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     Nowadays, nanosciences and nanotechnolgy can be considerd to as converging technologies, hold promise of revolutionizing the world, often through a transformation or modification of production processes and social relationships [1]. Recently, the definitions of nanotechnology and nanosinces avoided the use of dimensions (billionth of a meter) at all.  The nanoscience defined as the study of phenomena and manipulation of materials at atomic, molecular, and macromolecular scales, where properties differ significantly from those at a larger scale. Whereas, nanotechnologies show the design, characterization, production, and application of structures, devices, and systems by controlling shape and size on the nano scale [2]. Nanomaterials link the two areas together.

   The usual processes practiced for the synthesis of nanomaterials are either by the breaking-down (physicist approach) or building-up (chemists approach) methods. The nanomaterials build up from nano-particles that coming in a wide range of morphologies, from spheres, through flakes and platelets, to dendrite structures, tubes, and rods. The nano particles have unique properties that distinctively different from their bulk and molecular counterpart. The properties of nanomaterials are highly size- and shape dependent [3, 4] and therefore it is extremely important to be able to properly control the size and morphology of the nanomaterials for specific properties and uses.   Designed and controlled fabrication and integration of nanomaterials and nanodevices is likely to be revolutionary for science and technology.

     Nanoparticles and fibers are too small to have substantial defects, and can be made stronger and used to synthesize and develop new materials. By using structure at nanoscale as a tunable physical variable, we can greatly expand the range of performance of existing chemicals and materials. Alignment of linear molecules in an ordered array on a substrate surface (self-assembled monolayers) can function as a new generation of chemical and biological sensors. Nanostructure ceramics and metals have greatly improved mechanical properties, both in ductility and strength. Examples include polymer composites containing nano-size inorganic clay for production of environmentally friendly, wear-resistant tires and nanoparticle-reinforced polymers for replacing structural metallic components in the auto industry. For example, nanomaterials that is 1000 times stronger than steel, and 10 times lighter than paper, are cited as a possibility [5, 6]. 
   Nanotechnology could impact the production of virtually every human-made object – from automobiles and electronics to advanced diagnostics, surgery, advanced medicines, and tissue and bone replacements. To build electronic devices using atom-by-atom engineering, for example, we have to understand the interaction among atoms and molecules, how to manipulate them, how to keep them stable, how to communicate signals among them, and how to face them with the real world [6].

     Generally, it can be said that depending on the sizes and the morphologies of  nanomaterials they can be used in a variety of different areas such as electronic, magnetic and optoelectronic, biomedical, pharmaceutical, cosmetic, energy, environmental, catalytic and other materials applications [1,7], Table 1.
      The synthesis of nanoparticles involves nucleation, growth and agglomeration [9]. To date, diverse methods have been developed to synthesize shape-controlled nanomaterials, [10-12]. It is now possible to define, with nanometer accuracy, 1D-, 2D- and the complete 3D- structure of functional solids using various templating approaches [13].
      In this article, simple and economic techniques used for synthesizing nanomaterials will be only mentioned.
    Micro fluidic devices are used to obtain nanoparticles with small size and narrow size distribution through homogeneous reaction environment and ultrafast mixing. These devices can provide continuous operation, low cost,   precise control of mixing, residence time and reaction temperature [14-17]. Various nanoparticles, metallic, non- metallic, polymer, alloy, organic–inorganic, magnetic, semiconductor, etc. have been synthesized by using micro fluidic techniques. A particular benefit is that micro fluidics can be applied to synthesize particles with novel morphologies and special properties [15]Ziegler et al., 2007 J. Ziegler, A. Merkulov, M. Grabolle, U. Resch-Genger and T. Nann, High-quality ZnS shells for CdSe nanoparticles: Rapid microwave synthesis. Langmuir,  23  (2007), pp. 7751–7759. [SD-008].
Table 1: Characteristic lengths in solid-state science model [8].
	Field
	Property
	Scale length

