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Abstract 

Bimetallic nanoparticle with controlling the size and shape, it have very effective catalytically application. The different 

combination of metals i.e. core as inexpensive and shell have a noble metal consequence of that it has functional and economic 

advantages. The bimetallic nanoparticle has high surface area, therefore, enhance the catalytically activity. Additionally, catalysts 

are reused 4 to 5 time with the same activity. During the synthesis of bimetallic nanoparticles if it has used as inorganic layered 

materials which are very helpful for the control the size and stabilization of nanoparticle, so in this article explore about inorganic 

layered materials i.e. clay and layered double hydroxide(LDH). Moreover explain the different catalytically activity i.e. reduction, 

photo-catalytically, degradation by using the bimetallic nanoparticles. The brief explain about the characterization of bimetallic 

nanoparticles with some techniques like TEM, SEM, and XRD.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nano science and nanotechnology have grown from the last few decades and the tremendous amount of changes has been in 

nanomaterials science. Various application of the nanomaterials which are some such as electrical, optical, energy and now in 

biological sciences having huge and very grateful application for cancer therapeutic treatment by nanomaterials. Initially, scientists 

have studied about single nanoparticle because of it increase the surface to volume ratio consequence of that enhance the activity 

of the material. After some year scientist developed heterogeneous nanomaterials which are composite of two materials i.e. 

semiconductor it has been high efficiency than single nanomaterials. Laterally developed the concentric multi-layered 

nanocomposite materials which having greater efficiency than all other nanomaterials called as Core-Shell materials. 

Characterisation of such nanomaterials devolved so many advanced techniques study for Core-Shell materials. Today Scientist and 

researcher are concentrating on the synthesis of bimetallic nanomaterials and it is an application. Nanomaterials synthesis very 

complex process but some of methods and technique are developing by scientists such as chemical vapor deposition, atomic layer 

deposition and wet chemical synthesis methods etc. The World having too much problem regarding with the energy and biological 

issues such as some are diseases which not curable by normal treatment but it will possible cure and prevent by nanotechnology[1]–

[4].  

 Inorganic Layered Materials 

Inorganic layered materials having interesting properties and scientist are highly interested in the preparation of nanocomposite 

with inorganic layered material. Some of that inorganic layered material is layered double hydroxide and metal hydroxide. 

Nanoparticles are intercalated into the layer of inorganic layered materials because of in between two layers it is having space. 

Physical and chemical properties of the inorganic layer it is dependent on the structural architecture some of such properties are 

ion exchange capacity and magnetism efficient. During the fabrications of nanocomposite material using of inorganic layered 

materials it having improved the mechanical and thermal stability. In materials having 0.01 to 20 nm space between the two layered 

than that can possible intercalated the nanoparticle into the two layered. Inorganic layered Materials having specially application 

in chemical industries, Pharmaceutical industries, petroleum refining, and many other applications. Metal nanoparticle with 

inorganic layered materials such as montmorillonite then it has enhanced the properties because of higher the surface area, higher 

activity, higher selectivity and loner life of catalyst. In this article some of the examples of inorganic layered materials such as 

clays, graphene, layered double hydroxide (LDH) are discussed [5] [6].  

II. CLAY AS INORGANIC LAYERED MATERIAL 

Some unique properties of clay such as high surface area, ordered arrangement, highly ion exchange capacity and most important 

properties are intercalation which very helpful to the stabilization of nanoparticles, for example, laponite XLG clay as Magnesium 

Silicate. When clay is dispersed into the water then discrete disk like nanoparticle that having a negative charge on the surface of 
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the disk but a small positive charge on rims of a disk. The clay has one of the unique properties there swelling and deswelling. 

Some research paper is reported when clay can be modified by organic compound then enhance the properties of clay, for example, 

is aminopropyltriethoxyilane(APTES). Very few of research paper have studied about chemical stability of laponite. Chemical 

stability of clay has dependent upon the pH and concentration. The chemical formula of laponite has Na0.7Si8Mg5.5Li0.3O20 (OH)4. 

