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    The book ‘Bio-inspired Nanotechnology’, exploring recent breakthroughs of exciting novelties finding inter-and cross-multidisciplinary sciences is based on micro- to nanofabrication of bio-engineered nanomaterials, spectroscopic characterization, and promising avenues of eco-friendly products as well as sustainable potential applications at the industrial scale. This book comprises of nine significant chapters written in diverse fields of study on green chemistry, nanotechnology, advanced materials, nano-biotechnology as well as next-generation biomedical technology.




    For the last several decades, there have been many projections on the future depletion of self-assembly of structural proteins that produce complex, hierarchical materials that exhibit a unique combination of mechanical, chemical, and transport properties. This controlled process covers dimensions ranging from the nano- to the macroscale. Such materials are desirable to synthesize integrated and adaptive materials and systems development of renewable energy technologies. On a different frontier, the growth and manipulation of materials on the nanometer scale have progressed at a fast pace. Selected recent and significant advances in the development of nanomaterials applications are reviewed in the entire book, and special emphasis is given to the investigations in Chapter 1 emphasizing an overview of supramolecular systems that are utilized as an effective technique in nanomanufacturing which enhances solubility, modification of surface properties, bioconjugation of nanoparticles fabrication which is the study of variations in non-covalent interaction to generate a nanostructural system with controlled characteristics. Chapter 2 deals with the significant fabrication of novel bio-nanocomposites by simple, cost-effective pathways using biocompatible, environmentally friendly zeolite and cellulose. The nanocomposites are water stable and have increased efficiency for adsorption. Moreover, these nanocomposites are more suitable for both Anionic and Cationic dyes. Chapter 3 illustrates polymer nanocomposites which are excellent materials with superior and exotic properties for biomedical applications. This chapter gives an overview of the major polymer-based composites reinforced with nanomaterials, their characteristics, fabrication techniques, and suitability in the biomedical field. The chapter gives an idea about research gaps in the material design and development, drawbacks, and challenges in in-vivo biomedical applications beneficial to researchers by giving an insight into novel materials suitable for further utilization in the biomedical era. Chapter 4 focuses on the conventional strategies based on nanotechnology which are being adopted in the biomedical field but having several disadvantages like severe side effects, toxicity, etc. From a future perspective, polymer nanocomposites have great potential in biomedical fields like tissue engineering, bone replacement or repair, dental applications and controlled drug delivery. The potential of biodegradable polymers in such applications is still under investigation. In the current scenario, polymer nanocomposites offer the combined merits of nanotechnology and the pros of biocompatibility and biodegradability to achieve the desired objective in biomedical applications. Chapter 5 illustrates modern-day nanomaterials of various kinds and morphologies and diverse methods of synthesizing them under top-down and bottom-up approaches are also discussed. Contributions of nanomaterials in some emerging technologies and industry sectors like the food industry, agricultural science, medicinal science and the power sector have been discussed. The need for awareness and risk management to combat the health impact of ‘nanotoxicity’ arising due to the rapid commercialization of nanomaterials is also mentioned. Also, Chapter 6 discusses the current discoveries in graphene-based materials in a variety of sectors as well as nanotechnology due to its hexagonal lattice and carbon atom arrangement. While, graphene nanosheets are excellent for usage as a 2D endorsement for applications of other nano-objects. Graphene-based nanocomposites are getting prominence in environmental and energy concerns in a variety of sectors. Chapter 7 deals with applications of nanotechnology in medicine which is relatively new, yet having a profound worldwide impact on biomedical research and public health. Nanomaterials possess several attractive features that permit them to perform physiological tasks such as multicolor imaging, identification of medical disorders, early diagnosis of diseases, delivery of therapeutics to target-specific organs, effective treatment of infections, increased bioavailability of drugs, and decreased side effects. Nanomedicine offers enormous opportunities in the near future and global efforts are underway to develop advanced smart nanomedical systems. Chapter 8 presents in-depth studies on the agricultural domain with which human civilization started and will carry on for survival. Since the growing population demands more resources from lesser area and time, bioinspired nanotechnology interventions like nanocarriers for fertilizer and pesticide delivery, soil and climate sensors and plant nanobionics to detect pollutants are the need of the hour. The strategies also have to be sustainable, in line with the UN SDGs as recalcitrant compounds have already posed significant damage to our planet. However, Chapter 9 explores the scenario of the utility of graphene nanotechnology that could be easily understood by its wide range of applications starting from energy storage devices to biomedical devices. Not only these, but graphene technology also provides purified water and air owing to its excellent physical, chemical, and mechanical properties. However, like any other technology, graphene nanotechnology has its limitations; advanced research is going on to overcome this. In the future, multifunctional graphene-based nanostructures with affordable cost will reach out to the common people. Remarkable strategies to employ assemblies of metal nanoparticles, organic-inorganic hybrid composite matrix, and carbon nanostructures in bioengineering conversion schemes are also illustrated in this book.




