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NEAnEs:r szancmn DEPENDENCE OF THE PRESSURE INDUCED
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N _The -.rate of transition of HgSe Te(l -x) alloys under high

X . ’ S
pressure, has been investigated,‘ by measuring the electrical resistance

s e f A ’ ! .
t \ . »

. Q\y’ ’ of the samples. The ﬁinetiqe of these transitions are found to be of . .
A . . N ’
- ' ~ . N - /
the first order type. . e,
TI ' a . ’ ® ot \ v ’ “ " N

"The ttansition pressures of HgSe Té(l ) compounda aund alloys -

.. . have been_ calculated in terms of their lattice energiea and their de- . c
. pendence on the nearest neighbour distance is analysed. -The crystal -
+ . oo _ C >
o

~ etruoturesﬁre considered from the ionic character point oﬁ view. The

variation of the atomic E‘iﬁ as well as other parmeters and quantities,

NP 15 ,,agsumed to be proportional, throughout the calculations, with respect to
14 Y, Y 4 1 N
. . l“/ - .

the nearest neighbour distance. - ‘
. The calculated transition pressure sequencea :la conpared to e

v — E

- the- experimentally detemined one (12) . There is- en excellemrt agreement

h\atween eﬁfimtal .nnd theotetica}\ data, both conhfu.ng a 1inear trend. )
L ]

The ettract.ve energy is shown to be aonimn aver the repule:l.ve one, ,u
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e Z T
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. #quations, is distusned.

expected, and the 1n!1uence of the varioun paraneters entering the energy‘
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In&roduction

Th li T3 fh t 1 matt
e app ca on of high pressure to pgysiw

- % Al —

as a memﬁimwgifua chemical and physical phenomena,

is considered to be of paftg.cular importance.
eeRemmo ol f2 o I N

. ~.

..
I";,\

*

. N ) l
" One such phenomethhism, i.e. the trans-
..._.«-—-—Jg/- o T :’i-_ . '
formation of "substan €, un]&ét“agsu;e, from one phaé% to

a‘nother. The pioneeritig work on the subject was carried out

by f"?ﬁ‘i‘dgman (1) and (2) Ever since, the interest: on the

subjec‘i;‘md the telateddn’véiti'gations havé grown tépidly.
n‘ ~ . . ~ R

N ‘ c\\ |
. Of patticular interest iﬁ,:}semiy of polymorphic

transformations of solids when Subjected to pressure. Again,

Bridgman (3) hai ploneered in this aspect. The .af)proach taken

was nainly from the thermodynamic point of W’Eﬁg .

- )

Primarily volunet:tic Weﬁned the pressures

at vhich transitions occured for the vatiéus 8olids under ’

.investi.gation. The var:lous eftacts, due to Pressure, on the

ttansition\;, are extena:l.vely diacussed,in’(f) Hja/t.{xdy 5).

-

: ‘of the velocity ]of the transitiona, forms the basis for later o

‘studigs. b

»

L) ! ':
s
I e

v

In tecent: years, various inveatigntore have tepori:ed

either a reconfir-ation of the ruulu obtained by Br:ldgun

_for varioup substances, or an mmion of those uuutemtr ;

to others. ‘m\m. Gp-hanedy -nd P. Lnxori (7) dctczninud tha

crm:lc:l.on pmuutu for a \d.de tange of comd-. C. ‘Phtorius




’

pl, '(6)\hgve investigated some II~- xgompounds; B. Lombos et ’al

(9) and (10) inyestigated the kinetic aspect of the transitions

.

induced by high pressure; Ri Jacobs (11) reported on the

/

;ransit;lon occurring in metallic halides.
Studying this last report in more detail, one observes
thatl, the.calcula'ted. as well as the éxperimental, -equilibrium
pressures at which trd'hsfgramations occur, exhibit a’linear
dependency with respect to the inverse of the nearest neighbour
distance (1/r). It is this particular observation which-gave

rise to the present work, as it is stated ‘below.
L

—

The necesséry theoretical background is presented in

Part I, sections 2.1 (pi-essure induced phaL& transitions), and
- .o \

2.2_ (Kinetics of the polymorphic transition) s while Section 2.3

deals with the detailed theoretical investigation of the nearest

neighboui dependence “of 'gtansitims"ih ionic: crystals.' The
' ¥ . .

' experiﬁental‘investigat‘ion is outlined in Part 1I, séciién 3,

while the results are to be found in Section 4, the discussion

and- the conclusion in Section 5 of Part II. The calé:ulation for
i ’ . .

the unit E.ell volumes are to be found in Appendix A, The computer

programs used, with their flowgcharts and representative print~ -

e,

outs ate‘int_‘.luded‘:ln the Appendices 'B and C.° " o

T—




. 1.2° Purpose of the Present Work | . . : .

The 'pu‘tp e of the present-work is twofold: 'First,
. ‘ ¢ - '
it is the theoretital treatment of the nearest \B;eighbour

dependence of the pressure induced phase transitions of BgSexTe a

Second, it is the. experimental investigation of the kinetip

aspéct of the same.

v

.
-~

1

- The emphasis of this treatment is in the investigation .

of the 1/r dependence of the pressures at which trénsitionsoccur \

.

in the HgSe Te (1-x) compounds and their alloys. As it is men-

‘tioned previously, the work by R. Jacobs (11) in the alkali

3

_halides suggest a-lineax:' depenaeﬁte. In the present theoretical
treatment, we atit;enp\ﬂo show that this basic assumption, i.e.
linear depfnde"nee.,- ils .als'o tr;za in the c‘a;a?_ of the Bg'Se.xTe (1-x)
cotpoundgéfaud; tbeir*ﬁlloys so that, the qxpérimental data obtained
in Hici'oelbccronigs laﬁqratory of SCGW (B Lombos, (12)) can be

. »
interpreted. These data suggest.a linear relationship of pressure

va. composition.

-

In addition, experiments were performed im order to.

v

determine-the volume of activation for HgSe, HgTe compounds and

“their ailoyg 8o that, their kinetic aspect can

- —

be character;sed.

- -

.
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2. ANALYSIS OF PRESSURE INDUCED SOLID-SOLID PHASE TRANSITIONS - ' .

2.1 Introduction : )

o .

The thermodynamic paramsters (pressure, volume,,

’

Lo temperature) desct’ibing the state of a system,are related .
by the mathematical rélatignéhip,
| | ‘ £(P,V,T) = 0 ' (1)

which is known as the (éenetal) equation of state of the system.

. This equation can be expres\sed in various other forms, depend-

-

. 'ing on the nature of information desired. In gene:al; though,
. 4 o

¢
s

for these equations to be determined experimehtally all three .

variables must be measured at the same time so ‘that, a PVT

{ . ag )

surface can be determingd.

