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Series of extensive X-Ray and Neutron scattering experl-
1-11

ments have been carried out in the last year on TTF-TCNQ and

substantial agreement has now emerged. We can summarize the main

results as follows :

A/ - Below th.- Peierls transition taking place at 54 K, two addi-

tionnal structural phase transitions are observed at 49 K end

38 K (figure 1). These 3 transitions correspond to a sequence of

3 different low temperature modulated phases which are thought

to arise from the successive ordering of the charge density
12-17

waves on the two different molecular species of TTF-TCNQ

leading to the successive modulations
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B/ - Above the Peierls transition tWD different precursor 1-d

fluctuations have been observed, as shown in the X-Ray pattern

of figure 2.

2 - At the wave vector 0.295 bK (attributed to 2kF) strongly

temperature dependent X-Ray scattering was observed below 150 K.

From the distribution of the intensity in the reciprocal space

(2k_ planes), the polarization of this modulation is found to have

two components : a longitudinal component in chain direction

and a transverse component in c" direction which corresponds to

the direction of tilt of the molecules. Inelastic neutron measure-

ments reveal, in the same temperature range, an anomaly in the

transverse mode with main polarization along c" (figure 3). It is

this fluctuation which diverges at the Peierls transition at 54 K.
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The occurence of both polarizations (b" and cK! can Se

understood in terms of charge density waves as both of these compo-

nents modify the lntermoleculer spacing in chain direction because

of the tilt angle of the molecules in the stacks.

2_ - Additional 1-d X-Ray scattering is observed at the wave vector

0.59 b" (or 0.41 b" in the reduced zone) which corresponds to

twice the former 0.29S bKwave vector or 4 Kp. This scattering

has a very different temperature dependence : it persists to

much higher tem-ereture as shown in figure 4 and praQably con-

denses below 49 K..

Several theoretical models have already been proposed

in order to explain the simultaneous occurence of both 2K_ and

4kp charge density wave anomalies and their different temperature

dependence 4 . These models all assume important coulomb repul-

sion between electrons on at least one type of molecular stack.

C/ - The present study, combined with the independent X-Ray lnves-
q

tigation of Kagoshima et el > rules out the presence of a giant

Kohn anomaly at room temperature earlier repor^d by Moofc and

Watson . As first suggested by Torrsnce, 2hp spin density waves

are now considered to be a possible origin of these extra cross
11

sections at rooi.i temperature

£/ - Future X-Ray and Neutron scattering studies should include :

1. the determination of the atomic motions involved in

the charge density waves,

2. phonan studies at. 4k_ wave vector.

3. further characterization of spin density waves.

The. u>on.k nzpoittzd hvie. uicn dom jointly iclth F. VENOVER, J.P. POUGET,
S. KHANNA [Quay, VHMIVL) , bl.V. ELLENSON, V.J. EMEW, S.M. SHAPTRt? [B-xook-
haven National LahoiaXoiy, USA) and A.F. GAR1T0, A.J. HEEGER L i
o£ Pznmylvania., USA).
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FIGURE 1 [from ELLENSON et el )

The occurence of 3 phase transitions in TTF-TCTO is best

visualized from the temperature dependence of the satellite

Bragg psaK position in reciprocal space when plotted as a
? 1 2

function of o (~ " °< ' • w h

a

1 2
~ " °< ' • whe''e °. i-s the satellitea a

wave vector component along a ". This was first suggested by
12

BAK and EKERY who discovered the 49 K pnase transition.



FIGURE 2 [from FQUGET et al8)

Diffuse X-Ray pattern ->f TTF-TCNQ at 60°K.. Satellite reciprocal

planes (1-d scattering) are clearly observed at the wave vectors

0.295 b" (2k_) and 0.59 &'• (4kp}. The comparable intensity of

those two types of 1-d precursor at 60 K. ant) their different

tempcroture dependence [see figure 1) rules out that the 4k_

scattering might arise from a second order diffraction from

2k,F'
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FIGURE 3 (from SHAPIRO et al)

Dispersion curves from TTF-TCNQ for modes propagating along

[010 J, the chain direction, at 295°K..

The insert shows the transverse Branches around 2k at S4°K.

Note that thu Kohn anomaly occuru in tlic branch nia

along c ".
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FIGURE 4 (from HHANNA et al)

Temperature dependence o-f the X-Ray diffuse intensify for tht

2Kp and 4k scattering as estimated from microdensitcmeter rea-

dings of photographic patterns. This data is only semi-quanti-

tative, but gives tha general trend, it shows in particular

that the 2k_ scattering only developps below 150°K as observed

by SHIRANE et al . The plot corresponds to I/T in order

to eliminate the temperature dependence of the phonon popu-

lation factor which is proportional to KT for such low

frequency phonons in this temperature range.