    Thus, it may be clear to all readers that nanotechnology-enabled bio-inspired nanotechnologies are starting to scale up dramatically. As they become mature and cost-effective in the decades to come, biomaterials could eventually replace the traditional, environmental-unfriendly, fossils and improve the performance of the biomedical industry through the utilization of nanocatalysts in manufacturing materials with high durability. This book provides an overview of key current developments that direct future research attempts toward the utilization of such tailored nanostructures or hybrid nano assemblies will play an essential role in achieving the desired goal of cheap and efficient production.




    The book contains information with evidence from academicians, scientists, scholars, and engineers. It illustrates the wide-ranging interest in these areas and provides a background to the chapters, which address the novel synthesis of high-yield nanomaterials and their biomaterials, graphene, polymeric nanomaterials, green nanomaterials, green polyester, nano-biotechnology, interesting response characteristics of exclusive spectroscopic investigation as well as extensive electron microscopic study, health care, environmental and plant biology, social, ethical, and regulatory implications of various aspects of green nanotechnologies based leading functional nanomaterials. Liable appropriate regulation alongside the topics indicates that the commercial production of manufactured novel composite materials can be realized. Furthermore, many brilliant discoveries and explorations are highlighted in the entire book that can modulate spectroscopic performances with technical excellence in the inter-and cross-multidisciplinary research of high competence.
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      Abstract




      Over the past few years, much effort has been taken to explore the applications of nanoparticle-based structures in different fields such as nanomedicine, molecular imaging, etc.. Supramolecular analytical methods have attracted researchers due to their chemical formula, flexibility, convenience, and modularity for the synthesis of nanoparticles. The incorporation of functional ligands on the surface of supramolecular nanoparticles helps to improve their performance in many areas. Fabrication of supra molecular materials with uniform size gives more advantages of using them in different fields. Characterization techniques like positron emission tomography imaging (PET), magnetic resonance imaging (MRI), fluorescence studies, scanning electron microscopy (SEM), and UV-Vis studies help to identify the molecular images and structure effectively. Supramolecular systems are used as an effective technique in the nano-design of supramolecular nano-systems. They enhance the solubility, modification of surface properties, bioconjugation of nanoparticles due to the supramolecular recognition properties, and supramolecular materials that are applied for the removal of targeted molecules. The designing process makes it able to function in complex matrices. This chapter discusses the design, synthesis and characterization of supramolecular nanostructures and their hybrids and also discusses their application in different fields.
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      INTRODUCTION




      Supramolecular chemistry is identified as the study of the chemistry of non-covalent interactions. Weak and strong interactions are used to form nanoassemblies and novel nanomaterials. These forms are applied in different fields such as biomedical, pharmaceutical and analytical. Supramolecular chemistry is the branch where studies emulated from nature are considered. Supramolecular chemistry is explored as the chemistry beyond the molecule. It is more studied due to the efficiency of the molecule to design the self-assembled systems. Generally, supramolecular complexes are highly dynamic with their complementary guest molecules [1]. They perform various weak and reversible non-covalent interactions such as ion-ion, pi-pi, hydrogen bonding, weak van der Waals interactions, etc.. [2]. Supramolecular systems are efficient due to their inherent modularity, assembling-dissembling to external stimuli and their reversible nature. Supramolecular chemistry is mainly based on the concept of self-assembly and molecular recognition [3]. This review details about the application of supramolecular systems, design, synthesis and characterization of supramolecular nanoparticles and application of SNP and its hybrids in different areas.