¥ f , - ‘

In his original investigatians, Bridgman (1), (2) - |
. " has observed that all aubatmcgs. when subjected to presqure; -

4. \
. undergo a trangformation. " This means that a liquid can cban‘ge _ oo
1 ) : g :
to solid ox a gas to solid or, even from one phase of a solid

/ g . « : 0}
/

to another (solid-solid).” Of particular interest here\is this

0

last one, the\sqlid;-sélid phase -transformation. Many solids are

known to have several sﬁ&ﬁlévphasds at different pressures.

‘ ’ ., %

— .

‘Bach one of those ph;sea will have its own equation of atnte. ~r sy
\ ' t. ,

- It: ia extramely diﬁficult :lf not :Luponihle, to charactarﬁc*

PYSMEN

LT | the solid behaviout by n limple equacion ;tn a catui,n P, : ‘\‘

N

-' o ’in A Qcmﬂ‘vr‘ »

S Ao 1*‘.2”:

v W T o
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ekl o
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.
|

- . - “

» -
experimental technique to make suth volumetric measurements,

-

is the one employing the piston-displacement in a pressure '

chamber principle. Such an arrangement ie shown in Fig. (3-2). .

The obtained data permit both, the detection '}nd the characteri-

\ , .
sation of the trangition. When a d:lscontinuit:& in volume, as a

function of P, 1s observed, the transition is of 1lst order. .
Otherwise it is8 of 2nd order., Latent heat may also be present

(1st order) or not (2nd_order). ) -

- \ _ = -
. The 1st order transitions: are due to, primarily, change !

in the crystal structure._ There are many such crysttal forms

known, existing prinar:lly because of small dd.fferences in internal

energy among ‘them. R. Bradley (13) suggesta that a combined ¥
&\)

approach, in terms of thermodynamic parameteri and of Gibb's free ?

energy, would be more beneficial in discussing this type of
\ -
transition.' He concludea that > aince the slopes of the surfaces

-

in the 'G,- P, T diagram are such that,

. ‘ @
-.9_1711, S&/P )

the tranaition point, the "second"™ phase, i

pressurs, in the mre stable one.

.
v



- : fa:lleé to materialize. In otﬁer words, even when the two ° -

: ' RN phues vere 1n contact with each othez the rate of transiti(\n . o

- 5

o ‘ * . would go to zero. He termed this as the "region of indiffererce".

. "~ .

o —-..Since it has been determined that this phenomenon, usually,

. ) , ’ N

. . . 18’ not appearing due to equipment short comings, it must be

| 1, ' ‘concluded that it 1s something due to the Eransition itself.

e . *

~ It is similar to the hysteresis effect. Many substances have their \

3 . —_—

o own "zone (re ) of indifference", and its width is variable,

Vv

depending on 8 bsténce .

. +?

importance, also, is the measurement of the rate

- at which a tranpition pccurs. It has been found that this rate .

w

»

Lo ‘ in:essqres. This, sluggishness is -also due to the recomstructive

process vhich Il:akesi place, resulting ip a new crystal structure

at the high pressure phase. ' ,

' ~ f

In addition to volume diacontinuity in the HgSe Teu x)*
a4 change of the eleétrical resiativity of the solid under preuure.
- _ - ' « duoe to elect:nonic atructnre changes,occurs and it can be ut.ﬂ.ised

as a neana of detecting md lt:udying 4 transition me dis-

ORI | TR TN
P ]

ol 3

‘,“’,'." wr =3

.y
ol j

T
TRy
e

Py
N,

with the lower values (slow transition) in the direction of increased'
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xmal piston

<

displacement high pressure machine an'g a resistor bridge.

1

érformed with a no

*

is of the order of magnitude of 10~

,

ganitude*of ]04, while the volume discontimuity

y constitute a more precise technique of
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. 4.2 Polymorphic_Transition Kinetics

1
1

The predsuré induced phase transitiomns, as any .

physical or chemical teactiéi?a , pre proceed from the low-pressure

: phase to the high-pressure one at specific rates. Owing to

. the nature of the phenomenon, the rai:e at which the transition

proceeds cannot be measured directly. Various methods of '

indirect measurements are applied to study it.

AN
2 .
The pioneer work, to determine the ‘rate-at which

I

a-phase tra\mition pro;:eeds under high pressure is due to
P. Bridgman (5)..” Essentiaglly, he measured the rate at which

T N pressure could increase or decrease 'tc(vard the equilibrium .
o, pgint. this rate actually being ditect{y proportional. to volume [

o

changea with. the lower volm value at the high pressure phau. .

, : In addition, he has ‘determined that, with increasing Preasure, o
the - rate of the rea;:tion iné:reaéed quite i'apidly. Further~

s ;. more, as :ﬁeipmsure increues, there w‘!.il'bi.-. a speciﬂ.c range

. . : ‘-."sone of indifference" - where the transition w111 ot proc,eed, e

\ - €

a

‘1.¢,- for a11 practical purposes :u;s velocity will be zero. ° ;

. -
- A ‘ ¢ N

. B . .o S > . J
N C K i - lm lltemata mthd{d df neasuni.ng the rate of a trmi-

> .
fy7 . . LT
L

tion in a uniconductor is by uasutingﬁi ‘duhge of nhe el,ectriv- _;, : \‘3,:

s
:‘%J“ﬁé‘ "‘"‘l&"'




Vo

+and T the temperature,

N , ‘
In ti:e “transition state ‘method, as outlined by
Evans and Polanyi (14) the following relin':j.onahip 1s assumed

to hold true: '

- -

Wheré AV 15 the chgnge in volume occurring £rom the iniﬁial ,

Av ' (3)
2 .

state volume to the transition state volume; k is the

reaction z'-ate."copstant of the transition; R is the gas constant
The quantityAv, commonly knowi as V4,
1s also called "volume of activation". If one definesk as the
rkart;e of chanée of the rea:/tséance with respect to time,
characterizing the transition, that is - "

k = %_%, . (4) :

- PO

then the "volume of activa;:ton", as defined above, at éonatant”

temperature, cz_m' easily be determined using equationas (3) and (4).

The "volume of actiyation" is a composite function, as determined

by R. Hamman (16) . ~ ) >

>
s »
-

when such measurements. are perforned, as outlined above,
the taak of charactarising the trmition from its k:l.naticu point
of view, becomes less conplicatad, Thus, if tho calculated dnta,

follow a linear paturn and tho:a u a lam:iu re-n:nngmﬁ.,

fron ::he low prumm phue to a higher pgcked one at tlw h:(gh

4

13
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Transitions in Jonic Crystals - Nearest Ng}@ﬁour Dependence

The approach taken so far‘to invgatigate the poly-
morphic transition was entirely themodynamic. However, treat-—

ing the subject in the light of additional informat:lon provided

bg ‘modern theories related to matter, the interaction between

atoms must be considered as well. This suggésts a combined t':hermo-
dynamic and atomic approach.® In the latter there is a distinc-

tion as far as the nature of binding of the atoms is concerned.

