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Abstract Analytical computations are performed to obtain the orthorhombic
stripe incommensurate charge-density-wave (OS1CDW) phase eigenrnode fre-
quencies of the transition metal dichalcogenide 2H-TaSe,, using the
McMillan-Landau theory of phase transitions. The amplitudons andphasons
have been obtained for a particular direction, where it is possible to
obtain simpler expression for them.

1. INTRODUCTION

In the precedent article" we have computed,from the McMillan-
-Landau free energy potential, the eigenmode frequencies for the hexag-
onal incommensurate CDW phase of 2H-TaSe,.

Now we compute the same type of excitations {(amplitudons and
phasons) for the case of the orthorhombic stripe incommensurate charge-
-density-wave phase of this compound, using the same approach, which
has been very convenient?, for the case of incommensurate superlattices.

The outline of this note is the following: first, we summarize
some experimental evidences for this phase, second, we write the new
free energy potential computing the order-parameter fluctuation modes

for this structure and finally we discuss the analytical results.

2. THEORY

it is well established that the transition metal dichalcogenide
2H-TaSe, exhibits an orthorhombic 'striped’' incommesurate phase between
90°k and 112°K. Fleming et al® detected a large hysteresis effect in
which TCI = 85% on cooling and TCI = 93OK on warming, where TCI is the
commensurate-incornmensurate transition temperature. They also observed
that on warming between 93°K and llZoK, the hexagonal symmetry of the

. > . 3B -> -> .
triple - q?; charge-density-wave vectors Iqll = |q2| = IqQ] was broken in
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a new triple - 33 W, where one of the three al remains cornmensurate
and the other two vectors become incommensurate, Diffraction satellites
have identified the new phaseas havinga striped geometryl'. This ex-
perimental work corroborated the original results of Steinitz and
Genossar®, Other authors® have confirmed that within the region of the
striped phase, parallel commensurate stripes separated by narrow domain
walls occur and that above 112°K a first-order phase change occurs and
the stripe-dornain structure transforms to a domain structure with hex-
agonal symmetry.

In the present calculations we are restricted tocomputing
order-pararneter fluctuation rmodes for the orthorhornbic stripe incommen-
surate structure in 2H-TaSe,, which is characterized by the space group
CZV—me, using the McMillan-Landau free energy potential taking into ac-
count intralayer contributions.

Following Fleming et al® we define, in this phase, the three
7. = CDW vectors:

d

> 1 > -> 1 o -~
4, =3 K q2=§-1—<>2-7<,q3=

K, + k3 (1)

W —

2;1 being the commensurate wave-vector and _q)z and 33 the incommensurate
ones .

Using the same procedure as in ref, 1, with ¢, # ¢, =¢,, af-
ter some algebraic manipulations the new McMiilan-Landau free energy

can be written as

3
_] 2 2 1 Y <> ->,If|—>__—>__j 2
V= de r {jzl [a0[¢j| +K3c0|¢j1 +2e0|QJ..{V+¢[—3— k-0 (-1) %]hpjlj
> > 2 3 > j, 2 1 3
+ 2f, (19,90, |* + ,22 % - (-1 789,17 - 5 Re (5,0]) (2)
J:
+ (3eg+2d)) (10,0, 1% + 19,0,1%+ [4,0,1%) - ‘7 3b,(9,0,0, + ¢¥¢30%)} ,

where we obtain a cubic 'lock=-in' contribution only in the commensurate
->

gi-direction. The stripes are parallel to this direction. The phenom-
enological parameters a, c, d,,..» and different vectors in eq. (2)

have already been defined in ref, 1,

241



Revista Brasileira de Ffsica, Vol, 16, nQ 2, 1986
In order to compute the eigenmode frequencies, we expand (2)

in powers of ¢.q keeping only second-order terms and find

83 ¢(¢ 'mm

V'V+Z{Z[("“°+'2'3c 05 + Mg quq qu-q)

)34%54

+ . (% ¢

3q'%5q%5q = %

]
ERFERNIEE N NCE S TN I

+ Mo (0%

T05g * S1ba-g) * K12(¢7q¢2q + 05,0,

)+/~\23( *

3a%3q * 93qb2g)

Aas ((b;q(p;—q * ¢2q¢3-q

+A31(¢§q¢7_q + ¢3q¢ ) + A31(¢§q¢]q + ¢’fq¢3q )Y, (3)

1-q
where ¥V, corresponds to the static equilibrium state, that is, when we

substitute ¢§(;) = d>3 (7 = 1,3) into (2). The coefficients of (3) are

abbreviated as follows:

My = e, [(3,.9)% +¢? (% Ki=@1)] + £o(§,x9) % + (% 3eo+dy) (93+03)  (4)

8,97+ [0, G B, 002+ £, (G0 2+ G807

+ (5 3e, + dy) (05 + ¢7) (5)

—
N
N

i
©
)