    




    

      



      SUPRAMOLECULAR NANOPARTICLES (SNPs)




      They are mainly classified into organic supramolecular nanoparticles and inorganic supramolecular nanoparticles. Supramolecular identification of nanoparticles can generate stable and packed 3D functional nanostructures. β-cyclodextrin (CD) acts in organic supramolecular nanoparticles as a natural host for guest organic molecules (ferrocene). It helps to form specific kinetically labile inclusion complexes. These guest-host complexes were applied in supra molecular system to assist the nanoparticle’s assembly. The guest or host molecule was attached to the surface of different nanoparticles such as silica, gold, polystyrene, etc.. The major strength in supramolecular chemistry is the fine-tuning and binding strength of the related supra molecules. The reversible bonding of the nanostructure from the surface is very important for designing novel nanoarchitectures. It is gained by the assembly of supramolecular nanoparticles. SNPs are prepared from the mix of supra and polymer chemistry, and their interactions. While synthesizing drug delivery system, we first need to design biodegradable SNPs. It is recommended to use the combination of polymer and supramolecular chemistry which can be added with organic and inorganic NPs [4]. They help to tune the flexibility of polymer chains. In this way, they enable to design and synthesize different types of NPs. They are applicable in nanoimaging, nanomedicine, bioanalytical chemistry, etc.. These materials are biodegradable and biocompatible. SNPs are able to tune and optimize themselves for their targeted applications [5].




      In SNP formations, the reactant biodegradable NPs are made up of monomers such as PLA, PA and copolymers. Many studies have reported the application of biodegradable SNPs for drug delivery. These SNPs are applicable in making stimuli-responsive multifunctional nanodevices [6]. As a result, polymer chains provide flexible branches which are functionally modified with macrocycles and connected by non-covalent interactions. They finally form polymeric supramolecular NPs that have wide applications in the pharmaceutical industry.




      

        Hybrid Supramolecular Nanostructures




        Biobased hybrid supramolecular nanostructures of inorganic and organic molecules have enough potential for the improvement of properties in electronic and energy transduction. They are highly applicable in the synthesis of nanomedicines and nanosensors [7] based fields. Nanoparticles used to synthesize hybrid supramolecular materials have vast functionalities on their nanostructure such as fluorescent, magnetic, metallic, drug-loaded, bioconjugates, etc.. [8]. Addition of metallic NPs into the polymeric NPs and supramolecular NPs makes them more efficient. It helps to enhance the intrinsic properties of each component which will tune the design and flexibility of the required nanoarchitecture .


      


    




    

      STACKING OF SNPs




      Generally, the assembly of molecules into 1D supramolecular polymer system leads to the formation of double sided motifs. These motifs are efficient in facial association and stacking through the combination of various non-covalent interactions. The assembly of these small molecular stacking motifs is led by their molecular structure and architecture. These assemblies can be varied by different factors such as pH, solvent polarity, salt concentration, etc. [9]. But some molecular stacking motifs are influenced by thermodynamic equilibrium.


    




    