The particle of laponite has the disk like having with thickness 1nm and approx. 25nm in diameter. In the single layer of laponite, 

two tetrahedral silica sheets introduced one octahedral magnesium layer. Laponite particle predominately contains MgOH group 

from octahedral magnesia sheet, another concept which has played the key role in stability and responsible for a change in pH i.e. 

point zero charges this term related with adsorption it has to describe the when the charge zero on the surface. In laponite, the 

dispersion has totally dependent upon the release of H+ or OH- from edges of laponite. When dissociation of H+ then point zero 

charges developed the negative charge, therefore, pH of dispersion decreases while the release of OH- which reasons increases in 

pH dispersion. Consequently of that laponite dispersion has strongly effect due to change in pH, therefore, stability dependent of 

same[7][10].  

 The Structure of Clay 

Clay as crystalline material in that atom has cross-linked in by chemical bonding. The clay sheet and interlayer space they have 

nanometer in range and two layers interact with the physical force. The structure of clay has shown in following fig 1. The 

predominant usually occurring cationic clay minerals have alumino-silicate sheets that provide a negative charge, which indicates 

that the interlayer guest species must be positively charged (cationic)[7][11]. 

 
Fig. 1: Structure of Clay 

Reprinted with the permission from copyright 2013 Journal of the Brazilian Chemical Society 

 Type of Clay 

Generally, clays are different types and they are classified by a structure of the clays such as allophane, kaolinite, halloysite, 

smectite, illite, chlorite, vermiculite, attapulgite–palygorskite–sepiolite and mixed layer minerals. Polymer clays are built upon the 

smectite it has swelling properties which help to the capability to intercalation of water and organic molecules. Smectite it has high 

cation exchange capacity and the high surface area it is calculated by adsorption method dependent upon the access of internal 

surface area by using N2 BET method and smectite which is external surface area 15-50m2g-1 and an internal surface area is 620m2g-

1. Clays are in platelets or sheet form and made up of two silica tetrahedral layer and central aluminum octahedral layer. The two 

layered are held by the van der wall force no any chemical bonding has there a consequence of that intercalation as possible for 

the water and organic molecules[11][12], [13]. 

 Clay Modifiers 

Naturally occurring clays are hydrophilic in nature so intercalation of non-polar ion as not possible so modification of clay as 

essential by using organic polymer formed organophillic clay. The organic-clay has increases the intercalation and exfoliation 

properties. Traditionally modification of hydrophilic clay to organophillic clay use has surfactant such as alkyl and quaternary 

ammonium halides etc. Okamoto et al has studied about nylon 6-clay nanocomposite material have unique properties enhance 

interaction of between matrix and silicate layer through the hydrogen bonding. Shin et al also studied about when has treated with 

bifunctional organic modifier such as alkyl aluminium vinyl alcohol then enhancing the exfoliation process. The modification of 

clay with alkyl or quaternary ammonium decomposition of clay lowers than 2000C therefore developments of clay with surfactant 

enhance the decomposition temperature so this modification used for synthesis of nanocomposite materials[11].  



Inorganic Layered Materials: Different Synthesis Method of Bimetallic Nanoparticle and Application  
(IJSTE/ Volume 4 / Issue 5 / 033) 

 

 All rights reserved by www.ijste.org 
 

176 

 Exfoliation of Clay during Synthesis of Nanoparticle 

In that exfoliation means individual layer has separated of clay. It has possible to intercalate of nanoparticle this very helpful for 

controlling the size and stability as well as enhance the performance of clay based nanoparticles Exfoliation process has shown in 

fig 2[14]. 

 
Fig. 2: Clay Exfoliation process 

III. LAYERED DOUBLE HYDROXIDE (LDH) 

LDH has the family of inorganic layered materials LDH containing the stacks of positively charged metal hydroxide with anion in 

the interlayer then that of exploited in a wide variety of field such as catalyst. LDH having formula [MII
1-xMIII

x-(OH)2]x+(An-

)x/n.yH2O M2+ and M3+ different metal cation and An- different anion in the interlayer, and metal has placed as the brucite-like layer 

i.e. Mg(OH)2. When synthesis of nanomaterials then it has help for supported co-operation for nanoparticle as well as the controlled 

size of nanomaterials. Consequence of that LDH supported nanomaterials to enhance the catalytically activity. Varade et al have 

studied about Magnesium- Aluminium [Mg6Al2 (OH)16.CO3.nH2O] based layered double hydroxide which used by the modified 

with acrylate ion because of without modified LDH which has been not well dispersion. TEM images of LDH sheet have shown 

below fig 3 individual plates of LDH having average 100nm in diameter which parallel to grid surface of TEM[15].  

