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Tables for reduction of the matrix components of energy in the tight-binding approximation have been

prepared for the hexagonal close-packed lattice.

HE tight-binding or LCAO method has been
thoroughly discussed by Slater and Koster! in
application to cubic lattices. They have given detailed
tables of the matrix components of energy in terms of
three- and subsequently two-center integrals. Analogous
tables for a hexagonal lattice are more tedious to
construct in view of the more complicated symmetry of
this lattice, the directions along the axes of a rectangular
coordinate system being nonequivalent. Moreover, only
the close-packed hexagonal lattice exists in nature and
this is the lattice with basis.

The element to which the tight-binding method could
be applied is the hexagonal cobalt, a-Co. Cobalt belongs
to the group of transition elements, the d states of
which can be treated with the tight-binding approxi-
mation.

There are in the literature a few papers on energy
bands in hexagonal structures?® and in particular

Schiff has given the symmetry properties needed for .

the cellular method.

The hexagonal close-packed lattice can be regarded
as the simple hexagonal lattice with two atoms in the
unit cell. The primitive translation vectors in a rec-
tangular coordinate system are: A= (3a, —3V3q, 0),
A= (3a,3V34,0), A;= (0,0,c). Basis vectors are given by
t:=(0,0,0) and t.= (3a, £V3a, 3¢). The simple hexagonal
lattice which has an atom in position (0,0,0) is denoted
by 1, and the simple lattice with the atom in position
(3¢, $V3a, %¢) is denoted by 2. It is convenient to use
different length units along the different axes of the
rectangular coordinate system. So we take a=}q,
B=3%V3a, y=14c in the x, v, z directions, respectively. In
the calculations we used the model of a hexagonal ideal
close-packed lattice, i.e., we assumed |t;| =a.

TaBLE 1. Relations among the matrix components of energy for
states of various symmetries.

(5, Sn= (5/3)22
/p)u=—(s/p:)=*
(S/dg) 1= (S/dq) 22*

i/ pdu= (pi/pi)2
i/ pi)u= (pi/ps)2*
(pi/dn=— (pi/dg)22*
(dq/ dq) u= (dq/ dq) 22
(dq/dr)ll = (dq/dr)zz*

(s/8)12=(s/8)m*
(s/pi)12=—(s/pi)u*
(-‘/dq) 12= (s/dq)ﬂ*

(bi/ pi)re= (pi/ pi) o™
(pi/ pi)re= (pi/p)n*, j#*i
(pi/d)12=— (pi/dg) ™
(dq/ dq) 12= (dq/ dq) 21*
(do/d1)12= (do/dr)n*, g7

17. C. Slater and G. F. Koster, Phys. Rev. 94, 1498 (1954).
2 C. Herring and A. G. Hill, Phys. Rev. 58, 132 (1940).
3 B. Schiff, Proc. Roy. Soc. (London) A68, 686 (1955).
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The matrix components of energy have been calcu-
lated for states of the following symmetries: s, p
[3 functions of type x, ¥, z times fi(r) denoted by ;]
and d [5 functions of type wxy, yz, xz, x2—3?, 322—7?
times f5(r) denoted by d,]. There are nine such states,
and a unit cell contains two nonequivalent atoms, so
we construct 18 Bloch sums.

‘The general formula for the matrix component is

(m/n)yo=explik- (t,—t.) > : exp(ik-1;)
X f on*(t—t)H o, (r—1;—t,)dr.

Here m and # distinguish the electronic states, the
¢» denote atomic functions, the r; are translation
vectors, and the t, are basis vectors.

The energy integrals (E integrals) have the form

Eo, n(tor, r¢+tw)=f¢m*(r—~tw»)H¢n(r— r;i—t,)dr.

First of all, by virtue of the symmetry and Hermitian
properties of the Hamiltonian and of the symmetries of
the atomic functions, we notice that only 90 of the
total of 324 matrix components must be considered.
We calculate 45 components of the type

(m/m)u=: exp(ik- ) f ou* (O H pn(t—1)dr

= (n/m)w*
and 45 components of type

(m/m)12=2": exp[ik- (ri+ts)]
X f on (O H on(t—ti—ta)dr= (n/m)sr*.

