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To investigate the effect of the inclusion of overlap integrals in the tight binding ap- 
proximation the energy band structure of a model polymer containing two centres and four 
orbitals in the elementary cells has been calculated. In the first series of calculations the value 
of the intracell overlap integral, in the second and third series the large, respectively small 
intercell overlap integrals have been systematically ehanged. According to the results obtained 
the changes of both the intracell and intercell overlap integrals (also in the case of the small 
intercell ones) cause rather large changes in the band structures. Therefore, the usual neglect 
of overlap integrals in the tight binding approximation of the band structure of polymers 
is not justified. 

I n t r o d u c t i o n  

T i g h t  b i n d i n g  ca lcu la t ions  on c rys ta l s  m a y  be cons ide red  as an  ex- 

t ens ion  t o  inf in i te  per iodic  sy s t e m s  of  the  we l l -known L C A O - - M O  ca lcu la t ions  

for  molecules .  So lar ,  examples  o f  app l i ca t ion  o f  such  ca lcu la t ions  to  solids 

have  been  g iven  in the  semiempi r ica l  a p p r o x i m a t i o n s  neg lec t ing  over lap ,  like 

the  H ª  m e t h o d  a nd  the  so-cal led P - P - P  m e t h o d  [1, 2]. Now,  in t he  case 
o f  molecules ,  neg lec t  o f  over lap ,  a l t h o u g h  it can  usua l ly  be c o m p e n s a t e d  

t h r o u g h  a care fu l  choice of  the  pa ra rne te r s ,  m a y  lead to  resul ts  qu i te  d i f fe ren t  

f rom those  t h a t  wou ld  be o b t a i n e d  ir  over lap  were inc luded .  F o r  ins tance ,  i f  

the  re la t ionsh ip  [3] 
S~,, = ~ H ~  (1) 

wi th  ~ a genera l  c o n s t a n t ,  holds  b e t w e e n  the  over lap  in tegra l s  S,.v a n d  the  

o lŸ e lement s  Hg.~ of  the  H a m i l t o n i a n  m a t r i x  ( referr ing to  the  pa i r  o f  

a t o m s  #. v). t he  e igenva lues  el def ined  b y  the  e q u a t i o n  

HC = SC e (2)  

are re la ted  to  those  o f  a su i t ab ly  " o r t h o g o n a l i z e d "  e q u a t i o n  

H ' C  = C'r (3)  
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through the equation [4]: 
! 

e i - -  e~i (4) 
1 -f- 2eŸ 

This shows tha t  the numerieal values of the eŸ are not only diffcrent from 
those of the e i ' s  but also their spacing is completely different: if eŸ and eŸ are 
symmetric with respect to the zero level, ei and e j  will not behave so: the 
higher level will be pushed further from the zero-level, whereas the lower 
will become closer to the zero-level. 

These considerations apply qualitatively in most cases, even ir a general 
algebraic proof is not easy to gire. In particular, they apply when II '  = I'I 
and the only difference between (2) and (3) is that  the off-diagonal elements 
of the overlap matrix are neglected. On the other hand, they do not apply, of 
course, if Eq. (3) is adopted under the assumption that  the "atomic"  orbital 
basis is a strictly orthogonal one (as is often obtained by L6WDIN's [5] sym- 
metric orthogonaIization). However, an orthogonalization procedure is difficult 
to apply to infinite lattices, and, moreover, it would give a fully non, localised 
basis, thus leading to difficulties of interpretation particularly serious for the 
t reatment  of local perturbations. 

A general formalism explicitly including overlap in a tight-binding SCF 
treatment  of one-, two- and three-dimensional crystals has been developed [6]. 
IIowever, as has been mentioned, a direct algebraic analysis of the importance 
of overlap in the corresponding calculations is very difficult, ir not impossil~le. 
On the other hand, calculations neglecting overlap are usually the most 
straightforward ones in the empirical versions of the LCAO crystal orbital 
method. Therefore, a numerical analysis of the effect of overlap on such 
calculations in desirable. This is what the present paper is devoted to. In order 
to make the interpretation of the results easier, we shall considera  simple 
linear chain, with two atoms in the unit cell. The effect on the bands of changing 
the overlap integrals within the unir cell, and between adjacent unir cells, 
when the Hamiltonian matrix is kept constant, will be the subject of our study. 

