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ICDW Eigenmode Frequencies of 2H-Tase, in( McMillan-Landau Theory 
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Absriact Ana ly t i ca l  and numerical ca l cu la t i ons  a re  performed i n  o r d e r t o  
ob ta in  order-parameter f l u c t u a t i o n  modes f o r  the  t r i p l e  h e x a g o n a l  i n -  
comnensurate charge-densi ty-wave ( I  CDW) phase i n 2H-TaSez, us i ng the 
McMillan-Landau Theory o f  Phase t r a n s i t i o n s .  I t  i s  shown tha t  t h e  op- 
t i c a l  modes present la rge energy gaps, except when T i s  very c lose t o  
onset temperature, To. 

1. INTRODUCTION 

Very recent ly  many theo re t i ca l  and experimental workslm4 have 

concentrated on the study o f  the commensurate phase o f  the dichalcogenide 

t r a n s i t i o n  metal 2H-Tase*, owing t o  the controversy whether such phase 

i s  orthorhombic ra the r  than hexagonal. Other authors have pointed out  

the p o s s i b i l i t y  i n  consider ing the incommensurate phase present i n  t h i s  

subs tance, between 1 1 2 ' ~  and 122 '~  as be i  ng a t y p i  ca l honeycomb (hexag- 

onal) phase. Despi t e  t h  i s ,  Chen e t  az5 have emphas ized t h a t  we can ex- 

perimental l y  observe t h a t  i n  t h i s  range the hexagonal syrnme t r y  i s  re- 

ta ined on a l a rge r  scale.  

I n  t h i s  note we repo r t  some ca l cu la t i ons  o f  f l u c t u a t i o n  eigen- 

modes (ampl i tudons and phasons) f o r  the hexagonal incommensurats phase 

o f  2H-TaSe,, using the McMillan-Landau f r e e  energy, which i s  very con- 

venient  i n  the study o f  incomrnensurate phases6. F i  r s t l y ,  we summarize 

the bas ic  po in t s  o f  McMil lan's approach, than we w r i t e  the f ree  energy 

fo r  t h i s  phase and f i n a l l y  we compute the f l u c t u a t i o n  eigenmode. 

2. THEORY 
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3 
where the rea l  o rder  parameter i s  obtained from the e l e c t r o n i c  

+ 
charge dens i ty  ~ ( r ) .  A f t e r  some a lgebra ic  manipulations i t  i s  possib le 

-+ + 
t o  expand a ( r )  i n  terms o f  three complex order parameters q j ( r )  , wi t h  

-+ 
ampl i tudes @ : ( r ) ,  which correspond t o  each o f  the three CDW's present 

i n  2H-TaSe,. 

i n  t h i s  theory one normally def ines the f o l  l o w i n g  v e c t o r s :  

5 ( i  = 1,6) are the s i x  shor tes t  reciproca1 l a t t i c e  v e c t o r s  i n  the 
-+ 

hexagonal symmetry; Q .  (i = 1,3) are the th ree incornrnensurate v e c t o r s  . 
3 -+ 

These three vectors l i e  i n  d i rec t i ons  120' apar t .  The o ther  vec tor  'i 
(j = 1,3) represent the charge-density-wave vectors and q a re  the ex- 

c i  t a t  ion  wave vectors , 

Now, we consider the hexagonal incommensurate phase of 2H-TaSe,. 

This s t ruc tu re  i s  character ized by the space group D6,,-6/mmm. We per- 

form the ca l cu la t i ons  o f  e x c i t a t i o n  modes, which have been prev ious ly  

considered by ~ c ~ i l l a n ' .  That author has done computations o f  o r d e r -  

-parameter f l u c t u a t i o n  modes f o r  t h i s  phase, d iscussing on l y  the caseof 
-+ 

phase f l uc tuat  ion modes (phasons) w i t h  wave-vector q along a symmetry 

ax is .  I n  our case, we concentrate on amplitude f l uc tua t i on  modes (am- 
-+ 

p l  i tudons) f o r  a d i f f e r e n t  q- d i rec t i on ,  doing the same f o r  the case o f  

phasons. I n  our d iscussion we have confined ourselves o n l y t o  i n t r a l a y e r  

terms . 
l n  t h i s  phase, the McMillan-Landau f ree  energy canbe r e w r i t t e n  

as 

-t -+ 
because, q = Qj, and $I, = +, = +, = +, . The vectors being i n c m e n s u r a t e  

i 
w i t h  the l a t t i c e ,  on ly  the uni form terms7 

a,, b, ,  c,,.. ., cont r ibu te .  

