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Lattice dynamics of solid N2 with an ab initio 
intermolecular potential3*

9

T. Luty,b) A. van der Avoird, and R. M. Berns

In s t i tu te  o f  T heore tica l C hem istry , University  o f  N ijm egen , Toernooiveld, N ijm egen , T h e  N e th e r la n d s  

( R e c e iv e d  2 7  M a y  1980; a c c e p te d  9 J u n e  198 0 )

W e  h a v e  p e r f o r m e d  h a r m o n i c  a n d  s e l f - c o n s i s te n t  p h o n o n  l a t t i c e  d y n a m i c s  c a l c u l a t i o n s  f o r  a  a n d  y  N 2 

c r y s t a l s  u s in g  a n  i n t e r m o l e c u l a r  p o t e n t i a l  f r o m  ab  initio  c a l c u la t io n s .  T h i s  p o te n t i a l  c o n t a in s  e l e c t r o s t a t i c  

( m u l t i p o l e )  i n t e r a c t io n s ,  u p  to  a l l  R  ~ 9 t e r m s  i n c l u s iv e ,  a n i s o t r o p i c  d i s p e r s i o n  i n t e r a c t i o n s  u p  t o  a l l  R  “ 10 

t e r m s  in c lu s iv e ,  a n d  a n i s o t r o p i c  o v e r l a p  i n t e r a c t i o n s  c a u s e d  b y  c h a r g e  p e n e t r a t i o n  a n d  e x c h a n g e  b e t w e e n  

t h e  m o l e c u l e s .  T h e  l a t t i c e  c o n s t a n t s ,  c o h e s i o n  e n e r g y ,  t h e  f r e q u e n c i e s  o f  t h e  t r a n s l a t i o n a l  p h o n o n  m o d e s  

a n d  t h e  G r i i n e i s e n  p a r a m e t e r s  f o r  t h e  l i b r a t i o n a l  m o d e s  a r e  in  g o o d  a g r e e m e n t  w i t h  e x p e r i m e n t a l  v a lu e s ,  

c o n f i r m i n g  t h e  q u a l i t y  o f  t h e  p o t e n t i a l .  T h e  f r e q u e n c i e s  o f  t h e  l i b r a t i o n a l  m o d e s  a n d  t h o s e  o f  t h e  m i x e d  

m o d e s  a r e  le s s  w e l l  r e p r o d u c e d ,  e s p e c i a l l y  a t  t e m p e r a t u r e s  n e a r  t h e  a - f i  p h a s e  t r a n s i t i o n .  P r o b a b ly ,  t h e  

s e l f - c o n s i s te n t  p h o n o n  m e t h o d  u s e d  d o e s  n o t  fu l ly  a c c o u n t  f o r  t h e  a n h a r m o n i c i t y  in  t h e  l ib r a t io n s .

I. INTRODUCTION

During the past s e v e r a l  y ea rs ,  a con sid erab le  number  

of exper im en ta l and th eo retica l investigations ( se e  Ref.

1 and r e fe r e n c e s  therein) have been made of the m o le c ­

ular m otions and in term olecu lar  potentials in so lid  

nitrogen as one of the s im p le s t  m olecu lar  c r y s ta ls .  

