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In this report we describe pragréss in develbping and

" implementing a general theoretical approach to describing the

ﬁraperties of defects and impurities of a general nature in non-
metallic solid systems. This approach combines fully car?elatgd,
fully self-consistent electronic Qtructure determination of the
electrical and mechanical pfoperties associated with neutral or
chargé& defects/impurities in or on a non-metal. R The system
remote from the defect is described by the shell model which
incorporates self-consistently, host polarization and disturtion.
This results in our being able to obtain absolute energies of the
impurity ions in the host and their interaction. The model is
free of adjﬁstable_or undefinea parameters. This project ié of
non-trivial magnitude and the current computer implementation,
which is functional in our laboratory, consists of a program,
ICECAP, which is about 100,000 statements,long) This program is

the result of extensive collaboration between

ur group and that

of Professor J. M. Vail, University of Manitoba, and af Dr. A. M.
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Absolute Energies of Impurity Ions and

Defects in Non-metals and their Excitation

nergies and Ionization Potentials

Introduction
The aim of this research line is to obtain absolute energies
i of impurity ions or defects, including charged states, jn non-
metals. In addition, the absolute excitation energies of low
lying excited states are studiea. .These calculations will not-
E simply be of one~electron energies, nor will spectroscapy be

obtained by using Koopmans’ theorem, but rather by evaluation of

total system energies and their differences. These calculations
will includé electron correlation corrections and multiplet
splittings. Due to using differences in total energy to generate
spectroscopic information, coulomb~hole gttractions will be
included directly and not as a perturbation. f
Such studies are important in a wide range of applications,
such as i) spectroscopic and laser applications, where it is
£;E¢ssafy to know about the stability bf a promising charge state
of a particulaF impurit9 in a novel host, ii) solid-state
reactions, where gas sensors and oxide reactions serve as
examples, in which.the impurity acts as a source ;r'sink for
electrons, exchanging carriers with other species at the surface

or in the bulk, and iii) stability of charged imperfections in or

on unstable solids (energetic solids), where local deviations from

s

periodicity may control stability of entire systems, iv) etc.
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the variety of important properties which depend ﬁrucially upon
the absolute energy. We observe that calculations of the sort

. described lead naturally to prediction of a wide variety of

i : ;elated quantities. Charge-state stability, for example, is one
aépect of the prediction of photoionization energies, but a156 can
=) lead to the identification of which of several alternate sites in
5 o a4 complex substance is the stable one, to the identification of
charge-compensation mechanisms, and to fhe prediction of limiting
- solubilities with greater accur;cy than current crude charge and

” size misfit models.

A second key output of such studies can be the development of

1nteratomic potentials, which have a sound theoretical basis,

using the best available current t;chnique. These calculations :}ﬁ
~ ﬁuﬁt therefore include electron correlation explicitly. This
- aspect shall emphasize those cases for which empirical potentials
. are problematic. These systems include systems as 02-, §2-, Se2-,
- Te2-, etc. In these cases the free double negative ion is not
E stable in free space but is only stabalized by its environment.

The ionic polarizability of these entities is highly dependent

upon the host and perhaps even the local site occupied in the

:.3 [
v host.
. A second category includes systems for which empirical forms
! are not available. This may be because the species do not occur
.i at the proper separation in well-documented perfect crystals, or
2 ' -because special species are involved, such as F— -Fa~ or I- -02-,
o !
or because unusual cation - cation interactions occur. The last
~' e
j case is praoblematic since cations are rarely found close enough to T

each other to yield more than a very small component of the total .




energy of perfect crystals.
A third category includes a wide variety of other cases which
include systems in unusual charge states such as Feﬂ* in SrTiOs or

Fe+ in Mg0. Impurity systems in their excited states are also
included here, which are not included in traditional approaches.
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Any interatomic potentials developed by this projec; are
subject to verification in three ways. These include: i) checks

that these potentials provide good values in applications to
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defect properties (thermodynamic vibrational, lattice exbansion,
etc.) parallel to similar studies producéd previously, - ii) checks

of predictions over a range of crystals for properties of wider

interest, such as electro optic constants in complex oxides, to
isee'if trends are accurately reproduced, 1iii) checks of

transferabflity for species such as 02- and Mg2+ to see to what

'" '4.":,'. '.‘.'.‘-'.'-'.'

extent their interatomic potentials are the same in MgO and in
complex oxides such as BMAG (Baz Mg Ge=a O») or in the bulk and
near a surface. This latter study is particularly interesting for
the double negative ions in that they are not stable in free

-, ‘space.

These studies are directly applicable to a wide variety of

g energetic sclfds including (but not limited to) CH (ND)

4’ 2,

Nitromethane, RDX.

Metheodology

It is of practical importance to be able to calculate reliably

- LU L I ) St
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properties of defects in crystalline materials. This work relates

to methods developed for point defects in ionic crystals, for
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which many successful ground state calculations have been
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performed on the basis of a classical, discrete-ion model:
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; specifically, using the Harwell HADES (1] or related programs.

' The classical lattice model is inadequate for electronic

properties of defects, arising from excess electrons, holes, or
impurities, or from strong perturbation of the electronic

structure of the host ions by the defect. In such cases, quantum-

MY AR Al

mechanical treatment of electroné in the vicinity of the
defect/excitation is undertaken by considering the de?ect to be a
l ' : nolucqlar Cluster, embedded in a weakly.perturbed classical
lattice. In such an approach, ;hree prinéipal questions arise:
a) What boundary conditions are appropriate between qQantum and
classical regions? b) Are the quantum and classical
representations of interionic forces compatible? and c) To what
extent are éxisting computational methods adequate to the demands
of the approach we envisage? We report progress on the first and

third questions and describe how to approach the second.

| DT L . S
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In the following we describe our physical model including

cluster-lattice boundary conditions, a general computer pragram

for such cluster calculations, results of preliminary
calculations, and classical representations.
We define Ehe defect cluster as any excess electrons, and/or

those ions/atoms that are significantly perturbed by the defect,

and or regions in which local excitations occur including both

perturbations of their electronic structure and displacements of

MELTLTL I we TRERIT SR ISIRINY b4 | BRPR IR

their nuclei. 1In this wofk we usually refer to ions but in our
context the neutral atom, or even an entire molecule would be
equivalent. The surrounding infinite lattice is a perturbed

shell-model crystal (2], in which the ions are represented as
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dipole polarizable point charges. Each ion is represented as a
point-charge core coupled harmonically (force cohstant K) to a
uniformly charged (charge Y) massless spherical shell of
indeterminate radius, aﬁd ions interact through Coulomb and short-

range shell-model potentials, v(r). The latter are exemplified by

"the Buckingham faorm:

vir) = B exp(-r/p) — (C/re), (1)
The uge.af this form is not essential.

