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The analysis of the potential energy landscépgEL) of Tup\"
model liquids has allowed to clarify many interesting phe- Vaﬁ(f)=4€a5(7) : (1)
nomena of the supercooled liquid regime and the slowing
down of the dynamics-® More recently a promising PEL Where «, BeA, B, UAAzll-g’ oap=0.8, 05p=0.88, ean
description was obtained studying the properties of saddig 10 €as=1.5, €gg=0.5."""Reduced units will be used in

points®~12In a previous work some of us reported a nu- '€ 2f§>II0W|lr/129f [oan  for Length, E/];\Ah for .ﬁniﬁy’
merical investigation of the PEL for different Lennard-Jones{M7ax/ €an) ““for ime—mis the mass of the particlesThe

(LJ)-like model liquids, focusing on the properties of saddleémalyzed density was=1.2. The investigated values of the

. - . i h f the i i
points visited by the systems at different temperatures. Thgarametem tuning the softness of the interaction wene

in findi f that K d) th ist ¢ ; =6, 8, 12, 18. We note that far<6 crystallization events
main Tindings ot that work wera) the existence of master prevent the study of the supercooled regime. Following pre-
curves for saddle-based quantitisaddle ordeng versusT,

i ) o vious works’ we studied the properties of the saddles of the
energy elevation of saddles from underlying minima versussg| \isited by the system during its dynamic evolution at a
ns) when temperatures and energies are scaled by modgjen temperaturéperformed through isothermal molecular
coupling temperatur&ycr (we setkg=1); (i) a nearly con-  qynamics simulations with Nosdoover thermostat The
stant ratio between elementary saddle energy barddts temperature range investigated is such that, for eache
(energy elevation of saddles of order 1 from underlyinggifusivity covers about four orders of magnitude. Saddles
minima) and Tycr, AE=10Tycr; (iii) a quantitative rela-  are located using minimization procedurdsBFGS algo-
tionship betweemAE and the Arrhenius activation energy rithm as implemented by Liu and Nocetfalon the pseudo-
AEp (obtained from low¥ diffusivity), AE,,=2AE. Al-  potentialW=|VV|? (V is the total potential energylnher-
though obtained for different models, the reported universal-
ity was not too surprising due to the similar shape of the

T T 1 1 T

repulsive part of the pair potential, in particular all having > n=6
the samea ~'2 dependence. For this reason a wider class of snszd
models must be analyzed in order to show the robustness of e nMiJIS
the reported universality. 0% S 11\341\%%

In this note we extend the class of model liquids under " E o BMLJ,
consideration, analyzing soft spheres with different power [
of the interparticle repulsive potentiédifferent softness* I — - Power-law fit
We find that systems interacting with " potential belong to [ — REM-like fit
the same universality class of LJ-like potentials, thus point- 0%k . . . ' 4
ing towards a common organization of saddles in the PEL of 0.0 0.5 1.0 1.5 20 25
disordered systems. T/ Tyer

The investigated systems are 80:20 binary mixtures of

N=1000 particles enclosed in a cubic box with periodicF!C- 1. Saddle ordens as a function ofl/Tycy for the model systems of
P b . this work (soft spheres with different softness together with the data

boundgry conditions and interaCting throth the Palloptained in a previous work for LJ-like modeRef. 13. Dashed line is a
potential power-law fit, while full line is a REM-like fit(Ref. 19.

0021-9606/2004/121(15)/7533/2/$22.00 7533 © 2004 American Institute of Physics

Downloaded 14 Oct 2004 to 151.100.123.65. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp


http://dx.doi.org/10.1063/1.1801011

7534 J. Chem. Phys., Vol. 121, No. 15, 15 October 2004 Angelani et al.

i the energy elevation, now scaled By, is plotted versus
] ns. The data collapse onto a master curve, with a mean slope
. m=m’/Tyct=30, indicating that the different soft sphere
> ol models have a similar landscape organization with the same
Vﬂ:s‘ ¢ elementary energy barrier height when expressed in unit of
L0 . Tumer: AE/Tyer=10. We note, however, a small correlation
> n=6 | between the slope and the valuemfwith lower values oh
. E:?Z ] associated to higher values of the slope. Also reported in Fig.
St ol 1 2 are the data obtained in the previous wbtkuggesting a
I ° gl&% ] wider universality o_f the relationshipEzloTM_CT. _
f&‘ o BMLJ, ] A last observation arises from the analysis of Arrhenius
Sy T e ¥ Y B— 7Y energy barriers AE,,, obtained from Arrhenius fits
n exp(—AEa, /T) of the low-T diffusivity data (see Ref. 18

Expressed in unit o 1 one obtains, for different softness
FIG. 2. Energy elevatiorfrescaled byTycr) of saddles from underlying N, values ofAE,,, in the range 21-24. Again this finding is

minima (es—€s)/ Tucr against saddle ordems, for the systems of this  jn agreement with the previous observation for LJ-like mod-
work (soft spheres with different softnes$ and for LJ-like modeldRef. els: AEA ~2AE
: " .

15). The straight line has slope 30, corresponding to an elementary energy . . .
barrier AE/Tycr=10. In the inset the same quantity not rescaledliyyr In conclusion, the analy5|s of soft sphere models with

for the soft sphere models. different softness confirms the results previously obtained for
LJ-like models, supporting the hypothesis of a universal re-

ent structures are also locatédinimizing the true potential lation controlling the structure of the PEL.

V) at each temperature. We then collected the properties of

saddles(energyes and orderng defined as the number of
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Ns as t,he number of negative eigenvalues of the HeSSIa&The gow’er-law fitting fﬁnction ims(xy)=c)éx—1)7, with ¢=0.0243(4)
normalized to the number of degrees of freedoN) 3From and y=0.9041). The REM-like fiting function (Ref. 18 is ny(x)
the inset in the figure one observes that different softness = (b/2)[1- erf(1/(2ax))] (erf is the error functio) with a=0.296(5)

give rise to differentAE values. In the main panel of Fig. 2  andb=0.215(5), very close to those reported in Ref. 18.
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