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Abstract Ana1 y t i c a l  computations are performed t o  obta i  n the orthorhombic 
s t r i p e  i ncommensurate charge-densi ty-wave (OS ICDW) phase eigenrnode f r e -  
quencies o f  the t rans i t ion  metal d i  chal cogeni de 2H-TaSe,, u s i ng t he 
McMillan-Landau theory o f  phase t r a n s i t i o n s .  The amplitudons andphasons 
have been obtained f o r  a p a r t i c u l a r  d i r e c t i o n ,  where i t  i s  poss ib le  t o  
ob ta in  s impler  expression f o r  them. 

1. INTRODUCTION 

I n  the precedent a r t i c l e l  we have computed,from the McMillan- 

-Landau f r e e  energy p o t e n t i a l ,  the eigenmode frequencies f o r  the hexag- 

onal incommensurate CDW phase o f  2H-TaSe,. 

Now we compute the same type o f  exc i t a t i ons  (ampli tudons and 

phasons) f o r  the case o f  the orthorhombic s 

-density-wave phase o f  t h i s  compound, using 

has been very convenient2, f o r  the case o f  

The o u t l i n e  o f  t h i s  note i s  the f o  

some experimental evidences f o r  t h i s  phase, 

r i pe i ncommensurate charge- 

the same approach, which 

ncommensurate super lat t ices.  

lowing: f i r s t ,  we sumnarize 

second, we w r i  t e  t h e  new 

f ree energy p o t e n t i a l  computing the order-parameter f l uc tua t i on  modes 

f o r  t h i s  s t ruc tu re  and f i n a l l y  we discuss the a n a l y t i c a l  r esu l t s .  

2. THEORY 

I t  i s  we l l  establ ished tha t  the t r a n s i t i o n  metal dichalcogenide 

2H-Tase, e x h i b i t s  an orthorhombic ' s t r i p e d '  incommesurate phase between 

90°K and 1 1 2 ~ ~ .  Fleming e t  a13 detected a la rge hys teres is  e f f e c t  i n  
O 

which TC I = 8 5 ' ~  on c001 i ng and TC, = 93 K on warmi ng, where TC, i s  the 

commensurate-incornmensurate t r a n s i t i o n  temperature. They a l s o  observed 
O O 

t ha t  on warming between 93 K and 112 K, the hexagonal symmetry o f  the 
-+ 3 -+ -+ 

t r i  p l e  - q . charge-densi ty-wave vectors I q ,  1 = I q ,  1 = IqJ was broken i n 
3 
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-+ + 
a new t r i p l e  - q .  CDW, where one o f  the three q remains cornmensura t e  

3 i 
and the o ther  two vectors becorne incornmensurate. D i f f r a c t i o n  s a t e l l i t e s  

have i d e n t i f i e d  the new phaseas h a v i n g a  s t r i p e d  geornetry4. T h i s e x -  

perimental work corroborated the o r i g i n a l  r e s u l  t s  o f  S t e j n i  t z  and 

~ e n o s s a r ~ .  Other authors6 have conf i rmed tha t  wi t h i n  the region o f  the 

s t r i p e d  phase, p a r a l l e l  cornmensurate s t r i p e s  separated by narrow domain 

wa l l s  occur and t h a t  above 1 1 2 ~ ~  a f i r s t - o r d e r  phase change occurs and 

the stripe-dornain s t ruc tu re  transforms t o  a dornain s t r u c t u r e  w i t h  hex- 

agonal symmetry. 

I n  t h e  p r e s e n t  c a l c u l a t i o n s  we are r e s t r i c t e d  tocomputing 

order-pararneter f l u c t u a t i o n  rnodes f o r  the orthorhornbic s t r i p e  incomnen- 

sura te  s t r u c t u r e  i n  2H-TaSe,, which i s  character ized by the space group 

C2,,-Lnnn, using the McMi Ilan-Landau f ree  energy p o t e n t i a l  tak ing i n t o  ac- 

count i n t r a l a y e r  con t r i bu t i ons .  

