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. " The relationship between the trangition IR !
prqssure and nearest neighbors"disténce f¢r‘m§rcury . ‘ . |

chélcogenides has been investigatéd. . The homopplar

calculated for different nearest neighbors' distances. .
Variation of nearest neighborsi distance was achieved

e ’ iy : \ R o
by varying the percentage .composition, x,'of'BgSe(I_x)'
Te, allojsﬂ From the computed result it has been :

found that the transition pressure is a linear function
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. ) ;\ . . It is'convenient»to use ys'o ééiled\at.omi’c ﬁnits
. - 4n calculatlon of total energy of solids.‘ As a unit of ~ "

‘ ) : length we have taken Bohr radius of Hydrogeh a,~h /me2 as - . .

3

a unit and designated this as Bohr Uxﬁ‘;t (B.U.). The unit -

of energy has been taken as Ryd‘berg, fryd) .- In cgs ﬁhig:s .the AN

conversion factors are as follows: ' o ‘ a4

: \' " One, Bohr Unit = 5.2917 x 10™2 cm o |
E Orie Rydberg - = 13.6 electron Volts '
S Other conversion factors used in _calculatidns S
are: ' o | ,

. .| one electron Volt = 1.5911 x:10"*2'erg |
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CHAPTER 1 LT : : Lo ‘

. . . N ) » {

10 INTRODUCTION . - ) ‘e ’ . -

[
’

Bridgman[“ measured the compressibility

LY < : a A'

of HgTe and HgSe at 'room temperature. as a function of

L

hydrostatic pressure up to 50 kbar.  He obsexrved sherpﬂ

- i ¢

changes in compressibility near 13 kbar and -7. 5 kbar for

HgTe and HgSe respectively. ‘ He attributed the change to

the solid state polymorphic ph.ase transformation and ,

3

cdrrectly assumed that tfe transition represents a change

“from zinc-blende to hexagonal c:.nnabar structure. Jayaraman

et allz]_ and Mariano and Warekois 3] observed that HgTe

phase transformation takes place at'14 kbar. This observa-

tion has been made by n'lcccau:t:ney[lf'1 Kafalas et al [5] confirmed

the transitxon pressure of HgSe to be 8 kbar. ) \

.'[6] noted that an _incre"ase
4 5 ‘
10 occurs for HgTe

R slair and Smi
in resistivity by a factor of 10 )
on transition. Kafalas et al obserued similar change in
HgSe. Pressure, thus, treusfonns a semimetal with narrow

energy—gap to a wide-—band~gap semiconductor.

-

! ' ' The transition from Zinc-blende to the

- €

cinnabar structure, accord:mg to McCartney, ma%e ’ p Ce
regarded as taking place by the way of slight distortion . .
‘ of the rhombohedra fomad by cations, together w:l.th the ‘ g "
movement of the anions into. pos:ltions whiah results ih o




K , ftt; was obéerved that since there is no : :
stmc;:urél: diff;fence betweeh HgTe and HgSe; the difference in
trans:i.tion pressure mus't be due to theé difference in nearest
- 2 neighbors' distance. Lombos[n proposed that the transition

pressure is a linear function of nearest neighbors distance
N for alloys or compounds of similar crys.tallipe\ st?ructure. ' e

(8}

. . : ' - From the data derived from Jacobs work it

’

was found that for Rubidium and Potassium haJ%ides the assum-

ption is true and the transition pressuré 18 indeed a function. " - -,

-

- ’

‘of the nearest x;eighbors‘ distance. - .

N ‘g
- R
Y

© In this -report we shall demonstrate that the \

_assumption is also /valifd for covalent cfystals by sﬁqwing" ‘ \

that for mexrcury chalcogenldes the transition pressure is
. _a function of nearest neighbors distance. The changé a

. " in nearest neighbors' dlstance ‘will be achieved by varying

the compr‘.\sition of Hg Sel__x ex alloy. We shall vary x in

- steps of 0.2 that is in steps of 20%.

3 5 . 9 ! . ia
. ’ "9

N ’




dipole - quadrgpole and repu‘lsion energies for ionic crystals

.covalent in. character vith only minor ionioity. 'rhe ionic oo
\ ,
:character Gf the crystals were. calculated by the mthod V-

2. TRANSITION PRESSURE AND ENERGY = S .

\ .o . - .

When two phaaes of a czystal are in equili— ' A

brium, the thermodynamic potential,s of the two phaees must.. . K
be eﬂqual, that is, L T o 5

Uy - TS, + PV -'Tsz'+ PV, . T 1)

where symbels have their usual thermodynamic meanings and
?

1 1 1"“2'

subscript 1l and 2 represent the “low and high pressure phases

respectively. ‘The internal energyU can be subdi\ﬂ.'ded into - -

.

thermal energy and lattice enerqy The latter quantity is
P \ .
usua;lly expressed :m terms of COuJ.omb dipole - dipole, ' g

.

and for covalent crystals it is expressed initerms of homo-

"

polar energies in ad@ition to ionic energies. ' : .