In the defect cluster, exce;s electrons are treated quantum—
mechanically, usually incorporated with the electrons of some near
neighbaqr ions. In our work, the electrons of the cluster are
treated in the unrestricted Hartree-Fock (UHF) self-consistent
field (SCF)‘approximation 31, based on linear combination of
atomic orbital (LCAO) molecular orbitals (MO) corrected far
correlative effects by use of Many Body Perturbation Theory
(MBPT). In most non metals, the electronic structure of the
ions/atoms/molecules is assumed to be well-localized about the
;uclei. However, this will not automatically follow for doubly
negative ions on the outer boundéry of a UHF-SCF region unless the
spatial range of the basis AOs is restricted: the éoulomb field
of the surrounding point-charge shell-model lattice does not
impose localization uﬁon the quantum—-mechanical région. This
difficulty is currently overcome by associating completely frozen
shell ions or by complete-ion pseudopotentials with ions that
surround the UHF-SCF region, retaining their classical dipole . ?Eki

moments and shell-core interaction energies. A UHF-SCF program =T

£4]1 which can incorporate such pseudopotentials (as complete-ions .;
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or as ion cores) is applied in this work. More recent theoretical

developments, not yet implemented in computer code, solve the

boundary layer problem in a quantum mechaniﬁally ex&ct way as

LA

P

Jetailed at the eqd of this section.
The defect cluster embedded in a shell-model lattice is

described mathematically in terms of lattice (ionic shell and

core) coordinates, collectively denoted R, referred to as the

lattice configuration, linear coefficients in the LCADO-MO
formulation of the UHF-SCF approximatinn,;collectively denoted ¢,

referred to as the electronic configuration, nuclear coordinates

(nuclear, pseudopotential, and shell-model) in the defect cluster,
collectively denoted 5:’ referred to as the cluste~ configuration

and coefficient A, of excited determinants found by MBPT. (The
cluster, and therefore Bc’ may include shell-model ions whose
positions are anharmonically perturbed by the defect). The total
energy of the defect E(BC,E,B) is minimized with respect to B;’S’
and R:

8 = 8E _ $E

IR “sc-" k-
~C ~ ~

(2)

yfblding a variational estimate of cluster (Bc), electronic (g),
and lattice (R) configurations, and of total energy E and the
electronic wave function v(g).

A These two approaches are merged in such a way .that in
practice, the excess electrons and UHF and pseudopotential ions
are first simulated by fixed point charges, from which HADES

determines the polarized, distorted lattice configuration R, and , ?{b

the total energy E of the shell-model lattice. The shell-model E:E
point charges of the Lattice (R)y along with the nuclei and

]
pseudopotentials of a fixed cluster configuration Bc,are now jbﬁj
applied as a background potential for the UHF-SCF solution ifﬂ
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C» vielding total electronic energy EA and wave function v(g).

Ideally, the point-charge simulation of the cluster in the HADES
" calculation should have all its electric multipole moments

identical to those of the UHF-SCF cluster, but this is obviously
not practical. One therefore matches only a finite set of low-
order multipoles. This is accomplished by introducting additiénal
point—-charge simulators into the HADES calculation, representing a
small’dipole, quadrupole, octupole, etc., correcting for the

' . discrepancies between HADES and UHF-SCF up to a given multipole

order, and then iterating the HADES/UHF-SCF up to a given

consistency. .This procedure is repeated for each increment SBC
the cluster configuraéion, until minimum total energy E is

obtained. This energy is:

E=(E,6—-E>_ -E”) + (E
H c s A d (3)

where EH and EA are defined above, Eé and E; are the shell-model

+ (EA + Ec + E),

Coulomb and short-range interactions of the cluster region in the

HADES calculation that will be replaced in the UHF-SCF calculation

by electronic Coulomb and short-range interactions in E

A and by :3

nuclear and pseudopotential Coulomb interactions Ec’ and Ed ;Eﬂ

e

corrects for the energy of the dipoles from the HADES calculation N

- that become associated with complete-ion psuedopotentials. j}j
. In preliminary work, the Lattice R includes only ions out to ﬁif

a distance beyond whiéh the defect cluster’s electric monopol e

moment (total charge) dominates, where HADES uses continuum theory

to determine the discrete-lattice polarization. Since the
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potential of such a polarized continuum yauld be constant within

the cluster, as assumed in our calculation, there is a small

.
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discrepancy because the medium is in fact discrete. This will be
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eliminated .- as time permits.

The UHF-SCF program [4] used in our work has available a many- Q
body perturbation theory correla@ion correction [351. Because UHF- ‘
SCF calculations become very time—-consuming as the number of

electrons rises above 200, the cluster size is somewhat

restricted, and correlation correction, which is additionally

time-consuming, cannot be applied with abandon. Presently, o=

clusters of more than a few lattice spacings in radius cannot be B
analysed in this way, and there%oré diffuse electronic states of E%$
localized defects (61 are not accessible. - A Igi
The physical model descriﬁed above has a quantum;mechanical :#T
defect region (UHF-SCF with pseudopotentials and correlation ?;;
carrection); with perfect lattice boundary conditions (complete- EEE
jon.pseudupotentials with dipole correction), embedded in a ;;;
classical lattice (shell-model), solved variationally by energy ’ zga
minimization with respect to cluster, electronic, and lattice iﬁf
.configurations, to finite-order multipole consistency. ([Fig. 11 .:;:
The computer program is based on HADES {11 and UHF (41 lif
p;bgrams, both of which have been extensively tested, refined, and ;k
applied. Consequently ény point defect configuration in any ionic i 577
crystal host lattice geometry can be analysed, provided shell- iéf
madel paraheters aﬁd adequate computer time are aQailable. Atomic i#;
orbital sets may include s, p, d, and ¥ types (except that the E&s
pseudopotential option cannot accept f—-type orbitals yet). Either %E?
norm—-conserving BHS [7] or Phillips—-Kleinman [8] pseudopotentials ;ﬁi
can be used, and correlation corrections can Se included in the t;;
energy. Octupole coqsistency is presently available. The program Eﬁi
3
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’ Hamiltonian. It is assumed the nuclei are infinitely massive and

" form an orthonormal set and to be eigenstates of the z component

is currenti* operating on the Harwell IBM 3081 computer, and the
VAX-FPS systém at Michigan Technological University.

The dominant computer time bottleneck is in the UHF-SCF
praocess and in application of MBPT. We consider now some computer
depeﬁdent ramifications of this and indicate approaches to
solution.

In all our studies the Unrestricted Hartree Fock (UHF) method

is employed as a étarting point, as is the normal non-relativistic

the Born-Oppenheimer approximation is used. Ideally, one would
like to solve the n-electron Schrodinger equation. However, exact

solutions to (2) are seen as impractical for these systems, and we

resort to the UHF approximation. That is, one appraoximates the
solution by a single Slater determinant of one electron orbitals,

bui In the UHF approximation, these orbitals are constrained to

of spin. The orbitals are not constrained to be double occupied
or to have well defined symmetry properties. Choosing the

orbitals variationally yields the Hartree~Fock equation:

o x x a
Fee%y oF = ef o3, |
(4)
e
[t
where N —
n o
PR, X0 = £ of G ef60, e
i=1 . el
() e
i
:::".'_4
RO
N
e




........

and
ez X > >
o h2 I P (xe ,x)
F(P ) 38 = == 92 — § e mm + a2 [
S ST 12 - 2.1

>
- e=Jp‘<x, xos B -Fdlead.

(6)

P(xs',x) is the operator which rgplaces coordinate x with x:.

For a solid system with low symmetry, such as a solid with a
point defect, solutions to even the UHF system of equations are
expensive to encompass. It is useful to make use of the
érbitrariness of the chk equation and to rotate to local
solutions if possible. The way this is done has been given by.
Kuﬁz and Klein [3] and further developed by Kunz [S5). This
technique is most useful for non—metallic systems such as are
studied here. One formally partitions the system into two parts,
the cluster to be studied and its environment, which is found
using the HADES method. The cluster is solved self-consistently

in the field of the environment.

