Role of defective icosahedra in undercooled metals
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Undercoolings as large as 20% of the melting temperature is
observed for a great variety of different metals.

Even in simple liquids the short range order may differ from that
of crystalline solids.

Icosahedral short range order is postulated in the melts to
explain the large undercoolings of pure metals.

Recent experimental literature:

+ Di Cicco et al, PRL 2003
+ Kelton et al, PRL 2003
+ Schenk et al,, PRL 2002

A commons approach is to characterize

the liquid metal by starting

from the analysis of the single icosahedra and
its deformations. )
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Temperature of interest: \
. Liquid: T=1623 K and T=1400 K
. Undercooled: T=1313 K

KCleri and Rosato, PRB 93
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Common neighbor analysis

PERCENTAGES
. . . Ny T=1623K T=1400K T=1313K
Three indeces jk/ specifies the local For example: >
environment of a pair of atoms: ) 0 3032 2299 2090
555 . icosahedral order 1 24.67 22.99 2227
j = the number of neighbors common to both atoms o1 fec ord 2 17.57 1829 1840
k = the number of bonds between the common neighbors —. [fecorder 3 1133 13.12 13.63
[ = the number of bonds in the longest continuous chain 4 719 9.07 977
R 421 and 422 h d
formed by the k bonds between common neighbors an — eporder > 392 240 285
6 2.53 3.81 426
Ref: Clarke and Jonsonn (PRE 93) 7 110 181 2.03
— 8 093 1.61 1.86
ICOSAHEDRAL cluster has the central 9 0.14 0.26 0.29
atom characterized by 12 nearest Niss=12 10 020 041 048
neighbor atoms with 555 environment 1 <0.01 <001 <0.01
12 0.11 0.22 0.26
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e L More than 70% of the atoms are

involved in in icosahedral short range
order.
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Difference of the percentage between T=1313 K
and T=1623 K

Percentage

‘ About 12% of the atoms change ‘

Only atoms with icosahedral order