3

. Jacob!®] neglected the temperature terms' in 1

comparison with the pressure terms and approximated the- v
transition pressure as follows: . ' - ‘. J
B, - B ' ’ S Y
P‘ _ z(r) -E].(r) . ] e ) |
— - » . . = (2) 5

. vi -V, S : o : ‘ o

. bl

where E,y (r) and E {r) are the lattice euergies at 0°K and

1 and vV, are _the molecular volume of the phases.

' "~ 'rhe mercury chalcongenidea are predominantly

outline by Pauling {9]‘.. !?rom computat:ion :l.i: was £otma thaﬁ } N ﬂ
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for K.HgSe ionic energy constitutes only abodt 6% Of the lattice
‘énergy and for HgTe it is about|l$ of the total energy. :

- - e
The homopolar energy ,associ'a_.t'egi with the

mercury chalcogenides will be tgalchiated ; in the following .

-

sections, Basdcally from wodified Hartf'ee—Foch' enexdy -

equation. , ’ .

— LY [
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. k1

genides is gletermined: b method similar to the physical
1 ! /
) principles outlined by, Wigner and Seitzlgl in their -

classical study. The method is ﬂescribed here as a ’ "

X . ¢
reference.: ) T .
; .

The claeéical Hamiltonian for a "n" particle
i

. system can be written as

LS

,n h2 ) RN
2
H = - z - U S +V(xIle' eane X _,;¥Y ,2 ) - (3) -
i=1,  2mg Y% ; ‘ ;" n""n Py

..

where m, "= mass of the ith particle

o
- ]

'V = Laplacian operator

1.y.,zi = Cartesian coordinates

If we consider an atom with nuclear chgrge

Ze where 2 is the atomic number and ri the position vector

of the ith electron, we have, i . . .o

}V(xry.z. ceveX .Yn,z ) = V(rl,rz. .--.x‘ ) '

. g: g‘ 92 v
o :»':-1::-”/2’1 =

‘Where ' o2 % Coulomb interaction<u s ) o
. rij . " . ' - ‘ "“ ‘u' ;2'\'
a‘ A 2 K . N , s- ¢ .x‘,,

Ze_ potential ene:gy of the ith etectron in the

field of nucleus R




' ¢ _ ‘ - . . .
: : L R / E
\ X ; .
. e — 4o
and N = 2 .,,:-.‘-'\*\. . ’
’ - \ ! . ' - .
Rewriting eqn (3) \ o ’ r ' . .

] ~
‘ N.

N h s '
- g . . Ze $ ’
. . - - X . [ V‘ <4 ] + V (r ) . ,
, : =1 ™ ‘ ry -3 ) 1

- Where vy (ri) . | )

4 ' ‘ . = 1/2 Z \yﬁ f ) A | - “?‘;}“\‘I ‘

: ‘ St I : -
. B . | |

~

If we ignore the interaction between the iv&vefqnct{op due *° &
.to the Hamiltonian B,anf;if_.-we' have ,\

>

- B = DY) e H () e

~

then equation (3) cax‘{P be written <a§ . 4 '

) (. " * . T
_ L E ‘n® 2 ze? ‘ o

i=1 \ ‘ 3

ol 1
. Fl

F: \ . ‘/ oo ovn . Qh i ’ ) ’ —— (7) , i ‘ ’,V

Dividing both sides by ¥, we have o S e

) r ' 2 27 ) ” > .
R i=1 Ps - ! ‘

«

o which can be seperated into N équai;ons‘ ) :

SnE . . 2 i ’
S - h , 2 T e .
et T lep gt et vl e mwy

13




w@?ré - , . | )
. - .‘ 1 ; -

' Hb now assumé that Schrodinger equation is
- seperable and each electron can be represented by its own
wavefunction which in turn is a‘fnnction of co-ordinates

. of that electron only. ‘ihis is known as One’ Electron

Approximatlon. Hence, the equation wh1ch one electron /

:

- functidh ¢i(ri) of .the ith electron satisfies'is /

. ) . af '\\ ,
. . 2 -~ V:(x;) ] ¥, = E;p -~ {(10)
S - S + — :
. [ 221“§ T; i*i i & i '
f ' f Each electron is thus in the field of the :
: nncleus and in the field due to the charge cloud of all the
.«  other electrons. Henée, the potential energy of the ith" //

electron is ‘ Y | . /'

- B o 2 uyery) 12/ -~ (11)

- Vil - e g,jfl 2 12/ o,

S From equation’(10) and (11), we have - ) : J;

qo , 2» ‘ i ; ‘

- : h ‘

-3 . g2 _ .2
2m; it - "i




‘two charge distributions, calculated in the classical ﬁay}

of e}eélrons\in which both the orbitals i and j enter, has “

>
Ve

+ i

This is Hartree equation. Although.Hartree .
method gives best ground state wavegunctioh;.it is not the $°
most accurate method of caléuiat;ng the energy. ¢ A

. . 3
. .In the Hartree solution the electron—electrog
7

interaqtion_repreaepting the mutual potential energy of‘

has ‘been included. Hoveyer,fthe possibility of fexchange . /

|
|
|
: |
. \ |

v

not been taken into consideration. %'/, ' » SR
J .

