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Emerson Center Receives NSF Funding for
Major Equipment Purchase

Emory University recently received a Major Research Instrument (MRI) grant of $300,000
from the National Science Foundation for the purchase of new computer systems for computz
tional chemistry and chemical physics at the Emerson C&hePrincipal Investigator of the
grant is DrKeiji Morokuma, Director of the Centewith a team of co-investigators consisting

Inside This Issue . . .

[]" EC receives NSF Grant (p. 1)

['] Emerson Hall Constr. Updates (p. 1)
[] Emerson Center News Items (p. 1)

L[] EC Visiting Fellowships & Letters from

Fellows (p. 2)

L] Research Reports from Emerson Clr.

-3

L] News on Hardware and Software

Upgrades (p. 4)

L] Emerson Center Contact Info (p. 4)

In the News

O Professor Wliam Miller,
Kenneth S. Pitzer Distinguishe
Professor UC-Berkeley spent
four months as a distinguishe
Emerson Fellow He gave sev
eral vely stimulating lectugs on
uantum and semiclassicé
theories of chemicaleactions.
His office door was open to al
except when he was out playii
squash. He and his wife, Ma
garetAnn, exploed the aeas in
and aoundAtlanta, uncovering
their family histories. See pag

2 for a letter fom Pof. Miller.

00 The Emerson Center webpa
will receive a facelift soonA
new design is undemy and
viewers will be able to surf th
new pages with enhanced cap
bilities in early fall.

O The Emerson Center has-r
ceived mae than a dozen forme
applications for the 3t staff
position specializing in model
ing and graphics. Review of th
applications is undevay, and
an appointment is scheduled fi
Fall 2000.

O The faculty seah for an as-
sistant pofessor in theatical/
computational chemistry ha
been e-opened for Fall 2000
Review of applications will star
in October

of Emerson Center subscribers and their collaborators (Drs. Joel Bowman, Michael Heaver
M. C. Lin, Dennis Liotta and James Snyder from the Cham
istry Department and Drs. Fereydoon Family and Ge #
Hentschel from the Physics Department) and Emerson
ter scientific stéff(Drs. Stephan Irle and Djamaladdin V.
saev), joined by computer scientists (Drs. James Nag\
Vaidy Sunderam from Math/Computer Science Departm: 4
With this fund and matching money from .DCherry )
Emersons original instrumentation fund, new systems ¢ |
sisting of a mix of clustered workstations and personal ¢
puters will be purchased to replace the aging SP2 syst
the CenteiThe new purchase is expected to increase the
puting power of the Center system several times over
present poweand to satisfy the evancreasing needs of su -
scribers in the coming 3-4 yealsn enhancement in th
graphic capability is also scheduldthe new systems, being selected by the Emerson Center
Executive Committee, are expected to be installed in the new Cherry Logan Emerson Hal
starting in early 2001.

EC SusscriBER/UseRs M EETING PLANNED

The Emerson Center is oragnizing a meeting of all subscribers, users, NSF co-inves
and [potent|al subscribers to discuss issudated to the major equi ment upgrade a
result of the NSF grant. The meeting will also nominate additional members akimg-
cal Sub-committee which will examine technical data andmmend to the Executive Cc
mittee on the acquisition of the new computer systems for the CEnéemeeting is sche
uled for ThursdaySept. 14, 2:30-4:00pm, in Room 316 of the Cheynigatilding.

EMERSON HALL CONSTRUCTION UPDATE
Update by Jan McSheyr, Chemisty Dept.

Work on Cherry Logan Emerson Hall is continuing on all levels. Installation of the eleva-
tor is complete. Mechanical, electrical and plumbing rough-in is continuing on all fidiues.
mstallatlon of the casework and lab equipment is continuing on all flokns. drywall is

- adat  complete at the fourth floor and progressing at the fifth
floor. Installation of the suspended ceiling grid is pro-
' gressing at the first, second, third, and fourth floors.
Exterior stucco application is progressing in all areas.
Installation of the clay tile roof is completeThe
completion date remains November 17, 2000, with 90%
of the contract time completed as of Sept. 7.

Point your browser to http://pm.fmd.emargiu/
emerson/emersoncam.htm for live updates on the Em-
erson Hall construction and archives of previous pic-
tures.

