifically examines recent advancements 

in the photocatalytic degradation of the highly toxic organophosphorus insecticide chlorpyrifos and the 

ethylene bis-dithiocarbamate fungicide mancozeb, utilizing various nanocomposite materials [7]. Such 

materials often leverage synergistic effects, where the integration of different components, like iron oxide 

supports with TiO2 and ZnO, can extend absorption edges and mitigate electron-hole recombination, 

thereby augmenting photocatalytic efficiency [8]. Notably, zinc oxide-based nanophotocatalysts are 

particularly compelling due to their wide band gap, strong oxidative capability, and high electron mobility, 

which contribute to enhanced photocatalytic activity under solar irradiation [9]. For example, 

nanocomposites incorporating ZnO with other metal oxides, such as CeO2 or WO3, have been shown to 

further improve photocatalytic efficiency by inhibiting electron-hole recombination and enhancing light 

absorption [10]. Similarly, hybrid photocatalysts that integrate metal oxides with materials like chitosan 

have demonstrated enhanced optical properties and charge carrier separation, further optimizing the 

degradation process [11]. These composite systems leverage heterojunctions and elemental doping to 

facilitate charge separation and increase the generation of reactive oxygen species, critical for the complete 

mineralization of persistent organic pollutants [12]. The incorporation of lanthanum into ZnO, for instance, 

significantly increases the space charge potential, thereby enhancing electron-hole separation [13]. This 

enhanced charge separation is critical for increasing the quantum efficiency of photocatalytic reactions, as 

it leads to a more effective generation of highly reactive oxygen species such as hydroxyl radicals and 

superoxide anions, which are the primary agents responsible for pollutant degradation [14]. The 

development of novel nanocomposite photocatalysts, such as TiO2/chitosan/Ag2CO3, aims to reduce the 
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band gap and enhance light absorption across the UV-visible spectrum, thereby improving the degradation 

efficiency of pesticides like chlorpyrifos [15]. These advanced materials facilitate the formation of electron-

hole pairs, which subsequently generate potent reactive oxygen species capable of mineralizing recalcitrant 

organic contaminants into benign byproducts [16]. Heterogeneous photocatalysis, specifically utilizing 

metal oxide semiconductors like ZnO, offers a robust approach for the removal of persistent organic 

contaminants from aquatic environments [17]. The high surface-to-volume ratio characteristic of these 

semiconductor nanoparticles is crucial for maximizing the adsorption of contaminant molecules, thereby 

facilitating the redox reactions essential for complete degradation and mineralization [18], [19]. 

Furthermore, strategic modifications, such as metal or non-metal doping, dye sensitization, and 

semiconductor coupling, have been extensively investigated to enhance the visible light activity of these 

photocatalysts, thereby broadening their operational utility beyond the ultraviolet spectrum [20], [21]. The 

engineered heterojunctions, formed by combining diverse materials like ZnO nanospindles with 

Ag2CO3/Ag2O nanoparticles, significantly enhance charge separation, transition, and light absorption, 

leading to superior photocatalytic performance [22]. This synergistic enhancement is often attributed to the 

formation of Z-scheme photocatalytic pathways, which effectively promote charge carrier migration and 

inhibit recombination [23]. The judicious engineering of such heterojunctions, including p-n and staggered 

gap configurations, thus becomes pivotal for optimizing the electron-hole separation efficiency and 

bolstering the overall photocatalytic efficacy for the degradation of persistent organic pollutants [24]. For 

example, Ag–ZnO heterojunctions, formed through green biomimetic preparation, leverage the surface 

plasmon resonance of silver nanoparticles under visible light to enhance electron-hole separation and 

improve the photocatalytic degradation of chlorpyrifos [25]. Similarly, the integration of ZnO with other 

semiconductors like BiOI or WO3 in heterojunction structures improves light absorption and mitigates 

charge carrier recombination, leading to enhanced photocatalytic efficiency [26]. This approach aligns with 

the broader strategy of employing heterojunctions to improve light absorption capacity and accelerate 

charge migration rates, which are critical for enhancing photocatalytic activity [27]. For example, Ag-

Ag2O-ZnO nanocomposites demonstrate superior visible-light-driven photocatalysis, attributed to 

localized surface plasmon resonance and p-n heterojunction effects that suppress electron-hole 

recombination and extend absorption into the visible spectrum [28]. This is further supported by the 

fabrication of ZnO/BiOI heterojunctions, which exhibit improved photogenerated charge separation and 

enhanced photocatalytic degradation of organic pollutants [29]. These advancements underscore the critical 

role of rational design in creating multi-component photocatalytic systems that not only improve charge 

separation but also extend the spectral response, leading to highly efficient degradation of even recalcitrant 

organic contaminants [30]. Such heterojunctions, including type-II and Z-scheme systems, optimize charge 

carrier separation and enhance redox capabilities by facilitating efficient interfacial charge transfer, thereby 

preventing recombination and improving photocatalytic efficiency [31], [32], [33]. Specifically, type-II 

heterostructures induce band bending at the interface, promoting directional migration of electrons and 

holes and thereby significantly reducing recombination rates [34]. This strategic design principle is further 

evidenced by the successful deployment of Z-scheme heterojunctions, which maintain strong redox 

potentials while promoting efficient charge separation, thereby surpassing the limitations of conventional 

type-II systems in certain applications [35]. The formation of a p-n heterojunction between materials like 

ZnO and BiOI creates an internal electric field at their interface, which facilitates more efficient electron-

hole migration and separation, ultimately boosting photocatalytic performance [36], [37]. This interfacial 

charge transfer is crucial for enhancing the overall quantum efficiency and preventing the rapid 

recombination of photoinduced electron-hole pairs [38]. The internal electric field generated within such 

heterostructures steers the photogenerated charge carriers to spatially separated reductive and oxidative 

sites, thereby optimizing their utilization in surface redox reactions [39]. Furthermore, the judicious 

selection of materials for heterojunction construction can significantly reduce the effective mass of charge 

carriers, thereby facilitating more rapid electron transfer dynamics [40]. This precise control over charge 
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carrier behavior is instrumental in enhancing the photocatalytic activity and stability of the system [41], 

[42]. The quality of these heterogeneous interfaces, particularly the degree of lattice matching and the 

minimization of defects, is paramount for optimizing photocatalytic performance, often requiring high-

temperature annealing during synthesis [43]. This intricate engineering of heterojunctions is essential for 

designing highly efficient photocatalysts capable of harnessing a broader spectrum of solar energy for 

environmental remediation applications [44]. An emerging strategy involves the use of Z-scheme 

heterostructures, which effectively overcome the limitations of single-component photocatalysts by 

preserving high redox potentials while significantly enhancing charge separation and extending the lifetime 

of photogenerated carriers [45]. This configuration, by preventing recombination and enabling spatially 

separated redox reactions, leads to a substantial increase in photocatalytic efficiency, as observed in various 

Z-scheme systems [46]. In contrast to type-II heterojunctions where lower redox potentials can be a 

drawback due to ultrafast electron-hole recombination and lower potential reduction/oxidation reactions, 

Z-scheme systems maintain high reduction and oxidation capabilities [47], [48]. The direct Z-scheme 

heterojunction, for instance, achieves this by facilitating the recombination of electrons in the conduction 

band of one semiconductor with holes in the valence band of another, allowing the strongly oxidative holes 

and strongly reductive electrons to participate in redox reactions, thus improving charge separation while 

retaining potent redox abilities [49].  

   

                                           

 

                                            

                        

Literature Review 

This approach mitigates the inherent trade-off between efficient charge separation and robust redox 

potential often encountered in conventional Type II heterojunctions, where carrier accumulation at low 

conduction band and high valence band positions can reduce overall redox capability [50], [51]. The 

meticulous design of such heterojunctions is predicated on achieving optimal band placements, intimate 

interfacial contact, and suitable energy alignment between the constituent semiconductors to maximize the 
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separation and migration of photo-generated charges [52]. Z-scheme heterojunction photocatalysts, in 

particular, capitalize on a unique "Z"-shaped charge carrier pathway, which permits the retention of high 

oxidation and reduction potentials that are critical for degrading persistent organic pollutants [53]. This 

architecture enables superior redox reactions by allowing electrons from the higher energy conduction band 

of one semiconductor to directly reduce contaminants, while holes from the lower energy valence band of 

the other semiconductor oxidize pollutants, thus ensuring efficient utilization of photogenerated carriers 

[54], [55]. This distinct charge transfer mechanism minimizes charge carrier recombination and prolongs 

carrier lifetime, thereby enhancing the overall photocatalytic efficiency [56], [57]. Specifically, the two-

step photo-excitation process involved in Z-scheme photocatalysis allows for spatial separation of oxidation 

and reduction centers, which further minimizes undesirable back-reactions and enhances catalytic activity 

compared to pure materials [58]. For instance, in a CuO@A-TiO2/Ro-TiO2 nano-heterostructure, 

photogenerated electrons from CuO's conduction band are transferred to TiO2's valence band, while holes 

from TiO2's valence band migrate to CuO's conduction band, ultimately preventing electron-hole 

recombination and enhancing photocatalytic degradation [59]. This results in a robust spatial charge 

separation that preserves the strong redox potentials necessary for efficient photocatalytic degradation of 

recalcitrant organic compounds [60], [61]. However, while conceptually advantageous, achieving ideal 

band alignment and intimate interfacial contact in practical Z-scheme systems remains a significant 

synthetic and engineering challenge, often necessitating sophisticated material fabrication techniques to 

optimize charge transfer kinetics. Recent advancements in synthetic methodologies, including 

hydrothermal, solvothermal, and in-situ growth strategies, aim to overcome these challenges by creating 

intimate interfaces essential for efficient Z-scheme charge carrier transport [62]. Furthermore, alternative 

heterojunction designs, such as S-scheme systems, are emerging as even more precise routes for elucidating 

the charge transfer mechanism between different semiconductors under illumination [63]. S-scheme 

heterojunctions, specifically, offer a mechanistically robust framework that reconciles efficient carrier 

separation with strong redox capability by coupling a reduction photocatalyst and an oxidation 

photocatalyst in a staggered configuration [64]. This arrangement, wherein electrons accumulate in the 

conduction band of the more negative potential semiconductor and holes in the valence band of the more 

positive potential semiconductor, facilitates spatial charge separation while circumventing the loss of redox 

potential observed in Type II heterojunctions [65]. This sophisticated design enhances charge separation 

efficiency while simultaneously preserving strong redox capabilities, which is crucial for the complete 

degradation of persistent organic pollutants [66], [67], [68]. This is achieved by establishing an internal 

electric field that drives photogenerated electrons and holes to different reaction sites, effectively reducing 

charge recombination and prolonging their lifespan [69], [70]. The advent of S-scheme heterojunctions, 

first introduced in 2019, represents a significant advancement in photocatalysis by maximizing redox ability 

and mitigating rapid electron-hole recombination, making them particularly promising for solar energy 

conversion and environmental remediation [71]. These systems leverage band alignment to promote 

directed charge transfer, often employing strategies like interface engineering and the rational design of 

organic-inorganic hybrid structures to further optimize photocatalytic performance [72]. Unlike the 

conventional type-II heterojunctions where redox capacity is compromised due to charge carrier transfer, 

S-scheme heterojunctions are designed to maintain high redox potentials through an interfacial electric field 

that facilitates efficient separation of photogenerated charge carriers [73], [74]. This internal electric field, 

created by the alignment of Fermi levels upon contact between the two semiconductors, induces band 

bending that facilitates selective charge recombination, thereby preserving energetic electrons and holes at 

their respective active sites [75], [76]. This unique characteristic ensures that the photogenerated electrons 

retain high reduction potential, and the holes maintain high oxidation potential, enabling more effective 

degradation of recalcitrant organic pollutants compared to other heterojunction systems [77]. Consequently, 

S-scheme heterojunctions are gaining significant attention for their ability to achieve superior 

photocatalytic efficiencies by optimizing both charge separation and redox capabilities [78], [79]. This 
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advanced architecture addresses the limitations of conventional heterojunctions by overcoming weak 

reduction and oxidation capacities associated with photogenerated carriers [80]. Moreover, the S-scheme 

system often comprises two n-type semiconductors, where the internal electric field selectively promotes 

the recombination of "useless" photogenerated carriers, thereby enhancing the lifespan of those with strong 

redox potential [81], [82]. This directed charge transfer is further enhanced by engineering strategies such 

as dual-interface built-in electric fields and defect-mediated heterocomponent anchorage, which optimize 

carrier mobility and robust redox performance [83]. Furthermore, time-resolved techniques and Kelvin 

probe force microscopy have begun to elucidate the intricate charge-transfer mechanisms and spatially 

resolved charge dynamics within S-scheme heterojunctions, revealing enhanced charge separation and 

altered surface photovoltages under illumination [84]. The formation of an internal electric field in S-

scheme heterojunctions is pivotal for efficient charge separation, arising from the alignment of Fermi levels 

between the coupled semiconductors upon contact, leading to band bending [85]. This internal electric field 

facilitates the directional migration of photogenerated charge carriers, promoting the separation of electrons 

and holes while preserving their high redox potentials [86], [87]. This amplified internal electric field is 

further regulated by photo-excited oxygen vacancies, which enhance charge separation by modulating the 

Fermi level [88]. Specifically, after the oxidation-type and reduction-type semiconductors establish contact, 

the electron transfer due to Fermi level equilibration generates an interfacial electric field directed from the 

reduction-type to the oxidation-type semiconductor, leading to upward band bending in the former and 

downward bending in the latter [89]. Upon irradiation, this internal electric field then drives the photo-

induced electrons on the conduction band of the oxidation-type semiconductor to recombine with holes on 

the valence band of the reduction-type semiconductor, thus preserving the electrons and holes with stronger 

redox capabilities for the catalytic reaction [90], [91]. This selective charge annihilation mechanism ensures 

that only the highly energetic charge carriers participate in redox reactions, significantly boosting 

photocatalytic efficiency [92]. The localized charge transfer dynamics and the persistence of built-in electric 

fields within these heterojunctions upon illumination are critical for understanding their enhanced 

performance [93]. Furthermore, intraband defect levels within S-scheme heterojunctions can be engineered 

to create an electron reservoir, effectively prolonging the lifetime of charge carriers through rapid capture 

and gradual release of photoelectrons [94]. The presence of oxygen vacancies at the heterointerface can 

trigger additional charge movement routes, enhancing charge separation efficiency and synergistically 

optimizing thermodynamic and kinetic parameters of S-scheme photocatalysts [95]. These intricate charge 

transfer pathways, combined with strategic band alignment and Fermi level equilibration, collectively 

contribute to the formation of an internal electric field that guides charge carriers, as demonstrated by the 

directional electron transfer from one semiconductor to another upon contact [96], [97]. This electron 

transfer causes a redistribution of charge density, leading to band bending at the interface and the subsequent 

formation of an internal electric field that drives the separation of photogenerated electron-hole pairs [98]. 

