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Seo et al. Reply: Our Letter [1] theoretically studied the
origin of the complex variation of phases observed in the
molecular TMTTF,X family summarized as a pressure-
temperature phase diagram (Fig. 1 in Ref. [1]). The
constructed effective model Hamiltonian successfully
reproduced the ground states where the charge order
(CO) plays a role in determining the magnetic dimension-
ality. The Comment by Ward et al. [2] criticizes two points:
(i) The experiments show no coexistence of CO and spin-
Peierls (SP) orders, denoted as SP, in the phase diagram;
(i1) the coexistence is found in our Letter by choosing
unrealistic model parameters.

The first objection is based on two experimental papers on
TMTTEF,SbFg under pressure [3,4]. In Ref. [3], the metal-
insulator transitionat 7 = 156 Kisshown tobearesultof CO
using NMR methods, and the attractive relationship between
CO and antiferromagnetic (AF) orders was established by
studying the pressure dependence of the transition temper-
atures. At ambient pressure, Tco = 156 K and Ty = 8 K;
both decrease with applied pressure, as does the amplitude
of the CO. For pressures P > 0.5 GPa, evidence for CO is no
longer resolved, but AF ordering was already undetected at a
lower pressure. Consistent experimental evidence for this
observation is summarized in Fig. 9 of Ref. [4]. Neither result
conflicts with the SP phase emerging from a CO state upon
cooling. Further, CO + SP coexistence was unambiguously
demonstrated for TMTTF, AsFg [5,6], and this is particularly
relevant here because of something referred to as the chemical
pressure effect.

This continuous connection of phases for different mem-
bers of family compounds is one of the key concepts in the
field of molecular conductors. In effect, the Comment is
questioning its validity, or at least its applicability to the
TMTTF salts. However, its foundations are contained in
experiments performed in over three decades of research
on the TMTSF and TMTTF salts. In the specific case of
TMTTF,SbF, it led the authors of Ref. [3] to propose that
the physical properties are smoothly transferred to those of
TMTTF,AsFg and TMTTF,PF,. Further, the repulsive
coupling between CO and SP order parameters is clear from
experiments [5], but it is not so strong as to produce a line of
first order phase transitions between the two. Returning
specifically to the designations SP; and SP, in Ref. [1], we
note that the only distinction is that SP, refers merely to the
coexistence of the SP phase with the ferroelectric-type CO
(denoted FCO in Ref. [1]) symmetry breaking.

In addressing (i), we first note that our aim was to
construct an effective model capturing the essential physics
and phases observed experimentally. We thus started from
first-principles band calculations and included both elec-
tronic and electron-phonon couplings. The suggestion that
our choice of on-site Coulomb interaction is too small for

0031-9007/14/113(2)/029702(1)

029702-1

the occurrence of CO, is based on the results from a purely
electronic and one-dimensional model. However, our
model is two-dimensional and includes electron-phonon
couplings, both known to widen the parameter space for the
ordered phases compared to the one-dimensional electronic
model [7-9]. Moreover, the authors of Ref. [2] pointed out
the geometry of interchain Coulomb interactions to be
unrealistic in our setup and performed the same calcula-
tions with their choice of parameters. Nevertheless, the
resultant phase diagrams (Fig. 3 in Ref. [1] and Fig. 1 in
Ref. [2]) are analogous: there are four regions, distin-
guished by the existence or absence of two order param-
eters, i.e., CO and SP. This naturally leads us to the
conclusion that the CO + SP coexistence and the variation
among the phases are rather general, without the need of
fine-tuning of parameters. Finally, we believe that the
speculation in Ref. [2] that a smaller electron-phonon
coupling may suppress completely the coexistence phase
in the thermodynamic limit is unlikely, considering the
previous studies on one-dimensional models showing that
the CO + SP coexistence phase becomes stabilized, on the
contrary, for larger system sizes [7,8].
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