      DESIGN AND SYNTHESIS OF SUPRAMOLECULAR BIOHYBRID MATERIALS




      Supramolecular compounds are generally classified into 2 types based on their synthesis and mechanism. They include materials synthesized from one-dimensional assembly of stacking and materials synthesized from the chain extension of oligomers of polymeric precursors by corresponding supra molecular recognition motifs. The design of supramolecular materials needs a special understanding of the characteristics of specific non-covalent interactions. This involves the interaction between different supramolecular motifs. In case of supramolecular biohybrid materials, assembling of peptides helps to enhance the biomedical application of the materials. These peptides possess sheet-like structure which is joined together by hydrogen bonding. These peptides’ self-assembly gives more advantages to biohybrid materials. It also causes the possibility to mimic the functional and structural aspects of native matrix elements. A new method to synthesize supramolecular biohybrid materials is associated with the crosslinking of polymers and protein-derived molecular recognition motifs [10, 11]. Most identifiable motifs in supramolecular chemistry are the macrocyclic guest-host interaction. Another new method to prepare supramolecular biohybrid material is associated with specific polyvalent H-bonding moieties. It is important to note that complimentary or self-complimentary hydrogen bonding moieties can be installed into polymeric backbone through end-functionalized oligomers.


    




    

      



      DESIGN OF SNPs AS SENSORS AND DRUG DELIVERY SYSTEM




      

        



        Bioconjugation of SNP System over Metallic Surfaces




        To increase molecular recognition characteristics, supramolecular system needs to be implied in nanosensor applications. To assemble supramolecular systems as signal transducers on metallic, glass and polymeric surfaces, the chemical structure, host structure and material surface need to be identified. Bioconjugates of surface chemistry include the functional groups such as amine, thiol, carboxyl, aldehyde, epoxy, etc.. Macrocycles can be modified by adding linkers into the matrix to follow bioconjugation. Supramolecular chemistry with optics exhibits higher optical signal for organic molecule detection [12].


      




      

        



        Nanoaggregation as Signal Transducers




        In colloidal system, it is very difficult to modulate the nanoaggregation. It is also difficult to apply the processing to a molecular system where non-covalent interactions exist. Macrocycles work as molecular receptors due to their host-guest structure and the formation of complexes [13]. It allows nanoaggregation and helps to identify the molecules.


      


    




    

      DESIGN OF SUPRAMOLECULAR POLYMERIC NANOPARTICLES




      Supramolecular polymers aroused great interest among researchers over the past few decades. Non-covalent interactions have a strong influence on the behaviour of polymer chains. They also have a strong effect on the functionalization of supramolecular self-assembly. Such forces are called supramolecular forces. Polymer nanoparticles are hydrophilic or hydrophobic in nature (Tables 1 and 2). They are classified into nanospheres and nanocapsules. Manipulated properties are gained by varying the parameters such as the size, width, the nature of the particle, surface-to-volume ratio, composition, interactions, biochemical moeities, ionic strength, etc.. Altering the composition of the materials for the synthesis of PNPs can also enhance the bioactivity of the molecules. NP enhances drug solubility, therapeutic index of the drug, drug oral bioavailability etc.. Polymeric nanoparticles are composed of a different array of polymers, which have properties like pH, biodegradability, temperature responsiveness, etc.. Natural and synthetic polymers are used in the fabrication of hydrophobic PNPs. They include PVA, PEG, PVP, PAA, etc.. Synthetic polymers are mainly used for the preparation of hydrophobic nanoparticles [14-17]. In the development of the synthesis of PNPs, many polymer-related factors have to be taken care of. These factors are responsible for the intrinsic properties of the polymers. Two factors such as surface charge and distribution of functional groups are responsible for the interference of supramolecular interactions.




      

        Table 1 Natural polymers and method of synthesis.




        

          

            

              	Type



              	Polymer



              	Method of Synthesis



              	Product Type



              	References

            


          



          

            

              	Natural hydrophilic polymer



              	Chitosan(cationic)



              	Ionic gelation



              	Polyelectrolyte complexes



              	[18]

            




            

              	Natural hdrophilic polymer



              	Xanthen(anionic)



              	Emulsion



              	Polyelectrolyte complexes



              	[19]

            




            

              	Natural hdrophilic polymer



              	Pectin (anionic)



              	Ionic gelation



              	Nanogel formation



              	[20]

            




            

              	Natural hdrophilic polymer



              	Guar gum (anionic)



              	Ionic gelation



              	Polyelectrolyte complexes



              	[21]

            




            

              	Natural hydrophilic polymer



              	Albumin (amphibilic)



              	Nano-precipitation



              	Polyelectrolyte complexes



              	[22]

            




            

              	Natural hydrophilic polymer



              	Starch (anionic)



              	Nano-precipitation



              	Polyelectrolyte complexes



              	[23]

            


          

        




      




      

        Table 2 Synthetic polymers and method of synthesis.