~ s

b

vt .

Foch propoaéd a meéhog of treating ;hev

- .

exchange interaﬁfion between the électrons.  He showed that"
once the wavefuﬁction of the core electrons has been

obtained by Hartree method, the Schrodinger equation for B

4

valance electron could be made to incorporate the exchange T

. p 4
energy term by inclusion of excliange integral.

,

!

In the folioving pages we shall develop the

¢

Hartree-Foch equation for calculation of binding energy of,

‘\ ’ - 1

the mercury mhalcogenidcs.

-




b3

v

- ‘ &
Let the ‘alloy be composed of N atoms aach v .
. , with 2 electronshence there are: ZN electrons gyéh with
charge ~e and N nnclii each with charge Ze. Then the ¢ : |

*

Hamiltonian operator is - ; | : i

: | ¢ " ZN N g2 o
. + 1/2 o
. ® gl Ty f ;1 P‘a"ri| 4" ri“x_-i s
I .- e
. ., 41/2. ggb ze? : : g-).;.;_ *(1:4) ‘

. - . ' RaRb'.- ' . ) B
where ry is the position vector of the ith electron and N
B, is that of the nucleus a. . . ' g’
o . ? . . -:/. 5
% Let V,_ (r;) be the potential énergy of_the .
ith electron in the fiéld of the ton—gore a, then Hamil-- .. 7 7
F/:['!m

tonian operator becomes

2 - K .
T e B
H o= - + 1/2
, | L 3 ?f v (ri)) / 53 |

e ot < e et

SN ' \g ze 2,
& /2 , . " ,'— ——— - ::
’ e a % \ ’ ’ . ~ ‘13—2- ) . ) ' ‘
vhere rij =|x; : r) B B LT
and R, =|R, - R]| SN R o
. . » T = o . ’
/ o Let the normalized, antisymmetric total :

wave function be . : St

VAR 4




: )
(/N prHP dr

e By (%)) .8 (x)][y hzi
_.* ~‘ / ' 5 ' "i o

ZN .
g, Vam(li:l:)\;\

e N 2 . ' , [ ' '.. .
+1/2 ?’ Zz %—- 1 (%)) £y (x)..8, (x M+ 1/2 :
* #3 g 3 , '
N i | e A ) ' . |
2 “ ¢ . , :

z Ze”, es (17) ~- , 1
=5 Rep o -
Because of orthogonality and n rmalization of 9’ i:he o o7
expression becomes

‘e -
e .
e .
.

2 :‘

. h o

. Esz gi* (%) [-iﬁzviz-l-
i - .

-

v, () g, (x;) ax,

<
Y
.

pIE |

' N - ,.‘ | T |
» +1/2'§ v' Bt . - ]2 : -
B3 (x3) dxy dxy . | ‘
, ‘agb Rap - ° . , o -

. : | : | |
. , )
) ‘ N “ .. .
’ ! . . . ' . N i
- ) B R
« . M . e - Caa o A - . N - ,
L} . [ ‘ ‘ . . s ' e . ‘ T .
' ‘ ' " - v 0 A i
N ) ' - v MY [ -
B '
-
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w“

R e e T N - N HD . . N2 X 3 R
. + - . N
, . . L’ ‘e *
. - N - .
! f . .
. ,
11 - ‘ '

e

, . a -
< L . )

¢

- J :
- iﬁff ’?1* (x5) Fy*lxy) B, (x) By ey ) axgdxy+1/2

o

L .
B

] a5 Rap « ! | . ‘ ,
. R { *

- N

S - | -~ (19) |
The second tenm is Coulomb "interaction energy and the ‘third

term is exchange energy.

/

. The summation over the spin variable for the

» . . i , ‘

figst two converts ﬁi toJJi'and'xi to Xy .-

. If ﬂi and ﬂj hav7 the same spin, the excgange

>
L . -

ehergy term becomes

~ Lo,

[y

2 . .

N R ‘
- a
. , /.
i .

[ 2 .
Srr * * .
| fo 13 ¥y (x5) .”j =y qi’. (r.i) Ida—(z;)%rrdrrw_f(zo;m__*__

.

T If, .on the othet hand ﬁi and ﬂ have opposite spin then the i

Fa

integral becomes zero. ‘The exchange term is, therefore, ' .

- 1/2{ E'N[f == Prg (x3) V*j “'i”’i (Ty) ¥y (r:i’ dridrj B

RN ‘» ' * . ) - (21) ’ P - -

.
- .
N o2

»
i ,
. -

2

- Since the value of a definite integral is 1ndependent : the . o

': symbole used. for the variable of inngration we can ade r1 .




