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    PREFACE




    


    


    


    


    


  




  

    The book “Modification of solid surface by the use of additive” comprises ten comprehensive chapters covering different type of solid surface modifications by using surfactants or other chemicals. The main purpose of modification is to activate the solid surface for synthesis of anisotropic nanostructures material, pipeline transportation in aqueous condition, removal of hazardous pollutant etc. In the first chapter, Bhavya et al. have discussed the role of surface-active agents in the synthesis of anisotropic nanostructure material. In this chapter, they have also discussed how surfactants affect the growth of ANs. Moreover, the contemporary strategies and advantages of binary surfactant mixture over the mono-surfactant are comprehensively discussed. In the second chapter, Kudrat and Mohapatra have presented the protocols related to the preparation of quantum dots, their characterization techniques, applications and a special consideration on the toxicology as well as surface modification of CdTe quantum dots.




    In the third chapter, Routray et al. have discussed about the role of surfactant and its mixture in the stabilization and rheological behavior of coal-water slurry. They have extensively studied the effect of surfactant concentration, temperature, coal concentration on the flow behavior of slurry.




    In the fourth chapter, Behera et al. have reported an improved process for removal of hazardous organic pollutants from industrial waste contaminated water. In this chapter they have discussed the role of surface modified highly activated adsorbent for removal of organic pollutants. In fifth chapter, Mohapatra et al. have highlighted the generation of fly ash and its pipeline transportation. Here, they have discussed about the role of surfactant and bottom ash in the surface modification of fly ash which causes the reduction of viscosity of slurry during its pipeline flow.




    In the sixth chapter, Kabiraz has discussed the chemical modification of carbon electrodes and their sensing applications. In seventh chapter, Sanyasi has presented some modified polysaccharides for biomedical applications. In eighth chapter, Behera et al. have highlighted the role of additives on metal coating substrate surfaces. They have noted that the additive modified coating is able to enhance the wear property, corrosion property as well as the optical property of the structure. In the ninth chapter, Bhuyan et al. have reported the microwave dielectric properties of Mg2TiO4 ceramics added with CeO2 nanoparticles. Furthermore, in chapter ten, Satpathy et al. have discussed the progress of Perovskite materials with surface additives.




    We would like to thank all the contributors for their interest and untiring efforts in putting together outstanding collections of reviews that comprehensively cover various aspects of this important field. We are also grateful to the excellent editorial team of Bentham Science Publishers, Singapore.
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    FOREWORD




    


    


    


    


    


  




  

    Chemical modification of solid surfaces by the use of additives is extremely important for a large variety of applications. For this reason, the book “Chemical modification of solid surfaces by the use of additive” summarizes these uses and gives an overview of recent developments of these syntheses and applications in this field. The book contains several chapters starting with fundamental science in “Role of surfactants in facet dependent synthesis of anisotropic nanostructures,” which highlights the importance of surface modification during synthesis of nanomaterials. In chapter two “Quantum dots; Synthesis, application, toxicology and surface modification with special consideration on CdTe QDs”, the synthesis of quantum dots as an optical nanomaterial is discussed in detail, where also toxicological aspects in relation to surface chemical modifications are discussed. This chapter is important and highlights especially the role of surface modifications to protect humans from harm by turning a potentially poisonous entity into a highly useful and harmless tool.




    The book continues then with engineering questions starting from chapter 3, whereby the “Improvement of flow behavior of coal–water slurry using surfactant mixture” is discussed in detail highlighting the influence of surface modification for process engineering questions. In chapter 4 the influence of surface modification for health and environmental remediation are discussed, highlighting even the potential of surface modification for combining engineering with health and environmental aspects. Having introduced environmental protection in the aforementioned chapter, Chapter 5 “Generation of Fly ash and its surface modification for Pipeline transportation” highlights the importance of surface modification to prevent pipeline clotting and reduce the energy required for transport. By reducing the energy needed for transportation, surface modification techniques can even contribute to climate.