Fol lowing Fleming e t  aZ3 we def ine ,  i n  t h i s  phase, the three 
3 

qj 
- CDW vectors:  

+ 1 +  3 1 -+ + I +  -f 

s l = f K l  , 9 2 = T " 2 - k  , q 3 = y K 3 + k ;  (1) 

+ -+ + 
q, being the commensurate wave-vector and q2 and q 3  the incommensurate 

ones . 
Using the same procedure as i n  r e f ,  1, w i t h  @, # 4, = @,, a f -  

t e r  some a lgebra ic  manipulat ions the new McMillan-Landau f r e e  e n e r g y  

can be wr i t t e n  as 

where we ob ta in  a cubic ' l o c k - i n '  con t r i bu t i on  on ly  i n  the commensurate 
+ 
q, -d i rec t ion .  The s t r i p e s  a re  p a r a l l e l  t o  t h i s  d i r e c t i o n .  The phenom- 

enological  parameters a,, c,, do, , . . and d i f f e r e n t  vectors i n  eq. (2) 

have al ready been def ined i n  r e f ,  1 ,  
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I n  order t o  compute the eigenmode frequencies, we expand (2) 

i n  powers o f  @ keeping on ly  second-order terms and f i n d  
jq 

1 1  v = v,+ 1 ~[(p,, +T 3e0m? + ~ . . > m * .  m + i 3 c  m 2 < m ?  mt- - m .  m .  
s i 3 33 34 34 O j 34 3 4 34 3-9 

where V,, corresponds t o  the s t a t i c  equ i l i b r i um s ta te ,  t ha t  i s ,  when we 

s u b s t i t u t e  r$.(?) = 4 .  ( j  = 1 , 3 )  i n t o  ( 2 ) .  The c o e f f i c i e n t s  o f  (3)  are  
3 3 

abbreviated as fo l lows:  
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+ 
We consider the p a r t i c u l a r  case when q i s  perpendicular t o  Q, 

and compute the eigenmode frequencies using the symmetric and enti-syrn- 

rnetr ic combi na t  ions o f  coupled rnodes' ". I n these c a l c u l a t  ionri we have 

used some symmetry s i m p l i f i c a t i o n s  and the min imiza t ion  c o n d i  t i o n s  i n  

terms o f  k ,  4, and @, , f o r  the s t r i p e  geometry. These lead to a van- 

i sh ing  o f  the phase-ampl i tude cross term o f  (31,  which i n  t h i s  case can 

be w r i  t t e n  as 

v = v 0 + v + + v T j -  , 

where V. has a 1 ready been def i ned, 

1 + A* A + A; A ) + [(3c0+2d,) @i - 6 3b0@,] ( A ; ~ A ~ ~  + .4;q~2(r)  1 
3 q l q  q 3 q  

and 

- 1 v = -  
2 z i i nGo(i5j .g>2 + f , < $ x ~ ) l ] ~ t  34 P jq 

1 1 3 

+ 6 3[ (b ,@; '@:  + 7 3 b , @ , ) ~ *  P + boml I P? P .  ] 
Iq Iq j=2 3(i 39 (18) 
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We diagonal ize the two matrices obtained from (17) and (18) and f i n d s i x  

eigenmode: f i ve  o p t i c a l  ( th ree ampl i tudons wi t h  A , ,  Al and B, sym- 

metr ies,  respect ive ly ,  and two phasons w i t h  Bl  symmetry. The r e s u l t s  

f o r  the B1 modes are,  i n  the case o f  amplitudons: 

and i n  the case o f  phasons: 