 
Fig. 3: TEM image from 0.2 wt% LDH aqueous dispersion. LDH nanosheet has been marked by a red circle. 

Reprinted with the permission from copyright 2012 Journal of Material Chemistry. 

 Properties of LDH 

 Anionic Properties: 

LDH anionic properties dependent on the metal cation ion ratio as well as stabilization dependent on the molecular mass and 

lamellar structure. 

 Colloidal Properties: 

The DLVO theory has developed for charge colloidal particle which can confirm by the stability of colloidal particle. It has 

explained by this theory acting inter-particle force is the superposition of repulsive double layer and attractive van der wall force. 

Initially, the first particle dispersed in the solution. Magnitude has decreased with increase in ionic strength because of screen 

effect of the counterion on surface, electrolyte concentration dependent upon the size and composition of the particle. Therefore 

the aqueous of colloidal stability has dependent upon the low ionic strength and unstable at higher concentration of the electrolyte. 

 Thermal Properties:  

LDH having another unique property but it has dependent upon the crystallization, nature,      cation molar ratio and interlayer 

anion type. When it has used organic interlayer anion then enhance the thermal activity of LDH[16][17][18].  

Chen et.al synthesis of Pd-Au bimetallic nanoparticle by using LDH as inorganic layered material and also prove that 

catalytically activity. The nanoparticles were highly dispersed on LDH with an average size of 2.08 ± 0.3 nm and showed a strong 



Inorganic Layered Materials: Different Synthesis Method of Bimetallic Nanoparticle and Application  
(IJSTE/ Volume 4 / Issue 5 / 033) 

 

 All rights reserved by www.ijste.org 
 

177 

supportive effect between Au and Pd for the step of the alcohol oxidation. Additionally, the already hydrotalcite-supported bimetal 

catalysts can catalyze efficiently one-pot α-arylation reactions of nitriles with various alcohols in aqueous phase through cascade 

reaction. The bimetal catalyst has been extended for a broad substrate scope and recovered for at least 4 times[19]. 

Vikrant et.al preparation of bimetallic nanoparticle by the sol-gel method Surfactant-intercalated layered-double-hydroxide solid 

Mg-Al LDH-dodecyl sulfate (DDS) undergoes rapid and apparent de-lamination to its final constituent, single sheets of nanometre 

thickness and micrometer size, in a nonpolar solvent such as toluene to form stable dispersions. The de-laminated nanosheets are 

electrically neutral because of that the surfactant chains reside tethered to the inorganic layer even on exfoliation. With improving 

volume fraction of the solid, the dispersion transforms from a free-flowing sol to a solid like gel. Here we have interpreted the sol-

gel transformation in dispersions of the hydrophobically modified Mg-Al LDH DDS in toluene by rheology, SAXS, and 1H NMR 

measurements. The rheo-SAXS analyses show that the sharp increase in the viscosity of the dispersion through gel formation is an 

outgrowth of a tactoidal microstructure developed by the stacking of the nanosheets with an intersheet detachment of 3.92 nm. The 

source and nature of the attractive forces that lead to the form of the tactoidal structure appeared concerned from 1D and 2D 1H 

NMR measurements that produced direct proof of the association of the toluene solvent molecules with the terminal methyl of the 

tethered DDS surfactant chains.. Gel formation is a consequence of the attractive dispersive synergies of toluene solvent molecules 

with the tails of DDS chains attached to opposing Mg-Al LDH sheets. The toluene solvent molecules function as molecular “glue” 

continuing the nanosheets within the tactoidal microstructure together. The Vikrant et.al of studied and shows how rheology, 

SAXS, and NMR measurements consequence of each other to provide the information a molecular-level description of the sol-gel 

transition in dispersions of a hydrophobically modified layered double hydroxide[20], [21][16], [17], [22]. 

IV. BIMETALLIC NANOPARTICLES 

The bimetallic nanoparticle having some unique and highly selectivity properties, therefore, synthesis by bimetallic nanoparticle 

with the different method it has reported. The core-shell materials have highly catalytically activity such as the progress of the 

organic reaction. Bimetallic nanoparticle nowadays used the biological application such as cancer and bio-imaging and it has used 

for drugs delivery because of selectivity targeted delivery by core-shell materials. The core- shell material having two metals out 

of one formation of core and another form the shell around it. Varade et.al synthesis of Co-Pt bimetallic nanoparticle in the presence 

of clay supported material and it has TEM images of core- shell   shown in fig 4[1]–[3] [42].  