    Surface chemical modifications are also important in sensing applications as chapter 6: “Chemical Modification of Carbon Electrode for Sensing Application” discusses. In addition to sensing, the “Functionality modification of polysaccharides for enhanced surface properties at cell-material interface for biomedical application” is nicely explained in chapter 7. Furthermore, the role of additives on metal coating substrate surfaces is discussed in chapter 8. After this chapter, the book switches to microelectronic and microwave applications with chapter 9 and 10. These chapters mainly discussed perovskite structures and their optical and dielectric properties, highlighting the potential of surface modification in the field of electronics.




    Due to the rich content, I am confident that the book will be an interesting resource for students and experts from basic science to industry to expand their knowledge in the field of surface modifications.
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      Abstract




      Anisotropic nanostructures (ANs) have increasingly become attractive materials in the current decade due to the direction-dependent properties associated with them. The materialization of ANs is highly delicate, where sharp edges and vertices synthesis is very crucial. There are a few factors that play an important role in the synthesis of ANs, such as surfactants, pH, temperature, etchants, choice of reducing agent, metal precursor, reaction time, solvent, etc. This chapter discusses how surfactants affect the growth of ANs. Although several surfactants are used for the synthesis of ANs, we have focused on the surfactants, such as cetyltrimethylammonium bromide (CTAB) polyvinylpyrrolidone (PVP), cetyltrimethylammonium chloride (CTAC), and binary surfactant mixture used for the synthesis of Au, Ag, and Cu nanostructures. An overview of various types of surfactants and the importance of the choice of surfactant, which is necessary for the synthesis of the particular nanostructure, is presented. Also, the change in nanostructure formation with the change in percentage assay of surfactant is discussed. The contemporary strategies and advantages of binary surfactant mixture over the mono-surfactant are comprehensively reviewed. The challenges in the synthesis of particular nanostructures with the required size and morphology are highlighted.
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      1. Introduction




      Nanostructured materials are currently gaining significant attention from scientists working in various research fields. Recently, these nanostructured materials have been explored in several scientific applications, and are not limited to sensing [1], catalysis [2], health (food safety) [3], environment [4], and energy applications [5]. The rich applications of nanostructured materials are closely associated with the unique structure of nanomaterials, which has brought a new vision to the nanomaterial field. Anisotropic nanostructures (ANs) are ahead of isotropic nanostructures due to their enhanced properties associated with the shape, size, and morphology. The properties of ANs are highly direction-dependent. The synthetic methods for the preparation of ANs require a significant role of stabilizer /surfactant, reducing agent, metal precursor to reducing agent ratio and metal precursor to surfactant ratio, which are important for the formation of controlled and tunable size, morphology and shape. Template method [6], electrochemical method [7], seed-mediated method [8], and also photochemical methods [9] are frequently used for the synthesis of ANs. Seed-mediated method belongs to the wet chemical method (WCM), which shows more advantages over the other methods. WCM is more beneficial due to its facile synthesis, high yield and can control the morphology at every step of the reaction [10].




      Capping agents and additives play a prominent role in modulating the morphology. Different capping agents consist of surfactants, ligands, polymers, or dendrimers that are used for the appropriate modulation of size and shape of the nanostructures [11]. Among the other capping agents, surfactants are often used in the synthesis of ANs. Surfactants are the abbreviated term used for surface active agents and it is usually called by it. Surfactant provides several types of well-organized assemblies like a specific size, geometrical control and stabilizes the particular materials. They have special dual characteristics of both hydrophilicity and hydrophobicity [12]. They are also termed as wetting agents, amphiphiles, tensides and paraffin chain salts in the earlier literature [13]. In some cases, they are also defined as molecules capable of forming micelles. They contain two important parts, a polar portion which is hydrophilic (hydrophile) in nature, shows a strong affinity towards polar solvents called “head”. The other part is the nonpolar part which is hydrophobic (hydrophobe or lipophile) called as “tail” having attraction towards oil. Because of the presence of a hydrophilic and hydrophobic group, they easily dissolve in water as well as in organic solvents [14, 15]. The term surfactant was coined in 1950 by Antara Products. The etymology of origin of the different names for surfactants is listed in Table 1 [16].