Description of the calculations 

To calculate the energy bands of a solid in the tight-binding (LCAO) 
approximation, with inclusion of overlap, one has to solve the matrix equation 
[6] 

ti(k) C(k) ---- S(k) C(k) ~(k), (5) 

which is the counterpart of Eq. (2) in the case of a crystal. There, k is the wave 
rector which specifies the levels in the n bands one encounters in this type of 
calculation, and H(k) and S(k) are, respectively n X n  complex hermitian 
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Hamil tonian and overlap matrices,  n being the number  of orbitals of the unit  
cell. The elements of  the real diagonal matr ix  c(k) are the  corresponding energy 
levels in the different b a n d s ;  matr ix  C(k) is the eigenvector  matr ix,  obeying 
the normalisat ion condition 

c+(k)  s (k)  c(k)  = I .  

As is well known [5], one cart solve Eq.  (5) most  easily by  t ransforming ir into 
the  new equation:  

where * 

dad 

F(~) B(~) = B(~) E(k), 

F(k) = S(k)-lJ " HS(k)-~~~ 

R(z~) = S(k):/~C(k)~ 

(6) 

(7) 

(8) 

The square root  and inverse square root of S(k) are easily calculated by finding 
the diagonal form s(k) of  S(k) from the eigenvalue equat ion 

s(k) v(k) = v(k) ~(k). (9) 

Arder hav~I~g diagonalizec~ t~e naatrix S(k), one forros the diagonal matrices 
s(k) I2, s(k) - I2 ,  respectfvely,  and uses the equat ions 

s(k)+~J~ : V(k)~(k)+~~~V+�91 ~ . d  S(k)-'~~ = V(k)s (k ) -~ :~V+(k)  (9~) 

The eigenvalue problem (9) can be solved by rewriting ir in a real form 

s,(k) = IReES/kt] - ~~~stk / ]  I (v~~kl I = (v~(kll ,~k/,  ~~01 
[Im [S(k)] Re [S(k)]) ~V~(k)/ ~V,,(k); 

where 
v~(k) = Re  [ v ( k ) ] ,  v.,(k) = Ira [V(k)l 

In  the diagonal matr ix  s'(k) each eŸ of S(k) occttrs twice. In a similar 
way  we can rewrite (6) as 

F(k) = {Re [F(k)] 
Im Ir(k)] 

(Bl(k)] = Re [B(k)] 

- - I m  [F(k)] / tBl(k)l = (Bl(k)l c'(k) 
Re [F(k)]J [B2(k)f IBa(k)] 

and B2(k ) = Ira [B(k)]), 

(11) 

* A slightly different but entirely equivalent form of Eqs, (7) and (9) was given in [6]. 
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Taking into account  Eq.  (7), ir can be shown th a t  its real and imaginary  
parts  ate 

Re [F(k)] = Re [C(k)] [Re [H(k)] Re [C(k)] - -  Im [H(k)] Im [c(k)ll - 
(12a) 

-- Im [C(k)] [Im [H(k)] Re [C(k)] 4- Re [H(k)] Im [C(k)]], 

Im [F(k)] = Re [C(k)] [Re [H(k)] Im [C(k)] 4- Im [H(k)] Re [C(k)]] 4- 
(12b) 

4- Ira [C(k)] [Re [H(k)] Re [C(k)] --  Im [H(k)] Im [C(k)]],  

respect ively.  Here the matr ices  Re[C(k)] and Im[C(k)]  are defined as 

Re [C(k)] = Vl(k ) s ( k ) - l / 2 V ; ( k )  4- V2(k ) s ( k ) - l / 2 V 2 ( k )  +, (13a) 

Im [C(k)] --~ --  Vl(k ) s ( k ) - l / 2 V 2 ( k )  4- V2(k ) s ( k ) - I / W ~ ( k ) .  (13b) 