The UHF method omits correlation effects. A brief

description of the methods being currently employed is in order.

Carrelation ‘methods to be used for extended systems are

constrained by size consistency considerations [9,10). Our group

has chosen to use those based upon multi-reference many body

perturbation theory (MR-MBPT). Let the exact Hamiltonian be
partitioned into a "simple Hamiltonian," Ho’ chosen to be the sum

of the one-body Fock operators for the n-body system. Thus

s,

-
-
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o
-
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o H=H +V
% o
(7)
f and
. B Hé. = wd. .
Y oi ii
}' Consider the first n eigenstate of Hb separately. There may be no

state of Ha degenerate with these n-states unless it is also
- . inclu&éd in the n. P is a projector onto the space of these n

states and is,
- n
> P =2 |eiei].

i=1
Consider,
Hy = Ewvy = (Ho + V) v

assume we wish to find state v, say. Then
Ho = (E -V v and

- . (1 =P) (H, = w) ¥ = (1~P) (E-w, - V) v.

1

. Commuting (1 - P) with (Ho - wl) permits one tao obtain the farmal

solution for v

N _ _ -1 _ - o
o Py =% - (H, - w) (1 = P) (E - w, =V v,
- Now
. n n
P = & 6. <é_ [v>= L n. e =34,
j=t 1 4 j=g 34

4 is of course unknown. Nevertheless one finds

)

& ~ ‘l‘ ‘.‘ .l‘ ", J. .‘— b 2

v = T4,
(8)

- 0 8 o
e 08
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where

' -1 -1 .

T=4{1 (Ho wi) (1-P) (E Wy V)3 -
(9) e
One may obtain the energy from the secular equation: 'ﬁﬁﬁ
(E = wiiw, = E w ik, _ N
k=1 . . S
(10Q) NN
where R
;; R
A RN L O S
. (11) S coe

From a utilitarian point of view these equations,'(B) ~-(11),
are. nat finallin that the unknown enerqy E occurs in the
"denominator of Eq. (?)Y., and results in size consistency problems
unless treated properly. This difficulty may be circumvented
here, as in Rayleigh—-Schrodinger perturbation theory, by using the
first order approximation to the energy. To do this, and to solve

these equations, one expands the inverse in Eq. (?) in a power

series

T=1+MH -WI T A-P(E-W -WV1 +-===----
o 1 1

. -1 " - . -—
+ [(HD Wl) (1 - P) (E - Wl -1+ - (1D R

In this case the first approximation to E is found by solving géi
. 0 2

€ - wpmy = Eom <o |v|e, > ;;%

13 255

If this prescription is followed, if n = 1 for example, one simply 5;3

recovers ordinary Rayleigh-Schrodinger Perturbation theory.

Further ramifications of the use of MR-MBPT and ordinary MBPT
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have also been given by the group of Bartlett (11, 121.

In this, as in most other numerical studies, the algorithms
chosen are designed first to achieve a desired level of precision
{ and only then chosen to maximize efficiency. After all there is

little value in achieving incorrect results, no matter how

L. quickly. In these studies, we follow one of the conventional

wisdoms of quantum chemistry and expand our orbitals in a basis

- set of gaussian orbitals. The primitive gaussian orbital is of
. the form: '

y 2 i g i+ivk > 2 2

- X1 i ik (r ﬁl) = (x y 2 b Yexp (a (r ﬁl) )

(14)

This function has the advantage that all necessary integrals over

- these basis functions can be evaluated in closed form C10]. This
:i alléws one to know all integrals to arbitrary precision. Using

X

g - this set, one may construct a "“contracted" set of basis functions,

3 k, where

- ik F-Ro=c%% *laijk ¢ -Ro.
- . 1
- - o
= . (135)
o The A’s in equation (15) are assumed given. 0One expands the Fock
% solutions in terms of these functions,
- e._ mp

‘m =B, o, k1 B IR & 5

(16)

- The coefficients, Cimﬂj k 1, are found using the Roothaan method,
- which is in reality a simple linear variation [111. It is this we
f wish to discuss. The variation is performed by recalling for a
: . particular iteration, the ﬁth say,
Y
. 3
“
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The sum over m is restricted to occupied orbitals and mapping
indices i j k I into an index i, and so forth, so that

-3

> >0
X x iie?

P ) =X ti (x) ¢ .(x2) S

ii» i»
(17)

where

(-]
Thus only Sii' changes from iteration to iteration.
The Fock prablem then reduces to a matrix prablem (for each

iteration) of the form

F é&=E0De.

(18)

The matrices D and F are given as:

Dij = <&if ¢3>,

(19)
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and
Fij = <ei|Fle;> |
;; 4 . . I h= e ZI i
> | = <£ j— == g2 z ———————— le J>
N il 2m 2 !
N I 1r - Ry|
- e*
AN EREN 145412
- Kt & | ~——————e 1 ¢1¢ > 1 S
ikl _ 2101 5 _1 Kkl

. lr1 Fe'
2 : (20)

Clearly the needed integrals merely need be evaluated once as they
don’t change from iteration to iteration. The only iteration

'dependent quantity is Skl' LLet us define;

-

| h=2 ez

, §f =<t = = 9% = E Lemmee TIE

2 ij 1t 2m II: - RI|I

A and
9 5K1 = <‘i‘k|1?i~ § 118547

N .Then ’

' - _ -1 B
Fig = Ffi5 7 8 I_gijkl gilkj_l Sk1.

(21)
It is absolutely clear from equation (21) that each iteration is
ﬁ . simply now a series of matriyx operations'follohed'by a matrix
diagonalizaiion.
The next step is to perform the correlation calculation.
Consider the ordinary second order Rayleigh-Schrodinger case here.

The second order correction to the energy is simply:

E(:.) =T L ijab iiba

s e S, g e et vt o S s S v o v

.irj=ocec. arxb=virt. i J a b
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where

(23)

The coefficient Cp is the coefficient of the basis function in the
ith Fock orbital for the ﬁ+n configuration. Thus the dominent
correlation problem becomes one of rotating integrals over basis
functions to integrals over Fock orbitals. This again is simply a
series of matrix-like steps. General considerations for
pfogramming equation (21), (22) and (23) may therefore be given.

The matrix of integrals over basis functions, gpqrs, is
sparse (14 - 10% density). The sparseness has two causes, one
being symmetry, the second being great separation of basis
'fuﬁctions. Both considerations are taken into account before
evaluating any integral, thus saving ti&e. Once the integrals are
generated one need be more particular in achieving efficiency.

Consider as an example the part of the Fock matrix

- (2) e
F.." =L g9,. S,.
iJ okl 1Jk1 k1l
(22)
or s
2) _ g
Fr ﬁ 91k Sk
(22b)

In equation (22b) the indices i, j have been mapped into a single

index I and k, 1 have been mapped into a single index K.

)

Computer type now enters into our consideration. In using

vector computers like array processors, Cyber 205%'s, Cray’s or
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FPS1464°s one should avoid logic statements inside inner do loops

in most cases. Therefore, the sparseneés of the g matrix is of
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little help. It is of considerable help hawever, on conventional

.
.

