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    The field of graphene research has flourished over the past decade, and it continues to captivate scientists, engineers, and innovators alike. Graphene, a single layer of carbon atoms arranged in a two-dimensional honeycomb lattice, exhibits extraordinary properties that set it apart from conventional materials. Its exceptional electrical conductivity, thermal stability, and mechanical strength have paved the way for a myriad of groundbreaking applications.




    The chapters featured in this book span a broad spectrum of topics, each exploring a unique facet of graphene's immense potential. Starting with the development of light energy converters, our contributors present a comparative analysis of short-chain dyad graphene oxide and graphene quantum dot nanocomposites—a critical step forward in harnessing renewable energy sources. Forensic applications take the center stage in the next chapter, where graphene-based nanomaterials demonstrate their prowess in enhancing forensic investigations, making a significant impact in the field of law enforcement and criminal justice. The global importance of water purification drives our attention to another chapter, which ingeniously showcases how graphene derived from solid waste materials can be a key player in tackling water contamination issues. Environmental consciousness remains a core theme as we delve into the green synthesis of reduced graphene oxide using agricultural waste—a compelling solution with immense potential for various environmental and health applications. Energy storage and conversion, essential components of the sustainable future we strive for, are eloquently discussed in the chapter dedicated to the synthesis, preparation, and properties of 2D graphene for electrochemical energy storage and conversion. Mechanical properties and structural integrity take precedence in the exploration of crack growth analysis of graphene nanocomposites, an essential aspect for ensuring the reliability of materials in various engineering applications. Finally, the impact of graphene on metal matrix composites is thoroughly examined, showcasing the enhancement of mechanical properties in these advanced materials.




    Each chapter in this book represents a dedicated effort by the authors to contribute to the growing body of knowledge on graphene's potential. We are proud to say that this collection not only captures the current state of the field but also offers a glimpse into the exciting possibilities that lie ahead. We extend our heartfelt gratitude to all the authors who have passionately contributed their expertise, knowledge, and insights to make this book a reality. Their commitment to advancing scientific research has been pivotal in shaping the content of this publication.




    We hope that "The 2-Dimensional World of Graphene" will ignite your curiosity, inspire further exploration, and spark new ideas that will drive the future of graphene research and its transformative applications.
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      Abstract




      In this chapter, the measurements of fluorescence lifetimes of short-chain dyads ((E)-4-(((9H-fluorene-2-yl) Dimino)-methyl), N, N dimethyl-aniline (NND MBF)-graphene quantum dot (GQD) nanocomposite systems were made. The results observed from this system have been compared with the pristine dyad (p-dyad) and graphene oxide (GO)-dyad nanocomposite and Carbon Quantum Dot(CQD) nanocomposite. When compared to pristine dyad and dyad-GO systems, the dyad-GQD appears to be a much better light-energy converter because of its superior capacity for trans-conformer retention, which can occur even under a photoexcitation state. In the instance of the nanocomposite dyad NNDMBF-GQD, the surface trap effects may be the cause of the excited state's trans-conformer's relative stability when compared to its pristine form.
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      INTRODUCTION




      The irrationality of a world with no energy, for even 10 minutes establishes the importance of its imprint in our daily life. Our world is subjugated to a violent storm of spiraling rates of chronic diseases, persistent infectious afflictions, and failures in public health. The emergence of a worldwide crisis and the overlap of the Covid-19 pandemic together with increasing chronic conditions like diabetes




      and obesity - with the environmental risks of global warming and air pollution - are taking their toll on human populations. We are living in a miraculous ecosystem, which is resilient and also fragile.




      The urgency to realize a green alternative to fossil energy supplies has increased exponentially. This study involves artificial photosynthesis – a form of renewable energy sourcing that has been attempted for decades. The approach makes use of bio-mimetic techniques for replicating the natural photosynthesis process.




      As society keeps advancing, there is an increasing need to develop renewable green energy as an alternative to the harmful energy standards that are prevalent. The continued use of conventional fossil fuel is depleting our natural resources and also emitting greenhouse gases that are hindering our environmental safety. Scientists have been exploring green alternatives that can lessen our reliance on the use of fossil fuels, covering almost 80% of the energy supply of our present world. Therefore, there are increased efforts to create high-tech energy systems inspired by Mother Nature herself. This involves artificial photosynthesis which mimics the biological reactions taking place within the natural plants, algae, and also certain bacteria which produce their energy and store this in chemical bonds.




