In catalytic transformations, the selectivity with respect to one of th epreferred products is conventionally controlled by the specific mode of activation of the substrte, which normally occurs on specific ‘active sites on the catalyst surface.   The identification of the specitic ‘active sites on the surface and the elucidation of the particular mode of activation of the substrate have been the two factors that attracted the attention of various investigators [1-4].   When the chosen substrate can be activated in different modes as for example the molecule carbon monoxide can be activated in on top or bridge modes and accordingly these modes of adsorption facilitate the CO insertion or Co hydrogenation [5].
Sorbitol is a redily available chemical in more abundant lignocellulose and can be converted to different value added products like ehtylene glycol, propylene glycol and glycerol. The glycols are important commodicty chemcials and they are widely used as funciton fluids such as antifreezes, coolants, monmers in the synthesis of polyester fibers and resins.  Hydrogenolysis of sorbitol to theylene glycol and proplylene glycol requires the cleavaage of specific C-C and C-O bonds.  These activation and cleavage generally involve the use of Ni, Pt and Ru-based catalysts with appropriate support [6-13]. The observed activity and obtained selectivity of the products depend on the nature of the metal and the eupport employed.   It is therefore necessary that one elucidates the bond level activation and the possible bond rearrangments that can take place in the adsorbed state.
The motivation for this study is to understand the molecular level activation of sorbitol on  different plances of  metallic surfaces.The parameters considered are the adsorption energy and the bond strength (C-O, C-C and C-H) variations as a result of adsorption of sorbitol on specific planes of the metals. 

Commutaional methodology 

The stable conformation of sorbitor on different planes of metallic surfaces was obtained by suing “adsorption locator [14]. Adsorption locator simulates a substrate loaded with an adsorbate or an adsorbate mixture of a ficed defined composition.   It allows to find the lowest energy state on both periodic and non periodic substrates.   Possible asorpiton congifuratins are idenitifided by carrying out Monte Carlo searches [15] of the confgurational space of the substrate-adsorbate system by a simulated annealing [16, 17] schedule.   These calcualtions were performed by Material studio software package [18].
After finding the most stable confirmation on the sorbitol on metal clusters places, the adsorption energy was calcualted by Density Functional Theory (DFT) [19].   The DFT calcualtions were performed using Gaussion 03 [19].   The calculaitons were performed by using Becke three-parameter hybrid function [20] with the non local correlation funciton of Lee, Yang and Parr (B3LYP) [21-23].    The LANL2DZ effect core potential and basis set [24] was used ot d4escribe the metal atoms while the 6-311g* basis set was used to describe sorbitol with defaulty spin and without any symmetry considerations.

Calculations for a free sorbitol molecule yielded the experimentally observed bond lenghts.   The metal Ni, Pt and Ry clusters containing 18 metal atoms were used in the calculations.   The topological mode of adsorption and the bond interactions were studied using AIM 2000 suite programme [25-27].   The contributions of orbitals of metal and that of sorbitol to the HOMO-LUMO levels of the combined systerm were calcualted using themissian software [28].   Density of states of metal before and after adsorption of sorbitol over active metal planes was calculated and these calculations were performed using GaussSum 2.2. [29].
Results and Discussion

Cluster Geometry

In these calculations the planes considered are given in Table 1.

	S.No
	Metal
	Planes considered
	JCPDS PDF No

	1
	Ni
	111, 200, 222, 311, 400, 331, 420
	04-0850

	2
	Pt
	111,200, 220, 222,311, 400, 331, 420, 422
	04-0802

	3
	Ru
	100,002,101,102,103,104,112,201,004,202,203,

210,211,114,212,105400, 331, 420,422
	06-0663


The surfces were represented by three stoichiometric layers.   The top metal atoms located on the corresponding metal cluster planes were considered as the suitable sites for adsorbing sorbitol molecule.   Some of the representativeadsorption surfaces are shownin Fig.1.   Optimised geometries of three metals’ (Ni, Pt and Ru) cluster planes were studied with adsorbed sorbitol. Both veritical and horizontal modes of adsorption of sorbitol on all places were considered and it was found that horizontally adsorbed sorbitol is energetically more favourable.
Adsorption Energy

Assuming fixed geometry for eachplance with three layers of Ni, Pt and Ru metla, the adsorption energy was calcualted using the equation
Eads = E(sorbitoal+Metal cluster) –Esorbitol – Emetal cluster.

The adsorption energy of sorbitol on the places exposed on Ni, Pt, and Ru are givenin Table 1.   More negative or least positie values are cosnidered to represent the probale adsorption geometry.   The preferred plane for adsorption of sorbitol on nickel surfaces is (111) plane since the calcuated adsorption energy is -3.1 kcal/mol.   Similarly on platinum surfaces the preferred plane for asorption of sorbitol is (311) andwhile for Ru it is (202) plane.   The optimized geometry on the three active planes of Ni(111), Pt(311) and Ru(202) are shownin Fig.2.   The overall adsorption energy values indicate that the adsorption of sorbitol on the (111) of nickel is stronger than that on Pt (311) and Ru(202). The adsorption strength is in the order Ni (111) > Pt (311) > Ru (202).

