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A model is considered containing two hybridizied 
narrow electron bands. It is shown, that in such a model 
a metal-insulator transition occurs, connected with a jump 
of the conductivity. Some analogies to the Lifshitz 
instabilities are discussed. As a possible example for · 
such a behaviour the properties of vo are studied quali-
tatively and quantitatively. 
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1. Introduction 

To describe the electron correlation in narrow bands 

the Hubbard-model 

H Hubbard=-~ T;j ci; Ci.,.. + U ~ "•~ "'1 
'J .,- • 

t-
n,·:r = C~·-r c,::r 

(Hubbard 196J) is frequently used. This model describes 

(1) 

an isolated s -band; ci: 1 C~if are the creation 

and annihilation operators for an electron of spin ~ 

in the Wannier state at the i. -th lattice site, respecti-

vely, T:· 
'J 

is the hopping integral, and u 
describes the electron-electron interaction between two 

electrons of opposite spinsoocupyingthe same lattice site. 

The operator (1) is used, for instance, to discuss the 

metal-insulator transition, occuring by some oxides, 

sulfides and selenides of transition metals, on the basis 

of the electron correlation (Cyrot 1970, Weller 1972). Usu

ally instead of the conductivity the occurance of gaps 

in the one-particle density of states · 

D<o - .i. .J ..... ~- L ·G ( £ t iJJ, 
rr N &...- k" 

J?... c (2) 

with 

G~.,U:J 
+ 

~..:. cl!..,.. i cl!. a- ">)'e. (J) 
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(we use the notations given by zubarev (1960)).is considered. 

For the Fermi energy €F inside the gap the s7stem 

is denoted to be an insulator, for E F inside the band-

to be a metal. unfortunately there are considerable 

difficulties to obtain reasonable solutions for G cr:J 
~a-:- ' 

in the interesting region Ulv.'"' 1 (2 \-.,' bandwidth 

of T, ) ; hence the results obtained by different "4 
authors do not agree with respect to existence and type of 

such phase transit_ions. Usually one gets a phase transition 

of second order (see1 e.g. Cyrot 197o). This is in contra

diction· to the experiments showing generally a jump in the 

conductivity and some hysteresis effects. An interesting 

way to obtain theoretic~ly auch a jump is recently proposed 

by weller (1972), considering instabilities of the electronic 

system in analogy to the so-called Lifshitz-instabilities 

(Lifshitz 196o). 

In the present paper inst'ead of (1) a two-band model is 

considered in the form 

2 ' 

H L; H.,_ + H11. 
,.=-1 ) 

.,_ ., f + u"'·""' .. . .. H = L. T.· ct<r'>" cJ.""" + ~ ~t:+" "'<t,.. ' 0' J • 
(4) 

H '
12 

= I: [ " . . c.. -r c. 2. + k. c.] .. LJ"1 ...... 1.-
·~~CT' 

4 

\ 

;j 

j 
I 

J 

I 
i 

The aim is to demonstrate, that -in such a model a metal

insulator transition can occur, in connection with a jump 

in the conductivity, with a change in volume, and there

fore wi~h some hysteresis effects. rn contradiction to 

the above mentioned situation in the s -barid ·model (1), . 

the results of the model .(4) are rather independent of the 

approximations used. 

The operator (4) descr+bes systemswith two narrow bands, 

which may be strong coupled. Examples are V 0 , Ti 0 
Cr C , and some sulfides and selenides. The foundation 

of the operator (4) in th~ case of 

in the next section of this paper. 

vc is discussed 

Two-band models of the type (4) or in similar formare 

discussed by several authors (Harris and Lange 1967, 

Sokoloff 197o),.but they considered only·bands isolated 

from each other. The case of completely degenerated bands 

is discussed by Schneider, Heiner and Haubenre5ser (1972), 

using a pure Hubbard like interaction 1Jetween t,he bands. 