-~

_Insﬁlator and semiconductor crystals, in general, are
categorized ?é*;ionic or covalent. Furthermore, since the present
work is concexrmed w:u:h thg,HgSexTe (1-%) compounds and their alloys,
vhich are of a mixed ionic and covalent bonding nature, it is
essential to emphasize thaé, in the following the iopic aspect will
be treated only, with the amount of ionic character 'to be detérmined -

-later on.
¢ k)
In the subsequent theoretical treatment, an attempt

will be made to show the nearest neighbp;ur depbndénce of the

theoretically calculatad transition pressures at which these-

compounds. and - their alioys would exhibit poJ,yn:éphic' changes.

!

’L-..

. ’m:cractim. mm::lﬂn torm m;esmt are lore atfoctiw




r/’i

distance r, in gqxwfklised fom. is: -,
e
(% 2
U = -2 4B
? r

ol = Madelung's constant
n = Repulsive potential constant

B = Repulsive potential

e = Electronic charge

" .

The curve representing equation (5) is as shown in

o

Fig. Z-f. The effect of nearest neighbour distance r is apparent.

The point on the graph-at which U(r) = 0, {.e. when it 18 cross-

ing the abscissa, denotes that the repl;lsive and attractive

interatomic forces are equal. The general form of the binding
\

energy curve for all solids is aimilar to the ome gixown in
Pig. 2-1. -
An MMon
- off the potential enerqy of the cryst:al also called the,
* lattice enetgy, in the 1on1c crystale by the
COulomb. the dipole-»dipolc, the dipole-quadrupole and the rapul-

sion energ:l.ea. This lattice enérgy, ttun, is cxpruud ‘a8t

. E(I‘)"'(“e)( ) ( )*_ (t) (5)

'wh;er,e':l t‘., D - VAn dar Waall cmmta,

,.l_
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- 16‘\3— s - = v ’ L3
B
v
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lattice energies is the one for the alkali halides, as descvribed :

[ R

K by_ M. Hu'ggins and J. Mayer’ (17).

‘It is felt that, due to its T

-~

ionic character considerations, its.application to the determina- .

. tion of the lattice energies of the mercury chalcogenidea, ftOI

A - °

‘ the ionic point of view, {s justified. .

,
"

i -

The individual terms then, of eq. (6) are anaiyéed
] l a

. @s follows: }
2~
(1) The Coulombic term: (g_e_
t r ' \
X ‘ ‘where: } ' ! ‘ ‘

X = Madelung's constant

o

; - e = Electronic charge (:ln the c.c.s. thit System)

, Tt = mn:mcc batween nearest uighboura R

: ° ' ' ,
The Made ung's‘con,ltanbi,s already known for some crystal
' :tv;dc‘u]ﬂ The distance r is provided either by pﬁu-h-d

lattice modification in qmtion.

and dipole-quadrupole, D_ terms, .

(11) ©°  In the dipole-dipole, C_
” A , ° SR
‘ . C and D are thovandorvuh mtmttmdrh.nnin ‘the'.

nearest mtghbbut d:l.ntnu.

The m der th mttieiqnu \lnl




. : - : - -.15 - R
T I 1 . LY ”
“ m " where: .. ) Lot
- : a9 ' o
, B ‘ s! 6 = The sum over t:hT odd lattice points of .the crystal. ]
o , - { f ‘ '
_ s" 6 = The sum over the even lattice points of the crystal. . ’
: .. - Pc;tengial coﬁstaﬁc for a single charged ‘I)osfltive )
- ' X .. and a single charged negative ion. ’ L
o L. s:_'H_ = Potential constant 'fqr double charged positive ions. /
+ N - - - {
S » v c__ = Potential constant for double charged negative ions. !
The coefficient D will be given by: ' o
‘ . . ) * g, - r.\ . o.‘ . : - o‘ ] .
- N ’ d +d N\ . . -G t
i D .Lsa d + S’" """2‘ "; ) - (8) '
a { i * - - ' ' " . h .
¢ " | Where the individual quant:ities have the same meaning as 1n the R ,
: o , ] '
. ) eq. (7)y “The derivat:ion of the dipole-dip$1e c i and d:lpole' : :
- 9 ) uadmpole d 1y poteritial constants is outside Ehe purpose of "
. thie wotk. ) ' o ‘_ - Ve . —
f : ” ' ' 1 . A ' °
* T, 9 ({41)  The repulsive emergy tera B(r). . - ]
T o . - o . . - ) . . ) . v
) ~The repulsive potential be’twegn two ions; 1s assumed to be given - ‘
by the equation . . ‘ , , io\, - S
¢ - - * . - N . ) . ‘ . L

. R . : ro-

o - ')); Y
. B(r) - c;;j be : j ) 13 r | -

) \ -

a
LN

- -

> f Enpirically deteminqd constant ;7; , "
1x x 107 -2 crg ,(arbieumy msmy

E.fﬁ'f )
o

‘?’H’; ',«fr

A\ 1{
3%



The factor c',, determines the dependence of the repulsive

i3 -
force oh the valence of the ioms, which implies the actual

charges of the ions., It is definedwiay L. Paul:lng-(lQ)\ée‘_

P

follows:

\£1

\\LI- Valence of the anion .

N, = Number of electrons m

i

N‘j = Number o6f electrons in the_ anion

= Valence of the cation ‘

.

—_ Further, by substitucing 1 and j with + and - respectively, to
dm\oEMture of the 1on8, i.e. whether 1t is a cation or-. "

an anion, one may writk“,“

ThY— ‘In the present investigation wpondence is for:

s . .
n .

»

I3 “
' .

c'! - mercury and e = ch‘lcogenide

S

é""' ,-)(ﬁ" m‘»’;‘*)"ir M

,r
- s 'f;aff",‘y j 34 .7,{‘.,
rﬂ;’i’!& .;\* “%‘t’%‘;\ i‘«{-ﬁ “"
Yang d 2

?’

,’k‘x‘a, ,.ﬂ,g;ﬂn - 'g{
-&

“V' 5 {Ag: N R 4;;
sty £ 5y é;;a,u,: A .v ;:{ui -1“,};{;"»*;‘\,
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oL The total repulsive emergy term.will be given by: . ,
[ = .
{‘ . ’ -
. 1 — T - .

- B(x) = B Hx)+| B__() +8, (0 | , (12), ~

where the 'ind:l.vidua\l terns are -explained after equation (16). .

)

Considering the general expression of the repulsive potential :
w4

between two ions, given by eq. (9) the individual terms of
— eq."(‘.tﬁ%my be written as:

) | - ' T | *\\ \ I
— - (I’ +r "’I')/ ’ ‘ (13) -
°B,_(xr) = be', Me ¥ - P » -
- and - 0 . . | |
. ’ ' , | ? !
E B__(l')"l' B-H-(r)] ]2 = [‘?cv“u.er(zr_—g':) /r+ E

N N . _ . .
et |
| o wver weBEIAP Ly

w,!

