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FAR INFRARED CONDUCTIVITY IN KCP

ION BALDEA AND MARIAN APOSTOL
Central Institute of Physics, VMagurele-Bucharest, MNG-6,
Romania

Abstract The pinning mechanism based on the 2k_ -quasi-
periodicity of the bromine potential along the cthain axis
in KCP is used to get the f.i.r., conductivity. Fair agre-
ement with the experimental data is obtained when the
phason life=time is included.

TI{TRODUCTION

The zero frequency of the sliding phase mode is shifted in

real quasi-one-dimensional materials towards a non-zero value
QJT
in the lattice. As the oscillations of the phase gb of the or-

which amounts to a finite energy needed to move the CDW

der parameter ) exp(i¢) induce a dipole momentum a peak deve-—
lops in the optical conductivity, centered at(A)T. This peak
has been detected at low temperaturesl in the f.i.r. region of
the optical conductivity of KCP (u.)T ¥ 1.9meV)., A further con-
firmation of the pinned phase mode in KCP has been brought by
the inelastic neutron scattering experiment52 which yielded
(VP = 2.5meV, in fair agreement with the optical data.

It has been shown3 that it seems more realistical to con-—
gider the bromine distribution in KCP ag being 2kF—quasi-modu—
lated along the chain instead of being distributed at random

(kF being the Fermi momentum). A 2k _-periodic potential arises

F
this way which, when associated with an extra elastic energy
stored by the modulated bromine distribution, allows us to

construct a consigtent theory of the pinning mechanism in KCP.

397



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:37 20 February 2013

398 I. BALDEA AND M. APOSTOL

The part assigned by this theory to the bromines is essential
since they are viewed as inducing the Peierls~Frohlich trans-
ition, A similar attempt has been reported recently.4 Within
the present theory of the pinning in KCP3 distinction is made
between the d.c. gap 2 [\ = 0.11eV and the optical one 2[;°p =
O.2eV5, the latter including the strength V of the bromine pe=
riodic potential,[}bv =\ + V. As this additional interaction
is repulsive (V>0) the mean field theory predicts a fixed va—
lue qb = 0 of the phase of the distortion in the ground state :
it means that the hamiltonian has the same reduced symmetry as
the ground state has, the broken symmetry is no longer sponta-—
neous but induced and the Goldstone mode (sliding phase mode)
is shifted to a non-zero frequency. By means of the aforemen—
tioned pinning mechanism the relatively large pinning frequency
Woq
and )‘i (the coupling strength associated with the bromine

is obtained in KCP, With only two fitting parameters, V

extra elastic energy) one can reproduce satisfactorily the dig-
torted spectra of phasons and amplitudons, the distorsion amp-
litude of the Pt(CN)4 complexes (related to the d.c. gap 2\
and not to the optical one). The essentigl features of the op-
tical data are also reproduced when one allows for a finite
phason life-time [0 -1,

Microscopic calculations of the f.i.r. properties of the
KCP are reported here. They are based on a three-fold extension
of the usual theories : (i) 2k -quasi-periodicity of the bromi-
nes is assumed along the chain, (ii) the bandwidth cut-off pa-
rameter ko pzeviously introduced into the approach of the giant
Kohn anomaly’ is used and (iii) finite phason life~time {" -1

is allowed for,

DIELECTRIC FUNCTION

Within the bubble approximation of a gauge invariant electro-
7

magnetic (transverse) response theory' the dielectric function
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is given by
€(w) = 1 + lin (4e’/Aq )[n‘ () + %’giD’t(q,w)-
q=y0
£ o(2,0)f, (3,¢0)] (1)

where long range Coulomb interaction was included (A is the
transverse area per chain), &, ig the electron-phonon coupling
constant at 2kp , Qb(q,o)) is the phason propagator (pinning
frequency w g and phason llfe—tlmeY“ included) and the f-
functions are those usually obtained within the response theo-
ry7 3 the only difference here is that the bandwidth cut-off
parameter kc ig included. In the f.i.r., region one gets from
BEg.{1)

Re € (W) =£°°(w2 —wi)(oo —wT)

8¢=1+w§/65§ T 2 2 (8 VF'/A)

-1

e .

wi =w% + 1.57«.(..00

and the conductivity
Ro¥ (W)/a e = (200M)?[@? -B %)% + (20177,
D Wt P, (3)

where o ig the undistorted phonon frequency and N = 2g§/
(T{vFu)o) is the electron-phonon coupling constant (vF ig the
Fermi velocity). All the optical data of KCP are satisfactorily
reproduced by these equations making use of only three fitting
parameters : V’()“i and r‘. In particular the well known ree=
flectivity and f.i.r. conductivity curves at low temperatures

1,5

(below the three—dimensional ordering temperature) are ob-
tained with Y‘ of the order of 0,3 - 1lmeV, values which agree
with that extracted from the neutron scattering data (O.5meV).2
The bandwidth cut-off values k agree with the estimations of

the width of the Kohn anomaly dip.2’6 The agreement is expected
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to get improved by allowing for an (W —-dependence of the (N

parameter.
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