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ABSTRACT 

The most attractive aspect of nanoparticle assembly is the possession of collective new 

properties that are distinct from those shown by individual nanoparticles and their large 

counterparts. In more than two decades, this has led to an increase in searches for self-assembled 

nanoparticles. Self-assembly therefore emerged in the subsequent technological revolution as a 

powerful technique for tracking the structure and properties of the assemblies of nanoparticles. 

For example, in new detectors, optical, magnetic recording and electronic metamaterials and 

fundamental knowledge, the self-assembly of nanoparticles into three dimensional nanopart's 

lattice is crucial. Nevertheless, the external forces are up to now not their own cohesive forces, 

like those in atomic reinforcement for assembly, which lead to the challenge of their genuine 

Nano reinforcement bulk. This so-called self-assembly can therefore be called forced assembly 

and thus the need for self-generated cohesive forces. Such results will thus provide a new 

perspective for research in natural nano networks, without using additional forces and for 

understanding their properties for a number of future applications. This study is also intended for 

other related surfactants. The formability of Nano-gills is clarified based on the equilibrium 

between cation-anion and dissociated tensile molécules or impurities' attractive, repellent 

energies. Natural nano grids are particularly developed when nonionic TOPs are used as 

surfactants for long or triple chain use, but not for surfactants for long chain (OA) or phenyl 

group (TPP) usage. The design of Nano-Grids was provisionally understood in two ways. Next, a 

surfactant head (P or TOP) binds to a Ni particle surface while organic tail joins a new surfactant 

tail to bind particles at a fixed distance. With the increase in the number of such processes, Nano 

grids are formed to reduce overall superficial energy. Second, the Zeta potentials indicate that 
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FTIR and XPS data can attract the anions of the surrounding nanoparticles until they sense the 

presence of other ion pairs of the dissociated surface molecules or impurities attached to 

nanoparticles that lead to repulsion. 

KEYWORDS:Nickel, Nanoparticles Formation, Cap-Pants Properties, self-assembly, processes, 

Nano grids 

INTRODUCTION 

The nanometer is generally regarded as less than 0.1 μm or 100 nm (one billionth meter of a 

nanometer, 10-9 m), or Nanoscaled Technology, or Nanoscaled Technology. The processes, 

properties, and responses of radioactive, molecular and in general materials at sizes between 1 

and 100 nm are studied in other words nanoscale science (or nano-science). Nanotechnology is 

then design, engineering, construction , manufacturing and application of structures , devices and 

systems of less than 100 nm by manipulating the shapes and sizes [Sattler 2004, Bhushan 2004, 

Roduner 2006, Jortner 1992]. Because of several causes, nanomaterials have recently become 

one of the most active areas of research. One thing is to make new materials in an increasingly 

thinner scale to further reduce costs and speed up the transmission and storage of information. 

Another is that nanomaterials have new properties that are often improved compared to bulk 

materials, providing new technological applications. At this nanoscale, and in particular below 5 

nm, the properties of matter differ significantly from that of a larger particulate scale ( i.e., 

quantum impacts play a significant role). Such variations are primarily driven by two factors: I 

an increase in the number of surface atoms to the volume and ii) drastic changes in the electronic 

material structure due with a decreasing amount of particles, due to quantum mechanical effects. 

Thus, size has an active role in determining the electronic [Halperin 1986], chemical [Iterrante& 

Smith 1998], optical [Kamat2002, Burda et al . 2005], and magnetic[Krishnan et al . 2006] 

properties of nanomaterials and their utilization for potential applications in several areas 

including microelectronics, optoelectronics, optical sensor, catalysis, magnetic materials and 

information storage. 
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Among the most studied elements in the periodic table are nanostructured transition metals and 

their composites. Compounds of these metals are found in abundance because of the low 

ionization potential of these elements. In the physics of transition metal elements ferromagnetism 

and high resistivity are pending unresolved problems. This is obviously due to the unusual 

behavior in these metals of s and d electrons. In this sense the research today has attracted a great 

deal of attention from Iron (Fe), Nickel ( Ni) and Cobalt ( Co), which are ferromagnetic 

transition metals. We exhibit SPM behavior when the particle size is smaller than the domain 

size of the nanometer. Model nano-crystals of these metals are of essential science and 

technology, due to their potential applications in storage of information, magnet cooling, 

ferrofluids, color imaging, bioprocessing, drug delivery, magnetic resonance imaging and 

contrasting agents, catalysis and the rich diversity of phenomena that emerge from their 

collaborative interaction. In addition, these materials provide a broad forum to study their 

technical and critical research applications. The work at present focuses on fundamental studies 

of nano-cristalline nickel. The related research and applications range from extensions for 

conventional device physics to entirely new approaches based on molecular self-assembly, from 

the development of new materials with nano-level dimensions to direct atomic regulation. The 

preparation by convenient method in large scale is therefore of great importance to nanoparticles 