New Senior AssociATE DeEaN To OvERSEE EC OPERATIONS

Professor Lanny Liebeskind, formerly Chair of the Chegni3épt., had been appointment
SeniorAssociate Dean for Science and SpoeddReseah of Emoy College. One ¢
Prof. Liebeskind duties ag\ssociate Dean will be to liaise with University-wide scie
programs including the Emerson Centdihe appointment stirin Fall 2000. The offic
of theAssociate Dean will be in the new Chet.ogan Emerson Hall.




Lettere from Fellows

‘7 appreciated very much the opportunity to bera
visiting fellow at the Emerson Centdrgratefully :
acknowledge Prof. Morokuma for his kind invitation,

: Especially | would
like to thank Prof. Lin ®
for recommending ®
= me and hosting my o-.
month visit, which «
brought me the*
chance to meet with *
and learn a great deal,
from some active,
prominent scientists. ®
During my stay here, °
| have been working ,
intensively on the following topics: i) Calculation of
Potential Enegy Surfaces and Rate Constants for Sorme
Combustion Related Reactions; ii) Quantum Chemical
Study of the Chemisorption of Some Small Moleculés

EmersonN CENTER VisiriNne FELLOWSHIP
Awarps ror 2000-2001

Dr. Snezhana M. Bakalova, Bulgarian Academy of Sciences, Bulgaria
Dr. Stuart Carter, Univ. of Reading, United Kingdom

Prof. Ruben H. Contreras, Univ. Buenos Aires, Argentina
Prof. Sonia V. Ilieva, Univ. of Sofia, Bulgaria

Prof. Guan-Zhi Ju, Nanjing University, P. R. China

Prof. Jose Kaneti, Bulgarian Academy of Sciences, Bulgaria
Prof. Teerakiat Kerdcharoen, Mahidol University, Thailand
Prof. Steven H. Norton, State Univ. of West Georgia, USA
Prof. Ilkay Oren, University of Ankara, Turkey

Prof. Udo Schnupf, Troy State University, USA

Prof. Lawrence M. Pratt, Fisk University, USA

Dr. Xin Lu

The Emerson Center offers visiting fellowships to éstrd scientist
throughout the year Please efer to the Emerson Center homepag
http://wwwemerson.emgredu for application details, or send email

(NO, O, H,S and SQetc.) on Ideal and Defective.

Rutile TiO,(110)

Itis thé unreserved help from the Emersorfstaf’

and the high-performance computational facilities |

available in the Center that made my stay enjoyable

and fruitful.

*Dr. Xin Lu was a Miting Fellow collaborating with Rof.

M. C. Lin, one of the Emerson Center subscribers. He stayed

at the Emerson Centerofm August 1999-April 2000.

7 would like to thank the Emerson Center for givin
me a chance to spend four months in tloaigrof Pof.

Joel Bowman.
Center | found excellent computational facilities, yer

nice and enthusiastic people who enabled me to work

?

leally enjoyed being at the Emerson,

on such exciting pjects such as quantum molecular

dynamics.
| wish to expess my deep gratitude tod®r Bow-

man for his guidance, encouragement and sharing of

his time, knowledge and experience inative dis-
cussions during the pgress of my work.

CHEM 731, which mvided me with the theetical

| was also |
very pleased that | had a chance to take his course

backgound of my mject. My thanks also goes to his®

postdoc, DrSegei Skokovfor his constant willing-
ness to help.
sions with members of otherogips. | eally enjoyed
group meetings, “Journals clubs” and many irgst-
ing seminars at the Chemigtbepatment. | appe-

ciate also the excellent housing facilityopided by
the Emerson Center in the beautiful neightmad on
Clifton Road. It was a -

very nice place to live
and rlax after work.

Finally 1 would like to

thank the emaining §
members of the Emer
son center for being sog
helpful and making my
stay unfogettable.

Dr. Martina Bittererova

*Dr. Bittererova isAsst. Pofessor of Physical Chemigtat

Slovak €chnical UniversitySlovak Republic. She staye
at the Emerson Center as siting Fellow fom Januay to
April 2000.
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| also had stimulating scientific discus-

clec@euch4e.chem.emadu.

