
YA>v* 
Final Report and Proceedings 

Office of Naval Research Grant Number N00014-99-0409 

1999 United States-Latin America-Canada- 
Caribbean Workshop on Molecular and Materials 
Sciences: Theoretical and Computational Aspects 

Principal Investigator: 
David A. Micha 

Quantum Theory Project 

Department of Chemistry and Department of Physics 

University of Florida 

Gainesville, Florida 32611-8435 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

Distribution Unlimited 

DTICQUALITyiNSpEC!rED4 



REPORT DOCUMENTATION PAGE Form Approved 

OMB No. 0704-0188 

Public reporting burden for thi« collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden, estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1. AGENCY USE ONLY (Lt*v blank) 2. REPORT DATE 

4/26/99 

3. REPORT TYPE AND DATES COVERED 

FINAL  2/1/99-END 
4. TITLE AND SUBTITLE 

'Ll.S.   - LATIN AMERICA-  CANADA- CARIBBEAN WORKSHOP ON 
MOLECULAR AND MATERIALS   SCIENCES:     THEORETICAL AND 
COMPUTATIONAL ASPECTS". 

5. FUNDING NUMBERS 

N00014-99-1-0409 
P.   REYNOLDS 

6. AUTHOR(S) 

DAVID A.   MICHA &  KEITH RUNGE 

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESSES) 

UNIVERSITY OF  FLORIDA 
QUANTUM THEORY  PROJECT 
2301  NPB  BUILDING #92 
PO BOX     118435 
GAINESVILLE,   FL          32611-8435 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

1 

9. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESSES)  .. 

OFFICE  OF NAVAL  RESEARCH 
CHEMISTRY DIVISION,   CODE  313 
800  NORTH QUINCY   STREET 
ARLINGTON VA         22217-5000 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

TECH  REPORT   1 

11. SUPPLEMENTARY NOTES 

NONE 

«. DISTRIBUTION /AVAILABILITY STATEMENT 

APPROVED  FOR PUBLIC  RELEASE  AND   SALE                                                  . 

12. DISTRIBUTION CODE 

UNLIMITED 

13. ABSTRACT (Maximum 200 words) 

PROCEEDINGS 

14. SUBJECT TERMS 15. NUMBER OF PAGES 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

20. LIMITATION OF ABSTRACT 

standard Korm 238 (Hev. 2-53) 
Pr«Ki<Md by ANISE Sad Z39-1S 



Summary 

This workshop brought together advanced doctoral students, research scientists and teaching 
Faculty members of US, Latin-American, Canadian, and Caribbean institutions to review recent 
developments in the theoretical and computational aspects of molecular and materials sciences. 
The emphasis was on theoretical methods and computer programs of general applicability with 
mid-range computing facilities. The workshop took place at the Instituto de Fisica, Universidad 
Nacional Autonoma de Mexico, en Cuernavaca, Mexico, on February 24 to 26, 1999. 

A total of 49 oral presentations were discussed, with the participation of 44 senior scientists 
and 39 students. Many of the presentations related to the calculation of properties of materials, 
and computational methods applicable to them. Among these, presentations were made on the 
nonlinear optical properties of polymers, metal clusters and inorganic materials of interest in 
catalysis, epitaxial growth of solid surfaces and their study with ion bombardment, carbon nano 
foam formation by laser ablation, and the accurate calculation of thermochemical properties. A 
related area was the computer modelling of compounds of interest in biological systems. Some 
contributions in these areas involved studies of photosynthetic reaction centers, compounds of 
importance in bioenergetics, and properties of liquid water. 

The workshop was supported, in addition to the Office of Naval Research, by the University 
of Florida Division of Sponsored Research, and by the Quantum Theory Project, an Institute for 
Theory and Computation in Molecular and Materials Sciences in its College of Liberal Arts and 
Sciences. Support was also provided in Mexico by several institutions as listed in what follows. 

The following pages contain: 
1) Table of Speakers and Titles of Talks; 
2) Abstracts of Presentations; and 
3) List of Participants (in order of registration). 
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FIRST PRINCIPLES QUANTUM MOLECULAR DYNAMICS OF 
ELECTRONIC EXCITATION AND CHARGE TRANSFER: A DENSITY 

MATRIX THEORY * 

David A. Micha 

Quantum Theory Project 
Departments of Chemistry and Physics 

University of Florida 
Gainesville FL 32611, USA 

Abstract 
Three fundamental problems in a first principles quantum molecular dynam- 
ics will be described, as well as our proposed solutions. They are: (1) the 
calculation of state-to-state transition probabilities and expectation values 
of properties for systems with complicated sequences of electronic rearrange- 
ments, from a knowledge of eikonal functions; (2) properly accounting for the 
translational motion of electrons moving with the nuclei to avoid spurious 
couplings of atomic states; and (3) solving the coupled differential equations 
for the time-dependent interactions of fast electrons and slow nuclei while 
avoiding numerical difficulties associated with the coupling of very different 
time scales. 

Our solution to the first problem is based on the introduction of eikonal 
representations of molecular wavefunctions and density matrices, and the cal- 
culation of probabilities and expectation values with sums over initial values 
of positions and momenta of bundles of trajectories. The second problem 
requires a rethinking of atomic function expansions and of methods of cal- 
culating one- and two-electron integrals for electronic structure. This has 
been done introducing linear combinations of traveling atomic orbitals. The 
third problem has been solved with the introduction and implementation of 
a "relax-and-drive" method for propagating many-electron density matrices* 
suitable for large time steps.[1-3] 

The theory will be illustrated with examples of collision induced electronic 
energy and charge transfer, and light emission, in ion-atom and ion-surface 
collisions at kinetic energies ranging from a few eV to thousands of eV.[4-7] 

'Work partly supported by the NSF and ONR of the USA. 
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Electron Dynamics in the Presence of an Ion 

J. Dufty 
Physics Department, University of Florida 

Abstract 

Some problems of current interest to the plasma physics community are 
noted. These entail the development of efficient and effective means to sim- 
ulate electron dynamics at high temperatures. Some present attempts at 
modifying classical MD to accommodate the inherently quantum ion-electron 
interaction are discussed. Problems, both fundamental and practical are 
noted. The objective is to solicit input from the participants using related 
methods in quantum chemistry, solid state, and warm condensed matter 



Energy conservation in surface sum frequency generation 

W. Luis Mochan1, V. L. Brudny2, Andrei V. Petukhov3, Jesus Maytorena 
Cordova1, and Bernardo S. Mendoza4 

'Centro de Ciencias Fisicas, Universidad Nacional Autonoma de Mexico, 
Cuernavaca, Mor., Mexico 

2Departamento de Ffsica, Universidad de Buenos Aires, 
Buenos Aires, Argentina, 

3Research Institute for Materials, 
Catholic University of Nijmegen, The Netherlands 

4Centro de Investigaciones en Optica, Leon, Gto., Mexico 

Abstract 

Three wave mixing processes, such as optical sum frequency, differ- 
ence frequency and second harmonic generation (SFG/DFG/SHG), at 
the surface of centrosymmetric systems have become a very useful tool 
in surface science, as the bulk contribution to these processes is strongly 
symmetry-supressed. We show that the usual Manley Rowe (MR) energy 
conservation relations for three wave mixing are not applicable within 
these media, as they lead to paradoxical and mistaken results. We find 
that this is due to a contribution to the energy flow besides the usual 
Poynting vector. Thus, absorption and emission of electromagnetic en- 
ergy- at the incoming and outgoing frequencies in SFG/DFG processes 
may be spatially separated. Taking account of this additional flow, we 
obtain novel symmetry relations for the bulk susceptibility and a set of 
restrictions on the surface response. These relations are model indepen- 
dent and may be used in theory and in data analysis. A part of the 
nonlinear surface susceptibility turns out to be completely determined by 
the bulk response, while the remaining part does obey the usual MR rela- 
tions. For specific models models of surface SFG and DFG we verify the 
generalized energy conservation relations, we obtain explicit expressions 
for the additional energy flow and we interpret them in terms of convec- 
tive energy transport for conductors and of magnetic dipolar and electric 
quadrupolar contributions for dielectrics. As an application we obtain the 
bulk induced surface susceptibility of homogeneous isotropic semiinfinite 
conductors and dielectrics, and we show that the values for some of the 
phenomenological parameters commonly used to described surface three 
wave mixing are fixed by the energy conservation relations. 