]
‘
8 A

scalar-computers and one may work directly from equation (22) on

e, s

such, loading only the non-zero integrals. 0On a vector machine
however, one should use equation (22b) with the null integrals
included, as each element of the Fock matrix is as seen a simple
== . vector dot product. It is this operation which is maximally
efficient an vector computers in general. Furthermbre, the large
length of the vector in (22b), typically of length 102 to 104, is
ideal for such systems as the Cyber 205 as well as the other

-vector m-ochines. Finally, this is in good form for processing on

ﬁ- * machines with parallel architecture such as a Denelcore or

il FPS164/MAX, as one can use the vector Sk as a constant and work on
ﬁf several of the FI'S at one time. Similar considerations apply to
" the matrix operations in equation (23). Thus code developments

Il are machine specific to ensure maximum efficiency.

Recently the principal investigator has used the method of

Kunz and klein“® to incorporate exact boundary conditions at the

{'1“ ','.' " ‘A.;

Quantuﬁ cluster—-Hades interface into the ICECAP formalism. This

LA
o .

" .
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is accomplished as follows. Assume in the region beyond the

'D
'

Lt T

KON o 1

'Quantum cluster boundary that the first order denéity matrix for a

given ion/atom/molecule is the same as that of the perfect solid.

4

;; This first order density matrix may be trivially determined by the li{
:i ' method of local orbitals. A program to evaluate this first order j;ﬁ
"8 :'.'\ 1
?ﬁ density matrix, LOPAS, has for a reasonably general case been —
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developed by one of us (ABK) and is well described in the
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literature.® This then determines the entire first order density
matrix in regions outside the cluster. The entire first order

density matrix, ¢, is formally given as

>1 3> 21 . »1
P?x,x ) = g (x X ) ﬁ Zﬁﬂ Tx,x )ﬁg (x x )
not in c
> 31 »>1
+ Pcu (Xy,x7)) +p? P A X)),
not in c

(24)
Here ?c refers to the cluster and n or z are ion sites outside the

cp’.va occur because in Ref. 5 we

exploit the generality of the local orbital prescription and use

cluster. Cross terms Pn s P

different localizing potentials for different regions. The

relevant part here is

a3 PO SRS B »1
Pc(x %) = d.(x)bj(x )Sij% = ¢ (A)¢i (x7)
i in c iinc
J c

§, . = <¢ IO )
ij i,
_ > + 1. _~1
P“p = Gi(x) Gj(x )Sij
jers
1 -1
PPV 'E [ (x)é (%) Sij
i an b
J on

- e t@l g7t
[ =5 ¢i(A)0j (x7) Sij

. Me
§BR &
Now consider the general local arbitals equation for defining the
¢’s. It is of the form
CF + pwplei = Eibi.
(25)
F is the Fock operator defined in Eq. 6 and P the first order

density matrix defined here is identical to that in Eq. (5), hence
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the utility of this method. For ‘i in ¢ we arbitararily chose

S
W= PC VE pC”

(26)

Here Pc is as given above and VES is the non ionic part of the

potential due to all ions/atom/molecules outside of the cluster.

S 2 EEERs e s S A NN .

Now since:

- P PC =P P =P

I : ~ one finds

. S -

@ F + P Pp Ve Pc P18, = €. o,, 27)

. becomes

i [F + po Vg~ Pole, = €, o, 28)

X -This is exact and diefines all ‘i in the cluster C. Thus the
f added term~PC VES PC in the Fock equation replaces the crystal

outside of b. Since the term VES is determined in this method
sel? consistently and can contain éven the contributions of an
infinite crystal, this approach completely solves the problem of
the cluster boundary condition. Currept efforts are directed at
- 'implementing this equation into ICECAF. Preliminary tests of

ICECAP on molecular/energetic solids should be made early in 1985.

i

: Some Preliminary Results

E . F and FA centre properties (optical gbsurpfioh, hyperfine

t constants, ;nd spin polarization) in alkali halides were

S investigated in 1980 by Kung et al. [13], with a nearest-neighbour

UHF-SCF cluster based on free-atom arbitals, neglecting lattice
distortion and polarization. For the first time, the FA—centre
absorption splitting was described correctly, and other

encouragiﬁg results were obtained for these electrically neutral
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f.:?sd'*f,‘o‘, Lo el

" o 1". o, o “ut P il o o, X \.. {\- o 1"~ .. ..... .:...-...-%.‘ ... o " \ -~ \ .‘. o« \( -, ‘-‘..\:.\..




T o4 - Y d " g
---------------- o T e TR T e e T Tt T T Y T e, PN e i Y

defects, aithough the smallness of the cluster was recognized as a

! . problem.

-

e Recently, we have analysed the F+ centre in MgO0 [14], a

b . charged defect, including multipole consistency, based on HADES,

and using ATMOL [15] rather than Kunz’s UHF [4] for the cluster.

L In the course of this work we came to recognize the need for
complete-ion pseudopotentials, or some other form of frozen
extended ions, at the cluster boundary. Nevertheless, the crucial :, j
importance of correct, consiste;t treatment of polarization in Eﬂ?é
optical absorption, and of the ion-size effect in emission, were ) ;:ﬁj
demonstrated, and partial electron transfer (hole trapping) in ?iff

absorption was illustrated.

These methods apply directly to spectroscopic computation. A S

recent series of such studies have been made by Goalwin and Kun:z

[16]1 for atoms, molecules, and solid excitons. In the case of the ﬁyﬁw

excitons, the change in electronic structure in the cluster is of

a quadrupole nature and hence outside the cluster the continuum -}{ﬁ
qielectric limit is adequate and included here. ;if;

) The results of this investigation are tabulated in Table 1. sgig
The energy 1evéls calculated in the UHF+MBFT+polarization ’ RN
approximation appear to be within .2 ev. of the egperimental i

levels for all atomic and molecular cases. Singlet-—-triplet

splittings appear to be accurate to within .1 ev.

One point frequently brought up in connection with the UHF Ixfﬂ

method is that triplet wavefunctions are not eigenstates of 52,

o
Our calculated values of the spin in the triplet state were Y
Y
between 1.0000 and 1.0005 for atomic cases, 1.01 for methane, and ::ZJ
‘_-' .-.'4
-t~ ‘1
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between 1.000 and 1.002 for the alkali halides. Since Sz is

chosen equal to 1 it seems reasonable to‘identify these states as
triplet, since it is unlikely that a mixture of eigenstates aof S*
with substantial contributions from states with eigenvalues of 5=
greatly different from 2 would give a value of S so close to the
expected value for a pure triplet stéte; The triplet and
contaminated singlet states from VHF form a system which is
rediagonalized to permit formation of pure singlet systems here.

The levels hypothesized to be the result aof a 3b=4s exciton in
the alkali halides have energies and singlet-triplet splittings
close to the levels theoretically predicted for such states. The
shoulder in the NaCi aata that peaks at 10.3 ev. could be caused
by a 3Ip®3d exciton, as the theoretically predicted energies for
those states lie in the region covered by the shoulder.

The splitting of the calculated energy levels for the 3Ip®3d

exciton in KC1 is smaller than in NaCl and the observed peak in

KC1 is narrower. However, the energy observed is .7 ev to 1.0 ev.
higher than the calculated energy. It is possible that this is
due to the unusually low correlation energy of about 0.04 Hartrees .
obtained with this basis set. It would be difficult to increase -‘;_
the size of the basis set and still do the calculation on the .l
'computers available to us. It is also possible that the computed
3d level refers to the first d levei possible in the excited state ———
as the present use of the variational principle would imply. In o

such a case, the narrow peak identified as a d-level in the

absorption spectra could well be an accumulation point for the p —
to d transition series limit. It seems to us that the latter -;ﬁg

explanation is likely. EEVQ




No variational collapse for the excited states is observed in

any of these sysfems. Our computed Qalue for the He 1s2s singlet
energy is 0.7562 Hy. Fraga and Briss E17j obtain .74461 Hy. Other
workers [18, 12] have not reported the ground state energy they

obtain but give absolute energies for the excited state comparable

to our result.