This phenomenon is further reinforced by the spontaneous transfer of excited electrons from the conduction 

band of one semiconductor to the valence band of the other, where they recombine with holes, leaving 

behind carriers with enhanced redox capabilities for subsequent photocatalytic reactions [99], [100].  

The experimental procedures for synthesizing the S-scheme heterojunctions involved specific protocols for 

material preparation and characterization, followed by evaluations of their photocatalytic efficacy in 

degrading target pollutants under controlled conditions. This section details the synthesis methods for the 

photocatalysts, the analytical techniques employed for their structural and electronic characterization, and 

the experimental setup utilized for assessing their performance in photocatalytic degradation. Specifically, 

the synthesis typically involved solvothermal and ultrasonic self-assembly methods to achieve desired 

nanostructures and interfacial contacts [101]. Subsequent calcination steps were often implemented to 

optimize crystallinity and defect concentrations, crucial for maximizing photocatalytic activity [102]. 

Characterization techniques such as X-ray diffraction, transmission electron microscopy, and X-ray 
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photoelectron spectroscopy were then employed to confirm the successful formation of the heterojunctions 

and to elucidate their morphological, structural, and electronic properties [103]. These characterizations 

provide critical insights into the interfacial charge transfer dynamics and band alignment within the S-

scheme heterojunctions, which are paramount for understanding their enhanced photocatalytic performance 

[27], [104], [105]. The resulting heterojunctions, specifically g-C3N4/CdS systems, are engineered to 

promote efficient charge carrier separation, with electrons migrating to the g-C3N4 conduction band and 

holes to the CdS valence band, driven by an interfacial electric field [106]. This strategic charge separation 

enhances the redox capabilities of the photogenerated carriers, facilitating more effective degradation of 

persistent organic pollutants. Similarly, the construction of S-scheme Ag2CO3/g-C3N4 heterojunctions, 

previously unexplored, offers a promising avenue for enhanced photocatalytic degradation due to the 

strategic alignment of band energies and work functions [107]. The synthesis of these g-C3N4-based 

heterojunctions often involves methods such as thermal polymerization of precursors like thiourea to form 

g-C3N4, followed by its integration with other semiconductor components through grinding or mixing 

processes [108], [109]. For instance, pure g-C3N4 can be prepared by calcining thiourea at specific 

temperatures under an inert atmosphere, followed by washing to remove impurities [110]. This bulk g-

C3N4 can then be exfoliated into nanosheets through sonication in deionized water, providing a high surface 

area material for heterojunction formation [111]. The integration of g-C3N4 with other semiconductors, 

such as metal oxides, metal sulfides, or multicomponent variations thereof, can be achieved through various 

solution-based synthesis methods including mechanical mixing or self-assembly, which are lauded for their 

cost-effectiveness and scalability [112], [113]. These methods enable the precise control over interfacial 

contacts and electronic band alignment, crucial for optimizing the photocatalytic efficiency of the resulting 

nanocomposites [114], [115]. Moreover, advanced characterization techniques, including transient 

photocurrent response and electrochemical impedance spectroscopy, are pivotal for corroborating the 

proposed charge transfer mechanisms and assessing the kinetic efficiency of these sophisticated 

photocatalytic systems [116], [117]. Such meticulous methodologies enable the rational design of 

photocatalysts with optimized properties, allowing for systematic investigation into the fundamental 

principles governing charge separation and redox reactions at the semiconductor interface. Furthermore, 

the precise manipulation of synthesis parameters, such as precursor ratios and annealing temperatures, is 

essential for tuning the electronic band structure and optimizing the photocatalytic performance of these 

complex heterojunction systems [118]. Additionally, the construction of metal-free isotype heterojunctions, 

such as g-C3N4/g-C3N4, by co-calcination of molecular composite precursors with differing band 

structures (e.g., urea and thiourea) has been shown to effectively promote charge separation due to inherent 

band offsets [119], [120]. Beyond the establishment of metal-free systems, the integration of g-C3N4 with 

other materials like MXenes or TiO2 has shown promise for enhanced photocatalytic activity, often 

achieved through calcination methods that can inadvertently lead to in-situ oxidation of components [121]. 

These fabrication strategies allow for bandgap engineering, surface modification, and the deposition of 

cocatalysts, all of which are critical for expanding light absorption, enhancing catalytic activity, and 

improving charge separation and transfer efficiency [122]. For instance, the strategic development of 

homojunction g-C3N4 offers a novel approach to mitigating lattice and energy band structural mismatches 

commonly encountered in heterostructures, thereby enhancing photocarrier transport efficiency [123]. 

Crucially, optimizing interface factors such as band structure compatibility and contact area is paramount 

to augmenting synergistic effects within these heterojunction composites [124]. Such an approach involves 

the deliberate construction of homojunctions on chemically and structurally identical g-C3N4, leveraging 

its size-dependent electronic properties to induce subtle band energy offsets that drive efficient charge 

separation [125]. This can be achieved by carefully controlling the polymerization process of self-

assembled supramolecular precursors, leading to an in-situ reconstructed homojunction interface facilitated 

by intrinsic van der Waals forces [126]. This strategy allows for precise regulation of the band structure and 

construction of advantageous charge migration interfaces, resulting in an S-scheme carrier separation 
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mechanism [127]. Another approach involves creating intramolecular homojunctions within the carbon 

nitride framework itself, where different molecular units possess distinct HOMO/LUMO energy levels, 

thus forming an internal electric field to facilitate charge separation [128]. This intricate design of 

homojunctions minimizes interfacial defects and maximizes the active surface area for reactions, thereby 

improving the overall quantum efficiency of the photocatalyst. Further advancements include the strategic 

integration of metal particles, such as Cu, Au, or Ag, as charge bridges in ternary Z-scheme heterojunctions, 

which effectively mediate electron transfer between semiconductor components [129]. Alternatively, 

doping the g-C3N4 structure with elements like sulfur, boron, oxygen, or phosphorus, or modifying its 

synthesis methods, can enhance photocatalytic performance by tailoring electronic properties and defect 

concentrations [130]. These modifications can significantly influence the photogenerated charge carrier 

dynamics and improve the overall efficiency of photocatalytic degradation processes [131].  

Results 

These systematic enhancements contribute to a more comprehensive understanding of the photocatalytic 

mechanisms, laying the groundwork for the development of highly efficient materials for environmental 

remediation applications. The subsequent sections will delve into specific experimental results 

demonstrating the efficacy of these g-C3N4-based composites in degrading chlorpyriphos and mencozeb, 

emphasizing the mechanistic insights derived from detailed kinetic and spectroscopic analyses. This 

includes evaluating the charge separation efficiency and photocatalytic activity, which can be further 

optimized by controlling defect formation in aromatic ring groups during synthesis [132]. The introduction 

of nitrogen vacancies and other defects, for instance, can redistribute the charge density within the heptazine 

rings, creating localized electron-rich regions that facilitate efficient charge separation and transfer, thereby 

minimizing recombination pathways [133]. Computational modeling, specifically Density Functional 

Theory, supports this by showing that functional groups like cyanamide, or the presence of specific ions, 

can induce local fluctuations in the electrostatic potential, leading to enhanced charge separation by 

spatially separating HOMO and LUMO states within different heptazine units [134]. Moreover, the 

deliberate engineering of nanostructured g-C3N4 composites, including the formation of heterojunctions 

and Z-scheme configurations, is crucial for improving photocatalytic efficacy by optimizing charge carrier 

separation and transfer dynamics [135], [136]. Specifically, heteroatom doping with elements such as 

phosphorus can tailor the electronic band structure of g-C3N4, thereby increasing visible light absorption 

and improving charge separation efficiency through the creation of mid-gap states [137], [138]. For 

example, phosphorus-doped g-C3N4 has demonstrated significantly enhanced photocatalytic degradation 

efficiency, achieving nearly complete degradation of certain pollutants compared to pristine g-C3N4 [139]. 

This improved performance is often attributed to the modulated electronic band structure and increased 

active sites, facilitating superior charge separation and utilization of photogenerated carriers [140]. 

Furthermore, the strategic incorporation of certain non-metal dopants, such as carbon, can significantly 

enhance the rate constant for pollutant degradation by improving charge separation and extending the 

lifetime of charge carriers [141]. This defect engineering approach, including the creation of nitrogen 

vacancies or the introduction of cyano groups, can also modify the band structure by generating mid-gap 

states, extending light absorption into the visible region and acting as charge carrier trapping sites to inhibit 

electron-hole recombination [142]. The introduction of built-in electric fields through surface engineering 

with graphitic carbon rings within the g-C3N4 matrix can also steer photoinduced electrons and holes into 

distinct directions, thereby significantly enhancing charge separation and photocatalytic activity [143]. This 

internal electric field, as demonstrated in homojunctions, can be strategically manipulated through localized 

phosphorization to guide distinct photocatalytic reaction pathways and enhance carrier transfer dynamics 

[144]. For instance, the enhanced separation of charge carriers in g-C3N4 nanosheets doped with H3PO4 

is attributed to their increased specific surface areas and protonation, alongside the optimization of p-

conjugated heptazine rings by interstitially doped phosphorus atoms, which improves carrier mobility and 