	Electronics
	Electronic wavelength
	10–100 nm

	
	Inelastic mean free path
	1–100 nm

	
	Tunneling
	1–10 nm

	Magnetics
	Domain wall
	10–100 nm

	
	Spin-flip scattering length
	1–100 nm

	Optics
	Quantum well
	1–100 nm

	
	Evanescent wave decay length
	10–100 nm

	
	Metallic skin depth
	10–100 nm

	Superconductivity
	Cooper pair coherence length
	0.1–100 nm

	
	Meisner penetration depth
	1–100 nm

	Mechanics
	Dislocation interaction
	1–1000 nm

	
	Grain boundaries
	1–10 nm

	
	Crack tip radii
	1–100 nm

	
	Nucleation/growth defect
	0.1–10 nm

	
	Surface corrugation
	1–10 nm

	Catalysis
	Surface topology
	1–10 nm

	Supramolecules
	Kuhn length
	1–100 nm

	
	Secondary structure
	1–10 nm

	
	Tertiary structure
	10–1000 nm

	Immunology
	Molecular recognition
	1–10 nm


Full-size table
     Micro emulsion method is also a very versatile technique which allows the preparation of a great variety of nanomaterials just alone or in combination with other techniques. Through this technique nano polymers can be prepared [16, 18].

     By using templates such as carbon nanotube (CNT), anode aluminum oxide (AAO), etc., various kinds of nanotubes or nanowires have been synthesized [19]. This template-assisted method has the advantages of low yield cost, simplexes and possibility to control the sizes of the products.

      Soft chemistry technique is used also for synthesizing nanomaterials[20]. Two main methods have been employed to this end: co precipitation and chemical reduction [21]. In this technique, two major parameters (temperature and steric effect) play a role in the control of nanocrystal size:
(i) Due to the variation in solubility of inorganic materials with temperature, the nanocrystal size is tuned by controlling temperature during co-precipitation process [22].

(ii) Sterical confinements.
     Sol–gel technique is one of widely used method in nanomaterials preparation due to its following advantages: the ratio of components can be adjusted and the orientation of crystal growth can be controlled at the molecular level [23, 24]

     Mechano-chemical processing is a novel technique can be also used for preparation of nanosized materials [25].During mill process fracture; welding and deformation of particles are occurred during collisions events [26]. Enhanced reaction rates of reactions can be achieved by adding some materials such as polyvinyl alcohol and stearic acid during milling. Using this technique, chemical reduction of metal oxides could occur when milled with a suitable reductant [27].
    Multi-energy technology like microwave–hydrothermal [28], or electrochemical–hydrothermal [29], or mechanochemical–hydrothermal [30] is a new technology can be used to prepare nanocrystals. Also the use of capping agents, surfactants and other organic molecules contribute greatly to the surface modification of these nanocrystals to obtain the desired physico-chemical characteristics.

     Nowadays, combustion synthesis appears to meet the demands of making nanomaterials with desired composition, structure and property [31-33].  By controlling the processing parameters in combustion synthesis such as microwave initiation, gravity, precursors and additives to redox mixtures; it has been possible to obtain nanosize oxide, carbide and nitride materials and metal oxide composite catalysts [32]. The combustion method of preparing nanocrystalline materials although it appears to be a breaking down (destructive) process, is in fact, a building-up process as the product nuclei are formed initially and grow [32].

     During the past few years, great attention has been focused on the synthesis of one-dimensional (1D) nanostructure materials, such as nanowires and nanorods, because of their potential applications, especially in nanodevices [34-36]. Various methods have been developed for the preparation of 1D nanostructure. These methods, including the vapor-phase transport process [37], chemical vapor deposition [38] [6] M. Yazawa, M. Koguchi, A. Muto, M. Ozawa and K. Hiruma. Appl. Phys. Lett.,  61  (1992), p. 2051. | View Record in Scopus | | Full Text via CrossRef arc discharge [39], laser ablation [40], solution [41], and a template-based method [42]. 

     In the present time, the solvothermal technique (i.e., high temperature and high pressure, water or organic solvent) is becoming one of the most important tools for preparing nanomaterial [43]. This technique has shown to be a suitable way for obtaining materials with small grain sizes, high specific surface areas and high crystallinity [43-46], it has also lots of advantages owing to the adaptability of the technique, which is also environmentally benign. The solvothermal technique acts also as one of the most attractive techniques for processing nano-hybrid and nanocomposite materials. This technique has many advantages: producing directly a highly homogeneous crystalline product at a relatively lower reaction temperature (<150 °C); narrow particles size distribution, and controlled particle morphology. 