      During photosynthetic processes, photons provided by solar energy are initially absorbed by the chloroplasts, and chlorophyll pigments get arranged in protein environments. The protein-pigment complex elicits binding energy excitonic states by the absorption of photons that have been provided by solar energy. Multiple cascade levels of energy and photo-induced transfer of electrons processes, or PET, come next. Finally, the reaction center receives the electron energy to begin the chemical transition.




      This classic instance from nature has motivated scientists in the designing of artificial light-harvesting systems by the use of nano-scale strategies. The improved understanding of the natural photosynthetic processes at molecular levels is assisted and inspired by the creation of artificial photosynthetic systems models, like the donor-acceptor assemblies. Major amounts of research work have been involved with developing artificial systems built with molecular and supra-molecular architecture, discussed in many relevant reviews.




      In present times, renewable energy has sparked interest in designing artificial light energy conversion systems. More specifically, the synthesis of molecular photo electronic devices and the creation of molecular arrays are made to undergo electron transfer processes on photo excitation with the light of desired wavelengths.




      Nanoparticles refer to microscopic particles with dimensions ranging from 1 to 100nm in size. Particles of this size have distinct chemical and physical characteristics that make them highly attractive for a variety of applications such as medicine, electronics, and energy, including environmental cleanup. Among the most notable advantages of nanoparticles is their high surface area: volume ratio, which allows for increased reactivity as well as effectiveness in a variety of applications. However, the small size of nanoparticles also presents potential risks to human health and the environment, as they can easily penetrate cell membranes and accumulate in organs. As such, careful consideration of their potential risks and benefits is essential in the development and use of nanoparticles.




      Electron transfer studies on donor-spacer-acceptor molecule systems have opened up a new avenue for investigating the various features as well as advantages of electron transfer. Practical electron-transfer research in molecular DSA systems has permitted a thorough assessment regarding the Marcus electron-transfer framework and its extensions and predictions.




      In recent times, nanocomposite materials, such as the carbon dots or the CDs and the metal nano-clusters or MNCs, are emerging as distinct classes of the newer generation of functional materials with unique abilities for acting as both the donor as well as acceptor moieties. Graphene is a well-known carbon allotrope. This name was introduced by Boehm, Setton, and Stumpp in 1994 [1]. It is a hexagonal lattice of carbon atoms organized in a monolayer. It comprises a two-dimensional substance made up of carbon atoms that have undergone sp2 hybridization. Its bond length (molecular) is 0.142 nm. It has attracted a lot of attention in recent years due to its unique electrical, optical, magnetic, thermal, and mechanical capabilities, as well as its enormous specific surface area. Because graphene is widely utilised in nanoelectronics, it is critical to generate high-quality graphene. By mechanically cleaving a graphite crystal, Geim, and Nosovelov were able to synthesise single layers of graphene in 2004.




      Graphite is a material made up of stacked layers of graphene with an interplanar separation of 0.335 nm. Each of the layers of graphene within graphite is held together by Van der Waals forces, which are capable of being overcome via graphene exfoliation. In terms of thermal and electrical conductivity, graphite has a remarkable anisotropic behaviour. Additionally, graphene has some unique features that distinguish it from other carbon allotropes. It is around 100 times stronger than the strongest steel in terms of thickness, yet its density is far lower than any steel. This conducts heat and electricity very well and is practically translucent. It exhibits a huge and non-linear diamagnetism that is even greater than graphite and can be suspended by Nd-Fe-B magnets. It has extraordinary electronic, chemical, mechanical, thermal, and optical properties, making it a crucial material in the twenty-first century. It is also known as the world’s ‘thinnest’ material. Graphene is presently used in a variety of applications, such as materials for storing energy, supercapacitors, Nano-electronics, drug delivery systems, polymer composites, liquid crystal devices, biosensors, and many others [2].




      Graphene quantum dots (GQDs) have hence been chosen as a precursor in our experiments. They are a type of 0D material formed from small fragments of graphene. Due to quantum confinement and edge effects, GQDs display new phenomena akin to semiconducting QDs. Graphene and similar materials utilised for chemical sensing, such as GO or RGO, offer a lot of potential. This is owing to the 2-dimensional structure, which provides a large sensing surface per unit volume and low noise in comparison to conventional solid-state sensors. Fig. (1) shows the structure of graphene.
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Fig. (1))


      Graphene structure [3].



      This has provided intrinsic flexibility in our choices of the nano-composite materials either as suitable donors or acceptors and provides excellent platforms to develop very efficient light-harvesting and energy storing devices. By using these non-toxic, dispersible water-soluble nano-composites to function as light absorption antennae, materials are achieved based on tuneable optical properties of the materials that are engineered over the wide spectral windows by variation of their size, shape, and composition. Several noteworthy research works have been conducted in this regard as given below which are worth mentioning in the context of our experiment.