) v -, N — -
. * ! o .. - | - ' \1.’ - o ) g
- ' + 2 2 Lo R R
| | gﬂ: .U R, l"i"i’l |, "z’l arlchr2 LT |
, ' . : “
)):! 14 f e (rz) vj tey) ¥y tey) uj ) arjar,
i 3 .
SV f 93_ , .
~ Tab == (22)

3
r

) ot
For one electron approximation

* (r.) [- Vi '
Ei =f¢i-' 3 | + z a (rl) ] Ili (rl) drl

ST | gjf 121“3{ ‘(ry) lej L

2 .
(x,)]? ax) dr2 »

| . ,’ ¢ 2 ' ) /) f’ ‘ )
N | .[[ -~,yi irl) Uj (rz) yi(r ) !J (rl) clr:ldr2

3
\ »
AR

o - (23) -
) The factor 1/2 disappears because the number i occurs in

both of the double summations’

Hartree - Foch equation can be written as® =
h2 N
[ - V.i + X

. v v g/wrzn* Ry
- ).‘.[fvi (rz) Idftrl) U, (3 ). é”i‘ ] i‘i(r )= ”1 (ri).. o
L J  R ”12”1“1"; o L ;.'. L
' - 1 ikr - (24) - -~ e
L e kmeg oo

‘4
. ) . N
Toa - . M

-

.




Viz(ri, — e 2; [fllk.(rz)ldk(rz) Yy (zy) =

| ] | .‘ jZm

o “ 12 Py l¥g)
: | E (k) ¥, (x)) o | -~ (26)
¥ .
S : S
Using equation ‘(25) the second term of equation (26) becomes: o~
A | 12 : ‘

The integral may be written as

’ e—i(k—ﬁ)ri : i(k~k'3r . r I -
} Y 2 ar -
¥ 2 o " . w= (28) b
12 ' ) '

Suppose that # (r) is the éotential at r due

to ‘the distribution of charge whose density is given by the'

v functioﬁ:ei(k k! )r Then '] (r) must satisfy . . . )
7 . . - -) ! ; },‘ .
3 B V2 gr) = g ikl) ¥ , - (29) ]
. t , The solution of this equation is . S ' J,“ |
“_:‘ ' . . , , ,-- b . ’(r) v = 4" ei (k-k)r . ) Jd ? . (30) ) l‘%
e oy | - . " Iﬂk"k'lz Lo . " ) S .'
* The potential at the point r,.is L N ' S ;
L 1,~F5r1) 1jr: . ?‘ ax, . o~ (1)

12

umst be equal to



Therefore, o

2 Zf i(k—k) (rz )
kY T2 - ®

» Y
N (A

and 2 W , - (34)
T e k) =-4Te” § . 1

v ‘ k' IK"'K 'I . )

: where ', , o .

dr, = E (¥ (r) -~ (33) -

<jo

Ey; (k) is the exchange ¢nergy associated with state k. ”k is S

therefore the eigenfunction of Hartree - Foch equation.

~

To evaluate E, (k) given that the volume

¢

‘element dk of k-space contains v dk/8T 3 orbital state,
) Lo
ine? .y | :
v o e . Vv . e -
Ex (k) = 7 \8“3\ Ti?l-{-rrz . (35)
) | Y | ‘ lt*‘,.»'

‘ ' The integral is taken throughout the Fermi sphere. N
L, I o E, (k) = "‘2.2.7" ak * 1 x(a cose)
| .

|

|

|

\

we have

' 2n 1 Ko+ k2 ~=2kK' cose -~  (36) /

n
t,

2 (-]

. ' o2/ dk'/de / k' Sin g :

. K-K’ ‘
t - | ® | :
{. . " For the kek' the integral is infinite. Therefore L for k(k Lo
| ' and k)fko, 'h_{e have I " S

i - ? ' kz.‘xz.‘
Ex(k’e efk,. [24....9....._:._
s . Tr—,_— Kon

Hencé

\,fv

ety
g A
:f:&
-, ¥
FE R AL Y



b -

The total’ exchange energy per particle of
the system is found by integrating the equation (37) over
all ke o el .
Rewrtiiég the equation (19) in k-space, and
noting that at absolute zero thefg!are gwo electrons wiﬁh
opposite épins in each occupied orbital state; a sum §f k

14
being a sum over all the orbital states, the equation must

be multiplied by two.

- . Hence we have, ‘
, ) . 2| N
=2 Idk () 1 -n? 2 +y Valx) 1 P (x) ar
) LA
) -2 2 2 - .
4 - .+ 2 e !
. _SY ([ .2 ' :
) E%l IJ g:‘; Uk‘*(rl)'ukl* (rZ) Vk'(rz) ykl.
(rl) dr dr2 '. ‘ .
.§; N. ‘ )
’ + 1/2
S é‘;); - (39)

.. o

whexe E, is the average energy per eléctron,

-

ron in the field of the ion-core whose nucleus hasﬂpoaition

B

vector R,; we call the cell containing this ion~cora as

cell 'a'. Then

¥

v, (x)

Let v (§ be the potential energy of an elect-




< 16 = '
.v;(r) is symmetrical about the lattice point R; | T
ya(r) =V (|z- Eal ) { S -~ (42)