Further relations are given in Table 1.

We now make the nearest-neighbors approximation.
In the hexagonal ideal close-packed lattice every atom
has 12 nearest neighbors. So we have in (m/%)1;, seven
E integrals for lattice sites: (0,0,0), (1, —1, 0), (1,1,0),
(—1,1,0), (—2,0,0), (—1, —1,0), (2,0,0) in terms of
a, B, v; and in (m/n)12 we have six E integrals for
lattice sites ri+t:: (1,3,1), (—1,%,1), (0,—%1),
(1’ %: _1)’ (_1; %) —1), (0: —%; _1) So 585 E in-
tegrals remain to be calculated. Not all of them are
independent. Taking into account further particular
symmetries, we see that nonvanishing E integrals in
(m/n)11 can be expressed in terms of E integrals in-
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TaBLE II. Matrix components of energy expressed in terms of E integrals.

(s/2u= (s/y5)u= (s/x5)u= (x/2)u= (¥/y2)u= (¥/x2)u= (3/2)u= (y/38) 1= (y/25)11= (&/2y)u= (3/x* =3 )u= (3/38—1")u= (xy/y2)11

(s/)n
(5/5)12
(s/x)un
(5/%)12
(s/9)n
(s/9)12
(5/2)12
(s/=y)u
(s/29)12
(s/y2)12
(s/%2) 12
(s/#*—3)u
(s/22 =912
(s/322—r®)n
(/322 —1")12
(x/%)u
(/%) 12

(x/9)1
(/912
(x/2)12
(x/xy)11
(x/xy)12

(x/y2)12= (/43)12
(x/%2)12

(x/2*—3")u

(x/ ¥2—9) 1= (y/ xy) 12
(x/322—1)u
(2/3282—1%) 12

&/9)u

&/)12

(/212
&/=zy)n
&/y3)12

(y/#*=9)u
/%2 =91

(y/322—1)u
(/32 —1?)12
(3/2)u
(2/2)12
(a/%y)12
(z/y5)n
(2/y2)12
(2/x2)11
(2/%3)12
(/22— 312
(2/322—12)12
(xy/xy)11
(xy/xy)12