My Sabbatical at the Emerson Center

Prof. Wiliam H. Miller, University of California-Berkeley

%y sabbatical this past spring in the Emerson Center was incredibly
pleasant (as well as being scientifically fruitful). | would like to thank
everyone at Emory for helpi é; to make it so, especially Keiji Morokuma

Joel Bowman, and of course Jianli for
taklng care of all my practical questions, and
most especially Cherry Emerson for providing
the resources to make the entire program of
the Emerson Center such a first class operation.
As we begin to set up the Pitzer Center for
Theoretical Chemistry here at Berkelélye
Emerson Center is a role model for what we
hope to accomplish.

In addition to having good experimen-
tal, as well as theoretical colleagues to talk
with, | particularly enjoyed the chance to have
hours of uninterrupted time to sit and do alge-
bral—it was like being a graduate student
again. Infact, | worked through a very tedious
and involved semiclassical (analytic) calcula-
tion that it is very unlikely | would have ever
had the time do to otherwise. (For the experts,
this is a continuous way of ‘tuning’ between a
single and double phase space average in the initial value representation of a
time correlation function; look for it in J Chem Phys later this year!)

It was also a very interesting visit personallya native Southerner
being back somewhat on home territoRor example, | was able to see the
gravesite of my 4th great-grandfath#shn Miller near Rutherfordton, North
Carolina, as well as that of my (and also Maynard Jack§dsrd great-
grandfather Robert McAfee (near the Holcomb Bridge over the
Chattahoochee River). | had a very interesting and pleasant visit with
Maynard Jackson with regard to this latter connection. So my semester at
Emory was most educational in many ways!

Y /i

Prof. B|II Miller

IVews Jfrom the Executive Committee Meeting

The Emerson Center Executive Committee (ECEC) met on Sept. 7, 2000.
EC Director Pof. Keiji Morokuma epotted to the committee on adminis-
trative issueselated to EC membership, 1999-2000 income and expenses,
2000-2001 budget, and summasf EC thid staff position applications.

The Centes technical staff @sented to the committee members suypmar
on their meetings with various vendeedated to the EC computer system
upgrade. The ECEC alseviewed applications to the EC staff position and
proposed to invite one of the applicants for an witn




Report on Research Activities at the Emerson Center

The Emerson Center is supfes, in pat, by “subscribers” -- faculty members a@geach goups who pwhase shas in oder to
gain access to itesouces for their eseach piojects. The following arreseach activity epotts from two subscribing gups of the

Emerson Center

Kinetic of Epitaxial Thin Film Growth

Researh Repor by Piof. Feeydoon Family
Depament of Physics, EmpiUniv

e o o o o

MolecularBeam-Epitaxy (MBE) is one of the most*
effective techniques for growing high purity materi-

Computational Scientists Can M ake a Difference

Researh Repor by Dr. Jamal Musaev
Emerson CenteEmoly Univ
Recent developments in computer and soéiwerhnologies have made
computational chemistrone of the most pmising aeas of science.oflay
computational chemists can effectively separate eleictiand steric effects
affecting the mechanisms ofanometallic and bioin@anic pocesses, study

als including a variety of semiconductors and mag-

netic materials for applications in electronic and op- the physical and chemicalgpetties of lage molecular systems with several

: . . thousand atoms, andgutict new materials with given physical and chemical
toelectronic devices. In this method a constant flux ,ropeties. Curently my eseach at the Emerson Center involves the study
of atoms impinge under ultrahigh vacuum conditions  of the mechanisms of 1)gas-phasaations of ba transition metal cations
on a substrate held at a fixed temperature to grow a and clusters with small molecules; Zjanometallic eactions, such as the
high quality crystalline materiallhe long-standing . transition metal catalyzed olefin polymerizatiorsNNtriple bond cleavage,
scientific challenge in this area has been to model epi- alkene and alkyne hya, di-, thio- and syla-boration, selective C-H and C-

taxial growth conditions and understand what are the C bond activation; 3)5ract|0ns of small molecules with JBeand FegMoS,

clusters; 4)enzymet|ceact|ons like hydrcarbon hydtnxylanon by methane

fundamental processes that control the evolution of monooxygenation (MMO), niigenase (nitrgen fixation on FeMo-cofactor

epitaxial structure and morpholagy

Professor Familg research group in Collaboratlon

with Professor Jacques &mnar of the Department of
: . Physics and As-

tronomy the Univer

sity of Toledo, have

carry out lage-scale
kinetic Monte Carlo
simulations of epi-
taxial growth as well
as numerically solve
' self-consistent rate
equations for irrevers-