Lattice dynam ics stu d ies  have been perform ed, m ostly  

because they are con sid ered  to be very c r it ic a l  te s ts  of 

model potentia ls , s in ce  the phonon exc ita tion s in so l id s  

are much m ore s e n s it iv e  for the d eta ils  of the in te r ­

m olecular potential than gas phase p ro p er t ie s .  All the 

potentials have been se m ie m p ir ic a l ,  i . e . ,  they have  

been based  on s im p lif ied  m od els , e sp e c ia l ly  for the 

short range fo rce s  but a lso  for the an isotrop ic  long range  

interactions, and the p a ra m eters  have been fitted to the 

experim ental data. H ere, we p resen t, for the f ir s t  

time, la ttice  dynam ics ca lcu la tion s for the ordered  low  

tem perature a  and y  phases of so lid  N2, starting  from  

an anisotropic  in term olecu lar  potential from' ab initio 

c a lc u la t io n s .2,3

One has to rem em b er  that the accuracy  by which the  

experim ental la ttice  mode freq u en cies  can be r e p r o ­

duced depends not only on the quality of the potential  

used, but a lso  (so m e t im e s  cr it ica lly )  on the method  

(approximations) em ployed to so lv e  the dynam ics of the 

crystal. T h erefore , we have applied the harm onic  

m od el,4 as w ell  as the s e l f - c o n s is t e n t  phonon p roced u re5 

which c o r r e c ts  for the e ffec ts  of anharm onicity  in the  

potential. So this work can be regarded  both as a check  

on the ca lcu la ted  N2- N 2 potential and as a te s t  of the 

approximations com m only  used  in la ttice  dynam ics  

studies of m olecu lar  c r y s ta ls .

II. METHODS AND POTENTIAL

The harm onic4 and s e l f - c o n s is t e n t  phonon5 trea tm en ts  

of the la ttice  v ibrations in m olecu lar  c r y s ta ls  have been

a v

S u p p o r t e d  i n  p a r t  b y  t h e  N e t h e r l a n d s  F o u n d a t i o n  f o r  C h e m i c a l  

R e s e a r c h  (S O N ) w i t h  f i n a n c i a l  a i d  f r o m  t h e  N e t h e r l a n d s  

O r g a n i z a t i o n  f o r  t h e  A d v a n c e m e n t  o f  P u r e  R e s e a r c h  ( Z W O ) .

b)P r e s e n t  a d d r e s s :  I n s t i t u t e  o f  O r g a n i c  a n d  P h y s i c a l  C h e m i s t r y ,  

T e c h n i c a l  U n i v e r s i t y ,  W r o c l a w ,  P o l a n d .

d escr ib ed  in detail e lse w h e r e .  B efore  so lv ing  the h a r ­

monic dynam ical equations, we have m in im ized  the 

la ttice  energy for the g iven  potential as a function of 

the la tt ice  constants , as required  th e o r e t ic a l ly .4 The 

s e l f - c o n s is te n t  phonon (SCP) method is  one way to c o r ­

r e c t  for the e ffec ts  of the anharm onicity in the potential.  

This method u se s  a harm onic m odel with e ffect ive  force  

constants that are derived  by m in im izing  the f ir s t  order  

e x p re ss io n  of the fr ee  energy for the actual potential  

em ployed . T h ese  fo rce  constants are ca lcu lated  as the  

second  d er iva tiv es  of the potential averaged  over the 

m olecu lar  d isp lacem en ts; the latter are  d escr ib ed  by 

the d isp la c e m e n t-d isp la c e m e n t  co rre la t io n  function.

Since this function depends on the la ttice  mode freq uen ­

c ie s  and e ig en v ec to rs ,  which are re la ted  to the force  

constants  v ia  the dynam ical equations, the ca lcu la tions  

have to be ca rr ied  out s e l f - c o n s is te n t ly .  The fr ee  e n ­

ergy  is  m in im ized  a lso  with r e sp e c t  to the la tt ice  c o n ­

stants (and the m olecu lar  orientations in the unit c e l l  

if th ese  are not fixed by sy m m etry , as in n itrogen).