Bond distances of sorbitol on metals

The bond distances in sorbitol were calcualted before and after adsorptionon the three active metal planes of Ni(11), Pt (311) and Ru(202). The results are given in Table 2.   These calcualtions have been used to find out the possible bond cleavage.
	Bond
	Free sorbitol
	Sorbitol on Ni(111)
	% change
	Sorbitol on Pt(311)
	% change
	Sorbitol on Ru(202)
	% Change

	C1 -  C2
	1.5197
	1.5376
	+1.18
	1.5382
	+1.21
	1.5414
	+1.43

	C2 – C3
	1.5248
	1.5512
	+1.73
	1.548
	+1.55
	1.5544
	+1.94

	C3 – C4
	1.5224
	1.5549
	+2.13
	1.5544
	+2.10
	1.5547
	+2.12

	C4 – C5
	1.5224
	1.5548
	+2.12
	1.5553
	+2.16
	1.5521
	+1.95

	C5 – C6
	1.5207
	1.5419
	+1.39
	1.5437
	+1.51
	1.5366
	+1.05

	C1 – O
	1.4144
	1.4015
	-0.91
	1.4015
	-0.91
	1.4007
	-0.97

	C2 – O
	1.4118
	1.4049
	-0.49
	1.4047
	-0.50
	1.4067
	-0.36

	C3 – O
	1.4134
	1.4071
	-0.44
	1.4068
	-0.47
	1.4070
	-0.45

	C4 – O
	1.4098
	1.4076
	-0.08
	1.4066
	-0.23
	1.4071
	-0.12

	C5 – O
	1.4117
	1.4053
	-0.45
	1.4053
	-0.49
	1.4059
	-0.40

	C6 – O
	1.4101
	1.3991
	-0.70
	1.4007
	-0.67
	1.4010
	-0.64

	C1  - H1
	1.1136
	1.1129
	-0.06
	1.1137
	+0.01
	1.1119
	-0.15

	C1 – H2
	1.1098
	1.1137
	+0.34
	1.1119
	+0.02
	1.1129
	+1.18

	C2 – H
	1.1164
	1.1127
	-0/33
	1.1119
	-0.38
	1.1122
	-0.38

	C3 – H
	1.1111
	1.1144
	+0.30
	1.1148
	+0.33
	1.1164
	+0.47

	C4 – H
	1.1173
	1.1157
	+0.14
	1.1161
	-0.11
	1.1139
	+0.30

	C5 – H
	1.1129
	1.1139
	+0.09
	1.1132
	+0.03
	1.1124
	-0.04

	C6 – H1
	1.1139
	1.1136
	-0.03
	1.1123
	-0.14
	1.1134
	-0.04

	C6- H2
	1.1115
	1.1134
	+0.17
	1.1127
	+0.11
	1.1131
	+0.14

	C1O – H
	0.9582
	0.9920
	+3.52
	0.9927
	+3.60
	0.9928
	+3.61

	C2O – H
	0.9619
	0.9927
	+3.20
	0.9934
	+3.28
	0.9933
	+3.26

	C3O – H
	0/9609
	0.9927
	+3.41
	0.9929
	+3.33
	0.9929
	+3.33

	C4O – H
	0.9614
	0.9928
	+3.30
	0.9931
	+3.38
	0.9934
	+3.33

	C5O –H
	0.9589
	0.9929
	+3.55
	0.9936
	+3.60
	0.9925
	+3.50

	C6O - H
	0.9595
	0.9932
	+3.51
	0.9916
	+3.35
	0.9919
	+3.39


It is seen from the data in Table 2 that C3-C4 and C4-C5 are elangated along with all the O-H bond distances in the adsorbed sorbitol on Ni(111).It indicates that these bonds are susceptible for change when sorbitol is adsorbed on Ni(111).
The Relevance of HUMO – LUMO values

The energetic values of the HUMO – LUMO levels represent the possible redox behavior.   The values of the gap for the bare cluster as well as after adsorption of sorbitol are assembled in Table 3.It is seen that the magnitude of this is smallest for Pt (311) and it further decreases on adsorption of sorbitol.  The orbital contours of these levels are shown in Fig.3.  The contributions of molecular orbitals of sorbitol to these HOMO and LUMO levels have been estimated and the values are nearly 14%  and 4% for Ni(111), about 11% and 6% for Ru(202) and 9%  and 11% for Pt(311) surfaces. The net charges on the clusters showed that charge transfer from sorbitol to the metal clusters takes place and it is in the order Ni(111) 1.4 e- > Ru(202) 0.68 e- > Pt(322) 0.15 e-.   This denotes the order of reactivity of these surfaces towards sorbitol.

Atoms in Molecules (AIM)

Badar proposed a topological method to analyze the electron density. [   ].   In these papers the authors have outlined some criteria by which one will be able to make judgements over the bonding characteristics. The molecular graphs obtained for the sorbitol adsorbed on these three planes are shown in Fig.
The molecular graph for Ni(111) with sorbitol indicates that the bond critical points are formed at C1O-Ni, C1H-Ni and C3O-Ni and C3H-Ni,  the corresponding points for Pt (311) are C2OH-Pt, C2O-Pt, C3O-Pt and C4H-Pt and for Ru(202) they are at C1H-Ru,C1+O-Ru, C1-O-H-Ru, C5H-Ru, C6H-Ru, and C6 – Ru.   (This has to be checked carefully)  It is deduced that sorbitol interaction among these three metallic surfaces are similar.  The charge densities deduced from these calculations are given in Table    .   These results are also supporting that the bonding interactions are almost similar on all these three metallic surfaces there is some subtle differences in the extent of bonding of sorbitol on these three metallic surfaces.
Density of States (DOS)

Depending on the population of the bonding and antibonding states as result of adsorption decides the strength of bonding of the substrate [].The calculated density of states for these metallic surfaces are shown in Fig for the bare cluster and also after adsorption of sorbitol. The relative positions of the so called Fermi level and the d band centre indicate the extent, strength of bonding of the substrate and the net charge transfer that take place as a result of adsorption.   It is seen that in the case of Pt these values alter to a greater magnitude, thus indicating that these metallic surfaces is conducive for the activation of the substrate.   The higher value  of adsorption energy deduced for Ni surfaces is also reflected minimum alteration of the position of the Fermi level and the centre of d band from bare surface to the sorbitol adsorbed configuration. 