      

        Table 1 Etymology of origin of the name for surfactants.




        

          

            

              	English



              	Greek



              	Latin

            




            

              	Oil



              	Lipo-



              	Oleo-

            




            

              	Water



              	Hydro-



              	Aqua-

            




            

              	Solvent



              	Lyo-



              	Solvo-

            




            

              	Both



              	Amphi-



              	-

            




            

              	Affinity



              	-philic



              	-

            




            

              	Lack of affinity



              	-phobic



              	-

            


          

        




      


    




    

      2. Classification of Surfactants




      The surfactant plays a vital role in the synthesis of metal nanoparticles. In nanotechnology, the nano metallic particles offer various lattice planes and can be influenced in the presence of surfactant during the reaction. Surfactant shows various properties, including surface adsorption [17], surface passivation [18] and shape control effect [19] in the chemical reaction. Surfactant is the best shaping agent, which is further attached to the reaction mixture by surface adsorption properties and forms surface-active molecules. These surface-active molecules are attached to the nucleating center of the crystal plane, which controls the overall shape and size of the nanostructure. Surfactants are mainly classified into 4 different types depending on the nature of the hydrophilic group.




      

        



        2.1. Anionic Surfactants




        Anionic surfactants contains negatively charged ions in aqueous solution; hence the head is negatively charged in the solution. General anionic surfactants are carboxylate, sulfate and sulfonate ions. The most commonly used anionic surfactants are alkyl sulfates, alkyl ethoxylate sulfates, phosphoric acid esters, alcohol sulfates and sodium dodecyl sulfate (SDS). Anionic surfactants are considered comparatively nontoxic. The straight chain of the tail consists of saturated or unsaturated with carbon ranges from C12-C18 aliphatic group. Presence of double bonds in the chain determines the water solubility potential of the surfactant. Examples of anionic surfactants are sodium dodecyl sulfate (SDS) and trisodium citrate, which are frequently used in nanoparticle synthesis [12, 20].


      




      

        



        2.2. Cationic Surfactants




        The hydrophilic head of the cationic surfactant is positively charged in the solution. These surfactants contain germicidal properties and used for hand sanitizer. Due to the positive charge present in the head group, it is used in anti-static products, such as fabric softeners. Cationic surfactant is also used as wetting agents in acid media and helps to reduce surface tension. Examples of these types of surfactants are cetyltrimethyl ammonium bromide (CTAB), cetyltrimethyl ammonium chloride (CTAC), etc. [12, 20]. The head group contains quaternary ammonium unit in CTAB and CTAC surfactants.


      




      

        



        2.3. Zwitterionic Surfactants




        Zwitterionic surfactants are composed of both anionic and cationic centers attached to the same molecule; hence they are also called as amphoteric surfactants [12, 20]. These surfactants are less used than other types of surfactants. The source of positive charge is based on primary, secondary, or tertiary amines or quaternary ammonium cations, but the source of the negative charge may differ (carboxylate, sulphate, sulphonate). A well-known example of zwitterionic surfactant is alkyl betaine and lecithin. The zwitterionic surfactants are often sensitive to pH of the solution.
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Fig. (1))


        The schematic representation of hydrophilic and hydrophobic parts of different types of surfactants.

      




      

        



        2.4. Nonionic Surfactants




        Nonionic surfactants that are not ionized in aqueous solution because of the non-dissociable type of hydrophilic group. Examples of this type of surfactant are alcohol, phenol, ether, ester or amide [12, 20]. These surfactants do not possess any charge. The most frequently used nonionic surfactants are ethers of fatty alcohol. Ethylene glycol and polyethylene glycols are the main nonionic surfactants used in the synthesis of different nanostructures. Classification of surfactants is represented in a pictorial format differentiating the hydrophilic and hydrophobic portion of surfactant in Fig. (1).