The SCP method has been applied e a r l ie r  to a - N 2 

with a L en n a rd -J o n es  12-6  a to m -a to m  p o te n t ia l .6 Since  

th is method has been form ulated for (rare  gas) atom ic  

c r y s ta ls ,  5 which have no librational d eg re es  of freedom ,  

the authors6 have actually  so lved  the dynam ical equa ­

tions for the individual N atom s after introducing an in ­

tra m o lecu la r  N - N  force  constant. They found so m e  

deviations of the librational freq u en cies  from  e x p e r i ­

ment, how ever, which they a scr ib ed  to d e f ic ie n c ie s  in 

the in term olecu lar  potential (in particu lar , the lack  of 

quadrupole-quadrupole in teraction s) .  The SCP method  

which we have applied is  a g en er a liz a t io n 7 of the o r ig i ­

nal fo r m a lism , 5 which does exp lic it ly  include the l ib r a ­

tional m otions of the m o lecu le s ,  but a s s u m e s  (in the  

kinetic energy  e x p r e ss io n  and in the d is p la c e m e n t - d is ­

p lacem en t co rre la t io n  function) that the am plitudes of 

the librations are re la t iv e ly  s m a l l .

The angle dependent N2- N 2 potential on which our 

la tt ice  dynam ics ca lcu la tion s  are based  has b een  ob ­

tained from  ab initio c a lc u la t io n s .2,3 It includes the  

long range e le c tr o s ta t ic  (m u lt ip o le -m u lt ip o le )  in te r ­

actions (all i T 5, R ~ \  and iT 9 te r m s) ,  the d isp er s io n  

in teraction s  (all i T 6, IT 8, and R ~ {0 te r m s) ,  and the sh ort
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T A B L E  I .  A t o m - a t o m  p o t e n t i a l  f i t t e d  t o  ab i n i t i o  r e s u l t s  ( R e f .  

2 ) .  F o r c e  c e n t e r s  i  h a v e  p o s i t i o n s  +  Z { a n d  — Z { o n  t h e  N - N  

a x e s  ( d i f f e r e n t  f o r  e a c h  c o n t r i b u t i o n ,  i n  p r i n c i p l e ) .

C o n t r i b u t i o n s P a r a m e t e r s P o t e n t i a l  A P o t e n t i a l  B

E l e c t r o s t a t i c  

<71 r U

C h a r g e s 3 q + = - q „  

P o s i t i o n s * 3 Z 4, Z _  [A)

0 . 3 7 3

0 . 8 4 7 , 1 . 0 4 4

0 . 3 7 3

0 . 8 4 7 , 1 . 0 4 4

O v e r l a p  

A  e x p ( -  B7'{ j)

A  ( k j / m o l )

B  ( A " 1) 

P o s i t i o n s 13 Z 0  (A )

7 7 0  0 0 0  

4 . 0 3 7  

0 . 5 4 7

7 7 0  0 0 0  

4 . 0 3 7  

0 .  5 4 7

D i s p e r s i o n

C  v " ' '

C  ( k j A V m o l )  

P o s i t i o n s 15 Z D (A )

1 4 0 7  

0 .  5 4 7

1 5 1 1

0 . 4 7 1

a I n  u n i t  c h a r g e s  e  =  1 .  6 0 2  1 0 19 C .  

N u c l e a r  p o s i t i o n s  a r e  Z N - ±  0 . 5 4 7  A .

range (overlap) fo rce s  ar is in g  from  charge penetration  

(e lec tro sta tic  e ffec ts)  and exchange (Pauli repulsion).  

The induction (m ultipo le -ind uced  m ultipole) in teractions,  

which would lead to the la rg est  deviations from  a p a ir ­

w ise  additive in term olecu lar  p o te n t ia l ,8“ 10 are negligibly  

sm a ll  for N2. 2,3 The rem aining th r e e -m o le c u le  in te r ­

actions, in which the long range tr ip le -d ip o le  d is p e r ­

s ion  energy and the short range exchange contributions  

are the dominant te rm s , are estim ated  to be only a few  

percent of the pair en er g ie s  in the range of the van der  

Waals m in im u m .10,11

If one expands the angular dependence of our N2- N 2 

potential in sp h er ica l  harm onics d escr ib in g  the r o ta ­

tions of the individual m o lecu les  (A and B), one finds  

that the anisotropic  d isp ers io n  in teraction s are im p o r ­

tant up to La = Lb — 2 inc lu sive , while the e lec tro s ta t ic  

and overlap  contributions have to be taken up to LA =  LB 

=  4 in c lu s iv e .2,3 For com parison , the m ost ex ten sive  

and probably the b est  em p ir ica l  potentia l1 used in N2 

c r y s ta l  stud ies  only contains iso trop ic  (La = Lb = 0 )  