Polarisation and Distortion of the Surrounding Lattice: The HADES
Code Peies
The HADES code is based on the general formulation for

treating the defective lattice developed by Lidiard and Norgett

b -
(20) and Norgett (21). It relies on the idea that the total R
energy of the system is minimized by a relaxation of the ions ﬁfﬁ
surrounding the defect and that this relaxation decreases rapidly e

as the distance from the defect increases. We may therefore

partition the crystal into an inner region I in which the lattice
configuration is evaluated explicitly and an outer region II that
can be viewed from the defect as a continuum. The total energy of

the system may then be written as

E = Ept) + Ej Gu8) + Epp(e)

in which El(i) is the energy of the inner region, E__(¢§) the

I1I

energy of the outer region and Eint (x, ¢) the .interaction energy .

between regions I and II. ¥ is a vector of the independent

coordinates describing the inner region and ¢ is a corresponding

NS

vector of the displacements in the outer region. ¢ is both

formally distinguished from ¥ and assumed to be an implicit §"

function of it, though in practice ¢ is usually calculated from o

the positibn and charge of the defect using a continuum : ﬁ$:
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‘such as CHs, (NO)z and nitromethane has been achieved and will be

-implementation of these rather comprehensive ideas for studies on
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approximation.

We may eliminate the outer crystal term EII(t) by assuming
that the outer region responds harmonically and so EII(e) is a
quadratic function of ¢. Applying the equilibrium condition
then allows us to eliminate Ellte).

In principle, we may now find the defect energy by applying a

force balance condition to the ions in the inner region i.e.

<

= ¢ = constant

To proceed further we require an explicit representation of
the energy E. We assume this to be the sum of two-body
interactions. Details of how this is implemented in the HADES
program and of the minimization procedures used to obtain the
force-balance pogition are given in references (21) -and (22).

The HADES code and its extensions have been used as the basis
of several hundred papers concerning defect behaviour in ionic
crystals. Extensions to téeat defects at surfaces and interfaces
(like grain boundaries, etc.) already exist, and may be used in
later phases.

Same specific progress in implementing these ideas for systems

reported in an interim technical report shortly. Nonetheless, the

general thrusf of the past year has been directed toward a general

defects and impurities.
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TABLE 1

AR

g2

SUMMARY OF RESULTS
(ALL ENERGIES ARE IN ELECTRON-VOLTS)
(T triplet, S singlet)

..
e
LA AN

MATER. UHF TOTAL EXFERIMENTAL

o 1AL STATE ENERGY ENERBY ENERGY 1
b o
= He 1s2sT 19.04 19.8 19.81 -
3 He 1s2sS 19.68 20.58 20.61 -
. Be 2s3sT 5.69 6.35 b.46 .
- Be 25355 6.00 6.56 6.78
B B 2523s 4,89 T 4.90 T.96
< B 2s23p 5.92 5.84 46003
Ne 2pS3sT 15.00 16.44 16.T5 R
Ne 2p53sS 15.18 16.75 16.8A " i
Ne 2p53pT 16.78 18.33 - b ae
Ne 2pS3pS 17.27 18.S6 - S
5 CH4 1s3sT 286.68 286.88 287 2 e
. CHa 1s3sS 287.03 287.27 287.2 NS
: CH4 1s3pT 287.92 288.11 288.3 RN
CH4 1s3pS 288.06 288.24 288.3 e
NaC1 3p54sT 8.33 8.02 7.9 -
NaC1 3p54sS 8.51 8.30 8.1 vl
NaC1 IPS3Id(xy) T .59 10.22 10.3 . oo
NaC1 IpS3d(ky) S .62 10.26 10.3 e
NaCt 3pS3d(z2) T ?.23 .62 10.3 T
NaC1 Ip53d(zz)s 9.25 9.64 10.3 e
KC1 3pSasT 7.84 7.62 7.8 e
KC1 3p54sS 7.98 7.76 7.9 e
- KC1 IpS3dixy) T 8.89 8.86 9.5 e
- KC1 3pS3dixy)S 8.91 8.82 2.5 e
¥ KC1 3pS3d(z2)T 8.25 8.54 2.5 gy
KC1 . 3pS3d(zz)S 8.29 8. 64 2.5 .
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D. C. Reynolds, R. J. Almassy, C. W. Litton, G. Koos, A. B.
Kunz and T. C. Collins. Donor-Acceptor Recombination
Spectra in Cull. Fhys. Rev. Lett. 44, 204 (1980).

6. C. Wepfer, G. T. Surratt, R. S. Weidman and A. B. Kunz. -
Theoretical Study of H Chemisorption on NiQO, II. Surface
and Second-Layer Defects. Phys. Rev. B 21, 2596 (1980).

A. B. Kunz and D. M. Ginsberg. Band Calculations of the
Effect of Magnetic Impurity Atoms on the Froperties of
Superconductors. Phys. Rev. B 22, 3165-3172 (1980).

A. K. Ray, S. B. Trickey, R. 5. Weidman and A. E. Kunz.
Lattice Constant at the Insulator-Metal Transition of
Crystalline Xenon. Phys. Rev. Lett. 45, 933-935 (1980).

A. B. Kunz, R. 8. Weidman, J. Boettger, and G. Cochran.
Theory of Electronic States in Narrow~Band Materials;
Applications to Solid Ar, CuCl and CdS. Int. J. Guant.
Chem. S 14, S85-59& (1780).

H. Itoh, G. Ertly and A. B. Kunz. Molecular Orbital Study
on the Interaction of Single~-Transition Metal Atoms with
NHs and H=0 Ligands, Z. Naturforsch. 36 a, 347-353 (1981).

A. B. kEunz and T. 0. Woodruff. Some Highly Excited States
of the LiH Molecule: Calculations Relevant to Core-Hole
Initiated Relaxation Processes (CHIRP’s) in Ionic Crystals,
Sol. St. Comm. 328, 629-46431 (1981),

K. L. Bedford and A. B. kunz, Ab Initio Studies of the
Electronic Froperties of the Silica Surface, Sol. St. Comm.
38. 411-414 (1981).

A. B. Kunz and J. T. Waber. Fositron and Electron Energy
Bands in Several Ionic Crystals Using Restricted Hartree-
Fock Method. Solid ST. Commun. 39, 831-834 (1981).

A. B. Kunz, R. S. Weidman and T. C. Collins. Pressure
Induced Modifications of the Energy Band Structure of
Crystalline CdS. J. Phys. C 14, LS81-L584 (1981).

H. Itoh, G. Ertl and A. B. Kunz. A Molecular Orbital Study
on the Interaction of Dinitrogen with Transition Metal
Atoms. Chemical Fhysics §%2, 149-156 (1981).

A. B. Kunz, Electronic Structure of NiO. J. Phys. C 14,
L4S5-L4460, (1981).

R. S. Weidman, K. L. Bedford and A. B. Kunz. Ab Initio
Calculations of the Electronic Properties of Folyethylene,
Sol. St. Comnmun., 32, 917-919 (1981).
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A. B. Kunz, Properties of Narrow Band Insulators, Int. J.