    Organic surfactants with different functional end groups and branching structures affect the surface chemistry, organization, and growth of oxide nanoparticles (e.g.NiO and CuO) in aqueous solutions [47-49]. It is generally known that particles grow from solution into shapes that minimize their surface free energy. The surface free energy is a complex function of the surface area, crystal anisotropy and defect structure, and degree of coordination unsaturation, surface polarity, reconstruction barriers, and stoichiometry gradients [48]. In solution an ion or surfactant adsorbs to a specific facet depends on the competition between electrostatic and hydrophobic forces as well as their ability to form chemical complexes with the surface. By engineering these surface interactions, one can either promote or prevent particle growth along specific crystallographic planes. Using this approach, researchers have succeeded in precipitating particles with typical shapes such as nanotubes, rods, cubes, and mono dispersed spheres. A firm understanding of the relationship between solution chemistry and the complexes that form at the aqueous/material surface will greatly enhance our ability to control the morphology of nanoparticles and assemble these particles into more complicated structures. 

      Synthesize Nobel metal nanomaterials (NMNs ) in a variety of shapes such as rod, wire, polyhedron, dendrite, dimer, belt, star, and cage, etc. have an interesting size-dependent electrical, optical, magnetic, and chemical property and intensively pursued for many technological applications [50-54].  The most important optical properties in NMNs arise from surface Plasmon resonances (SPR), which are collective oscillations of the conductive electrons of individual nanoparticles [53,54]. When the wavelength of light couples with the oscillation frequency of the conduction electrons, the surface Plasmon resonance arises. 

      In the present time, a series of experiments indicated that the molar ratio of reactants, reaction mixture pH, reaction time, and reaction temperature play important roles in determining the morphologies, dimensions, and compositions of the products. This method is a simple, low-temperature, and environmentally benign route for the synthesis of a variety of morphologically distinct silver and copper structures.

     This paper focuses on controlling synthesis of some nanomaterials with different morphologies (metals, metal oxides and nonmetal oxides) prepared in our lab. We used in the preparation simple, green and economic techniques. The most important results and environmental as well as industrial applications will be also mentioned. 

Results

     Well-crystallized NiAl2O4 nano-particles were easily prepared at 900 °C by the molten-salt method within a short holding time of 2-4 h using KCl as the molten-salt medium with a 3:1 weight ratio between the salt and different MgAl2O4 precursors [55]. The size and shape of the synthesized NiAl2O4 varied with each of heating rate and holding time. Prepared samples showed magnetic properties depending on both particle size and morphology. They can be used as superparamagnetic materials.
     ZnO is an environmental friendly and an exponentially important material having applications in catalytic, pigments, rubber additive, gas sensors, varistors and optical devices [56] and so on. As an adsorbent, ZnO was mostly applied to eliminate H2S and recently, it was found that it could efficiently remove heavy metals [57]. Results of nano ZnO prepared using combustion method showed that chemical oxygen demand (COD) reduction takes place at a faster rate under solar light as compared to that of UV light.

    Nano  zinc oxide (ZnO) particles in the range of 12-65 nm with various morphologies were successfully prepared via simple different routes [58-61], Table 2. The conductivity showed semiconducting behavior for all the prepared samples with tuning in the energy gap with the decrease in the particle size. The effect of particle size and morphology on surface properties, photo catalytic activity, dye/ZnO solar cell efficiency and biological activity has been studied and discussed. All prepared samples showed high biological activity, depending on both particle sizes and surface morphologies, towards several microorganisms. The production of nano ZnO powders by co-precipitation and hydrothermal methods are commercially feasible. Photo catalysis of the prepared nano ZnO powders was evaluated by degradation of methyl orange in an aqueous solution exposed to ultraviolet light. Results suggested a close relationship between the photo catalytic activity and the particle morphology and size. That is because the photo catalytic activity of nano ZnO depends to a large extent on some specific exposed crystal faces. ZnO nanopowder prepared using solution combustion method showed highest removal rate of Cu2+ ions from the solution [61]. The prepared nano ZnO could be used in sunscreens or as UV filter, optical devices and other applications such as gas sensors [59].