Theoretical Spectroscopy including Spin-Orbit effects using highly 
correlated wavefunctions. 

A. Ratnirez-Solis 
Facultad de Ciencias, Universidad Autonoma del Estado de Morelos 

Cuernavaca, Morelos. 62210 MEXICO. 

Relativistic effects are very important and cannot be neglected for molecules 
containing heavy atoms. The Darwin and mass-velocity corrections are now 
routinely included in most Relativistic Effective Core Potentials commonly 
used. However, the Spin-Orbit (SO) effects are rather important for heavy 
elements and can be taken into account explicitly only after the molecular 
valence wavefunctions have been obtained. The theoretical spectroscopic 
results for many molecules containing transition metal atoms are wrong, even 
qualitatively, if these effects are not included at the zeroth order description. 
Examples of this situations can be found in the CuCl2 and AgF molecules. 
An efficient two-step algorithm to obtain accurate fine-structure (Q) energies 
and wavefunctions built upon the |ASZ> basis of purely electronic states will be 
presented. The first step involves the determination of the |ASZ> states using 
large CASSCF calculations to obtain accurate molecular orbitals for each 
electronic state followed by large multireference MP2 (CIPSI) calculations. 
Then a spin-orbit pseudopotential WS0(A) for each atom A is extracted to 
accurately reproduce the lower part of the atomic spectrum. These are used in 
the construction and diagonalization of an effective hamiltonian (electronic + 
SO) for the whole molecule through the CIPSO algorithm. 



Bend vibrations of acetylene 

C. Jung, C.C.F. UNAM Cuernavaca 
M. Jacobson, MIT Boston 

H. S. Taylor, USC Los Angeles 
R. Field, MIT Boston 

Acetylene is one of the smaller polyatomic molecules for which extremely 
accurate measurements of the vibrational spectrum for the electronic ground 
state are available    In this molecule there is very little coupling between 
stretches and bends, accordingly the pure bend vibrations can be isolated 
Recently a spectroscopic Hamiltonian has been fitted for the bend vibrations 
( M Jacobson et al   J. Chem. Phys. 109, 121 (1998)). This Hamiltonian 
is the starting point for a semiclassical explanation of the dynamics of the 
bend vibrations. Originally the system has 4 degrees of freedom, a doubly 
degenerate as mode and a doubly degenerate trans mode.   However the 
Hamiltonian has two conserved quantities and they allow the reduction of 
the system to one with 2 degrees of freedom. With the methods of nonlinear 
dynamics we investigate the classical motion of this reduced system    In 
particular we obtain the skeleton of the important periodic orbits. Because 
the reduced system has 2 degrees of freedom there are two important chains 
of periodic orbits forming this skeleton. By a comparison with the quantum 
mechanical wave functions on the reduced configuration space we can assign 
mos  of the quantum mechanical states as excitations along these skeleton 
orbits^ This allows an assignment of the states by quantum numbers also in 
polyad numbers and energy regions where the normal modes have lost their 
meaning and where the classical phase space contains large scale chaos  This 
assignment via the skeleton of important classical periodic orbits indicates 
immediately which type of motion is dominant for the formation of each 
quantum state. Finally we lift the motion from the reduced phase space into 
the original fulldimensional phase space to obtain the connection between 
motion on the reduced configuration space and the motion of the atoms in the 
usual position space^At the lower ends of the polyads we obtain mainly local 
bend motion of one H atom, at the upper end of the polyads mainly counter- 
rotating motion of the two H atoms. In the middle of the polyads we obtain 
more complicated motion which connects continuously local bend motion 



with counter-rotating motion. These links are given by the two important 
chains of periodic orbits mentioned above. In total, our procedure gives an 
amazingly simple, complete and closed picture for the dynamics of a system 
which initially had been considered to be too complicated to allow for any 
complete analysis of the dynamics. 



Some Theoretical Studies on the Photosynthetic Reaction 
Center 

Michael C. Zerner 
Quantum Theory Project 
Department of Chemistry 

University of Florida 
Gainesville, FL 32611 USA 

Photosynthesis is the process in which light energy is converted into 
enough chemical energy to synthesize sugars and starches from atmospheric 
carbon dioxide. It is the principle source of the biomass on earth and is re- 
sponsible for creating an oxidizing atmosphere above the surface of the earth 
Much is known about the chemistry that follows the initial photochemical 
event, but the first millisecond that follows the absorption of light is not 
well understood, and is still surrounded by controversy. The crystallographic 
structures that are becoming available today make this process amenable to 
detailed theoretical study. 

In this seminar I will describe first the electronic spectroscopy of chloro- 
phyll and describe why chlorophyll is a particularly good choice to be the 
central molecule in this process. I will describe also the excited states of 
the "special pair", a dimer of chlorophylls, and show why this again is a 
unique structure, guaranteeing that the dimer possess the lowest energy ex- 
cited state, and thus efficient energy transfer from the antenna chlorophyll 
to the reaction center. We will present calculations on the antenna systems 
observed in bacteria, an inner-ring of 16 chlorophylls and an outer ring of 
8, showing how nicely these energy levels overlap for efficient energy trans- 
fer Finally, we will examine the six chromophores (four bacteriochlorophylls 
and 2 bactenopheophytin molecules in the bacteria R. viridis and present a 
model of how the energy that went into exciting the special pair is used to 
transfer an electron from the special pair to the distant pheophvtin, and to 
begin the sequential chemistry needed to fix atmospheric carbon"dioxide and 
synthesize the molecules necessary for life as we know it. 
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SITE ACTIVATION IN A HARD-HARD INTERACTION 
FROM MODEL STATIC DENSITY RESPONSE 

FUNCTIONS 

Renato Contreras 
Departamento de Quimica, Facultad de Ciencias, Universidad de Chile 

Casilla 653- Santiago, Chile. 

Abstract 

A general formalism to deal with site activation in a hard-hard interac- 
tion is presented. The model is derived from first and second order static 
density response functions, that go beyond the local approximation on the 
softness kernel and its first derivative with respect to the number of electrons. 
The resulting model is applied to the gas phase interaction between the am- 
bident CN and a proton, as a prototype for Hard-hard reactions. The model 
introduces the analysis of reactivity parameters around a virtual transition 
state structure, which gives a better raectivity picture that the one obtained 
from the static model developed around the isolated structure. At first or- 
der, the hard site (Nitrogen) displays a linear response upon perturbation 
induced by a hard electrophile.whereas the response at the soft (Carbon) 
site is non-linear. This result which may be rationalized in terms of a local 
HSAB principle, agree well with the observed reactivity pattern displayed by 
this system. 



ESTUDIO COMPUTAaONAL DE LAS PREFERENCIAS CONFORMACIONALES DE 

ARSOCANOS SUSTITUroOS. 

Cucvas, G.;l Madrid, G.j'Salazar-Parra, M.;2 Cea-Olivares R.1 

1. Institute dc Qufmica, U.N.A.M. Circuito Exterior Ciudad Universitaria. Mexico, D.F. 04510. 

2. Escuela dc Ciendas Qufmicas. Unlversidad La Salle. Benjamin Franklin 47. Mexico D.F., 

06140. 

La preferencia conformacional por cl isomere bote-silla del 5-cIoro-Uxa-4,Mitiarsocano y del 

2-cloro-l,3,6-tritia-2-arsocano,asf como de sus cationes derivados por eliminaoidn del cloruro 

correspondiente tiene un origen estereoelectronico causado por una interaccion dc ttpo nx 

-> o*As-Cl (X = 0,S). Este hecho es congniente con las evidencias cxperimentales disponibles y 

se cstablecid en cl marco de la Teoria de los Fmcionales de la Densidad a nivel Becke3lYP/6- 

31G(d,p). analizando la densidad eleotronica medianle la teoria topolögica de ätomos en 

moleculas de Bader. 