 
Fig. 4: Bimetallic core–shell Co–Pt NCs. (a) The low-magnification transmission electron microscopy (TEM) image. The inset shows the 

magnified TEM image. (b) The high-resolution TEM (HRTEM) image depicting well defined fringes. (c) The high-angle annular dark-field 

scanning TEM (HAADF-STEM) image. (d) The corresponding selected-area electron diffraction pattern showing ring arrays with intense spots 

assigned to the (111), (200), (220), and (311) planes of face-centered cubic (fcc). 

Reprinted with permission from copyright 2014 Royal Society of Chemistry 

 Significant of Core-Shell Nanomaterial 

Core-Shell materials are gradually increasing research because of some unique properties. The bimetallic nanoparticle has co-

relation between the materials chemistry and different fields such as biomedical, optics and catalyst. Change of properties with 

change in the ratio of core-shell materials. Core-shell materials have been using for the coating of the surface for surface 

modification, stability, functionality etc. The mostly nowadays focus on gold, palladium, and platinum because of it having 

different properties than bulk.  Core-shell materials synthesis by different methods such as reduction method, atomic layer 

deposition, sol-gel method and so on. The preparation of core-shell materials by using low-cost metals such as Fe, Ni, Cu etc. 

overall enhance the catalytically activity. Intermetallic and alloy were different from of cluster than core-shell nanomaterials. 

Intermetallic and alloy are homogenous mixture of two metal but core-shell materials having the heterogeneous mixture when 

characterization by X-ray diffraction metal shows unique diffraction pattern of each metals but peak of core-shell materials shows 
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together. It has some characterization methods for the core-shell materials such as SEM form morphology of surface and TEM has 

precisely observed the core-shell materials and also TEM EDX could be detected metal which metal have present and it 

concentration. Many bimetallic nanoparticles such as Pd-Cu, Ag-Cu, Ru-Cu they have used in hydrogenation in progress of organic 

reaction. Bimetallic Au-Pd nanomaterials exhibit an enhancement in cyclohexane oxidation by hydrogen peroxide. The reduction 

of carbon dioxide had improved using Cu-Au nanostructure while Cu-Ag nanostructures have enabled the electro oxidation of 

methanol[2][23][24][42].  

V. SYNTHESIS OF BIMETALLIC NANOPARTICLES   

Core-Shell bimetallic nanoparticle synthesis it has been playing very important role because of controlling the size of nanoparticle 

and core-shell nanostructure which has dependents upon concentration of reagents, temperature and synthesis medium. Wet 

chemical synthesis methods have used commonly for synthesis because of it has very simple method and it can be controlled 

particle size but it having some disadvantages about the purity, further purification of core-shell materials has important. It having 

other methods which can be fabrication of bimetallic nanoparticles they were not essential for purification such as ALD, 

electrochemically and molecular beam etc. we have discussed herewith this review article discussed here Co-reduction method for 

synthesis of bimetallic nanoparticles[2][25]. 

 Co-Reduction Methods 

Co-reduction method it has wet chemical methods reduction of metals by used some reducing reagents like sodium borohydride, 

hydrazine, Na-citrate and so on. During the reduction it has played key role of reduction potential of each metals. Generally which 

having high reduction potential reduction reduce first and produced core and low reduction potential form shell around the core[2].  

 Sodium Borohydride as Reducing Reagent: 

NaBH4 having mild reducing reagents which having reduction potential as 1.24 V at pH 14 abut changed in pH towards decreasing 

which have changed the reduction potential up to 0.48 V at pH 0 consequence of that reducing power dependent on pH. Bimetallic 

nanoparticle synthesis by using NaBH4 it could possible to control the size which has dependent upon the concentration and rate 

of addition. NaBH4 has been using as capping reagent for controlling size as well as modifying surface charge for assimilated a 

favorable shell coating.  

Reaction of reducing metals: 

BH4 +4 M2+ + 3 H2                H3BO3 + 4 M + 7H+ 

Overall reaction: 

BH4 + x M2+ + 3H2O           H3BO3 + xM + (2-x) H+ + (4 – x) H2 

 Reduction by hydrazine 

Hydrazine is an inorganic compound with the chemical formula N2H4 (also written H2NNH2). Hydrazine is weaker reducing agent 

than sodium borohydride. Reduction potential of hydrazinium is -0.29V in acidic medium and hydrazine having reduction potential 

-1.23 in basic  medium consequence of that reduction of those metal which having low reduction potential than that of hydrazine. 