~ Fig. 1(a

ible island growth. One of the important topics stud-

" | used the resources of.
the Emerson Center to °

o o o o o o

e o o 0 0 0 0 0 0 s 0

ied is an experimentally observed instability known

as “mound formation”.
experimentally that even in the absence fafat$ such

as strain, the surface is unstable and growth leads, to

the formation of surface moundBhe origin of this

Recentlit has been shown

.

.

see scheme), and Fe-only hygienase; 5)mblems elated to the molecular
wires and molecular scale elec-
tronics (computational appach
to digital computing); and 6§-
actions of small molecules o
Si(100)-surface. In myeseach,
| collaborate with Pof. K. Moio-
kuma, Emerson Center ditor
EC subscribers Rif. M. C. Lin
and Pof. K. Hagen, as well as
Profs. C.C. Cummins (MIT), R.
Jordan (University of Chicago),. Baker (Los-Alamos National Lab.), T
Marder (University of Dunam, UK), M. D. Fyzuk (University of British
Columbia, Canada). H. Basch (Bar Illan Universlgrael) and many others.
For example, our collaboration with Bf. M. D. Fiyzuk helped elucidate the
structure of the [PN ]Zr(m -h*-N,H)Zr[P N,](m-H), whee [P,N,] =
PhP(CHSiMe, NS|M H,),PPh, which pewously (Fyzuk, M. D ét. al.
Science 1997 275, 144§) was incaectly assigned as a complex with a
dihydrogen Ilgand Our calculations and latest neatdiffraction experi-
ments led to the same conclusion (see Basch, H.; Mu3aév;, Mookuma,
K.; Fryzuk, M. D.; Love, J. B.; Seidel,. W/; Albinati, A.; Koetzle, TF;
Klooster W T.; Mason, SA.; Ecket, J. J.JAm. Chem. Soc1999, 121, 523),
and described this system as a compound with & 74N H)Zr(u H) core.
Generally in my eseach | follow the philosophy that dividing scien-
tists into “computational” and “experimental” is incoect, and aeal scien-

p =
$r

\/” &-L

instability has been typ|cally believed to be caused by tist should be able to locate the impaort problems of science and solve them

the existence of an eng
ergy barrier (some
times called the
Ehrlich-Schwoebe
barrier) to adatom dif
fusion over steps. How
ever theoretical calcu-; 1}
lations that we have re&"
cently carried out pre£%
dict that even in the ab
sence of such a barrjer
a mound instability

may develop due to the existence of a short-range at

by all possible means, including computatioald, if necessar one should
collaborate with colleagues in attempts to solve the ingoompioblems of
science.

Hanz 20 Be a Swubocriber?

The Emerson Center offers an aductoly subscription of $1250 per year
which gives the subscriber access to all Emerson Ceeseach resouces,
both hadware and softwas, except for the privilege of hosting visiting fel-
lows.

A no-cost 3-month trial subscription to the Emerson Center is also avail-
able for those who want to try out the benefit of subscription. For further
information, please contact Dr Musaev (7-2382,
musaev@euch4g.chem.emedu) or Dr Irle (7-4658, sirle@emgredu) at

traction of adatoms to nearby islands and ascendmgthe Emerson Center

--Continued on p.4




Software Updates: :

Lately, we have updated the quantum chemistry package
GAMESS, have installed the Dalton program, and have implé-

mented the Natural Bondsalysis and NMR coupling con-

stant programs into our widely used GAUSSIAN_98 pack.

age.

