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CHAPTER |
PRELIMINARY CONSIDERATIONS

The crystalline structure of lithium is body~centered cubic with funda-
mental lattice constant ay = 6.5183 au. To visualize this structure, consider any
atom in the crystal and choose the origin to coincide with this atom. Next consi=-
der the set of nearest neighbors to the origin. For a body~centered cubic there are
eight nearest neighbors and these eight atoms are so situated as to lie at the eight
corners of a cube of side a, centered about the origin--thus the term body-centered
cubic. The following sections describe some of the terminology and techniques useful

in dealing with such periodic structures.

A. The Crystal Lattice and the Primitive Unit Cell.

The translational periodicity of any crystalline structure can be uniquely
defined by the three vectors a’] , @, and 3’3 called the basic primitive translations.
Rigid translation of the crystal by 3], EE, or 33 leaves the crystal unchanged. Thus

any rigid translation by
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g - - ->

R.x = nyay+ ngdy +ngag )
where ny, ng, nqare integers is also a symmetry translation. The set of vectors
E’H are called the primitive translations of the crystal and the parallelopiped de-
fined by'a'l, '52, and 6'3 is called the primitive unit cell. From these considera-
tions it follows that any function which is periodic with the periodicity of the
crystal is uniquely defined by the basic primitive transiations ?], '52, d3and by

giving the value of the function at every point in the primitive unit cell.

B. The Wigner=Seitz Unit Cell.

The Wigner-Seitz cell is an alternative choice for the unit cell of the
lattice generated by E * and has the advantage of displaying the rotational symmetry
of the crystal more clearly than does the primitive unit cell . For any of the four-
teen Bravais lattices, of which the body-centered cubic is a member, the Wigner-
Seitz unit cell is defined as the collection of all points in space which are closer
to the lattice site situated at the origin than they are to any other lattice site in
the crystal. The Wigner=Seitz unit cell for a body~centered cubic lattice is given
in Fig. 1. Again, just as in the case of the primitive unit cell, any func;fion f (T’)
which is periodic with the periodicity of the crystal is uniquely defined by the
basic primitive franslafions'al, 32, 6'3 and by giving the value of f (T ) at every

point in the Wigner=Seitz unit cell .

C. Fourjer Series.

Such a periodic function f (?) as that described above can be repre-

sented by a Fourier series of the form
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1) Body-Centered Cubic Crystal Lattice Cell

I1) Reciprocal Lattice Cell for Body-Centered Cubic Crystal Lattice

Figure 1. == Wigner=Seitz Cells.
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The periodicity of the function f (T) leads to the requirement
F(F+Ra)=F(T), ©
where .F.!-ﬁ is given by Eq. (1). The substitution of Eq. (2) into Eq. (3) yields
the requirement
K» & =21m;i=1,2,3, 4)
m ! 1
where the m; are integers. Eq. (4) uniquely determines the allowed values of

E-"»]. These are given by

-> -

K =m bpmobyrmsbs , )

where the m; are integers and where
b, 3 =2vey, (©)
The symbol aii denotes the Kronecker delta defined in the usual manner. This
yields
2132 x 33 ,
5 = Treg
- 2733 x*q‘
[ajazeq
= 21'5] x-az ,
fryaa3l

and the Fourier coefficients are given by

1 >
T2 =5ff(?) e KR T 4o, @®)

, )

oé
|

&
where £ is the volume of the unit cell.

- -
The vectors b],-Bz, and bj are called the basic primitive translations
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-
of the reciprocal lattice generated by the K —-and the parallelopiped formed from
4 3 ’ - v . .~ .
b, 3 , and b~ is called the primitive unit cell of the reciprocal lattice. For a
17 52 3 P P
P
body-centered cubic crystal such as lithium, the primitive translations K =
generate a face-centered cubic structure in reciprocal space. The Wigner=Seitz

cell of this reciprocal lattice is shown in Figure 1.

D. Atomic Units.

Hartree atomic units are used throughout this paper. Unless other-
wise designated, all numbers which appear here are understood to be in this
set of units. Hartree atomic units are characterized by

(1) Unit of mass = rest mass of electron,

(2) Unit of charge = magnitude of charge on the electron,

1

(8) Unit of length = radius of first Bohr orbit of the hydrogen atom,

(4) Unit of energy = twice the ionization energy of the normal state

of the atom.

E. Energy Band Calculations.

At the present time there exists a large number of different methods
for calculating the energy bands of crystalline solids. The most widely used of
these are the methods of Orthogonalized Plane Waves (OPW), Augmented Plane
Waves (APW) and Green's Function (GF). Applications of the method of tight-
binding have hitherto been mostly of a qualitative or semi=empirical nature. The

immense difficulties connected with the evaluation of the multicenter integrals
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involved in a tight-binding application hove previously made it necessary to
introduce certain rather severe approximations. For example, one of the most
common approximations is to ignore all mulficenf-er .infegrols except those which
involve nearest neighbors, ] or next nearest neighbors. 2y, some cases these
integrals are treated as parameters using an interpolative scheme, 3 while in
others they are evaluated directly. 4 It is also a common practice to omit aii
three=center integrals from consideration. 3 While the approximation of neglect-
ing all integrals except nearest or next nearest neighbors is applicable for core
states and the d=bands of some transition metals where overlap between neighbor-
ing orbitals is small, 2 it is not valid for the general case as is demonstrated by
Nran' yan 6 for diomond and by Corbato 7 for graphite. Thus, only qualita-
tive results can be expected if this approximation were to be used in tight=binding
calculations for crystals where there exists a substantial long range overlap be-
tween neighboring orbitals. Indeed, the lack of quantitative success has aroused
the suspicion that the method of tight-binding is incapable of providing more than
a qualitative picture for crystals with strong overlap.

The recent developments of the technique of numerical integration
have made it possible to evaluate the multicenter integrals arising in molecular
and solid-state problems by means of electronic computers. With these new devi-
ces detailed calculations of the band structure of lithium were performed using the
method of tight=binding. No approximations were made in computing the inte-

grals. The results of this work, as will be shown, agree very well with those
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obtained by the Green's Function method, ? the Composite Waves method, 10

1
ord o method of Modified Piane Waves. ' Both the merhods of Composite Waves

and of Modified Piare Waves are variations of the method of Augmented Plare

Waves.



CHAPTER I
THE CRYSTAL POTENTIAL

in band theory, each electron is considered to move in a periodic po-
tential field. Similar to the Hartree=Fock approach to the free atom, this potential
is assumed to be the average effect of all electron-electron ard electen-nucle:
interactions. Due to this averaging, the potential experienced by each electron
is only @ function of its position in the crystal ond is not o function of the coo:di=-
nates of the other electrons. Further, it is customary to assume that all electrons
of the crystal experience the same potential. Such on assumption is only quali=
tatively correct but since no extensive seif-consistent calculations of the crystal-
I'ne pctential have yet beer perfermed, the potentials themselves cre only
approximately correct. At the present time, crystal potentiols are obtained
mecinly by analogy to the free atom and by physical intuition.

Tte porertial used in this colculation is a "flattened" or "muffin=tir."
version of the Seitz potertiol. 12 The Seitz pctentic: for the lithium crystal was
constructed by Seitz trom the spherical potentiol fo- on isolated lithium atem.

13

Ce-ta'n cigeb-aic mistakes of Seitz were late- corrected by Kohn ord Rostccke-.,

8
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In the "muffin<tin” approximation, the Wigner-Seitz cell is divided
into two regions by an inscribed sphere. Within the inscribed sphere the Seitz
potential is used. Exterior to the inscribed sphere, but interior to the cell bound-
ary, a potential of constant value -\7is used, this constant being chosen equal to
the average value of the Seitz potential within this region. For ease of computa-
tion, the tabular form of the Seitz potential as published by Kohn and Rostocker 13
is replaced by a polynomial which has been fitted to the tabular function by the
method of least squares. The resulting expression is

n=+7 n
V(r) = Z Cnr ' (9)

n==-1
where

C_, = -2.9258671
Co = 2.7018157
C, = 1.6756787
C, = -6.823063
C3 = 6.8323735
C, = -3.4872725
C, = 0.9885456
Cy = -0.1479572

0.0091263 .

O
N
|

Table 1 gives a comparison between the tabular Seitz potential and its curve fit.
In calculating V, the average value of the Seitz potential between

the inscribed sphere and the cel! boundary, the Seitz potential in this region was
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Table 1

Curve Fit for the
Seitz Potential

=V(r)
r Tabulated Curve fit
0.02 2.8635 2.8712
0.04 2.7720 2:8155
0.06 2.7250 2.7591
0.08 2.6755 2.7022
0.10 2.6265 2.6451
0.12 2,5785 2.5880
0.14 2.5290 2.5310
0.16 2.4800 2.4745
0.18 2.4310 2.4185
0.20 2.3810 2.3632
0.24 2.2815 2.2509
0.28 2.1800 2.1513
0.32 2.0792 2.0523
0.36 1.9731 1.9587
0.40 1.8680 1.8707
0.44 1.7714 1.7886
0.48 1.6898 1.7124
0.52 1.6208 1.6416

0.56 1.5604 1.5777
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-tV{r)

r Tabulated Curve Fit
0.60 1.5069 1.5189
0.68 1.4171 1.4172
0.76 1.3441 1.3347
0.84 1.2831 1.2689
0.92 1.2121 i.2171
1.00 1.1883 1.1766
1.08 1.1529 i.1450
1.16 1.1229 1.1203
1.24 1.1018 i.1006
1.32 1.0830 1.0847
1.40 1.0675 1.0713
1.48 1.0545 1.0598
1.64 1.0348 1.0409
1.80 1.0233 1.0262
1.96 1.0162 i,0159
2.12 1.0144 1.0101
2.28 1.0146 1.0020
2.44 1.0114 1.0088
2.60 1.0062 1.0094
2.76 1.0032 1.0081
2.92 1.0016 ‘ 1.0043

3.08 1.0008 0.9993
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=rV{r)
r Tabulated Curve Fit
3.24 1.0004 0.9963
3.40 1.0002 0.9986
3.56 1.0001 1.0044
3.72 1.0000 0.9987
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fitted by the polynomial

1 @ 2
V(r)=.;6..(_r._.+ ay + agr + @}, (10)

where

aQ = 4.9152

a = 8.00563776

ay =-2.8428

ap = 0.8748

ay =-0.0900 .

Following Ham, the cell boundary is then approximated by that of the equivalent

volume sphere giving
R .
EVS
- J‘ Vir) r2dr
V.= Rg : (11)

R
f EVS r2dr

Ris

where R|g and Rgy/q are the radii of the inscribed and equivalent volume spheres

respectively, viz.

. /3
1 3 1/3
Revs = 3 (——) <9 (12)
For aj =6.65 au, this procedure yields
V = -0.3248 au. (13)

To simplify calculations, the muffin-tin potential is now divided into two

separate terms

vV (T)=V(T)+ V. (14)
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within the inscribed spheres, V' (1) differs from the Seitz potential by a constant.
Between the inscribed spheres V' (T) is equal to zero. V' () is now expanded in

a Fourier series, viz.

> R’ -+
Vi(r) = 2 V! X ety T
v v N
= 3y V' k" cosK -7 . (15)
v v v

Where the summation is taken over all sites in the reciprocal lattice and where

use has been made of the relation,

Vi(-T) = Vv (n) . (16)
The Fourier coefficients can be expressed as
e
vy o= 1 f V' (T)cos K -Fdt. (17)
V] S unit v
cell
Where
a = 003/2 (18)

->
is the volume of the unit cell. Using the fact that V' (r ) is spherically symmetric
within each inscribed sphere and zero in the region between the inscribed spheres,

>
the expression for the Fourier ccefficients of V' ('r ) becomes

R
1 — 8 IS
\ Rl rV'(r)sin K rdr .(19
< SR 3 (r)sin K_ (19)
v .

Upon substitution of a polynomial expression for V'(r ), the above integral is
easily performed. The resulting coefficients are tabulated in Table 2.

It should be emphasized at this point that the method of solution pre=
sented here is not restricted to such a "flattened" or "muffin tin" potential. This

form of the polential was chosen only in order that comparison could be made with
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Table 2

Fourier Coefficients for V' (7))

Fourier Coefficients

\/'K

Y

.173921810
.08490524
.04674083
.03162225
.02576319
.02294729
.02078330
.01862729
.01650122
.01458237
.01458237
.01300156
01179467
.01091941
.01029094
.01029094
.00940982

.00901830




Fourier Coefficients

V'k

v

-0.

008609158

.008609158
.008173826
.008173826
.007719871
.007719871
007263887
006825224
.006421279
.006064577
.005761505
.005512363
.005512363
.005512363
.005312334
.005152956
.005152956
.005152956
.005023771

.004913867
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Fourier Coefficients

V’Kv

-0.004713354

.004713354
.004608399
.004494758
.004494758
.0044947 58
.004371255
.004371255
.004238740
.004099620
.004099620
.003957315
.003957315
.003957315
.003815717
.003678709
.003549757
.003431626

.003431626
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10

- 11 . .
the methods of modified plane waves, composite waves, and Green's function

which have been previously reported in the literature.



CHAPTER {11
GROUP THEORY

Let )? be an operator with a set of eigenfunctions ¥ nr(X]'XZ' ves ,Xs)
such that

Ne X = e, ¥ X, (20)

n
The degeneracy associated with any eigenvalue € is indicated by the subscript r.
Thus for an m-fold degenerate eigenvalue € , there are m linearly independent
eigenfunctions Y nl’ wn2’ cee, ¥ am: Due fo the linear nature of Eq. (20), any
linear combination of these m functions is also a solution corresponding to the eigen-

value € and conversely, any acceptable solution ¢ of Eq. (20) corresponding to

an m fold degenerate eigenvalue €_ can be expressed as a linear combination of

n

the m functions ¥ _, r =1, ..., m.
To determine the effects of symmetry on the nature of the solutions
- . . ‘
¥ (X), consider a group G of operations which leave the operator Y? and its
eigenvalues €  invariant. Let the elements of G be denoted by R when they
act on the coordinates Xy, ..., X, and by OR when they act on functions of these

coordinates. Then, for all R contained in G,

19
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- -
/ = - ) =
OR (rz En) ‘*’m.\x) = (7'2 € O(R‘P Ar x) =0, (21)
—p
ard hence the functions O@ ¥,..X) are eigenfunctions corresponding to the eigen-
value € e From this it follows that, for all R contained in G, each and every one
—
of the functions O\R ¥ (X) can be expressed as o linear combination of all the m
>
functions ¥ (X), i.e.

>

Og 1) = Z ¥ ()D& ). (22)

For a group G of order g, there will be g matrices D.r‘r( R ), i.e., one for each
element R contained in G. Thus the m wave functions wnr&) for each m-fold
degenerate eigenvalue €, form the basis of a representation of the group G. In
general, such a representation is reducible but it is clear that as more and more of
the symmetry operations of fl are included in G, thereby increasing the order g,
the representations Dr'r( R ) of G come closer and closer to being irreducible. Pre=-
sumably, if all the symmetry operations of rz were included in G, the m eigen=
functions \yn.r(;) corresponding to the m-fold degenerate eigenvalve € would form
an irreducible representation of the group G. This group of all possible symmetry
operations of fz is called the full symmetry group and is designated here as G..

The eigenvalues and eigenfunctions can be labeled by the irreducible representation

to which they belong. In such a case, the eigenvalues are labeled as €, ond the

h

-
eigenfurctions as 'i’nzm(X) where the subscripts n and £ denote the nfh occur-

rence of the 2th irreducible representation and where the subscript m defines

e
ngm(x) as transforming under the operations of G, as the mP row of the £ th

¥
irreduc ible representation. In many cases it is neither necessary nor desirable to

include all the symmetry operations of )'7 in G. Insucha case, the group G is a
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subgroup_of G, and it becomes possible for more than one irreducible representation
to correspond to the same eigenvalue i.e. En'p" = en!, . Insuch acase, it is
customary to still label the eigenfunctions and eigenvalues by the irreducible repre=
sentations of G with the understanding that there may exist additional symmetry-
based degeneracy among these irreducible representations. Thus, from symmetry
considerations alone, a great deal of information is obtained concerning the eigen=
value structure and the transformation propertries of acceptable eigenfunctions.

In the particular case of crystal energy band theory, each electron is
assumed to move in a periodic crystalline potential field V (7) due to the averaged
effects of exchange and coulomb interactions with all the other electrons and nuclei
in the crystal. Using such an averaged potential, a one~electron Schrodinger equa=
tion can be written for each electron viz.

[-%V2+V(T)-Ev]‘l’v (F)=0. 23)
In order to determine the structuring of the energy levels and the transformation pro-

>
perties of the ¥ _ (r), it is only necessary fo investigate the symmetry properties

of the operator
>
N =10-1v2+v(r)-€ 7. (24)
2 v
This operator has both transiational and rotational symmetry. The group of all spatial
symmetry operations is called the space group and a general element of the space
>
group for lithium can be represented by { a] R > } where a represents some
->
. . . ) > ' —
proper or improper rotation of the coordinate system, and R > represents some primi
tive translation of the coordinate system by

.—)
-

R = ma)+ npap+ ngdy (25)
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The product of two successive operations {al'ﬁ-,;} and {ﬂ”{ 2} is defined by

(alR 2} (AR5} = (apla R 5 +R32. (26)

The translation group composed of the elements {elﬁ-ﬁ}is a sub-
group of the space group and determines the transformation properties of the
Y, (%) .under translation. That is to say, an acceptable eigenfunction ¥,(7)
must transform under pure translation as a member of some irreducible representa-
tion of the translation group. Using Eq. (26) , the product of two members of the
translation group is seen to yield

{e| Rz} {elR23 = {elRx+Rpd={eIR3}elRz1 @)

Thus the translation group is abelian and all irreducible representations are one-
dimensional. If this abelian group is required to be finite, then there must exist

an integer N, however large, such that

N + o N N ->
{eld\ 3 = {el3y3 " ={eld;}  ={e[0}. (28)
Since any irreducible representation of {216} is a Ix1 unit matrix, this yields

27

{Elgl} = e'Wp]
<27
i P2
i 2L pg

where p, py, and pg can assume any integer value from 0 to N=1. From Eq.

(29) it is seen that the irreducible representations of a general element {elﬁ—n»}

of the translation group is given by 27 { . .\
n

(elka = el Miela 3 2geli ) =0 N A g

The irreducible representations are labeled by the three integers PysP9/P3- These

irreducible representations of the translation group can be written in a more
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convenient and compact manner by defining

- > >~ -»
k = kiby+ koby + kgbg (31)
where
ki = Pi 7
N N
and where the b; are defined by
:a a-gi =2 L1y T (32)

Using & defined in this way to label the irreducible representations of the tran-

slation group, these irreducible representations can be written as
> -

hed .
{e] R2}= eik "R% (33)

There is one irreducible representation for every value of ky, ko, and k3 yield-
ing a total of N3 irreducible repre:entations. In the limit as N goes to infinity,
there is an irreducible representation corresponding to every vector in the region
0< k] <1,0< k2< 1, 0 <kg< 1. This region in K space corresponds to a unit
cell of a lattice of primitive translations

-> > -> ng

K';I = miby + mgby + mgbg3 . (34)
This is just the reciprocal lattice of Chapter | and the corresponding Wigner-
Seitz cell is designated as the Brillouin zone. Each point in the Brillouin zone
labels an irreducible representation and every irreducible representation is re-
presented in this collection of points. That points external to the Brillouin zone
introduce no new representation can be seen from the fact that any point ex-

> >
ternal to the Brillouin zone, say k = ko can be written as

> > >

l<0=k+K'r; (35)
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- -

where K> is some reciprocal lattice vector and k is some point in the Brillouin zone.,

From Eqs. (32) and (34), it is seen that
g - > -
. > "
eko Ry = ok Ry (36)

S >
Thus the set of points k + K:r: all designate the same irreducible representation of the

translation group and are said to be equivalent. By the same reasoning it is seen that
no two points within the Brillouin zone can label the same irreducible representation
X ->

since they cannot be connected by any primitive translation K 5 The same, however,
cannot be said for surface points since every point on the surfoce of the Brillouin zone
is connected to at least one other surface point by a reciprocal lattice vector. This
property is due to the fact that each surface point belongs to two or more Wigner-
Seitz cells. Thus two or more surface points can designate the same irreducible repre-
sentation and accordingly are called equivalent surface points. In order to eliminate
this double valued nature the equivalent points are considered indistinguishable (dif-
ferent coordinates for the same point) or, alternatively, only one member of each
set of equivalent surface points is considered to be contained in the Brillouin zore.

Since the irreducible representations of the translation group are known,

] + o
the transformation properties of the Y, (r ) under translation can now be determined.
-5
Let O p  be the function operator corresponding to the coordinate transformation
n
> -

{e| R o }, then if ‘Pv( r ) transforms under translation as the basis of the irredu-

-
cible representation designated by k, then

>
> - > ik - R 2
O+ ¥, (r) =¥ (r+R%) =e Ty (F) (@)
->
Thus one of the sets of indices contained in Y is k and an appropriate wave

->
function is labeled as ‘!) k( r). Since the index % assumes a continuous range of
4
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- -+ & >
values it is customary to express (r)as ¥ (k, r). The index k describes

Y 5
Ak
the transformation properties of the eigenfunction under translation and the set of
indices A designate different occurrences of the same irreducible representation
of the translation group and also the transformation properties under rotation. The

- >
most general expression for ¥, (k , r ) which satisfies the transformation require=-

ments of Eq. (37) is

> >
> > > ik - r
v, (k,r) = U}\(k,r)e , (38)
+ >
where Uy (k, r)is periodic with the lattice
> _ U - > T
Upylk,reRT) = Uy (k,r) . (39)

il :
Such an expression is called the Bloch form of the wave function ¥) (k , r). Sirce

->
k serves only to designate the irreducible representation of the translation group to

> > > > =
which ¥; (k, r) belongs, and since k and k + K'E label the same irreducible re-

presentation, it follows that

> > -)\ - > 7
vy (k+ k3 T) =y (K, ), 40)
and hence
> >
> > ik . + >
Uy (k+k2, 7) = e U, (kL. (41)

— >
To determine the transformation properties of the ¥, (k , r) under
rotations, it is convenient to use the Bloch form of the wave function and examine the
> > )
transformation properties of the U,(k , r). This has the effect of assuring that the

wave functions possess the correct transformation properties under translation. If the

Bloch form of Eq. (38) is substituted for ¥ (T) into Eq. (23), the resulting differ-

ential equation is

- Lo2iyDy-ik-v +

|
2 2
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. - >
Tke transformation properties of the U, (k , r ) are determined by the group G

of spatial rotations R, proper and improper, which leave the operator

> > > O 2 -+
(k. r) = - -;_-V2+V(r)-ik-\7+%k-E>\(k) 43)

invariant or which, for surface points of the Brillouin zone, transform N (k , r)
-»> -> <> ->
into the equivalent operator Y\ (k + Kg’, r ) where K gis a reciprocal lattice

-> -> -»>
vector and where | k | = | k+ K 3' . This group G is a subgroup of the point
group and is called the group of the wave vector==specifically, the group of the

>
wave vector is composed of all operations {a] 0} which, when operating on the

- -
reciprocal coordinates, leaves the vector k invariant or which transforms k into

>
k+ K.
g
Thus, by symmetry arguments alone, it is found that an acceptable wave

function must have the form
) > > l—: >
> ik - r
¥, (r) = U (k,r)e , (44)
-
where the U)\ (k , r) must transform under rotation as the various members of the

irreducible representations of the group of the wave vector.