     Currently, TiO2 nanoparticles have created a new approach for formation applications as an attractive multi-functional material. TiO2 nano-particles have unique properties such as higher stability, long lasting, safe and broad spectrum anti-biosis [62].TiO2 nano-particles have been especially the center of attention for their photo-catalytic activities [63]. This makes TiO2 nano-particles applicable in many fields such as self-cleaning, anti-bacterial agent, UV protecting agent, environmental purification, water and air purifier, and gas sensors and high efficient solar cell [62-64].  All these mentioned properties are related to each of the particle size and morphology structure of nano-TiO2. Nano titanium dioxide (TiO2) particles in the range of 12-65 nm with various morphologies were prepared in our lab. using simple different routes [58, 60, 65], Table 2. Photo catalytic degradation ability of prepared nano-TiO2 using sol-gel method for Rhodamine B dye was higher than that observed for Degussa P-25 nano-TiO2. This is due to their high surface area and high pore diameter. Sensors fabricated from hydrothermally made TiO2 powders showed high sensitivity in CO and CO2 environment.

    Nano ferrites using different compositions MxFe2O4 (M=Fe, Zn, Co, Ni, x=0.0-1.0),  ZnMn2O4 as well as M0.1Zn0.9 Mn O4 (M= Fe, Co, Cu) were also prepared successfully in our lab. using different techniques [66- 68], Table 2.    All measured properties (optics, electrics, magnetic and catalytic) correlated with both morphology and size of particles. The use of nano ferrites in preparation of aqueous ferrofluid has been investigated. The stability of ferrofluids obtained increased with decreasing the particle size. The Fe3O4 sample with 8 particle size prepared by hydrothermal technique in presence of surfactant showed the highest stability, where stratification did not take place after 15 h [68]. Nano Fe3O4 is found to be acting as peroxides mimetic to catalyze the break of H2O2 for oxidative removal of organic pollutants and it can effectively activate persulphate anions (S2O8-2) to degrade organic contaminants. Nano-ferrites showed catalytic performance increases with decreasing the particle size for thermal decomposition of ammonium perchlorate and pyrolysis of cellulose. Sensors of nano-CoFe2O4 with spherical morphology showed high response, good selectivity to concentration of about 15 ppm ethanol. All ferrites and manganites investigated showed that all the physical properties studied and hence their applications are found to be dependent on each of particle size and morphology [66]. The prepared nano-ferrites have great potential for various industrial and biomedical applications. They include magnetic resonance imaging (MRI) contrast enhancement, targeted drug delivery, hyperthermia, catalysis, gas sensors [69]. 
     CuO has received much attention for its various applications such as catalysis, semiconductors, batteries, sensors, magnetic storage media, solar cells, electronics, capacitor, field transistors, high-Tc superconductors and materials with giant magneto resistance [70-75]. In recent years considerable efforts have been made to synthesize nano CuO. 
     Our group synthesized CuO nanostructures at different morphologies (nanoparticles, nanorods, nano wires and rectangular nanostructures) using a simple solution route (reaction of NaOH and Cu(NO3)2 as well as the solvothermal technique [76], Table 2.  The physical properties of prepared samples are found to be strictly dependant of their sizes and morphologies. CuO nanorods with different surface areas were achieved with increasing the surface area from 7.2 to 76.5 m2 g−1, ammonium  perchlorate decomposition was significantly improved. 

     Different NiO nano particles with different morphologies were successfully prepared in our lap [58, 76], Table 2. Nanosheets NiO are found to be effective adsorbents for the removal of Congo red pollutant from wastewater. They exhibit a unique hierarchical porous structure and high specific areas. The catalytic effect of the NiO nanoparticles  prepared  using sol-gel technique for pyrolysis of cellulose and  thermal decomposition of ammonium perchlorate  is superior to that prepared using other techniques as well as that of bulk NiO particles. Highest photo catalytic decomposition of phenol as well as decarboxylation of benzoic acid was observed for samples prepared using sol-gel comparable with that for others bulk or nano samples.

