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1.Introduction
Strong metal-support interaction originally proposed by Tauster et al [1] conceptually  refers to the altered activity of supported catalyst for hydrogenation reaction after heat treatment at 773 K. This concept has undergone many modifications with respect to the nature of the support (reducible or non-reducible) and also on the nature of the metal (their size and shape) and the method of loading the metal to the support.   In today’s context it denoted the  robust bonding between  the dispersed metal atoms and the support material in a catalyst, which possibly facilitates the uniform dispersion of metal atoms and prevents their aggregation. This interaction is crucial for stabilizing isolated metal species and enhancing or altering the catalytic performance.  The metal species have been designated nanoclusters, nanoparticles and single atom states and in these states the metallic species are isolated spatially  and have unique electronic interactions with the support species.  There are attempts to correlate with number of atoms, their sizes and shapes to the observed catalytic activity [2]. 
 Single atom species probably show a connection between homogeneous and heterogeneous catalysts, possessing well-defined molecular structures and high activity similar to homogeneous counterpart catalysts, along with the stability and ease of separation typical of heterogeneous catalysts.   While single atom species result in high catalytic activity but mostly lead to aggregation.  There are  number of  studies have found that  nanocluster state or nanoparticle states possibly exhibit  better catalytic activity due to interactions between single atoms and clusters or particles. Particle to cluster to single atom state of metals are not only differ in dimensions but also differ in the charge domain In shape and throw and these situations markedly affect the transformations promoted by these catalyst systems.   In these dimension scales, there is no general trend in the observed catalytic activity with decrease or increase in size, though it is presumed that decrease in size is favourable for catalysis, but in essence, the presence of active centres are identified to be the cause for the observed activity.   This factor that is the number of active centres may be a size dependent.  The catalytic centers in these configurations  affect not only the number of active sites but also the  chemical environment and electronic structure of the catalysts. It is necessary that one has to devise methodologies for fabricating the composite catalyst systems with these configurations of metal systems on supported catalysts..
Generally, the principal role of the support was initially ascribed to stabilization of the active component and/or increase in the metal dispersion and surface area.. However, it was soon realized that physicochemical interactions between the metal and the support can also influence catalytic performance through so-called carrier effects.
This state though manifests many remarkable catalytic properties with respect to hydrogen, the real reason for this altered activity as a result of higher temperature heat treatment is not clearly discernable but various models have been proposed. In this short write-up, some of these models are considered for evaluation purpose.
Encapsulation Model
The model presumes that support phase migrates over the metallic site as a result of  high temperature treatment. There are various points on which clarity are required.
1. Which type of supports are susceptible for encapsulation?
2.  If the support encapsulates the metal what is the extent of encapsulation?
3. What types of alteration in properties that take place in the metal?
The support species which has higher migratory power are susceptible for encapsulation. This property depends on the reducibility of the support and also the ionic size of the species  of the support. If the encapsulation layer thickness is unimolecular the effect on catalytic activity can be pronounced.   The multilayer encapsulation may deactivate the catalytic activity. The unimolecular encapsulation of the support on metal sites depends on the surface energy of the metal species and also the support phase either oxide or molecular species like carbon.  The difference in surface free energy between the two phases controls the extent of encapsulation and also the geometry of the encapsulation phase.     Depending on the distribution surface free energy on metallic species and support phase controls the geometry of the encapsulation layer.  Uniform wetting may influence the encapsulation layer to be a unimolecular layer on the metallic species. Depending on the distribution of surface free energy the encapsulation phase will be covering in patches or uniform or form different geometric shapes. [4-9]
The charge transfer between the metallic species and the encapsulating support phase  is responsible for the observed altered catalytic activity. XPS binding energy value of core level has been commonly used to deduce the charge transfer between the metallic species and also the support.   Cluster formation has been also proposed as the cause of the SMSI state.   However, single atom, cluster and metallic particles all the three states have been identified in the SMSI state. There are many literature reports supporting this concept.{10,11].  It is not clear how this concept of encapsulation of metallic sites account for the observed altered catalytic activity There is still some uncertainty in the  charge transfer concept and the extent of charge transfer in the SMSI state. It is essential to bring some clarity in this concept. The experimental evidence for charge transfer Is based on the value of the core level binding energy but this alteration can be due to the configuration change that takes place as a result of encapsulation of the support phase on metallic species. This is due to relaxation effect that will undergo changes as a result of encapsulation.
It is true the environment or coordination sphere of metallic particles can result in the altered activity of the metallic species.   In addition, the heat treatment can result in aggregation of metallic species in the form of clusters or particle configuration (can also can even disentangle)  and these changes can also account for the altered catalytic activity.   It is true that encapsulation may take place as a result of high temperature treatment of supported catalyst systems.  Aggregation and cluster formation may also take place but these effects can not be the reason for the altered catalytic activity.     Encapsulation is dependent on the   reducibility of the support and hence titania support systems is mainly associated with SMCI state Specific Geometric and electronic effects may result as a result of SMSI. 
Charge Transfer Model
The localized charge transfer model was one of the first proposed to explain the strong metal-support interactions (SMSI) that occur upon high temperature reduction of metal catalysts dispersed on certain transition-metal-oxide supports [12,14].  This model accounts for the effects that are observed in SMSI state namely the alteration in the adsorption characteristics of hydrogen and CO  is due to transfer of electrons from the cations of the reducible oxide support to the catalyst particles, thus changing their electron configuration.
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