Mfnimos locales conformacionales. Energie total en Hartress (energfa relativa en koal/mol). 

-3722.86411 (10.08) -3722.87039(7.14) -3722.86400(11.5) 

-3722.88177(0.0) -3722.88119(037) -3722.87561 (3.87) 



Epitaxial Growth of the Structures on Surfaces 

Eva. M. Ziemniak1,3, Christof Jung1,2 and Francois Leyvraz1,2 

^entro International de Ciencias, Cuernavaca, Mexico 
2Centro de Ciencias Fisicas, Cuernavaca, UNAM 
3 University of Bochum and Bielefeld, Germany 

Abstract 

Searching for the materials and process conditions 

Typical ab-initio computations can propose PES (Potential Energy Surface) for 
specific materials (and epitaxial process) which is defined on the grid points, thus 
very unefective and intensive in use of computer resources. Accordingly it must 
be restricted to a certain region and fitted by simpler functions. In our approach 
we need complete PES including periodical short-range potential, diffusion barriers, 
precursor and modifier states and corrugation by the growth of overlayer. In ad- 
dition Schwoebel-Ehlich Effect is included by adsorption of multilayers. Therefore 
flexibel fit of PES and effective approach is in our case necessary. We can vary 
the symmetries of the substrat in addition to the parameters controlling dynami- 
cal classical process of scattering, trapping, diffusion, hopping, and adsorption by 
chosen substrat temperature arid energy losses along the trajectory of projectile 
approaching the surface. Only relative values of the parameters characterising the 
beam, substrat and dynamic process are used for predictions of the growth and 
morphology of interest. This in principle may be realized by several materials and 
process conditions which can be found afterwords i.e. in the literature (some cases 
are discussed) or identified as access for new experiments. The perspectives for 
incorporating the methods of scattering and chaos theory can be explored. 



Silicon Graphics en la Quimica Computacional 
Gerardo Cisneros 

Silicon Graphics, S.A. de C.V. 

En esta platica se describe el estado actual de la linea de productos de 
Silicon Graphics, su impacto en el mercado del cömputo cientffico de alto 
rendimiento tanto global como academico, de investigaciön y nacional y la 
partlcipacion de Silicon Graphics en los diferentes segmentos de aplicadön 
de la quimica computacional. 



An Ab Initio Study of the Hydrolysis Reactions of 
Neutral and Anionic Mg-Pyrophosphate Complexes 

in the Gas Phase 

Humberto Saint-Martin^and Luis E. Vicentt-* 

Contribution from f Centro de Giencias Fisicas, Universidad Nacional Autönoma de 
Mexico, Apartado Postal 48-3, Cuernavaca, Morelos 62251, Mexico, and xFacultad de 
Ciencias, Universidad Autönoma del Estado de Morelos, Cuernavaca, Morelos 62270. 
Mexico 

The most ubiquitous reaction in metabolic processes is the hydrolysis of phospho- 
anhydryde bonds, and the simplest compound with such bonds is the diphosphoric 
acid, which is both biologically relevant and amenable to theoretical calculations. 
Furthermore, there is compelling evidence that the biologically active pyrophosphate 
species is the hydrated complex with magnesium [Mg ■ (H20)A ■ P207]2~. This evi- 
dence is based on the analysis of the complexes that are present in the solution under 
physiological conditions. 

In this work ab initio calculations were performed to study the stability of vari- 
ous anhydrous and monohydrated complexes of Mg2+ with pyrophosphates and or- 
thophosphates at the self-consistent-field (SCF) and second-order perturbation (MP2) 
levels of the theory, using a 6-31+G** basis set with diffuse and polarization functions. 
New equilibrium geometries were found for the anhydrous Mg-pyrophosphate com- 
plexes, that modify previous estimates of the isomerization energies. It is found that 
the interaction with the water molecule stabilizes the pyrophosphates with respect 
to the metaphosphate-containing complexes, thus modifying the reaction energies 
to such an extent that the isomerization results endothermic and non-spontaneous 
for the dianionic complex. However, the hydrolysis reactions are all exothermic 
and spontaneous. Moreover, it is found that the water molecule readily breaks 
upon interacting with the dianionic complex, producing a hydroxide anion: H20 
+ [Mg • P207]2" -> [HO • Mg • HP207]2~, and the resulting dianionic complex is much 
more stable than the isomer with a metaphosphate. It is shown that this result is 
consistent with both an associative and a dissociative mechanism for the hydrolysis. 

*E-mail addiess: liumberto@ce.ifisicam.unam.mx 



Structural, Electronic, and Dynamical Properties of Gold Nanoclusters calculated 
from Sem,empirical Many Body Potentials and Density Functional Theory using 

Molecular Dynamics Simulation and Evolutive Optimization Methods * 

I.L.Garzon1, K. Michaelian1 M.R. Beiträn2 A.Posada-Amarillas3, P. Ordejon4 
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Structural, electronic and dynamical properties of isolated gold nanoclusters are studied hv 

SÄ^TV^""1 TputationaI techni«ues- ^^SStiS structures ot A„„, (n-38,55,75) nanoclusters are determined by unconstrained dv„amiil 
and evoluuve (genettc/symbiotic) op,imi2atio„ methods, „sing a'ouptaZZl poteZ A 
set of amorphous structures, „early degenerate in energy, are found as the mo7 T*ht 

ZenfT0nS- SomrryS,a"™e »'•O-sicrystalliae isomfrs are alsoHa ofT  c££ 

c°Sd r t" "f*" Z™ A ™ » ÄÄ ££ classtfy the stractures of the amorphous gold „anoclusters and to charaaX he short 
range order ,„ s„ch disordered structures. Distorted multilayer icosahedra, X foundt 
he most representattve of the amorphous isomers for the three sizes inveshW sZ,? 

me cluster free energy using its harmonic vibrational frequencies A comnari Jn nf Z t 

ZtwcZT^ DGS^A:mAM Supercomputing Center, DGAPA-UNAM Project 
W10197, Conacyt-Mextco Project 25083-E, and Spain's DOES „„der gra„t PB9W1202 



Density-functional embedding approach to the Mn impurities 
in NaBr crystals 

Marco Garcia Horsman, Mayra Martinez y Carlos Quintanar 

abstract 

We have performed density functional calculations for three 19-atom clus- 
ters, two 25-atom clusters and one 18-atom cluster each embedded in a 
Madelung potential that takes into account the long range electrostatic in- 
teractions of the ions lattice of a NaBr crystal.  Two of them model bulk 
crystalline NaBr; the others model an M2+ impurity trapped in a cubically 
symmetric crystalline electric field (CEF) site of the NaBr host. One of the 
latter has the NaBr bulk interatomic distance, while in the others relaxation 
of the Br atoms around the metallic impurity has been considered. The 18- 
atom cluster models a relaxed Mn-impurity Na-vacancy system. All of our 
calculated clusters have a Na site at the center,and they all include at least 
first and second nearest-neighbor host atoms. In the center of the doped clus- 
ters the Mn impurity replaces the missing Na ion.Tne electronic structure 
of the embedded impurity ion in its local environment was computed self- 
consistently by means of all-electron density functional theory (DFT) tech- 
niques.  We have examined the lattice relaxation around the impurity, and 
calculated the hyperfine coupling constants. The results for the Mn electronic 
structure, and for the hyperfine coupling constant are in agreement with ex- 
perimental results using electron paramagnetic resonace measurements. 