The a lgebra ic  manipulations i nvo l v ing  the A, modes are  more 

complicated but  i t  i s  poss ib le  t o o b t a i n  them exac t l y  t o  o r d e r q 2 ,  i n  

terms o f  d i f f e r e n t  parameters. For the case o f  ampl i tudons (Al , A ~ ) ,  we 

f i n d  

1 
A ,  : 2 {o+B+y- [ ( a + ~ k ~ )  2 + 8 ~ 2 ]  V 2 )  (21 

and f o r  the case o f  phasons (AI ,AI), we-have 

I n  (21) and (22) we use the fo l l ow ing  parameters: 

S imi la r lyl ,  Ai and B1 are  the symmetry characters o f  the i r r e -  

duc ib le  representat ions o f  the group CgV-2mm and expressions (19) - (22), 

represent ld*u2/4, where w and M X ,  are def ined i n  r e f .  1 .  Table 1 shows 
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the c o r r e l a t i o n  between the s y m e t r y  characters o f  space group D6h-6/mmm 

and C2,, - 2mm. 
+ 

Another p o s s i b i l i t y  i s  t o  take the d i r e c t i o n  o f  q p a r a l l e l  t o  
-+ 
Q,, where there i s  a q - l  inear ampl itude-phase cross term i n  (161, t h a t  

+ 
i s ,  we have an add i t i ona l  term Tr, which we w i l l  no t  discuss here. 

Table 1 - Cor re la t ion  between i r r e d u c i b l e  representat ions o f  the symme- 
t r y  groups o f  ampl i tudon (A) and phason (P) modes o f  the hexagonal and 
orthorhombic s t r i p e  incommensurate phases o f  2H-TaSe,. 

Hexagona l ( D ~ ~  -6/rnmm) S t r i  pe (C2,, - 2mm) 

3. CONCLUSIONS 

I n  sp i  t e  o f  considerable e f f o r t s  i n  the l a s t  years, more theor- 

e t i c a l  work must be done i n  order t o  understand the fasc ina t i ng  v a r i e t y  

o f  CDW phases i n  ZH-TaSe,. Our ca l cu la t i ons  o f  the norma 1 rnode f r e -  

quencies o f  OSICDW f o r  t h i s  compound g i ve  a good con t r i bu t i on  i n  t h i s  

d i r e c t i o n .  However the f a i l u r e  i n  observing some o f  the normal modes has 

prevented the determi nat  ion o f  some important parameters i n  the theory7, 
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Because o f  these problems, we cannot v e r y  t h e  t h e o r e t i c a l  r e s u l t s  

against  experimental data we quote i n  passing tha t  a n a l y t i c a l  compu- 

ta t i ons  have been done, using a procedure s i m i l a r  t o  t ha t  o f  the pre- 

cedent paperl. I n  t h i s  case, the a lgebra ic  c a l c u l a t i o n  i s  not  s t r a i g h t -  

forward. We have der ived the equ i l i b r i um cond i t ions  and f i n a l l y  obtained 

the eigenmode frequencies f o r  both amplitudons ( A ~ , B ~ )  and phasons (A,, 
-+ 

B ~ )  respect ive ly .  We have on ly  considered one possib i  1 i t y  f o r  the q- d i -  

rec t ion .  F i n a l l y  we must emphasise tha t  new experimental i n f o r m a t  i o n  

about t ha t  t h i s  phase w i l l  be necessary i n  order t o  v e r i f y t h e t h e o r e t i -  

ca l  p red ic t ions .  

We would l i k e  t o  thank Professor R. Loudon, who suggestedthese 

ca l cu la t i ons .  
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Resumo 

Cálculos a n a l í t i c o s  são desenvolvidos para obter  os modos nor- 
mais da fase densidade de onda de carga incomensuravel " s t r i pe "  o r t o r -  
rômbica (oSICDW) do metal de t rans ição 2H-TaSez,  usando a t e o r  i a  
McMi 1 lan-Landau de t rans ição de fase. Os ampl i tudons e phasons são ob- 
t i d o s  numa p a r t i c u l a r  direção, onde é possível conseguir-se expressões 
mais simples para os mesmos. 