      


    




    

      3. General Characteristic of Surfactants




      Monomers of surfactants tend to aggregate in the solution, forming micelles. Formation of micelles is the fundamental property of surfactants [21]. Concentration above which micelles formed is called critical micelle concentration (CMC). Polar heads of the surfactant form an exterior shell and nonpolar tails are aggregated in the interior to form a micelle [12]. Hence, micelles are spherical amphiphilic structures containing a hydrophobic core and a hydrophilic shell. Formation of the micelle is shown in Fig. (2).
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Fig. (2))


      Schematic representation of micelle formation.



      It is an important factor to note that surfactant molecular action depends on whether they are present in micelles or as free monomers. The micelles influence the solubility of organic hydrocarbons and oils in an aqueous solution and also influence the important property called viscosity. The size of the micelle is measured by the aggregation number, which is the number of surfactant molecules associated with a micelle.




      Surfactants provisions to restrain the particle growth in the nanometer regime. Methods used for the synthesis of nanostructures with the help of surfactants usually lead to form spherical particles due to the low surface energy accompanied by these particles [11]. Anisotropic nanostructures, other than spherical nanoparticles, are formed as an effect of specific interaction of the capping agents with different growing facets of the particles [22]. A few solution-phase metal nanoparticle synthesis procedures were reported where governing of nucleation and growth steps are controlled by changing the reducing agent or by modulating the stabilizer/surfactant concentration [23]. This chapter mainly focuses on the importance of the surfactants that are frequently used in the synthesis of anisotropic nanostructures of Au and Ag. These surfactants include CTAB, PVP, CTAC, as well as binary surfactant mixture.




      

        3.1. Cetyltrimethylammonium Bromide (CTAB)




        a) CTAB is the most frequently used surfactant for the controlled synthesis of Au nanorods (Au NRs). There is a notable transformation from Au nanoparticles (Au NPs) to Au nanorods (Au NRs) of controlled aspect ratio, merely by the addition of CTAB to the system. Initially, Au NRs were synthesized in 2001 by seed-mediated, surfactant-assisted approach [24, 25]. The role of CTAB interpreted by influencing the transformation from spherical to rod shaped is either due to the adsorption of CTAB on the side or edge faces of isometric crystals favor the growth along (110) axis [25].




        b) CTAB is very effectively used as a surfactant for the growth of Au NRs. A different aspect ratio of Au NRs synthesized by controlling the concentration of CTAB, the ratio of Au seed to Au3+ ions and concentration of L-ascorbic acid, which acts as a reducing agent. All these parameters played a significant role in regulating the aspect ratio as well as control the yield of Au NRs [26]. To precisely explain the role of CTAB in modulating the Au NRs structure, an experiment was conducted either increasing or decreasing the CTAB concentration. When the concentration of CTAB was decreased, an increase in the length and decrease in the width (marginally) of the Au NRs was observed in the absence of AgNO3. Upon a decrease in the concentration of CTAB, the yield of the Au NRs reduced considerably, along with the appearance of non-rod shaped particles [26].




        c) Smith and Korgel studied a series of experiments with different brands of CTAB for the synthesis of Au NRs [27]. This work was carried with five different brands of CTAB such as Acros, Sigma, Aldrich, Fluka and MP Biomedicals (10 different suppliers with different product code) and keen observation was kept on the morphology and yield of the Au NRs. An interesting result was obtained among ten reactions where CTAB was obtained from different suppliers, three reactions unable to produce Au NRs even though the same seed-mediated procedure was followed for all reactions. The main reason is the presence of an impurity in CTAB, the root cause for inducing the Au NRs formation.
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Fig. (3))


        TEM (top images labeled with “1”) and SEM (bottom images labeled with “2”) images of gold colloids made using CTAB from five different suppliers. (A) Fluka (52370), (B) MP Biomedicals, (C) Acros, (D) Sigma (H5882), and (E) Aldrich. Of these, only CTAB supplied by Fluka and MP Biomedicals yielded NRs, while the others yielded only spherical particles.