>
.

Taking into consideration the relationships given vby eq. (11) P /\ :

and the geometry of the lattice under consideration, eg. (14) ~
. : ) ; , a
[} s
can be expressed as: ~ , A
. . T - - ' - , R
SR . ol e wrtr D pl o
B-__,(r)&_ + B-H_(r) 12 be’, Me '+ /o & S
' o W R T DI = o &
-K ‘\~°‘(b . , s v ,«" ‘ie :
. , . ... . v - B Sl ey kY ‘;i
. alatel : i 5 t RIS R RSt
(Bra)e7 _1), p. o SR ¢ &) AV s
e IR 7 o e Sl

{};;’x, Wt
% mi*‘;g-‘;kfr\'
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- . .

, , N !

- . - , . i

. ‘ et ' " col" N !
S ”"Ff.(%‘)"{} *(:r’ff)e el o e

. \é ' + ) . )
TR . "The ég&f.ficioncs'entering inte equations (iS) and (16) are: i .
’ — b » The arbitrarily chc;u&n oonstant as in eq. (9) - / S
’ ' ‘ el = Dependence \factorau calculated from eq. (10) ,
e ) /‘JM = Number of unlike neighbours for the lattice under study
‘r . " Radius of tﬁe cation ' o \\ ‘ | )
_— L . ¥_ = Badius of the saton o o
_\\\ ' r = Nearest mighbéur dietance - ' o . v
S >« Empirically determined constmt = . - - -
' a' " Distance batween like nc_;,‘gtmm:s5 of | ' {/'5
. N Diatmce batween mlike nctghbouu ‘ u
| ‘ ' | tho lattice in question : ' - . -

: e! + ¢'i, = r.ct%\u deternined by eq. (7) ' .
.}.., Ry Yy eq |
o M' = Number of like noi;hbom for the lattice undet study

’, : J - Difference between the lomic fadii, T, and r_.‘ o

o . . .

' The foregoing stalysis has rcc\ilud in i'clatipuhips -

which can be used to calculate the various fom of the nryntcl
energy, taking into cm:l.untm the mtouzouc to:cu. 'rh- S
S uum.d energy then “is vead to calculate. the thoont:lul AR - Kt
| pmmtc of tmiti.cq ut which tht .‘lov and bi;h pmam, uodi-n -




~
.
'
N
v

/ ) | U,-TS,+PV, = U,-IS,+PV, .. an

<

' ' ' “e e - '

.where the subscript 1 denotes the low pressure phase and 2
the high pressure ome. By neglecting the temperature te;.ms,
as sug'geét;ed by R. Jacobs '(11) and substituting U with the
lattice energies Elﬁ) and Ezl(r) respectively, equa::l.on ‘(17)

g f can be solved for the equilibrium pressure P, or:

Pz Ez(r)"El(l') (18) .

Vl - Vz , ‘ .
Y . N . . ’ * . ‘ - -
. where vy and vz are the molecular volumes at the two phases.

®

The same procedure, as outlined above. is followed
. ‘ for the calculation of the enargiea at boy:h the low and high

) pressure \phases not:ing that some mmerical values of the vhiom

e

: coefficients mt be changed. This is due to the transfomdon

’ of J.att:ice structure. Thus the alkali W&u for exuple,.

v

exist in two cubic crystal forms: At the Iowe;'ptunureo they

'nhibu the sodium chloride (Nacl) form (faea-centernd ‘euble)

<

vhereas at the higher 9mauru, the Cuiun chloride ((:ﬂa) fm

M ,‘

.,(body-cenurcd cubic) 'nuu crysul stmcturu u’c nholm Iw
1'13. 2-2 (lhnd (b)rénpactivcly.

1

, N . Y . « .
Ca a2 AP tu‘.».

L. “‘.nea urcnty cbtlci'ziudd

i
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sphalerite (ZnS) form (cubic iinc blende) ‘at the lower pressures
and that of cinnabarn(ﬂgs) form (hex;agonal'. type) at the higher
pressures. These structure forms are shown in Fig. 2-3 (a) and (b)
respectively. Actually, the cinnabar lattice may be regarded as

a strongly distorted sodium chloride type structure'. The molecu~

lar volumes Vl and Vz are to be regarded as thé "unit cell volume

per atom" ‘of the lattice in question, taking into consideration

5

its geometry. The derived equations for the four mentioned

types are to be found in Appendix A.

.

At the beginning of this section, it was mgntioned

that, the HgSexTe (1-x) 'compounds and their alloy; are of a

1-x
mixed bonding nature. Since this analysis is based on the iomic
charactér of bonding, which is the case of interest here for

these compounds, the degree of this partial :I.bni.c character has

to be determined. Thus, the parcent munt of ftonic character I

.

of a pugicular band be:ween atoms i and 3 w111 be given, as pro-

posed by L. Pau],ipg (21), by ‘the eqnat:lon.

.

1=t Gyx) - o . (9) ‘

\

where x, and x, are the cloct:onisatiﬂtiu, of atoms 1tud 3

respectively. The acmui mumerical vauu are to be found 1o -

‘l?able 'VIII- The - calculsted munt o£ :l.on:l.is:!.ty, then, hfthe

.’;.&‘

7 Quuntuy by whieh !n tctrab.dtai radu for urw;y:,

I

'i: en
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'n\e coupoaition of llgSe €(1- x) is taken on a pro-

porfional/bniu/of the x valuo. starting with x = 1. Thua, -

_/ -

- the result is a gradual chang‘ in co:;oaition from one compound

(ﬂgSe) through its alloys with t:elluride, to the next compound

(HgTe) . i‘he amoimt of change, now, of the radii which 91',1.'68:

n

pd
pond to the alloya is takan proportional to the original
values. The respective r+ and r radii, corresponding to the

ngSe Te (1-x) compounds and all.oyn. will be determined by the

_following methad: ‘ _ ' ’

f

?

s

then the new e value is calculated by using the eqaation,

5

¢ o1~D) _ (20)

L Nev calculated t+ radius
r,y = Origioally acceffed r' redius

.

I = Percent amount of fonicity




- 1,0,8,0.6,0.4,0.2,0
= New calculated r radius
= Originally accepted r radius

= Percent amount of ionicity

Ar 43 = Se neavest unlike nefghbour distance - Te nesrest

unlike geighbdur d!:atance

0

Similarly, the nearest neighbour di,ét:ance T as

determined by the lattica geomstry, will be proportionally
increased by Fhe respective percent anount as one proceeds

from HgSe to ag're. This new valus of r. for uch of the alloys,

will be calculated from the equation:
2 \

r, =t % |(1-x)100 Ar

r, = New valua of the nearest nﬁis!_:bo;:g distance
r, = Originally accaghd value of nesrast neig. st
x -~ 1 0.8[1.6.0.4.0.2,0 " ‘ :

”
"

Ar = HgTe numc neighbour distance - . Hgle mm.t

\

nciahbour digtaunce

. The numerical valuu for tlu shove qmucul ttt -hwa hs

)

‘Table V. The "proporttonn éluuu cppruéh u kept t.bmut
ulcuueim of t!u nol.cuht wlmu L wnil, by ‘
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3.

