-

View metadata, citation and similar papers at gore ac.uk brought to you byfz CORE

provided by Aaltodoc Publication Archive

' Aalto University Aaltodoc

. OPEN aACCESS

Author(s):  Vattulainen, |. & Ying, S. C. & Ala-Nissila, Tapio & Merikoski, J.

Title: Comment on Surface diffusion near the points corresponding to
continuous phase transitions

Year: 1999

Version: Final published version

Please cite the original version:

Vattulainen, I. & Ying, S. C. & Ala-Nissila, Tapio & Merikoski, J. 1999. Comment on
Surface diffusion near the points corresponding to continuous phase transitions. The
Journal of Chemical Physics. Volume 111, Issue 24. P. 11232-11233. ISSN 1089-7690
(electronic). ISSN 0021-9606 (printed). DOI: 10.1063/1.480479.

Rights: © 1999 American Institute of Physics. This article may be downloaded for personal use only. Any other use
requires prior permission of the author and the American Institute of Physics.
http://scitation.aip.org/content/aip/journal/jcp

All material supplied via Aaltodoc is protected by copyright and other intellectual property rights, and
duplication or sale of all or part of any of the repository collections is not permitted, except that material may
be duplicated by you for your research use or educational purposes in electronic or print form. You must
obtain permission for any other use. Electronic or print copies may not be offered, whether for sale or
otherwise to anyone who is not an authorised user.


https://core.ac.uk/display/80714633?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.aalto.fi/en/
http://aaltodoc.aalto.fi
http://www.tcpdf.org

A IP The Journal of )
Chemical Physics | /
Corhment on “Surface diffusion near the points corresponding to continuus phasé

transitions” [J. Chem. Phys. 109, 3197 (1998)]
I. Vattulainen, S. C. Ying, T. Ala-Nissila, and J. Merikoski

Citation: The Journal of Chemical Physics 111, 11232 (1999); doi: 10.1063/1.480479
View online: http://dx.doi.org/10.1063/1.480479

View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/111/24?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Surface order-disorder phase transitions and percolation
J. Chem. Phys. 125, 184707 (2006); 10.1063/1.2370875

Effects of quenched impurities on surface diffusion, spreading, and ordering of O/W(110)
J. Chem. Phys. 117, 6757 (2002); 10.1063/1.1505856

Response to “Comment on ‘Surface diffusion near the points corresponding to continuous phase transitions’™ [J.
Chem. Phys. 111, 11232 (1999)]
J. Chem. Phys. 111, 11234 (1999); 10.1063/1.480480

Erratum: “Surface roughening: Kinetics, adsorbate-induced effects, and manifestation in catalytic reactions” [J.
Chem. Phys. 108, 4582 (1998)]
J. Chem. Phys. 109, 7649 (1998); 10.1063/1.477387

Surface diffusion near the points corresponding to continuous phase transitions
J. Chem. Phys. 109, 3197 (1998); 10.1063/1.476923

SUBSCRIBE TO



http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/956891792/x01/AIP-PT/JCP_ArticleDL_0315/PT_SubscriptionAd_1640x440.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=I.+Vattulainen&option1=author
http://scitation.aip.org/search?value1=S.+C.+Ying&option1=author
http://scitation.aip.org/search?value1=T.+Ala-Nissila&option1=author
http://scitation.aip.org/search?value1=J.+Merikoski&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.480479
http://scitation.aip.org/content/aip/journal/jcp/111/24?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/125/18/10.1063/1.2370875?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/117/14/10.1063/1.1505856?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/111/24/10.1063/1.480480?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/111/24/10.1063/1.480480?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/109/17/10.1063/1.477387?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/109/17/10.1063/1.477387?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/109/8/10.1063/1.476923?ver=pdfcov

JOURNAL OF CHEMICAL PHYSICS

COMMENTS

VOLUME 111, NUMBER 24

22 DECEMBER 1999

Comment on “Surface diffusion near the points corresponding

to continuous phase transitions”

I. Vattulainen

[J. Chem. Phys. 109, 3197 (1998)]

Department of Chemistry, Technical University of Denmark, Building 207, DK-2800 Lyngby, Denmark

S. C. Ying

Department of Physics, Box 1843, Brown University, Providence, Rhode Island 02912-1843

T. Ala-Nissila

Department of Physics, Box 1843, Brown University, Providence, Rhode Island 02912-1843, Helsinki
Institute of Physics, P.O. Box 9 (Siltavuorenpenger 20 C), FIN-00014 University of Helsinki, Finland
and Laboratory of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland

J. Merikoski

Department of Physics, University of Jgkgla P.O. Box 35, FIN-40351 Jysaylg Finland
(Received 17 February 1999; accepted 1 October 1999

[S0021-960699)52148-X]

In a recent articlé,Uebing and ZhdanoWJZ) reported
results of Monte CarlgMC) simulations for diffusion of
oxygen adatoms on the W10 surface close to a second-
order phase transition boundary. It is well kndviat unlike
static equilibrium properties, kinetic quantities in MC are
very sensitive to the details of the algorithm used for the
microscopic transition rates between different configurations,
and one would expect an even larger sensitivity in the critical
region. We show in this Comment that this is indeed the
case. Our results imply that the particular dynamic algorithm
used by UZ(Ref. 1) is inappropriate for studies of critical
effects in diffusion. As a consequence, their conclusion on

4

tropolis form and the quantith>0 characterizes the
effect of the saddle point of the adiabatic substrate po-
tential.

The dynamics of UZ, in which w; 1= (1/k)exd —(es
—¢)/kgT] andk is a normalization constant. The quantity
€= €x+ #NZNnC] is chosen to model the saddle point
energy, anckg is the corresponding quantity in the limit
of low coveragess—0. The value ofe2 used has not
been reported but our choicee2=0 does not affect
our conclusions. The ter ¢ is a sum of the occu-
pation variables of “nearest neighbors” with respect to
the transition state, andy, is an interaction parameter.

the critical effects of diffusion coefficients is incorrect and
the criticism presented by UZ concerning our previous work
is unjustified.

In Fig. 1(a) we show our simulation results for the aver-
age single-particle transition raté=(n;(1—n¢)w; ;) at ¢

We start by assessing the validity of various dynamical=0-45 around the second-order phase transition boundary
algorithms, including the one chosen by UZ, in describingith the algorithm choice$1)—(4) described abovén; and

the diffusion process in terms of MC simulations. To this "f

are the occupation variables of the initial and final sites,

end, we consider a model lattice-gas Hamiltonian for thd€SPectively. Clearly, the results of the dynami6$ used by

O/W(110) systent** Unlike the one used by UZ, it produces

UZ are distinctly different from those dfL)—(3). The differ-

a phase diagram in close agreement with the experiment&§nce is further demonstrated by considering the effective ac-

observations for OML10),° including all known ordered

tivation barriersE,(6,T)=—dInT'(6,T)/d(1/kgT) shown in

phases and coexistence regions. To introduce the dynami€dd: 1b). The dynamics of1)—(3) show a prominent peak

in MC, we consider the following choices for the transition
ratew; ; from an initial state with energye; to a final state
f with energye; :

(1) The Metropolis fornf, in which w; r=exd — (&
—€)/kgT], if et>¢;. Otherwisew; ;=1.

The Kawasaki fornf, in which w; = 1/(1+exd (e
—€)/kgT]).

The transition dynamics algorithrfTDA),® where the

(2)
3

nearT., whereas the dynamics of UZ shows a much smaller
cusp®

The physical origin of the discrepancy between the re-
sults using the UZ algorithm and those from the other three
algorithms stems from the choice of saddle point energies in
terms of the interaction parametéf, . The choice ofgy, is
completely arbitrary and cannot be judged by experimental
data. Further, since it is not related to the true interaction
parameters in the Hamiltonian, the influence of the critical

transition proceeds by two steps via an intermediate statBuctuations neall; to the saddle point configurations and to

I with energy e =A+(e+e€)/2 such that w;¢
=w; w, ¢. The rates for the two steps are of the Me-
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the diffusion coefficient is largely left out. To demonstrate
this, we can consider the special case of the UZ algorithm

© 1999 American Institute of Physics
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tivation barrier for every configuration change and compared
the energetics of the saddle point configuration to the form
postulated in the UZ dynamics to estima#g . It turns out
that the values ofpy, obtained in this fashion vary over a
wide range of values, havinigoth positive (repulsive inter-
actions and negative(attractive values. This inconsistency
of the UZ dynamics is in contrast with, e.g., the TDA
dynamics® which describes the instantaneous jumps via a
transition state in a simple but physically sensible manner.
To conclude, the present results demonstrate the sensi-
tivity of activated rates close t®. to the choice of the dy-
pExD) namical algorithm in MC simulations. This observation is of
— general concern and necessitates further work to clarify the
reasons of why various commonly used algorithms lead to
1 distinctly different behavior of kinetic quantities in MC stud-
T ies. In the present case, we have shown that the dynamics
used by UZ suppress an essential part of the physical prob-
lem under study, namely, the effect of the critical fluctua-
] tions on the microscopic transition ratEsclose toT..'? A
] true description of the critical fluctuations around both the
equilibrium configurations and the transition states is there-
fore crucial for a correct MC study of the critical dynamics
effect. One realistic approach to accomplish this effect is the
T./T TDA dynamics discussed above. Nevertheless, in spite of the
long history of MC, it is clear that this issue still requires