https://ijnrd.org/
http://www.ijnrd.org/
https://dummy-citation.com/citation?d=z%3A7VjLchtFFHV4F1T2WfYmFFTJY0mWHBtWwXHK4RFSxODEu56ZOzNt9XRP%2BmF5sqAMK2BFwW%2FwA67iG%2FiIfAmneyRZihEFey8se0Y9955z7rn3TvmHy403C21EKdS79MJrR%2B07799PrTM8c%2ByoIkZFQZkTZ8Sevrr41WYV1cQqXetTr3BfK2ZICrIMfzmcbwxlwhLull7yeEAXLOUqZ4jqM%2BcNsXCVadXdmB3h%2BRlXjpeErypuSmK1KE0XQShHpuAZ2YQdkqFeTEUSyIxWIluE5hIAdEPGRUgFKwF6n22zx2zEpniS1ToPuJDFVUb7smI1OZF5qb1ljZZtTUa8XAC3JAuE4NZSnUo8ZX1jeK2RGmFMpOuN1QbIDs6RWNQEFjJSfPDwCDpYL50FhVxkyIu03LFUuypyADMjlAWFIFHJm%2Fig9ZHtMsOgCWqCBBZwbUeG56fegkuPSeK5UCVzOoZFTesFBx4EDMUTzgPPQniwWSnkQmWGDyGFizKl7RJIlIjlZNgx59KGLLEkwScrkUCUy9a6HqpcN9oizGu1UFzpXEOXQBcCGY4vXSXUtVOF5BOyPUbnlUhFQMSZFaUSBfRUbtmWGTdGAJ2lBmJFJDVBOCVs3WPTSmQVI4VroI4yeQeaV8Wey92hqlBkkNvHNVoDVZVtj3kV6N%2F%2Fig2SMZOirBwTxkD7LshH3w%2F6fVYfb2U1G7KPO58uM1qRqam003OtGM8qQWeRn6GamwmH4VjV5kaXpBidaQm8oeGCjQB3vNtnf%2F0JL7KKvfrptwFL2ENvkNHUOvRIiHNGJqi%2Ff4jc8HJsZeFCSdn%2B14BoKJ%2B14JSjYVJLBhB6rBUko6F2%2B8n2PE3ZpZllmwp4GLVYigpQezvJ7g672wsZ4DQUFtRmrkR7RGNC%2FzgUvJysiDOvEVoYqIJplGzZMBkO1wMIcQfjZGeP3b3GMjoTs6gIzadKy5R2XcwKleuqF55ftlODGaicQAcD4f%2BoHohd1aojEE8FJ72mdOpRbGl1HFVojiCiD6MDIcLxq5Eb5rCjso3RdeNELV7GLg%2Bg%2F8vImyvKMSwynA%2B8QqwQIKfAOzyxxASzBUgxaADUJvlUm8nlxu2Kz1bCzXa42Q432%2BFmO9xsh5vtkEieoVVgoAcBxrA%2FHG8OhnUoKxeKzCNV6MuNt0vuXYUJeCFF3eDRh%2FjRJkeHjElY6%2Bk2JqyT9OK%2BKmkKhrDvPhpWUBE8XdOdn2W0ioAyiPPL5cYbueI14XdR8FrINjupPJWQRFXPBFelREUN%2BnPj%2BtH8pNKzs%2BIgjL0vtSrXHc6OuFjEfXXx%2B9NKrI%2BLON3Z4tBjFK1FkD6fx%2FwcWE%2Fxszbmc8%2FVLOZJher%2BGyuuF0ijAGtJ0SGizqDmT2j9wfTZTKgMhNZGCyRm0coTLtqFnJnI7eXGW1muxdmgn2DyDbfC0QRGGQ3Ho%2B29XNhUXeDTqh9Fvz8abe4OR3tiMB4ONrfvje9V8K3iks4nx6NRf2ewN97uD06jZ6LlTqPl%2BoPN%2Fl7d%2BFQKi%2BHWue5WhEnHQlI7wZLVHrvoWyPPH1TONfaTrS00OkwqRWq4aZNpOJhgHW0B7laTF7nAKnRb%2Fwy8tD51bRNkmHB0VibpCJe30BWkiy9Qp%2BXbhM6RLc7KLCyoz9p97ZX7wBkqsKUx7fJjvGXZePfOp10znP8R%2B3T78ShusKfdBjtcHjDzF5TvVpbuo8WW%2FubqFQtLGvdnS%2FrJ6lsMLC7xDwCMjdD5B93%2By9mT1aY%2FHLKDxYbphtYQGWYzKw9ivIc3HXn%2B4Vxf6JhoU65R8G8%3D
https://dummy-citation.com/citation?d=z%3A7VbNctxEEN7wXwXck9scQ1V2vd6NUwm3ZCHlEHAF4qoAt5HUksYezYiekb3i5FTxBjyNH4EX4MKNJ%2BHrkfyzNg4Xjj64vCv19Hz99fd179vTyfulZ1MZ9zH90vlI%2FUd7%2BzWp3LsQucuj8U75UhkXWTfeUt5Zzar2jT%2Fo3PDaOBXliOYM35yJbApSJeLp2POhMkF5R5JFwnRxpF3UFfkuqIZi7YugolemadkfkWprH32uo7Z9NLlqiQGw0S6nmXqmAxVIlhJdoAlky6kOgZrM9gq4daSql6RyNAW%2FA%2F%2BDq8hD7Y9xDblabi2uItI4dWRiP1O7iDsifpBuKEzwXBDjwMBcx%2Bc1t2xCNOCgmq6Wew%2BVz6LG10J1wbgqhQBeYQSOtkq3oELnNVDXJjMR%2FAwXBJ8bnTjXrlCNqVDp2KARJLMhDoAGIA%2FUsdDt26j0yLRw0jK1GthSz7gPqMsKtoTs%2Fu5qtfeFOjaxVuVIEBBV7LsWjBemNGACD1PPBnqJneb%2BnRLJetV0NoIFauViNNSq1tu%2BITa%2FpoQzJbrLpLAL%2Fowr5D4SBnRUea%2BdT7XLJ92gW9MsaeLi3g5tDKJJqUQF3bQWx2sNaQF9CV5cVLWpagpR%2BTzvWrNx3jMY13bLormI6NzNMZAIMYRmoQIbQHdt0LRkHRO7CPJVaAkts%2BckbbASa9Ba1YMtmLWrqBF0aOdG5lRx4lqL21IuXA40kZGmNGSLMxeOIGEWoRMk2T6IAUeFnB36%2B%2BT3GpGq1YaH%2FDf7TioqDTdjE5Jax3IuOqXzHLnFeYNaE8xSy%2Blac5UE7gLoT5fBJV2OSBb%2FhPMYptw3mXGjIL7zTBgJo8HwqoX3NjS74bSNhldMOmIajGPlXyyUCq6EaICGohIEWOc5NdEHIAHOBNpIT3QGe7fpoPQULxStWwsbp8xjv%2FD4AC89qAGgsarRleoQiEFtakbCmoQ8cHtB7VgehlpjBAPq8zxaDzDhpKu%2BDLgB5TCkBc1dq1PUtM5NPPMs0xnfKHa%2FhjiYAmmGdIUqeEoEofBfS%2Fwwq65PChlt%2F%2B38MCtkB5xOPq%2FBIMLyeLthbjfM7Ya53TC3G%2BZ2w%2FwvG8aKMjCbi69kKi%2Fmi0fT%2BbJBZWkE8gtX%2BtPJh5XuMJ84nFg0DF1%2Bjj90f3s%2Be%2FKEUE1Hn4K7aKl5unqtVkmm0HV55G3X0Gfteb5vRcOeTyd3TIsl84OY6nTyHsjjEF%2Fhyb27f9RWn33%2B08pJNlmHQ%2BE3RBaYK3KiLDFfbJ%2F91FFljsiVP9cGC6Fg1Dm5HpcjbgisfzTaYzxVN4Y%2B127M%2BY3RB%2BjqDYGETICfQqvvO%2B3A6hCbmyKcTj7IC2%2FWd0HS9nyxvaXzkPw7W%2BTz7Z1HS6ggcyeiBffWLLZ3dqY7D5c7tW8J0qH14ZuHi8fzR8vl4yfLg0RxatEBWrSYznem24um7TJrAsb10KU7Cd%2F63lOZ2qK5VS0ihQ5fQ20U%2Byp0WexbKeFQM7RuaR9f70AI5MuXmOaXH5PoqUeshTqpeNavfOfi3b8iUxrT2L1v8PshDI9fDv1fF6tLSnyxqbz9UZCrYaHvjQt99%2FLQxVRTrzZn3W4PVjEJ1NciJ4kqpIpP8o7t%2Bn4dYxu%2B3NoC1zPP1dZNdP8D
https://dummy-citation.com/citation?d=z%3ApVjfbxxXFbZLyANKIYIHCirRpRQpQbvr%2FeW1FwGxvSHxJiQlqYOh4qF3Zu7MXHtm7uTeO15PJSRXQIR4gkqovERC%2FQMQUsWDJR4QTyAEReKXQCCVSn3jKSiiUkTFd2Z2vbvGq2Tpg707e8989zvnfN%2BZu%2Fvy4cLpwA2zZLfv7T%2Fbaq%2FWO7zTrQp3uVNtN1Y71dVmt1F1eMtrest1t%2B15QaRcbpU%2BXFjcSXkgbmSxIzRf8ZWWgUxOxannb8ogjPBnDaJkcYNUiXn1cOEJz3HU%2FuHCKT8UFPDw4oN719YWFha8SPj24dqnzjyDiwXXqvTh2vN3%2F%2F4jXIiB9Gz4cK3X71PkxK6nTwK8%2F7snXpwErE0Avr1GCCPAxTeeI%2Fz5AC%2F8U7FZgB%2FV%2F3lzbsD2madnMbz4r%2Bu%2Fp8j5ADv5G7MYXnz7bHt%2BwNXtHxPGiSl%2F6Ic35q%2Fh57%2F5rZk1%2FOD2N%2BZnuL7xzkzAj%2Fzku%2FPL5tLtL8ys4bsf%2B%2FX8KX%2FxH%2FHMLr%2F7lydps%2FkAr5jX6epk2Zz95PwMp5yydensZA17%2FdfnZzgN%2BNqb04C%2FeI9evr248X8wfHDvpz%2BfBfjih6cArz7zGAzX3h%2B%2FRvsOAfv3X6EBUAJ%2BufkHWhoD7j%2BOsN%2F549cnGPbv%2F2Dc5ZuvLk4y7P7m24%2FT5Qf3Pj0xYK%2BdG4wZ3tr5K12MADc%2B8ef5rYeUx8Ph1q8%2BNwnYu%2Frs%2FPNwCvD582emAPvrVJxHp3xwMAvw7t%2BmGZ57HMDjDL9P8CdOGzCc33pTgMetd%2FVPxxmKO5myIn%2Ff05dlkGnBOhssla7FW4%2BpzDLOXJV4GeA0G3DDRJxGKsci3mMt5DoQzNHSoxdhB0IkzIaCfWWDKZ8ZEcuj%2B6sNxhOvWO2dsNpksrzVCp1wnbMXqsYNRSxYKPCR2skSlx79FTYIpRsWbNKIExcnZ7GwPGIp11a6kTAVZjLEIKSXVdg6%2FQUVJqxbY5tSZHjHeFRjJk%2Bwo5EvAYS23pLPNZe2ZKvXXAqqvdaNNju%2FtdW7wNJQWTp58Cg3lvlaxWy4ThkVN7DrXxWJYHuSU114JF2ZFEcV5OOGibyTiUoRzVmIvrHNJku1otwpBtVoVpa7Tfbbn8UqYsFb33mlUWTI3VCKPdA7P8G7wpr1ZuNCjTVrK2xTxUe1YcZqIFIjt5DOkGM4EQFELPLIKKaFq4KkyB0bUfrC90FbJHY6YYOiqQFY6ErZoDwVrN8fbwZQJDbqlxk1MsV%2BQmiZBNgrVdoavN7JJAh4QqRMpVbG8qWySqhAQSESrtVUNc0TQzehqTYkyJOyQZ9l4oISboVk1T5LIefESmTIBqLYKQVBQw1WQAmlI20RLmPUfw98kS42n8gYEmKp0DiFxhzgNeYNlN49XHgy5A5y5q7NT%2F2S6jslYHABlSjzKF8SUoUFmqchVFEqrzJsOPqiFGqephBJeZql9I4RGHCInhnEWEuIYMPC3NMqgMPGyhm5IeR7ginHcpkg1UALjsIhmHIn9JHSy1bFypNodbF5ja2Tle1AVT2Jahh8BiuRs2gIjBUVEyMUdpiXJJYu1w6alUiLESDY%2BbJHF8BKomlZIXvigXJaCWWg0D53ZYTajQjBFWkqYBgkOeo%2BkB3iebR5aZ3COGmYG1SdpIYMIsRwR6JKOWJ8VMkzZX2PhDBZ6RMKfVRUsaeirKzIlNy1iJC5xyI1OHKIm1MqQ0VSayjQ5xgO5KrYGXlf484jdWETfLshqOHcRPW0FKScCEaghT1ppBOJavGNh0FuSsMk1GbKnxiYTKOCsDBaXCDDWniPIZhFu0NGFcjB0BCKhlOc2GFPXCfYVhqToRfww3j%2BjWWRswS2wAwqoKoOvnLtTs%2BDGuuTwaElLfakGKDbGNIkQJ
