LBL-14363
Preprint

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

g Materials & Molecular =~ "Sace >
’ Research Division

LLIBRARY AND

. Submitted to Physical Review B DOCUMENTS SECTION

o SP+-»D CHARGE TRANSFER AT TRANSITION- AND
NOBLE~METAL SURFACES: A REPLY

J. Tersoff and L.M. Falicov

April 1982

~ )
TWO-WEEK LOAN COPY

i This is a Library Circulating Copy

. SR which may be borrowed for two weeks.

For a personal retention copy, call
Tech. Info. Division, Ext. 6782.

rhole

—C>
FIevl= 1477

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '



LBL-14363

s§++d charge’transfer at transition- and noble-metal
surfaces: a reply

J. Tersoff and L.M. Falicov
Materials and Molecular Research Division, Lawrence

Berkeley Laboratory and Department of Physics, University
of California, Berkeley, California = 94720

Published reéults of fully self-consistent
caléulationé refute the conclusions of the preceding
Comment, which are based on a faulty_analogy between
Ni and Cu. The behavior of the d-band at the sur-
face of transition metals is dominated by physical
effects very different from those encountered in

noble metals.



We believe the criticisms made of our work\‘/in the
preceding Comment are based on faulty reasoning, and fhe
conclusions drawn above for Ni are unfounded. Self-
consistent calculations for nickef\iéi/éhow a transfer of
electrons into the d orbitals at the surface; this effect
is also seen in iron %/. These results directly contradict
Kleinman's qualitative analysis and support our conclusions
in Ref. 1. |

The crucial point here is that forvNi, but not for Cu,
the gvband plays a dynamic role at the surface. The Comment
above relies on an incorrect analogy between transition
and noble metals...For noble metals such as Cu, the d band
is essentially full and inert, and Kleinman's analysis 1is
valid (and is in fact consistent with our own statements
in ref. 1 regarding the treatment of Cu there). However
for Ni, the analysis given above is simplistic, in that it
does not take account of the crucial intersite interactions
which play a large role in determining the surface d-band
behavior. Only the effect of the on-sitevpotential is con-
sidered. However effects such as g;g bonding and band
narrowing depend mainly on the local geometry rather than
on the on-site potential. Moreover, the polarization due
to local asymmetry plays a crucial role at the surface;
the extra d occupancy comes from electron transfer from
the surface p orbital£\€/< (The same effect exists

in Cu, but only causes electron transfer between the

p and s states). An analysis which virtually



neglects all these effects as driving forces for the d-band

behavior could only be justified a posteriori by comparison

with results of a detailed calculation. As it is, the only
fully self-consistent calculations we know of which are

relevant here, are in quantitative agreement regarding the

surface-induced filling of the local d band, despite the
very different techniques used. (The work of Gallagher
and Haydocﬁ\s/, which includes no p orbitals, cannot be
considered relevant for these purposes.)

In Ref. 1 we pointed out that our calculation certainly
exaggerétea the transfer of electrons from the sp band

into the 4 band at the surface; a reliable quantitative

estimate of the sp-d transfer at the surface would be of
: great interesf. - It is our hope that, in view of the possible
significance-for surface chemistry, the appropriate analysis

of a fully self-consistent calculation could be made available

in the futur;\?/.
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