Equa t ions  (10) and (11) are those aetual ly  used for pract ical  calculations.  
When  S(k) is the iden t i ty  matr ix ,  B(k) is ident ical  with C(k), F(k) coincides 
with H(k) and, for the case of a linear chain, ir gives resuhs exemplif ied in 
previous calculations on ra the r  complicated polymers  by  one of us [7]. How- 
ever,  as has been said, to s tudy  the effect of increasing off-diagonal elements 
of S(k) on the energy ma t r ix  e(k) and hence on the  shapes and dis tr ibut ions 
of the bands,  it  is useful to c o n s i d e r a  model  sys tem,  namely  the l inear chain 
of Fig. 1. Here the lone pairs of the (fictitious) X atoms are assumed tO be 
comple te ly  localized, so t ha t  only three (unspecified) orbitals are consid› 
and the  atoms Y ate assumed to share only one orbi ta l  with the bond  system 
(in pract ice ,  the chain of Fig. 1 could be one of, say, N - - H  groups). 

A s a  fur ther  sirnplification of our  model  calculations we shall work on 
the model  sys tem shown in Fig. 1 in the neares t  ne ighbour  approx imat ion .  
Here the matr iees S(k) and H(k)* will have the simple forro [6] 

S(k) = ~ 4- A 4- S + e ik 4-  S -  e - i k  , (14a) 

and 
H(k) = H t 4- H + e ~k 4- H -  e - i k  , (14b) 

2 "I 2 7 'Z "I 
X X - - X - - X  X 

y y4 y4 y4. y4 

Fig. 1. The model system used in the ealeulation 

* In the case of a linear chain instead of a vector k we have a scalar wave number k. 
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respectively.  Here I i s  the uni t  mat r ix ,  A is the mat r ix  of  the overlap integrals 
between orbitals belonging to the same e lementa ry  cell and the  elements  of 
the matrices S + and S- ,  respect ively,  are given b y  the over lap integrals 
between the orbitals  of an e l ementa ry  cell and its r ight  and left  neighbours,  
respectively.  The matr ices I-I1, H § and H - ,  respect ively,  are defined in a 
similar way.  F rom (14a) and (14b) we obta in  

Re [S(k)] = ~ + A + (S+ + S-)  cos k,  

Im [S(k)] = (S + --  S-) sin k ,  

Re [ti(k)/ = n i  + (ti+ + t i - )  cos k ,  

Ira [t i(k)/  = (H+ --  t i - )  sin k. 

(15a) 

(15b) 

(15e) 
(15d) 

As we have only four orbitals  in each e lementa ry  cell our complex 
matrices will be of order  of 4 (the real matr ices of the order  of 8). As input  
matrices we have given the matr ices A, S +, H 1 and H + (by s y m m e t r y  S-(k)  : 
= [S+(k)] tr, r I - ( k ) =  [tI+(k)]~r). 

Our analysis has been carried out  with fixed I-I 1 and H + matrices.  In 
ma t r ix  I-I 1 zr values corresponding to the 4 orbitals and the bond  integral  
value corresponding N - - H  bond (fl3,4) were chosen different  f rom zero. In  the 
H + mat r ix  we have taken  non-zero values for  the elements corresponding to 
those elements S,,~ of the overlap ma t r ix  S which have been assumed to be 
different  f rom zero (see below*). In the ma t r ix  A we have considered only the 
overlap integral  corresponding to the X - - Y  bond.  In the S + ma t r ix  the overlap 

integrals S~2 (the X - - X  bond) and also the integrals S1,3,+ S/,4,+ 53,2,-~ 5-~-3,3, S§ 

+ S + + $4,~, 4,3, $4,4 have  been taken  into account .  
In a f irst  series of calculations we have taken  for the only non-zero 

element  of A, $3, 4 the values 0 (0.20) 0.60, 0.70, 0.80 and 0.90, respect ively.  
The matr ices S +, H 1 and H + were kep t  cons tant :  