        Among 10 different product codes of CTAB, 5 brands were selected for in-depth study. When CTAB from 3 brands such as Acros, Sigma (H5882), or Aldrich always produced with spherical particles upon used in growth solution which was independent of the CTAB brand used in seed preparation step. On the other side, when CTAB from Acros, Sigma (H5882), or Aldrich were used in seed step along with CTAB from Fluka (52370) or MP Biomedicals were used in the growth step, this combination worked nearly well for the synthesis of Au NRs. SEM and TEM images of nanostructures obtained from 5 reactions from 5 different brands of CTAB as shown in Fig. (3). Where only Fluka and MP Biomedicals yielded Au NRs, and other 3 brands were produced with spherical nanoparticles. This could be concluded that CTAB is more important in the growth solution step rather than in the seed preparation step. It is also explained that CTAB has different binding strengths with the seed particles that influence the further growth rate in the growth step [27].




        d) CTAB was successfully used in the synthesis of Au NRs by many research groups. One of the important factors in the synthesis of Au NRs is monitoring the length without the addition of external additives like Ag precursor. It is better to tune the length of Au NRs with the available chemicals which are commonly added in the reaction instead of adding external additives. In the surfactant-assisted synthesis process, the surfactant is the major component compare to metal precursor and reducing agent.




        The chain length of surfactant (number of carbon) also plays an important role to tune the length of the Au NRs. Generally, the aspect ratio of Au NRs was found to be increased with the increase in the length of the surfactant chain [28]. CTAB having different chain length varies from 10 to 16 with respect to carbon numbers. By using different chain length of CTAB, aspect ratio of Au NRs varies to 1 (C10TAB), 5 ± 2 (C12TAB), 17 ± 3 (C14TAB), and 23 ± 4 (C16TAB). Fig. (4) represents the formation of variable aspect ratio of Au NRs with different chain lengths of CTAB [28].
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Fig. (4))


        TEM micrographs of gold nanoparticles prepared in the presence of (a) C10TAB, (b) C12TAB, (c) C14TAB, and (d) C16TAB. Scale bars are 500 nm (b and d) and 100 nm (a and c).



        “Zipping” mechanism was proposed for nanoparticles elongation (Fig. 5) where surfactant forms as a bilayer to the growing nanoparticle and helps in increasing the length of Au NRs [28]. Nikoobakht and El-Sayed attempted to explain the mechanism of formation of Au NRs where C16TAB forms bilayers on the Au surface by adsorption, one layer head group (trimethylammonium) facing towards Au/Au NRs surface and other layer facing towards solvent to maintain water solubility [29]. This mechanistic path is explaining the interaction between two layers of the bilayer. Head part of a surfactant such as trimethylammonium, selectively binds to different facets of gold, along with maintaining simultaneous van der Waals interactions with adjacent surfactant tails. This leads to long zipping of the long axis of the Au NRs [28]. The zipping mechanism helps to understand the growth of Au NRs through the elongated axis.
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Fig. (5))


        Cartoon illustrating “zipping”: the formation of the bilayer of CnTAB (squiggles) on the NR (black rectangle) surface may assist NR formation as more Au ions (black dots) are introduced.



        Adsorption of CTAB on the surface of Au crystal plane is shown in Fig. (6). Synthesis of Au NR is a two-step process. The first step is the formation of single-crystalline Au seed, stabilized by CTAB. The second step is the growth of NRs where the preferential binding of surfactant to the specific crystal plane occurs. CTAB head group contains quarternary ammonium unit preferentially adsorbing on (100) plane of Au NR surface which blocks the growth in that direction forming bilayers through zipping mechanism and facilitates the growth of Au NR in (111) direction [30]. This results in the formation of Au NRs and zipping mechanism helps in the elongation of the Au NRs by blocking the growth in (100) plane. For the synthesis of Au NRs, CTAB was replaced by CTAC, but unable to reproduce the same structure. This upholds the choice of CTAB for the synthesis of Au NRs [27].
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Fig. (6))