      Briscoe et al. [4] created and characterised new hybrid substances composed of ZnO nano-rods sensitized with chitin, chitosan, as well as glucose-derived quantum dots of carbon (CDs), which were employed for the very first time in making solid-state nanostructure solar cells. Zou et al. [5] created CD solar cells using CDs that were nitrogen-doped. They built a “green” nitrogen-doped CD-based solar energy cell with a power conversion efficiency of 0.79%, an astonishingly high rate of conversion for CD-based solar cells. W.T. Wu et al. [6] synthesized Cu-N-doped CDs utilizing a single-step pyrolytic synthesis of CDs with Na2 [Cu (EDTA)] as the precursor. The findings demonstrate that the incorporation of Cu-N within CDs improves the electron donating as well as accepting abilities in the photo-oxidation reactions and may boost CD conductivity. Chang et al. explored how modulation and surface groups affect photoluminescence (PL) along with the photocatalytic capabilities of CDs. The CDs comprising O and N radicals exhibit significant PL, whereas CDs comprising O and Cl radicals exhibit high photocatalytic activity [7]. Li et al. described a straightforward method for growing CDs on the titanium dioxide (TiO2) surface in situ. A hybridized CDs/TiO2 photo anode was subsequently utilized to build a solar cell that had an enhanced Photon Conversion Efficiency ratio of 0.87%, this is higher than any previously reported CD solar cells using a straightforward post-adsorption approach [8]. Mirtchev et al. explored carbon dot-dye sensitized solar cells with mesoporous Titania. The device, which has a poor efficiency of 0.0041%, was used to demonstrate the light-harvesting capabilities of CDs [9]. Glutathione-protected Gold (Au) nanoclusters (Au NCs) display size-dependent states of excitement and electron transport capabilities, according to Prashant V. Kamat. Bigger-sized clusters containing core-metal atoms display both quick (1 ps) and slower (200 ns) relaxation, whereas homoleptic clusters exclusively exhibit much slower relaxation. The photocatalytic reduction yields of these metal clusters increase with decreased cluster sizes [10].




      Though a considerable amount of work is being carried out throughout the world in this exciting area of research, however, fabrication of artificial light harvesting and energy storage devices with carbon nanodots and metal nanocomposite systems remains a significant challenge in this field of research. While the basic appreciation of photophysics, Förster or fluorescence resonance energy transfer or FRET, exciton recombination; charge separation process, and electron transfer channels in nanoscale systems remains the forefront research areas, the application of nanocomposites, in essence, indicates early promises for supercapacitor development, turn- on/turn-off sensors, logic gates [11, 12].




      We performed our investigations using UV-vis absorption spectroscopy, and time-resolved spectroscopy (fluorescence lifetimes) procedures on novel synthesized short-chain dyads in pristine forms and their hybrid nanocomposite systems [10]. These observations have indicated that on excitation, pristine dyad possesses photo switchable characters which reduce when the dyad combines with nanoparticles i.e. in nanocomposite systems.




      Some donor-acceptor dyads and triads were synthesized for light-harvesting assemblies. Photosynthesis is the fundamental principle of these dyads and triads. Because the donor-acceptor system containing Chlorophyll-a and porphyrin can attain a long-lasting charge separation state, it can also mimic photo-induced electron transfer processes of natural photosynthesis. Some nanoparticle has clever features that protect charge separation species in diverse stimulated short-chain dyads systems after they limit energy-draining charge recombination processes [12].




      Many prototype molecules with covalently connected electron acceptors and donors have been developed for application in light-emitting diodes (LEDs), photovoltaic cells that produce electricity, organic photovoltaic cells, and synthetic or model photosynthetic systems as a whole among other things. The usage of synthetic materials in the form of organic dyad- systems having electron donor and acceptor moieties joined together by short spacers is going to help in the development of several practical light energy conversion systems [13-15] The short-chained dyads may efficiently harvest light, transfer excitation energy and electrons, and produce long-lived charge-separated states. Several strategies were employed on some model donor–acceptor connected dyads and also multichromophoric systems to enhance charge-separation rates for developing different kinds of light energy conversion devices [15].




      As per research on photo-switchable short-chain dyads, there are many potential applications for them in molecular electronics, including the creation of molecular components for photovoltaic cells and artificial light energy converters as well as energy storage devices. Short-chain dyads are effective artificial light energy conversion materials when combined with nanoparticles of noble metals like silver (Ag), gold (Au), gold/silver core-shell nano-composite systems [11], and carbon quantum dots [10], according to recent studies using steady state and time-resolved spectroscopic methods.