CHAPTER IV
CONSTRUCTION OF THE WAVE FUNCTION

As mentioned previously, a crystalline wave function must possess certain
transformation properties which are dictated by the translational and rotational symmetry
of the crystal. Specifically, in order for a wave function to be considered acceptable,
it must transform under translation as a member of an irreducible representation of the
translation group and, under proper and improper spatial rotations, the periodic part
of the wave function, as defined by Eq. (38), must transform as a member of an irre-
ducible representation of the group of the wave vector. If such a wave function is
to be represented by a linear combination of a set of basis functions, then these basis
functions must be capable of combining together in such a manner as to possess the
desired transformation properties under all the symmetry operations. The set of basis

functions chosen for this work are the normalized Bloch functions
S > .,-’ > .
- I > ]-1/2 ik - Ry R
bymlk ) = INa (k) Z o (r=R,), (45)
where the summation is carried over all lattice sites of the crystal (schematically
represented by N), and where the constant of normalization is given by
] "]/2

->
[ NQ n g (k) As will be seen, the index K labels the irreducible

27
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-

>
representation of the translation group to which b (k , r) belongs and the indices

th

n &m

Y and m label the m'" row of the £ h irreducible representation of the three di-

, . , ., > > . >
mensional rotation group (@(3) to which bn 9,m< k , r)belongs if the ¢ ng,m( r) are
properly chosen. Since the highest symmetry possible in the group of the wave vector
is that of the point group of the crystal, all operations present in the group of the
wave vector are also contained in  &(3) and thus the periodic portion of a proper

> >
combination of the bn R.m( k , r) will transform like a member of some irreducible
representation of the group of the wave vector.

> >
To demonstrate that bn.q, m( k , r) has the required transformation pro=~

perties under translation, examine the function

> >

TR >y =172 ik - R T e T
bnlm(k’r+RV')_[Nanm(k)] %e k¢ ¢n£m(r+R\)--|\)), (46)

->
where R o 1S any primitive translation. Multiplying and dividing the right hand side

5> >

of this expression by e ik R, ' yields

> > Il_:.ﬁ > _]/2 El) s > 7
b"‘-.?,m(k TR e > > [Nﬂan (k) Z Y ¢n9,m['rmﬂ‘Rv-Rv‘)]

ek Ry LD, (47)
ngm

- »
Thus the bn 9]"( k , r) possess the correct transformation properties under translation.

> > )
To examine the transformation properties of b . m( k , r) under the
n

coordinate operations R of the group of the wave vector, let O\R represent the

4
corresponding function operator defined in the usual manner, I i.e.
o f(7) = f(&7 T).
Then
> >
i ” -]/2 .k - 7 -1> 2 &
O‘Rbnzm(k”?) =ING pm(k)] Je Rvd’ngm\ REr=R, ). 48)

v
Since the group of the wave vector is a subgroup of the point group of the crystal .
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cli operations R ot the group of the wave vecter leave the crystal invariant and
>
hence when R cperates on @ *ranslation vector R, , the result is another transla=-

>
t'cm vector R wr ViZe

Trus
N - —]+ - - -
(k)]-1/2 Z el.E“ R va ¢ {Q{ ](!:-RV:) }.(49)

ngm

> >
Opbygmi ko 7) = [N2

Ng m
o L v
Sir.ce R is a member of the group of the wave vector

> =i e i -5 g 7 - R
e!k (R R\)a = e!'Rk Rq{ Vi e'{Rl< RV' = e!k R\) . (50)

Upor substituting this intc Eq. (49), this yields

> >
- > -]/2 Ek'R\,l . -1, > =
Oﬁbngm(k")_[Nﬂnzm(k)] %e ¢n2m{R (r-Rvu)}.(Sl)
>
Herce the bnlm(' k ; r) possess the same transformation properties as the ¢ N .Q,m(’r )

-
Jrder the operations of the group of the wave vector. Thus if the ¢ 0 (r)are
n&m

constructed so as tc transform as members of the irreducible representations of &(3),
+ _> . © 3 °
then the bn y,rn(' k , r)will possess like transformation properties.
. > > . .
in order for the b (k, r)to form an acceptable set of basis functions
n&m

for any ard ¢ll points in the Brillouin zone, it must be possible for each and every
value of k to combine the given set of Bloch sums in such a manner that the periodic
porticn ot this combination trarsforms os the desired member of some irreducible
representation of the group of the wave vector. Since any given group of the wave
vector is a subgroup of (3}, this requirement wili be met if sufficient values of %
ore reprecented in the Bloch set and if all the 2 2+1 values of m are included for
each ckoice of %.

The spherical harmonics Y 2m( 8, ¢ ) form a basis for the irreducible



30

R
representations of @'3) and hence the b {k, ) can be writter as
ngm .

m \
(e\) ;7¢\) Je

(52)

> BV R > >
b (kL) =DNa kT Yk Ry TRy

ngm: ! nim 3
v

The selection of the ¢n 2(r) is rot dictated by symmetry and is left entirely up to the
discretion of the investigator. |t is desirable 1thot these ¢n£( ¢« Y be so chosen thet
erly o smoil number of basis functions o-e required to yield o good approximoticr of
the wave functicn for any given point in the Brillouin zone. In choosirg such a set

of ¢ {r}itisirstructive fo investigate the rase of an expanded crystal where the

f
ng
internuclear separation is much greater thar the effective radius of the free otom.
In this case there is little overlap between tke orbitals of neighboring atoms and the

wave funciions of the different bonds of the crystal are given to an excellent degree

cf approximation by

+> >
ALk ) = bygolic, 7
> > >
!’2A'(' k,r) b200( k, o)
> > > > > > .
Wz_x(kyr,=ab2} 1(k,r,+8 b2|o(k,,~' +3'b2”(k/?'_i/ 53}
¥ (kT = by, T +Bb T e, (ko
26 <o ") T S2021-q0 Ky 2°210- "7 2721
> > > > T > > >
¥oalkor) = agbyy ylk, rY+Babyygliic, =)+ Tgbgy ik, v

etc., where the subscript A denotes the one dimensicnal idert.ty rep-esentotion of
the group of the wave vector, the subscripts A . 0, 8§ denote a member of some

pa-ticular irreducible representation cf the group of the wave vector and where the
ccefficients @., B, F.i are entirely determined by the symmetry of the probiem

ard by the requirement of normalization. For this type of expanded crystal, the

most appropriate choice for the ‘Pnz( r} is that of the Hartree=Fock radicl furctions
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for the free otom. For obvicus recsons, such a siruaticn as that described above is
called the case of tight=bindirg. For smalle: values of internuclear separation the
overlap between crbitals of neighboring atoms is r.o longer negligible and the wave
furcsicrs given abcve become orly approximare. To the first order, the perturba=-
ticn due to the intercction between neighboring ofoms can be said to cause a mix=
-

irg between those wove functions of the some k belonging to different occurrences
cf the scme members of the seme /reducible representation of the group of the wave
vecter, As ro whether or not this perturbation can be treated as simply effecting
a mixing of adjecent states of the same symmetry depends on the detail nature and
magr.itude of this intercction.

The methcd of Linear Combination of Atomic Orbitals (LCAQ) in mole=
cular physics is o direct adaption of the procedure of tight-binding. The success
of LCAO in molecuiar work leads one to expect similar success using the method
of t’ght=binding ir solid state probiems.

Ir. the case of the conduction band of lithium, the bases chosen are

the five normalized Bloch sums

N
b (. ) =INR K TTV2 ) ok REKRCELS

by, (k. +) = [Nfy (i) TTV2 Y oK RV+ b (7= Ry)
bsz(E, T\ = [ N.nsz( k)l 1/2 % e'E +Rv ® 90 (r -+R\,) (54)
bgp, ks 1) =L Nay, (K] V? % ik 'fv ¢2py(7 Ry
bzpz(i?, 0y =I anpz(E’)J V2 2\; JK R ¢2pz(“r -Tzv)

where the radial parts of the ¢ functions are taken to be the Hartree=Fock solutions

for the free atom and where the angular parts of the functions ¢, 9o ¢
2p Py
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. : - 0 +1.
¢ 9, are constructed from the sphericel harmenies Yy 7, Y., Y in the usual
Pz 1 1 1
marner .
The Hortree=Fock functions for the 1, 25, and 2p states of lithium have
been published in tabular form by V. Fock and M. Petrashen. 15 Analytic expres=

sions for these tabular functions can be obtained by the method of least squares.

The resulting functions are

s (7} = 208+ tgp o A
b, (ry = oo e 0225 4 0325,8‘0‘425” ,
¢2px( ) = x [a12p e 22p" 4 a32p e™® 42p'] , {(55)
¢2Py () =y [“12p 2 *32p A,
¢2Pz (:) =z [0]2p e” 922" 0L32p e” 420",
where
@y, = 1.91049 oy, = 0.367485 @ jpp = 0-107199
@, = 2.4423 %o, = 2.222 @ 995 = 0.5166
Gy, = 0.701005 Ga0s =-0.120003 @30, = 0.0757334
0‘4.15 = 4.5531 0‘425 = 0.6632 “42p = 1.9662

A compcrison of the curve fits with the actual tabular functions is given in Tables

3and 4.
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Table 3

. >
Comparison of Tabular and Curve Fit Functions for /4% ré IS( r)

r Tabular Curve fit

0.00 0.0000 0.0000
0.02 0.1744 0.1744
0.04 0.3286 0.3285
0.06 0.4645 0.4644
0.08 0.5838 0.5837
0.10 0.6882 0.6881
0.12 0.7790 0.7789
0.14 0.8576 0.8575
0.16 0.9251 0.9250
0.18 0.9825 0.9825
0.20 1.0310 1.0310
0.22 1.0714 1.,0714
0.24 1.1044 i.1044
0.26 1.1308 i.1309
0.28 1.1513 1.1514
0.30 1.1665 1.1667
0.32 1.1770 1.1777
0.34 1.1832 1.1833

0.36 1.1856 1.1857
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r Tabular Curve fit
0.38 1.1846 1.1847
0.40 1.1806 1.1807
0.45 1.1595 1.1595
0.50 1.1262 1.1261
0.55 1.0840 1.0838
0.60 1.0358 1.0356
0.65 0.9839 0.9836
0.70 0.9298 0.9295
0.75 0.8748 0.8746
0.80 0.8200 0.8199 -
0.85 0.7661 0.7661
0.90 0.7137 0.7138
0.95 0.6633 0.6633
1.00 0.6149 0.6151
.10 0.5254 0.5257
1.20 0.4460 0.4462
1.30 0.3764 0.3766
1.40 0.3161 0.3163
1.50 0.2644 0.2645
1.60 0.2203 0.2204
1.70 0.1830 0.1829

1.80 0.1515 0.1515
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r Tabular Curve fit
1.90 0.1251 0.1250
2.00 0.1031 0.1030
2.20 0.0696 0.06%94
2.40 0.0467 0.0464
2.60 0.0311 0.0308
2.80 0.0206 0.0203
3.00 0.0136 0.0134
3.20 0.0090 0.0087
3.40 0.0059 0.0057
3.60 0.0039 0.0037
3.80 0.0026 0.0024
4.00 0.0017 0.0015
4.40 0.0007 0.0006
4.80 0.0001 0.0003
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Table 4

2 -
Comparison of Tabular and Curve Fit Functions for /4 T r 025(?) and for /47/3 r?_ ¢2p (r)

VATt by (7) JETT 20, ()
r Tabular Curve Fit Tabular Curve Fit
0.00  0.0000 0.0000 0.0000 0.0000
0.02 0.0271 0.0248 0.0001 0.0001
0.04 0.0510 0.0470 0.0006 0.0006
0.06 0.0720 0.0669 0.0014 0.0013
0.08  0.0904 0.0847 0.0024 0.0022
0.10  0.1064 0.1003 0.0036 0.0034
0.12 0.1201 0.1141 0.0051 0.0047
0.14 0.1317 0.1260 0.0068 0.0063
0.16 0.1415 0.1363 0.0087 0.0081
0.18 0.1497 0.1450 . 0.0107 0.0100
0.20  0.1562 0.1522 0.0129 0.0121
0.22 0.1612 0.1580 0.0152 0.0144
0.24 0.1648 0.1625 0.0176 0.0167
0.26 0.1673 0.1659 0.0202 0.0193
0.28 0.1688 0.1681 0.0229 0.0219
0.30 0.1692 0.1693 0.0257 0.0247
0.32 0.1685 0.1695 0.0285 0.0275

0.34 0.1671 0,1688 0.0315 0.0305
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R 2 R
‘ Tabulfr "t (rC)urve Fit TabuW * * 2, (cru)rve Fit
0.36  0.1649 0.1673 0.0345 0.0335
0.38  0.1620 0.1650 0.0376 0.0367
0.40  0.1584 0.1620 0.0408 0.0399
0.45  0.1471 0.1518 0.0450 0.0482
0.50  0.1328 0.1381 0.0575 0.0569
0.55  0.1162 0.1217 0.0663 0.0659
0.60  0.0978 0.1032 0.0753 0.0751
0.65  0.0780 0.0830 0.0845 0.0845
0.70  0.0571 0.0615 0.0939 0.0941
0.75  0.0355 0.0390 0.1033 0.1038
0.80  0.0134 0.0160 0.1129 0.1135
0.85 ~-0.0050 -0.0074 0.1225 0.1233
0.90 -0.0315 -0.0310 0.1322 0.1331
0.95 -0.0541 -0.0546 0.1419 0.1429
1.00 =0.0765 -0.0780 0.1516 0. 1526
1.10  -0.1206 -0.1238 0.1710 0.1720
1.20  -0.1632 -0.1678 0.1901 0.1911
1.30  -0.2039 -0.2093 0.2090 0.2098
1.40  -0.2423 ~0.2482 0.2275 0.2281
1.50 -0.2782 -0.2842 0.2454 0.2458

1.60 ~0.3115 -0.3173 0.2628 0.2629
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VATt &, (1) JETE L 425, (1)
r Tabular Curve Fit Tabular Curve Fit
1.70 -0.3422 -0.3475 0.2796 0.2794
1.80 ~0.3704 -0.3748 0.2957 0.2952
1.90 -0.3959 -0.3993 0.3110 0.3103
2.00 -0.4186 -0.4211 0.3255 0.3246
2.20 -0.4566 ~0.4570 0.3521 0.3508
2.40 ~0.4852 -0.4837 0.3752 0.3739
2.60 -0.5052 -0.5022 0.3949 0.3936
2.80 -0.5176 -0.5135 0.4112 0.4100
3.00 -0.5233 -0.5186 0.4241 0.4232
3.20 -0.5232 -0.5183 0.4338 0.4332
3.40 -0.5183 -0.5135 0.4406 0.4403
3.60 -0.5093 -0.5084 0.4446 0.4446
3.80 -0.4970 -0.4931 0.4460 0.4463
4.00 -0.4819 -0.4788 0.4450 0.4457
4.40 -0.4462 -0.4447 0.4371 0.4382
4.80 -0.4060 -0.4061 0.4226 0.4239
5.20 -0.3642 -0.3656 0.4031 0.4045
5.60 -0.3229 -0.3252 0.3802 0.3815
6.00 -0.2835 -0.2864 0.3551 0.3561
6.40 -0.2468 -0.2499 0.3288 0.3295

6.80 -0.2132 -0.2164 0.3022 0.3025
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VI g (T) ST 4g (1)
r Tabular Curve Fit Tabular " Curve Fit
7.20 -0.1830 -0.1860 0.2758 0.2759
7.60 -0.1562 -0. 1590 0.2502 0.2500
8.00 -0.1326 -0.1351 0.2258 0.2253
.9.00 -0.0830 -0.0881 0.1712 0.1701
10.00 -0.0551 -0.0560 0.1267 0.1253
11.00 -0.0346 -0.0349 0.0920 0.0904
12,00 =0.0213 -0.0214 0.0657 0.0642
13.00 =-0.0136 -0.0130 0.0463 0.0449
14.00 -0.0079 -0.0077 0.0323 0.0311
15.00 -0.0051 -0.0046 0.0223 0.0213
16.00 -0.0028 -0.0027 0.0152 0.0145
17.00 -0.0018 -0.0016 0.0104 0.0097
18.00 -0.0010 -0.0009 0.0070 0.0065
19.00 -0.0006 -0.0005 0.0048 0.0043
20.00 -0.0003 -0.0003 0.0032 0.0022
21.00 -0.0002 -0.0002 0.0022 0.0019

22.00 -0.0001 -0.0001 0.0016 0.0012




CHAPTER V

THE SECULAR EQUATION
> > > >
Using the set of Bloch tight-binding functions by (k , r ), b2s( k,r),
> > + >

-’
bsz(I , ), bzpy( k,r), bzpz( k , r) described in chapter IV, the conduction

band wave function for any point in the Brillouin zone can be approximated by

>

> > s, = > > - > 2 >
v (k,r)=a, (K)byy(k, r a2k by (k, r)a, PX(t)bsz(k, r)
) - > > 2 +> > > _
+ay 2Py(k oo, (k1 7 yray Pz(k Jogp, (K, 7) (56)
where K designates a particular irreducible representation of the translation group
and where X designates the transformation properties of the wave function under
the operations of the group of the wave vector. Using the one electron Hamiltonian,
H, Schrodinger's equation can be written as
-
[H-E (k)1Y, (k,7) = o0, (57)
> > >
Multiplying this expression on the left by b ,*(k , r ) and integrating over r yields
the five equations
. Pk ) - k)=
2oy on, -5 (Bys, g(kn-o 68
where @ and B take on the values 1s, 2, 2p,, 2p),, 2p,, and where
* ek yme, (kT
Ho g (k) = [bs(k Ty Moy (K, T)d

40
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> >

> *
So.5 (k) = [by (K, Tk (k,7) dr. (59)
In order for these five equations to have a solution, they must possess a redundancy.
This redundancy among the five equations leads tc the secular equation

(k)-E )Sa’B(I?)[=O (60)

¥

det | H, o
For each value of E, the solution of this equation will yield five allowed values
>
for the energy Ey .( k) where the roots are arranged in order of ascending magnitude
+ >

Exq(R) < By p(R)< B 5(R) B, (K) <E 5 (K). (6D
For high symmetry values of k, some of the E }\I( 14 ) will be degenerate. If the 1s
core electrons are ossumed to experience the same potential field as the electrons
of the conduction band, the lowest root, E A]( l-:) of the set E )\i(‘ E’) will corres~
pond to the tightly bound 1s "band" and the corresponding wave function will be

+ > -+
primarily b]s( k , r ). The next higher root, E)LZ( k ), will correspond to the conduc-
tion band and the corresponding wave function is assumed to be primarily of
-> > > > -

b (k ; ) b2p( k,r), and b]s( k , r) character. The remaining roots corres=-
pond to higher energy bands of the crystal. Due to the small number of basis
functions used in this calculation; these higher roots can be expected to yield

only qualitative results at best.

In order to determine the roots of the secular equation, one must first

> >
determine the matrix elements H, .8 (k)and S 4 B (k ) Using the relation

]/2 —)-_+
br(k,r) [N 2, (k)1° X Voo (7R, @)

Ha 8 \ k ) can be written as .

> -1/2 i >
H (k) [9 (k):I k)] / Z 2 ik* R\)-ﬁ )f¢ *(r_ ')H¢B(r_Rv)dt .

asB "

\) \Y
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For each value of v', the summation over Vv yields the same result. Since the
number of lattice sites in the crystal is represented schematically by N, the ma-

trix element reduces to
.)

o (F)=akya, (k0722 ik jcba “( 1 )H ' (7-R,)de
= [9,(k) %, E)J‘VZZ KR @ IHle, @y)>. 63

- v
A similar reduction for S a8 (k) yields

[, (k)n (k)] VZZ i f#( B(?-Ev)df (64)

-

[a,(K) 8 (k)T ‘/2Z ik Rv<¢ o)l o5 (R, >

SaB

Thus each matrix element is reduced to a sum over the crystal lattice of multi-
center integrals. The term multi-center arises from the fact that the integrand con-

sists of the product of an orbital centered about the origin, a function centered about

>
the lattice site R, and, perhaps, some third function centered about a third lattice

>
site R ,¢. Using the expression

H = -% vZivi(r)+V (65)

the basic multi-center integrals become
> >

, > > J‘ ->
<o ,(0) Loy (R)>=J9e, (r) e, (r-R,)dT,
V121w 2] e (R /‘* 192y o7
<o o(0) | =37 21 ag(R)> =fo.(r)- 1 72, (-F )ar,
- -> -+ - > >
<t al0) | Vil (RO> = [o, (ryVir) g (r=R) dr.
(66)
These are called the integrals of overlap, kinetic energy, and potential energy
respectively and are discussed in detail in later chapters.
An important feature of this reduction of matrix elements is that these

>
basic two=-center integrals are independent of the choice of k and hence need to
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be calculated only once for each crystal. After all the necessary multi-center inte=-
grals have been calculated, the matrix elements of the secular equation associated
with any given point in the Brillouin zone can be determined by merely performing
the appropriate sums over the crystal lottice. Thus the energies and wave functions
associated with any given point in the Brillouin zone can be quickly and easily de-
termined. The method used in calculating these multi-center integrals is discussed
in detail in chapter VI.