In contradiction to those papers, in the present paper the 
·' .... ,· . ... ( 

case of.different bands with stro~g overlapping and strong 

hybridization· _is _considere~ • 

2. Foundation of the model o~erat2t 

2.1. Experimen~al situation in VO 

For _tlil3 system VD~ ' with'' 0.80'_L. X "-\.1.30•,·.· ·'' 

a lot of experimental results is kn~~n. Extended reviews on 

5 



this matter are given by Adler (1968) and· Goodenough (1972). 

Unfortunately there are considerab~e d~X~~cul.ties connected 

with the preparation of samples, so that for the case 

X:. -1.CO considered here the results obtained by 

diff'erent authors do not agree. In some experiments (Morin 

1959, Warren et.al. 1967) a metal-insulator transition was 

observed with a transition temperature T,., ~ 12.& OK 

connected with a jUilp of the conductivity of the order 
b. • 

--1 C ~ Other authors have not found such a transition 

(Kawano et.al. 1966, Warr:en et.al.l97o). Altogether the 

.experimental results for the conductivity in this region 

differ by several orders of magnitude, presumably the 

different samples did not contain pure \10 

a- mixture of several oxides, mainly Vz 0-s 

, but rather 

, ·and pure 

v , essentially influencing the properties (Adler 

1968). Therefore it may be of considerable interest to 

dis cuss the properties of . V D, obtained on the basis 

of theoretical models •. 

The experiments agree in the following points:_ VO 

has a rocksalt structure (crystal parameter' a ~ 4-.1 A ), 
the Fermi energy lies in the centre of the t2 'J' . ..:.subband, 

am this t 2 '! 

bands ( e,-, s-

-band is well isolated from all other 

and r- band). This situation 

agrees also with theoretical calculations (Tewari 1972, 

Heine and Mattheiss 1971). Furthermore there are nearly 

16$ randomly distributed vacancies (Adler 1968, Goodenough 

J 
,i ,, 

_i] 

:I 

,I 
-I 

I 
.I 
'I 

I 

\I 
\; 

.'L 

j' 
<. 

1972, Mott 1971), a~ well at the . V- sites as at the 

c -sites. By these vacancies a trap.:..band.is caused, obser-

ved in many exper:imen ts (see, e. g. Goodenough 1972) .From 

these properties a simple_model can be derived, applicable 

also to similar.·systEmS ( T.:- 0) c..- c ) 

2.2 TWo-band descdption+ 

We ·consider the usual Hamiltonian describing the electro.:.. 

nic systEm: 

H=:ET.c.+c. 
. ..d.r lJ LU JT 

. + -t 
+. 2.. V;)J. ... C,·cr CJ.,.. cl.r' c...,. 

l) lt'M,fTJ
1 

(5) 

Since narrow bands are discussed, the interaction matrix 

V · , of (5) bas the properties; generaily 
lj<-""- . 

. studied' by Hubbard (196J). Following him, only the interaction 

between electrons·occupying the same lattice siteis taken 

into account, that means 

v,i.e ..... :! Lf " / c/.1 J . 
2. '.}. ~ -e~ 

(6). 

. --. + . . . . 
To avoid misunderstanding: the author does not cla:im to 

solve the problem of vacancies in this unusual way. The 

consideratiO!!S Of this SUbSection are only Used .to motivate 

the two-band model. 



The overscript IY ( = -1 cr Z ) 

·fact, that the lattice sites 

denotes the 

are related to a 

certain subsystem (occupied or vacant site&, respectively). 

The kinetic energy part of (5) can be approximated ~y 

an Anderson operator (Anderson 1958), where the difference 

between the diagonal elements of T. . describes the 
'J 

different potentials at occupied and vacant sites: 

...,.... 
. [i 

{ 

CCC. 

e .,;-- =- . E. iF 
' VAC. 
E. 