 Acidic medium reaction:  

N2+5H++4e-                       N2H5
+ 

Basic medium reaction: 

N2H4+4OH-                                     N2+4H2O+4e- 

Varade et.al preparation of core-shell material with clays as supported materials by using the co-reduction method[2][6].  

VI. CHARACTERIZATION OF BIMETALLIC NANOPARTICLES 

Nanomaterials have different chemical and physical properties with respective the size, shape and composition so moreover one 

challenge to characterizations of the materials, therefore not only synthesis rout has important but also control the structure, shape 

and size. Subsequently characterizations techniques are more important to find all about the exact nature of the materials. It has 

characterization techniques like trust heavily on visualization of images such transmission electron microscope; scanning electron 

microscope and diffraction characterizations by the X-ray diffraction pattern we could conclude that crystallography of the 

materials[2], [3], [26]. 

 Scanning Electron Microscope 

Scanning electron microscope is mostly used for a study of the surface morphology and shape of nanoparticle but it is difficult for 

the distribution of core-shell materials since it can provide the surface structure. But when SEM connected with the energy 

dispersive X-ray spectroscopy then it is helpful for the analysis of element in a shell. The recently mostly used as the field emission 

SEM which is the analysis of shell surface is rough or smooth. Smooth surface is possible during the shell molecules directly 

growing onto the core surface because of heterogeneous nucleation. The rough surface becomes possible when the formation of a 

small particle in bulk media and deposited onto the surface. Sobhana et.al the significance of the appearance of Au-Pd approaching 

the LDH morphological and textural properties was also examined. SEM images shown for both LDH and Au-Pd@LDH 
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aggregated hexagonally (Fig.5) edged particles representative of a layered structure. The appearance Au-Pd nanoparticles were not 

confirmation by SEM because of the small bimetallic particle size[19] [27], [28]. 

 
Fig. 5: SEM images a) MgZnAl- LDH b) Au-Pd@MgZnAl- LDH 

Reprinted with the permission from copyright 2016 Applied Clay Science. 

 Transmission Electron Microscopy 

TEM is generally studied as possibly the most, on its own, profound imaging technique for managing core-shell structures in 

nanoparticles outstanding to the high resolution possible. But, the amount and efficiency of the data obtained depends greatly on 

the elemental combination of the particles and also on the quality of the instrument itself. Furthermore, proper to the fact that the 

electrons penetrate deep into if not through the sample, the response will necessarily contain mixed data from both the core and 

the shell phases, consequently lacking the sensitivity to surface structure. 

The sub-nanometer resolution of some high-resolution TEMs opens up the possibility to come close to detecting unusual atoms 

inside the nanoparticle. Thereby, the distribution, crystal structure, particle size and dispersity can be visualized. For determining 

particle size in TEM the exactness is defined because the size typically is uncertain to at least one or two lattice fringes, about 0.2 

nm. For particles smaller than 2 nm, this induces a significant error, considering the difficulty in achieving perfectly monodispersed 

and homogeneous samples. In addition, beam heating during imaging resulting in particle melting or sintering can diffuse the 

particle boundaries. Furthermore, one obvious disadvantage in discovering dispersity by using TEM is the small size of the area 

observed relative to the whole sample. 

Surface topography, particle distribution, and crystal faces can be produced utilizing TEM but to achieve compositional data an 

element particular signal detector is required. Compositional profiling of specific nanoparticles is often solicited for and approved 

when suitable spectroscopy techniques are accompanied with the TEM/STEM setup, such as EDX, EELS, HAADF, in order to 

separate core from the shell. Beyond examples standard laboratory TEM with EDX provide compositional profiling beyond 

original core-shell particles including to 1 nm steps. Varade et.al has Synthesis of Pd-Pt core-shell material use as clay of inorganic 

materials fig 6a shown below TEM low resolution show the uniformly formation of Pd-Pt bimetallic nanoparticles. The high 

resolution TEM (HRTEM) image shows that the good crystallinity and well defined fringes fig 6b. The high-angle annular dark-

field scanning TEM show that contrast between core-shell structural morphology of   Pd-Pt bright are show the core and dark area 

show the shell fig 6c[29][6][30]. 