        

          

            

              	Type



              	Polymer



              	Method of Synthesis



              	References

            


          



          

            

              	Synthetic hydrophilic polymer



              	PEG (non-ionic)



              	Nano-precipitation



              	[24]

            




            

              	Synthetic hydrophilic polymer



              	PAA (anionic)



              	Emulsion



              	[25]

            




            

              	Synthetic hydrophilic polymer



              	PVA (nonionic)



              	Nano-precipitation



              	[26]

            




            

              	Synthetic hydrophilic polymer



              	PVP (non ionic)



              	Nanogel formation



              	[27]

            




            

              	Synthetic hydrophobic polymer



              	PS



              	Emulsions



              	[28]

            




            

              	Synthetic hydrophobic polymer



              	PLGA



              	Emulsions



              	[29]

            




            

              	Synthetic hydrophobic polymer



              	PACA



              	Emulsions



              	[30]

            


          

        




      


    




    

      



      ADVANTAGES OF SUPRAMOLECULAR BIOHYBRID MATERIALS




      Enhanced attributes of supramolecular biohybrid nanoparticles include modularity, mechanical tunability, responsiveness and biomimicry which help to apply them to different applications. It is due to their tunable, specific and reversible character.




      

        Modularity




        Supramolecular interactions are highly unique and specific in nature. The modularity of supramolecular hybrid nanomaterials allows control over other SNP materials on special properties such as composition, functionality and bioactivity. Modularity of the molecule helps to bring the need of facile modification with diverse targeting ligands. Modularity also helps to display a wide range of signals which is a function of time [31-33].


      




      

        Dynamic Reciprocity




        Non-covalent interactions and their dynamic nature cause supramolecular materials to respond to multivarious external stimuli. These stimuli are classified as physical, chemical and biological cues. Physical cue involves temperature, light, pH, voltage, ionic strength, redox reagent, etc.. Biological cues involve enzymes, proteins, etc.. The dynamic and responsive properties of the supramolecular system have a great influence on the sensing and responsive characteristics [34-36].


      




      

        Biomimicry




        Biological systems are diverse and complex in nature and require a novel method to develop synthetic materials which are capable of replicating the entire structure. The functional complexity of biological material leads to develop a true mimetic system with enhanced therapeutic functions. Biohybrid materials that can retrieve signalling pathways are effective for application in regenerative medicine, biomedical or tissue engineering. Here supramolecular hybrid materials act as scaffolds and mimic as fibrous matrix components [37-39].


      


    




    

      



      CHARACTERIZATION TECHNIQUES USED IN SUPRAMOLECULAR CHEMISTRY




      The properties and structure of SNPs have s strong impact on biological response structure. It includes the shape and properties of the structure and defines some critical factors that characterize the state of the delivery system such as size, surface area and surface charge. The following section provides different physicochemical characteristics of SNPs.




      

        Small and Wide Angle X-ray Scattering (Saxs and Waxs)




        These are used to obtain structural information from nanoparticles. Both techniques give information and complimentary data related to the structural analysis of SNPs. SAX and WAX are used to study shape, crystallinity, orientation, etc.. Crystallinity gives the measure of the degree of structural array and order of SNP system [40-44].


      




      

        Dynamic and Static Light Scattering (DLS and SLS)




        Both are two complementary methods to characterize the attributes of NPs in the system. Both techniques give information about diffusion, weight, particle size, molecular weight and size. Polymer-based SNP system for drug delivery is based completely on the polymer -polymer or drug- polymer interactions. DLS technique provides size distribution data by measuring the volume, number and intensity [45-47].