d isp ers io n  in teractions and quadrupole-quadrupole  

(La = L b = 2) e le c tr o s ta t ic  contributions. We have not 

used the sp h er ica l expansion of the potential in the p r e s ­

ent la ttice  dynam ics ca lcu la tions, however, but instead  

we have applied an a to m -a to m  exp -  6 -  1 potential  

with the p aram eters  fitted to the ab initio r e s u l t s .  It 

has been shown2 that, in the c a se  of N2, the a to m -a to m  

(or rather s i t e - s i t e )  model y ie ld s  a fa ir ly  good r e p r e ­

sentation  of the in term olecu lar  potential, even  in d e ­

scr ib in g  its angular dependence. It is  n e c e ssa r y  to u se  

two p osit ive  and two negative ch arges  (sym m etr ica lly )  

placed on the N - N  axis  for rep resen tin g  the e le c t r o ­

s ta tic  m ultipole in teractions and, preferably , s ligh tly  

shifted  fo rce  cen ters  for the d isp ers io n  in teractions ,  

too. The s i t e - s i t e  potentia ls with the d isp ers io n  c e n ­

t e r s  on the nucle i and with shifted  cen ter s  have been  

named potentials A and B, r e sp ec t iv e ly ;  the p aram eters  

are l is ted  in Table I (cf. Table III of Ref. 2).

The la tt ice  dynam ics ca lcu la tions have been made for  

a - N 2 a ssu m in g  the sp ace  group Pa3(T6h) ,12 including 54 

neighboring m o lec u le s  in the la ttice  su m s for the (free)  

energy  and  the force  con stan ts . Only a s in g le  la ttice

constant (a) had to be optim ized  for this cubic p h ase .

For the y  phase, which is  stable under p r e s s u r e s  above  

3 .5  kbar, the space group is  P 4 2/raww (D\l) 13 and we 

have taken 42 neighboring m o lecu les  into account; two 

la ttice  p a ra m eters  (a and c) had to be optim ized  due to 

the tetragonal sy m m etry . The SCP program  developed  

by W asiutynski7 has been adapted to these  a and y  la t ­

t ice  sy m m etr ie s ;  there are four and two m o lecu le s  per  

unit c e l l ,  r e sp e c t iv e ly .  For the ca lcu la tions under p r e s ­

su re  we have used the procedure p resc r ib e d  by Paw ley  

et  a / . 14 for the harm onic model and we have m in im ized  

the Gibbs free energy instead of the Helm holtz quantity 

in the SCP m eth o d .7

I I I .  R E S U L T S

The r e su lts  ca lcu lated  for the la ttice  constants , the c o ­

hesion  energy , and the freq uen cies  of various phonon 

m odes are  l is ted  in T ables II and III for the a and y 

p h a ses ,  r e sp e c t iv e ly ,  at zero  p r e s su r e  and 4 kbar.

They can be com pared  with the exp er im en ta l data13'15“17 

included in these ta b les . Phonon freq u en c ies  have been  

m easured  by in e la s t ic  neutron sca tter in g  in a -N 2 at 

15 K 16 and by Raman sp ectro sco p y  in y -N 2 at 4 .2  K;17 

The SCP ca lcu lations have been p erform ed  at the sam e  

tem p era tu res . We have a lso  included the r e su lt s  ob ­

tained by Raich and G il l i s 1 with their  recom m ended e m ­

p ir ica l  potential (1), but not the e a r l ie r  s e m ie m p ir ic a l  

ca lcu lations a s  th ese  w ere  ex ten s iv e ly  d isc u sse d  by the 

latter authors.

Our ca lcu lated  la ttice  constants  and coh esion  energy  

are in good agreem en t with the exp er im en ta l data.

