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For modelling the catalytic activity in hydrogenolysis of ethane, thirty tJ'ansition metals were 
characterized by a set of fifteen fundamental physical variables for each of them. The dimen­
sionality reduction of this physical model up to the dimensionality seven was carried out by the 
determination of seven linearly almost independent variables. This set was used for the definition 
of the class of catalytically active metals on the basis of their similarity using an asymmetric 
(one-class) pattern recognition approach . The values of similarity measure were approximated 
by the polynomial function of the second degree which is accounted for as a mathematical repre­
sentation of the structure of the active class . 

The pattern recognition approach was developed for classification of the objects 
of a system by an analysis of their multivariate data in the term of similarity 1 . Dif­
ferent measures were formulated for a quantitative evaluation of the similarity, 
on the basis of them various models can be constructed. Some of these models' work 
with a priori knowledge about the structure of classes, whereas the remaining ones 
make no presumption about the structure. 

The latter approach has been used also in our pattern recognition methcd2 where 
the measure of similarity, Sq, is the Euclidean distance in the measurement space 
which is transformed and normalized for each class of the system separately and 
independently. This disjoint method has been recently applied for the search for 
regularities in chemical structures of complex hydrides of the 3rd main group ete­
ments* determining the stability of these compounds2

• The efficiacy of the method 
has been tested by the direct comparison of the results with those obtained previ­
ously by highly sophi sticated SIMCA method3

• 

The method is applied here for an asymmetric4
,5 pattern recognition analysis 

of catalytic activity of some transition 'metals in the hydrogenolysis of ethar.e: 

The denomination IlIB was used in refs2 ,3. More frequently used denomination 
IITA was accepted in ref.5 and it will be used in all forthcoming communications. 
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The metals are characterized by fifteen fundamental physical parameters available 
for all 30 metals included into the study. These data are significantly more exact 
in comparison with those of complex hydrides 6 •7 which contain al so some derived 
data and structural descriptors. Moreover, for eleven metals the levels of activity 
are given quantitatively in tcrms of the rate constants8 , whereas the stability of the 
complex hydrides can be t::xpre~sed only qualitatively. Therefore, it is possible to defi­
ne the class(es) morc -exactly in the former case than in the latter one. 

On the basis of the above data, the values of the measure of similarity Sq (here Sa) 
for the metals were estimated by the mentioned method2 and then approximated 
by a polynomial function, the coefficients of which were determined by the simplex 
procedure given in the preceding eommunication9

. Two main goals of wch a mathe­
matical approximation are evident : the practical goal is an easy calculation of inter­
polated values of the measure of si milarity fo r the metals with unknown activity and 
the fundamental one is a mathematical rcpresentation of class structure important 
fo r the generalization of system behaviour. 

EXPERIMENTAL 

Data. Values of 15 variables available for the physico-chemical model under study were taken 
from three sources - those of the ionization potentials from ref. 10, the Debye's temperatures 
from ref. ll and all other from the Sargent-Welch tablc12 • The value of heat of vaporization 
of Nb (c . 3'98 . 10 - 2 J kg - 1) was taken from ref. 1 3 and of Debye's temperature of Se (360 K) 
from ref. 14. For pattern recognition purposes the data were autoscaled. The catalytic activity 
of eleven metals is given by Sinfe lt8 . 

Computation. Pattern recognition computation of similarity was carried out by the Gier-Algol­
IIi program at the Computer Centre, Tnstitute of Nuclear Research, Rez. The simplex optim­
ization of polynomial approximation of the m~asure of similarity was performed on a Hewlett­
- Packard 9825 type computer. 

