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We suggest a model, where phase transitions between the Peierls and periodic soliton wall superlattice
(SWS) charge-density-wave phases occur in a magnetic field. The model accounts for peculiarities of an
electron spectrum in a quasi-one-dimensional conductor (Per);Pt(mnt)s. We discuss possible experimental
investigations of the theoretically predicted phase transitions in (Per);Pt(mnt). to discover a unique SWS

phase.
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Since a discovery of the magnetic field-induced spin-
density-wave (FISDW) phase diagrams [1,2] and their
explanations in terms of the field-induced dimensional
crossovers (FIDC) [3—-6] high magnetic field phase dia-
grams of quasi-one-dimensional (Q1D) conductors have
been intensively studied [7—10]. In particular, it has
been shown [8,3] that, in the absence of the Lan-
dau levels quantization, other quantum effects — the
Bragg reflections of electrons moving in the extended
Brillouin zone — result in a momentum quantization
law [8] and the 3D — 2D FIDC [3,8] in a magnetic
field. The above mentioned decrease of an effective di-
mensionality of electron wave functions is shown [3-
8] to lead to the Peierls instability and, as a result,
to the formation of the FISDW phases. In case of
the FISDW phase diagrams, the paramagnetic spin-
splitting effects do not play an important role [3—10]
and, therefore, the FISDW phases are observed in very
high magnetic fields in (TMTSF)>X (X=PFs, ClOy4,
etc.) organic conductors [1,2,9] and some other ma-
terials [8].

On the other hand, it is well known [11—-13] that the
paramagnetic spin-splitting effects in a magnetic field
destroy the charge-density-wave (CDW) phases. This
is a reason why a density-wave (DW) phase, destroyed
by high magnetic fields in a-(ET)2M(CNS)s (M = K,
Tl, Rb) organic compounds [14,15], is interpreted as
a CDW [12-15]. Unusual states, observed in these
compounds at rather low temperatures and high mag-
netic fields [14,15], are correspondingly interpreted as
the field-induced charge-density-wave (FICDW) phases
[13]. As theoretically shown in Ref.[13], the FICDW
phases may appear in high magnetic fields due to the
3D — 2D FIDC [3, 8] only at rather low temperatures.

Therefore, a recent discovery [16] of high mag-
netic field CDW phases in a Q1D organic conductor
(Per),Pt(mnt), at relatively high temperatures is very
surprising. Their existences are not expected in any of
the previous theories [3—13], which excludes the sug-
gested interpretation [16] in terms of FICDW [12,13]
phases.

There are two main goals of our Letter. Firstly,
we suggest a simple realistic model of a Q1D electron
spectrum of (Per),Pt(mnt)s conductor. We show that
the nesting properties of this model electron spectrum
are improved in a magnetic field due to the paramag-
netic spin-splitting effects, in contrast to the results of
the previous theories [12,13]. We call the above men-
tioned phenomenon spin improved nesting (SINe). The
SINe effects allow us to explain the appearance of the
high temperature CDW phase in (Per)sPt(mnt)s in high
magnetic fields at any direction of a magnetic field. Sec-
ondly, we predict the existence of the phase transitions
between the high temperature and high magnetic field
Peierls CDW phase and a unique periodic soliton wall
superlattice (SWS) phase. We also suggest experimental
investigations of the above mentioned phase transitions
to discover the SWS phase, which, to the best of our
knowledge, has never been observed in solids.

At first, we consider the SINe phenomenon, which
results in a stabilization of the Peierls CDW phase in
high magnetic fields, using qualitative arguments. In
this Letter, we accept a simplified Q1D electron spec-
trum of (Per),Pt(mnt), conductor with four plane sheets
of the Fermi surface (FS), suggested in Ref. [17] on a
basis of the band calculations,

&7 (p) = Lok [py F pr  (Ap/2)(-1)7], (1)
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where +(—) stands for right (left) part of the FS; pr
and vr are the average Fermi momentum and the Fermi
velocity, ¢ = 1(2) stands for the first (second) perylene
conducting chain [17], Ap is a difference between the
values of the Fermi momenta on two conducting chains

(see Fig.1).
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Fig.1. Q1D electron spectrum of (Per).Pt(mnt)s conduc-
tor is shown for a simplified two perylene chains model
(see Eq. (1)). For details, see Ref. [17]

The electron spectrum (1) is split into eight plane
sheets of the FS in a magnetic field,

ei,(p) = 2vr[p, F pr = (Ap/2)(—1)"] —oupH, (2)

where ¢ = +1(—1) stands for spin up (down), pg is
the Bohr magneton. As seen from Fig.2, there exist
four competing nesting vectors for the CDW instability,
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Fig.2. Electron spectrum of a two chains Q1D conductor
in a magnetic field is shown in the vicinity of p, ~ pr (see

Eq. (2))
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which pair electrons near +pp with spin up (down) and
holes near —pp with spin up (down).
It is important that these four nesting vectors,

Qi,a = 2pF + ki,a’a ki,a’ = (_l)iAp - QU'NBH/'UFa
()

may correspond to several energy gaps in an electron
spectrum. As we show below, in our case, this results in
the appearance of the SWS phase with two energy gaps
(see Fig.3). This result is in a qualitative agreement
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Fig.3. Peierls phase is characterized by a single gap in an
electron spectrum, whereas the SWS phase is character-
ized by two energy gaps

PF*k

with a general theory of solitons and soliton superstruc-
tures [18-20].