        Proposed mechanism of surfactant-directed metal nanorod growth. The single crystalline seed particles have facets that are differentially blocked by a surfactant (or an initial halide layer that then electrostatically attracts the cationic surfactant). Subsequent addition of metal ions and weak reducing agent leads to metallic growth at the exposed particle faces. In this example, the pentatetrahedral twin formation leads to Au (111) faces that are on the ends of the nanorods, leaving less stable faces of gold as the side faces, which are bound by the surfactant bilayer.

      




      

        3.2. Polyvinylpyrrolidone (PVP)




        a) Polyol method is also one of the effectively adopted methods for the synthesis of nanostructures. It is mostly reported for the synthesis of silver nanostructures comparatively with other metal nanostructures. Silver nanocubes (Ag NCs) and silver nanowires (Ag NWs) were prepared using AgNO3 metal precursor, ethylene glycol as reducing agent and solvent, HCl acts as etchant and PVP used as a capping agent, which stabilizes the nanostructures [31]. Different nanostructures of Ag formed using a different molar ratio of PVP and AgNO3. The high molar ratio (above 10) of PVP and AgNO3, results in quasi-spherical particles, whereas low molar ratio forms needle-like nanostructures [32]. Upon increasing the amount of AgNO3, uniform Ag NCs turns into uniform Ag NWs under the same reaction condition. It is due to the preferential adsorption of (100) facets by PVP leads to uncovering of (111) facets and thus highly reactive, resulting in the formation of Ag NWs [31]. However, the etchant, HCl plays an important role in the formation of Ag NCs from Ag NWs. With increasing the concentration of HCl, from 25 μM to 125 μM, the morphology of Ag NWs slowly changes to Ag NCs. At a lower concentration of HCl (25 μM), it predominantly formed Ag NWs. At higher concentrations, 125 μM of HCl, monodisperse Ag NCs formed with high yield. Fig. (7) shows the changeover of Ag nanostructure from NWs to NCs with the increase in the concentration of HCl [31].
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Fig. (7))


        SEM images of Ag nanostructures synthesized with different HCl concentrations: (a) 25 μM; (b) 50 μM; (c) 75 μM; (d) 125 μM.



        b) Etching agent such as HCl was prominently used in the synthesis of Ag NCs to obtain uniform size and morphology of the cubes. Synthesis of Ag NCs in the absence or limited use of HCl was attempted by Sangaru and co-workers [33]. Use of the only HCl may affect the epoxidation process. Hence, 7% oxygen in argon gas is used as etchant along with HCl. Addition of oxygen slow down the kinetics of the reaction. Monodisperse Ag NCs with facet exposure to (100) are successfully synthesized using PVP as a capping agent, which adsorbs to the selective facets and facilitates the growth in the required direction [33]. SEM images of synthesized Ag NCs were shown in Fig. (8).
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Fig. (8))


        (A) and (B) are SEM images of AgNCs synthesized by polyol method in the presence of HCl and 7% oxygen in argon. The inset in panel (A) shows the histogram of particles size distribution of Ag NCs fitted with a Gaussian curve. (Reprinted with permission from Ref. (Sangaru et al., 2015), © 2015, ACS applied materials & interfaces)



        c) Y. Zhai and coworkers have put a step forward to know the physical location of PVP with the help of nanoscale secondary-ion mass spectrometry (NanoSIMS) on individual Au nanostructures at the molecular level [34]. It is proved that PVP selectively adsorbs onto the twin plane effects along the nanoprism boundary instead of (111) facets, which are at the top. It is also demonstrated that PVP adsorbed on the nanocrystal, which helps in the accumulation of hot electrons on the metal under the optical excitation, was proven by electrochemical studies on Au nanocrystal electrodes. From all these results, PVP performs a photochemical relay to facilitate the anisotropic growth of Au nanoprisms originated from isotropic Au seeds. This study provides a new dimension to PVP, which was earlier considered as crystal face blocking ligand and explained as plasmon driven Au nanocrystal formation. Plasmon driven growth of Au nanoprism was evidenced by performing an electrochemical study by exposing Au nanocrystal electrode under open-circuit voltage.