Electron density P (r) fqr both types of spin at point r

i ; ‘ ’ 18 . 2 | '
l“ . P@ =2 ‘,E']uk ) | | L e (43)
| J‘ﬂ ' ’ |
where ¥, 's are normalized. ’
Now, the first term of the eguation (39) is
2 Zjvk ([ - m—-vz +§ V) 1 By lx) ar ‘
\;}5 . : x N s ' x}
S~ =2 Eka () [ E(k) 1-V(rJ + YV () P ) ar -
. a - | a. )
\ _ ! .
. ‘.‘ o Z . N : ‘ (\‘ |
T R RPN LI RN - U, ()] ar o 7
¥ 1 ‘N - . A )
c =2 ¥ g+ L Uem (v -u, ) ex o
! .a " ‘ . .
“ P() ( gy 4ry - ) ap o
. ’}.gh { AACERNCI NS I (44)
gf - From definition Va (r) - U (r) is zero within cell 'a' and ..
R . v, (x) is zero within any other cell b, Thetefore, equation .‘%‘,
. (44) becomes o ‘
: 2 X E(k) + z,,gj P (x) Vo 8) ar = a5),
.M. g(fg R , ) . \ T ' T.é‘u{‘}j
AN Let ‘us assume -(1) that dutside’ the cell at S b
B L2 R S ey h

a (¥) = - et




(2) that distribution of- cha:gé within any cell: 'a’' is
spher;l.céily syminétrical, i.e. for points outside cell

. ‘ . . ' .
'a' the charge can be regarded as being concentrated at - v

.

center.

i P(r) v, (x) ar = “"/;2 - P(r) dr = = e® - .

br—Ral o - ﬁab

4 LT

-~ (47) -

f
' t .

The Coulombs' term (second ﬁe{m) in equation’ (39) is

. 1/?'-//'.12 P(rl) P(r ) drl‘{r =1/2 [_[,..._

P(rl) P(rz) dr dr2 + 2 _/{ ...... p(rl) P(rz) dr

S £ |
S 1/234: iz““ N_ff__ P(r)P(rz) ‘ar,ar . .

.

o . . -= 48

’Then the equation (39) becomes | .
'

¢ NE, = 2'§ E(k)'t'z.f./l; 1 P“l’ P‘rz’ 5‘1"”2‘ .

. ’ .‘ J.]é ”k (rl) ¢k- (12) Wk(r2) yk (1'1) drldrz . \' .‘\_
| ' (49)
o)

3
s




. * wvalency 2 is given by .. ST "ot

. e ‘ i} “‘ . , . “
o ‘ ‘= m/ ) _(&gg; giegﬁ ron mass
o where .- A . m* R Effective electron mass) .

. . 7B, = Energy of the lowest state: .
. . . . ‘ - .
v h2k2 ‘= Fermi energy . '

. ‘ - : | T © - -
- , ) For a metal of valency Z, it éan be shown

(section 6) that the Fermi energy 'is‘ given by

s
-

. . B = 2,210 3%30 nya ~- (50)~ a

@,

hy

. »
, , _ r, £ .. ‘

. . . . . ¢ "
o Similarly, the Coulombs' term can be shown to be (Section 9
o ' : ’ '
~. E,=1.23 . " -
. gy L - D)

~

.

LY l ) '
~ The p*change enerc_}y term is given by (section 8), "
1/3 . .' S '
© E, = -0.9162 - . ryd ~ (52)

M &
b of
- ‘ . 8 ' . . .

.

7

The correlation energy term. is given by (sectioxi 5),

. 3
El

o P Y3 . . .12 - 2/3
. - - Bc = - 008762 ° + 2-653 ) - 00732 , “ryd

L . .r8‘§72_ X

. Al
* . .

.

* 13 B 1

.
- »~

"'lghexfefo.re the total energy (homopolar) of a jéoii,‘d of -

.
" -

i3 -

E 212

Q

"o , [ Lt

(rs) = ?.1:;)f+f722£

P LI
L

v

- Y/2
1.28 "/

-~

)

it

A

' e B3).




, 2. INTERATOMIC - bis*rzmc;x AND_ATOMIC RADII

Interatomic distances for both Hgsé and
. L ]
o ngTe were ca culated by method outlined by Paul:l.ng(91 ’
that f%erates that bond distance A -B is equal to the

.arithmetic mean of the distances A - A and:B:-.B. From

|
|
|
|

\ : ]
table 23-1 of reference (91 covalent radiiAfo:lthe solids J

under considerafion are ' S
Hg -- 1.48 A&
se -- .14 A

o

Te ,~- 1.35 A .

.

Therefore, the i teratomic distances are

-~

* a

HgSe -- 2.62 A . |

HgTe -- 2080 A : ' )

o

. For the alloys HgSe1 €y the interatomic

Qg

.

distance ig assumed to be a linear function of X, the .

i a

percentage composition and is shown in fig. 1.

For calculation of homopolar energy the : 2
atomic radii, X, have been assumed such that\the inter*

atomic distance between 1like neighbors is equal to twice | ii'-;
the atomic radii-of the alloys. e o : B

i ' P
-

. It has also been asaumed that change from

3

zinc~b1enae4to €innabar structure changes the interatomic
distances by -4&. [Ref. 11!