RESULTS AND DiSCUSSION 

Dimensionality Reduction of the Model 

The ri!d uction of the ini tial dimens ionali ty D = 15 was achieved by the method 
dc3cribed elsewhere15

• The loss of jnformation in the rclative eigenvalue sca le is 
given in Table I and Fig. 1. Variables who :;e ddetion causes only a loss lower than 
2·2% A. were disca rded (the variables Xi with i = 8-15 in Table I). The set of re­
ma ining seven linearly almost independent variables Xi (i = 1- 7) seems to be 
sufficient for characterization of the active class of the moddled system as is sup­
ported by the chang~s of the measure of si miJari( y Sa for the individual metals during 
the stepwise dimensionality reduction process. The change of the active class volume 
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as defined by the maximum value of Sa (S::'3< in Table I) , as well as by the change 
of the number of metals with unknown activity classified as active ones (Table I) 

TABLE I 

Dimensionality Reduction of the Model of Transition Metals Catalytic Activity in Hydrogeno­
lysis of Ethane 

---- .-- - - -
D" Variablexj %A.b S::,ax N C 

mola~ heat capacity 
covalent radius 43-8 5,29 18 
electric conductivity 24·6 3·54 16 
heat of fusion 14,8 2,71 10 

1st ionization potential 11·2 2·18 
specific heat 4-6 1·83 
3rd ionization potential 2·2 1' 57 
Debye's temperature 1·5 1·37 

electronegativity 0·78 1·37 

10 2nd ionization potential 0·45 1·22 

II atomic volume 0,30 1,22 

12 heat of vaporization 0·15 ] ,22 

13 molar electric conductivity 0·10 1,22 

14 melting point 0·07 1,10 

15 atomic radius 0·05 1-10 

" Dimensionality of the model (see ref. 1 5); b relative loss of information (see ref. 1 5); C number 
of the metals of unknown catalytic activity8 classified at given dimensionality D as active metals. 

FIp, l 

D imensionality Reduction in Modelling 
of Catalytic Activity of Transition Metals 
in Hydrugenolysis of Ethane 

A () is a relative loss of information % ). 
(Table I) . B + is the number of metals with 
unknown catalytic activity classified at the 
given dimensionality D as active metal (Ta­
ble 1) . C X is a volume of the active class 
defined by the values of S:;oal at the given 
dimensionality D (Table I) . 

. . _---- - --- - -------
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fit the curve of information loss very closcly (Fig. I). The latter change limits to a prac~ 
tically complete "expansion" of the active class over the total set of the studied 30 
metals. The activity level calculation described in the forthcoming paperl6 confirms 
also t he suggested definition of the class of catalytically activc metals. 

Classification of Metals 

For the classification of the metals as catalytically active in the hydrogenolysis of etha­
ne a recently described 2 measure of simi lari ty was used. Eleven transition metals 
known to be activel/' were treated as a training set for the active class definition. 
No information about the activity is available in ref. s for the remaining 19 metals 
studied here. This is the reason for using "asymmetric,,4,5, one-class pattern recogni­
tion approach. The s~ax found in the training was accounted for as a boundary 
of the active class volume. In the studied case three metals, viz., W, Mo and Mn 
with unknown activity .possess Sa lower than S~ax and, therefore, they were included 
additionally into the active class (Table II). Thus the minimum set of fourteen active 

TABLE II 

Values of Measure of Similarity (Sa) and Their Approximations (S~) for Transition Metals in Se­
ven-dimensional Model of Catalytic Activity in Hydrogenolysis of Ethane 

Group B Metal S. S~ Group B Metal Sa S~ 
--~~--~~--------

Cub 1·42 1'42 Ta 22'2 
Ag 5-48 VI Cr 4·59 
Au 3·72 Mo· 0'72 0'93 

TI Zn 6'38 
W· 0·79 0·62 

Cd 12'3 vn Mna 1'52 \ ·46 
Hg 10·6 Reb 0'74 0·90 

III Sc 10·5 VIII Feb 1'26 1'18 
Y 35·2 RUb 0·98 0·73 
La 76'0 OSb 0'47 0-60 
Ce 51·6 COb 0·70 0·89 

IV Ti 5·32 Rhb 0·48 0·42 

Zr 12'3 lrb 1·25 1,[8 

Hf 37·2 
Nib J-07 \'09 
Pdb l'57 c 1·52 

V V 3·57 Ptb 1'25 \ ·29 
Nb 2'67 

.~~~~- •.. 

n Metals with Sa < S;:,ax the activities of them are not given in reL8 ; b metals with measured 
activi ty8 used here for the definition of active class by training; C S;:". 