(i 070 010 00t ~0300 0 ~ t 
5+ = 0 0 01 I i 0,30 0 

0,10 0,10 0 , 1 0 / '  H1 = 0 0,30 0,45 ' 

0,10 0,10 0,107 0 0,45 0 ,20/  

H + = 
lO ~00001500 :5t 

0,15 0,15 0 ,15 |  " 
0,15 0,15 0,15/  

(16) 

* The elements in the matrices H t and H + (see below) are given in fl units. They have 
been chosen so as to correspond in order of magnitude with those used in Hª cal- 
culations on a systems [8]. 
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The calculations were executed for the k values 

0{4)= 
In  a second series of  calculations we have kept  $3, 4 constant  and we have 

chosen S a 4 = 0.70. Now we have changed the integral  $1+2 for which the values 

0 (0.20) 0.80 were taken.  All the other elements of  S +, as well as those of H 1 
and H + were the same as in the first series of calculations. These calculations 

have also been performed for the values 

In  a last series of  calculations, we have t aken  A as in the second case, 

we have  chosen for Sa+4 = 0.70 and we have s imultaneously changed all the 

o ther  non-zero elements of  S + choosing for them the values 0, 0.05, 0.10 and 

0.15, respectively.  The matrices H 1 and H + were the same as in the first and 
second series of calculations. 

Resuhs  and discussion 

Tables I, I I  and I I I ,  and Figs. 2, 3 il lustrate the band  structures  obtained 

for the three series of ealculations. 

In  the Tables each column gives a band  calculated by  the parameter  
value indicated in the first  rows of the Tables. In  Table I I I  S~+v refers to all 

the s i rnuhaneously changed non-zero elements of the matr ix  S +. The two 

values in italic type  in each column indicate the limits of the bands,  which 

are always at k = 0 and k --~ ~. 
We shall discuss first some general features and the effect of the change 

of  the overlap integral relat ing to the intra-cell X - - Y  bond on the posit ion, 

width and shape of the four bands obtained in the calculations described in 
the previous Section. The considerations given in the In t roduc t ion  suggest 

t ha t  upon  int roduct ion of overlap the bands originally symmetr ic  with respect 

to the zero-point  implicit ly chosen in sett ing up the matr ix  H would be dis- 
placed in an unsymmetr ica l  way :  the lower band  would be shifted towards  the 

zero level and become narrower ;  the upper  band  would be shifted upwards  
and become wider. This behaviour  is also to be expected in a general qual i ta t ive 

sense for bands not  symmetr ic  with respect to the zero level. As is seen from 
the  Tables and the Figures,  this is more or less the case for our model polymer ,  

bu t  each overlap integral has effects which need to be discussed separately.  
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Table I 

The effect of the change of the intracell  overlap integral on the band  s t ructure  of the 

