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The stcric demands of two types of adsorbed complexes of neohexane (2,2-dimethylbutane) on (loo), (110) 
and (111) ideal surfaces of Ni or PI catalys~s were investigated W i t h  the aid of a computer. I t  was shown, 
that ay complexes of the adsorhed neohexane were preferred in comparison to ap ones for all studied 
surfaces. Prom the steric point of view, the feasibility of the adsorption depends on the complexity of the 
surface character i n  the following order: (111) < (100) < (110). Unfortunately, the experimentally observed 
discrepancies between the activity or selectivity i n  skeletal reactions on both types of catalysts could not 
be elucidated from our analyses. 

The skeletal transforniations of saturated hydrocarbons on ttietal catalysts have becn 
studicd for several dccadcs'. Espccially i n  recent years, much inforiiiation has been 
collectcdZ - ' allowing the deeper insight into rcgularities controlling these processes. 
Nevertheless, the idcas on thc probable niechanisiiis consist in the interpretation of 
cxpcri~iicntal data and miss valuable evaluation from the view point of theoretical 
c he iii is t ry . 

I n  literature, a n  increased iiitcrest is devoted to the specific rolc of the geometric 
factor i n  hctcrogcneously catalyzed rcactions. Balandiii6, author of thc niultiple theory 
has drawn a n  attcnlion to its significance as the first. For a long tiiiie it was evident that 
the geonietric factor has a n  effect on the selectivity of this type of reactions but no 
suitable method allowing its investigation has been known. In the last few years, much 
new inforniation about both, structural and other properties of catalytic surfaces were 
accuniulated with the aid of iiiodern physical methods7 (LEED, ESCA, AES). This 
knowledge gave the basis for the discussion on the geoiiietric factor importance in 
nictal', redox' and  acid-base catalysis", rcspectivcly. In our Laboratory, sonic results 
were obhincd allowing 10 cluridatc the suitilbility of viirious ciiseiiibles of active sites 
on the surface and the increased probability of sonic rcaction pathways i n  coiiiparison 
to others in dehydration of alcohols on or on zeolites". The method of 
gconietric analysis of the interaction of the reactant niolecule with the surface was 
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applied to skeletal traiisforniations of 2,2-diiiiethylbutane (neohexane) on low index 
planes of Ni and  of Pt polycrystalline catalysts. This niodelling was carried out to justi- 
fy the assumptions and validity of the hypotheses of Leclercq and coworkers12 and 
Botnian arid coworkersI3. These authors havc studied the skeletal reactions (isome- 
rization, hydrogenolysis) of ncohcxane on Ni/SiO, and Pt/SiO, catalysts, respectively. 

The used iiiodels, both of catalysts and  of the hydrocarbon were constructed on a 
computer. They were realized as the systcni of i i iutually impcnetrable spheres of the 
appropriate diameter. In the case of thc hydrocarbon the valence radii were taken into 
account. The dianicter of sphcrcs constituting the riiodel of the catalytic surface was 
considered as the distance between centres of the two neighbour iiictal atonis i n  the 
closed packed plane. The single crystal of these metal catalysts has the synitiietry of a 
face centered rube with the laltice paraiiicler 352 prii for nickel and 392 piii for plati- 
nu111'~. In our computations, the sufficiently large crystal was alrcady prepared and then 
i t  was cut by the chosen suitable plaiics to obtain the surface of tlic required gconictry 
(Miller indices) and size. 

All iiiodcls of the hydrocarbon adsorbed on the iiietal during skeletal transformations 
were constructed on the assuniption of a dissociative two-site adsorption. The reaction 
interiiicdiates were modelled as surface coniplcxcs afi or a y ,  where the Greek synibols 
designate the positions of reactive carbon atonis i n  the skeleton of substrate, i n  accord- 
ance with data froni literature's. The rcaclion interiiicdiatc of the afi type is considered 
to be present during hydrogenolysis, whcrcas the bridged surface a y  structure appears 
p red o 111 i na 11 t 1 y as a n  iso iii e ri za t i on i n  ler iiied ia te . Basic co ii fo riiia ti o ns of the hydro- 
carbon-surface complcxcs were coiistructcd on the assuniplioii of the idcal gcoiiictry. 
The standard length of chcniical bonds (carbon-carbon 154 pni, carbon-hydrogen 109 
pm) a n d  tctrahcdral bond aiiglcs were used'". Except for thc carbon-nictal bonds, a l l  
the dihedral anglcs i n  the niolccules corrcspondcd to staggcrcd conforniiltions. Thc 
lcngths of the bonds carbon-metal were takcn as a sum of the appropriate radii. Here 
we considcrcd the Icngth of carbon-nickel bond cquiil to 201 pni and of the carbon- 
plati i iuni one to 216 pni. 