      According to research on the MNTMA dyad, which consists of the donor methoxy-naphthalene and electron acceptor p-methoxy acetophenone, there are no structural changes in the dyad in its purest form even during photo-excitation [13]. When the dyad interacts with the noble nano-metals, there are substantial conformational changes in excited states.




      As both of the redox components, donor and acceptor, are inclined to separate from one another, lowering the overlapping of the electron clouds of both the redox elements, the elongated conformer of the dyad assists in the decrease of the energy involved in destructive charge rate of recombination processes. Many scientists have published extensive research related to this arena. Amitava Patra et al. reported that for effective light harvesting and white-light generation, a composite of CDs and gold nano-clusters (Au NCs) with the dye-encapsulated BSA-protein caps is used. By altering the ratio of the components, brilliant white light emission having quantum yields of 19% within the 375 nm wavelength of excitation was produced [16]. Tarasankar Pal observed that with various boron precursors developing changed emissive CDs, boron absorption in CDs varies. The borax-mediated procedure identifies the fluorescing Boron-doped CDs, which are then used to detect Fe (III) on nanomolar levels in water using the fluorescence “Turn-Off” phenomena. Once more, the fluorescence of the Fe (III)-infested CD solutions is restored [17]. Pradipta Purkayastha et al. from IISER Kolkata have reported four cyclo-metallated complexes of Rhodium and Iridium which, when exposed to fluorescent carbon nanoparticles (CNPs) in an acetone medium, interact hydrophobically in their ground state and then undergo photo-induced transfer of electrons (PET) to create molecular composites. By effectively passivating the defects, their optical and photo-induced redox characteristics originating from the CNP core are greatly improved [18].




      The N,N-dimethylamino donor (NNDMB) has been coupled with the acceptor fluorene (F) in the organic (E)-4-(((9H-fluorene-2yl)imino)methyl)- N, N-dimethyl-aniline or (NNDMBF) used in our current investigations. The primary goal of this chapter is to conduct a comparative analysis to determine whether it would be appropriate to develop an effective artificial light energy converter using the dyad both in its purest form and when paired with graphene quantum dots (GQD). The effectiveness of the dyads will also be taken into account when the quantum dot is switched from GQD to CQD or GO [19, 20].




      It is clear from NMR measurements and analysis that the coexistence of the 2 conformers, viz., the Trans and the Cis, of dyads in their ground states, is still conceivable. Utilizing thorough steady-state as well as time-resolved spectroscopic investigations, the efficacy of light energy conversion for pure dyads as well as when the dyads adsorb on nano-surfaces of CQD or GO, that is, the same dyad across various nanocomposite forms, have been compared in order to identify the two parameters that are important, namely charge separation (KCS) and also the energy-wasting in charge recombination rates (KCR).


    




    

      THE EXPERIMENTAL DETAILS




      

        Materials




        The short chain dyad (E)-4-(((9H-fluorene-2-yl) imino) methyl)-N, Dimethylaniline (NNDMBF) is synthesized and characterized using the following procedure [9]. Following normal procedures, the spectroscopic grade solvent acetonitrile or (ACN) (SRL) and cyclohexane or (CH) (Sigma Aldrich) were purified and checked before use to ensure the absence of all impurity emissions in the targeted wavelength range. A Millipore Milli-Q system had been used for deionizing the water. The right quantity of dyad was dissolved in ACN and CH to create the solutions. Without additional purification, citric acid or HOC(CH2CO2H) 2, ethylenediamine or C2H4(NH2) 2, and NaOH are acquired from Sigma-Aldrich and used in the synthesis.




        Time-correlated single-photon counting method (TCSPC) was used for calculating the fluorescence lifetimes using the model FLUOROLOG TCSPC Horiba Scientific. Jobin Yvon & nanosecond diode-lasers with excitation source profiles with wavelengths of 375 nm and 440 nm (Horiba scientific, DD-375-L). Monitoring of the decay kinetics occurs at 480 nm, 520nm and 550 nm emission wavelengths . A plot of the weighted residuals and other statistical parameters, like reduced 2 & Durbin-Watson or (DW) parameters, was used for testing the quality of fit over the entire decay, including the rising edge. By purging all of the solutions with argon gas, they were deoxygenated for around 30 minutes for measurements at room temperature.