investigated model system 

397 

S3't 
/ k O 0.20 

0 

ni4 

~t/2 

3/4 zr 

Yg 

0.956 0.716 --0.202 --2.333 

0.910 0.686 --0.202 --2.399 

0.817 0.647 --0.203 --2.685 

0.770 0.375 --0.204 --3.080 

0.765 0.297 --0.206 --3.934 

0870 0688 - -0252  - -2  333 

0.845 0.655 --0.252 --2.395 

0.790 0.561 --0.253 --2.633 

0.769 0.328 --0.254 --3.010 

0.765 0.237 --0.256 --3.480 

' 0.40 0.60 
/ 

0 

~/4 
~/2 
3/4 

0.824 0.645 --0.336 --2.333 

0.810 0.604 --0.336 --2.391 

0.781 0.490 --0.337 --2.595 

0.768 0.290 --0.338 --2.940 

0.765 0.197 --0.339 --3.229 

0.803 0.596 --0.503 --2.333 

0.793 0.558 --0.503 --2.387 

0.776 0.434 --0.504 --2.566 

0.767 0.259 --0.505 --2.872 

0.765 0.170 --0.506 --3.070 

Sa's ~ 
k 0.70 0.80 

0 

~/4 
~/2 
3/4 
Yg 

0.796 0.572 --0.670 --2.333 

0.788 0.533 --0.670 --2.385 

0.775 0.410 --0.761 --2.553 

0.767 0.243 --0.672 --2.834 

0.765 0.159 --0.673 --3.010 

0.792 0.550 --1.004 --2.333 

0.795 0.510 --1.004 --2.383 

0.774 0.389 --1.004 --2.542 

0.767 0.229 --1.005 --2.801 

0.765 0.155 --1.005 --2.950 

0.90 

0 

~/4 
~/2 
3/4~t 

Yg 

0.788 0.529 --2.004 --2.333 

0.782 0.490 --2.004 --2.381 

0.773 0.370 --2.004 --2.533 

0.767 0.217 --2.003 --2.775 

0.765 0.141 --2.003 --2.918 
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Table II  

The effect of the change of the larger intercell overlap integral on the band structure of the 

investigated model system 

0 0.20 

0 

~/4 

zt/2 

3/4 zt 

1.301 0.600 --0.670 --0.600 

1.301 0.550 --0.669 --0.640 

1.300 0.413 --0.668 --0.755 

1.300 0.234 --0.668 --0.860 

1.300 0.151 --0.668 --0.888 

1.089 0.596 --0.670 --0.875 

1.088 0.547 --0.670 --0.910 

1.086 0.413 --0.670 --0.942 

1.085 0.236 --0.670 --1.020 

1.083 0.153 --0.671 --1.099 

0.40 0.60 

0 

zt/4 

~/2 

3/4 ~t 
y/  

0.942 0.589 --0.670 --1.167 

0.938 0.542 --0.670 --1.190 

0.934 0.412 --0.671 --1.258 

0.931 0.239 --0.671 --1.370 

0.929 0.155 --0.672 --1.461 

0.837 0.579 --0.670 --1.750 

0.831 0.537 --0.670 --1.785 

0.821 0.412 --0.671 --1.900 

0.815 0.242 --9.672 --2.092 

0.812 0.157 --0.673 --2.214 

s,+~~ o ~o 

0 

~/4 
~/2 

3/4 

0.763 0.564 - 0 . 6 7 0  --3.500 

0.752 0.528 -0.670 --3.593 

0.736 0.410 --0.671 --3.920 

0.725 0.244 -0.672 -4.418 

0.722 0.160 --0.673 --4.745 

I n  t h e  f i r s t  i n s t a n c e ,  t h e  c h a n g e  in  t h e  e i g e n v a l u e  e q u a t i o n  is I oca l i z ed  

on  t h e  s ide  c h a i n  o f  t h e  m o d e l  p o l y m e r .  Th i s  has  a v e r y  i n t e r e s t i n g  e f fec t  on 

t h e  d i f f e r e n t  b a n d s .  L o o k i n g  a t  t h e  m a t r i x  for  t h e  i s o l a t e d  X - - Y  u n i t ,  we  can  

i d e n t i f y  t w o  e i g e n v a l u e s  (0.47/~ a n d  - -  0.67 8 w h e n  $3. 4 = 0.70) w h i c h  c g r r e s p o n d  

to  t h e  X - - Y  b o n d ;  i t  a p p e a r s  t h a t  t h e  f i r s t  ( lowes t )  b a n d  a n d  t h e  t h i r d  banal  

o f  F ig .  2 c o r r e s p o n d  to  t h e s e  e i g e n v a l u e s .  As c o n c e r n s  t h e  t h i r d  b a n d ,  i t  is so 

n a r r o w  t h a t  i t  c an  be  c o n s i d e r e d  to  be  m e r e l y  a h i g h l y  d e g e n e r a t e d  l eve l  

i d e n t i c a l  w i t h  t h e  h i g h e r  l eve l  of  t h e  X - - Y  b o n d .  T h e  f i r s t  b a n d ,  on  t h e  o t h e r  

h a n d ,  is s o m e w h a t  w i d e r ,  a n d  m u c h  lower  t h a n  t h e  l ower  l eve l  o f  t h e  X - - u  