METHODS \ - T '
High 'Pressure’ Apparatus — General , : ,

\3.1

. sample under investigation, ‘a fluid mixture of n-pentane -

The measurements made during the present investiga- .~

tion were mainly directed towards obtaining data for determining

.the kinetics of the phase t?anaitions and the "volume of actiw'ra-

tion" for the various HgSexTe (1-x) compoimaa and their alloys.

-

L . The -apparatus layout for carrying out these measure-
ments is as shown in Fig. 3-2, A hydraulic system, which is

acf:ivated by a low préssure pump, was used to generate the re-
quired high pr;aasure. This is essentially. achieved By a piston

moving into a cylinder containing the samplé under study. In

“order to achieve an equally distributed pressure on the solid

1eopentane (:I.n equal parts of 501 by VOIume) was used go that,

a- hydrostatic environment is created , megning that ,no shearing
components of the present ,fo'rces are applied to the aolid sample.
The cylinder i‘a' made of three different iayers of eepecially .
treated ;tagl -go that, it can withstand, from the elastic iinit )

point of view, the pressures genefated within it. - A diagrmtic

'

representition of th:ls apparatus is shown in rig. 3—2. - The piston‘

used 1is ude also of steal and a set of rings -ia usad for mur-

ing no-leakage of the ﬂn:l.d cont.ain-d in the cylinder. m

atungunnt is ohom in ?13‘ 3-3 (u} N

v
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"Fig. 31 Block diagram of the sxperimental set up
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3.2 High-Pressure Meaaurement:a ,
-
B The generated high pteasure is meaeured through the

" - [

variation of che Tesistance ofba manganin coil s'ince its re-~ .

o - .

sistivity ;anreés"ea linearly with pressure. The electrical leaggf'

: e . N

.required for the monitoring of the resistance variation of the <
W .

samples, are fed through the "sample-holder” arrangement as |

shown in Fig. 3%4. This arrangement, again, must ensure no

leakage of the cylinder content. This is achieved by ixsing a

Fig. 3-3 (b) .

The resistance change of a sample being connect:e:d to

a censtant current aoutce,.was mnitored on ‘a strip char;_ireﬁi:dét
- 1 ot g‘*&-
rmning at conatant speed. Sin:llarly, on the same recorder, ;_th?g
2 o
prea?ure change, through an electrical bridge, was mnitneﬁa&.« ’1‘;\5
-5, 0‘ ﬁ

uuplea used were provide‘d by the Micro electronica labomltory pf‘ %

SGWU. The expentmenta \Set p i¥ as shown in fig. -

. - < The change of the elactrical resistance é the sainplb‘

<

as a function of \5:Lna at constant pressure and temperature, is

‘used to determine the kinetics of the transition. Similarly, the

. rate of the :;eeiatmce change, as a function of preaaure, at

. . o . o

° iy '\l
conatant _temperature, was used to determifie the "volume of

.

activqt:lon"'.-‘
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N 3.3 Calculation of the Trangition Pressure : '

" ‘ The calculation of t@e theoretical transition

pressures is based on the equa&}ons developed in Part I,

subsection 2.3. With the aid of a developed computer program

(see Appendix B) writtenﬂin BASIC computer time sﬂ;ring language,
< the iattice edergies ana th; éﬁlecular volumes were caléuiated

with a five d{git accuraéy. As a matter of interest, the "zone

of 1ndifference" of rubidium - chloride (RbCl) was investigated,

theoretically, by calculating th; energies, as a function of

- pressure. The computational tool used is essentially the same
program as the gbove mentioned, re-written in FORTRAN time-sharing
computer languige. Here,'double gfecision is used for the enter-

1&3 paramaters with a l4-digit accuracy in the prinied results.

+

(T




4. RESULTS — - ‘ ,

4.1 Kinetic Aspect Data . ’ K

/ The compilation of observed and calculated data

N

o . follows. All related measurements were made at room temperature. '
The lp:r:essu:::e vas kept constant at each step for as long as a

. .
change in the resistance of the sample could be recorded. Then )

-~ .

the pressure would be increased, kept conmstant, and 'ﬁhe ’ o

measurement repeated. N . .

:

. ' As a typlcal example, Figs. 4~1 and 4~2 indicate the

variation of Qe';ogarithm of the resistance of HgSeo 8Teb 23
’ L) l}i

and HgSe Teo 4 're'spectively, as a function of time. Taking

0.6
the slope of these curves then, one obtains the logarithm of

the rate of the resistance change as a function of pressure, as
shown in Fig. 4-3.  As it can be seen from these graphs, there.-
is a linear dependence between the measuriegi variables. This

suggests a first order type kinetics for%ti}e alloys under study.

’

o ’ , .
o «

: . 4 S _Jurthermore, the "volume of activagion" is calculated

: i for ‘the same ‘ys » utilizing the equation derived by Polanyi - (14)

¢

- . (%Flg'k')m - _Airv'

Substituetng for k SAR and for R=1.967 cal deg™! mole ) ‘and T = 300% |
the above equation can be written as:’ |

. .

. —- ot R

* s e - olpon, Bl . @3
e L Ar L

- Equation (23) ie uséd:.in'tlie caleulations, The
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4.2 .Calculated Transitions Presaures anali Halides)

As it i¢ mentioned in theh_pzenioua, sect{on, thesé
calculations were carried out using a conut:er program, In
order to test its correctness along with its accuracy, a re-
production of the results obtained by Jacobs (l‘l)kfo'r the

. alkali halides was attempted.
\ '
The flow chart together with the program listing (jn

BASIC computer tine-abaz!l.ng language) are shown in the Appendix
B, Fig. B-1 and B-2 respectively. ' Table IX is a typical print-
out of the calculated lattice energies, volumes and the corres-

., ponding theoretical tr;nlition pressure, for the low and high

pressure phases as a function of the nearest neighbour 'diog;ance'.,

The values correspond to those for the mbidiua-ch;lor:lda

A (RbC1). Tnbie X/is a typidnl printout of the couio-b and repul- :
sive energy values at the transition pressure (middle row) .