. .1 
is re.ialeJ_ic "'= · • (7) 

2 

For convenience the zero point of the energy can be chosen 

in such manner, tll,at 

CCC 
E c) 

considering the case 

E vctc 
- we • (8) 

U"' ~ o, the subsystems can be 

described by a density of states, which can be obtained 

using the coherent potential approximation (CPA) (Seven· 

1967, Velicky et.al.l968). If the density of states .D
0 

(E) 

of the "ideal" crystal (without vacancies, . c -= 0 ) is 

written in the form 

.Do ( £) 3 4 ( e, w')·, 

J o( £ { ( £1 W) - /(I 't!E.,v.'} ~ 0 

8 

if IE I '7 "'-' 
I 

(9) 

1 

I 

l 
,I 

I ;j 
I 

1 

:1 

I 

I 
:I 

. i 
I 

l 

I 'I 

then the local CPA-densities are defined by 

r C'l'A 
"' A~ 

]) (f) =- - J· iJ '. i'\<'1.. r.:: 

ll1 (1:=) 

.r( _ ( E ~ _ \•/) (; CPA ( (.J 

where the coherent potential W" is givan by 

W = C "-'o 

( C1'A 
l:ri ( £) 

+ 1,./ ( wv- V/) (;CPA (<-1 

~ o( £ I ~ ( £ IJ \.V ) 

E-W-£.1 

I 

~ 1\ in (lo) is the occupation number of the 

sub band, 

~ 

A { 3 c-c 
1 

i:f ~ = 
2 

·,~. 

(lo) 

(11) 

17' -th 

(12) 

c. is the ooncentr£l,tion of vacancies ( c .. o. -1 b .: ... V 0) 1 

and w· describes the band width of.the "ideal" 

crystal. 

In this form one obtains a two-band description of the 

discussed system, in agreement withexperimerital densities 

of states (Goodenough 1972). Generally both the subbands 

overlap, since the shift between the centres of the bands 

is smaller ~ha11 the band width w • Furthermore the 

subbands are strong hybridizied; the matrix elements l1- . 
LJ. 

arise from the transition elements 

sites of different subsystems. 

-r:. 
~J 

between . the. 

9 



r 

I 

I 

Using this description, V C is an·example for a two-

band model, described by the operator (4). 

2.J. Model parameters 

In this subsection the most essential properties of the 

densities of states ]) 17" 
" c £.) of both the subsystems JY 

are discussed. Furthermore the influence of pressure is con

s~dered. 

To obtain approximate expressions for the densities of 
~ 

states Do (EJ from (lo), we. use the moments 

M~ 
"' s J£ 1'1. D..,. 

f . (E.} 
0 (lJ) 

up to n = 2 M?-
0 is given by the N .. from 

(12), the first moment is related to the centres of the 

bands which are given by the corresponding atomic levels. 

Since 

"""" 

MJ)
z. is defined by the band width. 1.-1 ~ 

th subband, it is possible to write 

" ~ ]) ( £) ""' A 1 ( E - c.J~ {1. J w 1 ) 
0 T I 

10 

of the 

(14). 

i 

j 
,I 

'I; 

\ 

l 

with 1-c e, w ). · from (9). (By .·the way, ·.using a · parab olio . 

density of states, this is the exact solution of' (lo) 

in the case C,J"' ~ 00 . ) 

.... . 
. . In (14) the band _widths 'W' are needed. Since in first 

order. the band widths are related to the number of nearest 

neighbours -a in the fo:nn 

w"' .- "l.-

one obtains 

. .,. ... 

{ ~ ~ c 

{ 
c~-c)..., 

cw 

1 
.:f .. 

2 

~~ ~ 
1 

in agreement with measurements (Goodenough 1972). 

(15) 

(16) 

Of course, using the CPA-densities of. states (lo) or· 

(14), band tails up to the full width • .. , of the original 

band are neglected. However, the density of states of these 

tails is very small, hence, following Mott (1971), the 

corresponding states are well localized and are not important 

in the·further considerations. 