3 LOWEST ENERGY STATE ' .

-

| The wavefunction ¥, and the energy E, of the -
| S 1owest state may be found by integrating the Schrodinger

i - equation‘| 5 ;

. . : h 2 .

| . ‘d!’o +2 l'd]d, + 2m -:v = ‘-~ - ’

K : . : . - . .

| y . within an atomic sphere. The radius of this sphere is,

| the atomic radius, defined by

| | :

; t !

} ‘ n N 4 ’ '__ ) P

; J ) 3 % TV . (56) .

| where v is the volume and.N is the number of atoms. The M\\iu ‘

. ‘ .o v N

boundary: condition to be sat;sf£éd by this eguation is that AN

the normal derivative of . . which is assumed to be spheri~-

v

cally symmetrical within the atomic sphere.
vanishes at the surface, that is, ‘

’ - -

ty c( ay ' ‘

dar r=r =0 . == 57 ' B
. : ' 8 :

The function V(r) used by Wigner and Seitz for Sodium was ’ -

a semi-empirical function consérﬂcted from spectroscopic - | -

transition by P ofiev(lzl. Quantum Defect method is

noht accurate but requireu also spectroscopic data. »since { ”L(';;?

no relevent ‘dataare available for mercury chalcoqenides )
efpirical method has been used. - '/}":

AN

.
r ‘L:v

:‘; : e enpirical method sugqeatea by Gruneiaen 133

‘e



¢

. 7 ‘

fexperimental data. Since energy values for at least three

1

values of r, are reﬁuired for solution of Bigdeen's equation,
empirical method outlined by Bardeen was not used.

“

From the published data for Lithium, Sodium
and other dlkali metals it was found that the lowest state
energy E, is éroportional io Fermi energy and is-fe}ated to

the agomié.radius and P,(r). That ié,
. ‘ . , o

B,(rsi =k EF -- (58)

*

- . S
.

. ‘o

o H

The factor k varies between 0.795 to 0.87 for alkali metals.

.

. o
.
<

In our calculatiinqu hgh béen assumed to be
10.95. The reason for the higher value of the prbport;onality
factor k are - that the alloys under consideration are ’

divalent and that value of k is assumed to be,relatqd to ié

-and r, for the-alloys under consideration is much smaller

than the alkali metals mentioned'above;, S '
It should be noted that k acts as-a scaling
factor in determidatipn of transition pressure and has no

effect on the transition pressure-interatomic distance

relationship.




FERMI ENERGY : ) .

-

Yet the density of states in ;§ergy'N(E)‘be_

defined as the numbér of the orbital states with energies
lying between E and 4E.

Therefore, numbér of orbital states. V{(E)

™~

with energies less than E is \

i

v = LT wm as ‘ (59)
L
r
|

Each/orbital stage can be represented by a
|
triad in rectapgular coordinate szstem, positive integral

valuee of n, ,n n, It can be shown that

vig) =1 {4 : 2:;1. gy %Y (2m)3/2

- @32 L (60)
3.

wvhere v = L Differentiating with respect to the

density of state is

2m 3/2 .,

if N is the total number of electrons, we have

N = zf u(n) dE = 5':12 (

X

where4 is the maximum enexgy stata at solute
. above .equation gives " ' ;

Y

S- !«-—-) (:h\z ). 2/3




t - S

|

The average Kinetic energy per electron,

'

called Fermi energy is yiven by | " ot
. . . " ' | “ -3...3 . . ‘6‘)
, B, %5 | . . .

N &

i ‘

vV . 4m 3 g P
N 3 8 ) -=  (65) o ' .
Therefore, . 5 o 2/3! L - . .
: : - 6)
.h n = 2 ‘ . -
‘goﬁl ﬁ- (I ) rs | . .
o . , . 2 N
3 h 9., 273 . )
. and . = = = (F) 1
P EF S 2m TI‘ r82 elpci;ron volts
| N | }" IR () .
' ' : . P22 2.
- 2. l ,o7me 2 h .
In Rydbergs Ep = -g- %ﬁ' (%- 'ﬁ] 2/3 }"82 (ﬁz—) (me_T'") .
S . . = 3,9_.2/3 1_ = 2.21 - (68) .
‘ ‘ . 5 (4 ™) . rs2 rsz - — ' ‘

. - . For polyvalent metals the atomic radius ry :ls,' replaced by -

f . .

. (z%ra) » which gives ‘ ' o . 3

2/3 - . . S
(69)



- v Al

"5, CORRELATION ENERGY , ’ .

/!
.

To'treat.interaction more accﬁrately than Lt
' ' [16]

- permitted by Hartree - Foch approximation, Wigner

obtained "correlation energy“ o

RS

P : '+ Be = 0.8 g e (70) '
1 I‘s+7-79 ® . R ’ /

Wigner arrived at the formula by interpoiation of corre-

1ation energies for small and large Tye

Gell~Mann and Bruckner [17] found that

\

for rs( 1. .