Quant. Chem. 515, 487-498 (1981).

Theoretical Study of O
Commun. 40, 745-747

J. M. Blaisdell and A. B. Kun=z.
Chemisorption on Ni0O. Solid St.
(1981).

A. K. Ray, S. B. Trickey and A. B. Kunz. BDD - FCC
Allotropy, F-Bands and Metallization in Xe and Kr.
S8T. Commun. 41, 351-353 (1982).

Solid

¥« L. Bedford and A. B. Kunz. Ab Initio Studies of the
Initial Adsorption of Oxygen onto the Aluminum (100)
Surface. Phys. Rev. B 25, 2119-2123 (1982).

L. A. Grunes, R. D. Leapman, C. N. Wilker, R. Hoffmann, and
A. B. Kunz. Oxygen kK near—edge Fine Structure: An
Electron-energy Loss Investigation with Comparison to New
Theory for Selected 3d Transition-metal Oxides. FPhys. Rev.
B 25, 7157-7173 (1982).

A. B. Kunz. Study of the Electronic Structure of Twelve
Alkali-Halide Crystals. FPhys. Rev. B 26, 2056-2069 (1982).

A. B. Kunz. Electronic Structure of AgF, AgC1l and AgBr.
Fhys. Rev. B 26, 2070-2075 (1982).
A. D. Zdetsis and A. B. Kunz, Cluster Adsorption of Argon

on Alumnina. Phys. Rev B 26, 4756-4758 (1982).

A. B. Kunz and J. T. Waber, Concerning the Trapping of
Positrons in lonic Solids, in Pasitron Annihilation, P. G.
Coleman, S. C. Eharma and L. M. Diana, Eds., 682-683

(North-Holland, 1982).

A. Y. S. Kung, A. B. Kunz and J. M. Vail, Unrestricted

of F and F Centers in some
Fhys. Rev. B 24, 3I352-3360 (1982).

Alkali Halides.

C. E. Brion, I. E. McCarthy, I. H.
R. J. Williams, K. L. Bedford, A. B. Kunz and R. S.
Weidman, Electron Momentum Distributions and Binding
Energies for the Valence Orbitals of Hydrogen Bromide and
Hydrogen Iodide. J. of Elect. Spect. and Rel. Fhenom. 27,
83-107 (1982).

Suzuki, E. Weigold, G.

G. S. Handler and A. B. Kunz, The Self-Energy of a Free
Electron Gas. Chem. Phys. Lett. 460-442 (1982).
A. B. Kunz and J. T. Waber, A Theoretical Study of the

Binding of Positrons
Annihilation. P. G.
Eds.,

to Gaseous Molecules, in Fositron
Coleman, S. C. Sharma and L. M. Diana,
113-115 (North-Holland, 1982).
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X145. J. C. Boisvert, A. B. Kunz and T. 0. Woodruff, Core
Excitons in Ionic Crystals: 1. A Born—-Haher-type cycle for

the energy of the Core Eixciton Associated with the Na
4 LII,III Edge in NaF. J. Phys. C. 15, S033-5036 (1982).

¥x1446. A. B. Kunz, J. C. Boisvert and T. 0. Woodruff, Core
Excitons in Ionic Crystals: I1I. Calculations of the Na
L Edge in NaF. J. Phys. C. 15, S037-35043 (1982).

11,111 p =]

¥147. A. B. Kunz and T. 0. Woodruff, Core Excitons in Ionic
Crystals: I11. Calculations (including correlations) of
Atomic Energies required in the Born-Haber Cycle for the Na
L Edge Exciton in NaF. J. Phys. C. 15, S5045-5047

. (1dadf!

" 148. J. C. Boettger and A. B. Kunz, Ab Initio Energy Bands for
Cd0. Phys. Rev. B 27, 1359-1342 (1982).
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' 149. A. B. Kunz and C. P. Flynn, A New Configuration Interaction

i Method for Excitons and Interband Processes Applied to LiF.
J. Phys. C. 16, 1659-146463 (1983).

i 150. A. B. Kunz and €. P. Flynn, Excitonic Effects in the

= Interband Spectra of Metals. Phys. Rev. Lett. 50, 1524-

Ry 1527 (1983).,

b
4]
[y

Russian reprint of #117, updated for Saviet consumption
(1983). .

*
[
4]
9]

2. A. B. KFunz, Electronic Structure and Optical Properties of
Solid Methane. Fhys. Rev. B 28, 3445-3473 (1983).
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[
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i

J. M. Blaisdell and A. B. Kunz, ."Theoretical Study of O
Chemisorption on NifO, Perfect Surfaces and Cation
Vacancies". Phys. Rev. B 2%, 988-995 (1984).

E

A. B. Kunz, "A Series of Tests of Small and Medium Scale
‘Computers Commonly Used for Computations by Solid State
Theorists and Quantum Chemiste". Int. J. GQuant. Chem.
Symp. 17, 623627 (1983).

T
LA
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C. F. Flynn and A. B. kunz, "Recent Results for Excitonic
Frocesses in the Spectra of Metals and Alloys". Int. J.
fuant. Chem. Symp. 17, S573-582 (1983).
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A. K. Ray, S. B. Trickey and A. B, Kunz, "Optical
Adsorption of Solid Xenon at High Pressure". Fhys. Stat.
Sol. B 121, K47-kK50 (1984).

D. R. Beck and A. B. Kunz, "Excitation Energies for the

Lowest Triplets and Singlet-—-triplet Splittings in Gas-phase IS
Methane Including Many-body Effects". J. Fhys. B 17, 2159- TN
21468 (1984). BN
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- x138. A. B. Kunz, "Theory of the Electronic Structure and Optical

: Properties of Organic Solids: Collective Effects”, in

. . Quantuum Chemistry of Polymers, Solid State Agpects, ed. J.
o Ladik, B83-89 (D. Reidel 1984).

? .159. A. B. Kunz, "Chemisorption and the Electronic Structure of
R Transition Metal Orxides and Transition Metals Bonded to

i Oxide Surface". Fhil. Mag. submitted.

" 160. A. B. Kunz, "Defect Simulations and Supercomputers”.
- Reports on Materials Science, submitted.

¥161. A. B, Kunz, J. C. Boisvert and T. 0. Woodruff, "Li k-edge
I Soft X-ray Absorption in LiF". Fhys. Rev. accepted.

162. M. H. Bakshi, G. A. Denton, C. F. Flynn, J. C. Boisvert,
and A. B. Kunz, "Low-energy Excitonic Resonances in Metals
I: Experiments on Divalent Atoms". Phys. Rev. submitted.

= 163. J. C. Boisvert, P. W. Goalwin, A. B. Kunz, M. H. Bakshi,

o and C. FP. Flynn, "Low-energy Excitonic Resources in Metals
f‘ I1: Cluster Calculation for Divalent Impurities in Li"“.

L~ : Fhys. Rev. submitted.

b A

o 164. A. B. Kunz, "The Electronic Structure of Impurities and

i Defects in Simple Metals". World Scientific Publishing

Co., in press.

iy ¥165. A. B. Kunz, "Solid State Theory". he Encyclopedia of

. Physics, ed. Besancon., in press.
. A. B. KUNZ — Invited Papers

1969 29 September to 4 October, European Congress on Molecular
- Spectroscopy, "Energy Band Structure and Optical Froperties
of Four Alkali Fluorides", Universite® de Liege, Belgium..

i 1972 4 July, International Conference on Electron Energy
- Structure, "Ab Initip Energy Band Studies for Ionic Solids",
University of Exeter, England.