The ' l o c k - i n '  cubic term vanishes i n  t h i s  case. The f i r s t  term i n  e q . ( l )  

i s  the unscreened e l a s t i c  constant; the second i s  the q u a r t i c  energy of 

Landau expansion. The t h i r d  and f o u r t h  terms a re  the e l a s t i c  energy con- 

t r i b u t i o n s ;  the f i f t h  one i s  a weak CDW i n t e r a c t i o n  permi t ted  by sym- 

metry and the l a s t  term i s  a CDW i n t e r a c t i o n  which a r i s e  when two CDW1s 
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compete t o  open an energy gap on the same p o r t i o n  o f  Fermi surface7.  

Now, we use the minimum value f o r  the f r e e  energy p o t e n t i a l  i n  

terms o f  @, , i n  order  t o  expand eq. (1) i n  powers o f  @jq, keeping on ly  

second-order terms , 

+ permutations) 

This expression i s  a l i t t l e  d i f f e r e n t  from one i n  McMi 1 l a n s ,  

because he omit ted the c o n t r i b u t i o n  o f  the l a s t  term o f  e q . ( l ) .  We w i l l  

r e t a i n  i t  here, because i t  i s  important i n  the case o f  amplitude f l u c -  

t ua t i on  mode ca l cu la t i ons .  

Fol lowing tfie standard procedure, we compute the eigenmodes, 

r e w r i t t i n g  eq, ( 2 )  i n  terms o f  the coupled modes A and P such t h a t  
i 4  j q '  

where v fac to r i zes  i n t o  amplitude and phase con t r i bu t i ons  w i t h  no cross 

t e m  and v (@o)  corresponds t o  the minimum o f  the f r e e  energy. So, 

~ ( A ; ~ A ~ ,  + A ~ ~ A ~ ~  + permutations) 
4 
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Nowwe diagonal ize the matr ices obtained from eqs.(4) and (5) 
f i n d  the s i x  mode frequencies, f ou r  being o p t i c a l ,  which a re  three am- 

p l i tudons and one phason; two are acoust ic  modes, which are both phasons. 
-+ 

We have considered a p a r t i c u l a r  4 d i r e c t i o n ,  when t h i s  vec tor  

i s  perpendicular  t o  d, ,  w r i  t i n g  resu l  t s  co r rec t  t o  order  q 2 .  In t h i s  

case, we f i n d  the amplitudons, 

S i m i l a r l y ,  we can compute the phasons and f i n d  

Elu, q u ,  Epg and A are  the symmetry character  o f  t h e  i r r e d u c i  b l e  
1 g 

representat ion of the DGh-6/mm grcup and each expression acbove rep- 

resents M*w2/4, where w i s  the mode frequency7. These resu l  t s  (6-1 1 )  are  

i l l u s t r a t e d  numerical ly  i n  f i gu res  1 and 2. The value o f  M* = 206 au 7. 

3. NUMERICAL RESULfS 

I n  t h i s  sec t ion  we present the resu l  t s  o f  numer i c a l  compu- 

ta t i ons  o f  normal mode f requencies (ampl i tudons and ~hasons )  f o r  the 

hexagonal incomnensurate s u p e r l a t t i c e  o f  a s i ng le  layer  o f  the 2H-TaSe, 

s t ruc tu re .  We have ca lcu la ted the mode frequencies i n  terms o f  the wave 
-+ 

-vector  q and we have a l so  obtained the behaviour o f  these modes as the 

temperature changes, F i r s t l y ,  we have f o i  lowed Nakanish and  ~h i ba ', 
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using t h e i r  values f o r  the phenomenological parameters b,, b ,  and c, i n  

order t o  s imulate 2H-TaSe,. Those authors have taken b, = 4/30, bl = 1.2 

and c, = 8/3. However, as regards do, we have taken a d i f f e r e n  t value
6
, 

namely do = -3.9, corresponding t o  our use o f  a d i f f e r e n t  form o f  f r e e  

energy po ten t i a l  ( I ) .  We have performed s t ra igh t fo rward  a n a l y t i c a l  ma- 

n ipu la t ions ,  obtained the eigenmode frequencies, t h a t  i s ,  ampl i t u d o n s  

A ) and phasons (Elu, Blu) i n  the range o f  temperature tie tween  
'"2g I, o 
122 K and 112 K, where exper imental ly  the charge-density-wave phase has 

hexagonal symmetry. These parameter values have been used w i t h  success 

i n  f i t t i n g  the experimental data1' i nvo l v ing  o ther  features of d i i f fe rent  
6 phases o f  t h  i s  compound . 