“ -

=00622 lnr - 0.096 ryd © Teme (71)
1 8 ‘, -

c ) . . ! . h ’ . {
. The calculation of the energy of lattice has been improved
~N a -
(Coldwell-Hoxsfall and Maradudin 1960; Carr et al 1961)

by inclusion of zero point motion and of anharmonic inter-

action. 'Therefore;'for monovalent metal

E, = - 0.876 + 2.65° =~ 0.73 - - (72)
. , Tg ' 3/2 2 o
. xr X . P |
. . 8 8 . T
Co : 1/3 |

For polyvalent metals we replace r, by.r_ 2 ) : o

E , ' which gives’ - | o .
. ‘ . : 1/3 1/2 - 2/3

o E = - 0.8768 + 2,653 658
. 4 c ‘.-"—-—-_ -0732
oo Xy T 32 SRR
' ‘ ' i T8

<
)

ror ngSel_ e alloys Z = 2, vhich qivea
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- . 7. 6. EXCHANGE ENERGY' . "{ | - -

~The -total exchange energy is found by iategrating

/1/’/ gqﬁati?n (37) over t;.xe Fermi spheré. ~_Thu? ~ : T
¥ E ) = - o2 2:( [ 2K, + Ky2-K°> In AR ) B
.o - kK, KK -
' | . Ko 2_.2 ‘
. . . o - 921* ,Y__ 3 ﬁ L [2K° + l--c-i——;t-—-x--- ln »
. : . 27 gn , ° .
» d/ 1
o (H) ] 4TR® ax
v s . °‘ . ’
.- ' a/3
= -——3-"2_Y K, = -e?v. (302N
v B L LR v - :
o w2 1/3 . C ° |
3N | g .i_; - (76) |
; 4 472 8" .
o Where N g.s the total number of electrons. Thus average .
L - excharige energy per electron .is . ) ' ' .
. e, =- 32 [, 7Y L il )
N B .
‘ v T 4 e J ‘ )
, expressing the energy in Rydbergs o .
¢ ’ ' "
. /3 ‘ .
. E, =-3° |9 1 |me?| | 2n?
. . ." 4 4 - rs &2 * mei ;
- - 0. 916 xyd w7
_ ; - rs b

Por polyvalent aFloys'i;he exchanée;;énargy[ is
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s ¢ . .
. .

2. SELF ~POTENTIAL ENERGY . o

From equation (48) self-potential anery .

B .

or the Coulombic term for one electron is :

' ' : 2
| | . . Eg = 1«/3.//‘.;?_;; P (ry) P(ry) drydr, -- (80)

1

In free elgctro? approximation

, ' P(r) =N _ 3/ 3 | - '
\' dvfx_ ’ (81)

-

T
A

&
'~

Therefore, ‘E, = 992

8 .zc“s)z T

2l
=
Lo

It can be shown 18] that s . _ " '
A s o =327 | g0 : |
b o - (83) .
12 .15 :
Therefore e - ‘gez 32 1..-’2 z,85 - g é
8 = 2(4ms 3)2 ~I§ : ~t8 ' ‘
| L e (34) ,
Expressing the energy in Rydbergs - : o

. 2 o 5 | o Co

. e 1 . . .- o7 .
TN - . | el hmo(85) -

'For polyvalent alloys and splf-potential energy is -

T g ™ ---1;2. oooxyd, ";.fff,r'*'_;;“(qk) :
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8. ELECTRON EFFECTIVE MASS

»

- . ‘ The value of the electron effective mass

e
\ from Seebeck and Hall coeffieient measurements by Harman

‘m.* of 0.04m for HgSe afld 0.03m for HgTe were ‘obtained

and Rodots.llg] When the enexgy gap Eg at k=0 is. smaller

than the spin-orbit splitting energy at k=0, the effective ’

mass is much less than free electrbn'mass. To date no e

o

values foi spin-orbit ‘splitting energy at k=0 for cinnabar o I
atructure of either HgTe or Hgse is known though the energy

£ gap E is assumed to be 2 - 2. 3 ev., .

) In our calculatio‘% ve have assumed that the
change of effective mass at tra itioﬁ~is negligible.

iy oy

., R, Piotrzkowi and S. Porowski (20] noted that .

«

.

for low pressure HgTe has the semi-metal.model (Fig. 6),
which has a low effective mass. When the pressure is’
above transition pressure the band. structure changes to,} “

Kane model. :

X . " According to ?iotrzkowski‘h in the semi-
metal models is independaﬂgcof pressura and thermo electric
pover, remains constant due to Ehe fact that the slight

;fj increase of effective electronic mass is neutralized by . fi;

decrease in carrier concentration. Experimontally the

cqnductivity is almost cons%pnt up to the trnnamit prananre
The effective nass incraaaes only atter the tranaitionyhus
taken place. : .
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We therefore canclude that up to the transition pressure
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Ionic.'ch'aracter of a bond is dépendent

on the difference of electronegativity of elements forming:

the bond. The electron_egativity of the elements under

. conside_::ation are as foilowslg] : : . .

-« 4 v

. Hg - 109 .

. Te - 2.1 - ’

\ Se - 2.4 . / ’

" | | 1
‘ Ioni¢ character 4

. - 2
{x,-x,)) '
' ?Ref . 5)., For HgSe X" X = 0.5 and amount of io‘ni‘c charac-

teristic is 6%. For HqTé xal--x'b = 0.2 and the amount of -

is givenby 1 ~ e

y

ionic characteristic i5 only 1%. Co ’
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) CHAPTER 3
1.  CALCULATION S .
. " .