It is instructive to investigate the convergence of the summation over
the crystal lattice site v in Eqs. (63) and (64) for this is the point at which the
customary nearest=neighbor approximation is infroduced. For the matrix element

. Lo 2w .
\YJ 2p,, 25" with k = oy (0.85,0,0), the summation over ¥ has been truncated
at various distances from the origin corresponding to the inclusion of more and more
sites. Values of this truncated sum are shown in Table 5. As can be seen, the
summation does not begin to approach convergence until all sets of equivalent atoms
up to the 25th nearest neighbor have been included. Table 5 also shows that there
is a certain loss of significant figures in going from the basic integrals to the ma=
trix elements. This difficulty was first pointed out by Parmenter, K but in this

case the cancellation is not serious and appears to become significant only for

the higher energy bands.
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Table 5

-5
Values of truncated summation of V'zpw25 for k = (2 /ao)(0.85,0,0), ag = 6.65 au

Last Set of Nearest Number of Distance Truncated
Neighbors included Equivalent from Origin sum®
in Sum Atoms in Set Vl2px,25
0 1 0.000 0.0000
1 8 5.759 0.8632
2 6 6.650 0.1681
3 12 9.404 -1.3572
4 24 11.028 0.8624
5 8 11.518 0.0581
6 6 13.300 -0.1877
7 24 14.493 0.8531
8 24 14.870 0.0935
9 24 16.289 -0.4678
10 24 17.277 -0.2325
1 8 17.277 -0.0746
12 12 18.809 -0.1799
13 48 19.671 0.8531
14 24 19.950 -0.0706
15 6 19.950 -0.0784
16 24 21.029 -0.1149
17 24 21.803 -0.0442




45

Last Set of Nearest Number of Distance Truncated
Neighbors included Equivalent from Origin sum®

in Sum Atoms in Set Vyszzzs
18 24 22,055 -0.0781
19 8 23.036 -0.0944
20 24 ” 23.745  0.0711
21 24 23.745 -0.0717
22 24 23.977 -0.0875
23 48 24,882 -0.1144
24 24 25.540 -0.1006
25 48 25.540 -0.0944
26 6 26.600 -0.0933
27 24 27.216 -0.0903
28 24 27.419 -0.0957
29 24 27.419 -0.0939
30 12 28.213 -0.0947
31 24 28.213 -0.0941
%Since VIZPXIZS is a pure imaginary number, the values Iisft?d are V'sz,zs/i .



CHAPTER VI
CALCULATION OF MULTICENTER INTEGRALS

As shown in the previous chapter, the tight-binding matrix elements can
be expressed in terms of a number of multicenter integrals of overlap, kinetic energy
and potential energy. The overlap and kinetic energy integrals are a common occur=
rence in molecular work and many highly efficient methods have been developed to

. 18- . .
handle these integrals. The same, however, cannot be said for the multi-
center integrals of potential energy. Indeed, it is the intractability of these poten=
tial integrals which has heretofore imposed such drastic approximations in applying
the method of tight=binding. The usual technique used in evaluating these poten-

-5
tial integrals is to express the potential within each cell as U(F - R,)). Each term,
> > >
VU (r-R,), reproduces the potential within the unit cell Rv and is zero else-
where. The total potential can then be written as
> -> >
V(D) =L V(T-R) ©7)
R \Y
v

and each potential integral becomes a sum over the crystal lattice of three-center
integrals. The most common approximation mentioned above is to assume that all

potential integrals in which the two orbitals are separated by more than a funda-

mental lattice vector, 'cTi, are negligible and to further assume in calculating these

46
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integrals that the only three-center integrals which need to be considered are
those in which the third center coincides with one of the orbital sites or lies in
an adjacent cell. This is called the nearest neighbor approximation. For most
crystals, this approximation is so drastic that the results, at best, are only quali-
tative. é In order to avoid such approximations in the present work, a new me-
thod of performing these potential integrals was devised. This new method is
based on the technique of gaussian transformation 19 and proved to be so effi-
cient that none of the above mentioned approximations was necessary. The for-
mulation of these potential energy, overlap, and kinetic energy integrals is

presented below.

A. Potential Energy Integrals.
In order to obtain expressions for the potential integrals
s S s> - ~»
<GERA VL 0s®> =S50 v (1455 &, (¢8)
involving two unnormalized Slater-type orbitals ‘1'; and 4»; centered at lattice
* . . 3 -
sites A, and B respectively, it is convenient to employ a Fourier series expansion

for V'(T) as given in Eq. (15), i.e.

-l ' -> .—)
Vi(r) =2_; VK cosK,, ro (69)
K, v
where
T =7-C

is a position vector originated at some lattice site C. Using this Fourier expansion,

the potential energy integral becomes

SAIRATEONE L Ve e T ¢ S, (70
v
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where

-> > 5 -> > ->
<P easky T, 105> =456y cosky T 6 57 de 71)

and where

A = [Ax’ Ay’ Az] ,

B = [8, BB, 1 ,

-

C=[.c,.c, 1,

7=[x,y,z] (72)
-FA =-F"K,

To=7-8,

-» _> 7

Fe =r=-C.

As will be shown, all necessary potential, overlap, and kinetic energy integrals

can be obtained by performing the appropriate differentiations and summations of the

single integral
e - -> -Qaqr - -
<?]:(A)lCOSKV._r’C | ¢]S(B)> = f e TA cosK,;?c e 2B 4o . (73)
) 5

In order to obtain a more manageable expression for this integral, first express the

. . -a,r =anHr .
unnormalized Slater Is orbitals e *1'Aand e ~*2'B in laplace transforms

“1 p Y2 -al 2
- - - -s,r
0 (74)
@ - 2
e-aer = 2 s s "y e—a22/452 e "2'8 ds
2/7 2 2
0
S ->
The integral <‘!]S(X) icos-ﬁv'-r’c l ¢ ]Z(B)> then becomes
@
d, a _3/2 a 2 2 2 2 —
1 %2 . 1 a? -s1r >
~z f(S]SZ) exp{-[ 5 + 5 ] /4}{fe STTA e™2'B cos YT dr}dsids,.

0 75)
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The spatial integrol
2

2
fe'ser e 2B cos ?\) . -Fc drt. (76)
appearing in Eq. (75) can now be performed by using the fact that the product of two

> -+
gaussians centered about points A and B respectively is proportional to a third

> > >
gaussian centered about a point D along the line connecting A to B, i.e.

2 2 —2 , 2
exp(-s]rA ) exp( =S g ) = expl -[s]sz/(s1 +52)] AB } exp{ =[5y *sp1p }

(77)
where
—2 > > 2
B = |B-A] ,
2 - 2> 2
rD = |r - D | ,
>
D=[D ]D [DZ] !
D. =514+ =y, y, 2.
S"|+52

> >
Using this expression for the product of two gaussians, and rewriting cos K,, - r. as
- -> ->

-

cos K\,'rc = cos K y* ('rCD+-r)D)' (78)
—*

= cos Ky~ ?CD cosfv “TD —sinl?v ’ ?CD sinlz\, 'TD ,

the spatial integral becomes

2

'l 2 — " 2 ]
wi ¢ : . > - + - - r
e [5152/!.b]+32)]zg { cosK \)""CD e (5] Sz)rD COSK\’ '?DdT-SinEv ?CDJ; (_b 1+52) D

sinl%v .-:D dtl} .

The two integrals in the above expression are easily evaluated, yielding

. 2 L
J‘e (S]+S2)rD cos K » D dr = [ /(s]+s2)]3/2 expf{- EKyz/(s]+52)]/4}
2

fe—("s]ﬁz)rD sinl?v .?D dt = 0.
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Using these results, the integral of Eq. (76) becomes

I . > .
fe S1A° ™27 cos K, °—r:: dr= [n/(s]+52)] 3/2 exp {- [s]sz/(s]-isz)]-[\_B-z}
’ >

‘cD ’
- ’ . > g
substituting this result into Eq. (75), the expression for < ‘i’]:(A)I cosEv ;: | ¢]SS(B)>

x exp{- [K\,z/"(s]-i-sz)] /4 } cos IZ\, .

becomes
- ﬁf— @® )
172 -3/2 3/2 . 2, 2 2
— g(s]sz) (s1~i$2) exp {-[a AT /52 + K, /(s]+52) 1/4}
0
—2 > >
x exp{= [s]sz/(s]-isz)]AB } cosK,, e ds; dsy . 79)

This integral can be simplified further by performing the change of variables

u = s-l/(s]+52) ;

(80)
z = s] + 52 .
The Jacobian for this transformation is
,‘ )
l 3(s1,52) l= Z
v ,z)
and the integral <\1f]:(-/§«) Icos-lz v F:: l ¢]:(E)> becomes
1 -
a.a m >
1Al : 7/ by -
cosK v 'CD du , 7/2 . fz . g/ 4z dz
4 ) 3'/2 81
0 [u(i-u)] 0

where

f = u(]'u)zﬁ_z ,

2 , 2
gza'l/U+d.22/(l_U)+K\)l
> >

= = -
cp = D-C = 'CB ~ YAB"

The integral over z can be performed, 23 and the resulting expression for
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— S ¥ .7 S
<yls (A} | cosK,, 1 "15 B>

C
is 1
21rcr] o AB S f [3{fg)
0

Thus the original three~center, three-dimensional integral over all space is reduced

=5/2 -2 -3/2
/+3(fg) +{fg) / Je cosK,, cD

o ‘F i —
/% por.du. (82)
to a one~dimensioncl irtegral over finite limits of a well behaved integrand. This

remaining integral is evaluated by numerical quadrature. Using the above expression

S = - - S -
for <‘f]s (A)) cosKy © ‘. f¢ s (B)> the corresponding potential integral
S > S
<Y]s A v ¢ls (—I;)> is easily determined by means of Eq. (70). Expressions
for the other potential integrals can be obtained from Eq. (82} by performing the

appropriofe partial differentiations, viz.

<Y (A)IcosK,, Fe “b B)) _—-——-<Y] (A)[cosK,, . I‘P]z (E))>,
9

A) CosK r |4’ (B)): -3 / i ) s -» > > S -
<‘fzp [ cosK, Sl gAx)d]S (A)] cosKy 7, 19>,

s s 3

S -> ~>
<t,, A)] cosK, r: l ?, B> = -3?:_ <1’2‘(X}]cosK,, °’.r’c J¢]S(§}> , {893
, %

S, > 5 S =
<?2p (A)[ cosky 7, 4, (B >= =_2__<‘wsz(A)lcosK,,“rcl¢]s(B)>,

> > S = - S —-
v, (A K. Tl B) =-3 (1 2 -
< 2P( )Icos v e 2p, > dx, 2 9By )<w2Px(A)’ cosKy rc'¢]s(B)> !

1
2

<ty (A)(coser (4 y(B)>= it jBy )<y2pi<K)( cosk, 7,1 ¢, B)>,

- s = .
where Ta {A) and ¢4 (B} are the unnormalized Slater-type orbitals

3 - e d -
y Ay = e 1A $°@) = e 2B
Is Ts
Etl S(I_A’} = r e_a]rA ¢ Sa) = e-a2rB
2s . 2s N wur
s—> - 3 -
A = x 1A = 2B
szx ) X A€ ¢2px(B) xp® ,

0 4 = < -
etc. centered about points A ond B respectively. In general, the integrals of
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- > .
cosKy'ry may be written in the form
1 7 -(9-n)/2
- - . >
<Ya(A)l cosK,, Py 1 ¢ GBY> = 2215, § 0L g, (fo) 1 (84

/i s i 0 0
(1= . e\ K. -
X e {gi’]cos[._‘l u)Ky, rABJ+§i,25m[\] u)K, rAB]}du,
where the summation over i may include one, two, three, or four terms depend=-
s
ing on the orbitals Yy and ¢;. The coefficients for Eq. {84) corresponding to the

> > . R .
various integrals of cosKy"rA are given in Table 6. From these integrals, ali the

necessary potential integrals can be constructed by means of Eq. (70).

B. Overlap Integrals.
S » s>
The overlap integrals <Ya(A) | ¢5(B)> of two unnormalized Slater-
type orbitals can be obtained from the corresponding integrals
> - s >
<y (A) [ cosK, 7 1 ¢ 4B)>

-
by merely setting Ky, equal to zero. The resulting integrals can be expressed as

P ¢ s = 1 7 _(.9-n)/2 -
<Vl o ;8> = 2L 5 ST 25,00 77 a
i 0 n !

where (85)
2

2 .
G = a,l /u+a2 7/ (1=u).

Table 7 lists all the coefficients for the various overlap integrals.

’

C. Kinetic Energy Integrals.

In order to obtain simple expressions for the kinetic energy inte=

1.2 >
grals <’£;(Z) | - 7 vile ;(B)>, examine the factor in the integrand

2 STy 32 32 32 s,
V ¢prB) (;(T+5_7+57) ¢ﬁ‘xB'yB"zB) (86)
y z
where
xp =x =B, yp=v -8, zg=z-B,.
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The laplacian is invariant under translation of the coordinate system and hence,
, 2 2 2
2 ,s;”
Vo oglp) = (2 + 2 2 ¢ g vpizp)- (87)
9xB 3 YB 3 ZB

Due to the symmetrical relationship of g and Bx in ¢p(xB,yB,zB) one obtains

the relation

- s/
3¢ (p) _ 24D dxg a3 (p) (88)
QBX ] XB 9 BX 3 XB ’

and similar relations for y and z. Hence,

2 s>, 2 s>
vZesty = v 0y 9)
where
2 2 2
2
Vg = 2 7 3 7t 2 7
an JB), B,

Using the result of Eq. (89), it is seen that each kinetic energy integral can be
obtained by applying the operator -% VBZ to the corresponding overlap inte~-
gral, i.e.
s, 1 2, s> _ 1 2 s> s >
<Y A) | -5 v 1 0gB)>= -5 v <Y (A 4,56)>. (90)
The kinetic energy integrals which result from performing these differentiations
can be expressed in the form
-] 7 -(7-n)/2 =/fG
> 1 2 > .
<EA| =57 165> =) o, g}?i(u)[z_oﬂ,ln(FG) Je  du
[ n=
(1)

s s
and the coefficients corresponding to the different choices for ¥, and @ B

are given in Table 8.

I+ order to determine the accuracy and convergence of these express=

ions, a number of simplified test integrals were performed and the answers were
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compared with Kotani’s Tables. 18 The results of these test integrals is given in
the appendix. These results show that both convergence and accuracy are ex=

cellent.



Coefficients for ¢¥S(R)| cosK,, 'FA’ ¢ S(§)>

Table 6

L4 ¢ A i Ao A K2 A3 AL K5 M6 M7 5 2
s s a4y 4, A8 ° f o o o o0 3 3 ] 0 0
2% s a 2476° /s 0 0 15 15 6 1 o 0 0
-azﬁ f o o o o0 3 3 ] 0 0
2%, s -4y ay(K,) ABS 2 o 0o 15 15 & 1 0o 0 ]
4 ABAB, f/ 0 0 0 0 3 3 1 0 0
2% 2 a]ZqZZAB > 2 105 105 45 10 i o 0 0 0
AB K, 2 £ o 0 15 15 6 ] o 0 0
AR f o o0 0o o 12 12 5 ] 0
2%, 2 - 2(Kk) AB A1 105 105 45 10 ] o 0 0 ]
i qzzmxm? £ o o0 15 15 6 ] o 0 0
::,](KI,)XH3 £2 0 o 15 15 6 1 0 0 1
~«ABAB f 0 0 0 0o 3 3 1 0 0

5
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;. Table 7 . s'ﬁ
Coefficients for < v5(A)| ¢°(B)»

Ts

2s

Ts

1s

1s

2s

2s

45

15

15

10

15

15

yAY



Coefficients for <¥3(A)| -

Table 8,

;-'v2l ¢ 5(B)>

¥ ¢ 4 m;(v) £i,0 A1 P2 PIL3 P4 RS PiLE PILT
1s Is d; «49AB f 0 0 0 0 3 3 - 0
2% s q,zazm 246 0 0 9 9 2 O 0o o0
- aZKE f 0 0 0 0 3 3 -1 0
%, s ety ,AB, /AB 2/ 0 0 0 0 5 5 - 0
2 2 2 a22K§3 45 a5 15 0 - 0 0 0
-AB f 0 0 0 0 é é 3 -1
% 2 wea,’ABAE 2 0 0 15 15 4 -l 0o 0
-«RB/AE  f% 0 0 0 0 5 5 -1 0
%, 2% o AB # 0o 0o 15 15 4 - 0o 0
- aAB/AE  F2 0 0 0 0 7 7 - 0
% % - oy ot A8 AR /AB £ o o o o 7 7 A 0

8%



CHAPTER VII
RESULTS AND CONCLUSIONS

The calculations of the conduction band of lithium were performed for
the two choices of the fundamental lattice constant ag = 6.65 and 6.5183 au. In
both cases, all summations involved in calculating the matrix elements were
carried to convergence.

For ap = 6.65 au, the conduction band was calculated along the three
major lines of symmetry [100] , [110], [111] and along the face diagonal G given
by kz =0, kx + ky = 21r/co. The results of these calculations are given in Table
9. Where avaiiable, the results of Ham's calculations by the method of Green's
Function are presented for comparison. As can be seen, the agreement between
these calculations is quite good. To exhibit the spherical nature of the conduc~
tion band around the point —l: = 0, the three major lines of symmetry are plotted
together in Fig. (2).

For ag = 6.5183 au, the conduction band was calculated along the
symmetry lines [100],[ 1101, [111], [221], [310] , [ 311] and along the
two face diogonals G ard D given by k, =0, k, + ky =2n/ag, and by ky =k, =

59
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wag, |k, [< m/a respectively. The results of these calculations are given in
Table 10. The results of calculations by Schlosser and Marcus and by Brown and
Krumhans! using the methods of composite waves and modified plane waves respec -
1ively are presented in Table 10 for comparison with the results of tight=binding
and again the agreement is seen to be quite good.
in the calculations of Schlosser and Marcus and of Brown and Krum-
hansl, V was taken to be =0.3314 au whereas the V used in the tight=binding
calculation was =0.3248 au for both ag =6.65 and 6.5183 au. This difference
in the choice of Vdoes not change the potential within the inscribed spheres
but results in a higher barrier between the inscribed spheres in the tight=binding
calculation. The potential barrier between the spheres is 0.0066 au higher in
the tight-binding calculation than it is_ Vin the calculations of compoesite waves
and modified plane waves. Thus if H is the one-electron Hamiltonian used in
the present tight-binding calculation and if H is the Hamiltonian used by Schlos-
ser and Marcus and by Brown and Krumhansl, ’rljerL
H = Hy+H', (92)
where H' is equal to zero within the inscribed spheres and equal to =0.0066 au
between the inscribed spheres. Using the expression of Eq. (92), a rough per-
turbation=like calculation can be performed to estimate the effect that this
difference in potential has on the energy band calculations. |f the energy
associated with HO is designated as Eo(f()) and that associated with H is desig=
nated as E(lz); then to first order

= - >
E(k) = Eq (9 +E'(D) 3)
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where
E'(L)) - J‘q’*(—‘:r)Hll’ (-E,*r) dt
Jvs®, 7) v (R,7) de

Using the fact that H' is zero within the inscribed spheres, the expression for E'(f:)

becomes

BR) = 1 [ ek, e (kL Tdy/ fexk, e (K,7) de 64

AR
where &

- >~ > >
5 ¥ *(k,ry¥ (k,r) d=,
- Q -
is the integral of y*(k, r)y (k, r) over the Wigner=Seitz cell and where

L > >
é‘\}”‘(k,r)‘{’ (klr) d'l' 7
W aling 4 > >
is the integral of ¥*(k, r)¥ (k, r) over that region of the Wigner=Seitz cell
which is exterior to the inscribed sphere. For the lower portion of the conduction

band, the charge density is roughly constant in space and

> > >
Jaet *(k,i)‘l’ (I?_:,:) dv o A2 - o.320. (95)
fg\v*(ﬁ,r)\v(k,r)dT e

Using this expression in Eq. (93) yields
E'~ -0.002qu = -0.004 RY . (96)

Thus the effect of this difference in the choice of -\; is negligible and in fact
Egs. (93) and (96) show that when this difference is accounted for, the agreement
is actually improved.

For points of high symmetry, the secular equation factorizes into
smaller blocks due to the transformation requirements of the group of the wave
vector. For example, at the ¥ point only the mixing between 1s and 2s Bloch

functions need be considered, whereas along the & line of [100 ] symmetry,
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the secular equation is a 3x3 one with 1s; 2s, and 2px basis functions. For an
arbitrary point in the k=space, the complete 5x5 secular equation must be solved.
However, once all the basic integrals have been evaluated, the energy for any
point in the Brillouin zone can be obtained as readily as that for a point of high
symmetry.

To examine the effect of the 1s core on the band structure, the
energy of the ¥ point was calculated using two separate approximations. The
first of these is to completely ignore the 1Is Bloch function and gives E = ~0.8%96 (Ry.
The second is to leave out the 1s basis function and orthogonalize the 2s Bloch

sum to the 1s one, i.e.

orth » > N
P

<> ->
2% (k=o,r)=b25(r:=o, ) +qbyg (k=0,r). (97)

This gives E = =0.675 Ry in very close agreement with ~0.672 Ry obtained by

b

including the Ts function. Since there is no mixing at the ¥ point between basis

functions of s and p symmetry, the wave function at the ¥ point corresponding

. e e e . orth, 7 _ > .
to this stage of approximation is simply b25 (k=0, r). To carry this scheme
of approximation outside the ¥ point, one finds that the k-dependence of the
1s=2s and 1s=2p mixing coefficients causes considerable complication in the com-

orth
putations. In place of the properly orthogonalized 2s Bloch function by, the

Bloch sum

-
r—

- - >
(v -R ) ¢,(r-R,)]08)

s >
e > _ g ']/2 ik * R
by (K, T)=(NR, (k)1 7V22 &k K py
v
was used where q has the same value as that appearing in Eq. (97). The by
and the three b2 functions then form the basis of o 4x4 secular equation which

yields an alternative set of energy values as shown in Table 11.7 Near the ¥
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point the deviations of this set of energies from the corresponding solutions of

' is not orthogonal to by ex-

the 5x5 secular equation increase with I: since b25
>

cept for k =0. Although one may expect to obtain better energy values using

the preperly orthogonalized 2s Bloch functions, the numerical computation is

much simpler with b25'(—;<- ,—: ) which proves to be more useful from a practical

standpoint. As one approaches the edges of the Brillouin zone, the band func-

tions become more p~like and better agreements are thus found between the energy

solutions of the 4x4 and of the 5x5 secular equations. Included in the next to the

iast column of Table 11, are the energy solutions of the 4x4 secular equation with

by, in place of by * thereby neglecting the 1s core completely. The results of

this drastic opproximation are rather poor except near the edge of the Brillouin

zone where the wave functions have primarily p~characters.