Changing the crystal parameter a perhaps in 

dependence on presssure p , the most parameters of 

II 



the model cbaDge. This changing can be expressed by the 

compressibility 

<If., 
1 ")1.)1 = 

- 1)' ?p T 
3 "dot --
llt ~r I . 

T 
(17) 

Considering the dimension of the dif~erent parameters it 

follows 

tiw"' ?p = X'W ~D\111}'-
) 

')u~ . ,_ . 
-~_r, ~o u 

1
(. ,.l_ :;,.,. ,..i>0(18) 

?p u "" 5 4 U "5 • 

!J. -. 
'cl shows the same dependence on f' as the bam 

widths. 

I 

.j 

. ' 

J. One-partiQ.!.Ut2P~ 

J.l. Green's funo1!2Y~ 

The Green's functions 

. v-.,.' +-G.. (W) 
'J.r 

<~ c .·o-..-. i cj,..,., :;>? ..... 

and 

.,.,. .... r.. (;..•) = .(.:. n,_.,..,.c;o-..-;' CJ·o-;, ">?._, /,;;. "-.:-<rv.,. 
LJ .,-

are needed in the following. With H 
equations of motion 

from (4) the 

(19) 

(2o) 

[ J 
,_,_ L"' 

H c ,: - Ll I·· c- - I 11 c -
I ...... . ., ........ :-T'Y .-.. , .L Ll .. t:- "" (21) ·- J " 4 • i •J ;)"' y J 

r H n. C· ] """ - .::: .:... · .,. "' T ~ 1 c.-'"J"'"l"" t,..tr.,._ L.-r}1- L · · C ~ 
- • ( ') L J ;rr>" 

:a- *' ' 

( .... "') ' ")' Ll - U + ~; n,_.,..,. c, .. .,. - <:n.,_.,...,_ > 0 •} ci:r~ (22) 
;} ' 

'i ',": 

follow (with -;;: =I" ,_ ). In (22) the kinetic enerr3 

part is decoupled using Hubbard's procedure (Hubbardl96J). 

This approximation is.usable, since here is not discussed 

the· manner of the appearance of gaps '(these-essentially 

remain unchanged in the· fUrther calculations). 

~ 
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Onl;r the fact is used, that gaps exist; which is right, 

however, at sufficientl;r large U , independent of 

the used approximations (Harris and Lange 1967). 

In (22) the h;r~ridization term is decoupled analogousl;r 

to the hopping energ;r, since both terms are of the same 

order af magnitude. From (21) and (22) a closed s;rstem of 

equations for G (W) and rcw} follows, which can 

be solved straightfDrw~rdl;r. For the paramagnetic case 

(c..n.,:.,...,._?- 1'1-''/2, .... ~.= C..n.,:,,_+ ...... J. ... :;;>) +) 

G
~r 

k<r(W) [ ~ ,_ 
F. (W)- £"! 

/Lll!.lt -1 

F~w1- t( 1 (2J) 

is. obtained, with the expression 

,. 
F""ci.J) [ 

-1 - 11. /2.. 
., 

n. / z -1 

w-w,.~:z. -u"" I I e.J-w Jl':~ 
U I 

-1-

knOII'n from HUbbard's decoupling .procedure. The ,. 
the Fourier transformation of T .. ( -1-/..) 

~a •~t 

E .,_ 
!!. 

With 

(24) 

are 

+)The a;;ii~~~~;se considerations to the ferromagne

tic or antiferromagnetic state is possible in the same 

way, but with additional effort. 

14 

. · 

I 
I 

ti 
I; 

( 
1 

T .. ~ 
LJ .from (4). In the _case_ of Vt? the subbands 

were obtained using· the CPA. ·Therefore1 the £ ,. 
~ 

are 

the (complex) one-particle energies corresponding to the 

CPA-densi~y of ~tates ]).,"'"c E.J of (14) • .6~ 
1s· the Fourier transformation of Ll·· 'J 

The other Green's functions follow from (~J) b;r 

y:,.,.. 
r;· ((.)} 

!!_.-

"' £11!... 

