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ABSTRACT

By pattern recognition-chemical bond parameter method, the formability of NaZn,, type and BaCd,, type
ternary compounds in RE-M-Si (RE = La - Lu, M is any metallic element) systems has been investigated. And

the existence of unknown ternary compounds is predicted by the pattern recognition method.
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1 INTRODUCTION

In recent years, the investigation on the
ternary compounds in RE-M-X systems (RE
is rare earth element, M is any metallic ele-
ment, X is metalloid) becomes rather active
due to the potentiality of these compounds
(such as Nd,Fe,;,B) used as functional materi-
als. By pattern recognition-chemical bond pa-
rameter method!'* 21, it may be possible to
predict the formability of these compounds,
useful for new functional materials explo-
ration. In this paper, results of the investiga-
tion about the formability of ternary com-
pounds with NaZn;; and that with BaCd,,
crystal-type are described and discussed.

2 PATTERN RECOGNITION-CHEMI-
CAL BOND PARAMETER METHOD

Pattern recognition- chemical bond pa-
rameter method, proposed in our previous
workst 21, is especially suitable for the com-
puterized prediction of the crystal-type of in-
termetallic compoundst®, It has been found
that if a multi-dimensional space spanned by

the parameters Z,, Z, (valence electron num-

crystal type

bers). R, R, (metallic radii)and \;, X
(electronegativities) or their functions, then
ail the intermetallic compound with a definite
crystal-type and valence-type distribute with-
in a special region in this space.
this regularity. an expert system has been
built in our work, and has been successfully

Based on

applied to predict the existence and crystal-
type of a series of unknown intermetallic
compounds. Some rare earth intermetallic
compounds have been synthesized and discov-
ered by this prediction™® >, 1In order to ex-
tend the application of this method and make
we have modified this
method in the following ways.

(1) To apply this method to predict the
ternary compounds in the RE-M-Si systems.
Here Si is a fixed component, so that only

it more reliable,

the parameters Z, R and X (electronegativity
difference) of RE and M are used. Since the
valency of RE is 3, only four chemical bond
parameters Zy. fre. Auand (X are used to
span the multi-dimensional space for pattern
recognition.

(2) In our previous works, it is usual
to use one figure of projection having best
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separation to predict unknown compound,
without accounting the distortion in dimen-
sion reduction. In this work, we use several
figures in PCA method (the number of coor-
dinates equals the dimension of the original
space) together to determine the formability
of an unknown compound. If a ternary sys-
tem locates in the regions with compound for-
mation (or without compound formation) in
all figures, it can be concluded that this com-
pound is existent or nonexistent. In some am-
biguous cases, KNN method is used to pre-

dict with lower reliability.
3 COMPUTATION RESULT

Fig. 1 are the projections of multi- di-
mensional space for prediction of the forma-
bility of NaZn;; type compounds. It can be
seen that each projection figure has the re-
gion of formation of NaZn,; type compound-
s. If the region of formation can be consid-
ered as hypervolumes and transform the pa-
rameters Zy » \X , Ry and Rgg as follows.

= (Zm— 9.00) / 1.50

z,= (AX —0.70) / 0.25

3= (Ruy—1.29) / 0.06

2= (Rpge—1.79) / 0. 05

So the region can be described by simul-

taneous equations of non-equality.
— 115 < 0. 2520 4 0. 6922 + 0. 5575 + 0. 39, <5 0. 70
0.61 < 0.88r; + 0-13r2 — 0-41r3 — 0. 2114y <C 1. 21 L“)

We have used Ce-{o-Si, Ce-Ni-Si,
Dy-Ni-Si, Er-Ni-Si, Eu-Ni-Si, Cd-Ni-Si,
La-Co-Si ++» (NaZn, type forming systems)
and Ce-Cu-Si, Ce-Fe-Si, Y-Co-Si, Sc- Ni-
Si, Ce-Al-Si
as training set. All these ternary systems are

-+« (NaZn,; type not formed)

reported in literatures before 1990. Based on
the regularity found,
known before 1990 can be " predicted”. For
example, all projection figures in Fig. 1 indi-
cate that Ho- Al- Si system is located outside
of the regions of formability, and its chemi-
cal bond parameters can not satisfy the con-
straints of Equation (1), therefore it can be
predicted that no compound of NaZn,; type
in this system.

Fig. 2 illustrates the projection figures

the compound un-

with the formation regions for BaCd;; type
compound in RE-M-Si systems. The forma-
tion region can be described by the following

simultaneous equations of inequality.

— 0. 89 < 0. 1921 + 0. 6822 + 0. 5403 + 0. 45r <7 0. 17
0.13<C0. 87 14+0. 1622 —0. 45 r3—0. 07 r 1<20. 81 1
—0.34<C—0.1421—0. 17 r2— 0. 46 r 3+ 0. 86 r 1<20. 69J
—0.24<C 0.4221—0.692:—0. 542 5:—0.23 7 4<I0. 20

(23

1= (Zy—8.91) /1. 41

r.= ( IX—0.68) / 0.23

r3= (Ruw—1.28) /0.06

ri= (Ree—1.79) / 0.05
The training set includes Ce-Ni-Si, Eu-
Co-Si +++ (BaCd,,; type compound forming)
and Sc-Mn-Si, Lu-Co-Si, Ho-Fe-S5i---

whete

0.25<C— 0. 11ro — 0. 4825 + 0. 87r4 << 0. 99 J o
— 0.20 <7 0. 40z, — 0. 7012 4 0. 555 + 0. 2114 << 0. 51 Fig. 3(a)~ (b) are the projection fig-
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Fig. 1 The distribution of ternary compounds with NaZn,; crystal typec (PCA)

o—NaZn,; type forming systems; x—NaZn,; type not formed
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Fig. 2 The distribution of ternary compounds with BaCd,, crystal type (PCA)
o—BaCd,, type forming systems; x—BaCd,, type not formed
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Fig. 3 Geometrical factors influencing the formation of NaZn,; type compounds
o—NaZn,; type forming systems; x—NaZn,; type not formed

NaZn;(or BaCd,,) type compounds, so it is
obvious that the presence of silicon stabilize
the crystal structure of these types. From ge-
ometrical point of view, we find that the ra-
dius-ratio Rge /Ry of these ternary compounds
is too low for the NaZn,; or BaCd,, type bina-
ry compounds formation. Perhaps quantum
chemical factor or electronic factor might

ures of PCA method for formability of NaZn.
13 type in RE-M-Si systems, like Fig. 1, but
replace R g and R v by Rre/ Rum, and to span
a three- dimensional space. 1t can be seen
that the second principal component is the
dominating factors for NaZn; type com-
pound formation, and the eigenvector of this
principal component is
[ 0.68 —0.01 0.73]°

It can be seen that the third parameter
Rpe/ Ry is the most important factor to the
formation of NaZn,; type lattice.

give explanation of these facts.
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