Figures ( I )  and (2) show the eigenmode f requencies f r tm the 

onset temperature To ( I ~ ~ O K ) ,  where the Landau parameter a, = 0, u n t i l  

the hexagonal-orthorhombic s t r i p e  incommensurate t r a n s i t i o n  temperature 

(112'~) where, i n  t h i s  numerical s imula t ion 6,  a, = 0.5499. These f igures 

are based on (6-11) w i t h  f o  = O and the coordinates have been expressed 

as = l u  and 4 = e1/2~lq. 
2 

4. CONCLUSION 

The theo re t i ca l  desc r i p t i on  o f  the exc i t a t i ons  o f  t h e  l a t t i c e  

below a phase t ransformat ion f rom a normal s t r u c t u r e  t o  an incommt. VIS u ra te  

one i s  no t  s t ra igh t fo rward ,  because t r a n s l a t i o n a l  symmetry i s  l o s t .  De- 

s p i t e  t h i s  aspect, i t  i s  very important t o  increase e f f o r t s  i n  order t o  

get  informat ion  about incomnensurate rnater ia ls I i ke 2H-TaSe,. Our nu- 

mer ical  i nves t i ga t i on  has concentrated i n  s imula t ing  t h i s  compoiind6,as- 

sumi ng phenomenolog i ca l parameters t o  obta i n some p i  c t u r e  o f  normal -mode 

frequencies o f  the hexagonal incommensurate phase as the temperature 

changes. The parameter values used i n  t h i s  work are  i n  good agreement 

w i t h  experimental data1'. I n  the case o f  t h i s  phase ,  t h e  ' l o c k - i n t  

(Umklapp) cub ic  term, i n  the McMi l lan-Landau f ree  energy, drops out .  

The bas ic  po in t s  about the phason modes i n  t h i s  phase are  t h a t  t h e r e  

a re  two hydrodynamic modes and another o p t i c a l  one w i t h  an e n e r g y  gap 

(1/4) 9b0+,. I n  our ca l cu la t i ons  we have considered one simple p o s s i -  
-+ 

b i l i t y  f o r  the q- d i rec t i on .  These modes invo lve  long-wavelength d i s t o r -  

t i ons  o f  the charge-density l a t t i c e ,  Another aspect i s  t ha t  t h s  more  
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F i g  . 1 - Normal modes o f  the hex- 
agonal incommensurate C D W ,  w i t h  
w = 0.5 M'/'u, q = e:/' Q,q and  
T = 122'~. 

Fig.2 - Normal modes o f  thehexag- 
onai incommensurate C DW,  w i  t h  
4 = 1 12OK. Coordi nate axes are the 
same as i n  f i g .1 .  

accessib le cha rac te r i s t i cs  o f  the p i c tu res  invo lv ing  the amplitudonsand 

phasons, a re  the va r i a t i ons  o f  the energy gaps f o r  the o p t i c  modes (A 
Ig' 

E*g' B,u) * 

The author i s  indebted t o  Professor R. Loudon who sugges  t e d  

these ca l cu la t i ons  and f o r  h e l p f u l  discussions, 
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Resumo 

Cá1 culos anal f t i c o s  e numéricos são efetuados com o f i t o  de ob- 
t e r  modos de f lutuação do parâmetro de ordem para a fase densidade de 
onda de carga incomensuravel hexagonal t r i p l a  no 2H-TaSe,, usando a Teo- 
r i a  McMi 1 lan-Landau de t rans ição de fase. E mostrado que os modos Õpt i-  
cos apresentam largos "Gaps" de energia, excetuando-se quandoa t:empera- 
tu ra  é mui to próxima daquela ent re  a fase normal e incomensurave!l To. 