Density-functional embedding approach to the Mn impurities 
in NaCl crystals 

MAYRA MARTINEZ Y CARLOS QUINTANAR 

abstract 

We have performed density functional calculations for three 19-atom clus- 
ters, two 25-atom clusters and one 18-atom cluster each embedded in a 
Madelung potential that takes into account the long range electrostatic in- 
teractions of the ions lattice of a NaCl crystal. One of the three 19-atom, 
and one of the two 25-atom clusters models bulk crystalline sodium chlo- 
ride; the others model an Mn2+ impurity trapped in a cubically symmetric 
crystalline electric field (CEF) site of the NaCl host. One of the latter has 
the NaCl bulk interatomic distance, while in the others relaxation of the Cl 
atoms around the metallic impurity has been considered. The 18-atom clus- 
ter models a relaxed Mn-impurity Na-vacancy system. All of our calculated 
clusters have a Na site at the center, and they all include at least first and 
second nearest-neighbor host atoms. In the doped clusters the Mn impurity 
replaces the sodium ion at the center. The electronic structure of the em- 
bedded impurity ion in its local environment was computed self-consistently 
by means of all-electron density functional theory (DFT) techniques. We 
have examined the lattice relaxation around the impurity, and calculated the 
hyperfine coupling constants. The results for the Mn electronic structure, 
and for the hyperfine coupling constant are in agreement with experimental 
results using EPR measurements. 



Two-photon Raman Scattering and its usefulness in 
manipulating single atoms 

R. Jduregui 
Instituto de Fisica, UNAM, Apdo. Postal 20-364, Mexico City 01000, D.F 

MEXICO 

and 

Jose Recamier 
Centro de Ciencias Ficas, UNAM, Apdo. Postal 48-3, Cuernavaca, Mor 

62251 MEXICO 

The effects of laser beams in the internal and motional states of atoms 
has been the subject of much theoretical and experimental work. In par- 
ticular, laser cooling techniques provide methods to reduce first and second 
order Doppler shifts in ultrahigh resolution spectroscopy and allow for the 
possibility of controlling the positions and momenta of a collection of atomic 
particles to within the limits imposed by quantum fluctuations. Two photon 
Raman scattering has been used by NIST group to cool a single trapped 
ion into its quantum ground state of motion for approximately 95% of the 
time . Not long ago, the same group reported the experimental generation of 
nonclassical motional states of a ion in a radiofrequency Paul trap has been 
reported . Thermal, Fock, coherent and Schrodinger-cat like states of motion 
at the single atom level were produced. 

Due to spontanoeus decay, the loss of motional coherence of these quan- 
tum states was expected to take a long time with respect to the time needed 
to generate and detect them. However, experimental results showed decoher- 
ence rates that, e. g., prevented the experimental generation of Schrodinger 
cat states in Paul traps with a separation greater than about 85 nm. The 
purpose of this work is to study by nummerical simulations some of the effects 
which can lead to such a decoherence. We first consider the simplest simu- 
lation that includes the essential features of the experimental arrangements 
reported in the literature for the generation and detection of Schrodinger 
cats. Then, we analize the consequences on the evolution of the system of 
introducing one by one some elements which make more realistic the simula- 
tion. In particular we consider nonlinear effects in the coupling of the center 
of mass coordinates with the laser field, the finite spontaneous decay rate 
of the internal energy state |0 > which couples the two hyperfine internal 

1 



states |1 > and |2 > in the two-photon Raman transitions, different values 
of the Rabi frequencies gl0 and g20, the time-dependent character of the elec- 
tromagnetic field of the Paul trap, random fluctuations of such a field, and 
the three dimensional character of the motion. The quantum evolution of 
the ion internal and center of mass degrees of freedom is studied by means 
of amplitude equations derived from Schrodinger equation. The limitations 
of such an approach are also discussed. 



HYPERFINE SPLITTING OF ATOMIC HYDROGEN IN 
ALPHA-QUARTZ REVISITED. 

E. Ley-Koo*, S. Mateos-Cortes* and S.A. Cruz** 
*) Institute de Fisica, Universidad Nacional Autönoma de Mexico Apartado 

Postal 20-364, 01000, Mexico, D.F., Mexico. 
**) Departamento de Fisica, Universidad Autönoma Metropolitana- 

Iztapalapa Apartado Postal 55-534, 09340, Mexico, D.F., Mexico 

Abstract 

The measurements of the isotropic and anisotropic hyperfine splittings of 
atomic hydrogen in alpha-quartz [1] were not completely and satisfactorily 
explained on the basis of diverse models of confined atoms [2-6]. In this work 
the system is revisited on the basis of a new model in which the hydrogen 
atom is confined in a prolate spheroidal box with penetrable walls. Agree- 
ment between the calculated and experimenta hyperfine splitting is achieved 
for reasonable size and barrier parameters of the model. 
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THE HELIUM ATOM CONFINED WITHIN SPHEROIDAL 
BOXES 
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+ 

The direct variational method is used to estimate some interesting phys- 
ical properties of the He atom and Li+ ion within impenetrable spheroidal 
boxes. A comparative investigation of the ground-state energy, pressure, po- 
larizability, dipole and quadrupole moments whit those of He atom inside 
boxes with paraboloidal walls is made [1]. The overall results show a simi- 
lar qualitative behavior. However, for LH- there are quantitative differences 
on such properties due to its major nuclear charge, as expected. The trial 
wave function is constructed of two hydrogenic wave functions adapted to 
the geometry of the confining boxes. 

[1 ] E. Ley-Koo, and A. Flores-Flores, Int.   J. Quant.   Chem.   66   123 
(1998). 

Work supported by CONACYT (Mexico) under contract 4055-E9403. 



THE HIDROGEN MOLECULAR ION H+ INSIDE SPHEROIDAL BOXES 

WITH PENETRABLE WALLS 

S. Mateos-Cortes1, E. Ley-Koo1 and S.A. Cruz2 
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The hydrogen molecular ion H$ under compression was investigated using a model 
of its confinement inside spheroidal boxes with impenetrable walls [1-3], including cal- 
culations of the hyperfine splitting [1], the electronic and vibrational properties [2] and 
the polarizability and quadrupole moment [3]. It was recognized that such a model 
exaggerates the effects of compression for the properties evaluated in [2-3], and also 
that its adaptation to explain the hyperfine structure of atomic hydrogen in a-quartz 
shows quantitative inconsistencies with the measured values [1]. This has been a mo- 
tivation for the development of alternative models, in which the confinement effect is 
less rigid. This contribution introduces a model of confinement inside spheroidal boxes 
with penetrable walls, using the potential 

,nt    . 2ZAe2 2ZBe2        h2    Ff2 

in terms of prolate spheroidal coordinates with a focal distance R for the electron, where 
ZA and ZB are the electric charge numbers of the nuclei located at the focii. The first 
two terms correspond to the respective nucleus-electron Coulomb energies The last 
term involves the reduced mass ,t of the nuclei, vanishes inside the box with a major 
axis R£01 and acts as a barrier outside the box, The Schrödinger equation for such a 
potential admits separable solutions inside (1 < £ < (0) and outside (& < £ < oo) 

the box, with common functions in the hyperboloidal and azimuthal cp coordinates 
coinciding with those of [1]. The functions of the ellipsoidal coordinate E(( < (0) and 

•=•(£> < 0 are of the type introduced in [1] and of the Jaffe type, respectively. The 
continuous matching of these functions and their derivatives at the boundary { = £0 

determines the electron energy eigenvalues. The systematic evaluation of the properties 
of the hydrogen molecular ion in different situations of confinement is under way and 
will be discussed and illustrated. 

[1] E. Ley-Koo and S.A. Cruz, J. Chera. Phys. 74, 4603 (1981). 

[2] R. Lesar and D.R. Herschbach, J. Phys.  Chtm. 85, 279S (1981). 

[3] R. Lesar and D.R. Herschbach, J. Phys.  Chtm. 87, 5202 (1983). 



Properties of the hydrogen molecule confined in a spherical box 
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Abstract 

The effect of pressure on various properties of molecular hydrogen is an- 
alyzed through a simple confinement model whereby the hydrogen molecule 
is enclosed by a spherical box with finite barrier potential height (V0) at 
its boundary. The total molecular energy as a function of box-radius and 
barrier height is calculated through the Floating Spherical Gaussian Orbital 
scheme using a single-gaussian orbital representation for the electrons. The 
pressure dependence of polarizability, internuclear distance and Raman shift 
is calculated for V0 =0 , 0.25 , 1.0 and infinity ( atomic units) . Comparison 
with available experimental measurements on molecular hydrogen under high 
pressure (liquid and solid) gives supporting evidence on the adequacy of the 
use of a padded molecule-in-a -box model for this problem. 