      




      

        Synthesis of Dyad




        Scheme 1 outlines the synthesis process for the chemical compound under investigation. In a nutshell, the process described in the literature has been used to manufacture 2-amino fluorene-3. 8 In a round-bottomed flask, 1.5 mmol of 3 and 1.5 mmol of 4-(dimethylamino) benzaldehyde were combined, and 7 mL of the anhydrous form of ethanol was then added. At room temperature, the resulting mixture was agitated for two hours. The solvent was eliminated under a strong vacuum after the reaction was finished (TLC was used to monitor it), and the unprocessed reaction mass was rinsed several times with hexane to obtain the pure product 5 (Yield: 86%).
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Scheme (1))


        Synthesis of investigated dyad.



        1H and 13C NMR spectra of this dyad were recorded on the BrukerAVIII-500. The chemical shifts have been reported in ppm. The coupling constant that is the (J values) had been reported in Hertz. The 1H NMR chemical shifts had been referenced to the CDCl3. The 13C NMR chemical shifts had also been referenced to the CDCl3. A high-resolution mass spectra (HRMS) had been recorded on the Bruker-En Apex-Ultra 7.0T FT-MS mass-spectrometer. 1H NMR (500 MHz, CDCl3_: _ = 2.90 (s, 6H), 3.81 (s, 2H), 6.62 (d, 2H, J = 8_5 Hz), 7.13–7.18 (m, 2H), 7.24–7.28 (m, 2H), 7.41 (d, 1H, J = 7_5 Hz), 7.64–7.69 (m, 4H), 8.31 (s, 1H). 13C NMR (125 MHz, CDCl3_: _ = 36_9, 40.2, 111.6, 117.5, 119.5, 120.2, 120.3, 124.5, 125.0, 126.2, 126.8, 130.4, 138.9, 141.6, 144.4, 151.9, 152.4, 159.6. ESI-HRMS m/z: Calcd. for [C22H20NO2 +H]+: 313.1706; Found: 313.1701 [21].


      




      

        Synthesis of GQD




        5g of citric acid was taken and heated. Within 25-30 minutes, five grams of melted citric acid changed from clear to dark orange in colour. Drop by drop, 1.5 M solution of NaOH was added to the melted thick citric acid solution kept at room temperature, and mixtures with pH values ranging from 8 to 12 were prepared. An in-depth research investigation has been carried out on the influence of pH particularly on the yield and the size of the graphene quantum dots (GQDs). After heating to melting point temperature, the citric acid C6H8O7 decomposes, and the hydronium ion H3O+ that results from the reaction functions like a catalytic agent during the later stages of the decomposition reaction. There is no doubt that the products' polymerization and condensation produced soluble polymers. Aldol condensation and cycloaddition are the processes that cause aromatization and production of the aromatic clusters. When the concentration of the aromatic clusters reached a critical super-saturation point, GQDs were formed. The as-synthesized yellowish mixture was centrifuged twice at a speed of 15,000 rpm for 30 minutes, followed by dialysis through a dialysis membrane 2000 MW CO. The synthesized GQDs will be characterized with the aid of microscopic and spectroscopic techniques. The size and the shape of the synthesized GQDs will be estimated from HRTEM images and the elemental and surface properties of CDs will be predicted from X-ray photoelectric (XPS) spectroscopic technique. The optical properties and the vibrational signatures of the atoms in the GQDs will be estimated from UV-Vis, PL, and Raman, FTIR spectra, respectively. As a preliminary test, the yellowish mixture was exposed to UV radiation (λ = 330 nm), and blue color fluorescence emission was observed through the naked eye thereby confirming the synthesis of GQDs.


      




      