https://dummy-citation.com/citation?d=z%3ArVdNj%2BRGGe6FDR8XpEBAm0isSgiJjNTudtvubvcmgk2GXTJkZ3cyMygXDpRdr9s1Y7ucqvJM94kFISAHBD%2BBXwASt5FyQByQ%2BANw4MIJCY6ARKKNojzl7umPbFZJdiONp7vs9%2Ft53vd1%2F%2BSi87lpmjfV6Z6YfXNMw5Hg8cjjYSC8aDQeeDGFYy%2BZBMOY46IknhYq5Vbpi86Vk5pP6W5TJqTFeByPMqXlVFZXy1pkr8hpXuCyBoKy1ZGqMr%2B%2B6HxGJImaXXSuZjk5gQffea%2Fo%2FLHT6YiCMvvg5vP%2BHXdKraof3Pze3%2F75IxzoXAqbP7h59IyHU2fD8Wc%2F3OBVp7U2yFYG957%2Bw81tg07yow1uR7jvlBYGv7%2F%2F2v0tg91%2FPIbBjQhf%2FcXXtwx%2B8c3HMfhll%2BXC4J0%2FvbUdYeSOnzjCNSj77%2F7SHTZq6Jx9tMEvbIOyNngv%2FtZvNwwe%2FvepJ4zwIH7HFW1dw199PNpsGey%2FvQbl4K9%2F2eThV279%2FZOD0v3P9TVtXjO%2F3wTl8IdffcKUD5%2F%2BsctxDYr%2FGClvGfwdufxXEf7vnnv2BAaP7rTE%2B%2FRa7%2Bhfz23SBgZdwE9g8Pjn%2F95M%2BUN6md5olKX51beO6Iw0L5ixmluaSjIs5RVLiFFZF2pOglnFeJpLCDKbS8NUckKplWfUZaZJc8YNkztMqFpWU0gQ2w3vRs5gk9pGEzuXNodkUeeN7gaTLgt9liitqm44YGo2n1IVBoxXgtW5Mri0akwrF%2BKKXmAS5kslZDZ3HqQ1zMwrODIIpiSbK8Gep960x9KcVxjc09ZYqspEVu4EzYw0VZZV0moFf3hYWb54WmtKG22UNt1BDIdDXCMmK0iKJiV4MKpuY2KNcQo51yiKKw8qZrrhGAoxK2Wq1Tk%2FI48bBGZRuFWU3XCyEbKskE1hEYXhhe1G%2FvYzrBeZskK%2B0UgRDXZc%2Bsi%2FJo21VLbJsVoZy6wmbkuX1SJ5mmWqkO16igIvGrZFgFldAt6V8DpFZ%2Flsp62EVkVxCZ6gDOguInGVvoTxhWjEIA6jfaU3iivtAmDlXK3FzTIqQ6X0nBPUEtvWdIOoy6KxNxw46BBZxStVc21lWjiluwdmx4kMA28YtSm0Yp7SU%2B7qkmle0rnSp5Ddv3cbwiDJcOgNxzs99lKpllkAU1eZDVYjn0V6Z1Souq2bytjUa8kK0lm32nkxRyDAA%2FiVprt87LGEG%2BCZkyWN0q9S5GC3qlxbgCYOk1qrUrYkKeFXS14YJhoIqLaYGXEjE1lIO29TI%2FCy7aSKDJ6irs6SqQGia0lCXVo8XaRtiKAuutVxiwpoooe8XBXEai616QURO4b%2Bxwg65TVPoIe4TFOjA%2BB%2BWbYW2Ed5RYPpqVPXWpI27DyXsEKVUOeX%2FNkopUHKLTeaCmwml%2F4iBJtzizikwT1UbJH1HE6m0pSYPfac0B1LbJY0XhIM8dUoeWVNjwnHg4vOl3KeOKBTO%2FvzsRtQms4knaPtTdoYA3%2BL%2FmqRXRGi%2B0HQeV0Xcvl6111m6kG8MhgeYKEbLggPz1xEAu06rQC4rFJZO%2BqCYPk80VJggrogXfEXDHvRNMm3wxf77uNue4gWhxW9t7ugV%2FA0BSQkvuuCDfxg6PlxuZxZpPeqTF10npryBrNPm%2FuFLGtkfxuX0hTGPX9I0piGnkHOtqDZtd0cbZjCz5FKJYF9h22JTHamiqaka%2F16ZfzO6rVYun1xiIlKWD8yA8PsAe48ex1vxPzy%2B5tFO0Bk0rju%2FplbVBU6FJ9ZxktZzPNjkjOSmqPqIHq2d6bY7Z7AyKHOw9LTl7lOlFkKl7dEg2Gr2G6P7T9Sh46NC7LVqI5yecp2c8luiRLlfZSbXV4CX7VQOj0gCLJXevCz0EiB4kXn
https://dummy-citation.com/citation?d=z%3ArVfPbyRHFZ5FSy5IkQKK5CACxYqDrczvHs%2BMOYB3ba%2FX2Xh3YydZuLBUd1V3l11d1VtVPTOdA1oQF0ACCS4ILvkPkAJC8gHlhMQBOHJDQhw4RUogbDisIvFVz%2Bzs2PEo2Wwkj9U%2FXn3ve19979XM909qTyVRWqjjPTb52iAc9KPhOm9EcRA2eutxrzGMO7Sx3g%2BCjQ5rr%2Fc2BonUEXXanNQuHOU04TeKLOSGDfpBL9ZGJEJdzHIWXxNJKvFxFoGiWiO0sj89qX2GhaGenNQuxin3AQ82n352a7NWqzHJY9x96efX7uEucjp%2FsPny89%2F7Lm74WDCXPth8VT3jIxcSr5BzEL%2F57q%2F%2F5Zedh3jwhQTXc8T6537pIz8S8f7n7TKOm%2B%2Fs%2FmMBcfu9F85y%2FOpjIl7%2B7ZunEd86y%2FFcxA8Gv3ljCeKV%2FvuLVW%2B%2Ft%2FqxOJ5FrHseM8QH9BTH%2F978WBzPVr1O5ojbtfd9sgUd%2Fe3jI%2Fq7GeIfqZfgEeLbXoQnQdz50Z8X%2FXjph7%2F3CR4T8dL%2Bfc9jinj1xsC%2Feoi49e8%2FfSL3LHDcfeZ3p3X8%2BxMj%2Fu0rp3X865MiXvvVjxd1%2FBR2Zu87972V5oj%2F%2BcuH3MPvFtrx8uIbV0XSJN2ArNI1chilPMNwioiQsrDOVIOK6Ji4lJOksXWjdftmQIRy3MQ04mQsXErCQkjXEIpwySNnsDoWXDISG51Vi8jqC2vEaYK1q%2B%2B89Ye1JlkNkSxPOYKpJBSMpqkakTYGIJwRG1GlhEoIWCibCWs9lWkKXGQiMtpGOudk9fJW4%2FCVnf01IjJU6OnOqUY6y7UVjltiUz2u8FCKUI1cUsUJVWxajqQlNwQlF5ErzByErIKH5CSkhghLukRla3WyGqGeMueNvT28AQTFeFcZV26%2Bzj89pVW9erTK1kieaufPACpLL3VaMqMTrkhuNEN2X2aONdpkVEHj88sJOm2ypfMSp0zq6qTb7gzIjrR8JLhpEhxKEKiVachVSHB%2FVBhXOJY4lFfJlFLKwVA%2FCoiwDdM7zySlI1TPQY%2FxEZfQm9VJYjh1siShxjqvKajjmbUoF%2FpCKJ5xgzzJ1ArNXnfwz3u%2F6AWes7KCVemrnaAjKiQNhRSu9KVi972MxhcytvVe0MGnS8bea1KSY87zaQYLI3iCoRE8hgcdiXVUWDgHDz2ypJDJ%2BcpxkQg4gLrqxVyVhvQleadJvz0i86QQRJU3COM5zF0okLUOQvmXs07IUDZqpmBQ%2BTdH%2FRS9Y8HBkNQf9yXhcSwi4Yu5efuwSfb9msoatlQAseJ1cA1LD4idliTXsoRq4vVp06XU4hHgIlMiv5RCeYmqjss4EzrCXgHZZ6fGp7lbUOWKbJ4YH4vmeHlnjcycr0lMwSKiBqIZr7XOQqGmCWfqMB5DWVKZrEleATmOoqCPcL4DxlzKBo2OlR5LzhKU4NLZSl%2F3GbYPuwELKQQD1t1CeOhKKFvA5wIXZzpiwf1NwsbaHJ%2FUnk5p6LcycpO3t6gJQRgZDKxk61NRYk6teGQkB1%2BBNyT2Jk9oTkaCIqVwNERDK6o0NVEKLpiZSkSAgYwoH9ZFQ1uYvpLKk7IO%2FDOtEjzhEzH1PAYl2FOJhdzmPMIldt3XdW3noO63pk62buLqxgH%2BjX000RPBKrXrfrtlAV95r2d6ROW0G7VJwGyWVtimpFGExuJs27u42%2B6uN9rDDD2K%2BhQ3eyrWJ7XPJrRwqTb2nhRZDo2u4oPig2Gzvc4xOgv%2BLHfCST5Z2cKIr1x7qGEQaHUwbbV4pGWR8ZVePgd%2Faf7tVvij44CqhOMkErFAR9zCk%2BeefzOVcNT0%2Bl3pVxqBXgSVn%2FgzS9HMr4hjmglZ8utFBo0TMeIqvWWoTVE%2Bhp%2FktXOCDyFyOg
https://dummy-citation.com/citation?d=z%3ApVfPbyRHFR5HS5QLEISQFg7krbQSu%2BAed%2FfM2B6CFHvH69isf%2BzaDrtLFInq6tfdte6p6q2qnh%2BRkAxIBIlDCByAWyRuIC4cQJYCCjckRCQOcNgT2r8gggMSC4hX3RN7rDBZJ3sYu6vr1ffe%2B973Xnd%2F67jxdMqzUh5uxqPLSTto8cXY98Ju2PXaIQ%2B9bqfT8boBZ91uyJc7LZbmijOr9HFj7l7BUtwp%2BxHqqO0nSotUyAv9Ik42RJrl9LOGzER1QihpXj9uPBVHkRodNy4kGTqDRy%2F897VdaDQacY6JfbSy%2Bet%2FuBW3qni0cuO3f%2FkbLXAoYps9WlnrqDdpOeX24hc%2BJOLWm7lbnCAufto5eBLE7e889Y1pxNYzbz8h4g7%2BxKV5GuNztHoixN2N5lkeX3vSrG9%2BJjob4yfd3uMQVxq3Xp2J%2BN1fOuJOY%2Fzm%2BRDbv1uZRvzzFOK7hds6jXH9PIiU9Q3H9wniuy7RGvGWWDujnrn%2B0UfJehrxwetnYuz83i0%2FdIx%2Fd6sace%2FGg2k9Lr6955aPjfHZv37K0X%2BC%2BOAUcb%2F3lenKXPvj%2BSpz6V87Z2KcQjz4%2BR%2FOZL30ifPw%2BMJ%2Fbv%2FY5TJBvHT5jVPE3hswrfCDP711Lh7%2FvfWLqcpcuswdSI249vytaR4PfvPM%2B2LE%2B6WyOL7ws%2FVS2wx1X2mcB7qCVLPEYgzv%2FMo7RKtQsr6QCFaBqC6grwRagQaErA7kQh4SsoEhM8ByowCTRHCB0jqTFCVqmqEyBQYglfTulyh5Ri5wxIVzZSyzCEzGZOECgYQNlGZRjrCxu70LkOMAcxdeaeiaxQ6MAmISUGZMcsIoMmXdrGb52AoOG9f3gLxSuC%2BHi91XmrBJwZgq3r4ytnbtYIwt4zHdZxZuM5k%2BPPqpIQpUWUBG6UCMfRr%2B1kHFtZWDsFqwV4kMjytpmZAOqLe7biDRrI9DpQ8BuCpzSk2kUhAbTNp8DJFyvh3CRrgb1jGbsaQbhoKr4iXHLrUwCAJ4561tyB5%2B74cBxGVVAXcyo%2FJ7psDTnLUWqCkmJk1CF1Awmw3ZGFRC51gOsZJKPzz6EeMcC3r8Uc665LYkol8Ol%2FxX5mGYCZ5BoZU3EDEBE80MJA7JIRXXZUdYzjlX%2FUjI6onobqVer7XThqGwGUBSSu42yGPFxYkuKjpNExahp8dU65x2hB3Xx66PLErns6fkvTKtoffJDPuwWheMSOYaiZs%2BIy7RqWXiP9KKxZSyk84Q2SFJLYYrvh9erW7RVXAVipxJNLW4%2BZkACKESQ4wJcuuhpHcARE0Y7yVW1ZBulBynaxALo8vCSaJALTwVk9wJT0hnGEPkBIW0tKgdHQNG9aeGMEDkux2kpKsd6qmi1KRE2ovpwul6clIaMSCHrjfJkEmJjMJOF9ByKkoK6yJtQtiBtSp4R5LVKnc5Ma36RBGHCq9mv25rWjepsusH3uaes%2BztVDz1DjZutvznIQKjchF7dT8GrR5sr%2B7DzvYekN44CWweOLz0NZLSgOS6trdfl%2FCAlZxYVtbAFSEN2qvzQM2duyNKUhyRc3IquomWCi0MRYQUxTz0Nm7OA4UxPxWQa902tW7sGuq48fGMRa4TuR21dgdO8Q6EVfXjJIN5l2OREZkcqCkikghVWZOg4QrVM3fyNwbjNUouDf2w4wV%2Bf9LAqDdloo4bH0tZaTOlzVFOlSFX6%2FSjidT2m60lFMaUOEfDz%2Baod5hU3rbgWsEWWqqnSQYqL%2Fv4bF7VQkQlnTTfd7ObZijS%2FyShWZqP%2BYYqMaXqymQ%2FY%2Bq%2BiKlw2Pg%2Fhi8yVRtmdwRT7l13lmm0Nagt0ztU5HGJswzjr5PL2hTvClLUTOd3iZY6yjvCO2BqpuGWmKQT05F0puN1Gq8Tu6%2BWVOVZ