Si.n%lar calculations were performed for rubjdium-iodide' (Rbl), ! o
rubidium-bromide (RbBr), Potassium-chloride (KC1), p’ocm}/s)hmf
lodide (KI) and Potassium-Bromide (KBr). The resu’l/t;;re in -
excellent agrenent-;ith those obtained by Jacobs, as it can 'be
seen in tables II and III. Figs.. 4~4 aud 4~5 show the trmitio:x

_ pressure vamti.on as a function of the nearest nnighbogr d:s\tance. _
The l.:.nur dcpendueo of the tlwomiuuy c.lcuhtcit&uiuon
pressura ot lbm. as a tuncuon ot th« numt mixbbour d:lnpu

‘4s showm in H.l.\ 4~6'
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. c
.

' main program in order to examine the "zone of indiffezeuéé".
] - L0 , e, _
' " .The listing of the program, written in FORTRAN, is as shown

' in Fig. B-4 vhereas Table XI is a typical printout of the
X

l ' 3

: - pressure and enetgy\%alues at the low and high pressure phases.

[

. : Plottiﬁg these values, with'g 6-digit accuracy, one observes

i ,
v . in Fig. 4-7 that, the two phases cross at one point only.
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,6.'3 -.€aleulated Transition Pressures - Mercury Chalcogenides
Haviné verified that the developed mathematical

tool is reliable, it was further used to calculate the
theoretical pressures of Hgs;x're u_x)flcompounds and their

alloys. Some . modifications were nécessary to account for

'

the difference in the nature of mercury chalcogenides as com—

P

pared to alkall halides. The actual program, then, used is
shown in the listing of Fig. C-1. The calculated pressures,

alogg wfth ‘the energy, molecular volumes.dnd their difference for

each phase are shown in Tables IV - VI . These values are
cqléulaﬁed as a function of the nearest neighbour distance r

for each of the compounds and their alloys, assumed to behave

'
L)

in a linear manner, This linear relationship is provem, as it

_can be seen-in the printouts.

4 .
s

¢
{

{
‘Coulomb and repulsive energy values are as indicated in Tables

Furthermore and, for discussion purposes, the

XV & XVII for.each of the KgSchézl*x)‘compomds and their
alloys. These results are summarirzed in the Tables IV, V and

VI. The significance of some of the parameters shown therein

[

- will be discussed in the next section.. ’

r

< Rl

. Fig..4~8 depicts thc theougically cllculated

)

ptu-uu as a funLtion of the nuru: neighbour dhcancc r.

_ The obumd preuuus. as dotc:lincil by B.. Lanbos at’ al (12),




‘ TABLE IV
CALCULATED TRANSITION PARAMETERS IN MERCURY CHALCOGENIDES
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TABLE V1

Linear )
f(cal’cf) f(exp) Ap a' a' A a'
Ap | |
(Z)‘ (10"8cm) (lo;scn) (10',°c-) calc exp (calc~exp)
0 0.596 0.596 0.0 1.560 | 1.56° 0.000
20 0.584 0.566 0.018 |1.55 | 1.55 -0.004
40 0.573 0.547 0.026 |1.548 | 1.54 0.008
60 0,562 " 0.538 0.026 |1.562 | 1.54 0.002
80 0.551 0:539 0.032 1,536 1.53 .0.006
100 0.540 0.540 0.0 1.530 |31.53 0.
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5. DISCUSSION AND CONCLUSION

| 5.1 Disctmsion of Results . . a E -
L ' . . The data related to the resistanhce- vax:iation of the

alloys wmder study, as a function of time,‘ provide'a' means of

i

i ‘ . . 'dgtermining the k'i.m’.zti.cs'of~ the ‘transitione occuring in each
| of the alloys aeparate}y; By assumihg that, the t:rénaformed
‘ ) po’i"Eio_n of the alloy into the high’} pre"ssure phase, is propor- ) o
i . . . ti/onal‘ to its resiatance variations. the relationship of the loglithm

»

of the ra.te of change of the resiatanoe as a function of preeeure

proved ta be linea.r From the kinetics point of view, this obeys

the l1st order 1av and, therefore, it is oonoluded that the . . K
‘éransitir.ma- axe of the first order type. 'Other factors influencing “~

the rate of the transition could be the oha.nge of the dimensions. of ,——*“a
the crystal under pressure, temperature, etc. so that when the *°\

two phases are in contact,. a more accurate behaviour of the re-

’

sistance of the material can be predicted. . However, these para- |

meters are quite‘difficult:’to measure on a continuous basis, i.e. v

dhfinfg the transitions,and techniques need to be developed. A . T

.more comﬁletg understanding of the mechanism of the transition .

could then be achieved. oo B - B “

Furthemore - from the obt:ained duta, the ' "volune o,f
- activation" is detarm:lncd for each ot the alloyu. ’I‘b.is quanti,t:y
‘ aet:ually baing a cowo-ice functiou, as suggeated by mmann (16),

AR



- | -

One observes that the trend, based on the numerical values

‘obtained, is of the same direction, that is increasing.

< .

) ' ' In examining the zone of indifference, as shown in

Fig. 4-7 one observes that for this particular case of RbCl,

and at least from the theoretical point of view, there is no

.

zone of indifference and the trana‘{i\:ion to the high preéssure ‘
’ 1 .

modification should proceed smoothly.

The dependence of the theoretically ﬁalculated

&

_pressures on‘the nearest neighbour distance, in the mercury ’

v 3

chalcogenides, is of an opposite nature when compared with that "
of ttge alkali halides. Although both are linear, with respect
to (1/r), the pressure is decréasing as the (1/r) ‘decreases in
case of the alkali halides, whereas in the mercury chalcogenides

the pressure is increasing as the (1/r) decreases.

®

3

Having observed that the influence on the total .

‘
. .

energy and the magnitude of the van der Waals forces in the '

alkaﬁ halides vas quite negli.gible, 1t vas decided to omit these
from the subsequent calculations on the HgSg Te (1 )’ As it can
/ be seen from the obtained results, the attractive force (coulomb
term) is pri'mar:lly_ dan:{naéiﬁg witﬁ the tépuisi?e 't)ern decaying

rnpidfly in an expopential u_n’nner. '(‘s'ee‘ equation 8). ) .

.
+

‘ In caiculiu:ing the 'repu’l’slve energ;'r terms :I.t..ims ‘1 ,

: ,nentionad thnt, ‘the const:ant f h empcrimtany ad:[usted, m@
- ".:hnpuu thnt mchox exiqt:tng variable «should bu ulectad as a
; '.~u£¢tm;a qu that thu valuc ot)! twml- u’

.

7«:: bc“hd;lui:ed g
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3
+

Thus, in the cue'of the halides: for exampie; thg“value of} is :
experimentally adjusted towards the calculated radii, r+ and * .