        Photovoltage carried under steady-state conditions resembles the accumulation of hot electrons inside the Au nanocrystals. Chronopotentiometry was employed to evaluate the capability of PVP molecules, which are adsorbed on the Au nanocrystal to contribute to plasmon driven photochemistry. Visible-light (λinc > 495 nm) was irradiated on the nanostructures, which are with and without PVP as a capping agent. Au nanostructures with PVP provided enhancement in photovoltage (Vph ~28 mV) compared to Au nanostructure without PVP (Vph ~6 mV). These result explained the adsorbed PVP molecules helps in the accumulation of hot electrons on Au nanocrystal for longer time which facilitates the reduction of Au precursor. Hence, the localities of PVP play a crucial role in the anisotropic growth of Au nanostructure


      




      

        3.3. Cetyltrimethyl Ammonium Chloride (CTAC)




        a) Even though polyol method was well established for the synthesis Ag nanostructures using PVP, it possesses some disadvantages. To overcome these drawbacks, the choice of the aqueous medium is the better option.
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Fig. (9))


        (A) TEM and (B) SEM images of the as synthesized Ag NCs with an average edge length of 93 ± 4 nm. (C) Low magnification SEM image of the Ag NCs showing the coexistence of Ag nanocrystals with other shapes. (D) UV−vis spectrum recorded from an aqueous suspension of the sample shown in (C) and the DDA calculation result for a 93 nm cube with 2.3 nm truncation at the corners and 0.6 nm truncation at the edges.



        CTAC was efficiently employed as a capping and stabilizing agent for the synthesis of Ag NCs in an aqueous medium [35]. The Cl- ion plays an important role in the nucleation and growth of Ag NCs. CTAC preferentially capped to (100) facets through Cl− ions, and the utilization of comparatively low reaction temperature (60 ºC) is the crucial key point to maintain the sharp edges and corners for the Ag NCs. TEM and SEM images of synthesized Ag NCs were shown in Fig. (9).




        b) PVP or CTAC were employed as complementary surfactants for the transformation of Ag cuboctahedra into Ag-Au cuboctahedral nanoboxes by inducing the opposite facets [36]. When PVP is used as a surfactant, (111) facets of Ag undergo oxidation initially for the deposition of Au on (100) facets of Ag in an orthogonal fashion. This further leads to the transformation of Ag cuboctahedra into Ag@Au (100) concave cuboctahedra and then cuboctahedral nanoboxes formation. Upon replacing PVP by CTAC, oxidation of Ag occurred continuously on the (100) facets and resulted in the formation of concavities. The facet dependent change of Ag cuboctahedron with the interaction with PVP or CTAC leads to the formation of a different nanostructure.


      




      

        3.4. Sodium Dodecyl Benzenesulfonate (SDBS)




        Complex surfactant assisted hydrothermal reduction approach was employed for the synthesis of metal copper nanowires (Cu NWs). Cu NWs were designed through the reduction of the CuII-glycerol complexes (Cu(C3H6O3)) by phosphite (HPO32-) along with sodium dodecyl benzenesulfonate (SDBS) used as a surfactant at 120 °C [37]. It was observed that SDBS was essential in synthetic protocol for the formation of Cu NWs. Role of SDBS was predicted mainly for two aspects such as 1) it helps in avoiding the aggregation of Cu nanoparticles which are formed in the initial stage of Cu NWs growth, and 2) SDBS kinetically governing the growth rates of different crystallographic facets of face centered cubic of Cu by means of selective adsorption on particular facets. Reaction conducted in the absence of SDBS formed highly irregular particles and aggregated due to no protective agents. Cu NWs with high yield was able to produce at a concentration of SDBS over 2.5 mM. Other surfactants, namely SDS, PVP, and CTAB were used instead of SDBS and unable to produce Cu NWs. This emphasizes the uniqueness of SDBS in providing a particular shape of Cu NWs in the current synthesis. It can be explained by the probability of difference in length of the carbon chain and variation in the hydrophilic group. This may lead to modulating the growth kinetics of Cu crystals. SEM images of Cu NWs are shown in Fig. (10) [37].
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Fig. (10))