        Synthesis of GO and RGO




        In an ice bath, 2 g of powdered graphite is combined with 1 g of NaNO3 under constant agitation. 130 ml of concentrated H2SO4 was added carefully to this mixture. Subsequent to this, 6 g of KMnO4 was added gradually while the mixture was being vigorously stirred, keeping the mixture's temperature constant at 20 °C. When the mixture's colour was seen to change from a dark grey colour to greyish green, the temperature of the reaction mixture increased gradually up to 40 °C for a period of 6 hours while being constantly stirred. The reaction mixture received an addition of 6 gm KMnO4 and was stirred for another 6 hrs, during which period the colour of the mixture was observed to change to greyish brown. The solution is then given enough time to cool down to room temperature. In order to stop the oxidation process, an additional 500 ml of triple-distilled H2O and 15 ml of 30% H2O2 were then added to the reaction mixture. At this point, the colour of the solution changed to yellow ochre, indicating that the graphite had undergone extensive oxidation. The yellow solution was then repeatedly rinsed with triple-distilled water after being rinsed twice with 1M HCl solution to produce a pH-5.0 solution. Centrifugation of this solution and decantation of this supernatant were used for washing the substance very thoroughly. Exfoliating the layers of graphene oxide NbO2 and the removal of unexfoliated NbO2 layers are basically needed for vigorous washing and decantation. The resulting thick yellowish-brown gel was then filtered and dried overnight to produce a very fine yellow NbO2 (graphene oxide) powder. Subsequent to this, 2 mg of the GO was dissolved in triple-distilled H2O and placed under 30 mins. of ultra-sonication or agitation due to ultrasonic (>20 kHz) wave exposure to create a homogeneous solution. RGO is created by adding hydrazine hydrate (N2H4) (2 ml) to the solution. This reaction mixture is subsequently heated to 100 °C for 6 hrs to create black RGO. The RGO is created after drying the filtrate at 80 °C after washing this black solid. To create a homogenous dispersion, RGO 2 mg is dissolved in triple-distilled H2O and processed ultrasonically for 90 minutes. Both the GO & RGO were prepared, and also their characterization was made, by using the method described previously. Without doing any further purification steps, all of the chemicals needed for the current study were acquired from Sigma Aldrich and used in the assays. On a diffractometer of the Bruker X-ray type using Cu K radiation (D8 Advance DAVINCI model), X-ray diffraction patterns (XRD) of pure graphite, GO, and RGO were captured. To ascertain the materials' crystallographic information, the XRD patterns were examined. A JEOL JEM-2010 High-Resolution Transmission Electron Microscope (HRTEM) and a Zeiss Sigma, Field Emission Scanning Electron Microscope (FESEM) were also used to conduct an electron microscopic investigation of GO for morphological analysis.


      




      

        Synthesis of CQD and NCQD




        Microwave irradiation (MWI) and hydrothermal (HT) treatment were used to create CQDs using bottom-up green methods. Both are quick and inexpensive methods for creating CQDs. From a variety of precursors, including glucose, C6H8O7 - citric acid (CA), chitosan, proteins/enzymes like bovine serum albumin (BSA), trypsin (TRYP), lysozyme (LYS), -galactose, nucleic acids, DNA, etc., CQDs may be made via one-pot HT carbonization, followed by centrifugation and dialysis. It might be worthwhile to highlight that we have N-doped CQD from the MWI route in this context [10]. 200 ml of a 25 mg/ml aqueous solution of NaOH was combined with 1 gram of citric acid (CA) in 5 ml of water. It was then given 200 μL of diluted C2H8N2 - ethylene diamine (EDA). A household microwave oven operating at a maximum of 500 watts warmed the prepared solution. The 500-Watt microwave oven was used to heat the mixture of CA, NaOH, and EDA. The colourless fluid began to become yellowish after 4 minutes, indicating that N-CQD was about to develop. After centrifuging the yellowish mixture twice for 30 minutes at a speed of 15,000 rpm, it underwent dialysis using a membrane with a capacity of 2000 MW CO. The as-synthesized CQDs and NCQDs were characterized with the aid of microscopic and spectroscopic techniques. The size and shape of the synthesized CQDs and NCQDs were estimated from HRTEM images and the elemental and surface properties of CDs were predicted from X-ray photoelectric (XPS) spectroscopic technique. The optical properties and the vibrational signatures of the atoms in the CQDs and NCQDs will be estimated from UV-Vis, PL, and Raman, FTIR spectra, respectively.
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Fig. (2))


        Fluorescence spectrum of as-prepared NCQDs (peak: 452 nm).



        As a preliminary test, the yellowish mixture was exposed to UV radiation (λ = 324 nm), and blue colour fluorescence emission was observed through the naked eye thereby confirming the synthesis of N-CQDs. The fluorescence spectrum of the as-synthesized N-CQD is shown in Fig. (2). The UV- Vis spectrum is marked by the presence of a distinct band at ~ 320 nm, ascribed to n-π* transition originating from the surface functionalized EDA ligands of the N-CQDs. The as-prepared N- CQDs exhibit excitation wavelength-dependent PL spectra indicating the presence of surface defects. The PL spectrum of N-CQDs, when excited at 320 nm, exhibits a strong emission band peaked at ~ around 450 nm as shown in Fig. (2). Further experiments and its use as logic gates are underway [10].


      


    




    

      RESULTS AND DISCUSSIONS




      

        UV-Vis Absorption




        On the basis of theoretical calculations and by using B3-LYP/6-311 g (d,p) level-theory about HOMO-LUMO surfaces on the ground state optimized geometry of the NNDMBF dyad, it seems that there could be twi kinds of conformers namely Cis- & Trans-conformers, with the Transform being much more stable in its ground state. Therefore, according to the aforementioned theoretical hypotheses, both cis- and trans-forms of dyads exist in their ground state with the latter that is the trans-form predominating. Fig. (3) shows the Cis- and Trans-structure of the dyad from NMR studies.
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Fig. (3))


        Cis- and Trans-structure of the dyad from NMR studies.