FIG. 1. (@ I' for various dynamical algorithms in the OO system  mqre attention to clarify the role of dynamical algorithms in

(Refs. 4, 3 with T'),= also shown(some curves have been shifted for clar- |

ity). In the dynamics of UZ, we chosg), as the pair interaction between general.

second nearest neighbdfef. 1). In TDA, A=0.044 eV(larger values give

similar result$. (b) Effective activation barrier€, corresponding to the

rates shown irfa). Results of item$1) and(2) are not shown, since they are  'C. Uebing and V. P. Zhdanov, J. Chem. Phi89, 3197(1998.

almost identical to those of itert). 2See K. W. Kehr and K. Binder, irApplications of the Monte Carlo
Method in Statistical Physicedited by K. Binder(Springer-Verlag, Ber-
lin, 1984), and references therein.

with the choicegb’,{‘ = e(s): 0. In this case, the transition rate is 31. Vattulainen, J. Merikoski, T. Ala-Nissila, and S. C. Ying, Phys. Rev. B

. s . . 57, 1896(1998; Phys. Rev. Lett79, 257 (1997.
Only determined by the initial conflguratlon and can be rep-“I. Vattulainen, S. C. Ying, T. Ala-Nissila, and J. Merikoski, Phys. Rev. B

10” F Disordered
Lol

0.5 = 2

[eV]

E,

resented ds 59, 7697 (1999.
. 5G.-C. Wang, T.-M. Lu, and M. G. Lagally, J. Chem. Ph§8, 479(1978);
1ﬂMF_FO(POO/‘9)eXF(:““/kB-I—)' (1) C. R. Brundle and J. Q. Broughton, ifhe Chemical Physics of Solid

: o ; .~ Surfaces and Heterogeneous Catalysis: Chemisorption Systelitesd by
Here Py is the probability that a nearest neighbor pair is D. A King and D. P. Woodruff(Elsevier, Amsterdam, 1990Chap. 3,

Yacamu“ i§ the chgmical potential_, anby(T) is the bare Vol. 3A; K. E. Johnson, R. J. Wilson, and S. Chiang, Phys. Rev. Zét.
jump rate (in the limit 6—0).! Aside from the constant  1055(1993.
I'o(T), Ty contains only static quantities and no dynamical °T- Ala-Nissila, J. Kjoll, and S. C. Ying, Phys. Rev. £, 846 (1992.

. p - - i ) C. Uebing and R. Gomer, Surf. S&81, 33 (1997).
information at all. It is obviously anean-fieletype of de 8Close to a critical point where fluctuations are enhanced, there is a well-

scription for the true transition rate. In Figal we plotTye known “compensation effect” for barriers of activated processes. This is
as computed for the present model. It is qualitatively very due to the entropic contribution to the rate coefficients. Thus, a peak for
similar to the result from using the UZ algorithm with finite _Ea 8 T is to be expected. N

¢m 9 They both fail to describe the strong non-Arrhenius In Ref. 1, results for the case wheyg, =0 and where it is nonzero show

behavior of I' near T, clearly revealed by the choices 5, o Pehavioraround. .
ehavior o ear 1. Clearly reveale y € choices 0In fact, in Ref. 1 UZ finds a broad peak in the activation barriers around

10
(D-(3). o _ 1.2T., instead ofT, as expectedRef. 8.
To further demonstrate the unrealistic choice of the'l. Merikoski, I. Vattulainen, J. Heinonen, and T. Ala-Nissila, Surf. Sci.
saddle point energy in the UZ algorithm, we have performed_ 387 167(1997.

1o RN s .
: ; ; ; ; ; The criticism in Ref. 1 by UZ concerning finite-size effects in our works
molecular dynam|cs simulations using effective medium is irrelevant, and fully discussed and refuted in our widrk/attulainen, J.

theory for some fcc metal systemsind mapped the interac- Merikoski, T. Ala-Nissila, and S. C. Ying, Phys. Rev. Le80, 5456
tions to a lattice-gas description. We calculated the true ac- (1998].