Raich and G il l is 1 have used these  quantities, for the a 

phase , a s  fitting data for their potential, but the p r e s ­

ent ca lcu la tions  do not contain such fitting p ro ced u res ,  

s in ce  the potential i s  en tire ly  determ ined a priori .  The 

la ttice  mode freq u en cies  from  the harm onic calcu lations  

are a lw ays higher than the exper im en ta l va lues, except  

for the librational B lg mode in the y  p h a se . Potential B , 

which has a som ew hat sm a lle r  anisotropy in the d isp e r ­

s ion  in teractions (the force  c e n te r s  are  c lo se r )  than p o ­

tential A,  y ie ld s  s lightly  higher freq u en cies  in p a r t ic ­

ular for the librational (the g  m odes at the r  point in the 

B rillou in  zone and the R+ m odes at the R points) and 

m ixed (M point) m od es . T his s e e m s  contradictory, but 

it m ust be rem em b ered  that the anisotropy in the d i s ­

p ers io n  in teractions  in fact red u ces  the la rg er  anisotropy  

in the e le c tr o s ta t ic  quadrupole in te r a c t io n s .3

The SCP fo rm a lism , which we have only applied with 

potential A s in ce  it i s  very (com puter) tim e consum ing,  

co n sis ten tly  low ers  the freq u en c ies .  This can be under ­

stood, s in ce  the e ffec t ive  potential, averaged  over  the 

m olecu lar  d isp la cem en ts , is  so fter  than the bare poten ­

tial at the van der W aals m in im u m .7 T his low ering  

brings the freq u en c ies  of the translational m odes (u 

m odes at r and R ~  m odes at tf) into ex c e llen t  agreem ent  

with exp er im en t. The librational and m ixed mode f r e ­

q uencies  rem ain  substantia lly  too high, how ever, a l ­

though the anharm onic SCP co r r e c t io n s  are  a lw ays in 

the right d irection  (except for the y  phase B lg frequency  

which is  som ew hat too low a lread y). In p rin c ip le , this  

might be due to the potential s t i l l  not having the co rrec t

J. Chem. Phys., Vol. 73, No. 10, 15 November 1980
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T A B L E  I I .  a - N 2 c r y s t a l  d a t a  a t  z e r o  p r e s s u r e  a n d  T  = 1 5  K .

S e m i e m p i r i c a l P r e s e n t  c a l c u l a t i o n s

c a l c u l a t i o n s , 1 

h a r m o n i c
H a r m o n i c S C P

E x p e r i m e n t 3 p o t e n t i a l  ( 1 ) P o t e n t i a l  A P o t e n t i a l  B P o t e n t i a l  A

L a t t i c e

c o n s t a n t 5 . 6 4 4 5 . 6 4 4 c 5 . 6 4 4 5 . 6 1 1 5 . 7 9 6

a  ( Á )

L a t t i c e

e n e r g y b 6 . 9 2 6 .  9 2 c 6 . 0 0 6 . 4 3 6 . 0 5

( k j / m o l )

P h o n o n

f r e q u e n c i e s

to ( c m " 1)

r  ( 0 , 0 , 0 )