(xy/y2)12= (x3/%*—3)12
(xy/x2)12

= (xy/xz)n= (y8/2*— ) u= (y3/322— 1) u= (x3/4*— y)u= (w2/32— ) 1=0
E, +(0)+2E, ,(R) (2 cost cosn+cos2§)
2E,, 5(T) cos¢[[(2 cost cosin-+cos?n)+i(2 cost sindn—siny) ]
—2V3E, ,(R) sing sing+24E, - (R) (sin£ cosn-+sin2¢)
2V3E, ,(T) sin& cos¢ (sindn—2 cosn)
E, 4(0)—2E, 4 (R) (cost cosn—cos2§)+2V3iE,, . (R) cosé sing
—2E, ,(T) cos¢[(cost cosin—costn)+4(cos sindy+siny) ]
—2E,, .(T) sin¢[ (2 cos& sindn—sinZy) —4(2 cos¢ cosin-+cosiy) ]
—2V3E, ;2_,2(R) sing sinn+24E,, -, (R) (sin£ cosp+-sin2¢)
2V3E, z2_y2(T) sin& cos{ (singy—1 cosin)
2E,, 4. (T) sing[(cost sindn—+siny) —s(cost cosdn—cosin)]
2V3E, ;. (T) sing sing (cosin+4 sinn)
E, 22 _42(0) —2E, ;2_,2(R) (cost cosn—cos2£) +2V34E,, ., (R) cosE sing
—2E, .2 ,2(T) cos¢[ (cosg cosin—cos2n)+i(cost sindy+sinZy) ]
E4 3.2-42(0)+2E,, 3.2_,2(R) (2 cost cosn+cos2§)
2E, 3,2+2(T) cos¢[ (2 cost cosin-+cosdn)+i(2 cost sindn—siny)]
E; 2(0)+[E:(R)+3E,,, (R)] cost cosn+2E;, . (R) cos2g
€8¢ {[Ez,z(T)+3E,,,(T)] cost cosin+2E,, . (T) cosin} =+ cosgy{[Ez=(T)+3E,,(T)] cost sindy
—2E, »(T) sinZy}
V3[E,,y(R)—E,,,(R)] sin¢ sing—2:E,, ,(R) (2 sin£ cosn—sin2¢)
V3[E.,2(T) — E,,(T)] sing cos¢ (sindn—: cosdn)
2V3E,, ,(T) sin¢ sin{ (cosin—+7 singy)
E, 2y (0)+[Es 2y (R) +3Ey, 222 (R) ] cosg cosn+2Ez, 2y (R) cos2&+V3i[Ey, 222 (R) +Ey, 2y (R) ] cosé sing
08¢ {[ Bz, 2y (T)+3Ey, 22_y2(T) ] cost cosin—+2Ez, 2y (T) cosdn}+i cost{ [ Ez,ay (T)+3Ey,s242(T)] cost sindy
- 2Ez, zy (T) sin %77}
V3[E,,2:(T) — Ey,y.(T) ] sin¢ sing (cos3n+- sindn)
sing{ —[Ez,z2(T) +3Ey,42(T) ] cost sindn+2E.,..(T) sindq} 43 sing{[Ez,2:(T) +3E,,y(T)] cost cosin
+2E,, ».(T) cosin}
V3L Ey, 222 (R) — Ez, 2y (R) ] sing sing—i{ [ Ez,+2—42(R) —3Ey, 2y (R) ] sin& cosn—2E., ,2_,2(R) sin2¢}
V3[Es,2y(T) — E,,»2—2(T) ] sin& cos{ (sindn—7 cosdn)
—2V3Ey, 5.2_,2(R) sing sing+2:E,, 3.2_,2(R) (sing cosn+-sin2¢)
2V3E,, 3.2_,2(T) sin& cosg (singn—: cosin)
Ey,y(0)+[Ey,y(R)+3E;,-(R)] cost cosn+2E,,y (R) cos2¢
cost{[Ey,y(T)+3E;,: (T)] cost cosin+2Ey,, (T) cosdn}+i cost {[Ey,y (T)+3E.,:(T)] cost singn
—2E,,,(T) sinfn}
2E,, ,(T) sing[ (cost sindnp+siny) —i(cost cosdn—cosn) ]
V3[Ey,+2y?(R) — Bz, 2, (R) ] sing sinn —i{[Ey,zy (R) —3E.,22,2(R) ] sin cosn—2Ey,ay (R) sin2¢}
sing{ —[Ey,y2(T) +3Ez,2.(T)] cost sindn+2E,,,.(T) sinfn}+4 sing {[Ey,yo(T) +3Es,2.(T) ] cost cosin
+2E,,4:(T) cos?n}
Eyz2 2 (0)+[Ey 222 (R)+3Ez,2y (R) ] cost cosn+2Ey, .2 2(R) c0s2§—V3i[ By, 222 (R)+Ey, oy (R) ] cost siny
o8t { [ Ey,a2-y(T) +3Ez,2, (T)] cost cosin+2E,,.2*(T) cosin}+i cost{[Ey,z2—y?(T)+3Ezz (T) ] cost sindny
—2E,, 22 4*(T) sinfn}
E,, 3,2_42(0) —2E,, 3,2,2(R) (cos¢ cosn—cos2¢) +2V33E,, 5,2—,2(R) cosé sing
—2E,, 3,2_¢2(T) cos¢[ (cost cosin—cos3n) 4 (cost sinkn+singy) ]
E, .(0)42E,, .(R) (2 cost cosn+-cos2)
2E,, .(T) cos¢[ (2 cost cosin—+cosin)+i(2 cost sinfn—siny) ]
2V3E,, ,2_,2(T) sin¢ sing (cos3n+1 sindn)
E,.(0)—2E, 4.(R) (cost cosn—cos2£) +2V3iE,,z.(R) cosé siny
—2E, 4. (T) cos¢[ (cos¢ cosin—cos?n)+i(cost sindg+singy) ]
—2V3E,,,.(R) sint sinn+2:E,, .. (R) (sing cosp+-sin2¢)
2V3E,,,(T) sin& cos¢(sindn—i cosiy)
2E, »2_,2(T) sing[ (cos¢ sindn+sinn) —4(cosE cosin—costn)]
—2E,, 3.2_p2(T) sing[(2 cosé sindy—sin2y) —i(2 cost cosdn+-cosin)]
Eoy oy (0)+[Ezy,zy (R)+3E.2 2 22 42 (R) ] cosg cosn+2Ep, -y (R) cos2
08¢ { [ By, (T) +3Ez2_y2.2242(T) ] cost cosin—+2Eay, sy (T) costn} -4 cost {[Eay,zy (T) +3Es2425242(T) ] cost
X sindn—2E.y,zy (T) sinky}
V3[Ezy,2¢(T) = Eys z2_y?(T) ] sing sing (cosin+3 sindn)
sing{ — [Ezy,ze(T) +3Eys,2242(T) ] cost sinyy+2Ezy,z.(T) sindn} +i sing { [ Eey,zs (1) +3Eys,222(T) ] cost cosin
+2Ezy,2:(T) cosin}