Manifestaciones de la correlation electrönica en un punto 
cuantico armönico 

R.M.G. Garcfa-Castelan 
Institute de Ffsica, UNAM 

Las funciones de onda asf como los niveles de energfa de dos electrones que 
interactional! en un punto cuäntico armönico han sido calculados de manera 
analftica con la aproximaciön de dos parabolas y con el metodo WKB [1]. La 
correlation se presenta tanto en correcciones de niveles de energia asf como 
en el desplazamiento espacial de la funciön de onda del movimiento relativo, 
a medida que la razön entre la repulsion Coulombiana y el potential de 
confinamiento varia. Toda esta information es ütil en el cälculo de la funciön 
dielectrica. Figuras representativas y cälculos numericos serän presentados. 

[1 ] R.M.G. Garcia-Castelän, W.S. Choe and Y.C. Lee, Phys.  Rev   B 
57, 9792, (1998). 



NUEVO METODO DE EXTRACCION DE POTENCIALES 
EFECTIVOS CATION-AGUA 

PARA SIMULACIONES NUMERICAS 

X- Penole, A. Ramirez Soli's, I .Ortega-Blake, J.P. Daudey, Y.H. Sanejouand 
Facultad de Ciencias, Universidad Autönoma del Estado de Morelos y 
Laboratoire de Physique Quantique, Univ. Paul Sabatier de Toulouse 

Cuernavaca, Morelos. 62210 MEXICO 

Se presenta un nuevo m6todo de extraction ab initio de potentials efectivos por pares 
para reproducir la interaction catiön-agua en simulaciones numencas. Se derivaron 
potencies efectivos para los cationes Li+, Na+, K+, Be+, Mg2+, Ca2+, Rb+ y Sr2+ incluyendo 
los efectos de no-aditividad y los de polarization inducidos por las interactions catiön- 
agua y agua-agua. Estos potentials son comparados con los potenciales empiricos 
obtenidos por Aqvist [J. Phys. Chem. 94 (1990) 8021] que fueron ajustados para reproducir 
resultados experimentales. 

Los potenciales efectivos obtenidos con la tecnica-de exploraciön-ETI (energia total de 
interacciön) resultaron ser los mas cercanos a los de Aqvist y son probados en simulaciones 
de dinamica molecular para todos los sistemas de cationes en solution acuosa Los 
resultados estructurales y energeticos obtenidos de estas simulaciones se encuentran en 
buen acuerdo con resultados experimentales, en particular proporcionando energfas libres 
de hidrataciön ( AG) que concuerdan bien dstos. Este metodo de extraction estä idealmente 
adaptado para la extraction de potenciales efectivos para estudiar sistemas moleculares con 
condiciones geometricas restringidas (como sitios metälicos catäliticos en enzimas) con 
simulaciones numencas, sean estas de Monte Carlo o de dinämica molecular. 



CINETICA Y MECANISMO DE LA ADICION CONJUGADA DE 
ARILMERCAPTANOS A CICLOHEXENONA. 

Meza-Gordillo, R.; Gordillo, B.; Galvan M.1 

Depto. de Quimica, Centra de Investigation y Estudios Avanzados del 
Institute) Politecnico Nacional, 

Av. IPN No. 2508, Col. Sn. Pedro Zaca tenco, Mexico, D. F. 07360, 
Mexico. 

Las reacciones de adieiön nucleofilica a sistemas alfa.beta-insaturados han 
jugado un papel muy importante en la formation de nuevos enlaces carbono- 
carbono. Mas aun si estos involucran heteroatomos. La adieiön de mercap- 
tanos catalizadas por bases a este tipo de sistemas es una reaction impor- 
tante en procesos biosinteticos asf como en sintesis. Hasta ahora no existen 
reportes de adiciones conjugadas de tioles a sistemas conjugados en donde 
la reacciön se lleva a cabo sin la intervention de base alguna. Esto llamo 
nuestra ateneiön e hizo que quisieramos conocerla a detalle. 

Se eligiö como sistema alfa.beta-insaturado a la ciclohexenona y como nu 

N05Vom nJ^ ^°m
T
ätiC0S Paia"sustituid0«. estos Ultimos son: 

1NLU, ri, OCH3, CH3,Br, Cl. Las reacciones se llevaron a cabo en 1 4- 
dioxano. De la literatura se conoce que el ataque nucleofilico de tipo Michael 
sobre compuestos carbonilicos alfa.beta-insaturados es promovido por nu- 
cleonlos ncos en electrones, sorprendentemente en este caso la reaction con 
p-mtrotiofenol procediö mäs rapidamente (k=3D4.1 x 10 -4 L/mol s a 99 oC 
en 1 4-dioxano, utilizando 1H RMN), que aquella en donde el sustitu yente 
es el grupo OMe (k=3D1.03 x 10 -4 L/mol s, determinada bajo las mismas 
condiciones. 

Ya que las propiedades electrönicas del sustituyente no explican este com- 
portamiento se decidio determinar las blanduras locales (mediante calculos 
de tipo ab initio utilizando TFD) del ätomo nucleofilico de los tioles en este 
caso el atomo de azufre, y se observe que en realidad los susitutyentes en 
posicion para afectar directamente a la blandura del ätomo de azufre. Asf, 

"jDepto, de Quimica, Divisio^Ciencias Basicas e Ingenieria, Universidad Autonoma 
Metropohtana-Iztapalapa, A.P. 55-534, Mexico, D.F. 09340, Mexico. 



el p-nitrotiofenol resulta ser el tiol que posee el ätomo de azufre mas blando 
y por lo tanto el que reacciona mäs rapidamente sobre el carbono beta de la 
ciclohexenona, el carbono mas blando del sistema alfa.beta-insaturado. 



Computational Thermochemistry: Reliable Predictions 

David A. Dixon and David Feller 
Environmental Molecular Sciences Laboratory, Pacific Northwest National 

Laboratory, l Battelle Blvd, P.O. Box Kl-83, Richland WA, 99352 

A clear revolution in science has taken place over the last two decades. 
This revolution is based on the utilization of high performance comput- 
ers (now massively parallel) to solve the complex equations such as the' 
Schrodinger equation for electronic motion which describe natural phenom- 
ena. Both software and hardware developments have contributed to this rev- 
olution. We will describe how very high level computational chemistry can 
be used to predict molecular properties focussing on heats of formation. The 
thermochemical calculations are based on extrapolating CCSD(T) energies 
obtained from the correlation-consistent basis sets, up through augmented 
quadruple-z, to the complete basis set limit. Core/valence corrections were 
obtained from basis sets designed to recover such effects. Spin-orbit correc- 
tions to the atomization energies, zero point energy corrections, and rela- 
tivists corrections also need to be included. We will discuss the accuracy of 
such calculations and their application to a variety of compounds. 

The Pacific Northwest National Laboratory is a multi-program, national laboratory 
operated for the U.S. Department of Energy by Battelle Memorial Institute. Work spon- 
sored by the OBES, OBER, and MICS parts of DOE's Office of Science 



MANY-BODY MODEL POTENTIALS AND THEIR 
APPLICATION TO METAL CLUSTER STABILITY 

Ilya G. Kaplan 
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04510 Mexico, D.F., MEXICO 

We discuss the physical nature of many-body forces (the exchange, in- 
duction and dispersion origin) in atomic clusters and solids. The many-body 
decomposition of the binding energy of the BeN and LiN clusters calculated 
at the MP4 electron correlation level [1] indicates that the BeN clusters are 
unstable in the additive 2-body approach and are stabilized by the attrac- 
tive 3-body interactions, while in the LiN clusters the 3-body forces are the 
destabilizing factor, these clusters are stabilized by the 2-body interactions 
The methodology [2, 3] of constructing many-body potentials with param- 
eters fitted to ab initio calculated potential surfaces are described. One of 
application of ab initio model potentials are the molecular dynamics (MD) 
simulation studies. The advantages of using ab initio model potentials in 
the MD simulation are demonstrated on the example of the simulation of 
the thermal behavior of different isomers of the Ag6 cluster [4]. Ab initio 
model potentials are useful also in studies of a nature of binding in metal 
clusters [3,5]. The analysis of the exchange and dispersion contributions to 
constructed model potentials for Li3 and Be3 clusters allows to elucidate the 
nature of binding in these clusters. 