E t 3 2 . 3 3 7 . 5 4 0 . 8 4 2 . 4 3 9 . 5

T ' 3 6 . 3 4 7 . 7 5 0 . 7 5 2 . 9 4 8 . 5

5 9 . 7 7 5 . 2 7 4 . 3 7 7 . 7 7 0 . 3

Au 4 6 . 8 4 5 . 9 5 2 . 4 5 2 . 8 4 8 . 8

T u 4 8 . 4 4 7 . 7 5 2 . 0 5 2 . 6 4 8 . 4

5 4 . 0 5 4 . 0 5 7 . 6 5 8 . 9 5 3 . 5

TX U 6 9 . 4 6 9 . 5 7 7 . 5 7 8 . 8 7 2 . 0

M  (7r / a ,  i r /a ,  0 )
•

M n 2 7 . 8 2 9 . 6 3 4 . 7 3 4 . 9 3 2 . 5

M 12 3 7 .  9 4 0 . 6 4 5 . 9 4 6 . 4 4 3 . 3

M 12 4 6 . 8 5 1 . 8 5 7 . 3 5 9 . 1 5 4 . 0

^ 1 2 5 4 . 9 5 9 . 0 6 2 . 5 6 4 . 4 5 8 . 5

M 12 6 2 . 5 6 6 . 4 6 9 . 6 7 2 . 3 6 4 . 9

R  { ir /a ,  i r /a ,  7r /a )

R l
3 3 . 9 3 4 . 4 3 6 . 6 3 7 . 1 3 4 . 2

R h 3 4 . 7 3 5 . 7 3 8 . 6 3 9 . 2 3 5 . 9

R h 6 8 . 6 6 8 . 3 7 6 . 3 7 7 . 6 7 1 . 0

* 1 4 3 . 6 5 0 . 7 5 5 . 6 5 8 . 1 5 2 . 7

R n 4 7 . 2 5 7 . 8 5 8 . 3 6 1 . 0 5 5 . 7

a F r o m  R e f .  1 6 ; l a t t i c e  e n e r g y  f r o m  R e f .  1 5 .

b E x p e r i m e n t a l : h e a t  o f  s u b l i m a t i o n  a t  0  K . 15 C a l c u l a t e d : l a t t i c e  e n e r g y  a t  0  K  i n c l u d i n g

z e r o - p o i n t  m o t i o n s .

c F i t t e d  t o  e x p e r i m e n t  i n  o p t i m i z a t i o n  o f  t h e  p o t e n t i a l  p a r a m e t e r s •

T A B L E  I E .  y - N 2 c r y s t a l  d a t a  a t  4  k b a r  a n d  T  =  4  K .

S e m i e m p i r i c a l P r e s e n t  c a l c u l a t i o n s

c a l c u l a t i o n s , 1 

h a r m o n i c
H a r m o n i c S C P

E x p e r i m e n t 1 p o t e n t i a l  ( 1 ) P o t e n t i a l  A P o t e n t i a l  B P o t e n t i a l  A

L a t t i c e

c o n s t a n t s

a  ( A ) 3 . 9 5 7 3 . 9 4 0 4 . 0 5 2 4 . 0 3 2 4 . 1 0 0

c  ( Á ) 5 . 1 0 3 5 . 0 8 6 5 . 0 2 9 5-, 0 0 0 5 . 1 8 8

P h o n o n

f r e q u e n c i e s

co ( c m “ 1)

r  (0,0,0)

E i
5 5 . 0 5 0 . 5 5 7 . 9 6 0 . 1 5 6 . 5

B u 9 8 . 1 7 4 . 8 8 6 . 5 8 9 . 2 8 5 . 2

A<¿g
•  •  • 1 0 5 . 1 1 0 9 . 7 1 1 1 . 2 1 0 7 . 1

Eu
•  •  • 5 8 . 3 7 2 . 0 7 1 . 4 6 9 . 3

B \ u
•  •  • 1 0 3 . 1 1 1 0 . 3 1 1 3 . 8 1 0 7 . 4

a L a t t i c e  c o n s t a n t s  f r o m  R e f .  1 3 ;  p h o n o n  f r e q u e n c i e s  f r o m  R e f .  1 7 .
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T A B L E  I V .  G r u n e i s e n  p a r a m e t e r s  a t  8  K  f o r  

t h e  l i b r a t i o n a l  m o d e s  i n  t h e  a  a n d  y  p h a s e s  o f  

s o l i d  n i t r o g e n . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______