"

‘In our study, since the; 'experimental‘ values of the transition . .-
. e .
pressures are available, that is P = 9kb for Hgfe, and P = 15°'kb
for HgTe, the value ﬁof the corresponding P is} dete;.:mined- ane

the ‘theoretical values are.normalized to the two experimental ones
(by adjusting the f through the iter'e}tiox; process) . By taking L
‘into consideration the assumed linearity oi:: the nearest -neighbour
dia&ce and the p for the alloys ,‘5 the wregpective values of f are shown
in Ta}:le VI Minor adjustment of P is necesesry because the re-—
puilsive term :I.a very sensitive to it, althoué: it is smalllge; than the
coulomb term, with the latter dominating. The (1/r) ‘linear
dependence then, of the transition pressure, is as expected,

&

since it is a linear functién of the alloy composition.

I3




Conclusion

The kinetics of the pressure induced \solid solid

A
phase transitions of the mercury chalcogenides, HgSexTe(l_x)

'
i

!compounds and alloys, was mveétigat:ed by the method of the,,

resistance variation. It is deterniried to be of the 1st order

type.

ctivation for the HgSe Te (1=x)

compounds has been calculated with the results indicating an
4

iq_cieaaing trend, from the lower to the higher transition

pressures of the same alloys.
. ‘ ' A
A theoretical investigation of the '"zone of indifference"
was attempted, for the RbCl. The low and high pressure energy 4
curves intersect at one point only suggesting .no such zone existiné.

-

Further developmenta in the exiating hi'gh pressure

t.echniques ‘could facilitate more detailed and therefore more -

accurate study of the phenomena asaocia d with the mechaniems

o’f ‘the polynorphic ttansfotnat:lonn_.

’l‘he emphasis of the analys 8 being on the ionic
character of bonding Qf BgS¢ Te (1-x) compounds and l:heir alloyc, -

the amonnt of :I.onicity is explicitly detemined ‘This pcrnits

]
~ ‘.

a more accnr&:a conput:ation of the latti.ce cnets:lu at t:he law' '

a\d high prouuxe phues.

B

=




I'd ’

’ ’ ' . In analyzing the energy terms, 19 is concldﬁed
that, the Coulomb. term, representing the attractive force, 1is "o,

, . - of primary importance dominating over the repulsive energy term.

. ’

In addition, the detailed computétion of the latter .

indfcated that, it is extremely dependent on the walue of the

normalizing variable p. ’ ‘

Finally, in the present work, the theoretical trhnsit:lo;z

[y ”

pressurés- for these compounds and their alloys, ‘wefe determined,

£y

. . ~ \
being in good agreement with those experimentally found. It has

also been shown that the dependence’ of the ptéasure induced .

.

phase transitions on the neai'est neighbour distancé, is linear.

'
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: APPENDIX A
f' ! - ‘P
»i i ) ; N . i
CALCULATIONS . ' S

. .
- 'a‘ . ; ) i .

. JIn order to calculate the theoret:lcal presaure as given by

\equation (18), the volumes at the low pressure and high pressute modifi-
. {
- cation must be determined. . : Toe

¢

I , 1. Unit Cell Volume Alkali Halides

At the low press'ure m;)dificat:lon‘, the lattice is of the sodium

. | ' chloride (NaCl) type, Fig. 2-2(a)and the voltme of the wnit cell e

will be given by: : .

Vl - '33 with a = 2r and © r = nearest neight;qur distance *

Since there are 4 Na atoms and 4 Cl gfoms in.the 'un.it:‘ce‘ll, . ’

o the volume per Na or Cl atom will be: _
. 3 : . .
‘ i V. a 3 ’ :
. . l]=-— = 2r . @
‘ L At the high pressure modification, the lattice is of the cesium
T e chloride (CsCl) ‘type,.Fig. 2-2(b)and the volpiné of the unit cell ) S

~ ¢ <

.. will be given by: . . . -

{( \ A . s B smce t:herg is 1 Cl atom and 1 Cq atom 1u the unit cell,
) [ N A j‘-, ’ \"'—-"‘\ 8 ' V!

thé volune per Cs or-Cl aton wu.l be:
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a v
2, ¢! {actot - Mercury Chnlcognn:ldn’ o o r ,
o - . & — . ' _ ‘ ‘ K
'. ) _The ‘determination of the ¢’ 14 factor as pef equations (10) and. C
‘ ‘ (11) is as follows: : ' | , S
e We haye that S Co "' ‘ o
) . — Hg: closed lheli (5325;;65d]'n)6:|z ‘
- ' ‘ ¢ ‘ b -
o Se: 1;2)2.’l22136)352 6 )lu2 “ e '
. . Te: 132)2022156,)332,31:63«'110)4324p64d10)50 4
o : }('1«‘“ . .

h &

and the valence shells are as follows:

HgSe: 5024p6 . HgTes ‘5@2515‘6 -

- S ; ¢ S 142/1842/18_ 1+2/9~_ 1.222
. +7't 14+2/i8-32/8 1 +1]9

I - et .
vy - &, - » . c"_ - 1 - 2 8 2 8 1~"' 05"‘ S
N AR | LT ,""""L'é'o. i gt -0

° LY

A ' . ) . - ;
Y . ) .

.The. required c' 19 mton then will be of the same mmnr:lul.

T+ value for both BzSn cnd HgTe -sincs the outnr ahollt . and p

e ' have the .Same nunbn of al.ctronl. as. j-ndielgod lhm

. v ¢ (4 — ¢
. . Tihues, o C
" [ . -, . . . .,




—"63. -

- ‘ 3.7 unit Cél'.llVolu:ne; .'- Mercury Q\alc;genidgs . ’ ‘ (, / ,
) . ‘ The~‘calculat:§,-én of the volumes at ti-xe tv;o phases 1s as' follows: ‘ o
) } . At the low ;r;esuré modification, the lattice is of the sphal;!'ﬁte ', "
] ) E - (ZnS) struz:*ure type, ’Fig. 2-‘-31(31 cIts parameters’, for l-igSe and
- ’ ' . HgTe have bgen determineci by Mariano and jWAarekois (20‘) using o ,
0 ( ' X-ray- techfxi«iue. They are as shown in Table VII. The volume
s ‘ of the un:{t cell will be given by: - ‘ “ -
L el sy '
- , o 'A vSaihcé’ ttlxlere“’ are 4 atoms in't'h; unit cell, I | ’ : . :
. g e : tﬁe ,?:rollﬁm/e ;;er atom will be: ) , "‘ ..
. v
/ : . | : ) - a . . .
oL S R -2-‘3-'- %fi" .g’:f = (3.079 r? _ (28) '
| ' L the high pressure n:;o;iification, tttxevfla:':tic'e ‘;Ls of the t;exa- Co-
. , . gonal cinnabar (HQS) étrucgure typey Fig‘. 2,'-;3'(b) . The volume of )
the unit cell will be g:tven by: ” 2 T :
. v, . EE_\@E_ | .Wher‘f :ﬁ,c j:he lattice pa;'am;:e%s ‘y
. -2 - shown in table r\.‘fII. c i
‘ ' S — Loy

nce there are 3 atoms in the unit cell 5 the iroiumq/atom.