https://dummy-citation.com/citation?d=z%3ApVnNjxxHFd9FccghICEUJCJE6kAUb5iZnZnd2Q9LCHt3sXcTe9fJ2o6iKFKqu6u7y9PT1a6q3pmxBNooEpwhUggcIAdfuESI23JAFn9AEEj2CSFkkJA4ARIHZEH4veqej16vyZKR%2FLE9U%2FU%2Bfu%2F3fu%2B1%2FfbR3JORH%2BdpdycYfI37K2tr7fWwvu6H7fqy5zfr616H171WJ1habzVXl9d5lCifW6WP5uZvZjwSu3nPE9prt0OlZSTTJ3pZEG7LKE7w2xock%2B6GVKl5%2F9mjuc8EnqcGR3NPhLGgEw%2B%2F%2BXH794dzc3NBIkL78PzO%2BynDk29V9vD85r33PsCD6MvAxvT497t4nPL7zEkG%2Fx09VTH4Kj0VBrd%2B%2BNFb0wbv98jZDAa%2F9fo%2FyMLE4MaMBi9%2B5Zk%2FVgx%2BRI%2BfaDD752MN%2FmGdQBsbvPNTQuD%2FjfCt82ODlz64W43waarRDAa3vT9Xqnz%2FyRkN7jzvvpoY%2FManKcq0wb%2FU6GFicHtGgy%2F97GqVNqfD0GSE%2FEkGX%2B6aSlHufH9GDC83Pl%2Bt8mdnNfi3drXKFz5NL08ZvPKLG9UqD2aMcNferhpcO02nfHxul46dZHBv5ScV2tz766loI79HyIwNWjJfGvzXFyrydefbM6Z89c0PKynf%2B%2FGMRbn6q7uVCO%2F9lr6bweArz%2F2u2nprePrkonz4S0LmRIP9P1Va795%2FTiWwj1fsVx58sSKw99%2BdcUi9uvl81eDTp1Ls9DuU5IkG76xWWm%2FmEbB%2F5laV2O%2FNqIf74TtVPXxEHMStXFkxPNPf0560PGE85cnQCMOYCpmnbMwyLY2VqcBXAeupQIZSBMzwXpbgWF9owXyVBrlvRVBjTIsDwROZRszIKMVhn6eW4VaIk6kvTIPtpMzGYmK4sIW79Kkfcx0JFojUSDukKOjTy9ev7LkA6GF7Dw99jhhzOFC6lwzhwFgtvRxBMHUgtDsYi8zy2%2BRCI6DCM2KtW82NrbkjxxJiJlZ9PGkxbbCMaRRUDV%2BbPEHsEZNFLqIncALpUcAiEb7V8KOlHxMiEa1pLvy%2BSJK6ERnXnAyPnbgDvtIwnAFMssysmqRNKTfYtVgYh1AaAXoAyzyUxY7jpCsUjUx9LbjBJ7QkJixMUJ282BZHiJZBGouPfcYy0CC1Eod9ntNNb1iawiEUF5%2FsIv8Ql4AjAqHY64DAty5A50jenoA1KuB0iizkvkzAM0sEEyHIIeGVlYDQCVdjzVMDulCoWaysEgNfTtfB51pLoU2N9WQqexIljpjH%2FS6w5n6RJhmaYiAowkQK5Hw66%2BhHlrFCg%2B%2BEAN07oIDfaC913ixSzOKhwe0E1PRj0St%2BJMMqQ1BllXE30yoT2kpkhZCj%2BubS7vKoPCwE%2F%2BDd5ikysLFWeRRTALoHsC0Ctj1gUGP9mNji8K4T4AaAH3BYAUZFOiX8i7GiziuZl%2FJUmVgICzRGhacUM4XiIp8Rawqil68Mx5GRvQz5Fw2B4mjw4MHhj5BNNU%2FCH%2BfwPRrXLx0muaMr3eVZJnCibIOUPfjuD9hvDl8sCiqdZ%2BBHzWViGVq6ztwLDeOeUTqjE7WyTJNyT9hRgE%2F3HSHL77XwVc%2BTqTuCdDXPGNEaGKUIx0V2YwOFyDXBTgpQdgz1C1LXEIwTvDXYhZTXk6FjFxnZdO53qU8FS6BziaHSH8gArg54knMPCiKRKr2jUXZlP1YwRbAZVcZ5CPpKd4%2FmPhcDAKDk2%2BFT5y%2BUP7JrCqyMJRw5K9dT1wS7RQlfYPs5skTa5HSLolEZMYldUiDW2f2tS6sLVIYEDeKkCu%2BYHlFO9EBWbnMkgUI6EMAnAx9gbKvRYb%2F%2B%2BWaNScskgtW5T6KAMwXqLCVdE6noO7%2F4QUdDZlSuibGEj5
https://dummy-citation.com/citation?d=z%3ApVhNbBxJFZ7sZtlFAmkRB3YPSKXAIZE84%2FmzPd4fxXFCYm9iB5FsckNUd1d3l6e7q7eq2%2BPJZROtOKyElj8JARIIzkicuBhFC1IkrnvZH4E4QASHiCsrBDnA96q7Z7odWwr2wZPp7tffe%2B9733uvMvf2W58J3DBPxpve3lf9Jdf3Vvu9ttcbDtvDrue1%2BfLSqN1dHiz3nV6v33N6QaRcnim93zq1k%2FJAbOexIzQf%2BUrLQCan49TzN2QQRvjLDKykfUGqxPz4pf3WM57jqL391mk%2FFGTx%2BPyn38xYq9XyIuFnj9e%2BfPXbf8GVm6n08drKF975BS7ERHpZ%2BHjt0kcf%2FB6XNbfPPxUgXRWAI%2F%2FPaw3A9bsnA1x9%2F0VCmAP%2B7YSAr35R4nsd8FsnA3xt52d0MQP88D%2BEfwLA13%2F3KVVhHuEGPTsB4PkvnWsAfvhPUsAJANeWLzSrPDghh2t%2F%2FYQQ5oDOCTm88J13Gil%2FfOVpZPOvln3rMMD10eeItHmEPzlOUX5K3VYCPtxvyOajf58Q8OJ7N5ocBvTsBICXRv9tcvjZp4hw7dkrA6rdoYC%2FerE5bX50HB3%2BnIIqAL%2F23fPNXn50nPFVA7z8yh%2Bbwn70NBEelE0d8O9vN3s5Ifz%2FN8K35xP7yvdfburwt8fhsAa48dpvGjr8%2BMxTAK49O1qjUh4K%2BOs%2FNHX47nF6%2BT3q1wJw8wd2Xs0B%2F3QcDmuAb7z%2By2aVPzgOh3XAR682U753UIfirVxlYvrcJxdVnOaZXdc8YrHyRBTJJGDKZ1komDvlCY%2BlJ5ifJ25pFWiVpx22mTDueZJuskwxmRmWahWr0kr4vnCzBTYRTOylkdLCY27dWzRlk1DAi4YraRhPcFu6CEKKbMpk4mrBjTCMzhMR86PczfLiYFGFJyK40MoQpMtSpJRkErYTCUREBZNURdNY6AVc5IaJJOSJSwna7EKuA8GMSLm2wB12geKAb0%2FaQ0%2FlKFXGSCc65BUGn55I3KnNFIG6ecQz5EqvbVzfur547c2t6zaHInScm%2FBMC8E8CYo0QgaGjmXSzM3wWLBQpBm%2FIxNEADvc0eAwAURcOM8N5XLp8k3GEbijdgU7Sw4aRDNPZFxGZgFhC3YjT9NIxASnp2wLBVAeHjVvX5aBYf2lh3d%2F2F8BId6Bxzc5cbFyrkOGuRZsiZlQTYwNXAuTR5kVkXZkxqMq51oSVcLgiWrFtjf6C6SeTCXt2rPti9sAocJy8J%2FHbVcp7dUeGpKm1SNSyEKeMWm%2FEL0gQ0NlLBF5hi%2FQFdSSRxCUdVnqi%2BK0upPQXEX9DNXm7qo8QVBl7TvsurMrVW4ilLwqsrWzha5SdSHdwtFV9uB9Kk9x15aNg7IJOq3SkfBQGxkk0ofskgydEaNfCuHLO8i1CAPkQQoFZZD3XD9zmeQJ9WGl2pJuSw21g0JMVYDh1NMqEA2%2BbdDl85ommTOlCnXYbcF4lmnp5BkMYFSF4IJVRJRqUURETVg2Z0KAIbiv9QC1TUMOquCdzANcFx1%2FVHfXnQLpaBoc4fKcMiroqPkvbtjKlPdQVrwHjg1mI2FDSUVQKQzgtdbyzemToEtsfimXlmoEA8Iw7%2FJq0kiNS%2FSkUxFK9awJsDCB%2Fh3uyKhUoiTR%2Bdwl5%2BXYgY4Tg2RnRfSEkTRY8af28MntjO4wb6L0eL%2F1%2BZA7IBV3p6eDm1T0iqG2g1J71XRksYgQ1Vn0qmLjRE0QoUEH8DTEfHfBkXbwHKRqtMYCC9oXB9vDcwvEEbdTX9o80hAdDEJ5NDWZDbJSGRO7KsqL4LZVQmMfnYhehZ5EnKJYtEJiQGGEUe1kQjzaXojUhFFiu0QMtY7GB%2B4XKSCuoiygiacA4G4IYXg56FKILuLumOjEAvMgNigugjw8oaErjPli15HHWIDl
https://dummy-citation.com/citation?d=z%3ApVptjFxVGd5iQaLiH4RUTMohBdzi3tn5%2FqCU7m5naxvYUrr9gIqRc%2B89M3O6d%2B4d7sfOTkOgfESNmggaEDVR0R8QYjQqJvaHSIJKQkg0JmpEUUP8oWJUsIHERvB5z70zc%2B%2FtTJntJrvd%2BTj3Oe%2FH877nnOf0%2FlNTFzWNVmCv7DPXrjaEXirl9YJWbdS4VszWdE03S6ZWKRcr5ULREPkcb1qOwX3HPTW16XiHN8X%2BoK0Lt5HLVWq5bMNxZVPam9sds7FXNlsWfn0PQ6V6Sjq294VTUxeYuu6snZra3GgJGnBm11ufuoVNTU2Zlmj4Z%2Bau%2Fs8L9M7wnc6ZuVLmx3fijehK02%2Bdmds9v%2FtZvI1NvWkE4NzUrXfPDQGvutoeApafuwOvB4D1qU9PAJiy8Kqr3yCjQsDq0f9%2BIw5Y2UxTbwCw9o8vx12uV372540B7rivmnC5chmN3ADgzst%2Bk3A598xkMVxKJCUGeONTAX01yPLb%2FyP8DQDOXfmZhMubPr5Bl%2Bf%2B9ru4hfVKY4NJmX96%2BmQcsHTdBBaC2CcJYhTgwj1dMmkI%2BMT5WPglMioE3L33%2BUTpvf3Q%2BRA7Bli%2F9PIEbfIvE%2F47u3xPIstxwJcbySzPTkabpIV30kMh4OITP0zy8K0JXD7LwhjgHndzsjm0zoeHnxsCfvSGQwmXqycpHBsA3HvRt%2BIuVy99LU0bcVfg%2BKK3%2BZJlZ4b5LeEKxvHb5naPiQZ6vu%2BxFl8VTBfCZqZYxWiT%2BQ6T7Y7r4HN6iDW13YX9RdZpOT6tBdzq%2BdKg56XBjd4Mk7ZhBaa0m6ztuBhlOU2pGdxihmP7rmNZwDSdDg2Yvj1gwmfcyrB8NlfaPsPaAoCYuuN4kpYZxqZv0V3RfO4HdmxkDSNtx9ai0RHYzTKOlt3B2LEWxxfcNtm87Tu2FL4v1Xd4HtZ4vhsYahanwVrCF65zPLDDT5jjsmOaZ7REG1ECwnL%2FjeG0lXXCY9PLiMdwygpg4T6cNAODTFrlBrd9uNMQBmI7vT9hYX47TWIKTzZtjYZ3HNcJPBaaFSAzcCk2vqhvz7B9PlLk9TPURhAwnFOe9B5Lh2paxWoHOzqYtv%2FJ7XwwKPoMueW%2BSrBKpRS20aO4pPLcxlyu5JbH4BqDHUzYiLIRGoDcu4J75Awh5evMC9wGNxTROMGF7EGchG1xF3uMcKStGEoDOOIPqqkAz6jI647j%2BYpPwnM6juZS9Gku9WTMPs%2F3MmxP4BK1wT2hSJ52IOVexGZyJuVLW67RpF3pt9itAbc1P2iDa5THW%2BseUnFQGML2LVD%2BoPAEd42WSs0q4tOQVDgU0LZwmyq50UQhXN0Df33m2FaPiHhXIFxPGesKpFMqCnpkHhMcsNI25ao0A1VEYJ%2BNeZkeUP48h3k9G5NIxAhVpgDburRBT0KULuPmKliINgDLd7fAmwGl8gW4YXYdd%2BXU1PtbXCcqGX7vwiuGrllOVzMQf9Z0eaeFmjQQK1dHhdgSlpogaejZdti%2BKjhVdwu9Kh12lVY8DiMop9RP8LDJPMcKQm%2FRZ4S9Kl3HbmNuuNpBr1DfgfWUa0mlEZgwqgt%2B9Gx458kTlCzX6doRO1QFgXdRuJFHBAXFqDatzJRGD9NL3ibLVS46VoApYeGBXL6QYYdoGvw0MLnTDZlgOVz1M%2BRjvsn2H0BmIu65ogNim8kJleexFgZfDeGBmvMN1I6iBYjN8NrmrkpX2E9Y%2Fhrgz8bAZvsviDCpBpXg%2FbAneIFBkzUCYkLfPnIrZq3NbWdYx11aB8gIV4AcHoqPONTiRAUMUQHuoZW5kkLLbZoQAfKF0bIlmIusBOAoDLjtYH2GHT6iHZFeZoYtLB6aYbcdWJ5hy4tLM%2BzQ4lIUXVt0kT7PF20m1lpSh%2Bsm4kHtAHmN94swQemuSPyh75BB