1973 18-30 June, NATO, Advanced Study Institute, On Elementary
Excitations in Solids, Molecules and Atom. Two Lectures:
"Ab Initio Energy Band Methods"
"Soft X-ray Spectra of Molecules".

27-29 December, AFS winter meeting at Berkeley, "Soft X-
ray Spectra of Insulating Solids", University of
Berkeley, California.

.
¢
.
iy
<
X

N ' &

1974 January, International Symposium on Quantum Theory of Atoms, SN
Molecules, and the Seolid-State. '"Many-Body Effects in NGRS
Energy Band Theory", Sanibel Island, Florida (University of }
Florida). XA
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1977

1978

1979

1980

1981
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22-26 July, IV International Conference on Vacuum
Ultraviolet Radiation Physics, "Calculation of Optical,
Absorption Edges and Photo-Emission Edges in Solids",
Hamburg, Germany.

17-18 November, Midwest Solid State Theory Symposium,
"Fhoto-Emission Studies of Insulating Solide", Indiana
University.

December, Peat Symposium of the U.S. Geological Society, in
cooperation with T, L. Phillips and D. J. Miclish,
"Paleohotany of FPetrefied Feak (Coal Ball) Coal Member of
the Illinois Basin®", Miami Beach, Florida. :

23-27 June, Summer Research Conference in Theoretical
Chemistry, Session Chairman on Subject of Ab Initio Theory
of Crystal and Surface Science,% Boulder, Colorado.

15 July to 15 September, "Centre European de Calcul Atomique
et Maelculaire, Workshop on Ab-initio one-electron
potentials". Seminar series declined, Orsay, France.

18-24 January, International Symposium on the Quantum Theory
of Atoms, Molecules and the Solid-State; Symposium Leader;
Sanibel Island, Florida.

9-13 August, Gordon Conference on Atomic and Molecul ar
Interactions.

o November, Midwest Solid State Theory Meeting, Argonne Nat.
Lab., declined due to conflict.

4~-18 June, NATO ASI, Excited States in Quantum Chemistry,
K0S, Greece.

17 March, Int. Symp. on Guantum Chemistry, Electronic
Properties of CuCi, FPalm Coast, Florida.

25 August, Sagamore Confererice on Crystallography, Mt.
Tremblant, Canada.

15 March, International Sym. on Quantum Chemistry, Recent
Developments in CuCl and CdS,  Falm Coast, Florida.

22 March, IBM Workshop on Effective One-Electron Fotentials.
Electronic Structure of Transition Metal Oxides, Ossining,
New York.

1-4 July, Gordon Conference on Electron Distribution and
Chemical BRonding - discussion leader.

21 January, Workshop on Fundamental Research on Energetic
Materials, Finite Cluster Techniques for Modeling Extended

......'~ ", ‘f-.f.'..-...'-'f.'.'-'.‘.'(:"I"I\f". Ny




L R

. Brookhaven Netional Laboratory

‘s

LY

'0

$ LN W \-.. R R U N A SR OO A AT S e - "..'. -
. LU AN \f&! e *&f ’~!\f K }3f A A NN NENE NN Li.i;LLi"' .J:S:ﬂ‘fi,?f-;‘f-.-f) \f‘f“-‘aa D

1982

1983

1984

Systems, Berkeley, California.

14 March, International Symposium on Guantum Chemistry, Falm
Coast, Florida. Fundamental Properties of Narrow Band
Materials.

June, Symposium of NRCC, Los Alamos. Two invited talks:
1. Simulation of Extended Systems by Finite Clusters
2. Solid State Effective Fotentials

May, DOD Workshop on Energetic Materials: Froperties of
Energetic Solids and Molecular Crystals.

12 March, Sanibel Symposium on Impact of Computers on
uantum Chemistry and Solid State Computations — Fanel.

24 July - 5 fAugust, "Excited States in Molecular Solids,
Collective Effects", NATO ASI, Braunloge, West Germany on
fuantum Theory of Folymers, Solid State Aspects

? August, "Energy Transfer, Trapping and Release in
Molecular Crystals and Energetic Solids", DOD Workshop on
Energetic Materials, Great 0Oaks, Maryland.

2% October, "The Electronic Structure of Impurities and
Defects in Simple Metals", Fall Meeting of the Metallurgical
Society and the American Society of Metals.

1-10 March, Sanibel Symposiu, Parts I and II, Organizing
Committee for FPart I and Session Chairman.

9-12 April, Royal Society of Chemistry, London, England;
Invited Plenary Lecture: ‘YChemisorption and the Electroni
Structure of Tramsition Metal Oxides and Transition Metals
Bonded to Oxide Surfaces".

610 August, Department of Energy Panel on Simulation and
Theory of Defect Structures in Solids -——, Chairman and
organizer.

9-8 September, Midwest Solid State Theory Conference,
Minneapolis, -Minnesota, "Defect Simulation and Super
Computers”.

30 October - 1 November, Annapolis, Maryland, Dol Workshop
on Energetic Materials Initiation Fundamentals, "ICECAP
Approach to Impurity and Defect Froblems".

¥These sessions consist of a few short invited talks and an
extemporized program.

National Bureau of Standardes ‘
Aerospace Regscarch Laboratory, Wright-Fatterson AFD
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Argonne National Laboratory

Oak Ridge National Laboratory :
Bell Telephone Laboratories (Murray Hill)
Bell Telephone Laboratories (Holmdale)
Eastman—-kKodak Comapny

E. I. Dupont de Nemcurs Company

Belgian Atomic Energy Establishment-Moll
University of Liege

Lehigh University

Drexel Institute of Technology

Battelle Memorial Institute

Bueens College CUNY

University of North Carolina
Wake-Forrest University

University of Georgia

Stanford University

Arizona State University

Ok:lahoma State University

University of Illinois

Indiana University

Furdue University

Louisiana State University (Raton Rouge)
University of Manitoba

Teras A & M University

Naval Research Laboratories

U. S. Army Rallistics Research Laboratory, Aberdeen, Maryland
Michigan State University

Hirman College

General Motors Corporation

Michigan Technological University

Air Force Avionics Laboratory

University of Missouri, Columbia

University of Missouri, St. lLouis

University of Missouri, Rolla

Los Alamps National Laboratory

University of Mew Orleans

Johns Hopkins University

University of Florida

D. R. Peck - Fublications in Referred Journals for 1980 to

present. Those preceeded by an % denote ONR support.

42.

44,

D. R. Beck and C. A. Nicolaides, "On the Theoretical
Interpretation and Calculation of Inner FPhotoemission
Spectra in Atoms and Solids", Int. J. Guant. Chem., S14, 323
(1980) .

D. R. Beck, "Many Electron Effects in and Operator Forms for
Electron Quadrupole Transition Frobabilities", Fhys. Rev,
22, 1592 (1981).

C. A. Micolaides, Y. Fomninos and D. R. Beck, "Round States
and Decay Mochanisms of He-—," Phys. Rov. AZ4, 1107 (1981),
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45. D. R. Beck, "On the Incorporation of Local Correlation
Effects Into Ionic Solids", Int. J. Guant. Chem. S195. S21
(1981).