b o n d .  T h e  v e r y  f a c t  t h a t  i t  is so n a r r o w  s t r o n g l y  p o i n t s  to  t h e  c o r r e s p o n d e n c e  

j u s t  m e n t i o n e d .  
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The two o ther  bands ,  which should correspond to the two  equal  non-  
bond ing  levels of  the  isolated unit ,  a te  v e r y  broad ;  this is no t  surpris ing 
because the  ma t r i ce s  S + and  H + conta in  large e lements  connect ing  the  
orbi tals  of  ad j acen t  X a toms .  An increase in the X - - Y  over lap  in tegra l  has 
the  effect  expec ted  f rom Eq.  ( 4 ) o n  the  th i rd  band .  The  effect  on the o the r  
bands  follows to some ex ten t  the  same t rend ,  except  for the  u p p e r  end of  the  
four th  band .  All this  is in accordance  wi th  the ass ignment  jus t  given for  the 
bands .  W h a t  m a y  seem more surpr is ing is t h a t  the increase of  $3, 4 makes  all 
the  bands  nar rower .  A p robab le  exp lana t ion  for  this is t h a t  b y  increasing $3, 4 
one ac tua l ly  decreases the re la t ive  i m p o r t a n c e  of the  in ter -uni r  in te rac t ions ;  
of  course, this is a re la t ive ly  minor  effect,  b u t  i t i s  qui te  significant  for the  
higher  bands .  

As regards  the  shapes  of  the  bands  - -  a ve ry  i m p o r t a n t  f ea tu re  for  the  
calcula t ion of e lect ron mobi l i ty  - -  the  effect  of  the in t roduc t ion  of  over lap  
be tween  the  m o n o m e r s  is ma in ly  one of  increasing the  grad ien t  of  the  energy  
wi th  respect  to the  wave  n u m b e r  in the  u p p e r  bands ,  and  decreasing it  in the  
lower bands ,  due to the  corresponding change in width.  On the  o the r  hand,  an 
increase in the  in t r a -un i t  over lap  has m a i n l y  the  opposi te  effect.  

We consider now the effcct  of  the  change of in ter -unir  over lap  integrals  
(Tables  I I ,  I I I ,  Fig. 3). As has beeu ment ioned ,  there  are two types  of  such 

Table III  

The effect of the change of the smaller intercell overlap integrals on the band structure of the 
investigated model system 

- ~ -  S + 
k - - -~~~,u ,v  0 0.05 

0 

~/4 

z~q 

3/4 zt 
Y~ 

0.943 0.590 --0.670 --2.333 

0.900 0.560 --0.670 --2.340 
0.807 0.405 --0.671 --2.365 
0.773 0.210 --0.672 --2.390 
0.765 0.136 --0.673 --2.405 

0.852 0.587 --0.670 --2.333 

0.826 0.545 --0.670 --2.359 
0.786 0.407 --0.671 --2.450 
0.770 0.229 --0.672 --2.540 
0.765 0.146 --0.673 --2.595 

~ ~g , t  0.10 0.15 
k 

0 

~/4 

:ti2 

3/4 
Y[ 

0.796 0.572 --0.670 --2.333 

0.788 0.533 --0.670 --2.385 
0.775 0.410 --0.671 --2.553 
0.767 0.243 --0.672 --2.834 
0 . 7 6 5 0 . 1 5 9  --0.673 --3.010 

0.771 0.547 --0.670 --2.333 

0.784 0.504 --0.671 --2.584 
0.779 0.400 --0.671 --2.860 
0.773 0.256 --0.672 --3.292 
0.765 0.174 --0.673 --4.001 
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integrals :  the main X - - X  overlap integral  + ($1,~) and the (smaUer) over lap  
integrals  not  corresponding to  chemieal bonds.  