https://dummy-citation.com/citation?d=z%3ArVhJjBxXGR5bThQp5MAFORHLE4uUZaqn954O2yxxPJNMRpZtYo8DEq%2BqXle9map6lVpmun2aRCxCAsENkFDEIZccQCBO5gQKJxTEjRMgFCELDhwQoEQyAb7%2Fvaruqva0Y8sc7OnuevW%2Ff%2Fn%2B5ftfvbH0oOf4eXSw7Y4%2F2XLbrrC7jjXsu67VxUdrOGx3rFGz6w76bs%2Fmw54XKIdnKrmxdGo%2F5p7YzUNbJLw%2FUon0ZHQmjN3RlvT8AP%2ByFKekfkGqKP3qjaXTrm2r8Y2lMyNf0IFbn3%2FPe%2Bh4aWnJDcQou7X2iQ88St%2BcTMW31p57w8XnJXEk3cy%2Ftbb5u9Nr%2BFq59YGTBP736d0vLxD4%2FMHXf1ET2KRn7ydwTsOHb5IMI3DHusUqAp985Od09fsIXFv74Gt%2Fqgp8l74Zgbtnfk13zTT8JT17fw3%2FRp4pBG5%2Fb5e%2BGYGf%2BvGDNR%2B%2B%2Fvq8huLlXGVicuY%2Fl33BZIQ4hjpcTKZMjGPhZMJlmWJxog6lS0dSHVqGT%2Fg5w1tpbqcQI6KMuQJPI6ZGzLM2O7tdy%2BYp3k8naSbClB3JzGcshVQ5kg7JjEWSSZE2WLvRYVsiE4kCvELmqlhGHjsXiFDLNV8dHrFIZUxFwYRxdz9PM62BiETiTZjNI9yVJbmT5YmYacHs8jQJoRde3GB0dnNjmdl5xniQKsb4aARzC5OSEXdERUOSRk9iX2WEaB7ApmX6KREQz2SoPQT5Es6pnMrIUJFox0YQ%2BfhVOiTo0gZj7Wa7%2FUSDbUzInYlyc4eeRiqyQoG3A7wsjA8K77lyZI1wJ5yCBw7eiYSHiB3KDEbCJnIf3kq4K%2FOUjRI4c1M%2FYLtTUVpv5vg88QRLhCvhNAlHUNxnXjuSQcBswehg5Al3mR350vFZyCcsEFzDghcPb3OPZSwX2qcN9oJKhDoUibm5tLW8sGbvzGAKt4ycRABE%2Bj1XUDUJ5HUDUbz522PLUdF%2BDhcAZ1OXwMJEpHmgAy4jqOmKQg6%2BkSiNFY%2FHZEQRPHMHvFC94FCm0g4E0wWNPX4ZxpbBQ%2Bw6iB0zmVO3SFtDcvNEaviQLbgERwSw6EqLTuKILSNXA0I7KtWRIqxAZS3D2h0zDrHQLpWZWIaNETyuYVIJYpbwKAUucE%2FMHcLCCQEhwCLaBmME09IJy%2FramWB6xt1UJbG2Zyp0hvcZ3OeSgoKu9SUd6mAvsP6Cdo1KZlHXmE0pyRHDAnzkL2APIbMkkj1ORMyhO4WrEi2ZFIHhNrSFOeRdmJLlURFiXRooAHDqvJ4AhA4Yyo97pJKDG0uP%2BBAEXzrZ5MzxevGRXaHES3gsoV2gbAps5KKaJHKKxWVcdCiBPEIuDsQqCEw%2B%2BRx%2BFo4KkSNQqghLyPdJn0QBWzAdv%2Fo56gNLlSNFNmmwC5U6g1JcuIPHcSCNF1IVwAdztxp5VO%2Fy1EBfjH1OhY8wjFd4UhTLBltHjBGDQxGw7EhZroSQ1IASLUCQccvMg9k%2BcAcFEhvWRBJWow08jjCxDkpKlz1RmCgiVAxkKMpQoSVSDTYheAvdvqWOhK4KlJUiMZ7QBZQcL5HrRlgxQkCf6bWwCeWJrg5kKLPyAOpFkOuMilUZcTEGeKFPkSspQamImn4Xj5A%2BpojV813DSieBSZFAHU17A%2BDIyQQB0C0zJ090UUbZETxBlYSzZsqGXFLLGiknT6mXoK7dZb9osG0qWIBAIg6lOEIRpvYUhjyR1wU7xB%2BFOo888pWbVtNjdvvbx98nL9UN0vboey1CszPzT1lLqs485ECgMwF4MOUJgCPyllkIUb4KFFovijAKIADjz%2Fdw4zgyh%2BSYx9Me3dDFsxriov8UmtOr5B8XNx5Sl4PzABWttisATndaqFXi8Yh8pzOPU%2F9AhExrR4OD42kSwcsuSo5EOXpW
https://dummy-citation.com/citation?d=z%3ApVhdixxZGZ7sJn6CLIqgLrJnJYOTdaqnu6s%2FZlbEZDMZdtx8jDOTbBQvPFV1qutkTtepPefU9HRQExURRAKLN14Kwv4DA4M3%2FgSvvFCEsKwXgiDoZUT2eauqu6tnMpvZBKaTrqpznvO%2Bz%2Fu8H9U%2FPVz4xCBM8nRvMzo4H3eD3mq3G3u%2Bz32v0%2B74Hu%2BInhfy7qq%2F1hMhF6sDpUPutDlcOHMn4wNxPR8GwkT9ZqsZayMHMj07zKL4TTlIFD7OYqEs9kid2ncPF16IgkAfHC6cjRNBCx5fXPjuXbawsBApEeNq8%2BH7P8RV6HT2%2BOLNe5%2F%2BHS7ESEYueXxxvf2H%2B7isHXzmCYDf%2Fv8v38KqGeDfCL4C%2FKBF6FPA7h8fPR%2Fgrc3v0aMpoP%2Fv0wD%2B9wf%2FIUcqwFfP35u5%2FNJLjwhhArj78O%2F0rAb4wpMtvPGnOuC7ZFQJ%2BHLwkB5NLTwbE6VPAURQfnQSIPvrb%2BcAu7%2Bmy1NYWIvyq%2Bc%2FIC9LwPMv%2FmWOw9WvnQLwmIU1wK97X5iP8v%2BOBOVUFh7MAF%2B7tTWnw9X3TmnhxRMAvXsP5lzueXT5cS381Uw2zV0xb%2BEv6OjnAGz98ywhzDh8QCs%2FNiDxVAL6P%2F79vMvimVyeAXY%2Ff2nO5e6DU2bKSYC99x7Nudz%2Fx7PIpga4%2Bs2f1HN5vXf9FBwek00NcO3PX6W6MQXsfPZolMU7uXZi%2FOK%2FNrRh4oAPMyWW2ZY38C771zuMKcEjy5xmPNrnqcNGy2weJoxbJtKEp6GI2L60MlCCFRWcRWJgeFQU8GXGwoSbgWBWZNxU93jo5L5gIqL70gmLW2nEXJJbliXaUfXnauxkyNAnWmwzdcKkxWau2Hd0jgvFdMyupPvS6HQoYJhiO6EUMKfA2hVhkmqlB2O21G62OxdYu%2FV6v9lce%2F%2F%2Bb%2FrNtl%2FaIB0eX%2BaSCce4ajCsbF9osN1EWjaCg1aIlMmUcWZEiEOYdXk0ZqFOvSgPHTwPxuzqZPsyGyXCiBl5PEyk2Mcq2j%2FkZo8TSTV6mIhjWVg9JnfW1hqdRYa2yCIZKh2LlId0PM5zhltHYWCZkdbJVLDqkFEiEQ2dqvHsvHar4S%2BypallE8fgmQBgqE2my2DQsaDc4mPAPg5zWLLlFSTe8ELtRToD4uQ0Mo5W1J0ARNsLE6WNzhIB1gvudGCFIWPI6EBrMh8bj8mhzgHYVHokjEwHxeKArBjwjLGl70Nqg5o7Pl9mAVzayA1WmqE2kC3tgVzh3sQwfTAeIIZsqJUIcwXxcld3uJBfSbAMcooozCWYzGgKcQWDzHAitaTaChHey5ArpEYCRNiMkym62B5qSiInEJGSJsGOEpRppXKHfCLG%2FSYbyrSSXbEAgsa5xCJOAH0zHZYCBE9zfJDES0ImEazHhxxwAgoKx6GCchosGmmzd7jwuYQHlu678Sd3LlVf2ZvwRSJLR0SCsCT7gtcsU%2FB4wgivsVhpBCdmiaSsDbkJsCyVYBXeLxUZwXx2nXXYhamGilQ%2FIqRQgvhY6QMekr8Iv81VzIfCJbh3F1EkD0ccBYEIq0DKegGFEWUwGtqCPbHRQwbTSE2z80fSJXUF5JaeRzKO4Td8pehpyILGz3p2wC3YFIHrxWXWwYeM6y2y0cp%2BUTIEchy2FkGdM8rSljoDtH3%2BuoSaZ6mQFGULYoKMuAuHSlM3UP%2BkAIWGpxZcDsFIbAqPlzZ2N7cvLLPbnuEQH3yi3UStzUTojLahzlDybm%2BvY5UNeZoSokBu4GEKGYbVGpRJkQozGHuRxF5TSL%2BEXdq5cg2Pr6zfBgZZDqcN35eIjcP9SS%2Bg03NLrMQET40CWQg1VKYUHCGuBog3b2HjLah%2FfXsHZG7N94C6REj%2FEhlLkgbljooJZe00oVC4iTiYTN
https://dummy-citation.com/citation?d=z%3A7Vhdbxw1FE1AqPDS5xYJyYIHqJT9SLJNSRUqhaAiBBTUD%2FURee07Yycee2p7Npk%2BteJX5d9xrvej20QKBalvK7XZjNf2vfecc88d5e3l1qdViLa2%2Fha96kKm%2FtZfP0fZGputEkrGafDC2xytJvFdPTg5St300f7RiD%2BelIfJ%2FOHeYCoTadHITNFKl4SRMxLUUKyxLJNoY2hssr4WrQk5KJml61NOQnckchDZkI2i8%2FYVnqfSa5Fy7FTuIu0IulDkHPmMRTm1zuZ%2BR%2FAe8jMbg2%2FwlXSiipa8dtZTSkPx3NgkIs0snXP0GYpIQgoVmjaSIZ8sMuRLrB9oarPBA%2BeEU6HifITqYlwEzcSLkRLJqIwALjfBsUDj%2FUo5I1omlLqmkdG%2BRkqJZhSRPepFmNpiCXhYZBmQIOexdg8T01IEbY30qiTVRpsyar4xox1xZB%2FRsB4ejSwepr1QkSSO1cIQOAunnVfZBp92hA4tr59bQOKDHzSEyA6BGazVw4rqHUA6WFYpXJAap3dEBpe4ZfVFEyLqcKEGdeUSAdBDgtSCn5PJSgs1MRsVqQxyoUxCEF%2B%2Fhx1iBmFsbRz%2BQ0EM0Qxghi4JZWSUijN7jepAUyZliqgS1Ni60IMXwEuuU1YzrXx6KTUkxYm0BipQQRlqrGJdASnosOjiA2hfMY6ykjiHcvlzLnDZtgCvpFaus%2F4qu5rqKJEZJ8%2FJmF4XVFjDGlkWuFCKkcm%2BZoTnF0eCns7k1EEua%2Frg%2B4NzXZY%2Bp295V5gtqlSOpAfIaNFeIABEyJcPxeMu4s4IwtB6ea2LZESCCGD9jCC5GvDN0aeqEIZ6AoKXaxCkBRVgmiIqBRHcUKsqwZGdoY3nXVxVVqF1Vf%2FfEU6GNAtOFDEsA51RLyrECIidjcxIuXIdIhS%2BAdcaRte1tXILC5MoErN%2BblHXWlFmcy57%2BArKQEMVeiBvyNDb1PDBWXAzzu%2BmsmB4%2F%2BIXJS%2Fk5LOtikOUrxZuVMt2ngHCsk3WJfWyB5sd%2FJdFzdshAq4utaArCSBQNmk4kAstu2jZ2mVY7KJ%2FPoyQq5n%2FUSzNLeTzvuVetWTosSu6vY526j0%2B4MjwmCuNjd5aa6W5gbyr7P9kvYNTVXEbUXfwBhYLI1R13Pzv0OZIxVXYzIo%2FSD3j3YzfAnjuGdla7dBZMZzznYWJoT4P8exy67aRU%2FZ7lTcjdzNyNyN3M3I3I3czcjcj92OMXCeVwnQi%2FRN7%2Fd5472Aw3m9UwPyC18VffBUutz6rZZcNtPvGYQyg6sdFyvr%2BcO8B2ZQ6uvMNZZsduafPTsTxPHyqILWuodvt6rrfuLoQL7e2bStreiohjcutTyChmPKfWLmrvzJOLn9%2F5PhktNOOG%2Bdv7NQeHYzPqpKNdT0dm4ZgUKDRn%2F4uTRM6LY6HMChHW9e314st8wP2mazO0Yo37Q8GC8v9x8lEWa32w68TsFE62Lg7Hu6O9w9HehLleLK3P4EHpKl%2Fg5%2FJv7V748nBYG98cGjgR7Aiujh7OZmMdw92J%2BP9%2B7ptrDb7h7uT7x%2FcPzwtgBY%2BTsHHZDDexb%2Bm7abOwlwWlGyXVC%2B%2BfBp6EP4swK5gXpDZCQ8JzI%2F%2BDAIJXVT0IrqLH0zObXo4GuGaNIxJDUOsR%2BRHDDBkMlpYaaurEQcdRblWSw2N5r5lZM4WG5%2FjcRtKp1D9ar1eXy4Ducdep2wm%2FWN%2FEjqf73Q5Yozi%2FUWRfon3vFSW725%2FMVfOxekLuDj6fD5Brhkb%2FgADr0Gt3Eo3vROKffFETMS9h3i3Ki9Kg1ANcOMAKS56XXMxn%2BNtyl18vQQGLBZMrjP5Dw%3D%3D