'· F""c..,,- r/ 
vor ll"r .. . .. c' J..' . 

G {~)) r ("'}= c.)-'"'·· v;z. t;v:..:j(25) 
ko- ko- • • r ui> • ) ,. ... • 
- - '-'-'-'c"'~:z.-vr ('1-H/2 -. 

J.2 •. DensitY of states 

Analogousl;r to (2) from (2J) the dens.ities of states 

·.U ~( £1 follow. Closed expressions can be obtained, if 

the similarit;r, .be_ tween the sub bands (14) is used, and if 

the matrix elements /1!!. are assumed to be independent 

of k 1 i.e. Ll!... - . Ll • Since in (2J) the ~bridiza-

tion is important only .in a small region· of k. 
this approximation, essentially simplifying the further 

calculations, is usable. If follows 

F~EI ) . -1 ~ ( F"ic1 ) ,. . ,.. 

D~ .,. ( -:;v - B<'-1 4 t~ Ac'~ w)- -;;;zr- Al£1 /{,I. !Jl£J
1
w 1 (

26
) 

(r.J=A . 
. ACt/ - 15 (£1 

.. . . ) 
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~~ ,, 

1: 
! 

where d..,.= ~.v·''/v ' and 

-Alii}= ~rf1 ( ... , 
. 'L . ... 

](£/ .L. 

FzCEI + /( Fh'- F't£1)~+ it-/!J/' 1(2~) 
+ ~ - y I ol.. .1. • o(. ~ot L . . •. 

.1. - ' . . 

~Ground state· ener g.y 

E of the ground state can be Also the energy 

expressed in terms of G (C..•I • From (4) and (25) 

1t follows (viii. T- 0) 

fp ... " 

E=~H., =-~J ... jc~.,z [rt+ U ~ lw-r..:,J.;,! + _lt.b.J~}{c.,1~2a) 
-oc h.r,.. W-'-'.~1. -l-1''.[-t-'i:J p'(,.,

1
-G.r ]!.-

Jn the same way as for . ]) "'t£.1 · ·· one · obtains 

E c"' ,. P ,... " ~r N = L L ol ,.A~<> j' ,;,._. Z.; lf4) "t {.l A ("'J, W J + l1- {wl.j. (o~."'f>t.,/1 w•j 

~ Att-JJ - 7> ,~, (29) 

where 

~>- .( U"h"/lt- F~t-JI) { F~'"'l .I 1~/ 2 
1tw>= Acwl+ .r uor· ,tr · --,.--Bt""J;--::;--z: 1 ..,_"'""'-'2- «. 4. ..1. J 

riT(t.>J:::(11cw)+ u" ..... l~ - Ff..,,, ( F'{w) A )-~ 
1 .D ,. :--. --,.,{1.>} .. 1 

w -w~J;;~ -U ol.. .1.,.. "'- J 

.(Jo) 

16 

) 

t 
.1 

\. 

\ 

Tha P.e~i ~n~ru 

--· I .. . . 
h.,; L ..... A"' 

11' ~ •, 

since 1n (24) the 

EF~ ~- iii definad.b;r 

IF 

~~.:, ·z-j ~"_,:D l"J/A ~: 
• ...,,._QICI - -

. ,. ·• 
F (WJ depand. 'on- · 

,. 
..... 

system of equations for IF I 
~ 

n -, 

. ~ 4 

, .. :;. 

(ji) ' 

·a coup~ed 
and .. . Jl ... (£) i -

fo~ows 1 which can be so~ved sa~f-consistent~y. If this 

1s dona, E can be calculated by the 1ntegr~ ,(29)• 

L...JI!.t!J::!nsul&tor trapff1ioa 

+,l, Cr1teriOB for ~~~~ 

From the known ciondit'ion for theraod7J181ftio staliiHti' 
·"o:-•. 