G r i i n e i s e n  p a r a m e t e r s

S C P  c a l c u l a t i o n s ,

M o d e E x p e r i m e n t * p o t e n t i a l  A

1 . 9 5 2 . 0 0

a - N 2 T  1 s 1 . 6 3 1 . 9 0

T  1 s 1 . 6 8 1 . 6 8

2 . 3 2 . 2 8
y - N 2

í

B u 2 . 3 2 . 0 2

F o r  0 ' - N 2 f r o m  R e f .  1 8 ;  f o r  y - N 2 f r o m  R e f .  1 7

anisotropy, but it has been argued b e fo r e1 that, i r r e ­

sp ectiv e  of the p r e c is e  potential used, the librational  

m odes requ ire larger  anharmonic co r re c t io n s  than the 

translational ones (this is  re lated  to their  la rg er  r e la ­

tive am plitudes). The SCP method, e sp e c ia l ly  the v e r ­

s ion  that vve have used which a s s u m e s  re la t iv e ly  sm a ll  

librational am plitudes (see  S e c .  n ) ,  m ight be l e s s  e f ­

fective  in co rrect in g  for the anharm onic e f fe c ts  in the 

l ib ration s.

The b est  potential of Raich and G i l l i s 1 with p a r a m ­

e te r s  fitted to the exper im en ta l data for so lid  N2 y ie ld s  

som ew hat low er freq u en cies  a lready in the harmonic  

approxim ation and slightly  better o v era ll  agreem en t with 

the exp erim en ta l data than the harm onic model applied  

with the ab initio potential. S till, som e of their l ib r a ­

tional freq u encies  a re  considerab ly  too high a lso , while  

other va lues are  low er than the exp er im en ta l ones ( e s ­

p ec ia lly  the y  phase B lg frequency, which we find too 

low, i s  even  much low er in their  c a s e ) .  It i s  uncertain  

whether the anharm onic c o r r e c t io n s  would sy s te m a tic a l ly  

im prove the quality of their r e s u lt s ,  a s  they do in our 

c a s e .

The rem ain ing  d iscrepancy  betw een the SCP r e su lts  

and the exp er im en ta l librational freq u en c ies  i s  c le a r ly  

i l lu stra ted  in F ig . 1. H ere, we have d isp layed  the 

tem perature dependence in the frequency of the low est  

librational Eg mode in the a  p h a s e .18 When the a-f i  

transition  tem perature (35 .6  K) i s  approached, the a m ­

F I G .  2 .  P r e s s u r e  d e p e n d e n c e  

o f  t h e  l a t t i c e  m o d e  f r e q u e n c i e s  

i n  t h e  a  a n d  y  p h a s e s ,  c a l c u ­

l a t e d  b y  t h e  S C P  m e t h o d  a t  

1 2  K .  C l o s e d  l i n e s  r e p r e s e n t  

t h e  l i b r a t i o n a l  m o d e s ,  a n d  

d a s h e d  l i n e s  t h e  t r a n s l a t i o n a l  

o n e s .

0 2 I, 6 8 

p [ kbars]

plitudes of libration in c r e a se  and m o d e -m o d e  coupling  

may o ccu r . Apparently, the (present) SCP m odel cannot 

com plete ly  follow this trend.

In F ig . 2 we have shown the p r e s s u r e  dependence of 

the q = 0 mode freq u en c ies  (a;*) at 12 K, ca lcu lated  by the 

SCP m ethod. This dependence i s  re la ted  to the m olar  

volum e (f)  dependence of these  m odes m easu red  by the 

G riineisen p a ra m eters

r i  = -

So the r e su lts  p resen ted  in F ig . 2 can be ind irectly  c o m ­

pared with exp er im en t by looking at the G runeisen  

p a ra m eters  that have been m easu red  for the librational  

freq u en c ies  in both the a  18 and the y 17 p h a se . If the 

quadrupole-quadrupole in teraction  would be the only  

an iso trop ic  contribution to the potential, th ese  p a r a m ­

e te r s  would be equal to 5 /6 .  Table IV show s good agree  

ment betw een the SCP and the m ea su red  r e s u lt s  at 8 K; 