https://dummy-citation.com/citation?d=z%3A7VZNcxtFELWhIFw4k9ymOEBSJcmS%2FJWEFFWJnZCEJBViFwZuo53e3bFmZ5b5kLScAsec%2BQv8CP873syuvxLkpDjloIO92tmenu7Xr1%2FPnydrn%2BbGykLqa%2FR7MJ6aa%2F%2F8YHldSi8zlnE7MZpp6a0UxG4W%2Fb17Lky%2B37y3ER8v0stW%2B3KLldwxSxlprxpGFdmCBMMaZ7U1lXRSF2yGx0RRX8mi9H1LrjbayRmx2qgGW3BoXRpvMu65apz%2FjpVmTjOyPbipjKIsKG77CkuKBS3IOs%2B1iK5Nziru4YKreGBN1kvC6Vow6fGsayXhViIhpMzm0ZbVwcr8dHlOllqntKiVsSQG7IlmvpSOOR9E04MJs8mYKyQpyMlCI0ttdEWImAmcK3rMhdryLlzqT7iDzVXgsbn0JZMV4p7B1AWb84wYt8RTAlnJgSZzVPP2%2BAHbJwDnG5YHnbUBIVAytmE39x8d3mJOVoAqfnFMAiHkCM%2B%2B5L4raz%2FFenVYLqKPIkbXtjKi0byCp5g7cEch8bAh88FSL1UZDPqPaFE8JFHymJls95EGPxqWCuli7TKjBTzFOkTjGVekAcEELy4V7AIvIjfNQoq2bJmpcFBMzkQjhz8b3AekN2CHJTFTe1nJP2LcF3D5HzU8AwtVaxNB9jHTkiOTCn0R8xwPNvuj4WC7nxslUmLAFkwqLO%2FygVFdkjYqAQEeO%2Bl82m0LrpE6SgB%2BG6UCuA9qXwQgFbiFc4Y9iRg9VpFC4fQHpSFRALSaQINNQp6jSRwakaq2M1K00iJYeRZtRzU47tob2OnU4QO2d4Zp7NFJ8OgV%2F1aZ4pcz7rfgzRK1AQ7y8DF0JHoJpBhlYamFNXUPWH%2BB9PDjgvJuwA4IJYRHWuprDpEyE0c2no%2F3q%2BDpMSWnFHs%2FUMRbyAhRpGpss9PowapFU5BmrqYsqhCSu8DujcuJ9S9JHtxAmdD%2FUcjS75ZNiFGfHeffQ0Ve1YqQ%2FHOoGGCFfF5d86jS1kwCjr8czHtqYPmcaY7%2BR6ytokbO3gQdPcJXzS3mAUmkxvlXwO0pvSZ5daGquIW2Xi4gIoIac1Aq6YU36IfY4OC5zN6O8i29P9cGrCKDKjbgO6lYqgxkphUn0LphRYhjLjL8VOQ7ie%2BxnE8wnC6oGQirEvvO2mDpbLsS%2BhgV5ZhBEr56XRHaIxx%2BccQa82%2FhS2DGQwdibuz0ZO3Lkk8gwWDIanCvBvdqcK8G92pwrwb3anB%2FvINb8QyUQzPv40MxHo63%2B6NRldJDn9snOjcna58VPHi0mXutEC5o9Ah%2Fxorbg9Ftks4F%2Boq89IoWXz%2FUM2njFIMDxQ5iNIDsG3ZIWQkpMkWTz4wKFV0f12enPIsVMPZkbV3WvKBXXBd0svYJJirG8kus3Bi%2FKRXK3f7%2BW8WdVkIFENMbWArMk7gjz1EU1dBv0L2CCoCm85%2BkRqGEhQKvvWua7wc7RQzJttznMynYy8Eya%2FkQ04TmbirbDfIpoAV9Hy7dkR2EznnxK%2FRpEWiZJT3gmqad3xccAqzZ%2FeV%2BHwfe2tIzOYWkLrETe4CiC%2BAx1xoxLIXiiOMSYlvj4%2BcS4xfa%2FXRpCEA5FiqZZ0e0NAQ6KAPvACv2eeRGF0MmhTtZ%2BzwTRs4xy0bD8WiDZ25Azg92JuDi7h0h3US%2Fxn%2Bn%2F5LD4Wizf2dz5xc52h4P%2B9u3t0dZxYvj8fbW7mi4vTPaKtG%2FaDdaTI%2FOF0VdSVGOd%2B9sbo13d48TYRPfj8fD0Q743h9uVXWYKOlwPWkpv56SWNy4ny6TKAVwTFcWdmBAat8U6Drf1DHPaVSpTNEhXtfRxGTyH8G4i8vxUqca2KpMQsUeNHsmaH9j%2FR46sdN9cYQrtEvr14%2B7dpr93GnBs6QFr8614Pxy3U5G9qK9XN
https://dummy-citation.com/citation?d=z%3ApVdLiBxVFO1IFBfGhbqIv%2FgQPwlMV3f1v%2F3gmIlhxkiUyWQCiuCrqltVb6aqXvneq54p3YyiOwUx4EYQd6Ibwd2IoiiIbhTduvAX%2FKCo8UdCELy3uma6OybOSBbd9Ku677x7zzn3VvUT65VLAjfMkuU5b%2FWmbqfn2I1Wr9qxuV1tgQ1V3nU61X7dadlOp1dve%2FUgki43Uq1XdiylPIDDWeyAcpodXyoRiGRnnHr%2BrAjCCD9GY5godgiZ6OfWKxd5jiNX1ys7%2FRAo4Mxdf16hpyuViheBb85M3%2Fv4tbiouEamZ6bn5TotYEV4JjwzPXPys5dxOXbsZecC%2FGvtcworAefyEwRfAn7689oY4IHfT2wH8NTVe9g44NePbAIead1M6JuAf%2ByihLcCnCx5Lv%2BK4EvAFx6aAPz95IUCnnqOahwBfrydkv8DcOHBD2gxAkyJ0gsBfOupd8cBfzu9LZVf%2Bp7OHQGObHN0z5uTGZ4gwf5vht8QfAm4dvLLCZWvp8gtAKcrN%2Bymus4J%2BN5xSmmU4VXb4fDv7usTxv6SVkPAxZs%2BmgD84%2FLtdcobE4Bjoiy%2BcnxSlC%2Fo3lYlX%2FnMd2McXvf87Kj17ny1Nmns1wh%2Fqwx%2Fff%2FWCZW%2FHancevjDcZV3%2FfjDdgB%2Fu%2BY0SVkCHjr97YjD1iN3jHO4X9cpcssMXyzmy2aGP1EWQ8D2Kz9MTptnzxYFHs2kgXznQ0eMylyTKWAe%2BOAaBgnOUgAlkoAJzXgiTQiKge8LV0BiGE9TJbkbMpy7TMS4GFAsRrE0lIZGLo9yI1yWgsKYmCcuMOmzoDrTPNyy2AJGisQo6eHJOJ3p3vBwTddlATUMZg53lx2ZAHN5wjAVJpMoZ7H0hJ8XcQ5PPKY3i3ByFkACCsc%2B5hQLrxrwFO9zA5ohNKwawA20s3hMMO5oqVJKY4o5Ga4jLRlHHjjGK6yVcLSg7VSvG3IVUDZKCVAFpEhC4QhTYCpwZeyIpHjqUF0QYVkKn0BIpMdCGYG22FwyZEuBhpKbQ%2FfPTrEHQ46HASVhbTIEHksE%2FsSy2IAjDajCEM3NURwWKJmlJXFD0qbYSihQH4TPIoP7RcI4roZgBWFEiq9kzBpWp0dFNKxmh8FigQsJ5kGhk8UyDSknYmVi2a0%2ByagAOYGpopqhglVFJ5fi6VCuIAxns%2FfMU5Edq8%2FiWEYs%2FOWdt20W0PdGsivIdwJcobpmRSApJuSoto8sCY1ibjiiYI%2BzAaic2CZDapN5%2BRQ7dm7yDorAYnaT7eX72OENIjc0Z26mBiWde5197OhidUCm3zQF0ykJyCmTmYWDmrW7X68d79Qtttfdx%2B5BpwU58wQPFI%2BHKN4%2B5kcZ0qIxOazjbICOTQBNi80Dts4wxxVhQuqWWGhNhxbSILmUeKOAtZu4Y0amOb7qoGsbdbvLjokI8urizGwRgZd6bF7mPGJHJHrE5MWRISCoUblVEtFiD0g8xImAvBkjf7jBk2M2R7eQnhqvYFDEc5R%2BrHu3l3bLtpi3ItXyeuXyEOlEBlyz%2BvRCiOwqGAhYYTqLY67EY9SYw9Yppos3IPNRYkUqn6xVXZksZQF2sMdSGeUx9R314gB3y0yfPXWwZyNRvvexLPEwfdS0qLhoeSvirgtag3cAMYNGvdGu1nsxnmI4%2BkzNJT6%2B%2FV0c8MyEUum1CGccJn8QP6hqo2e1G4AFZ7ADjDARrO4pbXAL%2BmEgsNlLVo%2FQvHTBH8goi2FXunnCfZsvsoJG8jwaF3DCC18obR7AK7t3hxEvf7Yi2qcEDifM5kl6EiQ8pnjf57GIcvcAFxCIAQ7uGXyfDjPhKZwzlXNE3ieyYaS7XyTDKFd4%2BKp8ietJoey6Zdeb%2FZrbB6jb%2FWabe0I7yRp%2B6%2BRJYXfbrWq702%2BUv7r1jhvzYK
https://dummy-citation.com/citation?d=z%3A7VTLbhM9FE7%2FX%2F8F8QKwQV4hkEgyM0naBiEkKIUiLqooUoCdxz7jOa3HHmxPyLAqrFjyOnkYNmx4DY4nKUWC8AIgJWMf%2Bzvf8bm%2BW%2Fb%2BLqxDheY%2FeN3YAO3Wl2eAhg4FGsVCCUxw5xAc81BzxwNaw9B3NyfQ0tY3wIJlFV9ghW9pTzd1aYMVPHDdBhSsbKWzCgyDudVNR3Ht8GD%2FOoOiQIFgRMtswZTjdYlRgWzmBDIYHEpg11R%2F75Zv8tujW8O4sKedNF5L1wfsbss4840ruAAGhhwCcNGDFa1suGbS1ucn0RDIM0MR6tkbDCUa9mtjN8gMBp7raAecalnOjWQ%2BuEaExoFnUcwb1KFPZKBBkBOCFQha0qUjPR%2F10ZcgB%2BwwhgqNbAQ9Z4W2ZkVSWh3pSAOrGrQmABoKtcQ5OA%2B0OoJTNP0NpoHLLmOWApGl%2FcJqQle1s3OowATS7DJDYWeURRjIN9adLHsXS57T27kIf1L%2Fu6RecyHAe5D3SFJZkm33k6wS1gROwXMPqQaWvX8Ub0JpnT%2FVxEX1cZ%2F%2B1kG6M5jsQpf7CxAwaHB35Jyb6MMT4nPItS9isiu4dEVHVod5Q6r%2Bw7L3lzS8AlqLgleo2%2FxlA4p8MrShQtHQ%2BxEjZoArkHhJsdmAkjNu1ApWvkBuCxI3Mh6eMeaPcSPoAbcrEMzAtJuf98qufSgOOJabX5jP1jh1ZI2qYKNleY%2FSuaZ8BMd4RilQ%2BmXvXyEtztNkkCZJNuSy4oMsSXeSSbKdSPS5OaWvN%2B8xmY4m%2Fen2eBfTCZXFOJlORMXVcbazO0rHO%2Bk0KW0NhmtYnMzOD2VdoSyz6Wg02s6mx12mu0o5JjO7%2FSTtpxNF%2FRDaOr75hDtqWw3PSdyiggRbPKKa%2Fv4YaBjolrBaxM672%2B7ZxoTLW5%2BCgwIc5RXkjKaR784vsVVZLczRuqn3v2tqGk9sf0GKFeiWbijesfL2Su4UsKPzQRW7qGuw81l0cDaL9r%2FNIvqpz6cf90ZPxzI69L9onF5cLUOo%2Fc3hkCI9sE4Nfx7trw%3D%3D
https://dummy-citation.com/citation?d=z%3A7VY9bxtHEJXz3aRL4SbAAkECCZApkqI%2BnCq2LEVKZEWAHMhwt9ydu1tpb%2Feyu0f6XDmpglRBuvwSQ61%2Fin9J3hyPEu2YCNKroETezc68eTPzZn%2B9Wvkw88Hkxn1Kv9Q%2BUfPJzoNxTEGqJI5couCkFWRJpWCUyAxZHcXq0f7BmijkhMSYyIlAyufOvCAtZBTSCcoyo6Qyvo5CBzMxLheIo0gkL0xZBY%2BjqSCcRCC8T43wmagKn7ySSdommtgTh35KEwrrrWkpncxJji2%2Bel1bmYx3fApghHGi8KW%2FqB3c4XGgUhoHLCJHiCRUIa0llxOcUiDj1vHKIpbloBGfYF7MPHLyifJGjBtRITMTyTZCeZeCt5YzmZ9Acquna0ImXwrtK37FLlsvJvLhSKBQc9Id5FnWjBgB8bILWcqQEISzMHnx5uWf1k%2BFCk0EFQhJQskwhqEzKIMmsZrDZk9sihMxEqjEQuo98chkGXJ06a0Yc6IiClG7FlNesy99bb5Af0KxZ7XB0UqmAtV4yACVD5UHQZzsKQMGUmBZxLqIbfUUP473TtbW59HnRGjmVxsQ3PrKAkjsjBlbx8NSv4etz2lhVDGrjRnXiSIfPYNdVAWVaBRC4Z2JpUDDhZb7LsYGHLzD2553MOJqryO1rqDIkC3bPDjmNX6E6ioJE3bYWYA29vJWTvwYwP6DqhlNkmsDz8uKkaEJ%2FRTRm4pw%2BujoJsmeOA0%2BMzd8sh%2BMIlOMees8BjRFwPkgXUTh24CRKslFhX%2FdOFkaFdcFxQrdD6RN6yiTEx9QtpkYeAwXftWKgylZYdgT87bAbkUBM1%2FyEMYaP4wP4lAMBU28rdtYq4Nhr39flKW3r1%2Fl4s3vfw3E61fF7MsaokJKFqldHfW2NpeZ98T%2BBFqEamx%2BLU7knhVxHodTBIF4QnKK2nWKsgg2JmMhdM8LMzYpcqMjO8Niw5AhWEh1pixt7TFNu73RVut51NseLAG1jrDMIvNvm554UmACYqp1I2oXoJ921kZzQWNxCYhtKgRGjPcqFFBrqshpntl3pQSMz6plQkwiGQwBY%2FSw50JUkHiXUNQbmeMT5EB1W8r3tF4r5oigWo1ebNm35kdPfbi8Wvm8kN3%2BuF0lt6vkdpXcrpLbVXK7Sv7fKrFSKYqR9CP2O%2BwPt%2B%2F1N0ueTSgxhSOX%2BauVj3NZJ6QSX1qsAbT0AT5oKzTCYIdMjDXd%2FYqSSZaef%2FlAT4AKLXfQxQDsx1w%2B4I8Zd1EJa3s9%2FnD7x9XKBxoNTPifZWhk2%2BhzCd3PUQGXPa2pqKWGkNPKvy0VXs8M9Rn4WGp2VpjO3xMjXVMvM9TPCuk7y2eFKc1Sl%2FrMzzHqB8aaZXbj43nk72ujIOPL%2FN3krI5pqTs6rK%2Ftih%2BQS4YVudTnY96fHUa7nJ5rjOZZQe4CXjuXyuh4tfKR0t5MBv3eoN8fbkidlT30ymg42t3a1CaO3Uv8je43M9gebN%2Fb7A%2Bezr8NdwtuY4nWuDwfjfq793e2%2B1uji7Zr2q67gKctdN294U5Z1WNrYjFvvDstSjo3lppLDKWvcRv5Odjnj4qUqvjtxoZ3LMnWjIMMTW%2FKhj3lyw3A3ah0NltVG%2B8Hnsd6zIIMFi6xyo2y9AQ%2F76BnyWc%2FovCLj4nlv4GthWiSftjsYSOnL1KgdhGj489xK4vt07vfddPw9zFrQXvHOn3nxvIY6l%2FN9eP60rY%2Fv7Qd8KVN%2FLQgEtDIvdmF4qS7UBwuXp5YEfa7oU8cbVENDhtUM4fQ7s9lXHPmn6kaZH4zJxOk9XzIl9D1Dw%3D%3D