(NPs), with the desired quality and low cost. In the past three decades, therefore, work into metal 

nanoparticles has been extremely active because they show different new material properties 

which have fundamental interest and technical significance, and which are substantially separate 

from the bulk partners [Sattler 2004, Bhushan 2004]. Due to their limited size and large area of 

special soil. Material nanoscale contributes to quantity containment or surface effect. 

For many potential applications, for example in novel detector systems, optics, magnetics and 

electric meta materials and for fundamental understanding [Nie et al. 2010, Pileni 2001], the self-

assembly of NPs into a three-dimensional (3D) NP network (shortly nanaolattices). Nevertheless, 

these are usually held by external, cohesive forces together, not their very own internal forces 

[Park et al . 2005, Nykypanchuk et al . 2008, Bishop et al. 2009] as in the case of atomic self-

assembly networks. This is why we must find ourselves with a challenge when constructing a 

genuine 3D bulk nanolatic [Min et al . 2008, Bishop et al . 2009, Singh et al. 2014a]. Such 
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nanolattics have higher properties than individual NPs and bulk materials of the same 

composition. Nevertheless, we can not appreciate them precisely unless we understand their 

significant dependence, apart from their dependency on the surface, size , form and hence their 

assembly, on synthetic conditions. Having deep sensitiveness to the evolving bonds of the sides, 

resulting in high reactivity, are the fundamental reasons behind these evidence. The cappant / 

surfactant used for their stabilization is very often regulated in the beginning. Their crystal 

structure and therefore their fundamental properties and applications are related to these factor 

factors. The synthesis of nanoscale materials with desired characteristics is therefore very 

complex and provides materials scientists with a great challenge. Spontaneous surface oxidation, 

which often happens even on passive surfaces, is a common obstacle during and after the 

synthesis of metal NPs from very high to negligible level. 

PHYSICAL PROPERTIES OF NANOMATERIALS  

Of example, their dimension in a bulk material, which typically lies at nanometer level (Table 1) 

and characterizes the proprities of the material, exceeds its correlation lengths. When the 

physical dimension of the material is reduced consistently below this point, its properties are 

modified and its size and shape are sensitive [Soni 2010].  

Table1.Characteristic length scales involved in solid-state /material science 
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There is considerable research interest in nanoparticles as they are, indeed, a bridge between bulk 

and atomic or molecular structures. A bulk material should be always physical in its dimensions, 

but nano-scale-dependent characteristics are often seen. The properties of the materials therefore 

change with the nanoscale increasing its size and with large concentrations of atoms at the 

surface of a material. The proportion of atoms on the surface is negligible compared to the 

number of atoms in the bulk of the material for bulk material greater than one micrometer (or 

micron). Thus, the nanoparticles' unique and somewhat surprising characteristics are primarily 

due to the large surface area, which is dominated by the small bulk of the material. Therefore, the 

effects of finite size and surface effects have a strong impact on material properties and some of 

them have been discussed in the following sub-sections.  

STRUCTURAL PROPERTIES  

Such materials are almost consisting of two components of similar volume because of their small 

sizes: I a crystalline element containing all the atoms in the crystallite grid (grain) and (ii) an 

interfacial portion consisting of all atoms at the grain boundaries. Arrows show different atomic 

distribution, as shown in Figure 1.(a), in the GBs, A and B. Atoms are shown in black in the 

centres, with open circles being those lying in GBs (Figure 1b)). The GBs (open circles) are 

characterized by a small atomic density and interatomical distance that deviates from those in the 

ideal grid. The physical explanation for reduced density and non-lattic spicing among atoms is 

inadequate between different orientations crystal lattices connected to the common interfaces. 