.... -~ . 

'dP''j. ~. -V 
- - I 
?p T 

-
')v-I·' 0 .. ' - L. 
?f T 

.·.•. ~~ 

en) 

it fo~ows 1 that t~.e saoeD.cl ,·derJ:.vatio~ .of ~the free anergy- · 

f'. 1n dependence on pressure musf be poaitive, Hence 

if a region ex1sts,where 
;_.·_ ~-; '· ... ~ · .. ·~- ·: :.:~· . .:..~ •" • ,·~-.; -~ i .- )...l • ~- ~ : ~ 

.. :.•' 

~~ :: .... 

' ". ·• ·.:...- . 

•"·\ .... '"!" 

' ")2"p ' '-.·1· ~ . -'),• T 

,: > ' ' ' -~ -: 

() 
J 

,..; .. _ l ~ •• ~·. t :.-" ·.-.. 

. -· 17 

____ ._ .. ..... -· .. -·-~ 

~ .. ~. -!~.--\. :·_,.; ··-~: ·.-:·~ ,.:_ 

.·n: :·~:~~ ..... ·;~·~::·•·: ·-~~: :::-. ..... ~ 

·:: .! (JJ),,. 

·.• ~ ~ ·: ..... k.... -..::':"'·.:·o!:: 

., 
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.then this regton :Ls instable, am a transition takes place: 
. . .•· . ' . ~ .. " 

from a volume ~ to a volume ZJ;_ , both belonging 

to the same pressure r" ~ ... such _a trans:Ltion is al~ays 

connected with tbe appea_r~oe of hl:steresis .-

For the model (4)_, witJ:lo_ut interaction between' lattice 

am electrollic system, 

F = F lattice + . F. electron (.34) 