‘

en will be given by: ' g
Y o ST

.'ver.a_..S.[:'.’.» ’
el 6 oot )
.. o A
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f . d .
.

By tal'dng into consideration the coordination of the atoms in ©

- <

. 'the unit Geli, the distances between like and unlike or, nearest,’

¢

I3

neighbours can be easily be determ;.ne'}i. Refer to Fig. A-1. ’ .

The atoms witéin t;ixe unit cell, as shown in Fig. A-2, form a

spfral chairJ . ’ .

- . -

' The necessary data are summarized in tabJ:e v_n. :

’ :

. . [ -
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TABLE VII i . ’
LATTIGE PARAMETERS OF THE SPHALERITE AND cxkngnAR STRUCTURES Lo
‘ A LOW PRESSURE | HIGH PRESSURE
CRYSTAL ’ .
* . |.  PARAMETER MODLFICATION | MODIFICATION '
STRUCTURE
%) HgSe - HgTe |HgSe  HgTe ,
a 6,09  6.44 _ ,
M Nearest Nelghbour 2.63 2,80
§ Distance, ‘ ' i
& Like Neighbour "a'/ﬁ a2 v N |
' ’ Distance o ' ';
T 4.32 ' 4.46 S
el 3 9.68 * 9.17 -
, g Nearest Neiéhbopr ’ ' . 1463 2 .44
E;i - Distance ] . " |
© ' Like Neighbour _ 379 3.73 _ '
Lo i D;sianjee ' ' ‘ & g ‘;




Y ‘ " 4. Ionic Character - Mercury uulcogo_n_i_._dco ‘ T ' -

. ’ .+ . The “1°“1‘t10n¢"0£ t:he iou:lc charactor of the bond, : ; : .
( ,ausse-ted by I-- Paul:lnz (21), 1is givou by the equation:. - L el
' N . L “‘1 %) @ g9, .
- J ) ) . . e, . et ‘ -
o~ . ) where: ) , ] A . ) .
- . " . o "_xi.- electronegativity of Bg+‘ ' S . _’ e
. o . ,‘ ) ) K ) ° ‘ p ) -
- , . L x, = electronegativity of Se or Te : o

. 2 . [}

|
|

¥ o

- ‘The electronegativity values for the compounds HgSe and HgTe,
o _can be calculated by taking :I.nto cono:ldcration the electronega- " I
‘ tivities of their elemto. 'l’he latter have been calcalated by

. L. Paul:l.ng (21). The difference. then,in electronegauivity as’ .

required by equation (19) w:lll deternine the amount of ;he . -
. - partial ienic character of tbe bonds. The assumed anouot of %
RS ionic’ chaucter of the bonds in their hlloyo,A‘is “taken to be . e
W proportional to the two co-pomd nlueo.‘ 'l.‘hz ,reoulﬁs'are o

'sumarized in the Table VIIL. « .~ L T
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ELECTRONEGATIVITY

TABLE VIII
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Description ‘ . - X
b The calculation’ of the -equations ‘involved in'determining the . - - - -

.

theoretical transition pressure P, ‘was performed on a digital computer,i .
N . ¢ . 0 LI ‘ ‘
The main “program,’as is shown in Fig. B-2,is written in the

‘time~aﬁarihé BASIc;computer language. This allows for maximum flexibility ' s

. K1

when in the conyérsational mode.

v
‘ o B -
. '

! s

o This main program was used td reproduce the tresults obtained

-

by R. Jacobs (11) for the case of the'alkali halides. In additioﬁ, for ;

. y .

the investigation of thh;kon%. of iﬁdifggrence“ (on: a theoretical ~
. » l\‘_/ .. . _

basis) minor modifications of this program were required. The modified. '

program is as shown in Fig. B-4. This modified program is writtem in
o . ! ‘ 9 . .
time-sharing FQRTRAN computer language, since an extended digital wvalue,

3

\\

for the lattice enefgies, was required. The results are as shown in

. . h W . . . ‘
Table x{. Thé'flow charts’ for these two programs are shown in Fig. B-1

L . a




INITEALIZE
CYCLE (R)

_ READ
_\_EauaTiONS’
ot | PARAMETERS

PRESSURE
MODIFICATION?

[
"

CALCULATE
COULOMB TERMS
M1, M2)
VAN DER WAALS
TERMS
.101, N1,.02, §2)

-
.

. +

CALCULATE
REPULSIVE BNENGY
TERMS (21,221 . |

.N
)




.+ CALCULATE"
.~ TOTAL ENERGY .
3 61, .

CALCULATE |
. ot c&wm.unmm
.. Civi,va)

. DETERMINE
EQUILIBRIUM
PRESSURE P

”

h

_ "Fig..B-1 (Cont'd) Flawohart for vasin program
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o TABLE IX Calculation of tho theoretical tummon pN,uum of RbCl .

N {cm)
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240 190 0=
249 B)raslin
PEARBAN L ETE]
‘d ¢ti1) Xia=y4
. 244207 ae=0d
244 ")”Ue‘(”
2.84000e-04
Q4d2I0e~0H
2.49) We-04
2.4 1000e (A
2 49 )00R <04
2.39200a~(}4
2.90303e-03
2 W 1I0Ue=04
¢.¥200e~09
2,730 0,204
29 4000n~1)4
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2 ) IOQ'JQ-UA
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LIRS PN LN
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The calculation of the t‘neoret.ical transition pressures of ’

- . " - ‘.o ‘ Y
the mercury chalqogenides was based on the program developed for the -

» - .t

the alkali halides, as shown"in Appendix B. : : : > .

i 5" '; . N ’ <AL ., ¢

| ‘ : L ‘
The main program, with “the necessary modifications, was here ) : .

¢ - . .

» ra & ¢ 4 - .
used, The modifications are necessary to account ‘for the difference in .

' ‘

.

\
nature of the mercury chalcogenides as compated to the alkali halides. : \

«
7/ - . ¢
o

: ’l‘he program is shown in Fig. C-1. T c . S ’ . - \

. . ST ’ Y 4 ol e T
- ¢ . \ " .

5 I8 . .

.~  The theotetically calculated transition presaures, for the . " N |

’HSS?— Te(i x) compoundg and their 811°YB are mn in the computer print-

. B

outs in the Tables .XII. - IXIV. ‘The num'erical‘ values ‘co‘rxeei:onding to o
théde pressures are those of thé middle row for each case. . e
A ’ . L ’ | . ‘ ": ' ” - - s i ‘ ,
" The dominance of the Coulomb ‘energy'term over the repulsive - . S

s . .

energy term is “evident from the values obtained for l;oth the m presaure ) -
Y .

phase (first two colum:ia) and the high pressure phase modifications (next

two co],gnms). .Tﬁepe values are as in _the 'gables. XV - XVII. - T S5
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