-~

—_

&
~

Ny = e (@, 02 +[0, G X200 + £, [Gp@ " + G007

+ (3 3¢, + d,) (0] + 6) (6)
Ay, = (-'2- 3¢, + d,)6,9, (7)
Ay, = hia - 35,05 8)
Ry = (3 3c, + dy),0, (9)
By = Ry, = 135, 0 (10)
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Aoy = (33, +d,) 6,0, an
Ay, = 7&31 - 71- ®», ¢, (12)
[:I11=e,,51.(%- %,-3,)0, 3 (13)
oo ool G & %8,) @3] - £o @) Gord) ()
[lae= eo [0 (G R A @, 20) + £, @0 G,) (15)

We consider the particular case When—c; is perpendicular to —(S
and compute the eigenmode frequencies using the symmetric and anti-sym-
metric combinations of coupled rnodes' 2 In these calculations we have
used some symmetry simplifications and the minimization conditions in
terms of %k, ¢, and ¢,, for the stripe geometry. These lead to a van-
ishing of the phase-amplitude cross term of (3), which in this case can

be written as

V=T, VeV (16)
where 7, has already been defined,

+ ]
V=5 2{,[7 3co¢ +e, (Q )2 *f, @. xq)szJa i

+ ,; 3[(b,9; 92 - b 10,)43 4 e
(17)

1
+ byo, E A;qAJq] + [(3c°+2d0)¢1¢2 Y 3by9,] (ATqAZQ * Asq A]q

g * Aighag) + [Bogr2d)el = £ 36,0 T WS dy + 45 4,))

V=35 ;[eo(b’..&’)z + £y (§.><3) “Jpfaria
3
'3
3b 10)PfP1g * Boty j'=2 Fid ia) (18)

1 * * * * 1 * s
+ g 3bo¢z(quP2q+P2 Py 4P +qup3q)+ T 3b0¢1(P2qP3q+P3qP2q) b
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W diagonalize the two matrices obtained from (17) and (18) and findsix
eigenmode: five optical (three amplitudons with A4,, 4, and B, sym-
metries, respectively, and two phasons with By symmetry. The results

for the B, modes are, in the case of amplitudons:

Bt g 3boty - (3 3o + 2d0)03 + (e, + £,)@%0" (19)

and in the case of phasons:
By : 3 Gegtfo)@rd” (20)

The algebraic manipulations involving the A, modes are more
complicated but it is possible toobtain them exactly to orderqz, in
terms of different parameters. For the case of amplitudons (A1’A1)s we
find

Ay -;- {o+B+y-[(a+Bry) 2+8vy%]1/2, (21)
and for the case of phasons {4,,4;), we_have
SLE+B+7- [(G+B+7) 248527/ %) (22)
In (21) and (22) we use the following parameters:
1

a=x 3co¢§+& ;4= 71- 3b0¢’1+-,1-(3eo+f0)Q§q2 ; B = (3co+2d0)¢§-3 3

- 7]-7 3body 3 v = (Beg+2dy},9, -V 5 D= 7]4' 3bod,

™
I

Y = 'z,' 3by9, ¢ 3b N e 3co¢1+foQ ;

~_ 1 - 1

¥ = g 36,0, 62 + g 9b0, + £,0%0° . (23)
Similarly" , 4, and B; are the symmetry characters of the irre-

ducible representations of the group Coy ~2mm and expressions (19) - (22),

represent M*w? /4, where w and M*, are defined in ref. 1, Table | shows
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the correlation between the symmetry characters of space group D6h-6/mmm
and sz' 2m .

Another possibility is to take the direction of q parallel to
-(5,, where there is a g-linear amflitude—phase cross term in (16), that

is, we have an additional term ¥V, which we will not discuss here.

Table 1 - Correlation between irreducible representations of the symme-
try groups of amplitudon (A) and phason (P) modes of the hexagonal and
orthorhombic stripe incommensurate phases of 2H-TaSe,.

Hexagonal {Dg, -6/mmm) Stripe (CZV - 2mm)
4,
E
2g
(4) B,
A]g - A;

(B)

3. CONCLUSIONS

In spite of considerable efforts in the last years, more theor-
etical work must be done in order to understand the fascinating variety
of COW phases in 2H-TaSe,., Our calculations of the normal mode fre-
quencies of OSICDW for this compound give a good contribution in this
direction. However the failure in observing some of the normal modes has

prevented the determination of some important parameters in the theory’,
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Because of these problems, we cannot very the theoretical results
against experimental data we quote in passing that analytical compu-
tations have been done, using a procedure similar to that of the pre-
cedent paper’. In this case, the algebraic calculation is not straight-
forward. W have derived the equilibrium conditions and finally obtained
the eigenmode frequencies for both amplitudons (4,,B,) and phasons (A,
B,) respectively. V¥ have only considered one possibility for the a—di—
rection. Finally we must emphasise that new experimental information
about that this phase will be necessary in order to verifythetheoreti-
cal predictions.

W would like to thank Professor R. Loudon, who suggestedthese

calculations.
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Resumo

Calculos analiticos sdo desenvolvidos para obter os modos nor-
mais da fase densidade de onda de carga incomensuravel ''stripe'' ortor-
rombica (0SICDW) do metal de transicdo 2H-TaSe,, wusando a teoria
McMillan-Landau de transicdo de fase. s amplitudons e phasons sao ob-
tidos numa particular diregcdo, onde € possivel conseguir-se expressGes
mais simples para os mesmos.
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