Collection Czechoslovak Chern. Commun . [Vol. 46] [1981] 



Hydrogenolysis of Ethane 69 

metals was finally formed . This set was used in the polynomial approximation 
of the measure ~f similarity S~. 

The above mentioned relative changes of the similarity measure Sa caused by the 
stepwise deletion of variables during the dimensioJlality reduction exhibit an inte­
resting behaviour; the measure Sa for most metals changed remarkably at the D = 
= 8 -> 7 dimensionality reduction step for which the information loss is higher 
than 2·2% A (Table I, Fig. 1) or even at lower dimensionalities. Only for Rh and Nb 
such a significant change was found at the step D = 10 ·4 9 and, thus, the values 
of Sa at D = 7 for these metals are rather dubious. Nevertheless, the correctness 
of the above dimensionality reduction from D = 15 up to D = 7 seems to be suf­
ficiently supported by the character of the S. changes in all remaining 28 cases. 

Mathematical Approximation of Similarity Measure 

First, the linear poJynol11 (1) a j =F 0, b j = 0 was tested for an approximation of the 
similarity measure S~ of the active metals class: 

7 7 

S~ = I ajX j + I biX~ + c , (1) 
i=l i =l 

where 0 ~ S~ ~ 1·57. The set of coefficients a 1 for seven linearly almost inde­
pendent variables Xi' i = 1-7 (Table I) were adjusted by the simplex procedure 
described in the preceding paper9. In the simplex optimization the responses r = 

14 

= I('S. - s~y were minimized for fourteen active metals8 whose measures of similar­
k=1 

TABLE III 

Coefficients of the Equation (1) (N = 7, c = - 12'142) 

VariableQ 

• See Table I. 

Coefficient Q 1 

1·045 
3'289 

-6·994 
-1'072.10- 1 

-5'276.10- 2 

2'419 . lOt 
7'803.10- 4 
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Coefficient h j 

- 1'355.10- 1 

3·605 
1-049 . 101 

3·067. 10- 2 

2'446.10- 4 

5,227.101 

2'923. 10 - 6 
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ity in the above pattern recognition classification were S. ~ 1 ,57 (Table II). Never­
theless, this optimization yields only a poor accordance of the values of S. and S~ 
as well as a rather high value of the best minimum response rD. This indicates that 
the approximation by the polynomial function of the first degree is not sufficient 
for the representation of the active class structure. 

Therefore, the polynom of the second degree (Eq. (1), ai' bi =1= 0) was tested, the 
coefficients (1i and hi (Table III) being optimized by our simplex procedufe9

, too. 
The values of S~ are given in Table II. The final best response rB was 0'237, 

Structure of Classes 

As shown above, the structure of the active class can be mathematically represented 
by the polynom of the second degree which gives an acceptable agreement of the 
Sa and S~ values (Table II). Nevertheless an extrapolation beyond the boundary 
value of the active metals class (Sa = 1'57) is not valid as is indicated by insufficient 
accordance between calculated and approximated values of the measure of similarity. 
Thi s shows that the structure of "inactive" class (metals with Sa < 1'57) is dif­
ferent of that of the active class . This fact is supported additionally by a relatively 
higher best response 1'8 resulting after an exhaustive simplex optimization made 
over the original set of thirty nonclassified metals. 

CONCLUSIONS 

The similarities of the studied transition metals with respect to their catalytic activity 
in the hydrogenolysis of ethane were estimated by the one-class asymmetric pattern 
recognition method on the basis of their seven linearly independent variables of basic 
physical importance. The values of the measure of similarity were approximated 
by a polynom of the second degree with the coefficients optimized by the simplex 
procedure, the approximation being invalid for the "inactive" class. Such couple 
of steps of the chemical sys tems modelling - the pattern recognition classification 
by means of a disjoint method and the a posteriori class structure estimation - can be 
highly suitable especially for the modelling of structurally inhomogeneous systems 
as it was demonstrated here. 
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