To investigate the importance of the b2p in determining the band
structure, the 2x2 secular equation formed by neglecting the bsz, bzpy, b2pz
basis functions was computed at various points in the Brillouin zone. The results
of these calculations are given in the last column of Table 11. As would be ex-
pected, these results show that the b2p dominate in the outer regions of the
Brillouin zone but have little effect on the conduction band in the region of the

v  point.

These results indicote that the tight-binding method is applicable
to a much larger family of crystals than is currently believed. Indeed, even when
the overlap between neighboring atemic orbitals is exiremely large, os is the case

in lithium, the method of tight-binding can still be expected to yield accurate
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energies and extremely simple wave functions. Furthermore; unlike some purely ma-
thematical methods, the method of tight-binding lends itself easily to physical inter-
pretation and provides a great deal of physical insight into the problem of solids in
general .
-

The wave function for k = 2r /oo {1,0,0), H]—poinf, is given in Fig.
(3) along the x axis and along the line x =y =z for lattice constant ag = 6.5183au.
Fig. (3) demonstrates the strong angular dependence of the wave function which is
characteristic of p=symmetry.

Due to the lack of direct experimental measurements of the energy
band structure in the region investigated, comparison with experiment was not pos=
sible. In order to make such comparisons, band gap, etc., the higher energy bands
would also have to be obtained. As mentioned previously, investigation of the
higher bands is not feasible with such a limited number of basis functions. The
present method of calculation is, at present, being applied to the group 1V com-
pounds with a larger number of basis functions and it is hoped that more direct com=-

parison with experiment will be possible.
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Table 9

Comparison cf the energies {in Rydberg's) of the conduction band of lithium calcula-
ted by the tight=binding method and by the method of Green's Functions. {an=6.65ax)

ak_ .
0 x Erergies
2 Tight=-binding Green's Functions®
[1007] A.
0.0000 -0.674 -0.681
0.0500 -0.672
0.1000 -0.666
0.1500 -0.657
0.2000 -0.645
0.2500 -0.629 -0.640
0.3000 -0.610
0.3500 -0.587
0.4000 -0.562
0.4500 -0.533
0.5000 -0.500 ~0.512
0.5500 -0.465
0.6000 -0.426
0.6250 -0.407 -0.414
0.6500 -0.384
0.7000 -0.339
0.7500 -0.290 -0.294
0.8000 -0.236
0.8500 -0.178
0.9000 -0.121%
0.9500 -0.080
1.0000 -0.065 -0.061
[110] il
0.1000 -0.659
0.2000 -0.617
0.2500 -0.587 -0.598
0.3000 -0.550
0.3750 -0.395 -0.497
0.4000 -0.462
0.5000 -0.399 -0.411

CSee reference 9.
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Qka Energies

2 Tight=binding Green's Functions”
[111] 4

0.1000 -0.652

0.1250 -0.641 -0.651
0.2000 -0.590

0.2500 -0.545 -0.556
0.3000 ~0.490

0.3125 ~0.478 -0.486
0.3750 -0.395 -0.400
0.4000 -0.355

0.5000 -0.190 ~0.191
Face Diagonal G

1.000 -0.065

0.900 -0.137

0.800 -0.252

0.700 -0.334

0.600 -0.383

0.500 -0.411
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Table 10
Comparison of the energies {in Rydberg's) of the conduction band of lithium cal-

culated by the tight-binding method and by the methods of modified plane waves
and the method of composite waves (a,=6.5183).

aokx Mod;fied® Composi‘reb Tight=-binding
2T Plane Waves Waves 5x5 secular equation
[100] 4
0.00 -0.683 -0.683 -0.672
0.05 -0.670
0.i5 -0.656
0.20 -0.652 -0.656 -0.643
0.25 -0.627
0.35 -0.584
0.45 -0.527
0.50 ~0.495 -0.510 -0.495
0.55 -0.458
0.65 -0.375
0.75 -0.278
0.80 -0.233 -0.223
0.85 -0.164
0.90 -0.119 -0.106
0.95 -0.061
0.96 -0.061 -0.055
1.00 -0.046 -0.044
[] 10 ] Z]
0.05 -0.668
0.10 -0.669 -0.657
0.15 -0.639
0.25 -0.583
0.30 -0.562 -0.545
0.35 -0.503
0.45 -0.414
0.50 -0.410 -0.393
111y
0.05 -0.667
0.1C -0.663 -0.650

OoSee reference 11,

bSee reference 10.
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o0k« Modified” Composi'reb Tight=-binding
2 Plane Waves Waves 5x5 secular equation
0.15 -0.623
0.20 -0.5%90 -0.587
0.25 -0.540
0.30 -0.500 -0.484
0.35 -0.420
0.40 -0.336 ~-0.358 -0.346
0.45 -0.265
0.50 -0.175 -0.184 -0.177
[ 221]
0.20 -0.620 -0.607
0.35 -0.496 -0.482
0.50 -0.353 -0.340
310
0.300 -0.615 -0.600
0.525 ~0.474 -0.458
0.750 -0.294 -0.288
[ 311]
0.300 -0.608 -0.593
0.525 -0.453 -0.439
Face Diagoral G
1.000 -0.044
0.900 -0.122
0.800 -0.242
0.700 -0.326
0.600 -0.377
0.500 -0.393
Face Diagonal D
0.000 -0.393
0.100 -0.385
0.200 -0.360
0.300 -0.317
0.400 -0.257
0.500 -0.177
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Table 11

Effects of various approximations on the structure of the conduction band of lithium
for ay = 6.5183.

apky Tight=binding “Simplified Tight-binding
R 5x5 seculor 4x4 Using 4x4 Using 2x2 Using
equation bo, by, b1s and by
[i00]a ,
0.0 -0.672 -0.676 -0.896 -0.672
0.2 -0.643 -0.642 -0.556 -0.642
0.5 -0.495 -0.487 -0.452 -0.472
0.8 -0.223 -0.221 =0,219 +0.185
0.9 -0.106 -0.106 -0.106
1.0 -0.044 -0.044 -0.044
110 1Z
0.1 -0.657 -0.657 -0.508 -0.657
0.3 =0.545 -0.537 -0.451 -0.529
0.5 -0.393 -0.393 -0.393 -0.160
T A
0.1 -0.650 -0.649 -0.536 -0.649
0.2 -0.587 -0.582 -0.509 -0.580
0.3 -0.484 -0.473 -0.413 -0.446
0.4 -0.346 -0.342 -0.324 -0.132
0.5 -0.177 -0.177 -0.177 +0.268
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APPENDIX 1

As is seen in Chapter VI, the multicenter integrals of overlap, kinetic
energy, and potential energy can be reduced to a sum of one-dimensional integrals
over finite limits zero to one as given in Tables 6 through 8. These one-dimen-
sional integrals are then evaluated by numerical quadrature. The technique of
integration chosen is that of Gaussian quadrature. To check the accuracy of this
formulation and the associated computer programs, a number of test integrals of
overlap, kinetic energy, and potential energy were computed for unnormalized
Slater-type orbitals. The results of these tests are presented in the first three sec-
tions of this appendix. The fourth and last section gives all the multicenter=inte=
grals necessary for setting up the secular equation of any point in the Brillouin

zone of lithium.

A. Tests of Overlap Integrals

In these tests, the overlap integrals <qu (A)] .f;( B )> were cal-
culated from Tabie 7 for unnormalized Slater-type orbitals <‘l‘: (A)and ¢.’;( B)>
defined by Eq. (83) and situated at points A and B respectively. The results of

calculations using 16-point quadrature are given in Table A-1 along with a

74
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comparison with the results of Kotani's tables. n

B. Tests of Kinetic Energy Integrals

Here the kinetic energy integral formulation given in Table 8 was
tested by using 16-point quadrature (except for ¥ = 2p , V= 2py where 40~
point quadrature was used) and the resulting integrals are given in Table A-1l along

with comparisons with Kotani's tables.

C. Tests of Potential Energy Integrals

The formulation, based on Table 7, of the potential energy integrals
< ;( K )l v 0:, (E )> is difficult to test due to the fact that there are no
tables of integrals to compare with. This difficulty can be overcome by choosing
a very special form for V' (r ) and by choosing the parameters 7\, E, @y, and a9
very carefully. Namely, let V' { r) be unity within each inscribed sphere and
zero between the inscribed spheres, choose R and B to lie close together within
the same inscribed sphere, and let @, and @, be so large that ‘l';( A) and
¢":‘ (B ) are essentially zero outside this sphere. Under these stringent require~
ments, the integral <¥ ;(K) AYAR! ¢i(B)> can be closely approximated by
the overlap integral <Y;(;) | ¢:(g)> Table A=ill presents the results of
such a calculation and compares the results with the corresponding overlap inte-

gral. Considering the approximations involved, the agreement is excellent.

D. Integrals for Lithium

Tables A=1V through A-XIIl give the multicenter integrals
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<y, (A 0) [¥g B=R,)>,
2 > >
A =01 - ‘R = )
<Y, (A 0} | EV | B\B Rv >,
> > -»>
<y, R=0)|v'| v, B=F)>

-
for all values of R ; for which the integrals are appreciable. Here the functions

<

are not the unnormalized Slater=type orbitals but rather are the curve fits of the
Hartree=Fock solutions for the free lithium atom as given in Eq. (55). The calicu-
lotion of these integrals is a basic necessity for any tight=binding calculation and
comprises over 99% of the labor involved in an accurate tight=-binding calculation.
Using these tables and the results of Chapter V, one can easily find the energy and
wave function of any des:red point in the Brillouin zone.
Of the integrals involving two 1s orbitals centered at points A and
> ] -
B, the only integrals of appreciable magritude are those for which A =B.
Fer ag = 6.65 au these are
+ >
<Y 0 ¥ 0>=+1.00013,
-> | 2 e
<*u@H o v ]vwm;-=+3ﬁw4,
> >
<Y (0)] V'] ¥ 'ls(o)>= -5.1522 ,
and for oy = 6.5183 au
- ->
<¥ 500 | % (07> = +1.00013,
> 1 2 —

- . -
<Y 0 | V] ¥y (0>= -5.1530.



Table A-i

. s/ s
Test Calculations of ¥, (A) | 4, (B)>

Overlap Integrals

Calculated

Kotani

X Y
s 3 1 2 3 15 3 5 -6 +0.59265831E-10 +0.59265831E-10
2 1.0 0 O 1 2 0 O +0.42882916E+00 +0.42882916E+00
2 110 2 3 s 2 1 2 -0.45919993E-02 ~0.45919994E-02
2 2 1 2 3 2 2 5 -6 +0.14101826E-04 +0.14101827E-04
2,2 1 2 3 2 2 10 2 +0.12754352E-04 +0.12754353E-04
2p,2 1 2 3 2,2 10 2 -0.11501375E-04 ~0.11501376E-04

LL



Table A-Il

é

> .
Test Calculations of <%, SA) | - ly 2 | ¢ » (B>

2

Kinetic Energy Integrals

wdy Ay AY A, v dy B, B, B Calculated Kotani

Ts 1 Is 3 5 =6 4 -0.21158558E-09 ~0.21158558E-09
2s ] Is 2 -3 3 11 -0.12378458E-02 -~0.12378458E-02
2p 10 Is 2 1 2 3 +0.11441893E-02 +0.11441893E-02
25 ] 2 2 5 -6 4 -0.15057858E-04 ~0.75057858E-04
2p 1 2 2 10 2 3 -0.13200221E-04 ~0.132002216E-04
2p 1 2p,2 -3 3 M ~0.60924406E-06 ~0.60924410E-06

84



Test Calculations of < ¥4 S(X\ J v

Table A-ill

1l¢ys(?)>

(ao = 6.65 au)
Potential Overlap
o 9 A Ay A, v B, Energy Calculated Kotani
Is Is 0.05 2 .4899E-02 2.4872E-02
2s Is 0.05 7 .5115E-03 7 .5133E-03
2s 2s 0.05 3.0053E-03 3.0055E-03
2p 1s 0.05 6.2171E-04 6.2186E-04
2p, 2s 0.05 1.2539E-04 1.2539E-04
2p 2p 0.05 9 .9807E-04 9 .9906E-04

6L
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B/ao
By

QAo

o0

5

-0

Bz
Ao
-0

o5

1.0
-0
.0

1.5

1.0
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TABLE A-1V
vaLues oF <& 10) | A B>, <bhstor |-2VP|Z B>
<¢2$(0)|v\¢,5(?)> FOR &)= 6.6500 a.u

MULTICENTER INTEGRALS

OVERL AP

«283891E-03

-+532376E-01
-+345968E-01
-+813445E-02
-.329077E-02
-+249060E-02
—+890582E-03
-+442089E-03
~+353864E-03
~«151980E-03
-.8395T4E-04
~+B839574E-04
-.332272E-04
-«196592E~-04
-+.165798E-04
-«165798E~-04
-.856256E-05
-.532005E~-05
-.455514E-05

-.248687E-05

KINETIC
ENERGY
.682529E 0O
«560973E-03
«122481E-02
«695059E-03
«342795E-03
«271117E-03
«109662E-03
.578367E-04
«470664E-04
.213313E-04
«121556E-04
«121556E~04
-500919E-05
-302198E-05
«256364E-05
«256364E-05
«135207E-05
-851554E-06
«732176E-06

-405882E-06

POTENTIAL
ENERGY

—«649573E-00

.903769E-01
.580141E-01
.133045E-01
.533201E-02
.402626E-02
.142931€-02
.706009E~03
<564492E-03
.241583E-03
.133163E-03
.133175E-03
.525531E-04
.310499E-04
-261760E-04
.261738E-04
-134968E-04
.837797€-05
.717087E-05

+391076E~0S
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TABLE A-IV (CONT’D)

-160364E-05
«160364E-05
-138916E-05
- 192007E-06
2526012E-06
«526012E-06
027157TE-06
-18478B1E~-06
-162815E-06
«162815E-06
»989800E~07
«989800E-07
«68T7256E-07
«68T7256E-07
«609500E-07
«379802E-07
«268322e-07
«268322E-07
«239293E-07
«152324E-07
«109245E-07
«634915E-08
«461415E-08

2461415E-08

«264398E-06
«264398E-06
«229762E-06
«132540E-06
«887275E-07
-887275E-07
«463559E-07
«317435E-07
.280270E-07
«280270E-07
- 171697E-07
- 171697E~-07
«119852E-07
-119852E-07
-106473E-07
«66T76TE-08
«473894E-08
-473894E-08
«423236€E-08
- 270904E-08
- 195044E-08
«114041E-08
-B831587TE-09

-831587E-09

«251982E-05
«251968E-05
«218226E-05
«124311E-05
-825153E-06
.825105€£-06
«425608E-06
-289464E-06
«255024E-06
«255003E-06
«154943E~06
«154938E-06
«107546E-06
«107540E-06
«953636E-07
«593945E~-07
2419490E-07

-419459E-07

.«374057E-07

-238027E-07
«170650E~-07
2991414E-08
-720343E-08

- 7120319E-08



2
VALUES OF <dﬁs€0) | 4s(€’> ' <¢25‘0’\' [2‘ v
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TABLE A-V

4>

—'>
Drs (B> FOR = 6.6500 « w

MULTICENTER INTEGRALS

<i¢§s(0)lv
I;’aa

By By, By OVERL AP

Ao Ao o

.0 .0 .0  .100057E Ol

55«5 .5 -490032E~-00
1.0 .0 .0  +394464E-00
1.0 1,0 .0  .172090€-00
1.5 <5 .5  .964646E-01
1,0 1.0 1.0 .801338E-01
2.0 .0 .0 -394201E-01
1.5 1.5 .5  .238541E-01
2,0 1.0 .0  .202767E-01
2.6 1.0 1.0 .108211€-01
2.5 +5 <5  .689T17E-02
1.5 1.5 1.5  .6897176-02
2.0 2.0 .0 .336705E-02
2.5 1.5 o5  .222883E-02
2.0 2.0 1.0 .194765E-02
3.0 .0 .0 .194765E-02
3.0 1.0 .0  .114969E-02
2.5 1.5 1.5 .783559E-03
3.0 1.0 1.0  .691012E-03
2.0 2.0 2.0  .422102E-03

KINETIC
ENERGY
- 204844E 00
- 158846E-01
.884026E-02

~«160136£-02

«252156E-02

«247248E-02

-183532E-02

«133349E-02

«118965E-~02

|

+740161E-03

«514303E-03

«5143G3E-03

{

. 2803350E-03

«1955€61E-03

«173599E-03

«173599E-03

«108373E-03

“

- 765651E-04

«682716E-04

c434137E-04

POTENTIAL
ENERGY
-.215818E-00
~.424109E-01
-«393113E-01
—.222540E-01
—.134778E-01
-.116250C~01
-.589115E-02
-.361709E-02
-:307545E—02

-.16T731E-02

«10774LE-O2

.1G8512E-02

«531275E-03

«353057E-03

-« 309451E-03

«309944E-03

«183150E-03

«125475E-03

-110609E--C3

t

«67T9891E-04



TABLE A-V (CONT’D)

«294489E-03
+294489E-03
«261640E-03
«164352E-03
«116903E-03
«116903E-03
«6T2022E-04
«485893E-04
«436648E-04
- 436648E-04
-286460E-04
«286460E-04
«210057E-04
+210057E-04%
0« 189625E-04
«126582E-04
«939695E-05
+939695E-05
«851668E-05
«5TT274E-05
«433227E-05
«270729E-05
-205154E~05

«205154E-05

{

i

.311045E-04
.311045E-04
27864 TE-04
.180475E-04
.131050E-04
-131050E-04
.T76894E-05
.571131E-05
.515959E-05
<515959E-05
-345280E-05
.345280E-05
<256691E-05
<256691E-05
.232741€-05
-157967E-05
-118636E-05
.118636E-05
.107923E-05
.741961E-06
.562391E-06
.356922E-06
.272824E-06

- 272824E-06

t

«473832E-04
«474004E-04
«420926E-04
«265188E-04
«189111E-04
-188816E-04
«108896E-04
- I187765E-05
«708723E~05
«707991E-05
«465014E-05
«465076E-05
«341820E-05
»341223E-05
-308249E-05
«205851E-05
.153014E-05
+153008E-05
«138653E-05
«941355E-06
«T06214E-06
«441833E-06
«335097E-06

«334863E-06
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TABLE A-V (CONT'D)

«205154E-05
-187179E-C5
«187179E-05
-130183E-05
-130183E-05
-995164E~-06
.995164E-06
«910551E-06
-910551E-06
«493354E-06
«452572E-06
~4525T72E-06
0«321453E-06
.249476E-06
«2494T6E-06
«164434E-06
~128463E--06
. 128463E-06
.128463E-06
-118378E-06
.118378E-06
«855751E-07
-855751E-07

. 6T72650E~07

--272824E-06
-.249617E-06
-.249617E-06
-.175484E-06
-.175484E-06
-+135173g-06
-.135173E-06
-.123985E-06
-.123985E-06
~-.682815€-07
-.627750E-07
~.627T50E-07
-.449683E-07
-.351123E-07
-.351123€-07
-.233669E-07
-.183559E-07
-.183559E-07
-.183559E-07
-.169450€E-07
-.169450E-07
-.123347€-07
-.123347E-07

-.974405E-08

+334880E-06
«305524€E-06
«305677E-06
«212636E-06
«212656E-06
«162644E-06
.162576E-06
-148920E-06
.148804E-06
-806842E-07
«740411E-07
«740087E-07
.525902E-07
+408485E-07
«408341E-07
2269196E-07
«210416E-07
«210352E-07
«210366E-07
»193871E~-07
-193876E-07
2 140245E-07
-140164E-07

.110218E-07



Bz

Ao
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TABLE A-VI
. 1 2

vaLues oF < (01| 281>, <Hytor |-V | A B>

<101 |V |Bis (B> FOR do= 6.6500 2 «

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
«613473E-01
- 186523E-01
-195388E-01
-128098E-01
2 664673E-02
-533828E-02
«217076E-02
-238567E-02
«115073E-02
.865502E-03
-519301E-03
-314860E-03
«252556E-03
«175009E-03
«262514E-03
-150599E-03
«84222TE-04
-887598E-04

«357011E-04

|

KINETIC
ENERGY
.0000C0E-99
-320105E-02
«214496E-02
-398402E-03
-478069E-03
«275756E-03
.288346E-03
«131684E-03
«149190E-03
«7918B16E-04
.628021E-04
«376813E-04
«244299E-04
. 202224E-04
-141456E-04
.212184E~-04
-125845E-04
- 718902&-05
°« T62569E-05

-314034E-05

POTENTIAL
ENERGY

__+000000E~99

—-«107428E-00
-.136087E-00
-+330368E-01
—-.214828E-01

-.111248E-01

—.888106E-02

—«360012E-02
—+394895E-02
-.18993BE-02
-«142615E-02
-o855719E-03
-.517683E-03
-+414803E-03
—«2B7349E-03
-«431010E-03

~«246980E-03

-.138024E-03

—+145424E-03

—«584459E-04



B/z.