 
Fig. 6: low resolution of TEM image of Pd-Pt core-shell. b) HRTEM image of bimetallic NCs of the Pd-Pt and assign the energy diffraction 

pattern of the Pt FCC crystals and periodicity of lattice approx. 0.21nm. c) High-angle annular dark-field scanning TEM image of bimetallic 

Pd–Pt core–shell NCs. 

Reprinted with permission from copyright 2014 Royal Society of Chemistry 
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 X-ray Diffraction 

X-ray diffraction spectroscopy has been using for characterizing the Crystallinity of the nanoparticles. The samples are exposing 

to X-rays with variation in the incident angle measuring the elastic scattering of the X-ray, depending on the crystal lattice, angle 

and wavelength of incident angle. XRD analysis for bulk composition of bimetallic nanoparticles and crystal structure analysis 

because of relatively low resolution of XRD, therefore, exact distribution of element has lacked. While XRD data has used for the 

analysis of core-shell materials with comparison of separate core and shell materials. So overcome this issue the Camardese et al., 

by the idea to consider the shell thickness of about 10 μm sized Ni/Mn(OH)2 core-shell particles, two reference materials were 

taken: one signifying the core material individually and the other being a physical mix of core and shell materials in the same 

proportions as the core-shell sample. Absorption of X-rays by the shell, the signal from the core is reduced as related to the reference 

mix material. 

Sobhana et.al synthesis of Au-Pd bimetallic nanoparticles in the presence of the layered double hydroxide materials and studied 

about the X-ray diffraction pattern crystalline nature of resulting materials has apparently shown for both the individual diffraction 

pattern analogous to the (003), (006), (009), (110) and (113) planes of LDH, showing the form of a hydrotalcite-like structure with 

crystalline phase matching with the XRD library JCPDS 22-0700 data. That resemble the diffractions to 18 and 68 (2theta) are 

from minimum composition of Mg(OH)2 and Zn(OH)2 during the synthesis. A reliable intralayer ordering of cations is apparent 

from the extremely resolved 110 and 113 reflections between 60 and 65°.The reduce the motion of Au-Pd nanoparticles following 

necessary situation directed to the enhanced crystallinity of resultant material evidenced by XRD fig 7(a and b)[31][28], [32][43]. 

 
Fig. 7: XRD patterns for the as-prepared MgZnAl- LDH and b) Au-Pd@MgZnAl- LDH. 

Reprinted with permission from copyright 2016 Applied Clay Science journal 

VII. APPLICATION OF BIMETALLIC NANOPARTICLE 

The bimetallic nanoparticle has huge application nowadays such as biological as well as in catalytically activity. If organic reaction 

which carried out without the catalyst then there is no any progress has not noticed but the addition of small quantity of bimetallic 

nanoparticle than the reaction complete in few min[8], [10][33], [34]. 

 Reduction of 4-Nitrophenol to 4-Aminophenol 

A core-shell material have high catalytically activity. Some reactions are very time consuming its take long time to completing 

most of time using in organic reaction. If we are using the core-shell material as catalyst then reaction completing in few minute. 

Here we are discussing some reaction with catalytically activity. 

The varade et.al studied tlhe reduction of 4-nitrophenol into 4-aminophenol by using NaBH4 with Co-Pt and Ni-Pt core-shell 

material. In the presence of NaBH4 reduction of 4-nitrophenol did not progress absence of catalyst to conversion of 4-aminophenol. 

If small amount of catalyst are using then the reaction completing in few minute. It was observed by UV-Vis spectroscopy 4-

nitrophenol absorption peak diminished (400nm) and new absorption peak was observed due to the formation of 4-aminophenol  

Fig 7.  

In this reaction concentration of NaBH4 much higher than 4-nitrophenol so this reaction is pseudo first ordered kinetics reaction 

then linear correlation obtained between ln (At/A0) and reduction time as shown in fig 7. Slope provided k rate constant which can 

find out the catalytically performance k = k/m by this equation. 

At is absorption at time t, A0 is initial absorption, k is rate constant and m is mass of catalyst [35] [6] [36]. 
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Fig. 8: A catalytically of Co-Pt (a-1) and Ni-Pt (b-2) and Linear correlations of ln(At/A0) with time is depicted in (a-2) and (b-2), respectively. 