        The pristine dyad's UV-vis absorption spectrum in the ACN solvent shows a very broad and long wavelength band at around 365 nm. The solvent polarity effect proved the broad band's charge transfer character. The 365 nm band diminishes gradually with the addition of GQD, even as a new band starts to develop in the 450 nm range. According to previous studies, it appears that when the dyad attracts on the outermost layer of the GQD, it peaks around 440 nm, via a trans-to- cis interconversion process in its ground state, this causes the band related with the cis- conformation to emerge.




        Contrarily, when the CT-absorption band within the dyad-GQD system was stimulated at 450 nm wavelength which is the cis isomer region of the UV-vis absorption spectra, the CT fluorescence emission primarily originated within the 550 nm region, suggesting that in this region primarily, the cis-isomeric species of the dyad excitation is predominate.


      




      

        Measurements of the Fluorescence Lifetime using the TCSPC Method




        The correlated single photon counting method (TCSPC) was used for measuring the fluorescence lifetimes of the NNDMBF dyad. The possibility of other conformer forms besides trans-one in an excited state because of photoexcitation was investigated by observing the various positions of steady-state fluorescence spectra. These results provide evidence for the photo-switchable nature of the present short-chain NNDMBF dyad, particularly in its pristine state. Fig. (4) shows the fluorescence decay of the GQD dyad systems in the ACN ex =375nm, em = 480nm, the fast (blue) decay-component represents the impulse response of diode laser. The residual is shown as (c2 ~ 1.12).
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Fig. (4))


        Fluorescence decay of the GQD dyad systems in the ACN ex =375nm, em = 480nm, the fast (blue) decay component represents the impulse response of the diode laser. The residual is shown as (χ2 ~ 1.12).



        It had been demonstrated that when the pristine dyad NNDMBF was excited at 375 nm (by the use of a diode laser), most emissions came from a species with an average lifetime of 15 ps when the monitoring wavelength was 480 nm (the peak region) (Table 1).




        Only one faster lifetime component of the picoseconds (ps) order was seen when 550 nm area was monitored once again (Table 1). By using an excitation wavelength of 375nm, which is the region of the trans-isomer mostly, we could quantify dyad fluorescence lifetimes in the presence of the GQD (nanocomposite systems) (Fig. 5). By observing principally two lifetimes, one in the range of 50 ps and the other in the 20 ps domain, both were in the range of picoseconds, at various positions steady state of the fluorescence band on longer wavelength sides of the excitation wavelength 375 nm, (Table 1). We were able to confirm the latter one comes from the cis-conformer based on the results of the earlier examinations [10]. Mostly, 25 picosecond component was seen by excitation at 440 nm and monitoring at 550 nm. This serves as additional evidence that folded cis-conformers, which are the likely origin of the picosecond species, are responsible for their formation. Another interesting finding is that, in the presence of GQD (Table 1), the contributions from the 50 ps component decrease, the decrease is not statistically significant, while the contributions from the 25 ps component increase (in the ns order) as we move from 480nm to 550nm of the dyad fluorescence emission band, which was created by 375nm excitation.




        

          Table 1 Data of fluorescence lifetime; an NNDMBF short-chain dyad in the absence of (pristine) and presence of GQD at various emissions and excitation wavelengths at an ambient temperature. Values in () parentheses alongside the lifetimes correspond to fractional contributions f) of the particular species in the total steady-state fluorescence emission-intensity.




          

            

              

                	Sample Type



                	λexc (nm)



                	λem(nm)



                	τ1 / (f1)



                	τ2 (f2)



                	χ2

              


            



            

              

                	Dyad in ACN



                	375



                	480


                550



                	1.5ns (0.06)


                -



                	15ps (0.94)


                19ps (1.0)



                	1.13


                1.12

              




              

                	
Dyad +


                GQD (1μg/ml)




                	375



                	480


                520



                	54 ps(0.72)


                50 ps (0.67)



                	25 ps(0.28)


                25 ps(0.33)



                	1.11


                1.13

              




              

                	
Dyad +


                CQD1




                	375



                	480


                550



                	6.4 ns(0.84)


                6.0ns (0.77)



                	.


                256ps(0.16)


                260ps (0.23)



                	1.156


                1.077

              




              

                	.