[1. ] I.G.Kaplan, J.Hernandez-Cobos, I.Ortega-Blake, O.Novaro Phvs  Rev 
A , v.53, 2493 (1996). 

[2. ] I.G.Kaplan, I.L.Garzön, R.Santamaria, B.S.Vaisberg, O.Novaro J Molec 
Sruct. (Theochem), v.398-399, 333 (1997). 

[3. ] J.Hernändez-Cobos, I.G.Kaplan, J.N.Murrell, Molec. Phvs   v 92 63 
(1997). y ' ' 

[4. ] I.L.Garzön, I.G.Kaplan, R.Santamaria, O.Novaro, J. Chem    Phvs 
v.109, 2176 (1998). '       * 

[5. ] I.G.Kaplan, Polish J. Chem. v.72, 1454 (1998). 



Many-Body Effects in Small Aun Clusters 

G. Bravo-Perez, I. L. Garzön and 0. Novaro l 
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Universidad Nacional Autönoma de Mexico 

Apartado Postal 20-364, 01000 Mexico, D. F., Mexico 

The many-body (MB) effects of the Aun=z_& isomers recently optimized with 
the perturbational Möller-Plesset of 2nd-order (MP2) ab initio method have 
been obtained within the same level of ab initio calculations. Dimers, trimers, 
tetramers, and pentamers components of the analyzed structures were cal- 
culated and the component energies included in the total energy expansion 
E(n) = E, Ei(n). As in other metal clusters, the non - additive con- 
tributions for the Aun series are not small. Competition of additive and 
non - additive effects is discussed in relation to geometrical parameters like 
compactness of the structures and gain in stability. The general behaviors 
are similar to other metal series investigated, and therefore fit very well with 
the theoretical explanations based on MB-effects, supporting their origin. 

'Member of El Colegio Nacional 



Colloidal Aggregation with Sedimentation: Computer Simulations 

Agustfn E. Gonzalez t 
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Morelos, 62251, Mexico. Email: agustin@fenix.ifisicacu.unam.mx 

A computer simulation of colloidal aggregation, that takes into account the cou- 
pling and interplay of the aggregation phenomena with the sedimentation that takes 
place once the aggregates have reached a critical size, is designed much in the same 
spirit as previous simulations on aggregation done by the author[1,2]. By means of 
extensive computer runs of the algorithm, it is shown that for high strengths of the 
downward drift the system crosses over to a regime different from diffusion-limited 
colloidal aggregation, for which there is an increase of the fractal dimension and a 
speeding up of the aggregation rate. It is also shown that <p, the volume fraction 
at which the system first gels, increases considerably with respect to the zero drift 
case. All these results are in good agreement with the available experimental data[3]. 

1. A. E. Gonzalez, Phys. Rev. Lett. 71 (1993) 2248. 
2. A. E. Gonzalez and G. Ramirez-Santiago, Phys. Rev. Lett. 74 (1995) 1238. 
3. C. Allain, M. Cloitre and M. Wafra, Phys. Rev. Lett. 74 (1995) 1478. 



Purine Derivative Hypoxanthine Physicochemical and Chemical Behavior. 
The Density Functional Theory Point of View. 

Rodolfo Acevedo Chavez, 
Centro de Quimica, Instituto de Ciencias, B. Universidad Autönoma de 

Puebla, Apartado Postal 1613, Puebla, Puebla, Mexico, 
and 

Maria Eugenia Costas, 
Facultad de Quimica, Universidad Nacional Autönoma de Mexico, Mexico 

04510 D.F., Mexico. 

Hypoxanthine belongs to a family of heterocycles that are subject of ac- 
tual research in several fields. In order to advance in the knowledge of the 
hypoxanthine physicochemical properties, a Density Functional Theory level 
study of this purine derivative was performed. In this, full geometry opti- 
mization and total molecular energy calculations for all the possible isomers 
and tautomers in the different protonation states were carried out. Several 
molecular and electronic structure properties for the more favored isomers 
and tautomers in all the protonation levels were calculated. Also, thermo- 
dynamic stability studies of the heterocyclic protonic transfer processes and 
isomerism and tautomerism were carried out. Finally, the theoretical IR vi- 
brational spectra and their characterization were obtained for the favored 
forms. From the study, several theoretical trends were found, which have 
been successfully employed to account for some features of the experimental 
physicochemical and chemical behavior of hypoxanthine. 



Novel Surface Processes via Particle Bombardment 

Hai-Ping Cheng and Magnus Hedstrom 
Quantum Theory Project, University of Florida, Gainesville, FL 32611 

Abstract 

We report our work on large scale molecular dynamics (MD) simulations 

of silicon surface modification, via various projectile particles such as highly 

charged ions, atoms, or clusters. We will discuss simulation models for study- 

ing processes that are characteristically different. Our investigations include 

energy redistributions, fragmentation, surface modification, and the influence 

of energy dissipation into the electronic systems. Physical properties of the 

systems during the collision processes are fully analyzed. 



ELECTRON CAPTURE TOTAL CROSS 
SECTIONS FOR THE SYSTEM H+ + Ar FROM 1 

TO 100 KeV/amu 

Amaya-Tapia, A.        Martinez, H.        Hernandez, R.f 

Centro de Ciencias Fi'sicas UNAM AP 48-3, Cuernavaca, Mor. 
fFacultad de Ciencias, UAEM Cuernavaca, Mor. AP 396-3 

Charge exchange process in the collison of a proton beam and an argon 
target gas has been the subject of considerable experimental effort. In view 
of the rather wide discrepancies appearing in the literature of this inelastic 
process at low energies, it is worth to consider it from a theoretical approach. 
The two-centre atomic orbital close-coupling method has been extensively 
used for studying ion-atom collisions in the low to intermediate impact energy 
region. For this energy range, where the velocity of the projectile is of the 
same order as that of the active target electrons, various states strongly 
coupled play an important role in the process. This makes the close-coupling 
method a natural choice to account for the dynamics of the collision. We 
present a close-coupling semiclasical description for the electron capture for 
the system H+ + Ar -* H + Ar+ in the 1 - 100 Kev/amu energy range. 
We use a tempered atomic base. The atom is considered in the base state 
initially. We show electron capture probabilities as a function of the impact 
parameter and projectile energy. The total cross sections are compared with 
experimental data from the literature. 

This work has been partially supported by CONACyT 3659P-E9607 and 
DGAPA IN-100392 



Reaction and inelastic processes in the collision 
02(v » 0) + 02(v = 0) 

J. Campos-Marti'nez^, E. Carmona-Novillo(a>, J. Echave^, 
M. I. Hernandez^, R. Hernandez-Lamoneda^, J. Palma*6)' 

(a).-Instituto de Matemäticas y Fisica Fundamental (C.S.I.C.) 
Serrano 123, E-28006-Madrid, Espana. 

(b).-Centro de Estudios e Investigaciones, Universidad Nacional de Quilmes, 
R. Saenz Peiia 180, 1876 Bemal, Argentina. 

(c).-Facultad de Ciencias,Universidad Autonoma del Estado de Morelos, 
62210 Cuernavaca, Morelos, Mexico. 

Abstract 

A reduced dimensionality model is used to study the reaction 02(A'3Ej, v >> 0)+O2(
3E- v' = 

0) -»■ 03(X
1A1)+0(3P) by means of time-dependent and time-independent quantum-mechanical 

methods. State-selected probabilities and rate constants are obtained for the reactive process 

as well as for the inelastic collision in which the vibrationally excited oxygen loses one or more 

quanta. It is found that the experimentally observed jump in depletion rates above a criti- 

cal value of v could be partially explained by the vibrational relaxation rather than reaction. 