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605645 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

g277 

introduces new migration channels [145]. Additionally, phosphorus doping has been shown to improve the 

charge separation lifetime and promote shallow charge trapping in g-C3N4, thereby enhancing its visible-

light-driven photocatalytic activity [146]. Such doping strategies, particularly with non-metals like 

phosphorus, effectively tailor the electronic properties of g-C3N4, thereby amplifying its ability to degrade 

recalcitrant organic pollutants through increased light absorption and more efficient charge carrier 

utilization [147], [148]. Non-metal doping, including elements like oxygen, carbon, sulfur, boron, and 

iodine, also offers a promising pathway for modulating the electronic structure of g-C3N4, thereby 

enhancing its light absorption and redox capabilities for targeted photocatalytic applications [149], [150]. 

This approach leverages the capacity of heteroatom doping to tune the electronic structure, thereby altering 

the absorption edge and enhancing sensitivity to visible light, which is critical for broadening the utility of 

g-C3N4 in solar-driven degradation processes [151], [152]. Specifically, non-metal doping can reduce the 

energy gap, thereby enhancing the visible-light absorption of g-C3N4 and improving carrier mobility by 

increasing the dispersion of HOMO and LUMO distributions [153]. This strategy directly addresses the 

limitations of pristine graphitic carbon nitride, such as insufficient visible light absorption and rapid charge 

recombination, by modifying its electronic and structural properties [154], [155]. Furthermore, carefully 

controlled elemental doping can induce a built-in electric field, which promotes the separation of 

photogenerated charge carriers and consequently enhances photocatalytic activity [156]. The creation of 

new bandgap states through oxygen doping, for example, allows for broader visible light absorption, while 

the introduction of polyiodide clusters via noncovalent attachment facilitates electron tunneling, further 

augmenting charge carrier transfer and separation [157]. These advancements underscore the critical role 

of precise defect engineering and heterojunction formation in optimizing the quantum efficiency of g-

C3N4-based photocatalysts for environmental remediation [158], [159]. Non-metal doping strategies 

involving elements such as carbon and boron have been demonstrated to significantly alter the surface and 

electronic properties of g-C3N4, leading to enhanced visible light absorption and improved separation of 

photo-excited charge carriers through better π-electron delocalization [160]. The synergistic introduction 

of boron dopants and nitrogen defects into g-C3N4 can also continuously tune the conduction and valence 

band positions, resulting in exceptionally modulated band structures for enhanced optical absorption and 

photocatalytic activity [161]. Moreover, the integration of these doping strategies often results in the 

formation of sub-energy levels within the bandgap, extending light absorption into the visible region and 

concurrently reducing the recombination rate of photogenerated charges [40], [162]. These modifications 

collectively contribute to a notable enhancement in the photocatalytic efficiency of g-C3N4, making it a 

more viable material for diverse environmental applications [163]. Metal doping, such as with iron or 

titanium, similarly modifies the electronic and textural properties of g-C3N4, leading to enhanced optical 

absorption and accelerated charge carrier transfer [164]. Alternatively, the incorporation of specific metals 

can induce a plasmon resonance effect, thereby amplifying light harvesting and promoting the generation 

of highly reactive species crucial for degradation processes. Beyond elemental doping, constructing 

heterojunctions, including metal-g-C3N4 and metal oxide-g-C3N4 composites, offers a robust approach to 

improve photocatalytic efficiency by establishing efficient charge transfer pathways and mitigating 

electron-hole recombination [165]. These heterojunction systems leverage interfacial charge transfer to 

separate photogenerated carriers, thereby enhancing quantum efficiency and photocatalytic degradation 

rates [166]. This is critical for applications like pollutant removal and solar energy conversion, enabling the 

creation of g-C3N4 materials with finely tuned properties [167]. Various techniques have been developed 

to modify g-C3N4, including noble metal deposition, element doping, surface morphology modulation, and 

the construction of heterojunctions, to enhance its visible light response and reduce the recombination 

efficiency of photogenerated electron-hole pairs [168]. Among these strategies, elemental doping and 

heterojunction construction are frequently employed to improve light harvesting, charge carrier separation, 

and overall catalytic efficiency [169], [170].  
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Discussion 

Specifically, the formation of type-II heterojunctions with other semiconductors, such as ZnO, CuO, TiO2, 

and CdS, has been demonstrated to effectively separate photogenerated charge carriers and enhance 

photocatalytic performance [171]. This approach, particularly through the creation of type-II and Z-scheme 

heterojunctions, promotes charge carrier separation by facilitating the transfer of photogenerated electrons 

and holes between semiconductors with differing band potentials [172], [173]. For instance, the strategic 

integration of p-type Cu2O with n-type C3N4 semiconductors in a type-II heterojunction generates a potent 

electric field at their interface, significantly boosting charge separation efficiency by directing electrons and 

holes to g-C3N4 and Cu2O, respectively [174]. Similarly, the construction of Z-scheme or S-scheme 

heterojunctions capitalizes on unique charge transfer pathways that spatially separate photogenerated 

electrons and holes, thereby circumventing the limitations of low visible light absorption and inefficient 

charge separation often encountered in pristine graphitic carbon nitride [175]. Furthermore, the construction 

of all-solid-state Z-scheme heterojunctions enables facile charge transfer via noble metal bridges at the 

interface, thereby minimizing electron-hole recombination and enhancing overall photocatalytic activity in 

both liquid and gas phases [176]. Building upon these advancements, the exploration of 2D/2D 

heterojunctions, specifically those integrating graphene or other layered materials with g-C3N4, presents a 

promising avenue for further enhancing charge separation and optimizing photocatalytic performance 

[177]. This approach, leveraging the intimate contact and large interfacial areas of 2D materials, facilitates 

enhanced charge transfer kinetics and a wider spectral absorption range, thereby addressing the intrinsic 

limitations of pristine g-C3N4 [178], [179]. The exploration of type-I, type-II, Z-scheme, and S-scheme 

heterojunctions, specifically those utilizing carbon nitride with other semiconductor materials, offers a 

robust strategy to broaden the solar spectrum utilization and enhance charge separation [180].  

Conclusion 

The deliberate engineering of these diverse heterojunction configurations, ranging from traditional Type-II 

systems to more advanced S-scheme architectures, is pivotal in designing g-C3N4-based photocatalysts 

with superior efficiencies for various environmental applications [181]. For example, constructing 

heterojunctions between g-C3N4 and other semiconductors like SnNb2O6 or NaNbO3 has been shown to 

significantly enhance photocatalytic activity due to strong interfacial interactions and efficient charge 

separation [182]. This is largely due to the improved separation of photogenerated electron-hole pairs, 

where the built-in electric field at the interface facilitates charge transfer and suppresses recombination 

[183]. The unique structural and electronic properties of graphitic carbon nitride (g-C3N4), such as its high 

photoconductivity and chemical stability, further support its utility in heterojunction systems [52]. 

Moreover, ongoing research focuses on optimizing the interface engineering of g-C3N4-based 

nanocomposites, as it significantly influences light-harvesting capabilities and charge carrier dynamics 

[184]. The strategic design of 2D/2D heterojunctions, specifically by integrating g-C3N4 with other 2D 

semiconductors, has emerged as a highly effective strategy to overcome these limitations and significantly 

enhance photocatalytic performance through improved charge carrier mobility and reduced recombination 

rates [185], [186]. This is particularly evident in systems incorporating phosphorene or other 2D materials, 

where strong electronic coupling and modified electronic structures facilitate robust interfacial charge 

transfer, leading to substantial enhancements in photocatalytic activity [49], [187]. The inherent properties 

of g-C3N4, including its tunable band gap and nitrogen-rich framework, enable facile integration into 

complex heterostructures, leading to synergistic effects that amplify its photocatalytic efficacy [188]. 

Furthermore, the precise architectural design of these heterojunctions can lead to the formation of localized 

electric fields and favorable band alignment, thereby promoting the spatial segregation of photogenerated 

charge carriers and minimizing undesirable recombination pathways [189]. The fabrication of surface 

metal-N bonding states in multidimensional heterojunctions, such as those involving transition metal 
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phosphides supported on g-C3N4, further dramatically increases both photocatalytic activity and stability 

[190]. Such advanced heterojunctions can exhibit enhanced charge carrier mobility and prolonged charge 

separation lifetimes, which are critical for efficient photocatalytic processes. The development of metal-

free 2D/2D van der Waals heterojunctions, such as phosphorene/g-C3N4, has garnered significant attention 

for their ability to promote interfacial charge separation and provide abundant reactive centers, thereby 

enhancing photocatalytic H2 production [191], [192]. These 2D-2D heterostructures also show exceptional 

potential in overcoming intrinsic bottlenecks such as rapid charge recombination, limited charge separation 

efficiency, and narrow visible-light absorption [193]. The strategic integration of 2D cocatalysts, including 

carbon-containing, phosphorus-containing, and metal dichalcogenide variants, further refines these systems 

by accelerating redox kinetics, augmenting active sites, and ameliorating electron-hole separation in 2D g-

C3N4 for boosted activity through enhanced face-to-face contact [194]. For example, the fabrication of 2D 

heterostructures utilizing transition metal phosphides like CoP with g-C3N4 can significantly accelerate 

charge transfer, achieving photocatalytic hydrogen evolution rates considerably higher than individual 

components [195]. Moreover, the band gap engineering of graphitic carbon nitride via exfoliation to thinner 

forms can broaden its band gap, resulting in more positive valence band and more negative conduction 

band edges that enhance redox capability and improve charge transport [196]. Additionally, the strategic 

integration of two-dimensional (2D) materials such as MoS2 with g-C3N4 within heterojunction 

architectures can significantly enhance solar light absorption across a broader spectrum and facilitate more 

efficient charge separation and transfer, thereby substantially improving photocatalytic degradation 

efficiencies [197]. Such approaches leverage the unique electronic and structural properties of these layered 

materials, leading to synergetic effects that are crucial for developing highly efficient and stable 

photocatalysts [75], [198]. The tailored design of these 2D/2D interfaces, particularly through van der Waals 

interactions, minimizes Schottky barriers and promotes efficient charge transfer by establishing strong 

electronic coupling between the constituent materials [199], [200]. Furthermore, the optimized interfacial 

domain within these heterojunctions prolongs charge carrier lifetimes by physically separating electrons 

and holes, which is crucial for maximizing photocatalytic efficiency [201].  
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