                Dyad +


                GO (1x10-6 M)




                	375



                	480


                550



                	3.61(0.21)


                3.44 (0.17)



                	91 ps(0.79)


                82 ps(0.83)



                	1.080


                1.09

              


            

          




        




        The aforementioned results thus show that most ground-state trans isomers transition to cis-type isomers with a lifespan component of less than 25 ps when the trans-type dyad is excited at 375 nm. As a result, the dyad NNDMBF seems to act in a photo-switchable manner. However, in the case of nanocomposite dyads, or when the dyad joins with GQD or quantum dots, it is discovered that both the 25 ps component, which corresponds to the cis-isomer, and the 50 ps component, which appears to possess trans-type structure, are present. Thus, photoconversion (from trans to cis) might be greatly slowed down (72%), whereas Table 1 demonstrates that in the situations of dyad-GO systems, only 20% of the trans-conformation is retained in the excited state (% concentrations were measured from the fractional contribution (f) (Table 1) values associated with the lifetimes).




        Carbon quantum dots (CQD) and GO results are compared with those of GQD. Due to the dominantly extended nature (trans) of the conformers in the former scenario, charge recombination processes that waste energy appear to occur far less frequently in dyad-CQD systems than in dyad-GQD nanocomposites.
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Fig. (5))


        Changes of f values (for both elongated and folded conformers) of the different systems: 1: p-dyad; 2 dyad-GO; 3 dyad-RGO; 4.dyad-GQD; 5 dyad-CQD.



        Therefore, the experimental findings from the pristine dyad's fluorescence lifetime measurements show that although the trans-isomer predominates in the ground state, most of the trans components undergo photoconversion to the cis-form in the excited level. However, when the dyad adsorbs on the graphene quantum dots (GQDs), GO (RGO), or CQDs, this photoconversion is substantially hindered [22 - 25].




        According to the aforementioned findings and earlier studies, surface trap effects may be the cause of the relatively stable trans-conformer in the excited state observed in the nanocomposite dyad NNDMBF-GQD as opposed to the pristine form [10]. If one contrasts the phenomenon with dyad-GQD (or CQDs) systems, where the circumstances are more prevalent, the phenomenon should be easily understood. A greater percentage of the atoms in the former instance being on the surface may produce electronic states that may act as traps for electrons or holes since graphene quantum dots (GQD) (2-5 nm) are smaller than graphene oxide (GO). These trap states might prevent the photoconversion of the dyad's trans-to- cis isomeric forms.




        According to steady state and time-resolved spectrum measurements, and theoretical predictions, the cis-isomeric species of the dyad predominates on photoexcitation while the trans-isomeric species predominates in the ground state. Through interconversion processes, this cis-form, which is folded in nature, is produced from the trans-conformer, which is comparatively planar. The photoconversion is slightly hampered in the presence of GQD, resulting in the coexistence of excited trans-isomers and cis-ones. For p-dyad and several other nanocomposite systems, including GQDs and CQDs, the various f values of the lifetime associated with elongated and folded conformations have been replicated in Fig. (5) (exc wavelength 370 nm).


      


    




    

      CONCLUSION




      Finding a solution to the energy dilemma, which is the main scientific issue of the twenty-first century, has recently become a major task for researchers. Solar energy is still the most accessible renewable energy source as of right now. The great potential of solar energy is, however, vastly underutilized [22]. The globe still significantly relies on non-renewable fossil fuels today. Although there is growing interest in solar energy, there are still no reliable, practical methods of gathering sunlight. One of the few commercially accessible technologies for converting solar energy into electricity is solid-state solar cells. As less expensive alternatives to pricey solid-state solar cells, dye-sensitized solar cells have gained popularity [26-29].




      The development of the model systems of artificial photosynthesis, like the donor-acceptor assemblages, has aided and inspired further progress in the understanding of natural photosynthesis at molecular levels. In fact, as described in various pertinent reviews [30, 31], many research studies have been focused on building artificial systems made up of molecular and supramolecular architectures. By mixing the organic dyad with various noble metals, semiconductor nanoparticles, and noble metal-semiconductor core/shell nanocomposites, our main focus is on fabricating new hybrid nanocomposites [32, 33].




      The dyad-GQD appears to be a better light energy converter when compared to the pristine dyad (p-dyad) or GO because the trans-conformers can retain more energy even after photoexcitation. In contrast to the pristine forms, which upon photoexcitation transforms mostly into the folded structure cis-form, where charge recombination predominates, these transconformations being of an elongated nature impede the energy-destructive charge recombination processes within redox components and may serve as better candidates for artificial light energy conversion systems. Nanocomposites may be better options for developing artificial light-energy converters than the pristine form since their elongated conformation will aid in obstructing energy-wasting charge recombination processes. More research is being done on GQD-dyad nanocomposites as effective energy storage technologies.
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