All nictiil atonis playing the role of catalytically active sites arc rigidly anchorcd in 
the positions of the crystal lattice. I n  this respcct, only specific pairs of these atoilis 
with discrete distanccs cxist on a n  actual surface. Siniilarly, the gconictry of the hydro- 
carbon pcrniits the adsorption only on SUrf i lCC atoms thc distance of which falls into the 
defined interval of lengths. 

Lct us  dcnionstrate this situation on hydrocarbon-metal coniplcxcs designated i n  this  
work iis up coniplcxcs (Fig. la). The positioii one of the prcsumcd center on the iiictal 
surfiice (syriibolizcd i is iistcrisk (*) is fixed here, whcrcas the sccoiid oiic can rotate 
around the single bond between cr-carbon (C,) and p-carbon (C,). Thus, thc iiiutual 
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distance between these centers depends on the rotation angle g? and increases froni 
min imum (r,,,,") for cp = 0" to niaxinium (rmax) for g? = 180'. The distances between 
thcse two prcsuiiicd centers (active sites on the nietal surface) fall for the a(3 complexes 
into the interval 288 - 476 piii for Ni and 297 - 502 piii for Pt, respectively. 

I n  the case of iiitcniiediatcs of the ay type the situation is more complex. The niutual 
distance between the two presuiiicd positions of the active sites dcpends on two rota- 
tional anglcs g?, and  q2 because the configuration of this interniediate allows niutually 
indcpcndent rotations around the both C,-CB and C,-C, bonds, respectively as shown 
i n  Fig. lb. In our calculations, such conforniations of these coiiiplexes were chosen 
whcre the rotation angles were equal but their senses were in  the sanic (conrotation) or 
i n  the opposite direction (disrotation). Thc interval of thcsc distances falls i n  the region 
of lengths of 142 - 580 piii for Ni and 135 - 601 pin for Pt, rcspcctivcly. 

Geoiiictric iiiodcls of the reactant-catalyst complexes were dcsigned i n  the following 
way: 

n)  Provided that the interaction is realized via two siiigle bonds between the reactive 
carbon atom and the surface iiictal one, such conforniations havc bccn found (by single 
rotation around the C,-C,-, bond i n  thc up intcriiiediates and by conrotation or disro- 
tation around thc both appropriate carbon-carbon bonds in ay coniplcxes, respectively) 
i n  which both the presunicd sites of nictal atoms havc the sattie distance froni each 
other as thc chosen pair of the rcal sites one the surface of thc catalyst modcl. 

0) The hydrocarbon, i n  the rcquired conforiiiation obtaincd i n  thc tiientioncd iiianncr 
was subjcrtcd as such to translatioii and rotillion so t h a t  the prcsuiiicd positions of the 
nictnl atoiiis were identical with thosc of the iiictal atoms of thc choscii pair oTa catalyst. 

c) By rotation of the hydrocarbon adsorbed i n  such a way around the joint of the two 
surface iiietal sites, such a n i u t u a l  position of the adsorbcd hydrocarbon against to 
surface of the catalyst was looked for i n  which the distance between the iiiolecule and 

a 

FIG. 1 
The modelling of adsorplion complexes of ncohexane of types up (a)  and uy (b)  
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the surface atoins is inaxinwin. The reactant-catalyst distance, or optitnuin distance is 
defined here as the distance bctween centres of the two closest atoms, the first one 
being the reactant, and the second one from the catalyst surface froin which the sum of 
their radii is subtracted. These operations and appropriate relations are described in 
detail elsewhere’Opll. 

RESULTS AND DISCUSSION 

Low-index surfaces of both studicd metals have the same symmetry. The discrepancies 
arise froin their lattice paraineters only. All investigated surfaces are depicted in Fig. 2. 