Reaction only becomes important for relatively high translation^ energies and therefore the 

calculated rates are too small at the temperatures of interest. It is concluded, however, that the 

reaction saddle point region in the potential energy surface plays a crucial role in the enhance- 

ment of vibrational relaxation. 

short title: Studies of02(i'>> 0)+O2(t/ = 0) ->03 + 0 

submitted to European Physical Journal D 



Stopping Powers of Swift Ions 
Calculated from Molecular 

Generalized Oscillator Strength 
Distributions 

John R. Sabin* 

University of Florida, Gainesville FL, USA 
and 

Suddansk Universitet, Odense, Denmark 

In swift ion scattering problems, the Bethe Surface,^ which 
is the Generalized Oscillator Strength (GOS) distribution as a 
function of energy and momentum transferred "embodies all the 
information concerning the inelastic scattering of charged parti- 
cles by an atom or molecule within the first Born approximation"2 

For example, a cut through the Bethe surface at zero momentum 
transfer is the dipole oscillator strength distribution. Present 
technology makes it possible to fabricate oriented samples, so 
that the directional characteristics of the Bethe surface have 
also become of interest. For al= 1 but the simplest systems, 
calculation of the entire Bethe surface is impossible. It is, how- 
ever, possible to calculate the GOS corresponding t= o specific 
transitions. This talk will deal with calculation of the GOS's 
for several low lying transitions of CO in the polarization prop- 
agator approximation. The directional characteristics of the 
GOS's will be discussed, as will the accuracy of the results and 
the sensitivity of inclusion of correlation at various levels. 

Supported by the U.S. Army Research Office 



* In collaboration with Jens Oddershede and Erik K. Dalskov, 
Suddansk Universitet 

1. H. Bethe, Ann, Physik (Leipzig) 5, 325 (1930) 
2. M. Inokuti, Rev. Mod. Phys. 43, 297 (1971) 



The Effects of Molecular Relaxation on the Description 
of Liquid Water 

Ivan Ortega-Blake,tHumberto Saint-Martin,* 
Jorge Hernändez-Cobost and Margarita Bernal Uruchurtu* 

Contribution from ^Centro de Ciencias Fisicas, Universidad Nacional Auionoma de Mexico, Apartado 
Postal 48-3, Cuernavaca, Morelos 62251, Mexico, and tFacultad de Ciencias, Universidad Autonoma 
del Estado de Morelos, Cuernavaca, Morelos 62270, Mexico 

The assumption that the water molecule is rigid has been extensively used, and is certainly the norm 
in numerical simulations of aqueous systems. There is however experimental evidence that in the 
condensed phases an elongation of the OH bond occurs, both in liquid [1] and in ice [2]. There is also 
theoretical evidence that collective effects allow for the distortion of the water molecule in clusters as 
small as trimers [3] and that this effect is substantial for larger clusters as pentamers and hexamers 
[4]. It is therefore possible that a very common assumption is not .so sound for the condensed phases 
and could be responsible for the difficulties encountered in the simulations of liquid water with very 
refined ab initio potentials, that include polarizability and many-body nonadditive effects. On the 
other hand, the currently available ab initio potentials were fitted to a pair interaction surface with 
a dimerization energy of -5.8 kcal/mol, whereas the theoretical limit has recently been set at -4.94 
± 0.02 kcal/mol [5], and this discrepancy could also account for the aforementioned difficulties. 

In this work we explore both possibilities, searching for an improvement in the description of 
liquid water, with models that can be extended to thermodynamical conditions where the current 
potentials have not been totally successful [6]. We adjusted a rigid water surface of 651 dimers, 113 
trimers and 15 tetramers, and a flexible potential to the above surface plus 154 deformed monomers, 
168 intramolecularly relaxed dimers, 101 trimers and 18 tetramers. The ab initio monomer and 
dimer surfaces were computed with an aug-cc-pVQZ basis set, whereas the three- and four-body 
nonadditive contributions were computed with a 6-311++G(2d,2p) basis set. The electron correla- • 
tion energy was included by means of many-body perturbation theory up to the second order (MP2), 
and the nonadditive contributions were counterpoise corrected. We compare the results of numerical 
simulations of liquid water at ambient conditions made with the two models. 

[1] A. K. Soper and M. G. Phillips, Chem. Phys. 107, 47 (1986). 
[2] N. S. Benedict, N. Galiar and E. K. Plyler, J. Chem. Phys. 24, 1139 (1956). 
[3] N. Pastor and I. Ortega-Blake, J. Chem. Phys. 99, 7899 (1993). 
[4] M. I. Bernal-Uruchurtu and I. Ortega-Blake, J. Phys. Chem. A, in press. 
[5] M. Schütz, S. Brdarski, P.-O. Widmark, R. Lindh and G. Karlström, J Chem   Phys   107 

4597 (1997). 

[6] A. K. Soper, F. Bruni, M. A. Ricci, J. Chem, Phys. 106. 247 (1997). 
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Reactions of Cr and Mo atoms and cations with NO: A density 
functional study. 

Ana Martinez, Andreas Roster, Patrizia Calaminici and Steve A. Mitchell. 

The interaction of Cr and Mo atoms and cations with NO was investigated 
with the all-electron linear-combination-of-Gaussian-type-orbitals Kohn-Sham 
density functional theory. Several local minima on different potential energy 
surfaces were found. The lowest minima for CrNO and CrNO+ are dou- 
blet bent and triplet linear structures with binding energies of 61.0 and 43 2 
kcal/mol, respectively. The lowest minima for MoNO and MoNO+ are bent 
structures on the doublet and singlet potential energy surfaces with binding 
energies of 94.5 and 64.7 kcal/mol, respectively. Correlation diagrams of the 
Kohn-Sham orbitals for the initial stages of the reaction and for the most sta- 
ble products are presented. These diagrams allow one to predict qualitatively 
the relative stability of the different reaction products. For the mechanisms 
of the reaction, charge transfer processes are suggested. The rate coefficient 
for the reaction Cr + NO obtained from the calculated molecular data is in 
good agreement with the observed value. 



Proton stopping power in molecular Hydrogen under different 
pressure conditions. 

S.A.Cruz* and J.Soullard** 
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Mexico, D.F., Mexico 
•') Instituto de Ffsica, UNAM, Apdo. Postal 20-364, 01000, Mexico, D.F., 

Mexico 

Abstract 

The molecule-in-a -box model is used to simulate the effect of pressure 
on the electronic density and mean excitation energy of molecular hydro- 
gen.We use the Floating Spherical Gaussian Orbitals (FSGO) representa- 
tion for the molecular orbitals and develop an ab initio calculation of the 
molecular energy and structure -hence allowing for electronic and nuclear 
redistribution- as a function of the confinement volume (pressure) for H-2 en- 
closed in a hard spherical box. Accordingly, proton electronic stopping cross 
sections are calculated for H-2 under different pressure conditions. Stopping 
cross sections are evaluated within the Orbital Local Plasma Approximation 
(OLPA)/FSGO implementation of the kinetic theory of stopping . 

A systematic reduction of the stopping cross section and a shift of the 
stopping curve maximum towards higher projectile energies are observed as 
pressure increases. 