94

MARIA MIASEK

TABLE II.—Continued.

(xy/#2—y)n
(xy/22—3%)12
(xy/322—r) 1
(xy/3z” ~'7’2) 12
(y3/y2)n
(yz/92)12

(y3/%2)11
(yz/22)12
(y3/22— 3?12

(y2/322—1%)12
(xz/ xz) 11
(x3/%2)12

(x2/322—7%) 12
(22— 9%/a?— )11
(22 —92/a2— 3?1

(xz—- 2/322—7'2) 11
(a2 —9%/322—1")12
(322—r2/322—r)n
(322—7%/382—1%) 1,

V3[Ez2 222 2 (R) — Eoy, 2y (R) ] sing sing— 24 E,y, »2_2(R) (2 sing cosn—sin2¢)

V3[Ezy,ay (T) — Ex2_y2,5242(T) ] sin cosg (sindn—1 cosin)

—2V3Eg2y2 3.2 2(R) sing sinn+25E,;, 3.2_,2(R) (sin£ cosn-sin2§)

2V3E,2 42 5,2 ,2(T) sing cosg (sinkn—i cosin)

Eyz,y2(0)+[Eyzy:(R) +3Ezz,2:(R) ] cost cosn+2E,., 4. (R) cos2z

08§ { [ Eyz,y2 (1) +3Eaz,2(T) ] cosg cosin+2Ey.,:(T) cosin}+i cosy{[Eyzyz(T) +3Ez42.(T)] cosé siniy
~2Ey.,4:(T) singn}

V3[Eyzy2(R) — E,,,2.(R) ] sing sinn—24E,,, . (R) (2 sin& cosp—sin2¢)

V3[Ezz,2:(T) —Eyz,y:(T) ] sin cosg (singn—: cosin)

sing{ —[Eyz,z242(T) +3Euy,22(T) ] cos sindn-+2E,.,22(T) sindy} 43 sing{[Ey.,2,*(T)
+3Ezy,22(T)] cost cosin—+2E,,, 222(T) cos3n}

2Ey;, 3:2-2(T) sing[ (cost sinin+sinZn) —i(cos¢ cosin—cosn)]

E2,22(0)+ [ Loz 0a(R)+3Ey,,42(R) ] cost cosy+2E,. 2. (R) cos2¢

0S¢ {[Ezz,22:(T) +-3Ey 2,42 (T) ] cost cosin—+2E, . +2(T) cos2n}+i cos¢{[Fzsee(T)+3Ey.,,.(T)] cost siniy
- 2-E12,$5 (T) Sin%n}

2V3E,., 3,2_»2(T) sing sing (cosin—+i sindy)

Exry2,5242(0) 4+ [Eat 222 2 (R) +3 By, 2y (R) ] cost cosn+-2E,2 42 22,2 (R) cos2

COS_{'{ [Eﬂ?z—'llz.zg—’ll2 (T) +3Ezv.2y (T) j COSS COS%‘)) +2Ezz—y2.zz—u2(T) COS%"]} +" COS.({ [Ezz—yz,a:z—yz (T) +3Ezw, xy (T)]