The types of pairs a f  active sites and their properties are suiriniarized in Table I. The 
results of investigation of stcric deniands for the adsorption of neohcxane a y  coinplexes 
on both nictal catalysts are in Table 11. The gcoiiictric conditions for the adsorption of 
ncohcxiinc i n  the forin of up coiiiylexes arc vcry uirfilvouri~hlc on a l l  the surfaces 
studied. The satisfactory interaction of ncohcxane realized bctwcen inctal atoilis and 
the tcactive carbons ceiiter nunibcr 3 and 4 was achicved on B1 enseinblcs of both 
(120) inetal surfaces (Fig. 3 -optiiiiuin distance is 79 pin for Ni and 89 pin for Pt). This 
fact is coiisistent with the character of (110) surface which is  created of “valleys” and 
“ridges”. On al l  others f la t  surfaces collision takes place between the fundaniental 

TABU I 
Characteristics of ensembles found on studied surfaces of Ni and Pt catalysl~ 

Symhol 
for cnsemble 

Surface 
Distance 

of atoms‘“ 
Concentration bx 

A1 
A2 
A3 

(110) B1 
Cl 
D1 
D2 

249 (277) 
352 (392) 
497 (554) 

249 (277) 
249 (277) 
249 (277) 
352 (392) 
431 (480) 
497 (554) 
497 (554) 

249 (277) 
431 (480) 
497 (554) 

53.6 (43.3) 
53.6 (43.3) 
53.6 (43.3) 

18.9 (15.3) 
75.8 (61.2) 
18.9 (15.3) 
18.9 (15.3) 
37.9 (30.6) 
18.9 (15.3) 
18.9 (15.3) 

92.8 (75.0) 
92.8 (75.0) 
92.8 (75.0) 

a In pm; in limo1 m$ ‘values in  parentheses are valid for the platinum catalyst. 
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TABLE 11 
The, modelling of neohexanc adsorption on low-index surfaccs of Ni or Pt catalysts 

Symbol Type of Optimum 
for ensemble complex" distanceb 

Surface 

A1 1 3  56 (61)' 

B1 

At 

A2 

A3 

I31 

c1 

1 s  
1.3 

56 (61)' 
nod 

87 (89)' 
90 (89)' 

nod 
nod 
nod 
nod 

43 (36y 
43 (43y 

nod 
nod 

A1 1,s 45 (37y 

c1 
195 45 (37y 
1 3  nod 
1s nod 

'The uy complexes are ronsidcrcd only (the numbers designate reactive carbons in the skeleton). 
definition see Methods, i n  pm. ' Values i n  parentheses are valid for the Pt catalyst. 
adsorption can hc achievcd. 

For the 
No satisfactory 

FIG. 2 
The studied surfaces of metal catalyst 
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skeleton of the hydrocarbon and surface atonis of the catalyst. Nevertheless, successful 
adsorption of neohexane as ap interniediates was found when fundairiental tetrahedral 
angles of skeletal bonds of neohcxane were dcfornied (approximately 2.5’). 

From the geonictric point of view, no adsorption on the ensembles of type D 
proceeds on a l l  the surfaces. Natiiely, i t  was found that the hydrocarbon niolecule is 
“pulled” into the surface with the increasing distance between nictnl atoiiis i n  the 
enscnible. A comparison of the adsorption feasibility of ncohexane could be made too. 
The order of surface was dcteniiincd as follows: (111) > ( Z O O )  > (110). This trend reflects 
the increasing grade of saturation of the surface nietal atonis and  the decreasing values 
of the surface enscnible concentration i n  both cases, i.e. for Ni or for Pt. The increasing 
steric denlands of neohexane i n  the form of a y  complexes are connected with close 
parking of the surface studied. It  m a y  be shown, that  a n  a lkyl  substitution influences 
the feasibility of the adsorption. For exaniple, the differences i n  steric dcniands of 1,3 
and 1,5 adsorbed neohexane on the cnsenible of the B1 type of (IZ0) surfaces between 
both the mctiils are evident bccausc the inethyl substitucnt is niorc voluniinous than the 
hydrogen one. 

Although nickel and p1;itinuni have ii siniil;tr structure of electron shrlls, their effect 
i n  skeletal tralisforliiiitions is dirfcrcnt. I n  literature the pliitinulii is considered to be a 
typical isonierization ~ a t i i l y ~ t ~ .  On the nickel catalyst, hydrogenolytic reactions proceed 
predoiiiinaiitly, especially the cleavage of the tcriiiinal carbon-carbon bond of the 
hydrocarbon to forni methane. Neverthclcss, many  analogies were found between both 
nictals. The differences i n  values of the optiniuni distance signalize various conditions 
for adsorption from the geonictric point of view. It was mentioned, thiit the lattice 
parameter is about 40 pm shorted for Ni. Mutua l  distances between surface nickel 
iit011is are thus lower and this surfilce is less accessible for the interaction with reactive 
centers i n  the hydrocarbon. The length of ndsorption bonds considered between active 
(Ni) and reactive (C) centers is reduced too. The niolcculc of iicohexiine is then placed 