Bx B, B,

do Ao Ao

.0 .0 .0

5 o5 .5
1.0 .0 .0
1.0 1.0 .0
1.5 .5 .5
1.0 1.0 1.0
2.0 .0 .0
1.5 1.5 5
2.0 1.0 .0
2,0 1.0 1.0
2.5 .5 .5
1.5 1.5 1.5
2.0 2.0 L0
2.5 1.5 5
2.0 2.0 1.0
3.0 .0 .0
3,0 1.0 .0
2.5 1.5 1.5
3,0 1.0 1.0
2.0 2.0 2.0
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TABLE A-VII
-> { v22 g
VALUES OF </ (0) l g,,(B1>, <¢2,,y(0)f—zV |¢,5(B)> ,

—,
<¢_2py(0)|vl¢,518)> FOR d,= 6.6500 a «

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
«613473E-01
.000000E-99
-195388E-01
«426993E-02
«664673E-02
.000000E~99
«217076E-02
.119283E-02
«575367E-03
.173100E-03
«519301E~03
«314860E-03
«151533E-03
«175009E-03
.000000E-99
+501998E-04
«505336E-04
-295866E-04

«357011E-04

KINETIC
ENERGY
.000000E-99
«320105E~02
-000000E-99
.398402E-03
«159356E-03
«275756E-03
-000000E~-99
.131684E-03
- 745950E-04
-395908E-04
2 125604E-04
.376813E-04
0244299E-04
«121334E-04
o 141456E-04
.000000E-99
«419485E-05
«431341E-05
«254189E-05

«314034E-05

POTENTIAL
ENERGY

.000000E-99
-.107428E-00

.000000E-99
-.330368E-01
-.716072€E-02
-.111248E-01

.000000E-99
-.360012E-02
~-.197444E-02
-.949678E-03
-.285225E-03
-.855719E-03
-.517683E-03
-.248879E-03
-.287349E-03

-000000E-99
-.823256E-04
-.828142E-04
~.484742E-04

- «584459E-04



-
B/ e
Oy

Ao

Bz
o
-0
o5
0

-0
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TABLE A-VIII
d 1 w2 >

VALUES OF <ﬂl&(0)|ﬂ,sm> v <ty t0r|-3V | 258>,

<4,,Z(0)]v|ﬂ,s(_g)> FOR &,= 6.6500 aw

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
«613473E-01
-000000E-99
-000000E-99
2426993E-02
«664673E-02
-000000E-99
- 723588E-03
.000000E-99
«575367TE-03
«173100E-03
-519301E-03
.000000E-99
-505113E-04
«875048E-04
.000000E-99
.000000E-99
«505336E-04
«295866E04

«357011E-04

KINETIC

ENERGY

.000000E-99

«320105E£-02

«000000E-99

.000000E-99

+159356E-03

-~ 2T5756E-03

.000000E-99

~+.438948E-04

«000000E-99

- +395908E-04

~o125604E-04

-.376813g-04

.000000E-99

-+404448E£-05

-.707281E-05

.000000E-99

«000000E-99

—+431341E-05

-.254189E-05

~«314034E-05

POTENTIAL
ENERGY

«000000E-99

-+107428E-00

+000000E-99

.000000E-99

-+716072E-02

-+111248E-01

.000000E-99

-.120001E-02

.000000€-99

—«949678E-03
—.285225E-03

—~+855719E-03

.000000E-99

—+B829590E-04

~e143672E-03

.000000E-99

.000000E-99

—+828142E-04
- 484T742E-04

—«584459E-04



ﬁ
B/ a,
By

Ao

88

TABLE A-IX
VALUES OF <Zpl0) | (B> , <A, 01 |-5V*|4,E>,
Lo 0|V [F B> FOR = 6.6500 2«

MULTICENTER INTEGRALS

B, OVERLAP
a.
.0 .000000E-99
.5 -.316028E-00
.0  -.504060E-00
L0 -<218262E-00
.5 -.185975E-00
1.0 ~.103667E=-00
.0 -.105383E-00
o5  —.492456E-01
.0  -.563940E-01
1.0 -.314339E-01
.5  -.259166E-01
1.5 -.155499E-01
.0 -.107362E-01
.5 -.921007E-02
1.0 ~.651696E-02
.0  ~.977545E-02
.0 —.605841E-02
1.5 -.356951E-02
1.0 -.382407E-02
2.0 -.163556E-02

KINETIC
ENERGY
.000000E-99
«228719E-01
«301592E-01
+538166E-02
«141911E-02
«311394E-03
-126770E-02
«102062E-02
«131221E-02
«100871E-02
«974215E-03
+584529€-03
-485548E-03
«452234E-03
«327795E-03
«491693E-03
«331266E-03
«205591E-03
«223741E-03

.101231€E-03

POTENTIAL
ENERGY
-000000E-99
«284026E-01
.513389E~-01
«281643E-01
«256786E-01
«148505E-01
«154394E-01
«731151E-02
«837431E-027
-476081E-02
«395272€E-02
«238725E-02
«165351E-02
«142447E-02
«100950E-02
«151394E-02
«941033E-03
«557357E-03
«596790E-03

«256793E-03



t
i

!

89

TABLE A-IX (CONT’D)

«147977E-02
-207168E-02
«159709E-02
«105350E-02
«647714E-03
«906800E-03
«632998E-0G3
«415234E-03
«323717E-03
«431622E-03
«222809E-03
«297079E-03
.141114E-03
«197559E~-03
«154695E-03
«144369E-03
«971510E-04
+124908E-03
.101817E-03
«542394E-04%
-632253E-04
«372087E-04
«255359E-04

«255359E-04

«949855E-04
«132979€E-03
«103672E-03
-712451E-04
-450101E-04
«630141E-04
«457771E-04
«306726E-04
«240726E-04
«320968E-04
«169877E-04
«226503E-04
«109444E-04
«153222E-04
-120629E-04
«114899E-04
«7184187E-05
.100824E-04
«825560E-05
«447348E-05
«5276935E-05
«316288E-05
«219282E-05

«219282E-05

«232216E-03
«325137E-03
«250652E-03
«165869E-03
«102243E-03
«142917E-03
«100071E-03
«657207E-04
«513006E-04
+683133E-04
«353150E-04
«470901E-04
«224237E-04
«313438E-04
«245610E-04
«229351E-04
«.154586E-04
.198817E-04
«162089E-04
«865112E-05
-100804E-04
«594178E~-05
«408203E-05

«407828E-05



B x
,

->

B/a,
By
2,

B.Z.
Lo

.0
.5

.0

1.0

]
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TABLE A-X
-~ —>
VALUES OF </ 10) | 481>, <4&(0)|—5V2|45(B)> .
—
<Ay 101 |V | (B> FOR &= 6.6500 2 «

MULTICENTER INTEGRALS

OVERLAP

-000000€&-99
«316028E-00
-000000E-99
«218262E-00
«619918E-01
«103667E~00
-000000E-99
«492456E-01
«281970E-01
«157169E-01
«518332E-02
«155499E-01
«107362E-01
«552604E-02
«651696E-02
.000000E-99
«201947E-02
«214170E-01
«127469E-02

«163556E-02

KINETIC
ENERGY

«000000E-99

—+228719E-01

.000000E-99

—+.538166E-02

—«473037E-03

—+311394E-03

«000000E-99
«102062€E-02
+656107E-03
«504357E-03
«194843E-03
«584529€-03
+485548E-03
«271340E-03
«327795E-03
.000000E-99
«110422E-03
«123355E-03
- 745805€E-04

«101231E-03

POTENTIAL
ENERGY
.000000E-99
«284026E-01
«000000E-99
«281643E-01
+858421E-02
«148505E-01
.000000E-99
«731151E-02
«418760E-02
«238191E-02
«790581E-03
«238725E-02
«165351E-02
«854704E-03
«100950E-02
-000000E-99
«313718E-03
«334360E-03
«198919E-03

«256793E-03



TABLE A-X

-.147977€-02
-.295955E-03
~.106472E-02
-.702335E-03
-.6477T14E-03

—.388628E-03

-000000E-99

—.177957€-03
-.215811E-03

-«107905E-03

~+222809E-03

~+742698E-04
-+141114€E-03
—+141114E-03
—~«154695E-03
—.T721847E-04
~+.693936E-04
--138787E-04
-.509088E-04
—e542394E-04
—«210751E-04
-+186043E-04
—-.182399E-04

-+255359E-04

(CONT’D)

.949855E-04
.189971E-04
.691149E-04
.474%67E-04
.450101E-04
«270060E-04
.000000E-99
- 131454E-04
.160484E-04
.802421E-05
.169877E-04
.566258E-05
. 109444E-04
.109444E-04
.120629E-04
«574497E-05
.560134E-05
.112026E-05
.412780E-05
«447348E-05
.175898E-05
.158144E-05
.156630E-05

«219282E-05

«232216E-03
«464574E-04
«167094E-03
«110569E-03
«102243E-03
«612524E-04
«000000E-99
.281601E-04
«341923E-04
«170819E-04
«353150E-04
«117724E-04
«224237E-04
«223871E-04
«245610E-04
«114676E-04
«110406E-04
«220954E-05
-810396E-05
«865112E-05
«336039E-05
«297024E-05
«291521E-05

«40T7828E-05

—r—



B2
Ao

.0

05

.0

-0

1.5

1

92

TABLE A-XI
VALUES OF <Z, 101 ] £, (E)>, <@510)]-ﬁ71]¢és(§")> ’

<Z, 00| V] B> FOR 4= 6.6500 ac

MULTICENTER INTEGRALS

OVERLAP

.000000E-99
-316028E-00
«.000000E-99
.000000E-99
«619918E-01
«103667E-00
«000000E-99
«164152E-01
- 000000E—99
«157169E-01
«518332E-02
«155499E-01
-000000E-99
»184201E-02
-325848E-02
«0000060E-99
-000000E-99
.214170E-02
«127469E-02

«163556E-02

KINETIC
ENERGY
.000000E-99
.228719E-01
.000000E~-99
.000000E-99
«473037E-03
«311394E-03
.000000E-99
«340207E-03
.000000E-99
.504357E-03
«194843E-03
«584529E-03
.000000E-99
«904468E-04
.163897g-03
.000000E-99
.000000E-99
-123355E-03
.745805E-04

.101231€E-03

POTENTIAL
ENERGY
.000000E-99
«284026E-01
+000000E-99
.000000E-99
«858421E-02
.148505€E-01
.000000E-99
«244351E-02
*000000E-99
.238191E-02
«790581E-03
«238725E-02
-000000E-99
«284895E-03
«504720E-03
+000000E-99
-000000E-99
«334360E-03
«198919E-03

«256793E-03



05

05

BO

|

1

TABLE A-XI

«295955E-03
«295955E-03
-0000Q0E-99
«351167E-03
-388628E-03
«129542E£-03
.000000€E-99
-177957E-03
«215811E-03
-000000E-99
-000000E-99
- 142638E-04
«141114E-03
«282228E-04
-515650E-04
«000000E-99
»416361E-04
-13B787E~-04
«254544E-04
2361596E-04
-000000E-99
-186043E-04
-182399E-04

.364799€-05

(CONT’D)

«189971E-04
«189971E-04
.000000E-99
0 237483E-04
«270060E-04
«900202E-05
.000000E-99
«131454E-04
«160484E-04
.000000E-99
.000000£E~-99
«566258E-05
2109444E~04
~218889E-05
.402098E-05
.000000E-99
+336080£-05
«112026E-05
«206390E~05
.298232E-05
-000000E-99
«158144E-05
- 156630E-05

«313260E-06

«464222E-04
«464574E-04
.000000E-99
-552666E-04
«613249E-04
«204110E-04
-000000E-99
-281601E-04
«341923E-04
-000000E-99
»000000E-99
«117724E-04
«22423T7E-04
«447539E-05
«818304E-05
-000000E-99
«662249E-05
«220954E-05
«405090E-05
«576588E-05
»111988E-05
«297024E-05
«291521E-05

«582333E-06



<Fop 10} V]| Z, (B> FOR

MULTICENTER INTEGRALS

B~

Ao

94

TABLE A-XII
VALUES OF <@, (01| ZE) >, <Fyio1|- £V 481>

OVERLAP

»999119E 00

«259914E-00
—.253292E-00
-+ 726085E-01
-.201628E-00
—22341T71E-01
-.178034E-00

—o470372E-01

-929835E-01

»509873E-01

«586357E-01

«136560E-01

.170848E-01

.208527E-01

[

«103145E-01

.284076E-01

«177251E-01

«814377E-02

2112752E-01

«256907E-02

KINETIC
ENERGY
-140902E-00
«551598E-02
«437027E-01
0 935498E-02
-988397E-02
- 2753096E£-02
-351770E-02
- 164870E-03
«678417TE-03
«120004E-C3
«593051E-03
«322575E-04
-283329E-03
«467816E-03
0227496E-03
«694515€£-03
«515864E-03
«256648E-03
-374098E-03

-888003E-04

do= 6.6500 a «

POTENTIAL
ENERGY

—.150679E-00

—2412100E-01

+316082E-C1
-107175E-01
+316061E-01
«427457E-02
.288704E-01
- T64837E-02
«149946E-01
-829739E-02
«956531E-02
«227431E-02
«279501E-02
«340807E-02
«169423E-02
«465874E-02
«290296E-02
«133689E-02
.184869£-02

«424377E~03



95

TABLE A-XII

—+341416E-02
~.756304E-02

0479190E-02

+3159058E-02

0151415E-02

©338344E-02

2282240E-02

»158445E-02
~+100944E-02
-o194796E-02
-.701705E-03
-+135709E-02
-+339475£-03
- 7171060E-03
-.492047E-03
—+675595E-03
~.387778E-03
-.678939E-03
—o482197E-03
-« 177702E-03
—+352235E-03
~.182539E-03
-.106500E-03

~o106500E-03

(CONT’D)

- 131730E-03
«299417E-G3
«191743E-03
«136947E-03
.670741E-04
2153125E-03
«136856E-03
+T91737E-04
-506627TE-04
«987475E-04
«366515E-04
«7T15538E-04
2180192E-04
«416141E-04
«260324E~04
-380781E-04
«222682E-04
«391834E-04
«2T1966TE-04
-104971E-04
-213902E-04
«113767E-04
«672309E-05

«672309E-05

+560802E-03
-124209E-02
- 718B6279E-03
«524079E-03
s 249291E-03
«555720E-03
-464201E-03
. 260493E-03
+166137E-03
«320295E-03
-115414E-03
.223178g-03
+559930£-04
.126801E-03
.809771E-04
2111117E-03
.638221E-04
«111735E-03
«793321E-04
«292795E-04
«579682E-04
.300510E-04
«175446E-04

-175341E-04



96

TABLE A-XII (CONT?’D)

~<187384E-03

~-133660E-03

~.217921E-03

~.984100E-04

~o160572E-03

-.578003E-04

~.101936E-03

~.369804E-04

~.118933E~03

~o565T46E-04

~.404831E-04

~.662043E-04

~.497319E-04

~.180482E-04

~-<493788E-04

~-.173399E-04

-.183697E~04

~+ 183697604

-«283980E-04

.118793t-04
.850128E-05
<138990E~04
-637829E-05
-104351E£-04
«378710E~05
«670546E-05
«242340E-05
« 186522E-05
«384314E-05
«275632E-05
.451857TE-05
+344330E-05
«125675£-05
»345620E-05
«122969E-05
«131639E-05
0c131639E-05

-203816E-05

-308457E-04
«220012E-04
«358837E-04
- 162024E~-04
«264390E-04
«952089E~05
«167814E-04
«609769E~-05
»195834E-04
«931641E-05
-66686TE-05
109014E-04
.818979E-05
«297474E-05
«813349E-05
«285614E-05
2302624E-05
«302564E-05

<46T7760E-05



g?ﬂo

Bx By
72 Ao
-0 o0
65 5
1-0 20
1.0 1.0
1.5 "5
1.0 1.0
2.0 0
1.5 1.5
2.0 1.0
2.0 1.0
2.5 ¢S
1.5 1.5
2.0 2,0
2.5 1.5
2.0 2.0
3.0 ¢
3.0 1.0
2.5 1.5
3.0 1.0
2.0 2.0

82
2,
.0
”S

OO

!

TABLE A-XIII
vaLues oF <gh, (01| Z 80>, <Zypo| -5 V480>,

<4,,y(o;|v|,¢;,¢y(é>)> FOR 4,= 6.6500 2 «

MULTICENTER INTEGRALS

OVERLAP

«999119E 00
<259914E~CO
+376542E--00
- 726085E-01
»714584E-01
«234171E-01
.493187E~-01
»410372E-01
.201231E-02
.107940E£-03
.883379E-02
.136560E-01
«170848E-01
«453711E-02
«103145E-01
.415998E-02
«444T75E-03
»165593E-02
«348532E-03

2 256907E-02

KINETIC
ENERGY
0140902£-00
«551598E-02
«206394E-C1
«935498E-02
- I T5459E-04
«275396E-02
c161372E-03
- 7164870E-03
c433633E-03
.219266£-03
«248139E-03
«322575E-04
0283329E-03
«671567E-04
0227496E-03
«146118E-03
-366446E-04

-394818&-04

-.261290E-04

.888003E--04

POTENTIAL
ENERGY

-.150679E-00

-<412100E-01

- «586476E-01

s107175€~01

-.116510E-01

-42T7T45TE-02

-.794948E-02

- 164837TE-02
«267744E-03

-308950E-04

- 144T43E-02

.227431E-02
.279501E-02
«T741424E-03
.169423E-02
.680330E-03
- T45497TE-04
.274017E-03
.571997E-04

«424377E-03



i

TABLE A~XIII (CONT’D}

0341416E-02
- 134723E-03

«167115E-02

~.110209E-02

!

-151415E-02
»267969E~03
«278209E~03
«115700E£-03
«339074E-03
«631492E-04
. 701705E~03

<473162E-04

"« 339475E-03

+339475E-03

«492047E-03
«113715€-03
. 169407E-03
- 489632E-04
.B02767E-04
.177702€-03
«112318E-04
«294194E-04
.458377E-04

«106500E~-03

«131730E-03
«359572E-04
«632232E-04
o 449382E~-04
«6710741E~C4
«970688E~05
«152169E-04
«4T0146E-05
-163164E-04
-429127E-05
+366515E~04
«323683E-0F%
-180192E-04
-180192E-04
0 266324E-04
«612597E--05
«958182E~05
-310458E--05
«445764E-05
-104971E-C4
. 556817E-06
o 176234E--C5
-285587E--05

«672309E-05

.560802E-03
.120752E-03
«2T74297E-03
.181284E-03
0249291E-03
«439458E-04
<457193E-04
-190876E-04
2559613E-04
.104186E-04
- 115414E-03
.779268E-05
.559930E-04
.558502E-04
.809771E-04
. 186994E-04
«279077E-04
.805937E-05
.132148E-04
2292795E-04%
. 184554E-05
.485163E~05
«756041E-05

«175341E-04



99

TABLE A-XIII

—.53959CE~05

~.681243E-04

<1613626-04

~.500611E-04
.519479E~05

-.578003E--04

~.246984E-04

-.369804E-04

«399592E~05

-,135801E-04

-.204777E-04

~.618818E--05

-~ 459668E~05

-.180482E-04

«283885E-05

~6173399E-04

- 432998E-05

~.103470E-04%

~“.318632E-06

{CONT D}

«2177T29E-06

-430302€~05

-0109474E-05

«322292E-05

~-383204E-06

«378710£-05

-159832E-05

«242340E-05

~o29749T7E-06

-908295E~06
2138567E-05
-406650E-06
2306632E~06

0125675E-05

-.209542E-06

0 122969E-05
«305915E-06
- 738979E-06

-« 172072E-07

.889300E-06
.112160E-04
+265637E-05
«824494£-05
.856036E-06
»952089E-05
<406675E-05
.609769E-05
.658419e-06
2223767E-05
«337509E-05
.101869E-05
.757088E-06
«29T4T4E-05
46T629E-06
+285614E-05
.714022E-06
.170449E-05

«523924E-07



100

TABLE A-XIV

VALUES OF <&, (01 | Z,182> , <Zgtor |-V 180>,
<4, (0N |V|F, (B> FOR 4= 6.6500 2 «

MULTICENTER INTEGRALS

-—)

B/z,
By
7

-0

5

o0

Bz
Ao
QO
05
-0

=0

«999i19€E 00

0175219€-00

OVERLAP

0259914E"00 05

«376542E~00 02

KINETIC
ENERGY

«1409G2E~-00

51598E~02

06394E~01

-457466E~02

o 114584E--01 s IT5459E~04
«234171E-01 -.275396E~-02
«493187E-01 ~.161372E-03
«2357T7T5E-01 -.383107E-03
0«283114E-01 ~,352038E~-03
»107940E-G3 ~.219266E-03

«883379E~02

-.136560E~-01

-648730E-02
. 362072E-02
«541361E--03
-415998E-02

<271601E~-02

-+ 165593E-02

«348532E-03

~o256907E-02

2 248139E-03
0322575E~04
0 199654E-03
.133172€~-03
0c527143E~04
0146118E~-03
-105708E~03

«394818E-04

~-.261290E~-04

- 888003E~-04

POTENTIAL
ENERGY

~+15067SE~-00
-.412100E-01
-.586476£-01
~2294486E-01

-.116510E-01

«42745TE-02

- 194548E-02
~0390398E-02

-.46T645E-02

.308950E-04

—-0144T43E-02

. 227431E-02

~o107T413E-02
—-e597486E-03
~-.874370E-04
-.680330E-03

~-447135E-03

«274017E-03

~.571997E-04

-42437T7E-03



101

TABLE A-XIv

»734723E--03
.734723E--03
«825444E-03
.151001E-03
.267965E-03
2355124E-03
.278209E-03
«11570CE~03
2339074E--03
»197223g~-03
- 140943E-03

<4 73162E-04

~0339475E-03

-921095E-04
+355331E-04
« 135782E-04
-238270E-04
«489632E-04

«202033E~-04

~+570745E-04

- 266574E-04

~6294194E-04

~o458377E-04

< 148250E-04

(CONT’D}

—.359572E-04
~+359572E-04
—-395929E~04

—.102673E-04

-370688t-05

-.18976T7TE-04

—.152169E-04

«4T70146E-05

0163164E-04

~--111605E-04
—0.822288E-05

-0323683E-05

«180192E-04

-.557569E-05
-.245068E-05

—e452475E-05

«112421E-05

-+.310458E-05

~o141962E-05

«325777E-05

~«175800E~05

«c176234E-05

- 285587E-05

-.101134E-05

«121347E-03
«120752E-03
«136293E-03
2482T78E-04
-443867E-C4
.585290E-04
«45T193E-04
-190876E-04
-559613E-04
»324709E-04
-232715E-04
< 1719268E-05
«559930E~-04
«151990E-04
«585518E-05
«121343E~-04

«393937E-05
.805937E-05
-332884E-05
«942383E-05
«&43927TE-05
-485163E-05
- 756041E-05

«244630E-05



102

TABLE A-X1V

~.539590E--05
2 161362E-04
. 161362E--04
«519479E-05
+121017E--04
-2 263059E~-05
-840335E~05
~0369804E~04
«399592E--05
~.129597E~05
~.618818E-05
«524346E-05
.185121E-05
~.760468E--05
.283885£-05
«235504E-05
~2432998E~05
. 168704E-05

«168704E-05

(CONT D}

- 217TT729E-06
-0109474E--05
~-.109474E-05
-383204E-06
~«833971c-06

«139141E-06
- -5G90449E-06

«242340E-05
—0.297497TE~06

-697682E~C7

«406650E-06
—.376573E-06
-0141463E-06

«523607E-06
-.209542E-06
~-175086E-06

«305915E-06
~o127147E~06

--127147E-06

-889300E-06
—.266254E-05
~.26563TE-05
-.856509E-06
~.159340E-05

-434960E-06
—.138588E-05

«609769E-05
~.5658419E-06

.214017E-06

.102123E-05
~.864430E-06
-+305132E-06

c125462E-05
-~ 46T629E-06
—.388561E-06

«714022E--06
-.27830CE-06

~«278033E-06



103

TABLE A-XV
VALUES OF <My t01] fp 81> <gptor|-z V|4 80>

<<4@€N|VU&¢§¢»FDR A, = mpmmau

MULTICENTER INTEGRALS

OVERL AP

.000000¢&--99

~.207007& 0O

-0000006E--99

-.2417828E 00

~.102407E 00

-01134339E-00

-000000E-99

~o7194417E-01
~o606474E-01
-2339196E-01
~e140561E-01
-.253010E-01
~a235721E~01
~.152959E--01

~o144744E-01

.000000E-99

~,681372-02
~o608235E~-02
~+4%35890E-~02

-.378087E--02

KINETIC

ENERGY

-000C0C0E-S9

«252474€-01

«000000E~99

-2 13G296E-01

0373556£-02
-354858E-02

.000000E-99

~o429484E-03

~o163189E-03

.226180E~03
. 175248E-C3
«315446E-03
«482983E-03
.375618E-03
.373614E-03
.000000E--99
.207190E-03
.203593E-03
.150085E--03

«143657E-03

POTENTIAL
ENERGY

.0000C0E-99
-280842E-01
.000000E~-99
s381772£-01
«164728E£~01
-183950€E-01
-000000E-99
0128629%E-01
.983054E-02
«955173E-C2
«229871E-02
«41548TE~02
2385178E-02
.250383E-02
0237226E-02
-~000000E-99
-111667TE-02
«999931E-03
« 7116055E-03

-622334E-03



104
TABLE A-XV

o 432175E-02

«121009E-02

~0374489E~02

«250618E-02

«163562E-02

-000000E-99

- 77T1097E-03

t

- 804446E-03

0536297g~-03

i

- 842649E-03

-374510E-03

«449567E-03

i

c629394E-03

"0593528E--03

t

2374586E~03

»318457E--03

-818890E-04

0 267946E-03

!