Xcost singn—2E;2_y2,2_2(T) siny}
Ez2 2,32 12(0) —2E;2_2 5,22 (R) (cosE cosn—cos2£) +2V3iE,y, 3.2_»2(R) cosé sing
—2Ez2 2 3.2_2(T) cos¢[ (cost cosin—cosn) +i(cost sindy+sinZy) ]
E3z2 42 3.2 ,2(0)+2E3,2,2 3,2 ,2(R) (2 cos¢ cosp+cos2¢)
2E3.2 42 5,2_,2(T) cos¢[(2 cost cosin—+cosn)+i(2 cost sindn—sinZy) ]

TasiE III. Matrix components of energy expressed in terms of two-center integrals.

(s/9)u
(/912
(s/%)n
(s/%)12
(s/9)n
(s/9)12
(5/2)12
(s/xy)un
(s/2y)12
(s/92)12
(s/x2)12
(s/#*—3")n
(s/2*—9%)12
(s/322—r) 11
(5/322—7‘2) 12
(x/2)1n
(x/%)12
(/y)n
(2/9)12
(x/2)12
(x/2y)11
(x/xy)12

So+2(ss0)1(2 cost cosn+cos2E)

2(ssa)1 cos¢[ (2 cost cosdn—-cosn)+i(2 cost sindy—siny) ]
2i(spo)1(sing cosn--sin2§)

—2(spo)1 sin& cosg (singn—1 cosiy)

2V3i(spo)1 cosg siny

$V3 (spo)1 cos¢[ (cos cosdn— cosZn) +i(cost sindn-+sinZy) ]
—2(+/3) (spo)1 sing[ (2 cost sindn—siny) —4(2 cost cosn+cosiy)]
—3(sdo); sing sing

— (sdo)1 sing cos¢ (sindny—3 cosin)

—2(v/3) (sdo)1 sing[ (cos sinin+sin2y) —i (cost cosin—cosin)]
—2V2(sdo); sing sing (cos3n—+i sindy)

—V3(sdo)1(cosE cosnp—cos2§)

$V3 (sdo)1 cos{[ (cost cosin—costn) +i(cos sindn—+siny) ]

— (sda)1(2 cost cosp+cos2§)

(sda)1 cos¢[ (2 cost cosdn+cos2n)+4(2 cost sinin—sinZy) ]
pot+L(ppa)1+3(ppm)1] cost cosn+-2(ppo)1 cos2E

cost{[ (ppo)1+3 (ppm)1] cosk cosin+2(ppm)1 cosin} +i cost{[ (ppo)1+3 (ppm)1] cost sindn—2(ppm): sindn}

—V3L(ppo)1— (ppm)1] sin& siny

—35V3L(ppo)1— (ppm)1] sing cosg (singn—1i cosdn)

—2(/3)[(ppo)1— (ppm)1] sing sing (cosin+i sindy)

(pd)o+i[3 (pdo)1+V3 (pdr)1] cost sing

cos¢{[5(pda)1+5V3 (pdr)1] cost cosdn— V3 (pdm)1 cosn}+i3 cosi{[4 (pdo)1+3V3 (pdr)1] cosk siniy
+3V3 (pdr)1 singn}

(&/y2)12=(y/42)12= (8/x¥)12— [ (v/3) (pdo) 1— 3V2 (pdr)1] sin sing (cosdy+4 siniy)

(/%2)12
(x/22—3y"1

(@/22—3)12= (3/x¥)12

(x/322—7r*)11
(x/322—1%) 12
¥/9)n
@/9)12

sing{ —[VZ (pdo)1+2(v/3) (pdm)1] cost sindn+2(v/2) (pdr)1 sin2n} +i sing {[VZ (pdo) 142 (v/2) (pdr)1] cost

Xcosin+2(v/3) (pdm)1 cosin}
#{—[3V3 (pdo)1—3 (pdr):] sing cosn+V3(pdo); sin2¢}
—3[3V3 (pdo)14-5(pdr)1] sink cos¢ (sindn—i cosin)
—i(pdo):1 (sing cosn-+sin2g)
—[(pdo)1—4V3 (pdwr)1] sing cosg (sindn—7 cosiy)
po+[3(ppo)1+ (ppm)1] cost cosn+-2 (ppm)1 cos2E

§ cost{[ (ppo)1+11(ppm):] cost cosn+2[ (ppo)1+2(ppm)1] cosin} +3i coss{[ (ppo)1+11(ppm)1] cost sindy

—2[(ppo)1+2(ppm)1] sindn}
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TABLE III.—Continued.