Not only does malfunction between crystals reduce nuclear density as compared to the perfect 

lattice in the interfacial region, it also causes strain areas in which crystals are formed. These 

fields of stress drive the atoms from their optimal locations. Surface atoms find additional 

freedom at GBs. They relax relative to ideal grids, and this relaxation spreads into different 

atomic layers towards the inner areas of the Nano crystallite. Therefore various materials in the 

crystalline nano state will be expected to show different atomic structures. 
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Figure 1: (a) Schematic cross-section through a nanometer-sized crystalline (hard sphere 

model), (b) atomic structure of a two-dimensional model of Nano crystalline material. 

In trying to fully understand the properties of nanomaterials, it became increasingly evident that 

all these structural aspects must be carefully considered. GB atomic percentage varies from 

around 15 percent to 50 percent for an average diameter of grain between 5 and 10NM, which 

based on many nanomaterials work (Wolf 1988). Since such a large part of their atoms are GBs, 

these interface structures may play an important part in affecting nanomaterial properties. 

ELECTRONIC PROPERTIES  

Electrons are very delocated over large areas when it comes to a mass product. That is because 

the distinction of valence and driving belts disappears giving the metal its leading characteristics. 

Bulk metals have a partially filled electron band and are free, due to the availability of a 

spectrum of energy levels above Fermi level, to conduct electrons,  These levels can easily be 

populated by applying an electric field and electrons now behave as delocalized Bloch waves 

(O~0.5−1 nm). The separation between the valence and the conduction bands becomes 

comparable to or larger than thermal energy  is the Boltzmann constant and T is the absolute 

temperature), and The metal is a semiconductor (Figure 2) as the metal size is reduced, and its 

electronic movement is limited, the separation of energy is further improved, the material is 

converted into an insulator. Therefore, a nano crystal's electronic structure depends critically on 

its size. Kubo, average electronic energy gap of successive quantitative stages, defined as Kubo, 

is  
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         (1.1)  

Where n is the total amount of Nano Crystal valence electrons. This frequency flexibility has a 

major effect at low temperatures. Due to the distinct character of allowable energy levels, the 

thermodynamic properties such as conductivity, thermal power, and magnetic susceptibility are 

significantly altered due to the bulk 's behavior. For instance a figure of 3 nm in diameter with a 

value of G of around 1000 silver atoms would be between 5 and 10 meV for an individual silver 

nanoparticle. Because room temperature thermal energy, a 3nm particle would be 

metallic  However, with low temperatures the spacing level in small particles in 

particular may be comparable to kBT which makes them non-metallic [Rao et al . 2002]. 

Furthermore, electrons dispersed from grain boundary atoms may have major impacts on their 

transport characteristics. If the size of the nanoparticles is equal to the electronic average 

freedom path, the effective average free path of electron for entire material cannot justify the 

effects on the size of the sample, provided that these GBs are often anomalous. 

 

Figure 2: Schematic illustration of the density of states (DOS) for metal nanocrystals. The 

DOS is discrete at the band edges. Fermi level is in center of a band in a metal, and so kBT 

will exceed the level spacing even at low temperatures and small sizes  
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MAGNETIC PROPERTIES  

One of the oldest scientific disciplines, magnetism is at the forefront of the modern age of 

nanotechnology. Table 2 describes some significant variations in metallic nanoparticles' 

magnetic properties compared with bulk materials. The Rh, sodium (Na), and potassium (K) 

clusters, for example, are nanometer-sized and ferromagnetic in the form of Para magnetization. 

Other variations, like the Fe, Co and Ni nanoparticles' superpara magnetism (SPM) are only 

caused by the small effect of the scale. Nanoparticles have a long history of researching 

magnetism. The magnetic properties the magnetic measures on the so-called "small particles," 

with diameters of 10-100 nm were perhaps first perceptible to effects of size. Part of the appeal 

of fine particles is due of their special environment, simplifying theoretical care and contributing 

to experimental comprehension.  

Table 2 Comparison of magnetic properties of clusters with bulk materials 

 

Subsequently, L. Neel suggested that thermal agitation would prevent stable magnetization for 

such small particulates, which would result in a state of SPM. Since the number of constituent 

atoms is small enough, thermal fluctuations simultaneously reverse all spins of the mono-domain 

particles. Then each nanopart ferromagnetic (FM) functions as a paramagnetic spin. Saturation is 

always made of these ultra-fine particles as one domain, because the flux-closure structure is 

energetically unfavorable and is consistent with hard magnetic materials. These monodomain 

sections are strongly enforced because they have significant crystallographic and magnetic 

anisotropic conditions. The Ms Saturation magnetization is not specimen-sized but the Hc 

coercive characteristics have a notably large effect (Cullity1972). amongst the magnetic 

properties. 
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Figure 3: Variation of intrinsic coactivity with particle diameter D. Schematic illustration 

of changes in coercively of a magnetic particle with change in diameter. SPM denotes the 

super paramagnetic regime, S-D the single domain regime and M-D the multi-domain 

regime. 