The  in t roduct ion  of  $1+., has the effect a l ready  indieated;  its increase has 
a most  dramat ic  effect on the  width and positions of the highest unfil led banal, 

-7- 
I 
I 

I 
I 

I 
I 

! 
I 

p 
~ J  

i 1 i | ] i i q 

I 
0 ~2 a4 aS a7 0,8 O,g 

Fig. 2. The change of the band structure of the model system under eonsideration 
in the first series of calculations 

while the other  bands,  and in par t icular  the th i rd  one, do not  show ve ry  
i m p o r t a n t  changes. I f  our  ealculation described a real system, one could 
conclude tha t  too low an est imate  of the X - - X  overlap integral  would not  
seriously affect a possible hole conduct ion;  on the other  hand  ir might  lead to 
ve r y  dubious r e s u l t a s  regards eleetronic conduct ion  due to the opposing 
effect of the upper  band  widths and the energy gaps. 

The small overlap integrals not  associated with chemical bonds could be 
expec ted  to have a minor  effect;  surprisingly enough,  this is not  a t  all the  case, 
especially for the upper  band ,  bu t  also for the valence band.  Note,  in par t icular ,  
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t h a t  a change of the  integrals  in quest ion f rom 0.05 to 0.10 a l ready  gives a 
change of more  t h a n  100% in the  wid th  of the upper  band ,  a n d a  10% change 
in the wid th  of the  valence band .  This  conclusion speaks  for itself; we jus t  
ment ion  t h a t  in the  case of D N A  [7], where we have  a large n u m b e r  of  small  

- 5 -  

- 4 -  

- 3 -  

- ' 2 -  
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I I 
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/ / /  
Ÿ 
/ / /  

D ~ 
/ / /  

I I [ ~ I I I 

0,4 0,6 0,8 0 0,05 0,10 0,15 

Fig. 3. The change of the band structure of the model system under consideration in the second 
and third series of calculations 

over lap integrals  be tween  the super imposed  bases,  thei r  inclusion in the b a n d  
calculat ions migh t  be quite i m p o r t a n t .  
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OB 3OOEKTE BKJIIOLIEHHS::I FIEPEI-(PBITH~I 
B BBIqHCYlEHH~ TECHO-CB~3AHHbIX 3 0 H  TBEP,/~bIX TEJl 

F. ~I.EZI P3, 17I..rIA~HK ~ M. KAPFIEHTH3PH 

Pe3~oMe  

C ReJIh~o HCCJ~e,~oBaHH~I 3~~eKTa BK.rIlOqeHH2¡ HHTerpaJ~oB rlepet<ph~Ti~~ B IJpH6JIHX<eH~Ie 
TeCHOH r onpe~en~eTc~ cTpyKTypa 3HepFeTtlqeCKHX 30H Mo~,eJIbHOFO l'IOJIHMepa, co~ep- 
~ a m e r o  ~ma I~eHvpa ~ qeTblpe op‰ B 3~elvleHTapH0~ ~qe¡  B nepBo¡  cep~~ ab[qHcJ~e~Hfi 
CHCTeMaTHqeCKH 6blh0 H3MeHHM0 3HaqeHHe HHTerpaJ~a nepeKpbITH~ BHyTp ~qeeK, B0 BT0p0.q 
H TpeTbe~ cepH~x - -  3HaqeHHe 60abtU0F0 H He‰ HHTeFpaJ~a nepeKpbITH~ Me~4~~y ~qe~-  
KaMH COOTBeTCT•eHH0. FIO 0THOmeHmO noJ~yqeHHb~X pe3y~bTaTOB ~3MeHeHH~ nuTerpanoB 
nepeKpb~Tna KaK BnyTpH ~qeeK, TaK n M e~~y  flqe¡ ( T a ~ ~ e  n B c~yqae  He60~thmHx 
HnTerpaaoB nepeKpb~TH~ ~e>~ay aqe~Ka~H) BbI3BaJ'IH ~OBOJ]bHO 60JlbmHe H3MeHeHH~t B cTpy~-  
Type  3OH. OTcm~a no~yqaeTc~ BbIB0~, qT0 06blqH0e npeHe6pe>~eHne HHTeFpaJ~aMH nepeKpb~THa 
B HpH6JH4>I<eHHH TeCHOI~ CB~I3H cTpyKTypbl rIO~OC II0nHMep0B He 0‰ 
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