this con firm s the quality of the an iso trop ic  ab initio p o ­

tential a s  the G runeisen  p a r a m e te r s  a re  c r it ic a l ly  d e ­

pendent on the shape of the potentia l. The ex p er im en t18 

finds the p a ra m eters  of the a phase to be p ra ctica lly  

tem perature independent, how ever, w h erea s  the SCP  

ca lcu la tion s  p red ict  a rather stron g  dependence (see

F I G .  1 .  T e m p e r a t u r e  d e p e n ­

d e n c e  o f  t h e  E g l i b r a t i o n a l  f r e ­

q u e n c y  i n  t h e  a  p h a s e .  T h e  

d i f f e r e n c e  A w  i s  d e f i n e d  a s  

u ( T )  -  w ( T =  0 ) ;  e x p e r i m e n t a l  

d a t a  f r o m  R e f .  1 8 .

V¡

2.2

2. 0 -

1 .6  -

1.6  -

1.4 -

1.8  -

1.0
0 10 20 30

F I G .  3 .  T e m p e r a t u r e  d e p e n ­

d e n c e  o f  t h e  G r u n e i s e n  p a r a m ­

e t e r s  f o r  t h e  l i b r a t i o n a l  m o d e s  

i n  t h e  a  p h a s e ,  c a l c u l a t e d  b y  

t h e  S C P  m e t h o d  a t  z e r o  p r e s ­

s u r e  ( c l o s e d  l i n e s ) .  E x p e r i ­

m e n t a l  v a l u e s  ( — o — ) f r o m  

R e f .  1 8 .

40

T [K]

SCP
calculation
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F ig . 3). T his d iscrepancy  ind icates again that the (our) 

SCP method i s  not fully capable of reproducing the a n ­

harm onic e f fec ts  occurrin g  in the (a -p h a se )  librations  

e sp e c ia l ly  at higher tem p era tu res .

IV. CONCLUSIONS
%

Our la ttice  structure and dynam ics ca lcu la tion s with  

the ab initio N2- N 2 potential2 y ie ld  good agreem en t with 

experim ent for the la ttice  constants and the translational  

mode freq u en cies  of a -  and y -N 2 c r y s ta l s .  The anhar ­

monic co r r e c t io n s  by the s e l f -c o n s is te n t  phonon method  

e sse n t ia l ly  im prove the la tter . The SCP method a lso  

y ie ld s  good G runeisen  p a ra m eters  for the librational  

m odes in a -  and y  n itrogen at low tem p eratu re . F u rth er ­

m ore, the coh esion  energy of a - N 2 is  rather accu rate ly  

calcu lated , e sp e c ia l ly  with the b est  a to m -a to m  r e p r e ­

sentation of the ab initio potential (potential B ). So we  

may conclude that the ab initio potentia l2 i s  quite r e a l i s ­

t ic , both in its  radial and angular dependence.

In the librational freq u en cies  so m e d iscrep a n c ie s  with  

the exp er im en ta l data rem ain  even in the SCP va lu es ,  

although the anharm onic c o r r e c t io n s  gen erally  point to 

the right d irection . Apparently, the librational m odes  

have re la t iv e ly  large am plitudes e sp e c ia l ly  in the (low 

p r e ssu r e )  a phase near the a - /3  transition  tem perature,  

and the SCP method used 7 cannot com p lete ly  deal with 

this c a s e .  One should im prove on the sm a ll  amplitude  

expansion for the librational m otions or, p o ss ib ly ,  use  

a quantum m ech an ica l libron trea tm en t19 in te rm s  of 

free rotor b a s is  functions instead  of the harm onic o s c i l ­

lator b a s is .  In that c a se ,  the sp h er ica l  expansion2 of  

the ab initio potential is  very u se fu l .  A lso , c la s s ic a l  

m olecu lar  dynam ics (com puter s im ulation) stu d ies  of the 

librational m otions in so lid  N220 may be worth trying  

with the ab initio potential2 instead  of the approxim ate  

L ennard-Jones 12-6  a to m -a to m  potentia l.
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