    Single and binary noble metals nanocrystals have shown unique physiochemical and electronic properties depending on their sizes and shapes. They have been extensively investigated due to their fundamental and technological scientific importance [77, 78]. 
         Cupper [79] and silver [58,80]  in nano sizes and different morpho- logies have been synthesized in our lab, Table 2. The polyol reducing approach is an effective and simple method of synthesizing silver nano- particles. The morphologies changed from nanowires to triangular nano- plates through addition of chemicals such as sodium salts of organic acids and by adjusting pH using HNO3 acid. The spherical Ag nanoparticles showed best catalytic activity than other morphologies for the reduction of methyl orange (MO) and ethylene blue (MB) with NaBH4 as a reducing agent. In spite of the synthesis of stable nano Cu is difficult because the tendency of Cu to rapidly oxidize. But we have successed to synthesize pure nano Cu by hydrothermal methods using organic reducing agents such as ascorbic acid. 
Table (2):  Results of some nanomaterials prepared in our laboratory.
	Material
	Method
	Particle size (nm)
	Morphology
	Condi-tions

	Pure ZnO[60]
	Thermal decomposition
	13-35
	Nano spheres
	Rate of heating

	Pure ZnO[61]
	Precipitation+surfa-ctants
	12-45
	Sphers and rods
	Type of surfactant

	Pure ZnO[58]
	Hydrothermal+ surfactant
	Diam.  (11-22)
	Nanorods,nan-owires
	Type of surfactant

	Pure ZnO[59]
	Sol-gel
	15-25 
	spherical
	Temp.

	Pure ZnO[60]
	Thermal evaporation
	Diam.

(11-77)
	Nanowires,nanorods, spheres, needles
	Synthetic Temp.

	Pure ZnO[59]
	Solution-combustion 
	10-50
	Different shapes
	Ratio of materials

	Doped ZnO (Fe3+, Cr3+ and Cu2+), [59]
	Precipitation+surfactant& hydrothermal
	20-55
	Rods,, nanoparticles stars
	Type of doping, preparation method

	Pure TiO2 [60]
	Sol-gel
	 6-14
	spheres
	Heat treatment

	Pure TiO2 [58,65]
	Hydrothermal+surfactants
	9-66 
	Nanowire,,spheres,needles
	Surfact.& post heat.

	SiO2+ [58]
	Hydrothermal, in presence of surfactants
	11-52
	Spheres & rods     
	 type of surfactant

	Fe3O4 [68]
	Dry 
	8-26
	spheres
	Heating rate + type of reactant

	Fe3O4  [67]
	Wet-in presence of surfactants
	8-35
	Wires,, spheres
	Type of surfactant, 

	Fe3O4  [67]
	Co-precipitation
	5-20 
	Wires, spheres
	Type of reactant

	CuFe2O4 [66]
	combustion
	25-45
	spheres
	Ratio of materials

	CuFe2O4 [66]


	ceramic
	20-70
	spheres
	Temp.

	ZnMn2O4  [66]
	Hydrothermal+surfactant
	22-91
	Different shapes
	Type of surfactant

	Co0.1Zn0.9Mn2O4 [66]
	Hydrothermal& surfactants
	20-90
	Nano-spheres& nano-rods
	Type of surfactant

	Cu0.1Zn0.9Mn2O4  [66]
	Hydrothermal& surfactants
	18-85
	Nano spheres& nanotubes
	Type of surfactant

	Fe0.1Zn0.9Mn2O4 

[66]
	Hydrothermal& surfactants 
	11-88
	Different shapes
	Type of surfactant 

	CuO [76]
	Solvothermal+surfactants
	12-70
	Nano-needles, nano-rods
	Temp. +type of surfactat

	CuO [76]
	Wet chemical, using ammonia 
	15-65
	Plate

needle
	temperature

	CuO [58.76]
	Solution method, with surfactant
	20-90
	Spheres

wires
	Type of surfact.& reactant

	NiO [76]
	Sol-gel
	7-12 
	Different shapes
	Type of reactants

	NiO [76]
	Thermal decomposition
	22 

Diam~9
	Spheres,

wires
	Rate of heating

	NiO [58,76]
	Precipitation& surfactant

precipitation
	Tubes (diam. 15-120)

8
	Nanotube

Sheets

spheres
	Type of reactants and surfactants

	Ag [58, 78]
	Reducing AgNO3 by 

Different routes
	5-37
	Nano-wires, nano-plates

triangular
	Type of reductant + surfactant

	Cu [77]
	Hydrothermal, Ascorbic acid &CuSO4.5H2O&surfactant
	70 

Diam. 80-170 Length ~7 um
	Spherical, nanowires, nano-rods
	Reaction Time, Temp., molar ratio

	Cu [77]
	Mechano-chemical reduction

Cu2O+graphite
	 21 
	
	Time, pH, Temp.

	NiAl2O4 [55]
	Molten salt
	12
	spherical
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