Since only phases transitions are considered, wlii_ch are 

oaused"'by ·the electron-electron correlation, it can be assu-

~~~ed, that in ~lattice no ·anomal1es -eXist. Hence 

(see e.g. Weller 1972) 

d '1. Fj.,,t,,.,. / _ .... rr · · ,le "'7 cr 
- ..,........ I " 

~f''".. T ' (.35) 

Herein )(!1 is the (hypothetical) compr~ssibllity 

or the lattice with fixed electronic s;rstem._ The _electronic,. 

system :ll considered at T .,. · fY · , hez{ce ·'F electron= E 
with · E from (29). There:fore the condition for the 

appearance of such a phase transition .is 

a2. ( E/ NJ 

';) 1"1 + ~1 ~" ~ (j 

II 

I (.36) 

I 
[ 

i 
)" 

' ' l 
i'. 

t 

I 
[ 
[, 

:f 

l 

·t. 

I 
•I 

! 
l-
l 
I 

v 
. ' J 

Whe:J:~-- ,.0 ;,.. v-I N .•. 

.. . . ~: 
In (29) the_ parameters depending on _pressure ar: w ; 

U~ , and L1 • It is suitable to rel~te all 

these values to the_ band width w and ·.to discuss the 

proportionality of E 
one _·obtains 

to w separately• With (18) 

>'.-

- ~, u· 2 E· · 
J 1 - ( '~ - : ) I:u.,_~u"J (;:;-) 

· ow ~ JYW 

+ x. v. 
.rz)c• .. .::: IT 

w 0 \V· J 
(.37) 

where on17 the dependence of .the· energy on the . · .U.,_ 
occurs. ~" 

.( . 

~QualiJiative .·behaviour 

The behaviour of the density of -states in the case /J. =- o·· 
is plotted in. fig.l, assuming a parabolic band 

~ ( f, W') -~ l 
tr"W2 

·j...;z- t:• 'ec w,-1 £1). (.38). 

( ecx1 ;is a step ·function.;)· Of course "the qUal~tative ·resUlts 

are independent of this· particUlar form.; 

-~' ... 
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Fig.la~ shows the density of states for 

out electron-electron iriteraction ( U.,. = 0) 

c =' 0 with-· 

• In f1g.l. b. 

the' splitting in the siibbands )1- = 1 am i'-',.;, i_· is 
~ ' > -~ • 

plotted ( · c + fJ U "" 0) • Finally fig.l.c. shows the 
I I 

splitting caused by the electron-~iectron correlation 

(U.,.-+ o) 
- • t" •. 

, where each subband once more splits into 

upper ( 1 I) 
1 

l "' ) and lower ( 11
1 
ll) subband. 

If the original band was half-filled, the Fermi energy lies 

in the gap, hence thesystem has the properties of an .insu

lator • or semiconductor .( D { eF) = 0 ) • · · .· 

Changing U .,. , the 2 u -sub band moves through 

the gap of the·band 1. Thereby the Fermi energy 

moves from the gap .into the. low:~. sub band . 1.l . 
hence the system becomes a metal (J)lf,.,~ 0 ). 

E. F' • •• •'.'-1'1 
. '(fig.2), 

But with 

L1 = a this transition causes a continuous change 

of fF • The width of the gap, .that means the difference 

.between the lower bound of 2u ~-th~~~~P~~ ·b~~d- of 

,hl ,'can be used as'•sma1l·paramete.~.•'in the·sense·'of 

Landau's theory of phase transitions. Therefore this phase'-' ., ' 

transition is of second order, without a jump in the 

conductivity. Now ~e influence -of t~. hybridizati«?n 

(I:,. =tO) w111 be discussed. If the subbands · 2 lie 

in;the;.centr~.s,o:f, 1, th,~se effect~ are rllLth~;r s~•:.-.Th~s,. 

is not the case at the edges of ~he bands, ~~; ~eans ,_in; ~ ._ 

the region 

U (2.) -t '-'o X lA 1" 1 (-1- ~"/2} 
I 

(J9) 

20 

corresponding to the region of. the exp_eoted p~_se transition. 

Here the hybr.idization effects a strong change of the density 

of states, for instance the appearance of additiolla]. smal1..'c 

gaps, and therefore an.essent1ally changed dependence of 

the Fermi energy on the U .,._ • A '!small parameter• 

does not exist, in contradiction to the case L1 = 0 
Hence in the case A =t> 0. a jump of the conductivity can 

be expected', . caused by the mentioned instable region. 

Weller (l972) considered a·s~1la~ ~ituatlon. He discusses 

the disappearance of the gap in the usual .s -band' model 

(1), likewise resulting a sh:i.ft.>of £~ .; By_ the change 

of the form of the density of states at the band edges, 

this shift also show~ discontinuities, caused by the 

existence of a thermodynamically .instable ,region (JJ?.• 

However the manner of the disappearance __ of the gap depends 

on the used approx.imations, influencing therefore .the 
- ~. ·. '. .. " . . 

type of the resulting :phase.transition. Such.a dependence 

does not _exist in th~ present papar, since . .it _is. only 