      




      

        Calorimetry




        Micro calorimetry is used to measure heat changes with respect to different physical, chemical and biological processes. Calorimetry is used to characterize the supramolecular NPs. Here the process is described as supramolecular covalent interactions which is the reason for the basis of self-assembly of NPs and their association with biological variants. It is highly efficient during the preparation and application of studies related to biointeraction. Micro calorimetric techniques such as Differential Scanning Electron Microscopy DSC, Isothermal titration calorimetry (ITC), and Pressure perturbation calorimetry (PPC) are used for the supramolecular design of NPs. Through calorimetric techniques, it is easy to gain knowledge related to thermodynamics of supramolecular forces that modulate, nucleate and also stabilize NPs. DSC, PC and ITC are used to characterize molecular interactions during the development of NPs and the stability of the supramolecular system DSC is used to find Tg and melting point. They are used to quantify molecular interactions [48-51].


      




      

        Fourier Transform Spectroscopy FT-IR




        Its working principle is mainly based on light-matter interactions. FT-IR is analyzed by the measurement of ƛ max(wavelength) and intensities of the absorption of infrared radiation on the SNP samples. FT-IR provides details of the vibration signature of chemical bonds. This technique is rapid, precise and non-destructive [52].


      




      

        Ultra Violet-visible Light Absorption Spectroscopy




        UV-Vis light absorption spectroscopy is applied to the principles of light absorption by a material relative to wavelength. This method is used to study the self-assembled SNPs and their degradation. UV-Vis curve gives information on NPs’ electronic properties. It depends on NPs size distribution, agglomeration and optical properties [53].


      




      

        



        Fluorescence Spectroscopy




        It is used to characterize fluorescent NPs, their concentration, brightness, hydrodynamic radius, etc.. Emission results from the excited state and is also independent of its excitation wavelength. Fluorescence emission contributes to fluorophore de-excitation, radiation loss, phosphorescence, etc.. [54].


      




      

        



        Nuclear Magnetic Resonance Spectroscopy




        This spectroscopy is used for the analysis of conformational and structural details of SNP molecules. NMR is a technique that is based on the absorption of radio frequency energy by a nucleus in the magnetic field. NMR spectroscopy is used for the design of polymer SNPs. NMR is related to the chemical identity and molecular mobility of complex inhomogeneous mixtures. NMR is used to get data related to chemical exchange, domain sizes, function of paramagnetic centers, etc.. NMR is a highly efficient, non-destructive technique that needs no preparation of samples with no structural deterioration [55].


      




      

        Scanning Electron Microscopy




        SEM is a microscopic technique that uses an electron beam to analyze the NPs. It is used to characterize hydrophilic and hydrophobic SNPs. It also analyzes the morphological properties of NPs such as particle shape, size distribution, surface functionality, agglomeration, etc.. SEM is used for the visualization of small particles [56].


      




      

        Transmission Electron Microscopy




        TEM is used to analyze internal properties and structure due to its high resolution in spatial and atomic mode. TEM is used to analyze surface morphology such as size, surface quality, external morphology, etc.. [57].


      




      

        Atomic Force Microscopy




        It is a three-dimensional measure to study topography at the nanometric range. AFM is the technique used for hydrophobic and hydrophilic NP designing. AFM analyzes the morphology of NPs through different variants such as size, height, radius, width, etc.. AFM is applied for the higher resolution of NPs. AFM is influenced by the agglomeration or inhomogeneity of NPs. AFM is an easy invasive method [58].


      


    




    

      APPLICATIONS OF SUPRAMOLECULAR BIOHYBRID NANOMATERIALS




      

        Drug Delivery




        A number of strategies have been developed to tune the properties of supramolecular systems and to modulate their kinetics. These include monitoring the strength or dynamics of supramolecular interaction. In case of controlled drug delivery, proteins and other biological materials which are generally used to prepare supramolecular biomaterials are leveraged. It mainly aims to control the release of the drug. Another method for administering protein drugs to the supramolecular material involves the demonstration of high-density specific binding sites in the complex matrix. Among drug delivery applications, cancer is one area where supramolecular hybrid biomaterials are applied as an economical drug with creative therapeutic approaches [59-61].