The new version of the GAMESS (version May 2000) ino
cludes several new features among which | would like to em-
phasize the following: .
- Vibrational Self-Consistent-Field (VSCF) method; .
- Methods for evaluation of spin-orbit coupled constants;
- Methods evaluating analytic frequency dependent non-lin-
ear optical polarizability properties; :
- Methods allowing to take into account the solvefaat§,
such as
a. efective fragment potentials (EFP)
b. polarizable continuum model (PCM)
c. conductoilike screening model (COSMO)
d. self-consistent reaction field (SCRF)

The Dalton_1.0.1 program allows you to calculate the m
lecular properties based on SGHP2 and MCSCF reference
wavefunctions. Using this program you can calculate:

- Geometries and transition states,

- Frequencies,

- Electric properties (Dipole, Quadruple moments, nuclear
guadruple coupling constants, polarizabilties),

- Magnetic properties ( magnetlzab|l|t|es nuclear shielding
constants, rotational g tensouclear spin-rotation constants, »
spin-spin coupling constants, hyperfine coupling tensors), ®

- Optical and Raman propertleS|bVat|0naI Circular °
Dichrosm, electronic Circular Dichroism, electronic adsorp.
tion, Raman Opticactivity).

.....Q.........

Jamal Musae\Applications Softwar Manager

M oRrokuMA ELECTED
PresiDENT OF |AQM S

Professor Keiji Mookuma, Diector of the Emerson Ce
ter, has ecently been elected &ident of the Internation
Acad emy of Quantum Molecular Sciences. He will se
three-year term. The IAQMS is arganization of the toy
guantum molecular scientists in the world, and incl
in its curent membership 5 living Nobel prize winng
Said Dean Steven Sanderson of dkoma's eleg
tion, "It's a geat honorrichly deseved."

Cherry L. Emerson Center

for Scientific Computation
Atwood Hall, 1515 Piere Dr
Atlanta, Geogia 30322
Phone: (404) 727-2380; Fax: (404) 727-6586
Email: clec@euch3g.chem.emory.edu

http: //mww.emerson.emory.edu
Thisissue of the Emerson Center Newsletter
is designed and edited by Jianli Zhao

Hardware Upgrades
Tape Library Backup System Operational

The tape library backup system which the Emerson Center acquired
a few months ago is now operational. It provides a more powerful
backup solution compared to our old 8mm tape drives to protect the
Centets software and, most importantbyotects user data from being
destroyed, and guarantees data secUrftis tape library provides
backup and random retrieval of up to 550 GB* on 10 8mr ape
cassettes. Its backup speed of 6MB/sec. allows for rapid access to
tape and thus enhances our data recovery seihcs, the whole

user space, currently 60 GB, is backed up within 6 hours, using 3
tapesWe create our weekly user data backup using this new device
and keep the tapes for three consecutive weeks. In addition to this,
we back up the entire system every other month. If a user loses data
or accidentially removes files from his home directevg will be

glad to restore this data upon request, provided the data is on the
tape. Please feel free to use this service.

Stephan Irle, System Manger

A Note of THANKS from the
Emerson Center

The Emerson Center stafould like to express our sincel
appreciation to the Chemistry Department for their assist:
in the previous issues of the Emerson Center newslette
for their help to the Center in general. Our special the
goes to Mrs. Sally Pete (formerly Saljeeks) for her help-
ful suggestions for improving our newsetters and for help \
proofreading.

--Continued fom p.3

steps. Such an attraction has been observed experimentally in field-
ion-microscopy observations of Ir adatoms near Ir clusters on the

Ir(111) surface and is also supported by recent density-functional

theory calculations.

In order to test our predictions, we have used the computers at
the Emerson Center to carry out extensive simulations offenetef
of short-range step-adatom interactions on both island nucleation in
the early stages of growth and on th
surface morphology in multilayer
growth. Simulations of epitaxial
growth on a bcc(100) surface wer
carried out for both the case of
short-range step-adatom attractic
(Wang-Ebhrlich efect) and well as in
the case of step-adatom repulsio:

The latter may occur in the case (
epitaxial growth in the presence ¢ .
surfactants. Fig.1(c)

As can be seen in Fig. 1(a) step-adatom attraction does lead to
mound formation even in the absence of the Ehrlich-Schwoebel bar
rier to interlayer dfusion. In contrast, Fig. 1(b) shows that repul-
sion leads to smooth growth. In Fig. 1(c) we show tlectf of
competition between step barrier and repulsidrese findings have
not only led to a deeper understanding of epitaxial growth, but also
provide a practical tool for experimentalists enabling them to con-
trol the quality of surface using tfent materials or growth condi-
tions.