The possible use of catalysts is obvious because nanoparticles have a good fraction of their atom 

on their surface. For example, Au and Pt are considered to be non-reactive for most chemical 

reactions of bulk, but reactions such as carbon monoxide (CO) to carbon (CO2)can be catalyzed. 

Nickel (Raney Nickel) is used for hydrogenation of vegetable oils as a catalyst for several years. 

SURFACTANT MATERIALS  

Surfactants (or "superficial active agents") are organic compounds in which the molecule has at 

least one group lyophiliac and one group lyophobic. The corresponding terms 'hydrophilic' and 

'hydrophobic' are used if the solvent to be used is water or aqueous solutions In the simplest 

possible terms, a surfactant is represented in a somewhat stylised manner by at least one non-

polar group and one ionic (polar) group as shown in Figure 4. The adsorption and aggregation 

are caused by two processes in the same molecule. Through aqueous media, for example, 

surfactants migrate to air / water and solid / water interfaces and direct the interaction between 

hydrophobic groups and water to the minimum. This process is called "adsorption" and changes 

the interface properties. Likewise, the surfactant molecules will combine the hydrophilic 'head 

groups' directed towards aqueous phases in a bulk solution to reduce interaction between 
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hydrophobic groups and water. Such molecular aggregates vary according to their shape and 

concentration from spherical to cylindrical (sheet / sheet) to lambar form. The aggregates are 

distinct. The process of aggregation is called micellization, and the aggregates are referred to as 

micelles. Micelles begin to build up at the 'critical micelle' or 'CMC' [Farn 2006] at distinct and 

sometimes very low concentration. 

 

Figure 4: Simplified surfactant structure 

CLASSIFICATION OF SURFACTANT  

The "tail" of the majority of surfactants is quite similar, consisting of the branch, linear or 

aromatic hydrocarbon chain. Surfactants in fluorine include chain fluorocarbon. The surfactants 

of siloxane include the chains of siloxane. A polyether chain ending in a strongly polar anionic 

group includes several essential surfactants. The polyther groups also include ethoxylated 

sequences (polyethylene oxide-like) inserted to improve the surfactant's hydrophilic character. 

Conversely, polypropylene oxides may be used to enhance the surfactant's lipophilic quality. The 

molecules of the surfactant either have one or two tails; they are double chains, with two tails. 

Tensile substances are most commonly divided into polar heads.  

 A non-ionic surfactant has no charge groups in its head.  

 The head of an ionic surfactant carries a net charge.  

 If the charge is negative, the surfactants more specifically called anionic  

 If the charge is positive, it is called cationic.  



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

554 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

If a surfactant contains a head with two oppositely charged groups, it is termed zwitterion or 

amphoteric. A brief description of surfactants materials is given below.  

Anionic: Anionic surfactants materials are most commonly used surfactants. It has anionic 

functional group at their head such as sulfate, sulfonate, phosphate, and carboxylates. They 

include alkyl benzene sulfonates (detergents), (fatty acid) soaps, laurylsulfate (foaming agent), 

di-alkyl sulfosuccinate (wetting agent), lignosulfonate (dispersants) etc [Salager 2002].  

Cationic: The hydrophilic or water-loving end contains a positive charged ion, or cation. These 

materials have pH less than 10.  

Non-ionic: Non-ionic surfactants do not ionize in aqueous solution as their hydrophilic group is 

of non-dissociable type. It can greatly reduce the surface tension of water when used in very low 

concentrations. Examples include alcohol, phenol, ether, ester and amide.  

Amphoteric: The charge of the hydrophilic part is controlled by the pH of the solution. They 

can act as anionic surfactant in an alkaline solution or as cationic surfactant in an acidic solution. 

Amphoteric surfactants function well in high electrolyte formulations and are compatible with all 

other classes of surfactants. They are very mild and have excellent dermatological properties, 

making them particularly suited for use in personal care and household cleaning products. 