»217130E-03

< r2787T6E-03
~o102079E-03
—.884666E-04

~-.123853E-03

{CONT'D)

«174674E~03
«489088E-04
0154224E-03
.110411E-03
-896363E-04
. 752945E-04
.000000E~99
+390979E-04
c412155E-04
0 2T4TTOE-04
c448T44E-04
«199441E-04
< 245780E-04
»344092E-04
+327185E-04
+213014E-04
»185010E-04
- 475740E-05
. 156727E-04
-130308E-04
. 781253E-05
. 64095TE-05
~563969E-05

- 189557E-05

« 709506E-03
.198803E-03
«614802E-03
«411887E-03
320264E-03
«268797E-03
-000000E-99
+126S506E-03
«132454E-03
-.88188B3E-04
-138569E-03
«616270E-04
« 140605E-04
«103526E-03
«976495E-04
«616266E-04
«524242E-04
-1347T74E-04
441008E~-04
«357587E-04
2210489E-04
-168146E-04
- 145753E-04

«203889E-04



I
1

|

t

105

TABLE A-XV (CGNT’D)

+682456E~-04
«112347E-03
-000000E-99
-828838E-04
0 34534GE-04
-675829E-04
«620659E-04
- 460984E-04
.256102E-04
«345491E-04
0342949E-04
«285791E-04
«214929E-04
«213222E-04
- 4T8661E-05
«196949E~04
»112819E-04
«157946E-04
«827340E-05
- 149929E-04
+937059E-05
+859195E-05
»107399E-04

«92377LE~05

«435062E-05
- 719702E-05
-000C000E-99
+540919E-05
-225383E£-C5
«4468T4E-05
-410395E-05
-306101E-05
«170056E-05
«235835E-05
«2349617E-C05
«195805E-05
«149365E-05
«149684E-05
+336027E-06
«140477E-05
-811993E-06
«113679E-05
«995461E-06
»108224E-05
«6T76404E-06
«62T7256E-06
. 784070E-06

«679891E-06

«112397E-04
«184947E-04
-000000E-99
«136475E-04
-S68634E-05
«111303E-04
-102195E-04
«7159713E-05
«421789E-05
«569085E-05
«564984E-05
«4T70650E-05
«354016E-05
«351347TE-05
.788438E-06
«324388E-05
-185917E-05
«260164E-05
«136285E-05
.246973g-05
«154403E-05
«141609E-05
+176913E-05

«152195E-05



vaLues of </, (0)| 4&(’3’0 , <%’§p,_‘0’|‘i s

106

TABLE A-XVI

B>,

<,@:2,,Z(0)\v\¢gw(ﬁ>)> FOR 4, = 6.6500 a

o5

1.0

o0

MULTICENTER INTEGRALS

OVERLAP

.000000E-99

-.,207007E 00

-O00000E-99

-000000E-99

-+102407E-00

—«113439E-00

«000000E-99

—~.264805E-01

-000000E-99

~+339196E-01

-.140561E-01

-.253010E-01

-»000000E~99

—+509864E-02

-.723724E-02
.000000E-99
.000000E-99

-.608235E-02

-+435890E-02

-.378087E-02

KINETIC
ENERGY
.000000E-99
«2524T74E-01
-000000E—-99
-000000£-99
-373556E-02
«354858E-02
-000000E-99
.143161E-03
-000000E-99
«226180E~03
.175248E-03
-315446E-03
- 000000E-99
.125206E-03
-186807E-03
.000000E-99
-000000E-99
-203593E-03
-150085E-03

- 143657E-03

POTENTIAL
ENERGY
.000000E-99
«280842E-01
«-000000E-99
.000000E-99
«164728E-01
«183950E-01
.000000E-99
«433808E-02
.000000E-99
«555173E-02
«229871E-02
«41548B7E-02
.000000E-99
«837774E-03
«119043E-02
«000000E-99
.000000E-99
«999931E-03
«716055E-03

«622334E-03



107

TABLE A-XVI

—-.864351E-03

-.121009E-02

-000000E-99

~+125309E-02
~.116830E-02

-.545207E-03

-000000E-99

-.771097E-03

-~+804446E-03

-000000E-99

.000000E-99

~-.374510E-03
-+449567E-03
-«125878E-03

-.197842E-03

-000000E-99

~-+.191074E-03
-.818890E-04
-«133973E-03
-.144753E-03
—«426254E-04
-.102079E-03
—.B884666E-04

-«176933E-04

(CONT’D)

«349348E-04
-489088E-04
-000000g-99
.552056E-04
.537818E-04%
.250981E-04
.000000E-99
.390979E-04
.412155E-04
.000000E-99
.0000C0E-99
.199441E-04
.245780E-04
.688185E-05
.109061E-04
.000000E-99
.111006E-04
«475740E-05
.783636E-05
«868724E-05
«260417E-05
«640957E-05
.563969E-05

»112793E-05

«142320E-03
«198803E-03
«000000E-99
«206289E-03
«192416E-03
«897176E-04
«000000E-99
«126906E-03
«132454E-03
.000000E-99
.000000E-99
«616270E-04
- 140605E-04
«207370E-04
«325971E-04
«000000E-99
«314793E-04
«134774E-04
«220665E-04
«238531E-04
«701982E-05
«168146E-04
«145759E-04

«291600E-05



108

TABLE A-XVI

«682456E—04
=000000E~-99
.000000E-99
«2T62T79E-04
-C00000E-99
«289641E-04

.124131E-0%

«460984E-04

.256102E-04
«207295E-04
«228633E-04
-000000E-99
«107464E-04
«152301E-04
«4T8661E-05
+000000E-99
«112819E-04
«225638E-05
.275780E-05
»374823E-05
+937059E-05
-859195E-05
-000000E-99

+395904E-05

{CONT D)

+435062E-05
.000000E-99
.000000E-99
-180306E-05
.000000E-39
.191517€E-05
.820790E-06
.306101E-05
«170056E-05
.141501E-05
.156644E-05
.000000E-99
. T46826E-06
«106917E-05
.336027E-06
.000000E-99
.811993E-06
.162398E-06
.198487E-06
-270561E-06
.676404E-06
«627256E-06
.000000E-99

.291382E-06

«112397€E~-04
.000000E-99
.000000E-99
«455316E-05
«000000E-99
«4T77377E-05
«204545E-05
«759713E-05
«421789E-05
«341590E-05
«376807E-05
«000000E-99
«177066E-05
«251036E-05
. 788438E-06
+000000E-99
»185917E~-05
«371931E-06
«454380E~-06
«617861E-06
.154403E-05
«141609E-05
«000000E-99

«652598E-06



109

TABLE A-XVII
- 2 >

vaLues of <g,(0) | Lol B> 1 <Hp ) |- 2 VL B>

SZ,, 10|V I|Za (B> FOR 4= 6.65002w«

MULTICENTER INTEGRALS

OVERLAP

.000000E-99

-.207007E 00

-000000E-99

«000000E-99

—+341359E-01

-«113439E-00

.000000E-99

—+264805E-01

«000000E-99

-.169598E-01
—+281123E-02

-.253010E-01

«000000E-99

—-+305918E-02

-o723724E-02

.000000E-99

-000000E-99

~e364941E-02
-<145296E-02

—<378087E-02

KINETIC
ENERGY
«000000E-39
«2524T74E-01
«000000E-99
-000000E-99
«124518E-02
«354858E-02
«000000E-99
«143161E-03
.000000E-99
-113090E-03
«350496E-04
«315446E-03
.000000E-99
«751236E-04
.186807€E-03
.000000E-99
-000000E-99
2122156E-03
«500284E-04

«143657E-03

POTENTIAL
ENERGY
.000000E-99
.280842E-01
.000000E-99
.000000E-99
«509492E-02
.183950E-01
.000000E-99
.433808E-02
.000000E-99
.275798E-02
-446508E-03
«415487E-02
.000000E-99
.501276E-03
.119043E-02
.000000E-99
.000000E-%9
.599719E-03
.237648E-03

«622334E-03



i

!

110

TABLE A-XVII {CONT’D)

«864351E-03
- 17287T0E-03
-000000£-99
«835396E-03
»11683C0E~-02
-233660E-03
«000000E-99
-330470E-03
«536297E-03
- 000000E-99
.000000E-99
«936276E-04
«449567£-03
-899135E-04
«197842E-03
-000000&-99
-136481E-03
-909878E-05
-669867E-04
«144753E-03
«142084E-04
-510399E-04
«631904E-04

«176933E-04

«349348E-04
«698697TE-05
-000000E-99
«368037E-04
-537818E-04
«107563E-04
.000000E-99
-167562E-04
< 274770E-04
- 000000E-99
-000000E-99
«49B604E-05
-245780E-04
«491561E-05
-109061E-04
-000000E-99
- 792900E-05
-52B600E-06
-391818E-05
c868724E-05
-868059E-06
«320478E-05
«402835E~-05

«112793E~-05

«142320E-03
«281228E-04
-000000E~99
«137442E-03
2192416E-03
-383626E-04
-000000E-99
-543522E-04
.883228E-04
.000000E-99
- 000000E-99
«153719E-04
«740605E-04
-148070E-04
«325971E-04
-000000E-99
2224832E-04
«149228E-05
«110260E-04
.238531E-04
22336T71E-05
«B40748BE-05
«104135E-04

«291600E-05



111

TABLE A-XVII {CONT’D)

«227485E-04
»000000E—-99
-000000E-99

«207209E-04

.000000€E-99

[

<289641E~-04

«689621E—-05

-460984E-04

~.512205E-05

-115163E-04

I

- 17T1474E-04

-000000E-99

«429859E-05

1

-152301E-04
~.435147TE-06

.000000E—99
—.626773E-05
-.175496E-05
-o752128E-06
~-.374823E-05
-.374823E-05
~e644396E-05
-000000E~-99

~.307925E-05

.145020E-05
.000000E-99
-000000E~99
«135229E-05
.000000E-99
-191517E-05
«455994E-06
.306101E-05
«340113E-06
~786119E-06
.117483E-05
.000000E-99
.298730E-06
.106917€-05
-305479E-07
.000000E-99
.451107E-06
.126310E-06
«541328E~-07
.270561E-06
.270561E-06
«4T70442E-06
.000000E~-99

2226630E-06

©374454E-05
-000000E-99
-000000E-99
«341450E-05
-000000E-99
«477377E-05
«113592E-05
- 159713E-05
-842607E-06
«189743E-05
«282613€-05
.000000E-99
- 707920E-06
+251036E-05
«T15748E-07
-000000E-99
«103300E-05
-289259E-06
«123825E-06
-617861E-06
«617564E-06
«106221E-05
.000000E-99

«507565E-06



<L 0| V|Fs(B1> EOR 4= 6.5183

B/a.

Bx By Bz

Ao 2. Zo

.0 .0 .0

5 o5 5
1.0 .0 .0
1.0 1,0 .0
1.5 5 .5
1.0 1.0 1.0
2.0 .0 .0
1.5 1.5 .5
2.0 1.0 -0
2.0 1.0 1.0
2.5 .5 .5
1.5 1.5 1.5
2.0 2.0 .0
2.5 1.5 .5
2.0 2.0 1.0
3.0 .0 .0
3.0 1.0 .0
2.5 1.5 1.5
3,0 1.0 1.0
2.0 2.0 2.0

112

TABLE A-XVIII
VALUES OF <Z, 101 |4 B1> , <d 01 |-5V' | e -

MULTICENTER INTEGRALS

OVERLAP

.283891E-03
-.561511€E-01
-.369279E-01
~-.900667E-02
~.372288E-02
-.283599E-02
-.103826E-02
-.523589E-03
-.421188E-03
-.184315E-03
-.103155€-03
-.103155E-03
-.416579E-04
~o249289E-04
-.211015E-04
-.211015€E-04
-.110537E-04
~.693826E-05
-.596045E-05

-.329639E-05

KINETIC
ENERGY
.682529t 0O
-385883E-03
-118525E-02
0 T46TT2E--03
-379560E-C3
«302665E-03
«125897E-03
«675896E-C4
«553064€£-04
«255822E-04
«147829E-04
c147829€E-04
«622336E-C5
«379943E£-05
«323558E-C5S
«323558E-05
«173188t-C5
«110234£-05
«951070t-C6

-534296t-06

POTeNT T

ENE o,

STERAES

B ERFELE

N SAE S

R PRI
MEEE TS

N I AN AU
MR EVE BN
LAV

Lt e



1.5

.0

111

TABLE A-XVII (CGNT’D)

«227485E-04
.000000E-99
- 000000E-99
-207209E-04
.000000E-99
-289641E-04
-689621E-05
- 460984E-04
»512205E-05
«115163E-04
-171474E-04
-000000E~-99
- 429859E~-05
«152301E-04
«435147TE~06
-000000E-99

«626773E-05

—.175496E~-05
-.752128E~-06
-+374823E~-05
—.3T7T4823E-05

—+644396E~-05

-000000E~-99

-.307925E~-05

«145020E-05
.000000E-99
-000000E~99
.135229E-05
.G00000E-99
.191517E-05
«455994E-06
.306101E-05
«340113E-06
- 786119E-06
.117483E-05
.000000E-99
.298730E-06
.106917€-05
-305479E-07
.000000E-99
.451107E-06
.126310E-06
«541328E-07
.270561E-06
.270561E-06
«470442E-06
.000000E-99

«226630E-06

©374454E~05
-000000E~-99
- 000000E~-99
«341450E-05
-000000&£-99
«47T7377E-05
2113592E-05
- 759713E-05
842607E-06
«189743E-05
«282613€E-05
.000000E~-99
«7T07920E-06
+251036E-05
- T15748E~07
«000000E-99
-103300E-05
«289259E-06
«123825E-06
«6178B61E-06
«617564E-06
«106221E-05
.000000E-99

«507565E-06



Bx
.

00
o5

1.0

-
B/« .
B
2.

<L (0| V| Fs B> For

MULTICENTER INTEGRALS

Bz
Ao

4

|

112

TABLE A-XVIII

VALUES 0F <Z, 101 | 4, 181>, <10 |-V |4, (Br>

OVERLAP

.283891E-03
2561511E-01
«369279E-01
-900667E-02
-372288E-02
.283599E-02
.103826E-02
2523589E-03
.421188E-03
.184315E-03
2103155E-03
.103155E-03
. 416579E-04
2 249289E-04
.211015E-04
.211015E-04
.110537€-04
«693826E-05
+596045E-05

+329639E-05

KINETIC
ENERGY
.682529E 0O
-385883E-03
«118525E-02
« T46772E-03
«379560E-03
«302665E-03
«125897E-03
«675896E-04
«553064E-04
-255822E-04
«147829E-04
©c147829E-04
«622336E-05
«379943E-05
-323558E-05
»323558E-05
-173188E-05
«110234E-05
«951070E-06

«534296E-06

4= 6.5183 a .«

POTENTIAL
ENERGY

- .649664E-00

<955042E-01
.620334E-01
.147518E-01
.603969E-02
-459020E-02
.166813E-02
.837084E-03
.672611E-03
.293276E-03
<163769E-03
.163785E-03 _
<659462E-04
-394066E-04
.333431E-04
-333400E-04
-174377E-04
.109349E~04
.939044E-05

«518767E-05



]

113

TABLE A-XVIII

-214558E-05
-214558E-05
- 186429E£-05
«107563E-05
- 7120595E-06
« 120595E-06
«3T7TT266E-06
.258781E-06
«228627TE-06
2228627E-06
- 140449E-06
«140449E-06
- 982689E-07
-982689E-07
«873704E07
°549857E~-07
«391296E-07
»391296E-07
«349799E-07
«224TTBE-O7
«162330E-07
«954161E-08
- 698044E-08

.698044E-08

{CONT’D)

«351406E-06
«351406E-06
«306330E-06
- 178880E-06
-12081l5E-06
-120815E-06
«640265E-07
-442081E-07
«391383E-07
»391383E-07
«242335E-07
«242335E-07
- 170482E-07
-170482E-07
«151839E-07
2961923E-08
«687704E-08
-687704E-08
-615683E-08
«397874E-08
.288480E-08
«170615E-08
-125251E-08

-125251E-08

»337383E-05
«337362E-05
«293076E-05
«168947E~-05
«113116E-05
«113109E-05
«591621E-06
<405645E-06
«358334E-06
.358302E-06
-219995E-06
«219986E-06
«153569E-06
-153561E-06
«136517E-06
-858742E-07
-610951E-07
+610900E-07
+546089E-07
.350803E-07
«253257E-07
-148812E-07
.108847€-07

-108843E-07



vaLUEs oF <Z 10) [ A, 8> » <y (01 ‘—}2\72

Bx
Ao

- .
B/ 4o
By
Ao
-0
o5

-0

114

TABLE A-XIX

B.E>

<Pas 0V |V| A ABY> FOR d,= 6.5183 2w

MULTICENTER INTEGRALS

Bz
Ao

OO

OVERLAP

.100057E 01
.502777TE-00
.408041E-00
.183210E-00
. 104615E-00
.874045E-01
«439204E-01
.269661E-01
.230281E-01
.125069E-01
«807052E-02
.807052E-02
-401638E--02
«2687T6E-02
«235699E-02
2235699E-02
«141051E-02
«970840g-03
.858929E-03

2531286E-03

KINETIC

ENERGY
.204844E 00
<169067E-01
2 976562E-02
--132990E-02

-.250909E-02

«250701E-02

0194888E-02

-144901E-02

«130137E-02

-828988E-03

|

-584985E-03

I

-584985E-03

«326286E-03

«230480E-03

-.205423E-03

-205423E-03

«130231E-03

2930185E~-04

-832368E-04

.536594g~0¢4

POTENTIAL
ENERGY

-.223530€-00
-+469490E-01
-.436233E-01
—«251471E-01
—.154704E-01
-.133769E-01
—.692888E-02
—-431780E-02
- 0369025E~-02
~.204345E-02
-+132895E-02
-.133721E-02
~.668067E-03
-.44888lE-03
—+395082E-03
—.395269E-03
-.237108E-03
~«1639S96E-03
-.145053E-03

—.902433E-04
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TABLE A-XIX (CONT’D)

«374042E-03
«374042E~03
»333306E-03
-211814E-03
.151942E~03
»151942E-03
-885436E-04
. 645301E-04
o5B1415E-04
-581415E-04
«385364E~04
-385364E-04
.284712E-04
<284712E-04
2 257654E-04
«173677E-04
. 129855E-04
- 129855E-04
- 117968E-04
-807063E-05
. 609826E-05
-385358E~-05
.293938E-05

«293938E-05

|

2388249E-04
«388249E-04
«348924E-04
«228826E-04
«167665E-04
- 167665E-04
- 100844E-04
- 7147595E£-05
«677235£-05
«6T77235E-05
«458117E-05
-458117E-0C5

234326805

-« 343268E-05

+312046E-05
.213957E-05
.161886E-05
.161886E-05
. 147628E-05
. 102476E-05
.782272E-06
-502229E-06
.386501€--0p

-386501E-06

- +634G07E-04
~.635104E-04
—56574TE-04
—=360545E-04
—-.259249E-04
-+.2588G9E-04
-2151334E-04
-.110357E-04
-.995333E~05
-0994440E-05
-.659880E-05
~.659957E-05
-.488606E-05
-.48787T1E-05
~-.441789E-05
—0297935E-05
-2223029E-05
~+223020E-05
—.202583E~-05
-.138804E-05
-.104857E-05
—.5663339E-06
~.506368E-06

- .506061E-06



1.0
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TABLE A-XIX (CONT’D)

«293938E-05
0 268764E-05
< 268BT64E~05
-188530E--05
»188530E-05
°145029E-—05
o 145029E-05

- 132974£-05

©132974E-05

.730872E-06
.671806E-06
,6713806£-0¢
.480982E-06
«375487E-06
.375487E-06
< 249890E-06
.196343E-06
-196343E-06
.196343E-06
.181270E-06
.181270E-06
.132022E-06
.132022E-06

