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t . Introduction

F rá r l v  f o r ce -cons tan t  mode l s  o f  g raph i t e  [ 1 , 21

assumed that  lat t ice v ibrat ions paral le l  and

perpendicular  to the basal  p lane are independent,

and,  a l though such decoupl ing is  computat ionaLly

convenient  for  the calculat ion of  some crystal

propert ies,  these models havé only a l imi ted

appl icat ion.  They descr ibe a lat t ice ! ' ¡h ich is  un-

s tab le ,  s i nce  t he  shea r  modu lus  C ,  i s  ze ro ,  and

are inappropr iate for  defect-struéEure calculat ions

fo r  exa rnp le .  Thus ,  i n  an  ea r l i e r  s t udy  [ 3 ,4 ¡  n ¡h i ch

used the method of  Lat t ice stat ics to obtain the

atomic displacements around a vacancy'  r ¡ re $tere

réstr ic téd to a two-dimeirs i -onal  model  of  a layer.

The purpose of  the present hrork was to develop

a stable,  three-dimensional  model  so that  fur ther

defect  calculat ions can be made. We required the

model  to predict  the exper imental  e last ic  constants

and give a good f i t  to the avai lable phonon-

d i spe rs i on  da ta  [ 5 ] .  I n  ea r l i e r  deve lopmen ts  o f

three-dimensional  models to f i t  th is data,

N i ck l ow  e t  a I .  [ 5 ]  an¿  Man i  and  naman l  [ 6 ]
determined force constants based on pair -wise

interact ions and valence constants respect ively.

I n  bo th  se t s ,  a  non -ze ro  va lue  o f  C / ¡  was  ass i gned ,

but ,  for  these models,  th is has the'éonsequence of

requir ing an external  pressure to be imposed to

maintaj -n equi l ibr ium, and thus Coo rvould become

zero under the appl icat ion of  st réss-f ree equi l i -

br ium. The model  used here avoids th is d i f f icul ty-

2.  The Model  and Force Constants

A fu l l  d iscussion of  the problems involved in

f i t t ing the constants involved in interact ions

between up to third neighbours in a plane and up to

second neighbours on adjacent  p lanes is  the subject

of  a for thcoming paper [Z] .  
'We give there the

relat ions which must be obeyed for  st ress-f ree

equi l ibr ium, and,  in addi t ion,  i - t  is  noted that

s i nce  t he  Cauchy  re l a t i on  C . r . =C¿a  i s  no t  sa t i s f i ed

by the elast ic  constants,  at ' leáÉt one three-body

interact ion between adjacent layers is  required.

The avai lable exper imental  data are insuf f ic ient  to

enable the constants of  the most-general  model  to

be determined.,  and i t  is  necessary to set  some

constants to zero and to l imi t  by physical

reasoning the range of  values of  others.  Ful I

de ta i l s  a re  g i ven  i n  fZ l ,  and  i t  i s  su f f i c i en t  t o

nerely present here values for  the model  which was

f inal ly  found to best  meet the requirements out-

l i ned  i n  sec t i on  I .

Some constants were those which can be

considered to ar ise f rom a pair -wise'  interatomic

potent ia l  funct ion V (r )  ,  and others \^ tere of  the

va lence  t ype .  The  f o rmer  g i ve  r i se  t o  f o r ces  on

atoms which are ei ther paral le l  or  perpendicular

to the l ine jo in ing two atom cenLresr and are

given by

respect ively,  where r-  is  the perfect- Iat t ice

spacing between nth n 'darest  neighbours-  For the

m o d e l  c o n s i d e r e d  h e r e ,  n  =  1 , 2 , 3 , 4 r 5 ,  a s  s h o w n

schemat ical ly  in Fig. I ,  where the atoms neighbour ing

the atom at  the or ig in (atom O) are label led I  to 5.

We have assumed that the Sth-neighbour interaction

between, say,  atoms O and 5 is  the same as that

between atoms I  and 5.  fn addi t ion to these lO

parameters,  three valence constants were used. They

are (a)  an interplanar constant  I  g iv ing energy

changes due to changes in angle d shown in Fig. l  as

t  I  r l  
" in46 

(¡6)2¡  (b)  an in-plane,  adjacent-bond-

angle constant  u,  as used in ear l ier ,  s i tnple models

I t ,Z l ,  and (c)  an in-plane,  adjacent-bond-Length

cons tan t  v ,  equ i va len t  t o  k *  used  i n  [ 61 .

The values found for these various parameters

are gi -ven in Table l -  in  uni ts of  Nm-r.  As dj -scussed

in [Zl ,  they can be expressed in terms of  the more

convent ional  force-constant  matr ix  for  interact ions

between nth neighbours, which has the form
( r e f e r r e d  t o  i , ,  i ^ ,  i . )  :' L ' ¿ ' 5

The numerical  values ( in l ¡m-])  of  the remaining

constants are given in Table 2,  as are those

calculated f rom the constants g iven by Nicklow et

a f .  [ 5 ]  and  l { an i  and  naman i  [ 6 ] .

3 .  D i s c u s s i o n

The elast ic  constants ( in lo lot¡m-z)  g iven by the

new model are compared with experirental values and

those  ob ta i ned  i n  f s l  ana  [ 0 ]  i n  Tab le  3 .  The

predicted dispersion curves along the l -A-A and f - I -M

axes cf  the zone are shown in Fig.2.  I t  can be seen

that  the new model  g ives an excel lent  f i t  to the

exper imental  data,  and,  fur thermore'  i t  descr ibes a

Iat t ice in st ress-f ree equi l ibr ium. The lat ter

condi t ion was not  met in the models of  Nicklow et  a l '

[ 5 ]  ana  t { an i  and  naman i  [ 6 ] .  (Add i t i ona l

inconsistencies in the lat ter  work are discussed in

[ z  I  . l

The present model  uses a combinat ion of  pair -

rv ise and valence potent ia ls,  and th is has a dist inct

advanta-qe for  defect-structure calculat ions.  The

forces required to s imulate defects can be der ived

ve ry  eas i l y  f r om  the  f o r ce  cons tan t s ;  t hese  f o r ces

are zero in a pure valence-potent ia l  model ,  and would

have to be obtained f rom an independent calculat ion

t4 l  .  Fo r  a  s i ng le  vacancv  i n  t he  p resen t  mode l ,

o  =  a 2 v / A - 2  ^ ^ ^  n
" n * n

= r-I .luldr (at r = rrr)

I  I  D  E \  where  B,  =  A , ;  D-  i s  non-zero  onry  fo r

I  ^ "  ^ t  ^n \  n=z ;  E"  and*F-  a# .  to t t - te ro  onry  fo r

l-o" 
un o 

|  "=s 
( interactiSn o-5, for example) and

\  r -  o  c . /  n=5 '  ( in te rac t ion  1-5 ,  fo r  example) ;
and F5 =E5 -
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for  example,  the force act ing on the nth nearesc-
neighbour atom in an unrelaxed posi t ion is  s imply
- r_T - .  Fo r  n= I ,  t h i s  equa l s  - 2O  eV /R .  Then , n
appl icat ion of  th is model  to the structure of
vacancy  c l us te r s  i s  i n  p rog ress .
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Table I

t r  2 3 1 . 9 5 0  * 1  2 4 7 . 1 4 6

, 2  - 3 8 . 5 3 3  ^ 2  L 2 2 . 4 4 o

t 3  o  * 3  - 1 8 . 8 3 0
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1 5  -  o . 2 5 o

Table 3
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