        FESEM images of as-obtained Cu NWs: (a) low magnification view, (b) high-magnification view. The concentrations of CuSO4, glycerol, NaOH, SDBS were 50 mM, 40 vol %, 5 M, and 3 mM, respectively. The reaction temperature was controlled at 120 °C.

      




      

        3.5. Binary Surfactant Mixture




        a) To tune the length of Au NRs, the addition of Ag in the growth step was frequent practice for mono-component surfactant system. Addition of Ag outcomes with the materialization of NRs having the aspect ratio ranges from 1.5 to 4.5. For the formation of longer rods with high aspect ratios of 4.6 to 10 using binary surfactant mixture instead of Ag. A mixture of benzyldimethyl hexadecyl ammonium chloride (BDAC) and CTAB was effectively used to produce longer Au NRs with high aspect ratio [38]. Reaction conditions were maintained for fast and slow growth process using binary surfactant mixture, and aspect ratio was obtained ranging from 5 to 5.5 and 9 to10, respectively. By changing the ratio between BDAC and CTAB from 16 to 2, the plasmon band of Au NRs successfully tuned from 900 to 1300 nm was achieved. Fig. (11) shows the TEM images of Au NRs with an increase in aspect ratio which is corresponding to plasmon band energies [38].




        b) Sensible use of binary surfactant mixtures controls the easy tuning of the Au NPs to different nanostructures. CTAB is a single chain surfactant with an average head group area (~56 Å2) and critical packing parameter (CPP) of 0.33 in water that leads to the formation of the spherical micelles in an easy manner [39]. Besides, didodecyldimethyl ammonium bromide (DDAB) is a water insoluble surfactant with double chained. DDAB has a small head group area (~25 Å2) compared to CTAB and a CPP of 0.62. This surfactant often forms bilayer micelles in water [40]. Adding DDAB to CTAB solution modifies CPP of the resulting surfactant mixture, and that alteration depends on the ratio of CTAB/DDAB [41, 42]. Mixing of surfactants results in the formation of large tail volume and small head group area of DDAB that perhaps reduces the electrostatic repulsion between the quaternary ammonium groups [43].
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Fig. (11))


        TEM images of Au NRs with plasmon band at (a) 700, (b) 760, (c) 790, (d) 880, (e) 1130, and (f) 1250 nm. The scale bar is 50 nm.

      


    




    

      Conclusion and Future Perspective




      Nanostructures with explicit surface adjustments are the backbone of the present nanoscience and technology in the current era. The careful selection of a surfactant with a suitable headgroup and hydrocarbon chain is an important factor for the synthesis of ANs. The preferential adsorption of a surfactant onto the particular facets of the nanostructure leads to the formation of the ANs of varying morphologies. The size of the head group and concentration of the surfactant plays a significant role in tuning the morphology of ANs. Binary surfactant also provides a prominent effect on the synthesis of ANs. In this chapter, the syntheses of Au, Ag, and Cu nanostructures using different surfactants like CTAB, PVP, CTAC, etc., were discussed. Supplementing to the theme of the topic, an overview of the types of surfactants, the behaviour of the surfactants in solution, and the judicious selection of the surfactants in the synthesis of the particular nanostructure have been described. The role of the surfactant in altering the growth of the nanostructures was presented vividly. The contemporary strategies and advantages of binary surfactant mixture over the monosurfactant as additive were also comprehensively highlighted.
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