APPROACHES TO THE SYNTHESIS OF NANOMATERIALS 

Top-down and bottom-up are two methods to synthesizing nanomaterials and to making Nano 

structuring in the field of nanomaterial and nanotechnology. Precise nanomaterial synthesis is of 

great importance in the study of the nanomaterials' physical properties. This implies that it is 

highly important to prepare strong and reproducible materials. Thus, in two separate ways, we 

can prepare nanomaterials.  
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1) Top-down  

This method includes breaking down the bulk into nanoparticles or structures. Such methods are 

extensions of those used of generate particles of micron size. Attrition or milling is a common 

top down technique used in the production of nanoparticles. 

2) Bottom-up  

The 'bottom up' solution is the alternative approach, which has the ability to produce less waste 

and therefore cheaper. This method applies to the construction from below of a material: atom by 

atom, molecular by molecule, or cluster by cluster with additional self-assembly leading to the 

creation of nanostructures. The physical forces at nanoscale are used for self-assembly to bring 

simple units together in larger and robust constructions. Typical examples are quantum dot 

formation and nanoparticles of colloidal dispersion during epitaxial growth. Some of these 

methods are either under development or have only started to be used to manufacture nano 

powders commercially. In this approach the technique involves chemical vapour deposition, inert 

gas condensation, laser pulse ablation, sputtering, precipitation, reverse micelles and polyol 

methodology.  

CONCLUSION 

The main aim of the present investigation is to nanoparticles using simple, inexpensive and most 

suitable chemical co-precipitation technique with particle size as small as possible and examines 

the applicability towards gas sensing applications. In this study, pure and copper doped NiO 

nanoparticles were prepared at various pH values, different copper dopant concentrations and 

various amounts of capping agent. The quality of the as prepared NiO nanoparticles was studied 

by studying the composition, structure, and morphology, optical and electrical measurements. 

The surface morphology and composition of the as prepared NiO nanoparticles was studied 

using scanning electron microscope attached with energy dispersive spectrometer. The structure 

of the samples was analyzed using X- ray diffraction and Raman spectrometer. The optical 

properties were studied using spectrophotometer and spectrofluorimeter. The electrical 

measurements were carried out using standard four probe technique. Finally, the applicability of 
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the NiO nanoparticles was tested for NO2 gas sensing applications. Pure and copper doped NiO 

nanoparticles were prepared using chemical coprecipitation method by controlling the deposition 

conditions such as pH value, copper dopant concentration and capping agent concentration. 

1. We have prepared nickel nanoparticles by thermal decomposition of nickel acetylacetonate by 

fixing the content of one of the favorite surfactants or stabilizers among researchers (viz., 

oleylamine (OA), TOP, and triphenylphosphine (TPP) while varying one of them or using only a 

single surfactant independently.  

2. Random size and spherical shapes were observed for the samples prepared with TPP and OA, 

and TPP or OA separately, leading to the randomly agglomerated NPs. In contrast, samples 

formed using TOP only and in combination with OA, naturally exhibited the mono dispersed 

particle distribution associated with a natural nano lattice, without any other external force or 

surfactants. This is the first report on the critical nature of Nano lattice formability of different 

particle sizes (4–10 nm) of mono dispersed nickel nanoparticles.  

3. Our findings of strikingly natural formation of bulk hexagonal close-packed nano lattice of 

nickel nanoparticles of different particle sizes using trioctylphosphine as surfactant directly 

without external forces as used in the literature widely. These have been established concretely 

using, among others, small angle X-ray scattering (SAXS), transmission electron microscopy 

(TEM), zeta potential, Fourier transform infrared (FTIR) and Xray photoelectron spectroscopy 

(XPS) techniques.  

4. The nanolattice planes and Nano lattice parameters calculated analytically using small angle 

X-ray scattering peaks vividly show c/a ratios identical to those in atomic lattices. Moreover, 

these results undoubtedly establish the exceptional role of nanolattice formability of TOP of 

several materials including, but not limited to, nickel, ZnS and CdSe.  

5. FTIR data clearly indicated the capping of these surfactants along with acetylacetonate ligands 

from nickel acetylacetonate precursor on the surface of the NPs. Evidence for possible non-ionic 

trioctylphosphine producing anion-cation pairs from the zeta potential studies was used to 

explain the nano lattice formation. Due to this, their surface charge states and hence the zeta 
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potential changes accordingly. Remarkably, the narrowest zeta potential (z) base-widths were 

observed for samples possessing a self-assembled nano lattice, compared to the broader ones for 

randomly agglomerated particles.  
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