- 104350E-06

|

1

l

-386501E~-06
«354414E-06
«354414E-06
2251363E£--06
«251363E-06
-194882E-06
- 134882E-06
»179136E-06
- 179136E~-06
«100117E~-06
«922335E-07
«922335E-07
«666124E~07
«523271E-07
2523271E-07
0351693E-07
«27T7889E-07
«277889E~-07
2277889£-07
«257025E~07
«257025E-07
-188531E~-07
-188531E-07

c149778E-07

~-.506084E-06
-.462731E-06
-.462927E-06
-.324803E-06
-.324828E-06
-.250001E-06
-.249911E-06
-.229363E-06
-.229208E-06
-.126072E-06
-.115921E-06
~.115877E-06
-.829983E-07
- .648427E-07
- .648227E-07
~.431495E-07
-.339192€-07
-.339102E-07
-.339121E~07
~.313120E-07
-.313126E-07
-.228195E-07
~.22808lE~07

-.180343E-07



Bx
A,

o0

-

B/ao
B)’

2o

Bz
Zs

-0
1.5

1.0

117

TABLE A-XX

vaLUES oF <g,(0) | B.E>, <Ly -5V Ao®0>,
Lo V| FAB1> FOR 4= 6.5183 aw

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
«636346E-01
.823526E-01
«210546E-01
«140377E-01
»7132093E-02
-538890E-02
«246546E~02
«272007E-02
«133133E~02
.«101156E-02
«606936E-03
«373832E-03
«302525€-03
«210237E~03
»315355E~03
«182928E-03
-103118E~-03
-108955E-03

«442674E-04

KINETIC
ENERGY

-000000E-99

-355752E-02
«251517TE-02
-.380313E-03
—2496116E-03
-.289869E-03
-.313706E-03

~-145874E-03

~0166139E-03

-.898421E-04

~-.721368E~-04

-.432821E-04

-.2857T75E-04

—o238926E-04

-.167663E-04

—.251495E-04

--150992E-04

-.870045E-05
-.925478E-05

~.385266E-05

POTENTIAL
ENERGY
-000000E-99
«111642E-00
«142728E-00
«356436E-01
«235672E-01
«122657E701
©997226E-02
-408825E-02
-450640E-02
2219923E-02
«166807E-02
.100087E~-02
-615065E-03
-497198E-03
*345412E-03
+518099E-03
-300181E-03
.169090E-03

-178615E-03

o 125092E-04
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TABLE A-XX (CONT’D)

+386798E-04  —.342061E-05
«541517E-04  —.478886E-05
«412900E~04  -.366962E-05
-261380E-04  -.236587E~05
01562276-04  -.143155E-05
.218718E-04  -+200417E~05
0146289E-04  -,136513E-05
-937458E-05  -.883427E-06
. 725419E~05  —.685731E-06
«967226E-05 ~.914308E-06
-485397E~05  -.464219E-06
«647197E-05  —.618959E-06
2301437E-05 —-.290611E-06
.422012E-05  ~.406856E-06
.328377E-05  —.317395E-06
«299214E-05 -.292023E-06
»198007E-05 ~.194556E-06
«254581E~-05 —.250143E-06
. 206407E-05 —.203247E-06
«107724E-05 —.106949E-06
«123773E-05  -.123593E-06
o T12307E-06  —.T717642E-07
482768E~06  -.488816E-07
«4B82768E~06  —.488816E-07

{

!

t

«633202E-04
-886463E-04
«675812E-04
«427540E~04
»255432E-04
«357598E~04

2239023E-04

-0 153124E-04

.118479E-04
.157966E-04
.792449g-05
-105658E-04
.491238E-05
.687723E-05
»535097E-05
.487441E-05
.322515E-05
«414650E-05
.336174E-05
.175415E-05
.201516E-05
.115948E-05
. 785763E-06

«785753E-06
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TABLE A-XXI

VALUES OF < #;x10) | 28>, < Fee10) |—_ 3 Vzlﬁ,sxé’b ,
—
<0V |V Fs(B)> FOR 4= 6.5183 cw

MULTICENTER INTEGRALS

OVERLAP

.000000E~99
«636346E-01
.000000E-99
.210546E~01
0 467926E-02
-732093E-02
.000000E-99
. 246546E-02
. 136003E-02
.665667E-03
2202312E-03
«606936E-03
.373832E-03
.181515E-03
.210237E-03
.000000E-99
.609732E-04
.618713E-04
.363184E-04

0 442674E-04

f

t

f

KINETIC
ENERGY
.000000E-99
«355752E-02
.000000E-99
.380313€£-03
.165372E-03
.289869E-03
.000000E-99
.145874E-03
.830697E-04
-449210E-04
- 144273E-04
.432821E-04
+285775E-04
.143355E-04
.167663E-04
.000000E-99
.503308E-05
+522027E-05
-308492E-05

«385266E-05

POTENTIAL
ENERGY
.000000E-99
~.111642E-00
.000000E-99
-+356436E-01
- 185545E-02
-—.122657TE-01

-000000E-99

-.408825E-02

—-.225316E-02

~+109959E-02

-.333607E-03

—-.100087E-02

-.615065E-03
—+298315E-03
—+.345412E-03

-000060E-99
-.100058E-03

-.101453E-03

~+595376E-04

~.125092E-04
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TABLE A-XXI

«386798E-04
-« T73596E-05
«215267E-04
«174253E-04
°156227E-04
c937363E~-05
-000000E-99
«401768E-05
-483613E-05
-241806E-05
-485397E-05
«161799E-05
.301437E-05
«301437E-05
«328377E-05
-149607E-05
-141434E-05
-282868E-06
«103203E-05
- 107724E-05
«412579E-06
«356153E-06
-344834E-06

-482768E-06

{(CONT’D)

- .342061E-05
-+684123E-06
~o244641E-05
~o157724E-05
-.143155E-05

—.858933E-06

.000000E-99

-.378611E-06
~.457154E-06
-.228577€-06
~.464219E-06
-«154739E-06
-.290611E-06
~+290611E-06
—-.317395E-06
~.146011E-06
-.138968E-06
—.277937E-07
-.101623E-06
~.106949E-06
-411977E-07
~.358821E-07
—+349154E-07

~-.488816E-07

|

.633202E-04
.126635E-04
.450538E-04
.285024E-04
.255432E-04
.153254E-04
.000000E-99
65624 1E-05
.789855E-05
.394911E-05
.792449E-05
.264142E-05
.491238E-05
.491228E-05
.535097E-05
.243718E-05
.230367E-05
L460T16E-06
.168085E-05
.175415E-05
<671T14E-06
.579739E-06
.561257E-06

«785753E-06



VALUES OF <fyp 10) | F, (1> 1 <Jjp10)

121

TABLE A-XXII

| 2
-7V

¢ﬁ(§3:>,

<¢§Fz(0)|v|¢,s(?§> FOR 4,= 6.5183 aw

-
B/a.

B x By B~
o Ao 4o
-0 .0 -0
o5 o5 o5
1.0 -0 -0
1.0 1.0 -0
1.5 o5 «5
1.0 1.0 1.0
2.0 .0 .0
1.5 1.5 °5
2.0 1.0 -0
2.0 1.0 1.0
2.5 °5 )
1.5 1.5 1.5
2.0 2.0 -0
2.5 1.5 5
2.0 2.0 1.0
3.0 -0 -0
3.0 1.0 -0
2.5 1.5 1.5‘
3.0 1.0 1.0
2.0 2.0 2.0

MULTICENTER INTEGRALS

OVERLAP

-000000E~-99
«636346E-01
.000000E-99
-000000E-99
«467926E-02
- 132093E~-02
-000000E-99
.821822E-03
-000000E-99
- 665667E-03
«202312E-03
.606936E-03
-000000E-99
-605051E-04
-105118E-03
.000000€E-99
-000000E-99
.618713E-04
»363184E-04

«4426T4E-04

i

KINETIC
ENERGY
-000000E-99
.355752E-02
.000000E~-99
-000000E-99
- 165372E-03
. 289869E-03
.000000E-99
- 486247E-04
-000000E-99
©449210E-04
- 144273E-04
-432821E-04
-000000E-99
-4T7852E-05
.838317E-05
-000000E-99
- 000000E-99
«522027€E-05
-308492E-05

«385266E-05

POTENTIAL
ENERGY
-000000E-99
«111642E-00
-000000E-99
.000000E-99
«785545E-02
«122657E-01
.000000E-99
21362T1E-02
.000000E-99
«109959E-02
«333607E-03
-100087E-02
-000000E-99
«994373E-04
.172703E-03
«000000E-99

~000000E-99

-.101453E-03
~-595376E-04

- 725092E-04



-5

-0

1.0

122

TABLE A-XXII (CONT’D)

« 1713596E-05
- T73596E~05
-000000E-99
-871266E--05
«937363E-05
«312454E-05
-000000E-99
-401768E-05
-483613E-05
-000000E-99
.000000E-99
«161799E-05
«301437E-05
- 602874E-06
2109459E~05
«000000E~-99
-848604E-06
«282868E-06
«516018E-06
- 118160E-06
- 137526E-06
.356153€-06
«344834E-06

-689668E-07

-684123E-06
.684123E-06
«000000E-99
- 188623E-06
-858933E-06
.286311E-06
-000000E-99
-378611E-06
«45T7T154E~-06
-000000E-99
.000000E--99
«154739E-06
0290611E-06
-581223E-07
.105798E-06
-000000E-99
-833812E-07
«277937E-07
.508118E~07
«7112997E-07
«137325E-07
.358821E-07
+349154E-07

.698309E-08

- .126638E-04

—«126635E-04

-000000E-99
«142511E-04
.153258E-04
«510846E~05
.000000E-99
+656241E-05
+789855E-05
-000000E-99
.000000E-99
«264142E-05
«491238E-05
- 98244 TE-06
.178363E-05

.000000E-99

-.138219E-05
~.460716E-06
~+840425E-06
-0.116943E-05
-0.223904E-06
—-579739E-06
—.561257E-06

~o112249E-06



=

B/ao
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TABLE A—-XXIII

VALUES OF <¢2Px(0) | .E)>, <@&(0)|—§[2|g5(3)> ,

<é,,x(0)|v|¢ls(é’)> FOR 4,= 6.5183 aw

MULTICENTER INTEGRALS

OVERLAP

«000000E-99

—«318250E-00

—+511709E-00

—.227607E-00

-«197194E-00

-.110482¢-00

~«114436E-00

—«541582E-01

—e622692E-01

-0352398E-01

~.293643E-01

—.176186E-01

—+123666E-01

-.107077E-01

-+759951E-02

-+113992E-01

—«114749E-02

—424650E-02
—+456173E-02

-.197181E-02

KINETIC
ENERGY
-000000E-99
«235410E-01
«315604E-01
«609715E-02
«192569E-02
- 566554E-03
.114098E-02
.101405E-02
«132552E-02
«106372E-02
0 104949E-02
.629698E-03
«537459E-03
«507379E-03
«369307E-03
«553961E-03
»379056E-03
«237768E-03
«259637E-03

-119000E-03

POTENTIAL
ENERGY
.000000E-99
.307347E-01
.558371E-01
.312085E-01
.288606E-01
.167285E-01
«177306E-01
.850435E-02
.978375E-02
+5641T0E-02
.473390£-02
.285687E-02
.201283g-02
.175012E-02
.124376E-02
.186528E-02
«117316E-02
.700418E-03
-752146E-03

«326948E-03



124

TABLE A—-XXIITI

-.179769E-02
-.251677E-02
~2194506E-02
-.129562E-02
-.802243E-03
-.112314E-02
-.793021E-03
-.523669E-03
~.409143E-03
-o545524E~03
-.284025E-03
-+378701E-03
-.181013E-03
~.253419E-03
~.198843E-03
-.187078E-03
-.126640E-03
~.162823E-03
-.132983E-03
-.713889E-04
~.836878E-04
~.497070E-04%
-.342983E-04

~«342983E-04

(CONT’D)

o112680E-03
.157752E-03
.123347E-03
-857336E-04
«546050E-04
- T644T0E-04
2562564E-04
«379744E-04
.298754E-04
-398338E-04
.212827E-04
2283769E-04
.138058E-04
.193282E-04
.152510E~04
- 146549E-04
.100664E-04
.129425E-04
-106198E-04
«580244E-05
.688618E~05
0416817E-05
«290645E~-05

«290645E-05

.298013E-03
«417257E-03
«322497E-03
.215471E-03
~133740E-03
.186985g-03
.132410E-03
.875370E-04
.684701E-04
2911933E-04
<4T75464E-04
«633991E-04
-303723E~-04
< 424636E-04
-333408E-04
-313884E-04
«212793E-04
2273491E-04
2223407E-04
.120140E-04
-140803E-04
.837547E-05
.578472E-05

«578020E-05



-

B/a
By
Ao

L\

Bz

.

Ao

-0
o5
.0
.0
s5
1.0
.0
o5

°O

«5
1.5
-0
5
1.0
.0
-0
1.5
1.0

2.0

125

 TABLE A-XXIV
VALUES OF <¢2/ﬂ,‘°’ | 81>, <Pyt |-évl‘¢ﬁ(_§)> )
<4, (0| v |4 (E)> FOR &= 6.5183 aw

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
-.318250E-00

-000000E-99

—0227607E-00

—0o657314E-01

-.110482E-00

«000006E-99

~+541582E-01
-0.311346E-01
--176199E-01
-.587287E-02
-.176186E-01

-123666E-01

-.642463E-02
-.759951E-02

- 000000E-99

~+238249E~02

-2254790E-02

-+152057E-02

-.197181g-02

KINETIC
ENERGY
-000000E-995
-235410E-01
-000000E-99
-609715€E-02
-641897E-03
«566554E-03
.000000E-99
-101405E-02
«662763E~-03
«531860E-03
«209899E-03
«629698E-03
«537459E-03
o304427E-03
«369307E-03
-000000E~99
«126352E-03
-142660E-03
«865459E-04

.119000€E-03

POTENTIAL
ENERGY

.000000E-99
«307347E-01
.000000E-99
.312085E-01
«96475TE-02
.167285E-01
.000000E-99
.850435E-02
«489244E-02
.282284E-02
.946815E-03
.285687E~02
.201283E-02
.1050116-02
.124376E-02
.000000E~-99
«391091E-03
.420214E-03
«250711E-03

«326948E-03



126

TABLE A-XXIV (CONT’D)

-.179769E-02
-.359539E-03
-.129671E-02
-.863749E-03
-.802243E-03
~o481345E-03

- 000000E-99
—+224429E-03
~.272762E-03
-.136381E-03
-.284025E-03
-.946752E-04
-.,181013E-03
-.181013€-03
-.198843E-03
-.935392€-04
~.904575E-04
-.180915E-04
-.664915E-04
-.713889E-04
-.278959E-04

-.248535E-04

-.244988E-04

—.342983E-04

«112680E-03
«225360E-04
«822317E-04
«571557E-04
«546050E-04
«327630E-04
-000000E-99
«162747E-04
«199169E-04
«995847TE-05
«212827E-04
« 709423E-05
-138058E-04
- 138058E-04
-152510E-04
0o 132749E-05
-« 119030E-05
-143806E-05
«530993E-05
«580244E-05
«229539E-05
«208408E-05
.207604E-05

«290645E-05

«298013E~-03
«596173E-04
«214992E-03
-143638E-03
.133740E-03
«801389E-04
«000000E~-99
«375098E~04
«456383E-04
-228021E-04
«4T5464E-04
«158496E-04
«303723E-04
-303298E-04
»333408E-04
-156943E-04
.151981E-04
+303930E-05
0111698E-04
.120140E-04
«469373E-05
2418698E~-05
«413133E-05

-578020E-05



VALUES OF <¢ML(0) | 481>, <g to|-zV
Z
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TABLE A-XXVY

ZBI1>,

<¢izpz(0)|v|¢ls(_§)> FOR 4,= 6.5183a4

B/a.

B x B, Bz

Xo o Ao

-0 -0 .0

o5 5 o5
1.0 -0 <0
1.0 1.0 -0
1.5 °5 -5
1.0 1.0 1.0
2.0 -0 -0
1.5 1.5 o5
2.0 1.0 .0
2.0 1.0 1.0
2.5 05 5
1.5 1.5 1.5
2.0 2.0 .0
2.5 1.5 o5
2.0 2.0 1.0
3.0 -0 o0
3.0 1.0 -0
2.5 1.5 1.5
3,0 1.0 1.0
2.0 2.0 2.0

|

[}

i

MULTICENTER INTEGRALS

OVERLAP

-000000E-99
«318250E-00
-000000E~-99
-000000E-99
«657314E-01
~110482E-00
-000000E-99
-.180527€-01
-000000E-99
-176199E-01
«587287E-02
- 176186E-01
-000000E-99
0214154E-02
«379975E-02
-000000E-99
-000000E-99
«254790E-02
-152057€-02

2197181E-02

KINETIC

ENERGY
.000000E-99
«235410E-01
.000000E~99
-000000E~99
.641897E-03
2566554E~03
.000000E-99
.338018E~03
-000000E~99
.531860E-03
.209899E-03
«629698E~03
.000000E~99
<101475E~03

»184653E~03

-000000E~99"

-000000E~99

c142660E~-03

-865459E~04

«119000E-03

POTENTIAL
ENERGY
-000000E-99
«307347E-01
-000000E-99
.000000E-99
2 964T757E£-02
«167285E-01
-000000E-99
«284240E-02
-000000E-99
0282284E~02
«946815E-03
.285687E-02
.000000E-99
«350074E-03
«621919E-03
«000000E-99
«000000E-99
«420214E-03
-250711E-03

«326948E-03



i
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TABLE A-XXV {CONT?D)

~359539E-03
«359539E-03
- 00000CE~-99
-431874E-03
«481345E-03
- 160448E--03
-000000E-99
2 224429E--03
«212762E~-03
«000000E~-99
.000000E-99
294 6752E-04
2181013E-03
0362027E-04
- 6628B10E-04

-00000GE-99

e 542745E-04

-0 180915E-04

~e332457E-04

i

~e4T5926E-04

«929864E—-05
- 248535E-04
«244988E-04

- 489976E-05

0225360E-04
.225360E-04
-000000E-99
.285778g-04
.327630E~-04
-109210E~04
.000000E-99
. 162747E~-04
.199169E-04
-000000E-99
.000000E~99
- 709423E-05
«138058E-04%
.276117E-05
.508367E-05
-000000E~-99
-431418E-05
. 143806E-05
c265496E-05
.386829E-05
- 7T65131E-06
.208408E-05
. 207604E-05

-415208E-06

«595839E-04
«596173E-04
-000000E-99
- 718016E-04
-8B02239E-04
2267066E~04
-000000E-99
«375098E-04
«456383E-04
-000000E-99
-000000E-99
«158496E-04
«303723E-04
«606375E-05
«111093E-04
-000000E-99
«911677E~05
+303930E-05
«558370E-05
-800765E-05
-156430E-05
«418698E-05
-413133E-05

-825417E-06



B/a.

B x By B2

Ao s s

-0 0 -0

05 5 o5
1.0 <0 -0
1.0 1.0 -0
1.5 5 5
1.0 1.0 1.0
2.0 0 0
1.5 1.5 5
2.0 1.0 -0
2.0 1.0 1.0
2.5 5 -5
1.5 1.5 1.5
2.0 2.0 o0
2.5 1.5 5
2.0 2.0 1.0
3.0 -0 -0
3.0 1.0 -0
2.5 1.5 1.5
3.0 1,0 1.0
2.0 2.0 2.0
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TABLE A=XXVI
vALUES OF <g,, (0)] %}(«E’D, < B, 100 | - L V| Z, B>,

<@&(0)|v14&(§3> FOR ;= 6.5183 awc

MULTICENTER INTEGRALS

OVERLAP

.999119E 00
«273580E-00
«241597E-00
«692074E-01
«207075E-00
.218480E-01
.188299E-00
<497726E-01
<998086E-01
«554700E~01
.646489E-01
+147970E-01
.190377E~01
<235338E~01
.116191E-01
.322127E-01

- 203146E-01

-0 938469E~-02

.130542F-01

«298052E-02

KINETIC
ENERGY
+140902E-00
°©662987E-02
«442179E-01
«980021E~02
-«108480E-01
0297912E-02
«420533E-02
«359440E-03
«971041E-03
«211258E-05
«517862E-032
«656192E--05
227515103
-482218E-03
«232383E-03
o T2T7165E-03
«554423E-03
°-278686E-03
-410208E-03

- 974232E-04

POTENTIAL
ENERGY

-.159464E-00

~+458672E-01

«319862E-01
-107824E-01
+343293E-01
«421308E-02
.322205€-01
-854071E-02
«169992E-01
«952746E-02
.111288E-01
.259614E-02
«328606E-02
-405883E-02
.201310E-02
«557252E-02
«351034E-02
«162519E-02
«225811E-02

+519080E-03



2.0
3.0

1.5

205

o5

130

TABLE A-XXYI (CONT D}

~o401009E-02
—-.891545E-02
-« 565464E-02

-«379900E~02

—-+181010E-02

~.406050E-02
~e342612E~-02
-01933264E-02
~.123264E-02
-.238412E-02
-.863666E-03

~o167425E--02

~.419046E-03

--955978E~-03
-.610299E-03
~.846355E-03
~.488040E-03
~o855797E~03
—~°608550E~03
~.225307E-03
--450413E-03
—-0235298E-03
-o137842E-03

-2137842E-03

.147836E~-03
.338286E-03
-216886E-03
2 156922E-03
0 172282E-04
0 177416E-03
0160971E-03
2937335604
-600058E-04
0117345E~03
«438355E--04
.858607E~04
0216147E-04
.502238E--04
2321493E-04
c465283E-04
0273521E-04
0482257E--04
<344660E~04
.130004E~-04
0 267603E-04
«143602E-04
.852371E-05

-852371E-05

+694838E-03
«154453E-02
.978873g-03
-658284E-03
2314314E~03
- 703552E-03
«594355E-03
»335339E-03
«213979E-03
-413503E-03
-149840E-03
«290429E-03
= 728868E-04
2165833E-03
«105939E£-03

-146836E-03

«84T7236E-04

-148554E-03
-105607E-03
c391528E-04
- 781867E-04
«408580E-04
«239499E-04

-239370E-04



!

|

{

]

1

TABLE A-XXVI

0242933E-03

c173461E-03

-.283124E-03

-128563E-03
.210009E-03
- 1538013E-04
-133913E-03
-484880E~04
«156567E--03
«152752E~04
«539111E-04

-882678E~04

o 66T1T4E-04

024266TE-04
«665707E-04
.235159E-04
.250413E-04
.250413E~04

«387454E-04

~

>

1

{CONT’D)

-150918E-04
-10811gE~04
-177002E-04
.817127E-05
-133867E-04
-487160E-05
.864363E-05
<311608E-05
. 101621E-04
-502313E-05
.360573E-05
2591926E-05
«454088E~-05
.166100E-05
.458223E-05
. 164047TE-05
a176596E—05
. 176596E-05

0 273693E-05

2421801E-04
»301168E-04
2491718E-04
2223262E-04
.364719E-04
0131692E-04
«232532E-04
-843180E-05
«271916E-04
2130746E-04
«936659E-05
.153303E-04
-115884E-04
-421833E-05
.115653E-04
.408543E-05
.435108E-05
-435031E-05

«673125E-05



1.5
200

1&5

Bz
Ao
.0
5
.0
.0
.5

1.0

100

2.0

t

132

TABLE A-XXVII

VALUES OF <¢%(ox I QZF’(?D v KB t0) |-+ VZIQ@(E’)>,
<gp (0)]v|¢1,,y(_13>)> FOR &, = 6.5183 aw
b4

MULTICENTER INTEGRALS

OVERLAP

.999119E 00
- 273580E~-00
«389151€-00
«692074E-01
o TT6T25E-01
-218480E--01
+540155E-01
«497726E-01
»135100€-02
»3T71729E-03
«101288E~01
«147970E-01
«190377E-01
-501503E-02
«116191E-01
.485571E-02
«590736E-03
-186199E-02
-457658E-~03

«298052E-02

KINETIC

ENERGY
-»140902E-00
- 662987E-02

«219447E-01

-.980021E-02

«227471E-03

-.297912E-02
-.867401E-04
-.959440E~-03
-.497886E-03
~.257776E-03
-.268774E-03

-.656192E-05

.275151E-03
-608232E-04

-232383E-03

-0163442E-03

—-451652E-04

«395671E-04

~.324179E-04

«974232E-04

POTENTIAL
ENERGY

- 0159464E-00
-.458672E-01

-.642027E-01

. 107824E-01

—2133642E£-01

«421308E-02

-.920116E-02

-854071E-02

«169274E-03

-.507885E-04

-o175116E-02

«259614E~-02
«328606E-02
-864781E~03

«201310E-02

-.838170E-03

-.103992E-03

«324827E-03

- 192737E-04

«519080E-03



133
TABLE A-XXVII

«401009E-02
«898265E~03
«195627E--02
»130130E~-02
»181010E~-02
<309841E~03
+346766E~-03
-135289E-03
«410154E-03

«833387E-04

~+863666E-03

!