As it follows from Eq.(3) and Fig.2, at some critical
magnetic field,

H* = Apvr /2B, (4)

two nesting vectors coincide. Therefore, in the vicinity
of this critical field, H ~ H*, the Peierls CDW phase
with @ = 2pF (i-e., K = 0) and one gap in an electron
spectrum becomes more stable than the SWS phase (see
Fig.4). In other words, at H ~ H*, the Pauli spin-
splitting effects improve nesting properties of the elec-
tron spectrum (2), which stabilizes a textbook Peierls
phase with the nesting vector,

Q = (2pr,0,0). (5)

We suggest that this SINe phenomenon is responsible
for the experimental stabilization of the high resistance
high magnetic field phase in (Per),;Pt(mnt)s [16].

Let us consider a formation of the CDW phase with
the order parameter,

ACDW(iﬂ) — Akei(ZpF-‘rk)z + Aze—i(2pF+k)a;, (6)
corresponding to the following nesting vector,

Q= (2pF +k,0, 0) (7)
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Fig.4. Metal-CDW phase transition temperature, calcu-
lated by means of Eq.(10). Peierls phase is stabilized at
high enough magnetic fields, 30 T > H < 50 T, whereas
SWS phase is stabilized at low, H < 30 7', and ultra-high,
H > 50 T, magnetic fields

In this case, a mean field Hamiltonian of the electrons
interacting with the CDW potential (6) can be written
as,

=3 3 3 {al

i=1,20=%1 ¢

8], (i (0 [ea,(s) —ul}+

&)aiq (€)[ei,(€) — u] +

+ 3 3 Y el @bioe - ma+
i=1,20=%+1 ¢
+ b, (€)aio (€ + k)AL, (8)

where

¥, ,(z) = exp(—iprz) Z e%%b; . (£) +
3

+ exp(iprz) Z eigzai,a €3 9)
13

is a field operator, a; ,(£) and b; ,(£) are electron anni-
hilation operators near right and left sheets of the Q1D
FS (1), correspondingly.

Using calculations of a generalized susceptibility in
the presence of a mean field electron-phonon interac-
tions (8) similar to calculations, performed in Ref. [20],
we obtain the following expression for the metal-CDW
phase transition temperature,

In (:;") = (10)
1 > vi(q — kip)?/(AnT,)?
4 z:z]_, o=+ g ni ) +UF(q_ki,a)2/(47rTC)2] ’

where k; , is given by Eq. (3).

Eq.(10) is the main analytical result of the Let-
ter. It connects a transition temperature of the CDW
phase, T,, in the presence of a magnetic field, H # 0,
with a transition temperature, T.9, corresponding to
H =0 and Ap = 0. As it directly seen from Eq.(10),
there exist a competition between four nesting vectors,
Qi,s = 2pF + ki s, from Eq.(3) (see Fig.2).

In Fig.4, we present the results of our numerical so-
lutions of Eq.(10), which demonstrate a stabilization of
the Peierls phase with () = 2pp at high enough mag-
netic fields, 29 7' < H < 49 T. At very high magnetic
fields, H > 49 T, and low magnetic fields, H < 29 T,
a unique SWS phase is shown to be a ground state (see
also Fig.3). Note that, in the vicinity of the metal-CDW
phase transition line, the SWS phase is characterized by
the following order parameter,

Agsws(z) = cos(kz) cos(2prz), (11)

which corresponds to mixing of two order parameters
(7) with +k and —k, where k # 0 [18-20]. [Note that
the SWS phase is characterized by periodically arranged
soliton and anti-soliton walls, where the distance be-
tween them is zy = m/q. As seen from Fig.4, the cal-
culated phase diagram is in good qualitative agreement
with the measured one [16].

To summarize, our theory suggests an explanation
of the existence of the high resistance high magnetic
field SDW phase in (Per);Pt(mnt), conductor [16] in
terms of the SINe effects. It also predicts the existence
of phase transitions between the high resistance Peierls
phase with large activation gap, Ap, and a unique SWS
phase with two equal magnetic field dependent energy
gaps, Agws. It is important that the SWS phase is
characterized by an activation behavior of a resistivity
with the activation gap being Asgwg < A, (see Fig.3).
We suggest detailed measurements of the activation be-
havior of resistivity in the vicinities of the Peierls-SWS
phase transitions to establish the existence of the SWS
phase. We also think that ac infrared measurements
may be useful to detect the existence of two gaps in an
electron spectrum of the SWS phase.

The author is thankful to N.N. Bagmet, J.S. Brooks,
and P.M. Chaikin for useful discussions.
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