The black lines show the slopes, which correspond to the rate constants (k). 

Reprinted with the permission from copyright 2014 Royal Society of Chemistry 

 Photocatalytically Activity 

The photocatalytic strength of the MgZnAl- LDH, and Au-Pd@LDH nanoparticles were investigated by utilizing orange II as a 

form pollutant.  The excitation at 365 nm of the photocatalysts at (0.5 g/L) in the appearance of orange II at a concentration of 0.25 

mmol/ L (pH=7.0) begins to an adequate degradation of the pollutant without any delay time. The investigations were finished for 

the liquid phase after centrifugation of the irradiated solution. It is exemplary recording that no important removal of orange II was 

followed by the lack of photocatalysts. Following experimental conditions, the initial rate was approximately determined to be two 

times higher with Au-Pd@LDH nanoparticles associated to MgZnAl- LDH. By considering pseudo first-order kinetics, the rate 

constant, kobs, was expected to 2.3×10−3 s−1 and 1.2×10−3 s−1 for LDH-Au-Pd nanoparticles and MgZnAl-LDH respectively. This 

result certainly proves that (i) LDH materials that can be efficiently tuned to the requisite potential (eV) in form to accumulate 

photons from the light source and (ii) Au-Pd@LDH show more interesting photocatalytic activity fig 9[31][15][37].  

 
Fig. 9: Photoreaction mechanism for the degradation of Orange II dye in the presence of Au-Pd nanoparticles on LDH. 

Reprinted with the permission from copyright 2016 Applied Clay Science. 

 Degradation of Amoxicillin (AMX) in Wastewater 

Amoxicillin is one of the most commercial using antibiotics due to high activity towards the restive to varieties of microorganisms 

therefore increase the use of AMX in wastewater so it is challenge to remove the antibiotic residue. Weng et.al studied about the 

degradation of AMX by using the Fe-Ni bimetallic nanoparticles modified with the clay. The elimination of AMX in aqueous 

solution using different materials was studied. It was seen that 94% of AMX was eliminated from the solution within 60 min 

utilizing Bentonit –Fe-Ni, although 84% was diminished utilizing Fe-Ni nanoparticles, and the degradation the rate of AMX by 

Bentonit –Fe-Ni (kobs = 0.077) was greater than this of  Fe-Ni (kobs = 0.050). It was proper to the evidence that the aggregate of Fe-

Ni nanoparticles was decreased and therefore the reactivity of Fe-Ni nanoparticles was improved when bentonite was worked as 

support[38][39].  
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 Aerobic Oxidative Dehydrogenase of Cyclohexanols and Cyclohexanone to Phenol  

Synthesis of Phenol has been the very important industrial chemical which is prepared by cumene process. Jin et.al has formed 

novel synthesis by using the Au-Pd bimetallic nanoparticle which has supported by LDH. The monometallic i.e. Au/LDH and 

Pd/LDH it could not show any progress in the reaction but Au-Pd/LDH exhibited highly catalytically activity by the synergetic 

effect in between Au and Pd. The mechanism of conversion Cyclohexanols or Cyclohexanone to the phenol has β-H elimination 

by the Pd-enolate by enhancing the Au like electronic ligand effect. Moreover, the LDH basicity has very helpful for the 

dehydrogenase possible through its assistance in protonation step fig 10. The Au-Pd/LDH has reused at least 10 times with the 

original performed as catalyst and presently for the dehydrogenase utilized air O2 for the terminal oxidation so formed has water 

has by-product then it has avoid to environmental pollution. The cumene synthesis has been by three step process and it has so 

many drawbacks i.e. formation of acetone as by-product consequence of the involvement of an explosive cumene hydroperoxide 

intermediate. Therefore avoid such situation during the reaction method should be secured, ease to handle and high yield[40][24].    

 
Fig. 10: Mechanism for formation of Phenol traditional also was using Au-Pd/LDH. 

Reprinted with the permission from copyright 2016 Royal Society of Chemistry. 

VIII.  CONCLUSION 

In conclusion this review article about aspects of bimetallic nanoparticles its properties and application in reduction, degradation, 

and photo-catalytically activity. Synthesis of bimetallic nanoparticles is using inorganic layered materials which also 

predominantly role in stabilization as well as catalytically activity because of that enhance the large BET surface area. 
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