§ sing{—[V2(pdo)1+10(v/3) (pdm)1] cost sinfn+2[V2 (pdo)1+ (v/3) (pdm)1] sinfn} +3i sing {[V2 (pdo):

(/212 —3V2[(ppo)1— (ppm)1] sing[ (cost sinin+sinfy) —i(cosé cosin—cosin) ]
/%y i{[3V3 (pdo)1— (pdw)1] sing cosn+2 (pdr): sin2¢}
/y2)12

+10(+v/3) (pdr)1] cost cosin+2[V2 (pde) 1+ (v/3) (pdr)1] cosin}
(y/x*—3)u (pd)o—1i[3 (pdo)1+V3 (pdr)1] cost siny
(y/x2—y? )12

% cos¢{[3 (pdo)1— (7/3)V3 (pdm)1] cost cosin-+2[3 (pde)1+3V3 (pdn).] cosin} +3i cosg{[3 (pdo):

— (7/3)V3 (pdm)1] cos singn—2[3 (pdo)1+3V3 (pdm)1] sinfn}

(y/322—r%)11 —V3i(pdo): cosE sing

(y/382—1")12

1[V3(pde)1—4(pdr)1] cos¢[ (cost cosdn—cosn)—+i(cost sindn—+siny) ]

(/2)u pot2(ppm)1(2 cosk cosn+cos2f)

(2/2)12 302(ppo) 1+ (ppm)1] cos¢[ (2 cost cosin—+cosin) +i(2 cost singn—sinin) ]

(z/y2)11 2V3i(pdr)1 cosk sing

(2/y2)12 3[2(pdo)1—3V3 (pdm)1] cos¢[ (cos cosin—cosin) +i(cos singn+singn) ]

(z/%x2)11 24 (pdr)1(sing cosn+sin2f)

(2/%2)12 —3[2V3 (pdo)1— (pdm)1] sin& cosg (singn—7 cosin)

(8/22—9")12 —3[V2 (pdo)1—2(v/3) (pdm)1] sing[ (cos§ sindn+singn) —i(cosE cosin—cosdn) ]

(2/322—1%)12 —L (V%) (pda)1+3V2 (pdw)1] sing[ (2 cosE sindn—sinZn) —i(2 cos¢ cosin+cosin)]

(xy/xy)11 do+[(9/4) (ddo)1+ (ddw)1+ £ (dds)1] cost cosn+2(ddm): cos2E

(xy/xy)12 cos¢ { ;[ (ddo)1+4(ddr)14-11(dds)1] cost cosin+3[ (ddm)1+2(dds) 1] cosin} +i cos¢{ ;[ (ddo)1+4(ddm):

+11(dds)1] cost sinkn—2[ (ddm)1+2(dds).] sinZy}

— (V3 [3(ddo) 144 (ddm)1— (11/6) (dd8)1] sin sing (cosin+i singn)

—V2 sing{3[ (ddo)1— (ddd)1] cosk sinky+2[ (ddw)1— (dd8)1] sinZn} +V27 sing {3[ (ddo)1— (ddb)1] cosE cosiy
—3[(ddm)1— (dd5)1] cosin}

IV3[3(ddo)1—4(ddw) 1+ (dds) ] sin sing

—3V3[%(ddo)1— % (ddm)1+-(1/12) (dd5)1] sing cosg (sinn—1 cosin)

(xy/y2)12= (x2/52— 312
(xy/x2)12

(xy/#2—3*)u
(xy/22—9")12

(xy/322—1)1y
(xy/322—7%)12

2[(ddo)1— (dds).] sing siny

—[%(ddo)1— % (ddw)1+ £ (dds),] sing cos¢ (sindn—1 cosiy)