{

«6271244E~04
»419046E~-03
+419046E-03
,610299E-03
-140617E~03
0212223E-03
«635345E-04
0999614E-04
«225307E-03
»134387E-04
«373685E-04
+590244E-04

0137842E-03

{CONT?D)

- 147836E~-03
c426146E-04
. 7104286E-04
»507357E-04
«112282E-04
«104356E-04
-185275E-04
«515014E£-05
«190491E-04
»5524T76E-05
«438355E-04
«419319E-05
c216147E-04
«216147E-04
«321493E-04
- 735182E-05
~116970E-04
»395816E-05
«539441E-05
-130004E-04
-627700E~06
.218262E~05
-359762E-05

«852371E-05

.694838E£-03
.155222€-03
2338747E-03
2225781E-03
.314314E-03
«536079E~04
.601198E-04
.235369E~04
.7T13806E-04
- 144969E-04
-149840E-03
.108959E-04
.728868E-04
o T271976~04
.105939E-03
0243921E-04
-368730E-04
.110415E-04
.173565E-04
.391528E-04
2232928E-05
. 649902E-05
.102667E-04

2239370E-04



1.5

3.0

134

TABLE A-XXVII

-.647905E~05
~.88167T4E~04

«214959E-04
-.652171E-04

< T17894E-05
~.758013E~04
-.322173E-04
-.484880E-04

.555185E--05
~.179360E-04
-.271892E-04
~.810225E-05
-2605294E-0°
-.24266TE-04

<393597E-05
-.235159E~04
~.585568E~05
-.140781E-04

-.374060E-06

{CONT?D)

«313562E-06
«545392E~05
.143461E-05
-411480E-05
«521154E-06
. 487160E-05
«204258E~05
.311608c~05
.406966E-06
.117671E-05
.180632E-05
.521029E-06
.395349E-06
.166100E-05
2286485E-06
.164047E-05
. 406589E-06
. 989176E-06

- 181975E-07

«112618E-05
«153109E-04
«373270E-05
-113290E~04
«124767E-05
»131692E-04
«559531E-05
«843180&£-05
-964843E-06
«311708E~-05
<472625E-05
0140687E-05
-«105151E£-05
«421833E~05
-683856E-06
-408543E-05
-.101836E-05
«244606E-05

648665E-07



_E/a o

Bx By B8z

Ay Ze 2o

.0 .0 -0

.5 5 5
1.0 .0 .0
1.0 1.0 .0
1.5 .5 o5
1.0 1.0 1.0
2.0 .0 .0
1.5 1.5 o5
2,0 1.0 -0
2.0 1.0 1.0
2.5 5 o5
1.5 1.5 1.5
2.0 2.0 <0
2.5 1.5 o5
2.0 2.0 1.0
3,0 o) -0
3.0 1.0 .0
2.5 1.5 1.5
3.0 1.0 1.0
2.0 2.0 2.0
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TABLE A-XXVIII
vaLues oF <d,10) | 4, 08>, <g, 0 |- 1 V45>,

<Z, (0|V| 5> FOr 4, = 6.5183a«

MULTICENTER INTEGRALS

OVERLAP

«999119E 00
.273580E-00
»389151E-00
- 185268E-00
cT76725E-01
«218480E-01
«540155E--01
«263716E-01
«314682E-01
0o371729E-03
-101288E-01
- 147970E~-01
. 748858E-02
2424438E-02
- 136998E-03
-485571E-02
+320391E-02
.186199E-02

-457658E-03

—.298052E-02

KINETIC
ENERGY

«140902E-00

«662987E-02

«219447E-01

-515233E-02

2227471E-03

-e297912E-02

-.867401E~04

~-384621E-03

-.340168E-03

—«2577T76E-03

~.268774E-03

-.656192E-05
—0219226E-03
—.149874E-03

-.644864E-04

-.163442E~-03

-.120113E-03
«395671E-04
—.324179E-04

©974232E-04

POTENTIAL
ENERGY
0159464E-00
+458672E~01
«642027E-01
«327558E-01
«133642E-01
«421308E-02
«920116E-02
«460163E-02
°547934E-02
-507885E-04
«175116E-02
2259614E-02
-130690E-02
- 138504E-03
«126157E-03
«838170E-03
«556299E-03
»324827E-03
«192737E-04

«519080E~03



100

-0

1.5

136

TABLE A-XXVIII {CCNT’D)

-835265E-03
-895265E-03
»100241E-02
«197306E-03
~o309841E-03
«440290E-03
«346766E-03
-.135289E-03
-.410154E~03
-247836E-03
-178523g-03
«62T244E-04
-+.419046E-03
-117886E-03
«473305E-04
°946281E-04
—.283446E-04
«635945E-04

«27T1857E-04

- 115533E-04

«351140E-04

«373685E-04
~+590244E-04

- 197936E-04

-e426146E-04
- o426146E-04
~.46737T5E-04
-.129760E-04
.104356E-04
-c229605E-04
~.185275E~04
+515014E-05
.190491E-04
~.137160E-04
-.101967E-04
-.419319E-05
°216147E-04
-.699431E~05
-.319453E-05
-.570701E-05
.126022E-05
~+395816E~05
-.187349€-05
+397405E-05
~-.227592E-05
2218262E-05
+359762E-05

—-132846E-05

-—.155902E-03

«155222E-03

«174520E-03

+342286E-04
«541070E-04
-~ 165294E~04
—.601198E-04

«235369E-04

- 7113806E-04
-<430384E~-04
-.310813E-04
--.108959E-04

- 128B68E-04
-.205130E-04
-.822602E-05
- +164576E-04

«494156E-05
~.110415E--04
-.472445E-05

. 124580E-04
-.610275E-05
«649902E-05
-102667E-04

—0344432E-05



137

TABLE A-XXVIII (CONT’D)

-.647905E-05

«214959E-04
«214959E-04
«717894E-05

2162284E-04

-0.316135E-05

«113666E-04

-+484880E-04

«555185E-05

~+155348E~05

-.810225E05

- 116738BE-05

«261340E-05

~-101653E-04

«393597E~05

«327829E05

~«5855568E-05

«236675E-05

«236675E--05

«313562E-06
-.143461E-05

-.143461E-05

«521154E-06

«116064E-05
«156566E-06

- 186440E-06

-311608E-05

0406966E-06

o 1 TT7T428E~07
«521029E-06

«507206E~06

«1968T70E-06

-687258E-06

- 286485E-06
—e240392E-06

«406589E~06
--.175998E£~-06

-«175998E-06

«112618E~05
-«374039E-05
-.373270E-05

~0124833E~05

—-.281950E-05

«551242E-06

-.197695E-05

-843180E-05
~.964843E-06
«270556E-06
-141004E-05
~.124618E-05
-.454319E-06

«176860E-05

~.683856E-06

-.570405E-06
»101836E-05

~.411741E-06

-.411389E-06



B x

—

/

™
<8

N
°

Bz
Ao
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TABLE XXIX |
vaLuEs of <d,, (01 ] LpB1> 0 < @py(O)l—'szz|@(&(§’)> .

<épycoxivj¢gz&(?)> FOR 4= 6.5183 cuw

MULTICENTER INTEGRALS

OVERLAP

-000000E-99

-0 205726E-00

- 00000CE-99

-.254475E-00

-.106780E-00

-.118840E700

- 000000E--99

-.B856623E--01

~+656384E~-01

-.372278E-01
-.155787E-01
-.280416E-01
-o265262E~01
-.173614E-01
~«164T48E~01

.000000E~99
~.783952E-02
~.105252E-02
-.5086697E~02

~o443851E-02

KINETIC

ENERGY
000000kt-99
«256612E-01
-000000E-99

.149525E~01

~.415331E-02

+400010E~02
.000000E~99
«646670E-03
°3154365~03
«173259E-03
-163882E-03
2294988E-03
©49437TE~03
.395058E-03
.395825€-03
.000000E-99
©224845E-03
0224174E-03
.165984E-03

- 161429E-03

POTENTIAL
ENERGY
.000000E-99
.297748E-01
.000000E-99
-415284E-01
.181384E-01
.203291E-01
.000000E-99
. 146445E-01
.112337€-01
- 642804E-02
.268818E~-02
«485632E~02
2 457398E-02
©299865E-02
.284863E-02
.000000E-99
2135556E-02
2122290E-02
.878030E-03

- 170495E-03



!

{
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TABLE A~XXIX (CONT'D)

+510975E-02
-143073E-02
°443803E~02
2299723E-02
«234416E-02
+196909E-02
-000000E-99
c944135E~03
«986986E-03
«657990E-03
»104219E-02
«463195€-03

»559304E-03

- 7183026E-03

» 139834E-03

-.470491E-03

-402233E-03

-.103431E-03

«339059E~03
- 276757E-03
2163865E-03
»131953E~03
«114943E-03

-160920E--03

.198386E-03
2555481E-04
0 175749E£-03
.127423E-03
~104363E-03
-8T6651E~04
.000000E-99
-465063E-04
c491479E~-04
«327652E-04
-540323E-04
0240143E-04
.298011E-04
<417215E-04
.397618E-04
2 261176E-04
.228304E-04
.587068E-05
.193810E-04
«162475E-04
.979974E-05
.811842E-05
.718388g-05

«100574E-04

«884963E-03
0247953E~03
- T68639E-03
+519614E-03
«406683E-03
«341362E-03
-000000E-99
-163893E-03
«171399E-03
»114134E-03
«180781E-03
«803960E-04
«971738E-04
2135857€E-03
«128390E~03
«Bl6482E-04
.698411E-04%
«179556E-04
-588622E-04
«480725E-04
«284506E-04
2229245E-04
«199737E-04

«279419E-04



5
1.0

2.0

t
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TABLE A-XXIX (CONT’D)

-886703E-04
«146217E-03
-000000E-99
«108594E-03
«452475E-04
- 889839E-04
«817199E-04
«607349E-04
«337749E-04
- 460760E-04
-458089E-04
.381740€-04
«288878E~04
+287902E-04
«646311E-05
«267942E-04
«154170E-04
«215839E-04
.113058E-04
«205185E-04
-128240E-04
.118272E-04

-147841E-04

«554185E-05
«918472E~-05
-000000E-99
«695394E~-05
«289747E~-05
«577592E-05
0530441E-05
2396342E-05
«220190E-05
-309086E-05
«308470E-05
«257058E-05
«197406E-05
- 198806E-05
«446299E-06
.188086E-05
-109235E-05
«152929E-05
-801057E~-06
«145820E-05
«911375E-06
-850407E-06

«106300E-05

-154028g-04
.253889E-04
.000000E-99
.188600E-04
. T85824E-05
.154570E-04
«141925E-04
.105667E-04
.586707E-05
.B00490E-05
.795956E-05
.663085E-05
.501864E-05
.500351E-05
.112285E-05
.465475g-05
«26T955E-05
«374982E~05
.196432E-05
.356493E-05
.222866E-05
.205590E-05

«256861E~-05



B 2o

Bx By B
2o Ao o
0 .0 .0
5 <5 .5
1.0 -0 .0
1.0 1.0 .0
1.5 .5 .5
1.0 1.0 1.0
2.0 .0 .0
1.5 1,5 .5
2.0 1.0 .0
2.0 1.0 1.0
2.5 .5 .5
1.5 1.5 1.5
2.0 2.0 .0
2,5 1.5 .5
2.0 2.0 1.7
3.0 .0 .0
3.0 1.0 .0
2.5 1.5 1.5
3.0 1.0 1.0
2.0 2.0 2.0

b
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TABLE A-XXX
VaLUES OF <4, (01| 81>, <&, 0 |-£V g, B>,

<gpz(0)|v|¢l&(?)> FOR A,= 6.5183 &

MULTICENTER INTEGRALS

QVERLAP

.0000060E~-SS
0« 205726E-00
~000000E-99
.000000&-99
.106780E-00
-118840E-00
.000000E~-99
«285541E-01
.000000E-99
«372278E-01
- 155787E~01
.280416E-01
.000000E-99
«578713E-02
-823744E-02
.000000E-99
-000000E-99
- (05252E-02
«506697E--02

«443851E-02

KINETIC
ENERGY

.0C0000E-GS

-0256612E-01

-000000E-99
.000000E-99
.415331€-02
«400010E-02
-.000000E-99
«215556E-03
.000000E-99
»173259£-03
.1638825—o;
«294988E-03

-000C00E-99

.+131686E-03

-197912E-03
.000C00E-99
-000000E-99
«22417T4E-03
.165984E-03

«161429€E-03

POTENTIAL
ENERGY

.000G00E-99
«297748E-01
.000000E-99
.000000E-99
.181384E-01
.203291E-01
.000000E~-99
<493345E-02
-000000E-99
«642804E-02
.268818E-02
.485632E-02
-000000E-99
.100298E-02
.142896E-02
.000000E-99
.000000E-99
.122290€-02
.878030E-03

- 170495E-03
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TABLE A~XXX (CONT?D)

o L02195E~02
«.143073F-02

.000000E~99
~.149861E~02
-.140649E702
~<656365E--03

.000000E-99
~.944139E--03
-.986986E--03

.000000E-99

.000000E--99
-.463195E-03
-.559304E-03
~.156605E-03
~o246611E-03

.000000E~99

«241340E-03

»103431E-03

i
'

.169529¢-03

-184504E-03

!

«546219E-04

t

»131953E-03
—«114343E-03

-.229886E~04

«396772E-04
<555481E-04
-000006GE--99
«637117E-04
0c626119E--04
«292217TE-04
-000000E-99
«465063E-04
«491479E~04
.000000E-99
.000000£~-99
2240143E-04
.298011lE~04
-834431E-05
«132539E-04
.000000E-99
.136982E-04
«587068E-05
0« 9639054E-05
«108316E-04
.326658Eg~05
-811842€E-05
- 718388E-05

«143677E-05

«177465E-03
«247953E-03
.000000E-99
2260201E-03
«244303E-03
2112923€-03
.000000E-99
.163893E-03
«171399E-03
-000000E-99
-000000E-99
-803960E-04
«971738E~04
.272093E-04
2 428529E-04
.000000E-99
0419344E--04
«179556E~04
0294504E~-04
«320651E-04
. 948T79E-05
2229245E-04
-199737€-04

«399578E-05



t

}

¢

1

/,

“r

i3

TABLE A-XXX (CONT?()

~.8867T03E-04%

«00000GGE-99

«000000E-99

~.361980E-04%

«0000GOE-SY

~.381359E-04
~ol163439E-04

~-.607949E-04

"6 337749E~04

«276456E-04

~+305392E--04

- 00GO00E--99
0 144439E--04

"0 205644E--04

~.646311E-05

-00000CE-99

~.1541T0E-04%
- 2308341E~05
~o376861E~05
C —~.512%62E-05

-.128240E~-04

-0 118272E~04

- 000000E~99

-554185€E-05
-000060&£~99
. 000000E-99
«231798E-05
-000000E~-S3
°227539E--O5
- 106088BE--05
©336342E~05
«220190E~-05
«185452E-05
-205647E~05
00000099
- 987032E~-06
0142004E-05
«446299E~06
-0U0000E~-99
«103235E~05
2218470E-06
c267019E-06
2364550E-06
. 911375E-06
.850407E-06

-000000E--99

2154028£-04
.0C0000E~99
.000060E-99
0629165E-05
.000G00E~93
0662899E-05
.284044E-05
.10566TE-04
.586707E-05
-480470E-05
.530829E-05
-000000E-99
.251006E-05
+357488E-05
.112285E-05
~000000E~99
0 267955E~05
«536038E-06
.654895¢£-0¢
.891788£-06
0222866E~05
2205590E~05

-00000CE-99
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TABLE A-XXXI

—

vaLues of <@, (00| #, (1>, <g,, 100 |- Vg, E> .

<gﬂz(°’|v|4ﬂ,‘g)> FOR £, = 6.5183 aw

Bra.

Bx By Ba
do Ao s
.0 o0 .0
-5 o5 o5
1.0 .0 .0
1.0 1.0 .0
1.5 o5 o5
1.0 1.0 1.0
2.0 -0 .0
1.5 1.5 5
2.0 1.0 .0
2.0 1.0 1.0
2.5 o5 o5
1.5 1.5 1.5
2.0 2.0 .0
2.5 1.5 .5
2.0 2.0 1,0
3.0 .0 .0
3.0 1.0 .0
2,5 1.5 1.5
3,0 1.0 1.0
2.0 2.0 2.0

MULTICENTER INTEGRALS

OVERLAP

-0000G0E-95

-.205726E-00

-.000000E-99

-000000E-99

~-355935E-01

~.118840E-00

.000000€-99

-.285541E-01

-.000000E-99

-.186139E-01
—.31157T4E~02

-«280416E~01

-000000E-99

~o34T7228E~-02

~.B823744E-02

-000000E-99

-000000E-99

—.423151E-02
~.168899E-02

-.443851E-02

KINETIC
ENERGY
.000C00E~99
0256612E-01
.000000E~99
.000000E~-99
.138443E-02
«400010E-02
.000000E-99
.215556E-03
-000000E-99
-86629TE~04
2327765E-04
2 294988E~03
.000000E-99
. 790116E-04
.197912€-03
-000000E--99
.000000E-99
-134504E£-03
.553282E-04

«161429E-03

POTENTIAL
ENERGY
.000000E-95
«297748E-01
.000000E-99
-000000E-99
.564435E-02
.203291E-01
.000000E-99
«493345E-02
.000000E-99
.319501E-02
«523620E~-03
«485632E-02
.000000E-99
.600252E-03
2 142896E-02
.000000E-99
.000000E-99
«733472€E-03
2291526E-03

- 770495€-03
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TABLE A-XXXI

-o102195E-02

~.204390E-03

.000000g-99

-.999077E-03

-140649E-02

—o281299E-03

-000000E-99

-404631E-03

—.657390E-03

-00C0000E-99

-000000E-99

-.115798E-03
~e559304E-03
~.111860E-03

—o246611E-03

-000000E~-99

—.172385E-03
-.114923E-04
-.847647TE-04
--184504E-03
~.182073E-04
~.658766E~-04
-.821021E-04

—.229886E-04

(ConT'D)

«3967T72E-04

«793544E~-05

0000067 -99

o 424T45E-04

«626179E~-04

«125235E-04

«0C0000E~99

«199312E-04

.327652E-04

-000000E-99
. 000000E-99
«600359E-05
-298011E-04
«596022E-05
-132539E~-04
-000000E~99
.978448E~05
«652298E-06
c484527E-05
.108316E-04
-108886E-05
«405921E-05
«513134E-05

-143677E-05

.177465€-03
.351128E-04
.000000E-99
.173370E-03
.244303E-03
-487229E-04
.000000E-99
.701974E-04
.114288E-03
.000C00E-99
.000000E-99
.200582E-04
.971738E-04
.194290E-04
«428529E-04
.000000E-99
2299506£-04
.198892E-05
«147165E-04
.320651E-04
.315868E-05
.114624E-04
.142696E-04

- 399578E-05
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-0
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1.0
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100

200

3.0
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TABLE A-XXXI

~.29556TE~-04

.000000E-99

«000000E-99

--271485E-04

«0G0O000E-99

-.381359E-04

-.,907999E-05

—-607949E-04
--675499E-05
-.153586E-04

—0229044E-04

+000000E~99

- .577756E-05

-.205644E-04

-.587556E-06

-000000E-99

-.856504E-05

-.239821E-05

-»102780€E-05

—o512962E-05

—.512962E-05

—.8B7046E-05

.000000E-99

(CoNT D)

-184728E-05
.000000E-99
.000000E-99
.173848E-05
.000000E-99
0247539E-05
«589379E-06
.396342E-05
.440380E-06
.103028E-05
.154235£-05
.000000E-99
.394813E-06
. 142004E-05
. 405726E~-07
-000000E-99
.606862E-06
.169921E-06
. 728234E-07
.364550E~06
«364550E-06
.637805E-06

.000000E~99

«513178E-05
«000000E-99
-000000E~-99
-4T1826E-05
-000000E-S9
+662899E-05
«157747E-05
-10566TE-04
.117221E-05
«266890E-05
.398131E-05
-000000E-99
-100358E-05
«357488E-05
-101951E-06
«000000E-99
-148881E-05
+416890E-06
- 178484E-06
-891788E-06
.891403E-06
«154212E-05

-000000E-99