hydrogen 
FIG. 3 

@ carbon Interaction of neohcxanc realized 
hctwcrn metal atoms and the 
reactive carbon centrr number 3 
;ind 4 on 131 ansanihles of (110) 
metal surfaces 

metal 0 
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near to surface nickel atoms by sonic parts of its skeleton. Thus, the steric hindrances 
are greater in  the coiiiparisoii with the platinuai catalyst. The changes in the distance 
between nickel atonis in active enseniblcs is the last gconietric reason for the difference 
i n  ncohcxane adsorption. These shorter distances cause greater stretching of the hydro- 
carbon skeleton in  the space above the nickel surface. This fact, in turn, iniproves the 
conditions for better contact with the nickel surface. All these investigated effects are 
addcd to each other and itiutually combined. Thercforc, the result of these influences 
depends on the actual coiiiylex niolccule-catalyst. Thus the adsorption of ncohexanc in  
the forms of ay intcrniediates on (111) nickel surface proceeds iiiore easily than on the 
saiiie platinum surface. I n  oppositc to this fact invcstigalcd by us, the (111) nickel 
surfacc is found to be iiiore conipact t han  the same platiiiuiii surface and therefore less 
accessible for the high iicohexanc niolcculc. 

Thc distribution of reaction products of the ncohexanc transforiliation on Ni/SiO, or 
Pt/SiO, Icd to the presumption of the possible chciiiisorbcd coniplcxcs. It was assu~iicd, 
that the reorganization of the ncohexane skclcton occurs due to Bond Shift  iiiechanisni 
action. Burton” staled, tha t  (ZOO) or (111) surfaces havc their representation on the 
pol y cry s t a 1 I i ne iiic ta I ca ta 1 y sts p redo i i i i  na nt l y . We havc con fi rtiicd fro iii our ca Icu- 
lations the prcferrcd role of ay adsorbed species as potentially existing interniediates i n  
the course of iieohexane isonicrization. Very low conccntrations of ncopcntanc foriiicd 
by the cleavage of the tcriiiinal carbon-carbon bond of the considcrcd up neohexanc 
interiiiediatcs together the low occurciicc o f  the (110) surfacc 0 1 1  the Pt c i ~ l i ~ l y ~ t  point to 
a low probability of lh i s  reaction pathway. I n  opposite to this surprising agrcciiient of 
the cxperi1iienta1 and  coniputcd results, is the reality, that there is no reason for the 
confiriiiation of thc preference for 1,3 adsorbed ncohexane structures. From the 
geoiiictrical insight, the both uy ncohcxanc coniplexcs (i.e. 1,3 or 1,s) have the sanie 
steric deiiiands on al l  thc studied surfaces. These investigated facts enable a partial 
interpretation of the data obtained 011 the Pt/SiO, catalyst only.  For the case of the 
nickel catalyst  similar knowledge was identified. Two possible explanations exist for 
the vcry liiiiited feasibility of the existcnre of rxl3 ncohcxane species on a l l  nickel surfa- 
ces: 1)  the considered types of adsorbed ncohcxane coiiiplexcs do not reflect the actual 
situation and  or 2) i n  the course of thc iiitcractioii of thc hydrocarbon wilh the catalyst 
surl;ice dcforiiiatioas of thc skclcton bonds occur. The 1i1Itcr presumption was vcrificd 
by coiiiputing the optiiiium distaiicc i n  structures with dcforiiied tetrahedral angles 
( i i p p r o ~ i ~ i i i ~ t ~ l y  5.8’). The ncohcxanc adsorbed 011 nickel surfaces i n  thc foriii of ay 
coniplexcs has the saiiie steric conditions as i n  the case of platinum. From this fact i t  
follows tha t  i t  is iicccssary to rind the rcasons for the diffcrent sclcctivity of both cata- 
lysts i n  sonic phenoniena iiicludcd under the co~iinio~i naiiie “clcctronic factor”. 
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CONCLUSIONS 

Modelling of the geonietric factor in  some skeletal transformations of neohexanc on 
ideal surfaces of Ni or Pt catalysts brought much interesting information which enlight 
the cxperinicntal knowledge in this field. Our results denioiistratcd that  geometric 
conditions for the neohexane interaction on catalyst surfaces of the studied metals 
influence often considerably the course of lhe heterogeneous catalyzed reaction. It is 
not possible to cxplain sonie of the obscrvcd phenomena in this way so far. Neverthe- 
less, the method nicntioiied here serves as a siiiiple tool of approach to the under- 
s ta ndi ng of rcgula ritics control I i ng he terogeneous reac t ions. 
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