assumed, that generally gapsexiat, whioh is_certa~y . 
• • ,.. --· f"t ~ ~ 

right at large U (Harris and Lange 1967). Essentially, 

changes of the form at the band edges are only.caused 
' . ~-·: .. ~ 

by the hybridization, which is completely taken into 

account. 

Altogether these qualitative considerations show, that 

in the strongly hybrid1zied two-band model a phase transition 

; .21 
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can occur, connected w:!..th a·'jwi(p of.the conductivity,o 

'Thereby ~s'teresis effects are ma:!..Diy caused by the 

jump of the valume, obta:!..ned simultaneously. 

4.?. xumerical result•-

The q~itat:!..T~ discussions _of the subsection_ 4,~ w:!..ll 

be completed_by some quant:!..tatiTe cons~derations._For that 

the depe_ndence of the ground state_ en~rg;r 

u~ is studied :!..n the region (?9). 

£ on the 

The strongest ·change of E'F appears, 1f . u2:· 
essentially stronger depeDds on f fhom /A -1 · • ·Therefore 

it is sufficient to' study only the ca:se of the same 

dependence on pressure·· of both U ~- , If already 

in this case the condition (?7) for appearance of 8.n :!..nstable 

region can be fulf:!..lled, then this is possible also for 

other relations between the··. - U r_ · --,·In- consequence of (18) 

:!..t :!..s illprob&ble, the U z. ·weak'er depends on · r l:hcti-1 

w· ~··.' 

In_ fig,.J, the behartour of E 
1a pletted fOr ci:!..fferent._TSJ.ues of 

&lao 

,. 

TU&US U {s(.,('.,.. U2
) 

11 • Fig.3. shows 

FC u J = 
3 ~ 2. il' 

(-1-'iU<Ju +U?u•}(E=!Nw), (40) 

';. 22 

which corresponds to the f:!..rst.term _of (37) in- the c~se 

U -1 = ~{L = U • In agreement with the qualitative 

cons :1d erations FC ~l) is strongly negative for 

larger ·.1 Therefore it is possible to· fulf:!..ll the 

equation (37) for appropriate oomb:!..nations of the parameters. 

To study quantitatively the behaviour of V 0 ·' the 

band width y/ can be obtained from theoretic&Uyc&lculate6 

densities of states (Tewar:l; ·1972, Heine and Mattheiss 1971) 

with w 

parameter 

0. 4 s- Ry 

c:- =- 4. 1 .4 
V. is given by the lattice 

(Adler 1968). For x" and 

~~ experimental values are not known. Therefore the 

value x., ., S· -10-H Dly ... - 1 c- 2 
, valid for sim:!..lar 

systems (Leibfried 1955), is used. The same value is assumed 

for )t1 , With these parameters th.e condition (37) is 

really fUlf:!..lled for sufficiently large hybridization 

C ll 7 C. g w 1 see f:i.g,3c). 

From (39) it is possible to calculate the_critical pressure 

~M for the metal-insulator transit:!..on. With (18), 

U ~ 2 u1 "" lA 
1 

and tJ.. aDd - from experimen-

tally observed densities of states (Goodenough 1972) it 

follows 

r --=-
1 L ( ~{ M· n ~ - cr ... -r~.~)x.. .U 1 ,.~c)-

IJ. 6 72 
(41) 

Xc 
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0 
.~ !>· /f c ely"'- c- ( c.f r- c J and using 

CY X
0 

/ -:>r ""' 4 .x: z_ (Leibfried 1955) PM "' 3 5 kb .. r 

follows. With ~rM I ';)f' ""- - 3 vk/kbt« (Austin 1962) 

a transition temperature of ~ '"'-1co" K (atr~r: 

is obtained. This result surprisingly well agrees with the 

value TM = -1 ic•K obtained by some 

measur'ements (Morin 1959, Warrehet.al. 1967, AUstin 1962). 

2.U~~; 

For the two-band_ Hubbard-model (4) the possibility of 

a phase transition from.an insulator to a metal is proved, 

as well by qualitative considerations as by numerical 

calculations. This transition shows some analogies to the 

Lifshitz-instabllities, and it ;is connected with a change 

of volume at the transition point. Thereby hysteresis and 

jump of the conductivity are caused.· 

) 

Simultaneously it is shown, that the model (4) describes 

so~e properties of th~ system vo with 16% vacancies. 

Hence by these theoretical considerations it can be 

proposed, that in this system a metal-insulator transition 

occurs, although the experimental results are not completely 

evident.· 
The author wishes to thank prof. G.Heber, prof.W.Weller, 

prof.p.Ziesche, nr.W>John, and Dr.AoKuzemsky for valuable 

discussions during this work. The numerical calculations 

are carried out at the CDC-6200 of the J.I.N.R., Dubna. 
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