46. D. R. Beck, C. A. Nicolaides, and G. Aspromallis, "The
Spectrum of the Negative Be Ion", Phys. Rev. A24, I252
(1981).

47. D. R. Beck and C. A. Nicolaides, "Specific Correlation
Effects in Inner Electron Fhotoelectron Spectroscopy", FPhys.
Rev. AZ6, B57 (1982)

48. D. R. Beck, "On the Spectrum of Negative lons and the Charge oo
Denzity of the Ground State of Neutral Neon", Int. J. Guant. !‘,<
Chem, S1&, 745 (1982). )

49. A. R. Slaughter, R. D. Mathews, R. 5. Key, M. J. Bamnna, and
D. R. Beck, "An Experimental and Theoretical STudy of the AR
IFPx/2 Level of Atomic Desium: Beyond the One-Electron —
Fictwre", J. Chem. Fhys. 77. 1690 (1982). ' 1

S0. C. A. Nicolaides, Y. Komninos, and D. R. Beck, “Many .
Electron Theary of Discrete-Discrete and Discrete-Continuum _—
Transition Rates for Systems with Symmetry", Chimica -]
Chronika (Greece), New Series, 10, 35 (1981).

51. D. R. Beck, "A New Bound State of the Negative B Ion", Phys.
Rev. A27, 1197 (1933%).

2. C€C. A. Nicolaides, Y. Eomninos, and D. R. Reck, "The K-Shell
Binding Energy of Be and Its Fluorescence Yield", Phys. Rev.
AZ27, 3044 (19873 .

53. 6. AOspromallis, C. A, Nicolaides, and D. R. BReck,
"Probabilities for Transition Processes Crucial to Li
Lasers", Fhys. Rev. AZ8, 1897 (1983).

4. D. R. Beck and C. A. Nicolaides, "Lifetime and Hypertine =y
Structuwre of Li- Excited States", FPhys. Rev. A28, 2112 .
(19835).

55. D. R. Beck and C. A. Nicolaides, "Electric Quadrupocle ,,03
Transition Probabilities for the Lowest *D Metastable State ['*‘
in €a and Sr", J. Fhys. B, in press. "7

S6. D. R. Beck, R. J. ¥ey, A. R. Slaughter, R. D. Mathews, and
M. 8. Banna, "Atomic and Molecular 2p Binding Enerqgies of P,
fAs, oand Se from Many-Body Calculations and X-Ray
Fhotoelectron Spectroscopy", Fhys. Rev. AZG, 2634 (1983%).
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D. K. Beck and A. B. Kunz, "Excitation Energies for the

Lowest Triplets and Singlet-Triplet Splittings in Gas Fhase Ll
Methane Including Many Body Effects", J. Phys. B17, 2159 bo...
(1984). .

LTI ST

98. k. T. Cheng, J. E. Hardis, E. J. Dehm and D. R. Beck, "Fine
’ and Hyperfine Structure of the Li- Spectrum", Phys. Rev.
AZ0, 698 (1984).

R
.

9. D. R. Beck and C. A. Nicolaides, "Fine and Hyperfine
Structure of the Two Lowest Bound States of Be- and Their
First Two Ionizations Thresholds”, Int. J. Guantum Chem.
Suppl. for 1984, accepted.

KRNAIROS DA
]

-

60. D. R. Beck, "The Three Losest Bound States of Mg—-", Fhys.
Rev. AIZ0Q, 305 (1984).

61. D. R. Beck, "E-S5hell Binding Energy of Mg and Ca", J. Chem.
Phys., accepted.

62. G. Aspromallis, C. A. Nicolaides, and D. R. Eeck, . e
"Relativistic Autoionization of Bound Steates of Negative -
Ions, I: Be-". Fhys. Rev. A. Accepted for publication.

D. R. BECE - Dther Selected FPublications, etc.
15. D. R. Beck and A. B. KFunz, “0On the Calculation of Optical —

Spectra of Color Centers in Alkali Halides by Self-Concistent
Fseudopotential Methods", Bull. Am. Fhys. Soc. 295, 184

(1980} .
16. A. B. Kunz and D. R. Beck, "The Hartree-Fochk Approach and e
Beyond", IEM Workshop on Effective One-Electron Fotentials . —
for Real Materials, Ossining, New York, March 21-22, 1980, :
17. D. R. Beck, "On the Fersistance of Non-Relativistic 2 S:
Correlation Effects in Relativigtic Atoms*, in Relativistic e
Effects in Atoms, Molecules and Seolids, G. Malli, Editor, [
- Flenum Press (19283), p. S02 (abstract only). —
2 D. R. Becl - Participant or Speaker at the Following Conferences

New Directions in Atomic FPhysics, Smyra, 1969 Ve
Gordon Conference on Atomic Fhysics, Amherst, New Hampshire =
Third International Conference on Atomic Fhvsics, Eoulder,
Colorado : :

International Symposium on Guantum Theory of Atoms, .
Molecules, and the Solid State, Sanibel Island (19274, 1976, Cee
1981, 1980 ("Symposium Leader" in 1281 and 1983 v
Ninth Annual Symposium on Quantum Chemistry, Atomic and —
Molecular Fhysics, Yeshiva University (crganizer)
Fourth International Beam Foil Conference, Gatlingberg, S

Tennezsee .
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Atomic Spectroscopy Symposium, National Bureau of Standards,
Gaithersbhurg, Maryland, 1975 :

NATO Advanced Study Institute on Folymers, Namur, Belgium,
1977

NATO Advanced Study Institute on Excited States of Atoms,
Molecules and Solids, Kos, Greece, 1978 (co-organizer,
speaker) -

NATO Advanced Study Institute on Relativistic Effects in
Atoms, Molecules and Solids, Vancouver, Canada, 1981

ONR WQrLshop in Energetic Materlalq, Chestertown, Maryland,
1982

R. Beck — Invited Lectures, Colloquia

Yeshiva University

Yale University

FPennsylvania State Unxverszty
Freie Universitat Rerlin
Lehigh University

Los Alamos Laboratory

Adelphi University

Argonne National Laboratory
University of Florida
University of Illinois at Urbana-Champaign
NATD Institute on Kos (1978)

Fresent Research Support of A. B. Kunz and D. R. Beck.

1.

Energy Trapping, Release and Transport in Three Dimensional
Energetic Solids, A. Barry Kunz, Principal Investigator,
Office of Maval Research, awarded, NO0OQ14-81-K-0620, 1 July
1281-30 June 198&, total award %$345,7468.00., Current annual
level, %735,000.00.

Froperties of Bound States of Transition Metal Negative Ions,
D. R. Beck, Principal Inverstigator, National Science
Foundation, pending, 1 October 1985-3Z0 September 1987, total
request $58,041.

Developmaht of Ab-Initio Molecular Fotentials for Certain
Natural Gas Constituents, D. R. Beck, Principal Investigator,
Gas Research Institute, pending, 1 January 192846-31 December
1988, total request $142,500,

Theory of Defects in Non-Metallic Solids, A. B. Eunz,
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principal investigator, U. S. Department of Energy, pending, 1

July 1985-30 June 1988, total request is $380,887.00.
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Graduate Students Supported by this Grant and anticipated Degree

y 800, ¢

’

date:

Tk

1. Christopher Woodward, June 1985

2. David Groh, June 198646

.
-

3. David Lucas, June 1984

No unexpended funds will remain in this contract at the end of the

contract period.
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