% cosg{[2(ddo) 1+ (19/3) (ddm)1+ (11/3) (ddd)1] cost cosin+2[2(ddo)1+15 (ddm)1+5 (dds)1] cosin}

~+3i cos¢{[2(ddo)1+ (19/3) (ddm) 1+ (11/3) (dds) 1] cost singn—2[ 2 (ddo) 143 (ddm)1+5 (dd8)1] sindn)}

(y3/y2)11 d1+[3(ddr) 1+ (dds)1] cosg cosn—+2(dds)1 cos2¢

(yz/y2)12

(yz/%3)11 —V3[ (ddr)1— (dds)1] sing siny

(yz/x2)12 —3V3[2(ddo)1— (5/3) (ddw)1—%(dds)1] sin& cos¢ (sindn—1 cosin)

(yz/22— 912

— V2 sing{[$ (ddo)1— (8/3) (ddm)1+- (13/6) (ddb)1] cost sinn—[(ddo)1+5 (ddm)1— (5/3) (dd5)1] singn}

+3V2i sing{[5(dde)1— (8/3) (dd)1+(13/6) (ddb)1] cosé cosin+[ (ddo)1+3(ddr)1— (5/3) (ddb)1] cosin}

(y2/322—1%)12
(x2/%3) 11
(x2/%2)12

—2(\/%)[3(ddo)1— 3 (ddn)1— 1 (dds) 1] sing[ (cost sindn-+siny) —i(cos¢ cosin—cosiy)]
di+[ (ddr)1+3(dds) 1] cost cosn+2(ddr) 1 cos2
cost{[2(ddo) 1+ (ddm)1+ (dds)1] cost cosin+2[2(ddw) 1+ (dds)1] cos2n}+i cost{[2(dde) 1+ (ddm) 1+ (ddd)1]

Xcost sindn— 2[2(ddr) 1+ (dds) 1] sinZy}

(x3/322—7%)12
(a2—9%/2—3")n
(a2 —9%/22— )1

—2V2[}(ddo)1— %} (ddw)1— £ (ddd) 1] siné sing (cosin-+i sindy)
do+[%(ddo)1+3(ddm)1+1 (ddb)1] cost cosn+3[3(ddo)1+ (dds)1] cos2
% cos¢{[[§(ddo)1+ (11/3) (ddr)1+ (97/12) (dds)1] cost cosin-+2[ % (dde)1+3 (ddm)1+ (25/12) (dd5)1] cosin}

+13d cos¢{[ (ddo)1+-(11/3) (ddm)1+(97/12) (dd5)1] cost sindy—2[ § (ddo)1+3 (ddm)1+(25/12) (ddé):]

XsinZn}
(x2—»%/322—r)u
(a2—9?/38*—1")1a
(322—7%/322—1) 11
(322—172/322—1%) 12

$V3[(ddo)1— (dds)1](cost cosn—cos2E)

#V3[1(ddo)1—%(ddm) 1+ (5/12) (dds)1] cos¢[ (cost cosin— cosdn) i (cosE sinknp-sinZy)]
ds+3[ (dde)1+3(dds)1](2 cost cosn+cos2E)

[3 (ddo) 1+ % (ddm) 1+ (ddd)1] cosg[ (2 cost cosin-+cosdn) 43 (2 cost sindn—singy) ]

volving r;=R=(2,0,0) and nonvanishing E integrals in
(m/n)12 can be expressed in terms of E integrals
involving r;4ty=T= (0, —%, 1). We have, for instance

Ey(1, —1,0)=3E; ;22 (R) —1V3E,, ,(R)
%@Ey, z%—y? (R) —iE., 2y (R).

After all these reductions, it turns out that only 71
independent E integrals remain. The matrix com-
ponents of energy expressed in terms of E integrals are

given in Table II. In this table we have used the abbre-
viations ¢=1ak,, n=3V3ak,, {=1ck.= (\/%)ak..

We make finally the two-center approximation. Here
Table I of reference 1 has been used. Upon making this
approximation, we have only 16 independent integrals.
The nonvanishing matrix components expressed in
terms of them are given in Table ITI.

The author wishes to thank Dr. M. Suffczynski for
suggesting the present work and for his continued
interest in it.