      




      

        Regenerative Medicine




        Supramolecular materials are regenerative tissues and organs. They involve the discovery of injectable supramolecular peptides to enhance neural reconnections. Supramolecular peptides are used as injectable polymer hydrogels. They are efficient to bind and deliver antigenic growth materials. Among supramolecular nanomaterial systems, peptides act as scaffolds to deliver therapeutic cell population and also in enhanced bold perfusion and limb function. Supramolecular biomaterials are also used in cardiovascular regenerative medicine. Supramolecular methods have recently been used for the promotion of hard tissues like bones and teeth.


      




      

        Immuno Engineering




        Supramolecular hybrid nanomaterials are used to modulate the immune system. They are also used for the delivery of immune signals. This method is used for the development of folded protein antigens by using advanced supramolecular fibrillization. This acts as a template for the immune response to the antigen.


      


    




    

      CONCLUSION AND FUTURE ASPECTS




      Supramolecular materials are applied in biomedical applications and cancer therapy because of their enhanced nanostructural precision. Supramolecular materials are also used efficiently in the molecular array of stacking to synthesize drug carriers with high aspect ratios. These materials are also used as disease biomarker triggers, and as medicine for metastatic cancer, arteriosclerosis and inflammatory diseases. Synthesis of biohybrid nanomaterials through supramolecular design principles has many benefits. In the present scenario, the development of supramolecular biomaterials is a relatively novel endeavor. Strategies to prepare supramolecular bionanomaterials from small molecule precursors cause low-yielding synthesis procedures. Improvement of efficiency in the synthesis and application is a prior concern. Supramolecular hybrid bionanomaterials also address low cost and easy scale of production. Trials to maximise non-covalent interactions in the synthesis of supramolecular bionanomaterials have shown the low-cost availability of the components.




      The supramolecular design of SNPs is facing many challenges due to the lack of techniques to identify and explore the interactions, environment and the components of the system. It leads to a specific and unique system of self-assembling. Supramolecular design is the study of the variations in non-covalent interactions to generate a nanostructural system with controlled characteristics. Despite large amount of knowledge about the characterization of supramolecular NPs, much less time and work has been invested in the way of synthesis. This highlights the complexity of the topic in multidisciplinary areas. SNPs and their chemistry offer a novel route to researchers who aim to correlate synthesis, nanostructure and its applications. This review discusses more about supramolecular nanobiomaterials with applications towards the design of new materials. Supramolecular design principles provide a number of advantages in synthesizing stimuli-responsive materials. Along with the advantages of SNPs in the design of therapeutic materials, the clinical use of the system is explored in detail. New ways to synthesize SNPs must give more demand to SNPs in the near future.


    


  




  

    

      ABBREVIATIONS




      

        

          	



          	

        




        

          	SNP



          	Supramolecular nanoparticles

        




        

          	DSC



          	Differential scanning electron microscopy

        




        

          	NP



          	Nanoparticles

        




        

          	SAX



          	Small angle X-ray scattering

        




        

          	PSNP



          	Polymer-based Supramolecular nanoparticles

        




        

          	WAX



          	Wide angle X-ray scattering

        




        

          	PVA



          	Polyvinyl alcohol

        




        

          	SEM



          	Scanningelectron microscopy

        




        

          	PEG



          	Polyethylene Glycol

        




        

          	TEM



          	Transmission Electron Microscopy

        




        

          	PAA



          	Polyacrylic acid

        




        

          	FT-IR



          	Fourier Transform Spectroscopy

        




        

          	PS



          	Polystyrene

        




        

          	UV-Vis



          	Ultraviolet-Visible light absorption spectroscopy

        




        

          	PLGA



          	Poly(lactic)-co-glycolic acid

        




        

          	AFM



          	Atomic Force Microscopy

        




        

          	PACA



          	Poly(alkyl cyanoacrylate)

        




        

          	NMR



          	Nuclear Magnetic Resonance Spectroscopy

        




        

          	DLS



          	Dynamic Light Scattering

        




        

          	SLS



          	Static Light Scattering
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