The transition pressure foy various alloy
L ]

Emmpésitiors were calculated bya/utili‘z:lng e equations

developed in the -previous ctions. The nearest neighbors'

composition x in the family of

In calcuta?ion , the

volume at the transition pressure is dgsumed to be 8% for

Te

HgTe and 9% for,:,HgSe. 1-x" ox

The volume change HgSe
‘ .

. |
alloys is assumed to be linearly proportional to the
composition x. ] .

is as follows: . ~ ' ,

v

Composition ¥ | 0 0.2 0.4 0.6 | 0.8 [ 1.0
Molecular vol. |..- 1o L
cm x 10724 |55.93 | 58.13 | 60.39| 62.70 |65.07 |67.50

-

“3

« P

 m

=

Molecula:r volume has been- caiculated' by

_ahown abovehave been obtained from his work .

)

.Ghiacopolos in his Master (1973) (11] thesis. The data
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_Low Pressure Phase

)

'HOMOPOLAR ENERGY OF HgSe_.

TABEE 1

.~ ¢

Te, ALLOYS

"Atomic
Radius
r

8
10~ %cm

Atonic
Radius

Ts

Bohr Unit

Fermi
Energy

Ep

Rydberg
Equation {¢s);

1.315
1.332°
-1.349

1.365
1.384
1.4

£
o~

2.4849
2.5170
2.5491
2.5794
2.6134
2.6455

14.20441
14.57299
14.99768-
15.50900

"16.052381
Hm.ﬂo%%q

Energy of
Lowest .
State E,

Rydberg
Equation(s

13.4942
13.8443

14.2478

14.7343
15.2502

15.8739 -

‘Enerqgy.of .-
Interaction

..mm . 2T,
Rydberg -
'Bquation(se)

Enerqgy . *

- Bx ., .
 Rydberg

“Exchange -

RIOW. SRS
s o

.Equation ()}

-0.96583
0.95352 .-
0.94151
0.93045
0.91834 .
0.90720

0.46445
10.45853 _
0.45278°°

. 0.44744
0.44161
0.43626

*

High Pressure Phase.

K]

0 1.262

2.3855
2.4163 °

15.41279
15.87301

14.6421
15.0224

'1.00608

0.48380

»

frlisxal.

20° |1.279-
- 40 1.295
60 1.31

.80 - |1l.328
100 - | 1.344

0.99325
0.98075
0:96922

0.47764= .

) 1.1592
0.47163

1.1377. )
‘ 0:46608 1.1176 . 7
17.41759 16.5467 0.95659 0.46001 1.0959 - .-
18.13083 17.2243 0.94499 0.45443. - '}11.0756 -

1 - Q . .

4471
2.4762
2.5089
2.5397

16.27424
16.82884

15.461
-15.9874
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. L \ ' TABLE 2. . _ L Ty
,_ BT ENERGY VARIATION DUE TO POLYMORPHIC . - - - . 7. 7.
. : PHASE TRANSITION T
Percentage o hgy

c

AE | .

AE,- . - ABg - AEc Agy

Composition - Rydberg - Rydberg Rydberg - . .Rydberg a.,WMauwnmf;mw

1.20838
1.24002
1.27656

0.0665 | :
0.0691 | 0.01913 - }
0.0677 | 0.01888"

0.04025
0.03973
0.03924

121479
. 1.1781 - .
1.2132

60 1.31984 - 1.2531 "] 0.03877 - 0.0662 0.01864. -}
. 80 . 1.36478 . 1.2965 0.03825 - 0.0651 . | 0.01840 " -
. 100 1.42146 1.3504 0.03779 0.0640 | 0.01817" .7
) o - L . o L | m4 \MYmemmwmwmﬁwmmww
: I |
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. CHAPTER 4 -
1. CONCLUSION

’

Though the equation developed.contains a
number of approximatiods and the result involves the
différence of two energy terms which are a fow hundred

.

t:l:mes larger than the di1ference, the linear dependance -
of transition pressure‘ to nearest neighbors distance is .
clearly indicated. The calculated results are about ’se\}en .
times larger than the experimental value. ‘Bowevér when the

uncertainty §,£~- tbé/energy terms is taken into consideration

L '

the results nevertheless axe sqtisfactory. -It is interest-
ing to note that Jacobs' compu z results are also larger:
than exl;erimentél results by ut the, same'magnitude. "
) In fig. 4 Jacobs results for Rub:ldium and
Potassium halides ‘has been plotted. : FPigure 5 shows‘ results
. ‘ for HgSel_x're alloys. It can be seen that the slope of the . .
HgSe, _Te alloys is positive whereas. those of metallic C
- ‘ hal:ldes arg negative. This is attributed to the fact that -
tbe nearest neighbors distance for al.kali halides increases - b
at trans:ltion pressure whereas for mercury dxaloogenides the .

P y B
a _nearest neighbors distance decreases at. transition pressure -
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