List of Participants 
(in order of registration) 



1999 U. S.- Latin American - Canada - Caribbean 
Workshop on Molecular and Material Sciences: 

Theoretical and Computational Aspects 
PARTICIPANTS 

• David A. Micha,    University of Florida, USA 
micha@qtp.ufl.edu 

• Samuel B. Trickey,    University of Florida, USA 
trickey@qtp.ufl.edu 

• John Sabin,    University of Florida, USA 
sabin@qtp.ufl.edu 

• James Dufty,    University of Florida, USA 
dufty@phys.ufl .edu 

• Michael Zerner,    University of Florida, USA 
zerner@qtp.ufl.edu 

• Dennis Salahub,    University of Montreal, Canada 
Dennis.Salahub@UMontreal.CA 

• Eduardo Castro,    Universidad Nacional de La Plata, Argentina 
castro@nahuel.biol.unlp.edu.ar 

• Alicia Jubert,    Universidad Nacional de La Plata, Argentina 

• Renato Contreras,    Universidad de Chile, Chile 
rcontrer@abello.dic.uchile.cl 

• Alberto Vela,    CINVESTAV, Mexico 
avela@enigma.red.cinvestav.mx 

• Salvador Cruz,    UAM-I, Mexico 
cruz@xanum.uam.mx 

• Alejandro Ramirez,    FC- UAEM, Mexico 
alex@alpha.fc.uaem.mx 

• Ramon Hernandez,    FC-UAEM, Mexico 

• Jose Recamier,    Centro de Ciencias Fisicas, UNAM, Mexico 
pepe@ce.ifisicam.unam.mx 



• 

• 

Rocio Jauregui,    IFUNAM, Mexico 
rocio@fenix.ifisicacu.unam.mx 

Carlos Bunge,    IFUNAM, Mexico 
bunge@fenix.ifisicacu.unam.mx 

Ignacio Garzon,    IFUNAM, Mexico 

Sidonio Castillo,    UAM-A, Mexico 
sca@hp9000al.uam.mx 

Carlos Quintanar,   San Diego Supercomputer Center, UCSD, USA 
cqs@moon.fciencias.unam.mx 

Humberto Saint Martin,   Centro de Ciencias Fisicas, UNAM, Mexico 
humberto@ce.ifisicam.unam.mx 

Bernard Kirtman,    University of California, Santa Barbara, USA 
kirtman@ultra.chem.ucsb.edu 

• Ivan Ortega Blake,    Centro de Ciencias Fisicas, UNAM, Mexico 

• Eugenio Ley Koo,    IFUNAM, Mexico 

• Eugene Gamaly,   UAM-I, Mexico 
egg@xanum.uam.mx 

• I. Kaplan, Instituto de Investigation en Materiales UNAM, Mexico 
kaplan@fenix. ifisicacu. unam. mx 

Graciela Bravo Perez, IFUNAM, Mexico 
graciela@fenix.ifisicacu.unam.mx 

David Dixon, Pascific Nortwest National Lab, USA 
david.dixon@pnl.gov 

Hai-Ping Cheng, University of Florida, USA 
cheng@qtp.ufl.edu 

Agustin E. Gonzalez, IFUNAM, Mexico 
agustin@fenix.ifisicacu.unam.mx 

Guillermina Lucia Estiü, CEQUINOR- Facultad de Ciencias Exactas 
Universidad Nacional de La Plata, Argentina. 
estiu@nahuel.biol.unlp.edu.ar 

• 

• 



• Luis Rincon, Departamento de Quimica, Facultad de Ciencias, Uni- 
versidad de Los Andes, Merida-5101, Venezuela. 
lrincon@ciens.ula.ve 

• Virineya Bertin, UAM-I, Mexico 
neya@xanum.uam.mx, 

• Jacques Soullard Saintrais   IFUNAM, Mexico 
soullard@fenix.ifisicacu.unam.mx 

• 

• 

Christof Jung,     CCF-UNAM, Mexico 
jung@ce.ifisicam.unam.mx 

Alejandro Amaya Tapia    CCF-UNAM, Mexico 

Maria Eugenia Costas,    UNAM, Mexico 
costas@zenon.pquim. unam. mx 

• Herbert Hopfl,     CIQ-UAEM 

• Rosa Maria Garcia Castelan,  UNAM, Mexico 
rosi@ft.ifisicacu.unam.mx 

• Vicente Ortiz,   Chemistry Department, Kansas State University, USA 
ortiz@andromache.chem.ksu.edu 

• Juvencio Robles,  UNAM, Mexico 

Gabriel Cuevas,  IQ-UNAM, Mexico • 

• Ana Martinez, UAM-I, Mexico 
martina@xanum.uam.mx 

• 

• 

• 

• 

Eva M. Ziemniak,  UNAM, Mexico 

Luis Mochan, CCF-UNAM, Mexico 

STUDENTS 

Mayra Martinez,    San Diego Supercomputer Center (Estudiante) 
cqs@moon.fciencias.unam.mx 

Adalberto Corella Madueno,    Universidad de Sonora, 
acorella@eudeve.uson. mx 



• Alma Mireya Arrieta Castaneda (Estudiante UAM-I) 
loc@xanum.uam.m 

• Silvia Mera Olguin (Estudiante UAM-I) 
loc@xanum.uam.mx 

• Victor Hugo Uc Rosas, (Estudiante UAM-I), 
uc@xanum.uam.mx 

• Ana Rocio Cartas Rosado, (Estudiante UAM-I), 
uc@xanum. uam. mx 

• Angelica Beatriz Raya Rangel, (Estudiante UAM-I) 
uc@xanum.uam.mx 

• Catalina Soriano Correo, (Estudiante UAM-I) 
uc@xanum.uam.mx 

• 

• 

• 

• 

Paola Castro Garay, (Estudiante IFUNAM), 
paola@nadxeli.ifisicacu.unam.mx 

Oscar Maya Padilla, (Estudiante IFUNAM), 
oscar@nadxeli.ifisicacu.unam.mx 

Angeles Munguia Picazo (Estudiante IFUNAM), 
angeles@nadxeli.ifisicacu.unam.mx 

Sergio Mateos Cortes, (Estudiante IFUNAM), 
smateos@ft.ifisicacu.unam.nix 

Alicia L. Lira Campos (Estudiante UAM-I), 
cald@xanum.uam.mx 

Ramön Castaneda Priego (Estudiante CINVESTAV), 
ramoncp@fis.cinvestav.mx 

• Elizabeth Escamilla Roa, (Estudiante UAM-I) 
uc@xanum.uam.mx 

• Aldo Yuck Franco,     Estudiante UAMI 
aldo@xanum.uam.mx 

• Gabriel Merino, (Estudiante CINVESTAV), 
qu094305@mail.pue.udlap.mx 

• 



• Marco A. Garcia,    San Diego Supercomputer Center (Estudiante). 
cqs@moon.fciencias.unam.rax 

• Yamil Simon M. 
ysimon@puc.cl 

• Jose" Antonio Guerrero Alvarez, Estudiante CINVESTAV-IPN, 
jguerrero@mail.cinvestav.mx 

• Maria Luisa Roxana Licona Ibarra,    Estudiante UAM-I 
socc@xanum.uam.mx 

• Oliverio Jitrik Mercado (Estudiante IFUNAM) 
oliverio@nadxeli. ifisicacu. unam. mx 

• Javier Hernandez Martinez,    CIEP, FCQ UASLP 
j ahernan@mail.cinvestav. mx 

• Rocio Meza Gordillo, 
romeza@mail.cinvestav. mx 

• Manuel Villanueva Garcia,    (Estudiante Universidad de Guanajuato) 
villagm@quijote.ugto.mx 

• Luis Humberto Mendoza Huizar     (Estudiante de la Universidad de 
Guanajuato) 
lhmh@andrea.ugto.mx 

• Antonio Mendez Bias,    (Estudiante UAMI) 
blas@xanum.uam.mx 

• Rodolfo Acevedo Chavez IC-BUAP 
costas@zenon.pquim.unam.mx 

• Jorge Moreno    Est. CINVESTAV 
jmoreno@fis.cinvestav.mx 

• Gloria Sanchez Cabrera   (Estudiante CINVESTAV) 
sanchez@mail.cinvestav.mx 

• Francisco J. Zuno,    (Estudiante CINVESTAV) 
fjzuno@mail.cinvestav.mx 



• Julieta Tenorio Llano, IQ-UNAM (Estudiante UNAM) 
gecgb@servidor.unam.mx 

• Fernando Cortes Guzman,   IQ-UNAM (Estudiante UNAM) 
gecgb@servidor.unam.mx 

• Gustavo Madrid Sanchez,   IQ-UNAM (Estudiante UNAM) 
gecgb@servidor.unam.mx 

• Mildred Quintana Ruiz (estudiante de UNAM) 
mildredqr@hotmail.com 

• Pablo Lopez Albarran (estudiante de UNAM) 
pablo@xanum.uam.mx 

• Miguel Angel Morales Cortes   UAM-I 
miguel@xanum.uam.mx 

• Jose Antonio Godinez, CINVESTAV, 
agodinez@mail.cinvestav.mx 

• Felipe Aparicio Platas,   UAM-I 
mgalvan@xanum.uam.mx 


